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Abstract 

Renewable energy technologies (RTechs) disseminated by donor agencies in sub-Saharan 

Africa (SSA) have a history of breakdown after project implementation. Despite increasing 

user and local private sector participation to address this challenge, it is unclear how user 

participation in renewable energy projects (REPs) and the dynamics between international 

funding organisations and local implementing bodies influence RTech adoption in SSA. 

This PhD research fills this gap by adopting a socio-technical systems framework that 

combines the inclusive innovation and intermediation bodies of literature. These bodies of 

literature complement each other to provide both systemic and user-level perspectives to 

RTech adoption. While the inclusive innovation literature afforded the examination of how 

user roles influenced RTech adoption, intermediation allowed the investigation of 

interactions among actors at different spatial levels (i.e. international, national, and 

community) to reveal how divergent interests influence national renewable energy (RE) 

development. This research used three solar and two biogas projects as case studies, and 

data was collected through a survey, semi-structured interviews, focus group discussions, 

and mental mapping in four regions of Ghana. 

The research findings indicated that users were likely to adopt RTechs when the benefits 

could be measured immediately, and the adoption process required minimal disruption in 

their lifestyles. Moreover, increasing user participation in REPs did not ensure long-term 

RTech adoption because overlooking critical institutional and socio-technical factors (such 

as the source of funds, the gendered household division of labour, and flexibility in RE 

system) undermined the adoption process. Furthermore, the research revealed that the 

implementation of internationally-funded REPs limited local capacity building in Ghana 

and was influenced by the service delivery model and duration of local actor engagement. 

Besides, this research contributes to the scholarship on innovation studies by demonstrating 

that inclusive innovation systems consist of interrelated local actor roles that are influenced 

by the innovation attributes that shape adoption. Hence, the inadequate alignment of 

innovation processes undertaken by local actors and those by formally established actors, 

often informed by higher-level quantitative objectives, generates tensions that fracture 

knowledge transfer within an innovation system. Finally, the research challenges the 

famous ladder of inclusive innovation by demonstrating that participation in the innovation 
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process does not imply inclusion in innovation consumption and impacts. This is due to 

the fact that the local knowledge used during innovation processes often does not cover all 

aspects of the innovation attributes to enhance adoption across different stages of an 

innovation’s lifecycle. 
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CHAPTER ONE 

Introduction 

Over the past three decades, international donor organisations have supported the 

dissemination of renewable energy technologies (RTechs) in various sub-Saharan African 

(SSA) countries through policy reforms, capacity building, and projects that increase 

energy access (Bawakyillenuo, 2012; Ghimire, 2013; Bhamidipati et al., 2019). Despite 

these efforts, donor-funded renewable energy projects (REPs) often fail after donor 

agencies withdraw their support (Ahlborg and Sjöstedt, 2015; Atsu et al., 2016; 

Amankwah-Amoah and Sarpong, 2016). Evidence suggests that these projects fail due to 

low levels of education among intended users, inadequately skilled individuals for 

maintenance, and limited funds to replace broken systems (Yaqoot et al., 2016; Mengistu 

et al., 2016; Baurzhan and Jenkins, 2016). As a result, recent approaches in RTech 

deployment adopt implementation strategies with varying degrees of participation by local 

private companies and users. It is, however, unclear how their participation in 

internationally-funded REPs enhances local capacity building and RTech adoption. This 

PhD research draws on the innovation studies literature to provide the conceptual lens to 

investigate how RTechs assimilate into society. It uses three solar and two biogas projects 

implemented in Ghana as case studies. 

Researchers widely consider RTechs as innovations and have investigated their adoption 

within innovation studies (Romijn et al., 2010; Eder et al., 2015; Barrie and Cruickshank, 

2017). Numerous researchers have identified that the social, technical, cultural, and 

political factors that influence innovation adoption in SSA (and other Global South 

contexts) are interrelated and should not be examined in isolation (Kilelu et al., 2011; 

Ulsrud et al., 2011; Wieczorek et al., 2015). Instead, a systems perspective can provide 

insights in comprehending the complexity of the adoption process. The innovation systems 

approach promulgated by Hall (2002) underscores that innovation is the process of 

generating and transferring knowledge through interactions among actors to build a 

collective capacity that ensures continuous use and development of innovations through 

learning. A conventional innovation systems approach primarily examines innovation 

processes undertaken by formally established actors and does not account for the roles of 
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local actors (Edquist, 2009; Soete et al., 2010; Szogs and Wilson, 2008). Local actors are 

those  individuals at the community level (i.e. individual users, community entrepreneurs, 

technicians, among others) who are involved in innovation processes — often referred to 

as demand-side processes (Edquist and Hommen, 1999; Foster and Heeks, 2013a). In the 

advent of inclusive innovations, scholars have reformulated the innovation systems 

approach to be sensitive to local actor roles and informal institutions to what is now known 

as inclusive innovation systems (Foster and Heeks, 2013b; Trojer et al., 2014; Botha et al., 

2016; Egbetokun et al., 2017). Inclusive innovation refers to “the development and 

implementation of new ideas which aspire to create opportunities that enhance social and 

economic wellbeing for disenfranchised members of society” (George et al., 2012 pg.663). 

By investigating the implementation of REPs in Ghana, this research advances the 

literature on innovation studies by demonstrating how actors at different spatial levels 

undertake innovation processes that affect adoption at the user level. 

In the next section (1.1), a review of the bodies of literature combined in this research is 

presented. In section 1.2, the research problem is discussed, followed by the research aim 

in section 1.3. Section 1.4 presents an analytical framework that provides a holistic 

approach to investigating the processes in inclusive innovation systems. In sections 1.5 and 

1.6, I spell out the research relevance and present an outline of the entire thesis, 

respectively. 

 

1.1 Literature Review 

Research on inclusive innovation has mainly focussed on how local actors participate in 

the various aspects of innovation (Cozzens and Sutz, 2012). In this regard, there are 

currently two schools of thoughts: (I) one addresses inclusion in terms of access to 

innovative outputs (i.e. tangible innovations such as RTechs) to foster inclusive 

development1; (II) the other focuses on inclusion of local actors in the innovation process. 

Scholars have, however, indicated that investigating inclusive innovation as both a process 

and an output provides a holistic perspective to comprehending local actor roles in 

 
1Inclusive development is the “process of increasing the livelihood and capacities of people who are 

currently marginalised” (Cozzens and Sutz, 2012 pg.5). 
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innovation systems (Chataway et al., 2013; van der Merwe and Grobbelaar, 2016). To 

resolve the many competing perspectives emerging from these schools of thoughts, Heeks 

et al.’s, (2013) ladder of inclusive innovation stipulates six levels of inclusion, with higher 

steps indicating a greater level of participation. The ladder’s underlying assumption is that 

participation at higher levels presupposes inclusion of lower levels. The first three steps of 

the ladder illustrate how innovation as a tangible product is inclusive of users regarding its 

intention (e.g. provision of affordable energy, telecommunication services, and clean 

water), consumption (i.e. adoption and use), and impact (i.e. improvement of user 

livelihoods). The remaining three steps adopt a systems perspective in terms of inclusion 

in the innovation process (i.e. participation in innovation development), structure (i.e. 

changing existing institutional and organisational structures to be inclusive), and post-

structure (i.e. framing discourse and co-creating knowledge used to develop innovation). 

Heeks et al. (2013) indicated that the last two levels are uncommon in practice and hence 

are to be understood as aspirational. Due to the widely accepted notion that inclusion in the 

innovation process enhances the adoption process, the extant literature has extensively 

focused on how local actors undertake innovation processes  (Kebede et al., 2014; Onsongo 

and Schot, 2017; Douglas, 2019) and strategies that firms use to increase access to inclusive 

innovations (Zerriffi, 2011; Knorringa et al., 2016; Lim and Fujimoto, 2019). As a result, 

there is a gap in the literature regarding how participation influences adoption.  

Some scholars have called for further research into the experiences of users and the 

adoption of inclusive innovations (George et al., 2012; Nakata and Weidner, 2012; Lim 

and Fujimoto, 2019). Their calls appear to be linked to an assumption-expectation gap that 

occurs when assumptions during innovation processes do not meet user expectation of the 

inclusive innovations (Heeks et al., 2013). For instance, Heeks et al. (2013) reported that 

rural Indian telecommunication entrepreneurs raised concerns about why innovative 

designs they participated in often mismatched the realities of users. Recently, Lim and 

Fujimoto (2019) indicated that research into the cultural experiences of users would 

“contribute a rich discussion” in the inclusive innovation literature as there has been an 

extensive focus on the conceptualisation and definition of inclusive innovation (pg.1028). 

Earlier, Nakata and Weidner (2012) had suggested an enquiry into the unintended benefits 

of inclusive innovations after their initial adoption. Since inclusive innovations aim to 



 
 

4 
 

improve living conditions, users’ socio-economic status and use-behaviours are expected 

to change over time. As a result, the factors that influenced initial adoption change and may 

negatively affect a sustained adoption in the future. For instance, Kumar et al. (2019) 

recently recognised that energy access is not a “single-step transition but a continuum of 

improvements” (pg.166). It can be inferred that ensuring a continuous service delivery will 

either require a technology pre-designed to accommodate future user needs or a system 

whose actor configurations and socio-technical setup are dynamic and evolve with 

changing user needs. A temporal or lifecycle analysis at different stages of the innovation 

process could provide useful insights as to how innovations are inclusive, especially in 

terms of their adoption. 

Though the inclusive innovation literature — particularly the ladder of inclusive innovation 

— recognises adoption as part of innovation consumption, it does not explicitly examine 

how the adoption process may affect innovation consumption and subsequently have a 

positive impact on users. According to the basic needs approach to evaluating emerging 

models of innovation, an innovation is not inclusive if it does not satisfy basic needs 

(Papaioannou, 2014). For instance, the Computer-based Functional Literacy program and 

the Money Maker Irrigation Pump, designed to, respectively, offer reading lessons in India 

and irrigate rural Kenyan farms at very affordable fees, were reported to be disseminated 

mainly by the demand for cheap products (ibid). The OECD (2013) indicated that these 

low-cost technologies did not necessarily meet the basic education and food needs of users.  

There have been mounting criticisms towards Global North actors who deploy cheap 

technologies in the Global South as not necessarily increasing access to innovations but 

rather widening their profit margins. Arora and Romijn (2012) suggested that a critical 

inquiry would be required into comprehending the combination of corporate profits and 

meeting the needs of the poor. Subsequently, Bhamidipati et al. (2019) identified that 

Global North actors engaged in the dissemination of solar photovoltaics in Uganda often 

privileged their knowledge and agency over local actors. Pansera (2018) asserted this 

engagement often resulted in uneven power relations that exacerbate capitalist exploitation 

of low-income settings. The intermediary literature provides a systems perspective that is 



 
 

5 
 

useful in scrutinising the interactions between diverse actor groups to identify how 

divergent interests and knowledge flows strengthen or weaken local capacity.  

Intermediation is the process in which actors, referred to as intermediaries, “create spaces 

and opportunities for appropriation and generation of emerging technical and cultural 

products by others who might be described as developers and users” (Stewart and Hyysalo, 

2008 pg.296). Intermediaries are essentially actors that work between two or more other 

actors to facilitate processes such as knowledge and technology transfer, networking, and 

support decision making (van Lente et al., 2003). Some scholars argue that intermediaries 

are the backbone of innovation systems and play critical roles in destabilising incumbent 

unsustainable socio-technical systems (Klerkx and Leeuwis, 2008; Kivimaa, 2014). Their 

studies often investigated the interactions and linkages within innovation systems. Since 

knowledge transfer and strong actor networks are vital elements in the systems perspective, 

an investigation of intermediation activities in REPs implemented in SSA will provide 

relevant insights to comprehend the processes that enhance or stifle RE development. 

A great deal of past and present studies on intermediation have examined the roles of actors 

identified as intermediaries (van Lente et al., 2003; Bush et al., 2017; Gliedt et al., 2018; 

Kivimaa et al., 2019a) with a few focusing on the actual intermediation taking place 

(Matschoss and Heiskanen, 2017; Martiskainen and Kivimaa, 2018). A few scholars that 

explicitly examined intermediation activities, instead of the actors, argued that the essential 

issue is not who performs intermediation but how it is performed. Studying intermediation 

activities presents an unusual opportunity to assess how non-intermediaries also transfer 

knowledge and build capacity. Moreover, investigating intermediation in projects that 

involve multi-national organisations presents another dimension where divergent interests 

across national boundaries may influence how non-intermediaries undertake these 

activities.  

The assumption of intermediary roles by non-intermediaries creates what Kivimaa et al. 

(2019a) referred to as “an ecology of intermediaries” comprising of systemic, regime, 

niche, process, and user intermediaries. These intermediaries are at different levels in the 

innovation system. They mediate activities that have ripple effects down the value chain, 

strengthen existing socio-technical systems, destabilise existing socio-technical systems, 
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augment innovation processes, and/or transfer knowledge between users and producers 

(ibid). There is a myriad of interactions among these intermediaries; yet, the extant 

literature does not provide empirical analyses of the linkages they create and how they 

transfer knowledge. Their scalar levels and associated functions emblematise tensions and 

divergent interests that require a scholarly enquiry in how they enhance or stifle collective 

capacity building. Examining intermediation activities in REPs implemented in SSA 

presents the opportunity to analyse the processes in internationally-funded projects 

(involving international organisations, national utilities, government RE agencies, RTech 

companies, and community technicians) and their implications on national RE 

development. Moreover, how actors undertake intermediation activities in projects, 

especially clean energy projects, is an emerging area of research this PhD research seeks 

to advance.  

 

1.2 Research Problem 

SSA is a major importer of RTech with project funders, technicians, and promoters 

predominantly from industrialised countries. Despite increasing research on RTech 

adoption in the region, scholars know little about the implementation of these projects, the 

interactions between local and foreign actors, and their implications on RE development. 

Moreover, amid the growing debate on the detrimental effects of foreign aid in SSA (Moyo, 

2009; Juselius et al., 2014; Farah et al., 2018), comprehending the consequences of REPs 

funded or implemented by international actors on local institutional capacity is relevant to 

finding solutions to the slow pace of RTech adoption.  

International development or donor organisations have been engaged in energy access 

projects in rural SSA communities as far back as the 1970s (Parawira, 2009; Roopnarain 

and Adeleke, 2016; Amankwah-Amoah and Sarpong, 2016). To date, researchers have 

identified three main paradigms of this engagement: expert-led, context-responsive, and 

market-driven approaches (Sesan, 2014; Bhamidipati et al., 2019). These paradigms, 

spanning a range of periods depending on the country, are mainly differentiated by the 

actor configurations and models of service delivery. The expert-led approach is a top-down 

technologically-driven model where Global North actors design RTechs to provide 
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electricity (using solar photovoltaics) and combat deforestation using biogas technologies 

and improved cookstoves. Besides, Global North actors defined problems and 

subsequently provided solutions (Sesan, 2014). Knowledge co-creation among local 

stakeholders was absent in REPs of this paradigm, hence techno-cultural knowledge of 

household energy needs (especially of women who often cook) were not used in 

understanding and addressing rural energy problems [ibid]. As a result, designing RTech 

mainly for their technical efficiencies led to limited adoption among rural dwellers (Yaqoot 

et al., 2016). The top-down flow of resources through this approach did not facilitate the 

design of systems that matched the local conditions of beneficiaries. 

The second paradigm of donor engagement in REPs is context-responsive as it seeks to 

design systems to fit local conditions. This approach is characterised by government 

partnerships with international development organisations and local capacity building 

(often with government officials) to facilitate the design, installation, and repair of RTechs  

(Amankwah-Amoah and Sarpong, 2016; Bhamidipati et al., 2019). This approach led to 

the dissemination or installation of small capacity solar systems, solar battery-charging 

centres, balloon biogas digesters, and improved cookstoves that reduced indoor air 

pollution (Byrne, 2009; Pennise et al., 2009; Clemens et al., 2018). Despite the bottom-up 

flow of knowledge that allowed more appropriate system designs, donors financed project 

implementation and repair works. Hence, when projects wind up, many broken systems are 

left unrepaired (Arthur et al., 2011; Ahlborg and Sjöstedt, 2015; Atsu et al., 2016; 

Amankwah-Amoah and Sarpong, 2016). A key characteristic of this approach was that 

government officials and NGOs, not RTech users, possessed the resources (i.e. capital and 

knowledge) needed for project sustainability.  

To overcome this shortcoming, the recent market-driven approaches engage local private 

companies to disseminate low-cost RTechs to rural dwellers through a myriad of business 

models (e.g. pay-as-you-go, fee-for-service, loans, and subsidies) (Ulsrud et al., 2015; 

Ahlborg and Sjöstedt, 2015; Boamah and Rothfuß, 2020). The rationale behind this 

approach is to create a sense of ownership among adopters, build local capacity for system 

repairs, and ultimately improve project sustainability. The possibilities of disseminating 

large amounts of RTechs through market-driven approaches encourage the assertion that 
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rural dwellers could leapfrog conventional forms of energy. However, inasmuch as there 

is agency and a horizontal flow of capital and knowledge among local stakeholders (as 

opposed to the expert-led approach where they are just recipients of RTech), critics argue 

that market-driven approaches are not as inclusive as project implementers claim. They 

also argue that market-driven approaches could exacerbate inequalities in SSA and other 

Global South contexts (Arora and Romijn, 2011; Pancera, 2018; Bhamidipati et al., 2019). 

These scholars assert that, in order to make profits and meet quantitative targets set by 

Global North actors, local private companies sell systems to the relatively affluent rural 

dwellers or those in peri-urban communities with higher purchasing power.  

It appears REPs in SSA comprise of various implementation strategies that involve 

multiple actors at different spatial levels undertaking activities with implications on 

household RTech adoption and national RE development. Understanding this complex 

relationship is the core of this PhD research. In the next section, the research questions are 

presented. 

 

1.3 Research Aim 

Using Ghana as a case study, this research aims to analyse the implications of REPs funded 

and implemented by international development or donor organisations on RE development. 

The research adopts a multi-faceted approach to investigate RTech adoption and project 

implementation. Drawing on the innovation studies literature, it uses a socio-technical 

systems framework to answer the following questions: 

1. How do the energy needs of users in SSA differ from the objectives of REPs? 

2. What roles do users play in REPs, and how do they affect RTech adoption at 

the user level? 

3. What are the implications of implementing REPs funded by international 

organisations on national RE development? 
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1.4 Analytical Framework 

Scholars in the innovation studies domain often use a socio-technical framework to 

investigate the mutual adaptation of society and technological innovations (Markard and 

Truffer, 2008; Raven et al., 2012; Yun and Lee, 2015; Ulsrud et al., 2018). A socio-

technical framework recognises that the adoption of new technologies causes some level 

of societal change and that social behaviours also require some level of technology 

adaptation (Geels et al., 2008). The socio-technical framework provides both a systems 

perspective to investigating the underlying processes in innovation development and the 

factors influencing adoption at the user level.  

In this thesis, an inclusive innovation systems framework (a sub-type of the socio-technical 

framework) is used to answer the research questions. This framework is rooted in the 

innovation systems approach and combines literature on both inclusive innovation and 

intermediaries (see Figure 1.1). It allows an explicit analysis of intermediation functions 

performed by actors at different spatial levels and provides an avenue to, for the first time, 

investigate divergent interests and identify tension points within inclusive innovation 

systems. Additionally, by adopting a linear perspective, it examines the socio-technical 

appropriateness of innovation to comprehend how user roles may influence the adoption 

process. The remainder of this section presents the justification for the said socio-technical 

systems perspective and reasons for combining the inclusive innovation and intermediation 

bodies of literature. 
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Figure 1.1: Analytical framework for examining the interactions within innovation systems 

and taking into consideration user-level adoption and divergent interests across different 

spatial levels. (O&M refers to operation and maintenance). 

  

1.4.1 Social-Technical Systems Perspective 

A myriad of analytical approaches exist that provide a systems perspective; they vary in 

their focus and delineation of system boundaries. Spatial boundaries delineate frameworks 

such as the national innovation systems and regional innovation systems while sectoral 

systems of innovation focus on the industrial sector an innovation is situated (Shou and 

Intarakumnerd, 2013; Bartels et al., 2016). Moreover, technological innovation systems 

focus on technology and knowledge transfer concerning this technology, often within well-

defined spatial boundaries (Bergek et al., 2015; Kebede and Mitsufuji, 2016). While 

sectoral systems of innovation focus on the emergence of radical innovations in more stable 

sectors, technological innovation systems examine new technologies and innovation 

systems in their formative stages. Technological innovation systems conceptualise system 

structures to be in constant reconfigurations through reflective learning processes. 

Technological innovation systems provide seven core functions (entrepreneurial activities, 
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knowledge development, knowledge diffusion, search of innovations, market formation, 

resource mobilisation, and creation of legitimacy) in a system which researchers and 

policymakers can use to analyse the development of technologies and identify weaknesses 

in the system (Tigabu et al., 2015). Despite the usefulness of this framework, its 

application, similar to the other three mentioned above, in the developing contexts often 

led to conclusions that systems in these countries were not developed with critical structural 

components missing (Ahlborg, 2015). This is because these approaches were often 

developed in industrialised European countries with more organised societies and used pre-

defined assumptions of how system components should function (ibid). 

Further, socio-technical transition frameworks such as the multi-level perspective provide 

analytical lenses to investigate socio-technical change involving actors at three conceptual 

levels (landscape, regime, and niche)2. The multi-level perspective postulates that 

landscape actors use political pressure and provide resources to initiate experiments in 

niches in order to destabilise incumbent unsustainable socio-technical regimes (Geels, 

2010). The application of transition frameworks in the Global South revealed that there 

were fragmented, less organised, yet matured socio-technical systems that co-existed to 

provide basic social needs in both urban and rural communities (Hansen et al., 2018; van 

Welie et al., 2018). These revelations have led to critics calling for modifications to the 

analytical tenets of these frameworks to have broader scopes that cover complexities of the 

Global South as well. 

Despite the differences in these frameworks, the interdisciplinary nature of the innovation 

studies field and its emphasis on knowledge transfer and actor networks has made it 

commonplace for scholars to draw insights and concepts from other frameworks. For 

instance, the innovation systems approach, developed as a tool to enhance North-South 

research collaborations in India, recognises that knowledge and resources flow across 

national boundaries (from transnational or landscape actors) to build local capacity through 

learning processes (in niches) (Hall, 2002). The innovation systems approach seeks to 

identify bottlenecks (with regime characteristics) that impede the knowledge transfer 

 
2 Niches are incubation hubs that consist of emerging technologies; regimes consist of incumbent 

institutions, practices and technologies; and the landscape is a wider societal context that uses political 

influences to exert pressure on the regime to effect change (Geels, 2010). 
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needed for innovation development. The innovation systems approach is suitable for this 

research because, compared to the national innovation systems, technological innovation 

systems, sectoral systems of innovations, and multi-level perspective, it provides a more 

general and open conceptual framework to identify and examine existing structures as 

opposed to finding what is missing (cf. Ahlborg, 2015). Moreover, unlike other 

frameworks that focus on specific technologies or sectors, the innovations systems 

approach allows the examination of RE processes involving multiple technologies across 

different geographical locations and spatial levels. 

 

Innovation Systems Approach 

The innovation systems approach provides a framework to (I) explore the interactions and 

linkages between actors; (II) examine the factors that impede or facilitate the generation 

and exchange of knowledge between these actors; and (III) understand the social and 

economic institutions that govern the processes in the system (Clark, 2002; Edquist, 2004; 

Edquist, 2009; Spielman et al., 2008). The approach views technological inputs as 

knowledge that can be used in diverse ways by different actors, including ways they were 

not meant for (such as the use of mobile phones for money transfer in Kenya) (Foster and 

Heeks, 2013b). The concept of knowledge, therefore, does not only include knowledge 

generated by research or academic education but encompasses the skills and competencies 

that local actors have developed through practical experiences over several generations 

(Bozeman et al., 2003; Spielman et al., 2008; Ortiz et al., 2013). It is this local knowledge 

that innovation systems are responsive to and embedded in. The generation and refinement 

of knowledge are thus, interactive, socially-embedded learning processes which are only 

understood with reference to their cultural, economic and socio-political contexts (Hall, 

2002). The broad nature of the innovation systems approach comes with its limitations, in 

terms of failing to provide the analytical tools to examine specific functions and 

components critical to overall system performance. Moreover, the conventional innovation 

systems approach mainly focused on established local actors and overlooked the activities 

of informal actors that often go undocumented (Aguirre-bastos and Weber, 2018). Scholars 

in the inclusive innovation domain have, therefore, called for modifications to the 
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innovation systems approach that are sensitive to demand-side processes undertaken by 

local actors at the community level (Iizuka, 2013; Foster and Heeks, 2013b). Demand-side 

processes refer to innovation processes undertaken by local actors and tend to be influenced 

by their local socio-cultural settings (Foster and Heeks, 2013a).  

 

Inclusive Innovation Systems Approach 

The inclusive innovation systems approach is an extension of the innovation systems 

approach to recognise the systemic implications of local actor roles at the community level 

(Foster and Heeks, 2013b; Botha et al., 2016; Egbetokun et al., 2017). In their seminal 

work on the systemic conceptualisation of inclusive innovation, Foster and Heeks (2013b) 

identified inclusive innovations, local actors, learning, relations, and institutions as the 

main structures that define an inclusive innovation system. Their analytical lens, however, 

did not provide the tool to examine how the interactions among actors and ensuing 

divergent interests generate tensions that have repercussions on local capacity building. 

Besides, despite Foster and Heeks' (2013b) recognition that local actors are innovative and 

adapt innovations to match user needs, their framework did not demonstrate how local 

actors enhance or limit the socio-technical factors that influence the adoption process. 

This PhD research addresses the first limitation by explicitly investigating intermediation 

activities across different spatial levels (international, national, and community). The 

linkages that facilitate knowledge transfer among actors require careful analysis regarding 

who transfers what and under which circumstances. Unlike the inclusive innovation 

systems approach, the intermediary literature provides a useful tool to examine the 

interrelated linkages between actors and identify whether they come about as a result of 

matchmaking, coordinating, or transferring (Spiro et al., 2013). Intermediation assumes 

that, at any point in the system, an actor mediates or facilitates processes between two or 

more other actors (Howells, 2006). Such analytical depth provides insights as to which 

actors impede or facilitate knowledge flows, which interactions weaken or strengthen 

collective capacity, and which interests propel or delay system growth. Incorporating the 

intermediation lens into the inclusive innovation systems approach makes it possible to 
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examine the systemic implications of activities undertaken by actors participating in 

internationally-funded REPs on national RE development.  

This research’s analytical framework helps address the second limitation by investigating 

local actor participation at different stages of the innovation process to scrutinise how their 

roles align with the conditions that facilitate adoption. These stages are project inception 

(pre-adoption), implementation (initial adoption), and operation and maintenance (post-

adoption). This analysis is based on the assumption that demand-side processes enhance 

the assimilation of innovations into adopters’ social systems (Foster and Heeks, 2013b). 

Thus, if local actor roles aim to enhance adoption, then user needs invariably influence the 

activities of local actors in the innovation process. Proponents of the inclusive innovation 

systems approach, therefore, argue that understanding innovation as a process is 

inconclusive without examining innovation as an outcome (George et al., 2012; Bortagaray 

and Ordenez-Matamoros, 2012; Aguirre-bastos and Weber, 2018). They contend that the 

two are complementary and form both ends of a continuum. Prior to this PhD research, no 

study had laid bare the connection between local actor roles and the factors that influence 

user adoption. Some scholars have, nonetheless, called for research into the adoption 

process (Nakata and Weidner, 2012; Lim and Fujimoto, 2019), with Bradley et al. (2012) 

inviting further research into whether inclusive innovations depend on the innovation 

attributes themselves or the ideas behind the innovation process. In their analysis of 

theoretical frameworks for inclusive innovation research, George et al. (2012) assert that 

innovation adoption theories are “clearly relevant” to understanding why some people 

adopt new products and services, and others do not (pg.680). 

Linear approaches that provide the analytical lens to examine innovation adoption, such as 

Rogers’ innovation diffusion theory, identify innovation attributes as functional constructs 

upon which users base their assessment of how useful a product or service is before 

adopting it. These attributes are relative advantage, compatibility, complexity, 

observability, and trialability (Rogers, 2003). Since Rogers innovation diffusion theory 

does not provide a systems perspective, this study does not use its entire analytical lens to 

examine how RTechs disseminated in the case study projects diffuse in society. Instead, it 

relies on the intermediation approach to achieve this purpose. Given that the systems 
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perspective emphasises the transfer of local knowledge, which is often context-specific, 

the research uses the innovation attributes to provide a means to define the socio-economic 

and cultural characteristics of users (Barrie and Cruickshank, 2017). The intermediation 

approach, on the other hand, does not provide this understanding. By scrutinising 

innovation adoption in terms of these attributes, one can extrapolate which knowledge 

users transferred through their interactions and how that affected the adoption process. 

However, due to the limited research on inclusive innovation adoption, it is unknown how 

knowledge transfer during the innovation process and user-innovation interactions 

influence, hinder, or have no effects on adoption. The innovation attributes, therefore, 

afford the examination of the socio-technical appropriateness and adoption of RTech at the 

user level. Most importantly, researchers can investigate how RTech benefits, often 

promoted in REPs, match the energy needs of users.  

 

1.5 Relevance of Research 

Investigating RE development in SSA using a socio-technical systems perspective is a 

nascent interdisciplinary research area this PhD research seeks to advance. The research 

findings advance RE research and scholarship on innovation studies, particularly the 

inclusive innovation and intermediation bodies of literature. 

The combination of both systems- and user-level perspectives to innovation research 

helped advance the inclusive innovation literature by demonstrating how the adoption 

process influences demand-side processes (e.g. local actor activities such as repairs, sales, 

and awareness-raising) within innovation systems. The research contributes to existing 

knowledge of how local actors (e.g. entrepreneurs at the community level) enhance 

innovation diffusion owing to their vast knowledge of their communities. The examination 

of how user roles affect innovation adoption showed that demand-side processes were 

interrelated interactions influenced by the innovation attributes (e.g. relative advantage, 

compatibility, and complexity) in order to facilitate the assimilation of inclusive 

innovations into society. Due to the context-specific nature of demand-side processes, their 

inadequate alignment with supply-side processes ⎯ i.e. activities by established formal 
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actors at higher spatial levels which often cover larger scales ⎯ causes a fracture in 

knowledge flows within the system. 

Furthermore, the thesis contributes to the growing literature on intermediation by 

demonstrating how actor networks around technological innovations are created or 

disintegrated during clean energy projects. The investigation of cross-national 

intermediation activities of traditional intermediaries and non-intermediaries illustrates 

how divergent interests generate tensions that impede RE development. The thesis, 

therefore, advances the limited knowledge of tensions during intermediation. Moreover, it 

is the first to explicitly discuss the divergent interests that emerge especially in a 

geographical context that is culturally and institutionally different from Europe where 

intermediation is predominantly studied. 

In contrast to most studies that review RE government policies in SSA (Mshandete and 

Parawira, 2009; Lee and Leal, 2014; Mandelli et al., 2014), this study makes a substantial 

contribution to the RE discipline by focusing on the actor-level to analyse the interactions 

of different actor groups that implement donor-funded REPs. By using the intermediation 

approach, the research illustrates how the complex interdependent roles of actors from 

different levels of operation influence project outcomes in Ghana. The study showed that, 

in both aid-led and market-driven approaches to RTech deployment, actor roles at the 

community level were crucial in translating project objectives or national RE targets into 

actual RTech adoption. Since these roles were intended to enhance the adoption process, 

they were often shaped by the context-specific nature of the factors influencing how user 

energy needs were met. As a result, the dependence of these factors on specific social 

systems and RTech types meant that increased user roles did not necessarily guarantee 

positive project outcomes. 

Finally, this study advances scholarship on user participation in REPs by demonstrating 

how specific roles influence RTech adoption. Previous studies have suggested that 

increased user participation enhanced positive project outcomes but failed to empirically 

show how this was achieved at the user level (Sovacool et al., 2011; Dwivedi and Dwivedi, 

2012; Haggett and Aitken, 2015; Berka and Creamer, 2018). By using the innovation 

attributes of Rogers’ (2003) IDT, I can discriminate which user roles directly influence 



 
 

17 
 

RTech adoption, the extent of influence, and which factors user roles depend on to effect 

RTech adoption. Such an analysis offers valuable insights for practitioners regarding the 

design of REPs that match user roles with appropriate RTech design. The deliberate focus 

on actor-level activities or interactions provides findings that are relevant for systemic and 

contextual issues such as RE policy concerning actor roles and networks in SSA. 

 

1.6 Thesis Outline 

This subsection presents an outline of Chapters Two to Six of the thesis. In Chapter Two, 

the thesis methodology is described. It first introduces the scientific approach used to 

conduct the PhD research and describes the research design and case study area. A detailed 

description of data collection and analysis methods is given, after which the measures taken 

to ensure research quality and possible limitations are discussed. In Chapter Three, I review 

the literature on household RTech adoption through a socio-technical lens using the 

innovation attributes identified by Rogers (2003). I demonstrate the possible mismatch of 

household energy needs with the intended benefits of solar systems, biogas digesters, and 

improved cookstoves disseminated in 15 SSA countries. Chapter Four looks at RTech 

adoption in three solar and two biogas projects implemented in Ghana, considering the 

influence of user participation at different project stages on the adoption process. In 

Chapter Five, I study the intermediation activities in these projects, analysing the 

implications of their cross-national nature on RE development in Ghana. Chapter Six 

summaries the key findings and discusses the contribution to the scholarly debate and 

recommendations for policymakers and practitioners.  
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CHAPTER TWO  

Methodology 

This chapter provides an overview of the methodology used throughout the PhD research. 

It describes the research approach, data collection and analysis, positionality, and 

concludes with a section on human ethics. Since this is a thesis by publication, there is a 

reasonable amount of repetition of information in the subsequent chapters.  

 

2.1 Research Approach 

Research on renewable energy (RE) development has experienced a paradigm shift from 

being techno-economic focused to investigating how society (i.e. users and institutions) 

affects the development process. The inaugural issue of the Energy Research and Social 

Science journal noted that social science related disciplines, methods, concepts, and topics 

were under-represented in contemporary energy research (Sovacool, 2014). Yet such 

perspectives are fundamental to understanding the role of choice and human dimensions to 

RE development (Sovacool et al., 2012). The quest to examine how human energy needs, 

user behaviours, and politics influence the adoption of RE technologies (RTechs) has made 

social science research methods gained a foothold in RE research.  

An interpretive social science perspective was adopted in this thesis to scrutinise the 

meaning research participants give to their beliefs, actions, and relationships with people 

and institutions (Rabinow and Sullivan, 1987) during RTech adoption and implementation 

of RE projects (REPs). The research data was, therefore, informed by previous experiences 

of research participants, context, place, and human interactions which could contribute to 

policies and existing theories on RTech adoption  (cf. Spaargaren, 2003). This meant that 

there were no prescriptive rules that defined how research participants responded to their 

experiences with RTech adoption and project implementation. As such, this research work 

is a constructivist exercise which acknowledges human responses to be unpredictable and 

subjective (Sobh and Perry, 2006; Creswell, 2009). The constructivist framing recognizes 

that research outcomes are influenced by the questions asked and how they are asked. So, 

contradictory results from other studies do not necessarily indicate incorrect findings. The 
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conclusion arrived in this thesis is specific to Ghana and possibly also specific to the REPs 

examined.  

To ensure rigour in answering the research questions, data was triangulated across multiple 

sources, methods, and case studies (see Table 2.1). Through this, diversity among research 

participants, RTech adopted, and scope of case studies was ensured.  

 

Table 2.1: List of research questions, contributing chapters, and units of analysis 

Research questions Contributing chapters Units of analysis 

1.     How do the energy needs of users in 

sub-Saharan Africa differ from the 
objectives of REPs? 

Disruptive Innovations and 

Decentralized Renewable Energy 

Systems in Africa: A Socio-technical 
Review (Chapter Three) 

Peer-reviewed articles on RTech 
adoption in SSA; 

Project documents 

2.     What role do users play in REPs 

and how does it affect RTech adoption at 
the user level? 

User Participation in Renewable Energy 

Projects: The case of Solar and Biogas 
Adoption in Ghana (Chapter Four) 

Users of RTech in beneficiary 
communities or institutions;  

Staff of implementing organisations (i.e. 

RTech companies, financial institutions, 
government agencies, and not-for-profit 
organisations, NPOs) 

3.     What are the implications of 

implementing REPs funded by 
international organisations on national 

RE development? 

Cross-national Intermediation Activities 

in Renewable Energy Development in 
Ghana (Chapter Five) 

Staff of implementing organisations 

 

2.2 Research Design 

The research was designed to investigate contemporary implementation strategies of REPs 

funded or implemented by international organisations in Ghana. A multiple case study 

approach was used to examine actor roles and RTech adoption within a real-world context 

using various sources of evidence (Yin, 1989). This work sought to generalise findings 

from a variety of REPs that were assumed to provide the same (literal replication) or 

contradictory (theoretical replication) results using the theoretical framework as a tool of 

generalisation (ibid).  

In this PhD research, both qualitative and quantitative research methods were used (see 

Figure 2.1). Qualitative methods are often used to understand the development, meaning, 

and characteristics of a phenomenon, whereas quantitative methods emphasise the use of 

numeric data to establish correlations and causalities (Bryman, 2004). Semi-structured 
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interviews were used to solicit in-depth accounts of project implementer and user roles and 

experiences during the implementation of the case study projects. Moreover, focus group 

discussions gave rich insight into users’ experiences during the adoption process. Both 

methods facilitated the exploration of fine nuances in the theories on which research 

questions were based. Quantitative methods, on the other hand, solicited responses to pre-

determined indicators of the benefits and disadvantages of using the RTech adopted. 

Following del Río González (2009), I used both qualitative and quantitative methods 

complementarily to enhance the triangulation of results.  

 

 

Figure 2.1 Research design. 

 

Ghana was selected as the research area because of my familiarity with the country and 

interest to investigate the barriers to RTech adoption. Moreover, Ghana presents an 

interesting case where: 1) despite an almost 90 per cent access to grid electricity, both urban 

and rural settlements experience significant blackouts (Kemausuor and Ackom, 2017); 2) 

as at 2006, an aim to achieve a ten per cent renewable electricity penetration (excluding 

large hydro) by 2020 has yielded less than one per cent to date (Obeng-Darko, 2019); and 

3) in spite of new policies and incentives to increase RTech adoption, most REPs are 
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implemented and/or funded by international organisations (Bensah and Brew-Hammond, 

2011; Atsu et al. 2016). Findings from this study are, therefore, intended to offer 

recommendations for the implementation of REPs in Ghana. 

The case study projects selected for examination were both representative of REPs funded 

and/or implemented by international organisations and practical in order to facilitate 

collection of relevant data. Moreover, to give a reliable account of these projects in Ghana, 

it was imperative to select projects that vary in terms of scope, RTech type, beneficiary 

type, geographical location, and project organogram. The findings were expected to 

generate in-depth and reliable data, hence I limited my scope to five cases, the minimum 

number, as proposed by Yin (1989). An information-oriented selection mechanism was 

used to identify projects that demonstrate characteristics or attributes of REPs funded by 

international organisations and implemented with an objective to develop the RE sector in 

Ghana (cf. Widdowson, 2011; Kant and Kanda, 2019). Three solar and two biogas projects 

were selected as case studies for this research (see Appendix 1). They are: 1) Ghana Energy 

Development and Access Project (GEDAP) solar mini grid; 2) Apex Bank solar; 3) Elecnor 

solar; 4) Kumasi Institute of Tropical Agriculture (KITA) biogas; and 5) Switch Africa 

Green (SAG) biogas projects. With an interest to examine the challenges these type of 

projects pose to RE development in Ghana, the following selection criteria were used: 

Structural representation: The projects should have been implemented and/or funded by 

international donors or development organisations (through grants and loan facilities) and 

have the main objective of supplying energy using RTech. 

Objectives of projects: Another criterion was the selection of projects that are focused on 

providing energy for lighting and cooking in households or public places (e.g. schools and 

hospitals) to improve the living standards of the users. The study also considered projects 

that were meant to increase RTech adoption. 

Nature of projects: Selected projects that met the above-mentioned criteria and have 

installed or disseminated RTech were considered. These were off-grid solar photovoltaic 

(PV) projects, community biogas digesters, sale of rechargeable solar lanterns, and 

installation of solar home systems (SHS) or institutional biogas digesters. That is, projects 

that were intended to benefit a large group of people or a community. This criterion was 
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important because it allowed the examination of the mutual adaptation of users and 

different RTech types. 

Accessibility: Furthermore, the case selection process prioritised projects that were 

accessible, and the actors involved also available. Accessibility here meant that I was able 

to visit the project site, get project documents, and interview users and project 

implementers. 

Age of projects: Most recent projects that met the above criteria were prioritised. This 

meant projects that were implemented within a period of ten years prior to the beginning 

of this research. This was because investigating recent REPs will provide a true reflection 

of current implementation strategies since these strategies together with policies would 

have changed over the years.

2.3 Research Area: Ghana 

Ghana is a West African country with a land area of 238,533 square kilometres and a 

population of 30.3 million as of 2018 (Ghana Statistical Service, 2019). The country had a 

gross domestic product of $65.5 billion USD in 2018 (ibid). The government of Ghana is 

poised to achieve universal access to electricity by 2020. In order to meet this goal, the 

Energy Ministry is set to work on enhancing the generation, transmission, and distribution 

of electricity. Currently, Ghana’s grid electricity supply is mainly from hydroelectric power 

(39.9 per cent), thermal power plants (56 per cent), and renewables (0.2 per cent). When 

decentralised RE is considered, total electricity from renewable sources was 0.5 per cent 

by the end of 2017 (Obeng-Darko, 2019). Figure 2.2 shows the map of Ghana and the 

locations of case study projects. 

Development of RE in Ghana started in the early 1980s when the country experienced a 

severe drought (1982 to 1983) resulting in the first power rationing from the Akosombo 

hydroelectric dam. The National Energy Board was established in 1983 to develop a 

strategy to manage existing energy sources and the development of RE sources. The 

government of Ghana has taken steps to ensure that RTech play a significant role in 

national electrification. In 2011, the RE Act was set up to serve as a legal framework for 
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the implementation of REPs in the country (Energy Commission, 2010). The Energy 

Commission drew a plan to ensure that by 2030, energy from renewable sources (excluding 

large hydro) should have a ten per cent share of the total electricity generated (Energy 

Commission, 2019). The government is also poised to reduce demand for wood fuel from 

72 to 50 per cent by 2020 and promote the development and use of biofuels such as biogas, 

bioethanol, and biodiesel from energy crops (Atsu et al., 2016). Furthermore, as of August 

2013, feed-in-tariffs (FIT) have been introduced to encourage independent power 

producers to invest in the RE sector (Meza, 2013).  

 

 

Figure 2.2: Map of Ghana showing the location of case study projects. 
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2.3.1 Solar Energy 

In the early 1990s, solar energy started making inroads into the country and by 1991, about 

335 solar panels, with an estimated capacity of 160 kilowatts (kW), had been installed in 

remote rural communities and scattered islands in the Volta Lake (Amankwah-Amoah and 

Sarpong, 2016). The number of installed solar home systems (SHS) was 4,500 by the end 

of 2002 with about 20 solar battery-charging systems. Majority of these installations were 

made under the Renewable Energy Development Project funded by the Danish 

Government and Renewable Energy Services Project funded by United Nations 

Development Programme (UNDP) and Global Environment Facility (GEF) (ibid).  

The Ghanaian government has made significant strides in RE investment. A typical 

example is the 2.5 megawatts utility-scale solar plant in Navrongo, Northern Region. A tax 

waiver on the importation of solar PV components instituted in 1998 resulted in an upsurge 

of private solar companies between 2001 and 2004 (Atsu et al., 2016). Similarly, the 

government raised the tax on petroleum products (with the exception of liquefied 

petroleum gas) to $0.02 USD to fund the distribution of 200,000 solar PV systems (Chadha, 

2015). Despite these government initiations, solar energy development is still dominated 

by projects funded and implemented by international organisations especially in remote 

rural communities. From 1990 to date, solar energy development has been predominantly 

implemented by organisations such as the World Bank, Elecnor Spanish Foundation, and 

the UNDP (see Table 2.2). 

Key challenges hampering solar energy development in Ghana are high installation and 

maintenance cost; lack of coherence in government policies — new governments tend to 

create their own energy policies and new ways of doing things that often undermine already 

existing policies; inadequately skilled manpower to fix broken systems, especially in rural 

areas where most of the solar installations are made; and the absence of coordination 

between donor-funded projects and government interventions (Amankwah-Amoah and 

Sarpong, 2016). 
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Table 2.2: List of solar projects funded by international development or donor      

organisations in Ghana (adapted from Atsu et al. (2016)) 

International organisations Date Objectives 

World Bank 1992 - 2005 Improve adult literacy in off-grid rural communities 

Deutsche Gesellschaft für 

Internationale Zusammenarbeit 

(GiZ), Germany 

1997 - 2000 Construct, test, and evaluate the performance of solar 

pumps in rural communities 

Spanish Government 1998 - 2003 Provide off-grid solar electricity to ten rural 

communities in the Volta Region 

Danish Government 1999 - 2002 Provide off-grid solar electricity to 14 rural communities 

and health centres in the Ashanti, Brong Ahafo, Eastern, 

Upper East, Upper West, and Northern Regions 

UNDP and GEF 1999 - 2003 Provide off-grid solar electricity to 13 rural communities 

in the Northern Region 

UNDP and United Nations 

Environment Program 

2003 Accelerate access to RE-enabled telecommunication 

services in rural and peri-urban communities in Ghana  

Spanish Government 2011 - 2015 Provide solar systems to public institutions in remote 

rural communities across the country 

World Bank and GEF 2009 - 2014 Provide basic electricity services to remote rural 

communities through subsidized SHS 

World Bank 2015 - 2016 Provide off-grid mini-grid electrification to five island 

communities on the Volta Lake 

 

2.3.2 Biogas Energy 

The development of biogas technology in Ghana started in the mid-1980s to provide 

alternative energy sources for domestic cooking (Kumasi Institute of Technology, Energy 

and Environment, 2008). This was predicated on the increase in logging activities to 

provide wood fuel, the projected increase in demand, and its related environmental and 

economic impacts. From 1986 to 1990, the government of Ghana increased research and 

development in biogas technologies and trained technicians and engineers (Bensah and 

Brew-Hammond, 2011). In 1992, the Energy Ministry implemented the Integrated Rural 

Energy and Environmental Project in Appolonia, a village in the Greater Accra region. As 

part of the project, 19 biogas digesters, using cow dung and human excreta as feedstock, 

were constructed. This project failed mainly due to poor maintenance and the unavailability 

of feedstock. From 1990 to 1999, the GiZ and the Catholic Secretariat were the leading 

promoters of biogas technologies in Ghana by constructing biogas digesters in 

slaughterhouses and Catholic hospitals, respectively (Bensah, 2009). In 1996, a study 

conducted by the Energy Ministry in the Greater Accra, Volta, Northern, Upper East, and 
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Upper West Regions revealed that 88,144m3 of biogas can be produced a day and can 

generate 193 gigawatts hours of energy annually (ibid).  

From 2000 to date, the biogas sector has seen the emergence of private companies 

constructing biogas digesters in schools, hospitals, prisons, and manufacturing companies 

to treat human and industrial waste. Currently, eight companies, including two research 

institutes, have constructed close to 400 biogas digesters in Ghana (Hanekamp and 

Ahiekpor, 2019). These companies mainly provide installation and aftersales services to 

customers. The biogas industry will see significant improvement when the following 

challenges are surmounted: 1) lack of  strategic national policy for biogas development; 2) 

inadequately skilled personnel which lead to poor design and construction of digesters; 3) 

high installation cost; 4) poor maintenance culture; and 5) ineffective follow-ups by 

promoters of biogas technology (Bensah, 2009; Bensah and Brew-Hammond, 2011). 

 

2.4 Data Collection 

Data was collected from March to September 2017. Prior to data collection, I had gotten in 

touch with a former employee of the Energy Ministry to give me a general overview of 

past and present REPs in Ghana. This contact was instrumental in setting up interviews 

with research participants (i.e. both project implementers and community leaders). In 

addition, I was hosted by the Institute of Sustainable Energy and Environmental Solutions 

in Accra, the capital of Ghana, where the director helped me to set up interviews with 

project implementers and key industry players. Data collection began in Accra, with 

interviews with implementers of the SAG biogas project. The research methods used were 

semi-structured interviews, focus group discussions, mental mapping, and surveys. The 

remainder of this section details these methods.  

 

2.4.1 Semi-structured Interviews 

Semi-structured interviews were a major source of data in this research. This is because the 

research sought to answer questions that are related to human activities during REPs and 

the consequences of such activities within a specific context. Semi-structured interviews 
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facilitate a two-way conversational process that not only provide answers but also reasons 

to these answers from interviewees on specific topics linked to the research questions 

(Flick, 2009). A key characteristic of this method is that essential topics are identified and 

the links between these topics form the basis for more relevant questions which may or 

may not be prepared beforehand. Purposive sampling was used to select interviewees. 

Emails and phone calls were used to contact organisations that had participated in project 

implementation to introduce the research and request for interviewees. The appropriate 

staff with relevant information on the projects were then interviewed. These were mainly 

directors, project managers, and technicians of RTech companies, NPOs, government 

agencies, and financial institutions.  

A total of 47 face-to-face and two telephone interviews ranging from 30 to 120 minutes 

were conducted. Interviews were conducted with staff of organisations that had 

participated in implementing the selected projects. An interview guide with a list of 

questions on specific topics was used (see Appendix 2). In all the interviews conducted, 

care was taken when formulating the questions not to be theory laden (but rather theory 

informed). Interviews with staff of implementing organisations covered their mandate and 

roles during projects, challenges encountered, and measures to ensure project 

sustainability. All interviews were audio recorded with notes taken by a research assistant 

in English and later transcribed using Microsoft Word. Through these interviews, project 

documents were obtained to corroborate interview information and give further insights to 

projects (see Table 2.3 below).  
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Table 2.3: List of project documents collected during fieldwork 

Projects Title of documents Sources 

GEDAP Solar Mini-grid 

Project 

Island community profile for GEDAP mini grid. Pre-assessment report Energy Ministry 

 
PWC final report – Socio economic study for mini-grid electrification of island 

communities 

Kumasi Institute of Technology, 

Energy, and Environment 

Apex Bank Solar Project BDS funded renewable energy projects under GEDAP – Project implementation 

completion report 

GEDAP 

 
First phase of AGSI outreach tour 

 

 
Second phase of outreach tour to six districts 

 

 
ARB Apex Bank project database 

 

 
Report on the implementation of the GEDAP Solar component project 2008-2013 

 

 
Monitoring of the ARB Apex project in the Northern Region 

 

 
Report on outreach tour to three communities in the West Mamprusi district 

 

 
Report on the community technical training held at Bolgatanga and Tumu 

 

 
World Bank ICR on solar project Apex Bank 

Elecnor Solar Project Background to the project  Energy Ministry 
 

Excel sheet containing beneficiary names, locations, and contact persons Wilkins Engineering 
 

Off-grid solar PV installation for public institutions – Spanish Project 
 

KITA Biogas Project Construction of a pilot institutional biogas plant at Kumasi Institute of Tropical 

Agriculture 

CEESD 

SAG Biogas Project Annual Report: Switch Africa Green – Promoting Biogas in Ghana GNCPC 
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In addition, beneficiaries of these projects (or RTech users) were interviewed. These 

were community leaders (e.g. headteachers, local technicians, and chiefs) and ordinary 

community members. Interviews with RTech users were focused on their subjective 

evaluation of projects. These interviews mainly covered their roles and challenges 

encountered during project implementation and experiences with RTech. Three main 

interview characteristics were taken into consideration: specificity, range, and depth 

(Flick, 2009). Interview questions were specific enough to help interviewees give 

responses that were very relevant to the topic but also general enough to facilitate a 

response. Group interviews with two to three participants were conducted in case study 

communities such as Bulbia, Vome, and Kanuwloe. This method was adopted to save 

time given the long distances and limited financial resources available to travel to these 

communities (cf. Bryman, 2004). These communities were 50 to 100km from the 

district capitals with unmotorable roads, especially during the raining season when 

fieldwork was undertaken. During the interviews conducted in Bulbia and Yizesi, a 

research assistant helped with interpreting the Mampruleh language to English.  

 

2.4.2 Focus Group Discussions 

Focus group discussions entailed an in-depth discussion of relevant research topics by 

a group of selected participants (Bryman, 2004). This method provided a detailed 

account of participants’ experiences with topics discussed because participants probed 

each other for holding certain views which tended to give an in-depth understanding as 

to why opinions differed (see Appendix 3 for questions asked).  

A total of eight focus group discussions were conducted with beneficiaries of the Apex 

Bank solar, GEDAP mini grid, and KITA biogas projects and lasted for 120 minutes. 

Snowball sampling beginning with community leaders was used to select the 

participants. An effort was made to conduct both male and female group discussions to 

solicit responses from different perspectives. However, because the sampling method 

targeted only RTech users, this was not achieved in all communities. Three all men, 

three all women, and two mixed group discussions were conducted. Following the 

recommendation by Bryman (2004), the group discussions started with a minimum of 

eight people (see Figure 2.3). However, some participants left before the end of some 

sessions; hence, all group discussions ended with six to ten participants. Participants 
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talked about their experiences with the RTech adopted in terms of benefits, 

disadvantages, lifestyle changes or adaptations, and challenges with project 

implementers. To ensure that everyone spoke, I occasionally asked for other viewpoints 

on a topic. This was also done to prevent one participant from taking over the 

discussion. 

 

 

Figure 2.3: Focus group discussion with users of the biogas digester installed at 

KITA, Kumasi. 

 

2.4.3 Mental Mapping 

Mental mapping (Tschakert, 2009) was conducted right after focus group discussions 

with the same participants. It was used to collect information on shared experiences and 

classify relevant issues using sticky notes. In this exercise, participants used sticky 

notes to map out their experiences with solar systems. They listed the benefits of solar 

systems and connected the challenges that hindered the realisation of these benefits. 

They also mapped out the solutions they felt were appropriate to solve these challenges. 

Compared to focus group discussions where I directed the course of the discussions, 

participants of mental mapping were encouraged to conduct the exercise by themselves 

(see Figure 2.4) with one or two participants taking the lead in writing and mapping out 

shared experiences. 
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Figure 2.4: Mental mapping conducted by users of solar systems in Yizesi. 

 

2.4.4 Surveys 

Surveys were conducted in communities that had adopted solar systems in their 

households. In total, 147 surveys were conducted in this research. Survey questions 

were designed with reference to the innovation attributes as identified in Rogers' (2003) 

Innovation Diffusion Theory and the literature on RTech adoption. The questions 

mainly covered user demographics, relative advantage, compatibility, and complexity 

of solar systems and lasted for 15 to 30 minutes (see Appendix 4). Responses to survey 

questions comprised of a mix of closed-ended, open-ended, multiple choice, and Likert 

scale questions. Official documents from project implementers did not state the number 

of people that had adopted solar systems in Bulbia and Yizesi. So, representatives of 

RTech companies who assisted in registering potential customers stated in interviews 

that about 20 and 80 people, respectively, had bought the solar systems. In 

Pediatorkope, the software used to monitor user energy consumption at the mini grid 

indicated that 125 households had been connected at the time of the research. Survey 

responses were received from 19, 44, and 90 users of solar systems in Bulbia, Yizesi, 

and Pediatorkope, respectively. One and five survey questionnaires from Bulbia and 
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Pediatorkope, respectively, were filled incorrectly and therefore excluded from the 

analysis. 

 

2.5 Data Analysis 

Analysing qualitative data was an iterative process involving going over transcripts (of 

interviews and focus group discussions) and codes multiple times before finally 

extracting codes to observe relevant patterns in the data (see Figure 2.5). A minimum 

of three rounds of coding were conducted in Atlas.ti. All documents were grouped 

according to the five case study projects and actor groups. Interviews and focus group 

discussion transcripts and photos of mental maps were read or observed at least twice 

before keyed into Atlast.ti for coding.  

The first round of coding was deductive and informed by the interview guide and 

literature on RTech adoption. A total of 75 codes were created covering a broad range 

of themes such as project inception, management, conflicts with actor roles, energy-use 

behaviour, challenges during implementation, user satisfaction, etc. The second round 

of coding, which was inductive, identified specific actor roles, challenges, RTech 

benefits, etc. that emerged from the data and were grouped under actor roles, measures 

to ensure sustainability, RTech advantages, criteria for success, RTech challenges, and 

actor tensions. Going through these rounds of coding was a learning process, hence new 

codes were assigned, some renamed, and groups renamed as well. Several rounds of 

the deductive and inductive coding processes were performed and were influenced by 

the analytical or theoretical approaches adopted in Chapters Three, Four, and Five. In 

Chapter Four, for instance, quotations (group of words) coded with specific user roles 

were grouped under the three project stages (i.e. inception, implementation, and 

operation and maintenance) and later extracted into Microsoft Excel. The data sheet 

showing a list of quotations, assigned codes, and documents or interviewees was 

crosschecked thoroughly for errors and re-coded if necessary. Afterwards, the number 

of interviewees or focus group participants with specific codes assigned to were 

tabulated according to actor groups, projects, or RTech type to show relevant patterns. 

These counts and patterns were relevant in showing how data was triangulated from 

different sources and methods.  
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Figure 2.5: Flowchart for data analysis. 

 

In the coding process, code co-occurrence was used. Co-occurrence in Atlas.ti refers to 

assigning more than one code to a quotation or the overlap of several codes. This 

technique was useful in understanding the context in which certain statements were 

made. It also helped to identify roles of specific actors and the challenges they 

encountered or with whom they had divergent views.  

Responses to all 33 survey questions were keyed into Microsoft Excel. Responses to 

multiple choice questions were keyed using the assigned letters (a, b, c, d, etc.). 

Answers to questions that required respondents to state a figure or list certain items 

were keyed as they were. In additions, numbers (from one to five) were assigned to 

responses to Likert scale type of questions. Separate data sheets were created in 

Microsoft Excel for each survey question and counts, using the COUNTIF function, 

were made. Survey data from all the study areas were combined to identify potential 

patterns in terms of RTech type and gender. To assess that the patterns identified were 

not by chance, a single factor one-way ANOVA of variance test was conducted. An 

alpha value of 0.05 and confidence level of 95 per cent were always assigned. Finally, 

survey responses were plotted in a series of figures and tables. 



 
 

 34 

2.6 Quality of Research 

To assess the quality of research, Guba and Lincoln (1994) proposed that credibility, 

transferability, dependability, and confirmability were relevant criteria to be used. 

These criteria re-enforce and overlap each other, yet I present them separately. Other 

criteria such as validity and reliability are also used to assess research quality. Validity 

refers to whether the researcher is observing, identifying or measuring what he or she 

had planned prior to data collection and reliability pertains to the consistency of the 

results presented (Bryman, 2004). These two criteria have been criticized due to the 

possibility of having several outcomes in social science research as opposed to having 

a single absolute account. Hence, alternative criteria, such as those suggested by Guba 

and Lincoln (1994), are most suitable. 

 

2.6.1 Credibility 

Credibility refers to how representative the research findings are compared to the reality 

observed (Bryman, 2004). Due to the likely misinterpretation of information in the 

course of data collection and analysis, the coherence of the researcher’s account 

determines the credibility of his or her findings. As a result, in this thesis, respondent 

validation and triangulation were used. Prior to data collection, it was envisaged that 

not all research participants could read so during interviews and participatory activities, 

responses were occasionally repeated for confirmation. At the end of each session, a 

summary of interview notes was read for participant confirmation. In addition, 

interview transcripts were emailed to interviewees who could read and write so that 

they could make changes were necessary. Follow-up telephone calls were also made to 

clarify certain statements made by some interviewees. For instance, in one follow-up 

call, the interviewee objected to making a particular statement and requested the 

statement to be deleted from the transcript.  

Furthermore, Chapters Four and Five have varied degrees of triangulation. 

Triangulation refers to the use of multiple data sources, methods of data collection, and 

observers (Bryman, 2004). In Chapter Four, for instance, four data collection methods 

were used. In addition, data was collected from project implementers, community 

leaders, and individual users of RTech. Moreover, in Chapter Five, data was collected 
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from several interviewees from RTech companies, financial institutions, government 

agencies, and NPOs. 

 

2.6.2 Transferability 

To enhance the transferability of a research, it should have both depth and breadth. In 

order to assess the possibility of transferring research findings, researchers are 

encouraged to give a detailed account of the social phenomena studied (Bryman, 2004). 

In Chapter Three, for instance, data from 15 different sub-Saharan African (SSA) 

countries were analysed. In all peer-reviewed articles and project documents, a multi-

dimensional approach comprising the analyses of RTech relative advantage, 

compatibility, and complexity was presented. Beyond SSA, similar findings were found 

in Nepal, India, and Bangladesh indicating the relevance of the research in South-East 

Asia. 

In order to give a true account of RTech adoption in relation to the research questions 

of this thesis, projects that have disseminated or installed the dominant RTech (i.e. solar 

and biogas systems) used in Ghana were selected. Moreover, these projects have been 

implemented in both urban and rural areas; mainland and island communities; and 

households and schools. In terms of depth, data was collected from different groups 

that participated in these projects. This gave a rich account of the projects from different 

perspectives. In Chapter Four, inasmuch as the findings pertaining to the individual 

case studies may not be transferable beyond Ghana, the contribution to the literature on 

inclusive innovation in relation to the effects of user participation on factors influencing 

RTech adoption was ensured. This was achieved as a result of the diverse case studies 

used and different RTech types examined. This is because the findings were not 

necessarily defined by the geographical context but rather the roles users played and 

the RTech adopted. Similarly, in Chapter Five, the examination of intermediation 

activities in the case study projects provides useful insights into cross-national 

intermediation in the literature. 

 

2.6.3 Dependability 

This research has undergone several dependability procedures in order to produce 

similar results in future studies conducted by other researchers who use comparable 
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methods. Firstly, as proposed by Guba and Lincoln (1994), all records of this research, 

from research proposal, case study and participant selection, audio recordings and 

transcripts, and data analysis, were kept throughout the research period. In this manner, 

PhD supervisors ensured that appropriate procedures were followed. Secondly, 

respondent validation and triangulation were useful to enhance research dependability. 

Thirdly, results have been presented at two international conferences where feedbacks 

regarding the empirical findings and analytical approaches were given. Finally, 

Chapters Three, Four, and Five have undergone peer-review processes in top journals 

with a total of ten reviewers giving comments on how to improve them. Revisions based 

on feedback on Chapter Four have significantly improved its contribution to the 

literature and informed the quality of Chapter Five.  

 

2.6.4 Confirmability  

In the course of this PhD research, it was instrumental to ensure that personal values 

did not inform the way data was collected or analysed (cf. Guba and Lincoln, 1994). 

Since three chapters presented in the thesis have undergone peer-review processes, a 

detailed account of the empirical data, methods, and conclusions have been thoroughly 

perused to judge the robustness of findings and contribution to the literature (cf. 

Bryman, 2012). Moreover, all the chapters have been critically examined by three 

supervisors. In the subsequent sections, I reflect on my research methods. 

 

2.7 Positionality 

This research has been shaped by my positionality as a young, middle-class Ghanaian 

man studying at the PhD level in a western country. Having lived in Accra for at least 

24 years, I was very familiar with the city and easily built a rapport with research 

participants from project implementing organisations who were predominantly young 

men. However, the “city boy” or “western scholar” tag meant that research participants 

advised on which rural communities they thought were safe or easily accessible. 

Exclusion of certain communities does not undermine the results presented in this thesis 

since these advices were treated as precautions to observe during fieldwork and 

communities visited had to meet the case study criteria. 
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Moreover, I was aware that studying at the PhD level and having travelled outside of 

Africa may be considered intimidating, “cool” or “all-knowing”, depending on who I 

was dealing with in Ghana. So, I was very mindful of how I presented myself when 

interacting with research participants and admittedly used it to my advantage when 

necessary. My ability to speak three Ghanaian languages and the pidgin English 

fluently meant I easily started conversations that made participants feel comfortable 

and receptive to being interviewed, even with an audio recorder. These dynamics could 

have influenced people’s willingness to participate in the research or the responses they 

gave.  

Finally, a typical trait of the African diaspora is the subconscious disposition that 

African leaders are corrupt and do little to support their countries during international 

negotiations. Despite the likelihood that I possessed this bias, the extent to which it 

influenced how I probed certain interview responses, especially those related to 

challenges with government officials or international actors, cannot be substantiated. 

This awareness was, nonetheless, a strength during data analysis and ensured that 

results reported were triangulated across multiple data sources and research 

participants. Moreover, the above-mentioned credibility and dependability checks 

guaranteed this bias was prevented.  

 

2.8 Limitation of Research Design and Methods 

Designing this research as a multiple case study provided an analytical account of REPs 

in Ghana. Adopting a mixed methods approach was also useful in triangulating data. 

Like most scientific researchers, I was aware of the potential limitations of my methods 

and available alternatives in order to justify why I chose them and minimize errors 

(May and Perry, 2017).  

Although the case study projects had to meet selection criteria, the communities visited, 

and participants engaged were based on convenience and availability at the time of data 

collection. Moreover, due to time and financial constraints, it was not possible to visit 

more than the selected communities, especially in projects that had disseminated solar 

systems across the country (e.g. the Elecnor and Apex Bank solar projects). In these 

projects, communities visited were based on the availability of contact persons that 

assisted in project implementation. This meant that some communities were not 
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selected or visited because calls were not answered, or a telephone number was 

inactive. 

Furthermore, the research approach adopted meant that some potential interviewees did 

not participate in the research because they were no longer working for implementing 

organisations or had been transferred to other countries (e.g. staff of the World Bank). 

Another potential limitation is that diffusion studies based on interviews tend to suffer 

the challenge Rogers (2003) referred to as the recall problem where interviewees 

depended on their memories to recall their experiences during the adoption process. An 

action research or longitudinal study in which the researcher is present at all stages of 

project implementation or keeps track of research participants over a long period of 

time could have averted some of these limitations. These methods are, however, not 

practical to most researchers due to how time and cost intensive they can be (Bryman, 

2004).  

Survey analysis in the research is mainly descriptive with minimal inferential analysis 

(i.e. one-way ANOVA). Despite the robustness of inferential analyses, they require 

large amounts of survey data for statistical significance (Field, 2018). In addition, 

although inferential analyses such as regression could be useful to investigate the 

correlation between user participation and the factors influencing RTech adoption (as 

presented in Chapter Four), they miss out on relevant contextual matters simply because 

the researcher aims to achieve statistically significant results. The multiple case study 

approach comprising of different project designs and RTech types did not provide 

adequate quantitative data for robust inferential analyses.  

 

2.9 Human Ethics 

The human ethics adhered to in this research were according to those stipulated by The 

University of Western Australia Human Ethics Committee (see Appendix 5). 

Participation in all interviews and participatory activities was voluntary and no pressure 

was applied to potential participants. Participants were able to decide on all information 

given and had the choice to refrain from answering questions they considered difficult 

or inappropriate. It was also made known to them that they could withdraw their 

consent at any point without providing a reason. These and further information relevant 

to participation in the project were given to potential participants via Participant 
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Information Forms (see Appendix 6) and Participant Consent Forms (see Appendix 7) 

before interviews or activities were conducted. The questions and activities in this 

research were designed to primarily reveal the challenges associated with REPs 

implemented and/or funded by international organisations. The focus group discussions 

were designed to examine how society influences the operations and sustainability of 

RE systems and demonstrate how RTech also affects society. The interviews were 

designed to give an understanding of the role participating organisations played and 

solicit personal viewpoints. Participants were told their identities will be kept 

anonymous. Respondents who felt their opinions differed from the official position of 

their organisations were given the option to have this acknowledged in the research. 

Directors and staff of participating organisations received Participant Information and 

Consent Forms together with the interview guide for the semi-structured interviews 

beforehand via emails. This was done so that they know the interview questions and 

can decide whether to participate or not. Those who decided to participate were asked 

to sign the Participant Consent Form to provide evidence of participation in the 

research. Participants in focus group discussions and mental mapping received the 

participant information contained in the Participant Information and Consent Forms 

orally and were asked to give oral consent prior to all participatory activities. 

Participation in the interviews and participatory activities were considered as evidence 

of a participant’s consent to take part in the study. Participants confirmed their 

permission to be audio-recorded at the beginning of interviews and participatory 

activities. Focus group discussions and mental mapping were video recorded and/or 

photographed following the consent of all participants. Participants in focus group 

discussions and mental mapping were given non-financial incentives such as soaps, 

biscuits, and soft drinks. No additional human ethics review from Ghanaian authorities 

was required to conduct this research. This was confirmed by a letter provided by a 

Ghanaian lecturer and researcher from the University of Energy and Natural Resources 

in Sunyani, Brong Ahafo Region (see Appendix 8). 
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CHAPTER THREE 

Disruptive Innovations and Decentralized Renewable Energy 

Systems in Africa: A Socio-Technical Review 

 

This Chapter has been published in Energy Research and Social Science as: 

B. Amuzu-Sefordzi, K. Martinus, P. Tschakert, R. Wills, (2018) Disruptive Innovations 

and Decentralized Renewable Energy Systems in Africa: A Socio-technical Review, 

Energy Res. Soc. Sci., (46) 140–154 [see Appendix 9]. 
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3.1 Introduction 

The adoption of off-grid or decentralized renewable energy technologies (RTech), such 

as solar photovoltaics (PV), biogas digesters and improved cook stoves (ICS), is seen 

as a solution to reducing the effects of poverty especially in rural communities in sub-

Saharan Africa (SSA) where it is not technically nor economically feasible to be 

connected to the national electric grid (Chirambo, 2016; Baurzhan and Jenkins, 2016). 

RTech provides clean energy that could facilitate income generation, reduce indoor air 

pollution and deforestation. Nevertheless, access to clean energy, especially for lighting 

and cooking, continues to be a significant challenge in SSA. With 30 out of 47 least 

developing countries located in SSA, about 657 million people in this region use 

biomass (such as firewood, agricultural residue and cow dung) to meet their basic 

energy needs (United Nations, 2017; Piroschka, 2014). The burning of biomass is 

thermally inefficient and produces smoke emissions that causes respiratory diseases 

such as tuberculosis, bronchitis and pneumonia (Piroschka, 2014; Pope et al., 2010). 

The over-reliance of biomass, especially firewood and charcoal, also leads to 

deforestation (Kumar et al., 2015) which is a major contributor to climate change 

(Sesan, 2012). Whilst the adoption of RTech is one of the solutions to extreme poverty 

and the detrimental health and environmental effects of using biomass for cooking, its 

adoption has been relatively slow in SSA. Understanding the factors influencing the 

slow adoption and subsequent diffusion of RTech at the household or community level 

is crucial for the provision of clean energy services and poverty alleviation. 

In the Innovation Diffusion Theory (IDT), Rogers (1995) defines adoption as the 

decision for the “full use of an innovation as the best course of action available” 

(pg.177). He further defines diffusion as “a process by which alteration occurs in the 

structure and functions of a social system” (pg.6) and innovation as “an idea, practice 

or object that is perceived new to an individual or other units of adoption” (pg.11). He 

also defines a social system as “a set of interrelated units engaged in joint problem 

solving to accomplish a common goal” (pg.23). From a rural community perspective 

and for the purposes of this study, a social system is considered a group of people with 

sets of customs, behaviors, and ideas intended to improve their wellbeing. 

The innovation adoption process, being the interaction between society and technology, 

produces disruptions which are either positive or negative changes in adopters’ daily 

lives or social systems. Disruption here, simply means alterations in a social system. 



 
 

 42 

This circumspect definition is used as disruptiveness spans across what is being 

disrupted, its scope, scale, time, and how it occurs (Wilson, 2018). Positive disruptions 

are accrued through the benefits of an innovation as new lifestyles enhance adopters’ 

wellbeing and socio-economic status. Whereas negative disruptions are the changes in 

a social system that are perceived as sacrifices or trade-offs to realize the adoption of 

an innovation. In a rural SSA context, examples of positive disruptions are the use of 

mobile phones or a clean toilet facility, while negative social disruptions are the upfront 

cost in purchasing a mobile phone or using bio-slurry (i.e., liquid residue from a biogas 

digester) as fertilizer in farms. Assuming that all humans desire improvements in 

wellbeing, understanding RTech’s potential to effect positive or negative changes in a 

user’s life is essential to increasing adoption rates, especially in rural SSA where 

poverty is pervasive.  

Users of off-grid RTech determine when, how, and what quantity of energy is produced. 

Energy-use behaviors, lifestyles and social norms are critical factors influencing the 

effectiveness and subsequent adoption of RTech. As such, the social aspect of 

technological development is relevant for the sustainable transition to a low-carbon 

future and more importantly, in facilitating poverty alleviation in deprived rural SSA 

communities. Nonetheless, there is still limited knowledge of the co-evolution and 

mutual relationship between users and RTech, the various factors of the RTech 

adoption process (i.e., the technology, users or institutions) and the respective impacts 

of these elements on the adoption process (Ulsrud et al., 2015; Menegaki and Tansel, 

2016) given that they do not function in isolation. This paper seeks to address this gap 

by adopting a socio-technical framework to examine how the needs and lifestyles of 

rural people in SSA influence the adoption and sustainability of RTech at the 

community level and how this in turn reshapes their social systems to further affect the 

adoption process. 

This research reviews the current literature on RTech adoption at the community level 

using three attributes of innovation from the IDT - namely relative advantage, 

compatibility and complexity. It does this by highlighting the disruptions caused in 

adopters’ daily lives and how they in turn influence the adoption process. Firstly, a 

theoretical overview of a socio-technical framework is described with emphasis on 

RTech adoption at the community level. It then describes the methodology used to 

review current literature on RTech adoption in rural SSA communities, focusing on 
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solar PV, domestic biogas digesters, and ICS. The study adopts a novel framework vis-

à-vis a multi-dimensional analytical approach to investigate RTech adoption in rural 

SSA. In doing so, it contributes to the nascent social science scholarship in energy 

research by highlighting intrinsic adopter socio-technical factors necessary for 

decision-making. 

 

3.2 Theoretical Framework 

A socio-technical framework emphasizes the co-evolution and mutual adaptation of 

society and technology (Geels et al., 2008), given that new technology adoption causes 

some level of societal change and social behaviors also require some level of 

technology adaptation (Figure 3.1). This review, therefore, specifically focuses on low-

carbon energy transitions at the community level to reveal inherent interactions 

between users and RTech. Actors at this level experiment initiatives of the international 

community, such as the use of cleaner energy services, to address broader policy issues 

associated with climate change and poverty alleviation. Understanding the factors that 

influence RTech adoption at the community level is critical in generating positive 

outcomes needed to meet the United Nations Sustainable Development Goals 7.2 – i.e., 

significantly increasing the share of renewable energy in the global energy mix by 2030. 

Further, greater RTech adoption increases the chances of limiting global temperature 

rises below the 2C above pre-industrial levels set by the United Nations Framework 

Convention on Climate Change (Ball and Wietschel, 2009). 

 

 

Figure 3.1: Schema of the socio-technical theoretical framework using Rogers’ 

Innovation Diffusion Theory to examine RTech adoption (by authors). 
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To understand RTech adoption in SSA communities, we adopt Rogers' (1995) IDT 

which identifies five attributes of innovation. They are: 1) relative advantage; 2) 

compatibility; 3) complexity; 4) trial ability; and, 5) observability. They can be defined 

as follows: relative advantage as “the degree to which an innovation is perceived as 

better than the idea it supersedes” (pg.15); compatibility as “the degree to which an 

innovation is perceived as consistent with the existing values, past experiences and 

needs of potential adopters” (pg.15); complexity as “the degree to which an innovation 

is perceived as difficult to understand and use” (pg.16); trial ability as “the degree to 

which an innovation may be experimented with for a limited basis”; and, observability 

as “the degree to which the results of an innovation are visible to others” (pg.16).  

These IDT attributes allow an understanding of how disruptive innovations change 

social systems and how these changes in turn influence their adoption. Furthermore, 

adopting IDT is crucial because the transition to low-carbon technologies in rural SSA 

is generally through a top-down governmental approach, being mostly donor-funded 

projects importing system components from nations outside of SSA. Hence, RTech in 

rural SSA must be designed to adapt to the specific social systems of potential adopters. 

In this way, applying the innovation attributes facilitates a more critical examination of 

how the different embedded software components of RTech might influence adoption. 

This is in contrast to theories of predictive behavior which are also used in the literature 

to examine innovation adoption, such as theory of planned behavior, social cognitive 

theory, theory of rational action and unified theory of acceptance and use of technology 

(Venkatesh et al., 2003; Rezaei and Ghofranfarid, 2018). These theories focus on the 

socio-psychological factors (on the user side) responsible for innovation adoption, 

placing less emphasis on the attributes of the technology itself. However, as there is 

limited literature discussing these factors in the SSA context, we focus mainly on 

attributes of RTech. This was an important element of this study as the technologies 

under investigation are usually imported into the communities where they are used, 

hence the need to examine their socio-technical appropriateness.  

 

Key technical challenges to the adoption of RTech in SSA arise from the absence of 

adequately skilled and well-informed personnel for RTech design, installation, 

maintenance and policymaking (Okello et al., 2013; Oyedepo, 2014), despite 

significant efforts to roll-out RTech, such as Pico PV and solar home systems (SHS), 
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that are affordable for both rural and urban dwellers (Moner-Girona et al., 2006; 

Müggenburg et al., 2012; Hansen et al., 2015; Atsu et al., 2016). Indeed, a lack of 

skilled personnel to design and maintain biogas technologies hampers both adoption 

and retention rates. Further, once funding dries up, many donor-funded biogas projects 

often fall into disrepair due to lack of spare parts and skilled technicians (Mwirigi et 

al., 2014). 

The socio-cultural challenges of RTech adoption often relate to social structures, 

norms, awareness, perception of risk, and lifestyle issues (Yaqoot et al., 2016), and 

education (Lay et al., 2013; Kessides, 2014; Terrapon-Pfaff et al., 2014). Low education 

amongst most rural dwellers in SSA is likely to lead to both a lack of awareness and 

understanding of RTech as well as limited skilled labor needed to champion the 

renewable energy agenda of a community. Hence, the cultural appropriateness of 

RTech in disenfranchised societies is of particular relevance in enhancing adoption and 

sustainability. Examining the RTech adoption decision process in communities where 

there is limited understanding of its benefits and adequate skills for its operation and 

maintenance will help uncover the underlying factors influencing adoption. The 

remainder of the manuscript investigates RTech adoption in rural SSA communities 

using three attributes of innovation – relative advantage, compatibility and complexity. 

 

3.3 Materials and Methods 

This review focused on ICS, solar PV, and domestic biogas digesters, being among the 

five most distributed RTech (together with wind and hydropower) in SSA (International 

Renewable Energy Agency, 2015). These technologies were chosen to examine the 

socio-technical determinants of RTech adoption at the household level, given the 

substantial literature available documenting the impacts of their adoption. Keywords 

used for the search were grouped into RTech types (1. Improved biomass cooking 

stove; 2. Clean cooking stove; 3. Solar PV; 4. Pico PV; 5. Solar lantern; and, 6. Biogas 

digesters), 42 countries in SSA3 and core terms relevant to the topic (1. Adoption; 2. 

 
3 The countries in SSA are: Angola, Benin, Botswana, Burkina Faso, Burundi, Cameroon, Central 

African Republic, Chad, Democratic Republic of Congo, Republic of Congo, Cote d’Ivoire, Djibouti, 

Equatorial Guinea, Eritrea, Ethiopia, Gabon, Gambia, Ghana, Gambia, Guinea, Guinea Bissau, Kenya, 

Lesotho, Liberia, Malawi, Mali, Mauritania, Mozambique, Namibia, Niger, Nigeria, Rwanda, Senegal, 

Sierra Leone, Somalia, South Africa, Sudan, Swaziland, Tanzania, Togo, Uganda, Zambia and 

Zimbabwe. 
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Challenges; 3. Diffusion; 4. Dissemination; 5. Energy; 6. Rural; and, 7. Sustainable). 

All identified abstracts of articles were examined and narrowed down to those that 

focused on RTech adoption at the community level in terms of: 1) technology design; 

2) energy-use behavior; and, 3) socio-cultural acceptance. Due to the limited 

publications on socio-technical renewable energy systems in SSA, articles covering the 

socio-economic aspects of RTech adoption were also analyzed. These articles provided 

further insights into the social aspects under consideration. A total of 31 documents 

(peer-reviewed articles and a report) matching these criteria were analyzed. Data 

gathered was from 15 SSA countries. Main frameworks identified were socio-

economic, economic, and technical, representing 32.2 per cent, 19.3 per cent and 16.1 

per cent respectively. 48.3 per cent of the studies were quantitative, 29 per cent 

qualitative and 22.5 per cent used both methods. Two studies used IDT as a theoretical 

framework, and one adopted a socio-technical approach (see Appendix 9 for a full 

description of documents). Insufficient data in the initially planned ten-year study 

period of 2007 to 2017 was expanded to include articles from 2003 to 2018. This review 

is therefore based on all data available through a google scholar search for the time 

period of the study, as well as for what was relevant for the technologies and region 

being examined. The University of Western Australia online library, Onesearch, was 

used, having access to 9,552 academic journals across a wide range of disciplines. A 

total of 23 papers were downloaded from Science Direct, two from Molecular Diversity 

Preservation International and Multidisciplinary Digital Publishing Institute and 

remaining from Springer, Emerald Insight, Cambridge Core, Mason Publishing and 

Sage journals. 

The attributes of relative advantage, compatibility, and complexity were deemed most 

appropriate in a socio-technical analysis related to technology design, energy-use 

behavior and socio-cultural acceptance. Also, as suggested by Rogers (2003) and other 

studies on diffusion of innovation (Barrie and Cruickshank, 2017; Otte, 2014), these 

three attributes are more influential in adoption decision-making than the latter two. 

Socio-economic factors such as income generation, improvement of user’s wellbeing, 

and status are discussed under relative advantage. These are classified into the three 

key benefits of RTech identified in the documents analyzed: time savings, income 

savings, and reduced indoor air pollution (IAP). Also, factors influencing the 

appropriateness of RTech in a user’s way of life are discussed under compatibility – 
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i.e., compatibility with values, past experiences, and needs of potential adopters. 

Finally, factors that suggest RTech adopters are unable to operate, maintain and realize 

the associated benefits are discussed under complexity. Studies reviewed had identified 

factors influencing or impeding RTech adoption as per attribute definitions in section 

2. 

Factors influencing the relative advantage (Figure 3.2) and compatibility (Figure 3.3) 

of RTech were found in more than half of the documents analyzed (54.8 per cent and 

58 per cent, respectively). Those related to complexity (Figure 3.4) were discovered in 

only eight documents (25.8 per cent). Any combination of two of the three attributes 

were identified in five documents, while all three were in only three documents. A total 

of 19 documents discussed only one attribute of innovation. 

 

 
Figure 3.2: Distribution of documents discussing RTech relative advantage. 

 
 

 
Figure 3.3: Distribution of documents discussing RTech compatibility. 
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Figure 3.4: Distribution of documents discussing RTech complexity. 

 

3.4 Types of RTech Adopted in SSA 

This section provides an overview of the adoption of the three technologies relevant to 

this study: ICS, solar PV, and biogas digesters. 

Improved cook stoves: ICS consist of locally-designed stoves made of clay, mud or 

dried grasses (Figure 3.5b) and manufactured stoves (Figures 3.5a, c – f) designed in 

either local or international factories (Brunner, 2016). The main benefits of ICS are fuel 

efficiency, reduced cooking time, and less IAP. Depending on the ICS design, other 

benefits may include income savings on the purchase of firewood and kerosene, time 

savings from firewood collection, poverty alleviation, health improvement, a reduction 

in deforestation, and reduced GHGs. Hence, ICS are categorized into simple stove 

technologies with minimal combustion efficiencies (e.g. Upesi Jiko), intermediate 

stove technologies with improved combustion chambers (e.g. Stovetec, Envirofit and 

Advent stove) and advanced biomass stoves with forced ventilation (e.g. updraft 

gasifier cooker) (Lambe et al., 2015). Estimates suggest that one in six SSA households 

has transitioned from cooking with the traditional three-stone stove to a clean cooking 

technology (i.e., biogas, solar, and liquid biofuels). The penetration rate of intermediate 

ICS doubled from four million in 2011 to eight million in 2013 (Rysankova et al., 

2014). In early 2014, the penetration of advanced biomass ICS was in its early stages 

with between 40,000 and 100,000 draft gasifiers distributed in pilot projects. The lack 

of reliable data on the penetration of simple or low-end ICS could be attributed to the 

fact that they are usually manufactured by individuals for personal use, with no 

accessible records. In January 2013, the Government of Malawi announced a national 
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distribution target of two million clean and efficient cook stoves by 2020 (Jagger and 

Jumbe, 2016). If successful, this program will induce half of all Malawian households 

to adopt ICS by 2020 – an estimated four million households – a dramatic shift from 

the over 90 per cent of households currently burning solid fuels using traditional three-

stone stoves. 

 

 
Figure 3.5: (a) Three-stone stove (Adkins et al., 2010); (b) Upesi Jiko (Person et al., 

2012); (c) Advent stove (Adkins et al., 2010); (d) Stovetec (Adkins et al., 2010); (e) 

Ugastove (Adkins et al., 2010); (f) Envirofit (Adkins et al., 2010). 

 

Solar PV: SSA is one of the sunniest places in the world with an unevenly distributed 

solar energy resource ranging from 4x10-3 – 7x10-3 MWh/m2 (megawatt hours per 

square meters) (Adeoti et al., 2001). The technical potential for solar PV is as high as 

6.567x109 MWh (International Renewable Energy Agency, 2012). The entire region 

has the potential to meet its daily domestic load requirement of 2.324x10-3 MWh/m2 

(Adeoti et al., 2001). Solar PV includes SHS, off-grid solar arrays, and Pico PV systems 

such as solar lanterns (Figure 3.6). SHS and Pico PV systems in rural SSA are primarily 

used for lighting, charging of mobile phones, watching television, and sometimes for 
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refrigeration (Jacobson, 2007; Crossland et al., 2015). In Kenya, more than 320,000 

SHS were installed by the end of 2010 (Hansen et al., 2015); the installed capacity rose 

to 16 megawatts (MW) by 2012 and 20MW by November 2013. In Ghana, 9,536 SHS 

were installed in over 70 districts of rural communities through funding from the World 

Bank, Japan International Cooperation Agency and the Spanish Government (Atsu et 

al., 2016). Further, the Spanish government funded the installation of more than 1,300 

SHS in public institutions in Ghana. As a result, the solar industry in Ghana has grown 

steadily, with a total of 64 registered companies by the end of 2013. The sale of Pico 

PV systems in SSA was estimated to have increased from less than 100,000 in 2010 to 

over four million in 2014, with two-thirds of this in East Africa, specifically Kenya, 

Ethiopia and Tanzania (Orlandi et al., 2016). With the right policies and continued cost 

reduction, solar PV could play a major role in SSA’s energy supply (International 

Renewable Energy Agency, 2016). 

 

 
Figure 3.6: Solar PV applications in rural SSA: (a) SHS installed in rural Senegal 

(Guilbert, 2017); (b) Pico PV systems in Ethiopia (Müggenburg et al., 2012); (c) Off-

grid solar PV system in Kenya (African Solar Designs, 2017). 

 

Biogas digesters: Biogas digesters are used to anaerobically decompose biodegradable 

materials such as kitchen waste, human and animal excreta to produce biogas 

(comprising of methane, carbon dioxide, and small traces of hydrogen sulphide) and 

bio-slurry (Zhang et al., 2014). Biogas has a fuel efficiency of 35 per cent and can be 

used for cooking, lighting, and electricity generation (Achinas et al., 2017). The 

nutrient-rich bio-slurry is used as fertilizer for crop production. Most biogas digesters 

installed in SSA are household (Figure 3.7), institutional or community, or large-scale 

units (Amigun and Von Blottnitz, 2010). Household units are usually fed with animal, 

human or kitchen waste, producing enough gas for all cooking needs and about two to 

four hours of lighting for a family of eight. Institutional or community units are 
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typically used in schools, hospitals or public latrines and also use human and animal 

waste as feedstock. Large-scale biogas units rely on large amounts of human and 

agricultural waste, with the gas often used to generate electricity and the slurry to 

produce fertilizer.  

 

 

Figure 3.7: (a) Flexi biogas system installed in Kenya (Sovacool et al., 2015); (b) Fixed-

dome biogas digester in Arusha, Tanzania (Laramee and Davis, 2013); (c) Biogas stove 

(Tumwesige et al., 2014); (d) Lay-out of an installed biogas digester (Borges Neto et 

al., 2010). 

 

Biogas digesters were introduced in Kenya and South Africa as early as the 1950s 

(Amigun and Von Blottnitz, 2010). In Rwanda, an initiative by the Food and 

Agriculture Organization, saw the construction of four biogas digesters (ranging from 

8 to 20m3) by a Nepalese consultant in 1982 (Mwirigi et al., 2014). In Tanzania, biogas 

digester dissemination commenced in 1975 with the construction of 120 floating drum 

plants in Arusha. From the 1950s to date, various international organizations (such as 
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the Netherlands Development Organization, the Netherlands Directorate General 

International Cooperation, the German Technical Cooperation, and Winrock 

International) have installed numerous biogas digesters across Burundi, Botswana, 

Burkina Faso, Côte d’Ivoire, Ethiopia, Ghana, Guinea, Lesotho, Namibia, Nigeria, 

Rwanda, Zimbabwe, South Africa, and Uganda (Amigun and Blottnitz, 2007; Mulinda 

et al., 2013). Biogas technology has however, received little attention in recent times 

primarily due to high construction costs, little technological advancement, lack of 

reliable feedstock, and limited mobility, amongst others (Bensah et al., 2011; Sovacool 

et al., 2015). 

 

3.5  Socio-technical Factors Influencing RTech Adoption in SSA 

This section discusses RTech adoption from a socio-technical perspective using relative 

advantage, compatibility, and complexity as units of analysis from the publications 

matching the selection criteria.  

 

3.5.1 Relative Advantage 

RTech are promoted in SSA for their capacity to provide affordable energy, reduce fuel 

consumption, IAP, cooking and firewood collection times. Figure 3.8 shows that 

affordability plays a major role in the adoption of all RTech. Fuel purchase is a factor 

influencing both ICS and solar PV adoption. Other RTech relative advantages - such as 

short cooking time, reduced IAP, and provision of light - were not found to affect biogas 

adoption. The remainder of this section discusses RTech relative advantage under time 

savings, income savings, and reduced IAP. 

 

Time savings 

Across the adopter spectrum, fast and slow modern energy technology adopters desire 

improvement in their wellbeing. This translates into the uptake of RTech being 

influenced by a range of advantages and disadvantages as understood by the user. Time 

savings can potentially reshape individual daily lives over time, and eventually the 

entire society if critical adopter mass is reached. RTech adoption due to time savings 

shows that adopters are willing to reshape their social systems to enhance wellbeing. 
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For instance, in rural Ethiopian communities where only one per cent of inhabitants had 

time for social and leisure activities, time saving from cooking and firewood collection 

would be valuable (Gwavuya et al., 2012).  

 

 

Figure 3.8: Venn diagram for ICS, biogas digester, and solar PV’s relative advantage 

in SSA. 

 

During ICS adoption, reduction in cooking time is crucial. Cooking is an ongoing, life-

central activity performed about two to three times a day; hence, changes in the time it 

takes will have significant impacts on a community. ICS are designed differently from 

the traditional three-stone stove, often requiring some getting-used-to in terms of 

igniting, fire attendance, and cooking mode (i.e., standing or sitting). During this 

period, the evaluation of cooking time is critical to understanding how an ICS will alter 

the structure of user social systems. Changes in cooking time can be evaluated 

immediately after the cooking process, providing a simple means to assess the social 

impacts of ICS adoption. Fire attendance and cooking mode, on the other hand, are 

characteristics that are limited to the user and the technology, hence do not have the 

potential to disrupt the broader social systems. Investigating ICS adoption in Uganda, 

survey respondents preferred the Stovetec to Ugastove due to its shorter cooking time, 

despite a lower fuel efficiency (38 per cent) than Ugastove (46 per cent) (Adkins et al., 
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2010). It is, however, interesting to note that Adkins et al. (2010) found the Stovetec to 

be four per cent slower than the three-stone stove.  

Time savings in firewood collection, an activity usually performed by women, is 

another factor influencing ICS adoption (Vitali and Vaccari, 2014). In Malawi, a study 

revealed that the Chitetezo Mbaula reported a 50 per cent reduction in fuel consumption 

leading to a 44 per cent decline in how many times firewood is collected (Malinski, 

2008). This generated savings of six to eight hours in firewood collection per month. 

Kees and Feldmann (2011) also reported that an ICS saves a family 3.1 kilograms of 

firewood and seven hours per week on cooking and firewood collection activities. 

Unlike savings in cooking time, time savings due to reduced firewood consumption 

cannot be evaluated immediately by ICS adopters. That is, when the average household 

spends approximately two hours on firewood collection a day (Rysankova et al., 2014), 

30minutes saved in cooking can, for instance, be used to attend an evening church 

service. This will have a positive influence on ICS adoption compared to the knowledge 

of a six to eight hours per monthly savings on firewood collection. Given the scarcity 

of research investigating ICS performance in real world conditions, it is unknown 

whether rural households adopt ICS due to time savings in cooking or firewood 

collection.  

Investigating solar PV adoption by Müggenburg et al. (2012), 78 per cent of users stated 

that household chores can be performed more easily, with 50 per cent of adopters citing 

greater flexibility in time management and a more spontaneous lifestyle due to the 

increase in light hours at night. A total of eleven per cent attributed the ease of doing 

household chores to the decreased travel of long distances to buy fuel or charge mobile 

phones. In some remote rural SSA communities, charging a mobile phone at the nearest 

grid-connected shop could take almost half a day (Wambuguh, 2013). In these 

communities, the convenience of SHS users charging their mobile phones in their 

homes surpasses other benefits of the system. 

Furthermore, no studies were found reporting time savings influencing biogas adoption. 

Biogas digesters could, however, provide significant time savings as the switch from a 

three-stone stove to a biogas burner eliminates the time, energy, and money spent on 

the collection or purchase of firewood. These changes can be easily evaluated compared 

with the seasonal use of bio-slurry as fertilizer. The biogas cooking experience could, 
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therefore, trigger the most profound change in adopters’ daily lives because it provides 

a faster cooking process due to its higher specific energy content compared to firewood 

(Chambers et al., 2005; Achinas et al., 2017). A total of six studies identified that user 

preference for shorter cooking time of ICS, biogas burners or the three-stone stove is 

key to adoption decision-making.  

 

Income savings 

A significant factor influencing RTech adoption in SSA is income savings vis-à-vis 

reduced firewood consumption, which can be redirected to other expenditure for 

business, education, or other good improving the economic and social status of 

household members. The knowledge of this savings and the ability to purchase 

alternative goods or services is likely to influence adopters’ decision in RTech adoption. 

The relatively high fuel efficiencies of most ICS mean that less firewood is required for 

cooking, which in turn leads to a reduction in firewood expenditures. The rocket mud 

stove was reported to reduce fuel consumption by 34 per cent compared to the three-

stone stove (Ochieng et al., 2013). Also, adopters of the Roumdé, an ICS disseminated 

in Burkina Faso, reported using 20 to 28 per cent less wood fuel compared to the three-

stone stove (Bensch et al., 2015). Another study in Ethiopia reported that switching 

from a three-stone stove to an ICS reduced firewood consumption by 20 to 56 per cent 

(Duguma et al., 2014). Kees and Feldmann (2011) estimated that fuel saving from ICS 

adoption was around €27 Euros per year in firewood cost. User ability to appreciate 

cost savings and the associated positive disruptions on their socio-economic status is a 

crucial part of RTech adoption. Some rural dwellers however, purchase charcoal during 

the rainy season (Chambers et al., 2005; Vitali and Vaccari, 2014) and do not 

necessarily buy firewood throughout the year. Others have access to free firewood 

therefore, ICS adoption does not impact household activities in terms of budget (Vitali 

and Vaccari, 2014). 

Furthermore, solar PV adoption in rural Kenya and Malawi was reported to reduce 

expenditure on kerosene costs and mobile phone charging (Adkins et al., 2010; Okello 

et al., 2013). In Central East Africa, annual savings of $46.8 USD were reported (Barrie 

and Cruickshank, 2017). Adopters of biogas digesters in rural Uganda, however, did 

not appreciate the money savings of biogas technology as they had access to a no-cost 
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supply of firewood and attached little or no value to collection times (Walekhwa et al., 

2014). 

Affordability remains a significant challenge impeding RTech adoption in SSA. RTech 

acquisition and installation costs are often beyond the purchasing power of most rural 

dwellers and need long term planning and savings, especially when the money saved 

could be alternatively used for other needs such as payment of school fees, hospital 

bills or as seed money for business ventures (Sesan, 2012; Bensch et al., 2015). Making 

a one-time payment for the purchase of RTech continues to challenge the majority of 

poor, rural population given their constrained ability or lack of experience with long-

term savings or return-on-investments realized via RTech adoption. Household 

decision-making is often issue specific and gender related (Muneer and Mukhtar, 

2003), highlighting different motivations for RTech acquisition. Usually the women or 

wives, who are responsible for cooking, often with limited financial resources, are the 

decision makers during ICS adoption. They are also more concerned with firewood 

collection times, cooking time, and IAP. In contrast, the men or the husbands are likely 

to adopt an ICS or SHS for prestige (Wambuguh, 2013; Vitali and Vaccari, 2014). This 

highlights the importance of adopter perceptions regarding RTech relative advantage, 

with adoption likely to be higher if there is an understanding and appreciation for 

immediate disruptions and subsequent lifestyle impacts. Since the majority of 

subsistence farmers and other rural populations tend to live on a day-by-day basis, 

information such as daily savings may well be relevant to their daily decision-making 

in the context of relative scarcity and in turn the adoption decision process. For instance, 

knowledge of household lighting or quality of meal, due to income savings, are relevant 

information likely to facilitate RTech adoption. In contrast, detailed understandings of 

monthly or yearly savings and investment planning may require a new value system 

which would take a longer time to adopt, thereby hindering the adoption decision 

process. 

 

Indoor air pollution 

Another well-known attribute of RTech is its capacity to reduce smoke emissions, with 

the key question being whether this motivates rural dwellers to adopt RTech.  
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ICS are often touted as better alternatives to the three-stone stove because they produce 

less smoke emissions. Interestingly, in rural Kenya, households with little food were 

least affected by IAP and would prioritize food security over the purchase of an ICS 

(Sesan, 2012). In households where food security was a lower priority, the solution to 

IAP was to build an outdoor kitchen. Martin et al. (2013) found respondents 

appreciative of the immediate benefits of reduced smoke emissions and risk to burns 

when using the top-lit updraft gasifier stove. Long-term health benefits, on the other 

hand, were not valued and not considered important factors influencing adoption 

decisions. Women responsible for cooking in rural Senegalese households also reported 

a nine per cent decline in respiratory symptoms and eye problems (Bensch and Peters, 

2015). This was, however, found in a self-reported health study that did not use 

objective indicators such as individual particulate matter exposure. 

As with time and income savings from reduced firewood consumption, the health 

benefits from reduced IAP do not generate immediate daily life changes nor have a 

greater influence in the adoption decision process. In poorer households, fuel savings 

may be more valued as it translates into cost savings. The studies reviewed were found 

assessing ICS’s ability to reduce IAP without showing how it encourages adoption. 

Such information will confirm laboratory tests results and further enhance ICS 

dissemination strategies and adoption. Since the health benefits of reduced IAP require 

a longer time to be realized, ICS can be classified as preventive innovations associated 

with a low adoption rate. 

Using solar PV generates no smoke emissions and has the potential to significantly 

reduce IAP. In rural Ghana, households using SHS reported 45 per cent lesser incidence 

of blackened nostrils compared to households using kerosene lanterns (Obeng et al., 

2008). In a village in Ethiopia, 89 per cent of survey respondents saw the adoption of 

Pico PV systems influenced by improvements in health and hygiene, namely, reduction 

of eye and nose irritation given the absence of soot from oil lamps and smoke from 

kerosene lanterns (Müggenburg et al., 2012). Some evidence also suggested a decline 

in insects attracted to the animal blood and hence reduced food contamination. 

Cooking or lighting with biogas also do not generate smoke emissions and has the 

potential to reduce IAP. However, studies were not found reporting adopters’ 

preference for biogas digesters due to this quality. The prohibitive cost of biogas 
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digesters or relatively fewer dissemination programs could explain why other relative 

advantages were not found motivating their adoption. That is, few people in rural SSA 

have acquired biogas digesters to examine these benefits in the real world. 

 

3.5.2 Compatibility 

Examining RTech compatibility in a social system demonstrates how changes in 

adopter’s daily life, technology trade-offs, and competing relative advantages influence 

adoption. Innovations that are inconsistent with existing values and beliefs of a society 

require new value systems which often take longer to adopt (Rogers, 1995). Changes 

in the social structure are usually difficult to achieve and therefore, stimulated by other 

attributes of innovation such as relative advantage. In Figure 3.9, apart from the 

provision of light, all factors influencing RTech compatibility in SSA are peculiar to 

each technology. Following Rogers (1995), this section discusses RTech compatibility 

in terms of needs, values and beliefs, and past experiences.  

 

 

Figure 3.9: Venn diagram for ICS, biogas digester and solar PV’s compatibility in 

SSA. 
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Compatibility with needs  

For ICS to be desirable, their relative advantages should match the needs of potential 

adopters. In rural Uganda, for instance, the household primary cook, usually the wife 

or the eldest daughter, disliked the Ugastove because of its longer cooking time despite 

its higher fuel efficiency (Adkins et al., 2010). Also, when the primary cooks in rural 

Malawi were asked to choose between sugar and the Chitetezo Mbaula, results showed 

that fuel savings did not influence ICS adoption but rather the hours spent collecting 

firewood (Jagger and Jumbe, 2016). These insights imply that time savings may 

influence ICS adoption more so than fuel savings. Studies have shown that when rural 

dwellers have access to electricity, solar PV for that matter, their needs and energy-use 

behavior change (Crossland et al., 2015; Ahlborg and Sjöstedt, 2015), with many 

acquiring new appliances such as mobile phones, televisions, and refrigerators. Over 

time, their energy demands increase and become incompatible with the capabilities of 

RTech. As such compatibility can be described as an attribute that evolves according 

to an adopter’s socio-economic status. After a period of time, an adopter’s desire for 

positive lifestyle changes can affect RTech sustainability. A study investigating the 

battery lifespan of off-grid PV systems in rural Rwandan schools and hospitals showed 

that there was an increase in energy demand because access to electricity led to the 

acquisition of new electrical devices (Crossland et al., 2015). Increase in energy 

demand was responsible for battery malfunction in half of the surveyed sites of the 

study. A similar study in Nigeria also found that unexpected increase in energy demand 

resulted to decreased battery lifespans in off-grid solar PV systems (Adaramola, 2014). 

Some unexpected energy-use behaviors identified in these studies were the use of 

televisions and refrigerators during off-peak hours and warmer seasons, respectively 

(also refer to Barrie and Cruickshank (2014) and Ellegård et al. (2004)). The design of 

RTech, therefore, goes beyond meeting user energy needs. It also encompasses the 

design of systems that are adaptable to lifestyle changes in order to foster a sustainable 

energy supply. 

Furthermore, in some rural households, the significance of a biogas digester decreases 

when the biogas lamps stop working (Mengistu et al., 2016). In these instances, biogas 

served as a source of lighting and firewood was still used for cooking because it was 

cheap, if not free, and readily available. Although cooking is essential to the livelihood 

of all people, some rural populations tend to place less value on the fuel required for 
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this activity given the relative abundance of cheap firewood. To these biogas adopters, 

fuel cost savings are not compatible with their needs and are less likely to cause any 

positive lifestyle changes. Lighting, on the other hand, meets their needs due to low 

electricity access and the biogas lamp or solar PV provides a cleaner and cheaper source 

of lighting. Some households see nothing wrong with their methods of cooking (Akolgo 

et al., 2018) and would adopt a biogas digester only if it engenders income savings. 

Money saved from kerosene purchase could be another factor influencing the use of 

biogas for lighting. Unlike income savings from reduced firewood, the prospects of no 

longer having to buy kerosene is easy to comprehend. In other households, the higher 

the number of planted trees, the more likely a biogas digester would be adopted 

(Mengistu et al., 2016). Adopting a biogas digester may also provide an opportunity to 

generate income as owners will no longer use their trees as firewood for cooking but 

rather sell them to other households. These examples illustrate that differential needs 

(i.e., lighting and income generation) among different socio-economic strata in one 

community can influence biogas adoption. It can also be argued that the need for 

lighting can possibly be relegated to a second level in households that have electricity 

connections, causing an incompatibility of needs, further decreasing the significance of 

a biogas digester. 

 

Compatibility with values and beliefs 

Compatibility with values and beliefs emphasizes the cultural appropriateness of a 

technology. That is, the extent to which the new RTech fits into the existing energy-use 

behaviors and lifestyles of adopters. 

In Uganda, participants in a study did not value the health benefits of ICS, arguing that 

the long-term use of the traditional three-stone stove automatically disproved negative 

health implications (Martin et al., 2013). Further, Sesan (2012) found that, the 

prohibition of IAP in Kenya was not because of its associated health impacts, but was 

due to embarrassment of soot accumulated on the walls to the household head (usually 

the man) when visitors came over. In this study, the Upesi Jiko recorded the highest 

adoption rate because its design was culturally more appropriate than other smoke 

alleviation interventions, despite its high emissions. Education and awareness-raising 



 
 

 61 

would help potential adopters understand the relevance of these benefits, thereby 

catalyzing the adoption decision process. 

Apart from cooking, the fireplace often provides social benefits (Makame, 2007). For 

instance, in the Tswana culture in Botswana, the fireplace draws family members 

together in the evening. Stories are told and family issues discussed. Residents in rural 

Kenya apparently preferred the additional benefit of the warmth provided by the three-

stone stove during the cooking process (Njenga et al., 2016). They saw a disadvantage 

in the inability of gasifier cooking stoves to heat space and may well reject a biogas 

digester for cooking as using an ICS or the biogas burner would mean finding an 

alternative source of warmth for family gatherings. Although, this choice may not 

necessarily affect the cooking process, it can influence the rejection of an ICS or a 

biogas digester especially if other benefits such as fast cooking time, appropriate design 

or lighting are compromised and deemed less important. 

A major challenge associated with biogas adoption in rural communities is the idea of 

using human or animal excreta as a source of energy. Residents of Kenya, Ghana, and 

Ethiopia were reported to question the safety of the energy source, while others entirely 

rejected the idea mainly because of taboos or misconception about its safety (Arthur et 

al., 2011; Sovacool et al., 2015; Mengistu et al., 2016). Similar to long-term cost 

savings, characteristics of RTech that cause significant changes in an adopter’s way of 

life impede or are less likely to encourage RTech adoption. Benefits or characteristics 

of RTech that require new value systems would take a longer time to be understood. 

 

Compatibility with past experiences 

The compatibility of RTech with past user experiences in SSA is another factor 

influencing the adoption process. Similar to compatibility with values and belief, users 

are accustomed to or adapted a particular way of using energy technologies which in 

turn has shaped their lives. The adoption of a different technology that requires 

relearning and lifestyle adjustments may be rejected. Compatibility with past 

experiences entails the physical interaction between adopters and technologies as well 

as being familiar with benefits and design similarities.  
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An example of incompatibility with past experiences is 60 per cent of interviewees 

reported the Ugastove and Advent stove were too tall for the cooking task (Adkins et 

al., 2010), having a different height from the usually low-lying three-stone stove at 

which users sat during cooking. On the other hand, 90 per cent of the respondents in 

Tanzania preferred the Stovetec and Envirofit for their design and compatibility with 

most cooking tasks. Also, in rural Burkina Faso and Cameroon, women were more 

inclined to adopt ICS similar to the three-stone stove and suited local cooking habits 

(Vitali and Vaccari, 2014; Bensch et al., 2015). 

In an isolated case, the health benefits of reduced IAP played a major role in the uptake 

of the Upesi Jiko in households that already adopted water treatment equipment (Silk 

et al., 2012). Silk et al. (2012) explained that “treating water more frequently is 

consistent with the hypothesis that health messages and corresponding product 

intervention reinforce one another” (pg.9). These examples show that ICS with known 

benefits, similar designs, and cause little disruptions are likely to have higher adoption 

rates. 

Similarly, past experiences with RTech also influence the decision to adopt similar 

technologies in the future. Negative attitudes towards innovation is a significant 

obstacle to biogas adoption in SSA (Mwirigi et al., 2009; Bensah et al., 2011; Sovacool 

et al., 2015) with bad perceptions of failed biogas projects tending to discourage the 

adoption of new biogas digesters. Sovacool et al. (2015) found that experiences with 

failed biogas projects deterred the use of flexi biogas systems despite the value users 

placed on their ability to uninstall and move the biogas digester to other locations. 

When rural dwellers, considering their limited resources, invest money into an RTech 

and do not see an improvement in their socio-economic status, it becomes difficult to 

adopt technologies with similar characteristics and benefits. 

 

3.5.3 Complexity 

The ability to use a technology with ease is the third and last integral part of the adoption 

decision process discussed in this paper. When a technology functions similar as its 

predecessor, it has a higher probability of adoption than when it requires relearning 

(Rogers, 1995). From Figure 3.10, main complexity challenges identified were 

awareness of RTech and understanding how the systems operate. 
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Figure 3.10: Venn diagram for ICS, biogas digester, and solar PV’s complexity in 

SSA. 

 

Complex to use 

ICS are designed to be thermally efficient for specific fuel types, usually for firewood 

or charcoal (Kåre et al., 2016). When an ICS is designed for only firewood, it cannot 

be used during the rainy season, leading to a possible rejection or undermining the 

adoption of another ICS in future. In households where fuel is collected, fuel type 

determines appropriate stove technology. The three-stone stove, for instance, is flexible 

in terms of the size and type of biomass fuels. In Tanzania, households were found 

allocating different fuels for different purposes: preparing chapatti, simmering beans, 

quick heating of tea, indoor heating and/or heating of bathing water (Kåre et al., 2016). 

Designing an ICS that embodies a wide range of benefits has led to the design and 

manufacture of ICS that prioritize some benefits at the expense of others. An ICS with 

similar designs as the three-stone stove does not require relearning and can use multiple 

fuelwood, thereby causing less negative disruptions and be more likely adopted faster. 

In Uganda, the Ugastove, for instance, was reported to be tall, bulky and heavy, and 

made cooking difficult (Adkins et al., 2010). It also had a metal shell that heated up and 

was inconvenient during cooking. In addition, a greater amount of fire-tending required 

by the Ugastove interfered with other activities such as childcare. The top-lit updraft 

gasifier stove was also reported to be difficult to light and slowed the cooking process 

(Martin et al., 2013). Furthermore, in Tanzania, the Advent stove was rejected because 



 
 

 64 

it was too small (Adkins et al., 2010). ICS adopters in these studies tend to measure the 

complexity of the technology based on their past experiences with the three-stone stove. 

As discussed in Rogers (Rogers, 1995), complexity as an attribute of ICS adoption is 

very similar to compatibility with past experiences. This could explain studies where it 

was found that adopters decided to revert to the three-stone stove after trialing an ICS 

for a few months (Orr et al., 2015). 

 

Complex to understand 

Another dimension of complexity is adopters’ ability to understand how a technology 

works and grasp the relevance of its benefits. That is, how an RTech will alter daily 

lifestyles to improve user wellbeing is integral to the adoption decision process and 

proper use of a particular technology. Rogers (1995) explained that this aspect of 

complexity is similar to the compatibility with values and beliefs, as a new value system 

is required for adopters to comprehend the potential benefits of a technology. As 

discussed under compatibility with values and beliefs, ICS adopters found in studies 

conducted by Sesan (2012) and Orr et al. (2015) required a new value system facilitated 

by education and awareness-raising in order to comprehend the long-term health 

benefits of reduced IAP.  

In one study, the lack of technical knowledge of the operation of solar PV was attributed 

to abuse of systems as users did not understand why charging their phones during the 

day resulted in having little energy to switch on lights at night (Barrie and Cruickshank, 

2017). Rural dwellers’ inability to understand such technicalities also accounts for 

changing energy-use behaviors that do not meet system requirements resulting into 

system failures as discussed earlier under compatibility with needs. 

Furthermore, biogas adoption rates in northern Ethiopia increased by a factor of 3.01 

as the education level of the head of household increased by one year (Mengistu et al., 

2016). In this area, some residents were not adopting a biogas digester simply because 

they did not know that the technology existed. While it is unreasonable to assume each 

user grasps the science behind the operation of RTech and the correlation with reduced 

IAP, findings suggested that adoption was related to greater understanding of the health 

benefits when adoption decisions were being made. No study was found which reported 

on the inability of users to comprehend solar PV systems’ core benefits of provision of 
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light compared to IAP, nor their comparative cost savings with biogas and ICS 

adoption. This further justifies why some adopters would prefer the light component of 

a biogas digester. 

 

3.6  Conclusion 

This paper reviewed the socio-technical factors influencing the adoption of ICS, solar 

PV, and biogas digesters in SSA vis-a-vis three attributes of innovation from Rogers’ 

Innovation Diffusion Theory (IDT): relative advantage, compatibility and complexity. 

This approach facilitated the examination of the underlying factors affecting RTech 

adoption at the community level. The study revealed that RTech adoption in SSA is 

influenced by relative advantages that can be measured immediately and can possibly 

alter the broader social system. It also demonstrated that understanding what motivates 

individuals to value some benefits over others is critical in facilitating positive 

disruptions, thereby increasing adoption rates. For instance, the gendered division of 

labor in the household dictates the value users place on the various RTech benefits. 

These differences, however, can potentially undermine the benefits of reduced IAP as 

the male head of household tends to make most household financial decisions, but are 

usually not responsible for cooking and are less exposed to IAP. Addressing such 

knowledge gaps in household energy decisions-making will enhance effective RTech 

dissemination strategies and financing so high upfront costs will not overwhelm the 

importance of long-term health benefits from reduced IAP.  

This review reveals that the day-by-day living of most rural populations is a factor 

impeding the realization of long-term RTech benefits, such as income savings from 

fuelwood purchase. Savings in cooking time and income savings from less kerosene 

purchase after solar PV adoption were found to be the main factors influencing 

adoption. As discussed, income generation has also become a significant benefit of 

RTech adoption in SSA. Mobile phone charging, barbershops and the sale of cold water 

are currently very common businesses found in solar-electrified rural communities in 

SSA (Harrison et al., 2016), similarly in remote communities in India, Nepal and 

Bangladesh (Ulsrud et al., 2011; Feron, 2016). However, our findings did not reveal 

whether RTech income generation activities encourage adoption as lighting and mobile 

phone charging do or only sustain RTech usage after adoption. Identifying the income 

generation capabilities of RTech, especially ICS and biogas, will be instrumental in 
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dissemination strategies to increase adoption rates. The short-term benefits of RTech 

were identified as compatible with the needs and value systems of rural populations, in 

accordance with an improvement in their wellbeing. We also found that long-term 

benefits become significant when RTech have familiar relative advantages. We suggest 

that, with increasing living standards, preventive innovations with familiar relative 

advantages and designs that cause little disruptions, yet embody all core benefits, are 

likely to have higher adoption rates. Such a shift will promote new value systems 

needed to facilitate the adoption of technologies with similar characteristics and 

benefits. In other cases, increasing living standards come with increasing demand for 

certain goods, as seen with the adoption of solar PV. Compatibility is therefore not 

static, but changes with adopters’ socio-economic status especially when the relative 

advantages are highly valued. Critical analysis of societal value systems will inform the 

development of innovations that will not fail or be rejected when the adopter’s demands 

grow. Rogers’ IDT was unable to account for these changes in an adopter’s value 

system and how they affect innovation compatibility. 

In terms of compatibility with values and beliefs, past experiences and complexity, 51.6 

per cent of studies reviewed revealed that if an RTech causes less disruption it is 

adopted faster. For instance, apart from increasing energy demand, rural populations 

do not find solar adoption to be incompatible nor complex to use. This may be due to 

fewer interactions with users and energy production, the immediate illumination of 

households which is consistent with their daily lives and the absence of kerosene 

purchase. ICS and biogas digesters, on the other hand, require users to collect and feed 

systems with fuel and are associated with long-term fuel and income savings. Similarly, 

the knowledge that lighting is highly valued among the rural poor can be used to 

encourage biogas adoption in communities where human and animal excreta are 

deemed unsafe for energy production. RTech adoption in rural SSA however, still 

requires significant education and awareness-raising to improve adopters’ 

understanding of long-term health benefits from reduced IAP and firewood cost 

savings. The examination of socio-technical challenges at the community level revealed 

that biogas adoption has substantial compatibility and complexity challenges without 

any distinctive relative advantage that users readily identify or prioritize. This confirms 

the claim made by Arthur et al. (2011) that biogas adoption is the lowest among all 
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RTech disseminated in SSA. In contrast, solar has more relative advantages that are 

highly valued by users and causes the least disruption.  

Finally, the systematic methodology used in this paper revealed that most studies (61.3 

per cent) on RTech adoption in SSA examined only one attribute of innovation. Studies 

with such limitations do little to foster holistic approaches to addressing the barriers to 

RTech adoption in SSA, especially at the household level. Investigating RTech 

adoption using two or all attributes of innovation is more appropriate in research aiming 

to understand the benefits of RTech to adopter lifestyles. Furthermore, the findings of 

this review sheds light on the relevance of adopters in low-carbon transition decision-

making. That is, in the same community, different factors influence RTech adoption 

according to socio-economics status, hence blanket solutions or dissemination 

strategies are inappropriate. This is particularly relevant when majority of these projects 

(51.6 per cent in this review) are funded and implemented by transnational bodies. 

Considering the relevance and interconnection of all innovation attributes in the 

adoption decision process, future research must look to adopt multi-dimensional 

approaches to investigating RTech adoption in SSA communities.  
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CHAPTER FOUR 

User Participation in Renewable Energy Projects: The Case of Solar 

and Biogas Adoption in Ghana 

 

To be re-submitted to Energy Policy JEPO-D-19-00535 (Major revisions requested) 

[see Appendix 10]. 
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4.1 Introduction 

User participation in renewable energy projects (REPs) has increased in the past three 

decades in an attempt to disseminate renewable energy technologies (RTechs) that 

match the context-specific needs of users (Barnes and Floor, 1996; Hoffman and High-

Pippert, 2005; Bomberg and McEwen, 2012; Kooij et al., 2018). The scope of user 

participation ranges from the initiation of REPs by community members aimed at 

mitigating greenhouse gas emissions by using wind turbines (Haggett et al., 2014; van 

Veelen, 2017) to purchasing cheap solar lanterns that illuminate households (Sovacool 

et al., 2011; Pati, 2017). This broad spectrum of user participation has attracted 

researchers from a myriad of academic domains (such as development studies and 

sustainability transitions, among others) to provide rich insights into how user roles 

could improve the outcomes of what is popularly known as community energy projects 

(Becker and Kunze, 2014; Defila et al., 2018; Lema et al., 2018). Despite extensive 

research in this regard, it remains unclear how user participation in REPs translates into 

overall user satisfaction throughout the adoption process. 

Analysis of how user participation in REPs translates into adoption provides insights 

relevant to the broader literature on inclusive innovation. The literature on inclusive 

innovation emerged in the early 2010s4 to investigate the roles marginalised groups 

(usually used to refer to the rural poor5) play in innovation development and how they 

could use cheap innovations to improve their livelihoods (Chataway et al., 2013; Iizuka, 

2013). This literature has mainly focussed on conceptual framings (George et al., 2012; 

Harold and Dahl, 2012; Foster and Heeks, 2013), the market structure of low-income 

countries (Foster and Heeks, 2014; Leliveld and Knorringa, 2018), firm strategies 

(Mukerjee, 2012), and business models (Winterhalter et al., 2017), with limited 

research on the adoption of inclusive innovations. There has, therefore, been calls to 

adopt holistic approaches to studying inclusive innovation concerning the role of the 

poor as both consumers and producers of innovations (Nakata and Weidner, 2012; Lim 

and Fujimoto, 2019). Such a holistic perspective is crucial since, according to George 

 
4 Explicit attention was given to inclusive innovations with research on its conceptualisation and 

definition in early 2010s. However, research that investigated innovation in marginalised communities 

can be traced from the early 1990s (Cozzens and Sutz, 2012; Harman Canalle, 2017). 
5 It is worth noting that marginalised people do not only live or work in informal settings; and the actors 

in informal settings are not all marginalised people. Moreover, it is difficult to define what constitutes 

formal and informal settings since the rural poor often do not live in squatter settlements (Cozzens and 

Sutz, 2012). 
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et al. (2012), inclusive innovation is a process as well as a performance outcome. Foster 

and Heeks’ (2013) seminal work on the conceptualisation of inclusive innovation 

systems attempted to fill this research gap by demonstrating how local community 

entrepreneurs undertake intermediary roles to facilitate the diffusion of cheap mobile 

phones that match the communication needs of rural Kenyans. However, the authors 

did not examine the ordinary adopter’s role in the innovation process nor the effects of 

local actor roles (i.e. both local entrepreneurs and adopters) on the adoption process at 

the household level. 

In this paper, we contribute to this scholarly domain and do so in two ways: 1) by 

investigating how user participation at different project stages translates into RTech 

adoption, and 2) by probing to which extent this participation influences user 

satisfaction in terms of how they evaluate the benefits to using RTech. We examine the 

user roles from a sample of beneficiary communities and institutions in Ghana in which 

solar and biogas technologies have been disseminated or installed. Rather than 

attempting to assess project success or sustainability, we examine the adoption of these 

technologies using the attributes of innovation (relative advantage, compatibility, and 

complexity) as identified by Rogers (2003).  

Despite growing global interest to increase user participation in REPs, Ghana’s energy 

policy is yet to explicitly incorporate user roles in meeting its renewable energy targets. 

So far, the government of Ghana has three main strategic documents that outline plans 

to increase renewable energy penetration. The first is the Strategic National Energy 

Plan (SNEP) 2006 – 2020 that stipulated the use of renewable resources through a stated 

objective of a ten per cent penetration of national electricity and a 30 per cent 

penetration of rural electrification by 2020 (Energy Commission, 2006). The 2010 

National Energy Policy updated the SNEP to address challenges such as high cost of 

solar, wind, and biogas technologies and unsustainable exploitation of wood-fuel 

(Ministry of Energy, 2010). Both initiatives have been criticized by Obeng-Darko 

(2019) for lacking clarity in how to achieve renewable energy targets. In February 2019, 

a new strategic document dubbed Ghana’s Renewable Energy Master Plan had the 

timeline for achieving this target extended to 2030 (Energy Commission, 2019). All 

three renewable energy strategic plans or documents recognize the role of REPs in 

meeting these targets; however, they do not have accompanying implementation 

strategies that stipulate guidelines concerning the implementation of projects.  
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REPs based on solar and biogas technologies, being the dominant RTechs in Ghana, 

have been extensively funded or implemented by international donor agencies and 

development partners such as the World Bank, the United Nations, the German Agency 

for Technical Assistance, and the Spanish government (Bensah and Brew-Hammond, 

2011; Atsu et al., 2016). Currently, the international framework for implementing 

donor-funded projects, i.e. the 2008 Accra Agenda for Action, is the only policy 

document that stipulates the need for community engagement during the 

implementation of donor-funded projects (OECD, 2008). After more than ten years of 

approving this Agenda, the time is ripe for the government of Ghana to demonstrate 

how to achieve these targets. We argue that one pathway toward this goal is to involve 

user groups during different phases of a REP. 

This paper offers novel insight into user participation through a case study of five REPs 

in Ghana and is organised as follows. Section two first draws on the literature on 

community energy to review user participation in REPs and identify factors that 

undermine it, with undesirable consequences for project outcomes. It then draws 

parallels between user participation in REPs and inclusive innovation and explains why 

the innovation attributes are crucial to investigating RTech adoption at the user level. 

Section three introduces our five case studies comprising of two stand-alone solar, one 

solar mini-grid, and two institutional biogas projects, and it outlines the methods used 

to collect and analyse the data. Section four presents the results and discusses how the 

participation of three user groups (i.e. formal, semi-formal, and informal users) at 

various stages of REPs influenced RTech adoption. Section five concludes by 

demonstrating which aspects of user participation influenced RTech adoption with 

recommendations for policymakers and practitioners regarding project design.  

 

4.2 Literature Review 
 

4.2.1 User Participation in Renewable Energy Projects 

The literature on renewable energy in both the Global North and South provides 

insights into how users contribute to the outcomes of REPs that are either initiated by 

themselves, or by national governments or international development partners, in urban 

and rural contexts (Sovacool et al., 2011; Subbarao and Lloyd, 2011; Dwivedi and 

Dwivedi, 2012; Yamamoto, 2016; Berka and Creamer, 2018). Following Lin and Shao 
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(2000), we define user participation as the activities that target users, or their 

representatives perform during the development of systems meant to improve their 

wellbeing. Here, we review relevant literature regarding user participation at three 

distinct stages of the development of REPs, namely at their inception, implementation, 

and operation and maintenance. 

User participation at project inception offers project developers an insight into user 

preferences. For example, in feasibility studies and surveys, users articulate their energy 

needs and select appropriate locations for REPs. Bird et al. (2013) noted that a lack of 

knowledge of user energy needs was frequently a barrier to the sustainability of REPs. 

Urmee and Md (2016) added that REPs’ success depended upon maximizing 

community involvement and support in the design phase. When users are legal 

stakeholders, community engagement at project inception allows potential benefits to 

be identified (Wlokas et al., 2012). Besides, it helps avoid conflicts, so users tend to 

influence the direction of projects (Urmee and Md, 2016).  

The degree to which users participate in a project depends on the type of REP (van 

Oosterhout et al., 2005), with project design and objectives influencing which particular 

group of users get involved. For instance, a solar mini-grid or wind farm project 

requires long-term community engagement for project site selection and construction, 

whereas solar photovoltaic or lantern projects are limited to the sale or installation of 

systems to households. Furthermore, in REPs that have systems installed in a public 

facility (e.g. community facility and social enterprise-led microgeneration projects), 

user participation emerges from both the broader community in which the facility is 

located and its staff (Berka and Creamer, 2018). In such projects, the various user 

groups are often guided by leaders who play prominent roles in shaping project 

outcomes. Hence, user participation ought to be sensitive to which user groups are 

prioritised at different project stages, taking into consideration their influence on project 

outcomes.  

At the project implementation stage, user investment of funds, land, or labour typically 

generates a sense of ownership which is crucial to the social acceptance and 

sustainability of projects (Sovacool et al., 2011; Dwivedi and Dwivedi, 2012; Haggett 

and Aitken, 2015). In various cases across the Global South, lack of user ownership 

contributes to the failure of donor-funded REPs—a barrier potentially overcome 
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through innovative financing instruments (e.g. subsidies, loans, and pay-as-you-go) that 

suit user socio-economic status and tailored cash flow patterns to encourage user 

investment (Urmee, 2009; Friebe et al., 2013; Barrie and Cruickshank, 2017). 

Chaichana et al. (2017) and Ahlborg and Sjöstedt (2015) observed in the case of mini-

grid projects that, when users made monetary contributions or had a legal stake (i.e. a 

percentage of revenue generated goes to the community), they were more actively 

involved in the management of facilities.  

Nonetheless, knowledge gaps remain regarding the linkage between RTech ownership 

and long-term adoption. Evidence shows that some rural residents misused (or abused) 

their solar home systems and biogas digesters after purchase while the lack of 

technically skilled persons to maintain RTech also emerged as a barrier to adoption 

(Yaqoot et al. 2016; Barrie and Cruickshank, 2017). Moreover, as Sovacool (2013) 

reported for Indonesia, connecting rural communities to grid electricity decreased their 

desire to finish paying for solar home systems purchased and hence negatively affected 

project outcomes. Research investigating the correlation between RTech ownership, 

especially that of standalone systems, and user satisfaction with RTech attributes is, 

therefore, overdue. 

User operation and maintenance of REPs is the third key factor that contributes to a 

sense of ownership and project sustainability (Dwivedi and Dwivedi, 2012; Ahlborg 

and Sjöstedt, 2015). Haggett and Aitken (2015) found that operation and maintenance 

tended to build local capacity as community members could expand their technical, 

administrative, and bookkeeping skills, especially in projects that required ongoing 

management and had users employed at project sites (Ulsrud et al., 2011; Ulsrud et al., 

2015; Ahlborg and Sjöstedt, 2015). Ahlborg and Sjöstedt (2015) illustrated how the 

engagement of community members, community groups, and local government 

officials in system design enhanced the outcomes of a small-scale hydroelectric dam 

project in rural Tanzania. The authors also illustrated how the employment of users to 

operate the system and manage service delivery enhanced positive project outcomes. 

Nonetheless, this is not the case for all RTech types. For instance, wind turbines and 

solar home systems require comparatively less user participation in system operations 

and therefore are less likely to enhance local capacity. Capacities, as well as project 

outcomes, are reduced when influential project individuals depart (Berka and Creamer, 

2018), as shown, for instance, in a Nepalese micro-hydroelectric project in which 
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trained users migrated to neighbouring countries where they were in high demand, 

leaving broken systems unattended (Sovacool et al., 2011).  

 

4.2.2 User Participation in Inclusive Innovations 

Assessing user participation in REPs is akin to research on local actors in the literature 

on inclusive innovation, particularly scholarship that employs Heeks et al.'s (2013) 

ladder of inclusive innovation. Heeks and colleagues proposed a six-level ladder of 

inclusion to capture the divergent views on how marginalised groups, especially the 

poor, participate in various aspects of innovation. These levels are: (I) Intention ⎯ 

innovation addresses the needs or problems of the marginalised group; (II) 

Consumption ⎯ innovation is adopted and used by the marginalised group; (III) Impact 

⎯ innovation has a positive impact on the lives of the marginalised group; (IV) Process 

⎯ the marginalised group is involved in the development of the innovation; (V) 

Structure ⎯ innovation is created within a structure that is itself inclusive; and (VI) 

Post structure ⎯ innovation is created within a frame of knowledge and discourse that 

is itself inclusive. The underlying assumption is that participation at higher levels 

implies inclusion at lower levels. According to the authors, inclusion in the structure 

and post-structure of an innovation is uncommon in practice and seen as aspirational. 

This assertion confirms Cozzens and Sutz’ (2012) view that innovation ought to be 

inclusive at least with regards to its development process and the problems it seeks to 

solve. The ladder of inclusive innovation stipulates that the innovation process 

comprises of multiple sub-steps (i.e. invention, design, development, production, and 

distribution); hence, participation may vary and is highly unlikely to include all 

members of the marginalised group (Heeks et al., 2013). 

According to Saha (2016), user participation takes place at the process and structure 

levels. User roles in a feasibility study, construction, and RTech sale appear to serve 

similar purposes as those in the sub-steps of the innovation process ⎯ i.e. design, 

development, and distribution, respectively. Moreover, the widely accepted view that 

user participation in REPs enhances RTech adoption (Haggett and Aitken, 2015;  

Urmee and Md, 2016) is arguably analogous to the assumption that inclusion in the 

innovation process presupposes inclusion in its consumption, impact, and intent. Both 

streams of literature also assert that participation enhances ownership of innovations 
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(Sovacool et al., 2011; Douglas, 2019). However, the extant literature is yet to provide 

empirical evidence to back these claims. Arguably, these assumptions may account for 

the extensive focus on innovation processes in rural communities of the Global South, 

leading to limited research on the consumption and impact of inclusive innovations. As 

a result, there is a possible disconnect between the activities undertaken during 

innovation processes and the actual adoption. A few scholars have suggested making 

this connection is crucial because the primary objective of inclusive innovations is to 

improve the living conditions of the marginalised (Bortagaray and Ordenez-

Matamoros, 2012; Chataway et al., 2013; Aguirre-Bastos and Weber, 2018) 

Johnson and Andersen (2012) and Douglas (2019) have described inclusion at the 

consumption and impact levels as passive ⎯ being the mere receival of innovative 

outputs ⎯  with some scholars calling for more research on these aspects of inclusive 

innovation, particularly with respect to the adoption process. The model developed by 

Nakata and Weidner (2012) to examine innovation adoption in poor rural communities 

(which combined Rogers' (2003) innovation diffusion theory and Sen's (1999) 

capability approach6) stipulated that innovation attributes and social contexts are vital 

elements in determining the likelihood, speed, and form of adoption. The authors 

indicated that future research was required to comprehend what users do after the initial 

adoption of inclusive innovations, in terms of the accruement of unintended benefits or 

the creation of new products by adapting existing ones. Likewise, analysis of 

microfinance innovations in alleviating poverty by Bradley et al. (2012) showed that 

companies in Nairobi disbursed loans without recognition of how these loans may lead 

to unintended outcomes such as deepened debt.  

Aside studies on innovation adoption, Papaioannou (2014) used Sen's (2000).  

capability approach and Reader's (2006) basic needs approach to assess the impacts of 

inclusive innovations in Kenya, India, and Brazil. Papaioannou (2014) used the 

capabilities approach to show that innovations are inclusive when their impacts on 

people’s ability to undertake specific social functioning7 help reduce injustices in 

 
6
 According to Sen (1999) poverty is not simply inadequate income but, more expansively, multiple, 

interconnected deprivations (or “unfreedoms”) in capability and opportunity. 
7 “A functioning may be any kind of action performed, or state achieved, by an individual, and may 

cover anything that pertains to the full description of the individual’s life” (Fleurbaey 2006, pg.300). 
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development. The basic needs approach gives priority to meeting people’s basic needs8 

by ensuring that there are sufficient, appropriately distributed goods and services to 

sustain livelihoods at a minimally decent level (Reader, 2006).  

Despite the value of these theories in appraising inclusive innovations among the poor, 

they do not provide the analytical lens to scrutinize the socio-technical appropriateness 

of innovations. As stated by George et al. (2012), innovation adoption theories provide 

an alternative evaluating criterion to examine the socio-technical conditions under 

which inclusive innovations have positive impacts. Since this paper investigates user 

participation in REPs implemented in communities and institutions in both urban and 

rural settings, the attributes of innovation provide an all-encompassing analytical tool 

to examine RTech adoption, compared to theories of capabilities and basic needs. In 

the next section, we discuss RTech adoption in terms of the innovation attributes. 

 

4.2.3 Innovation Adoption  

Following the recommendation by George et al. (2012 pg.680) that adoption theories 

are “clearly relevant” in assessing how inclusive innovations may have positive 

impacts, we draw on the innovation attributes identified in Rogers' (2003) Innovation 

Diffusion Theory (IDT) to examine RTech adoption. Though Rogers’ IDT appears to 

be the only adoption theory mentioned within the inclusive innovation domain (Nakata 

and Weidner, 2012; George et al., 2012), theories such as the theory of planned 

behaviour (Ajzen, 1991), social cognitive theory (Ratten and Ratten, 2007), and unified 

theory of acceptance and use of technology (Venkatesh et al., 2003; Rezaei and 

Ghofranfarid, 2018) have also been used to investigate innovation adoption and 

diffusion. These theories focus on the socio-psychological factors influencing 

innovation adoption and, unlike Rogers’ IDT, do not provide insights into how 

innovation attributes might influence the adoption process within a particular social 

system (Moore and Benbasat, 1991; Bjørnstad, 2012; Barrie and Cruickshank, 2017). 

Adoption usually follows a process of awareness, knowledge, and action (Velayudhan, 

2003). When individuals acquire an innovation, they assess its usefulness before 

deciding whether to continue using it or not (Franceschinis et al., 2017). This 

 
8 Basic needs are divided into natural and social. Examples of natural needs are life, nutrition, and 

health. Examples of social needs are political freedom, shelter, and education (Papaioannou, 2014). 
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assessment is based on functional constructs known as the attributes of innovation 

(Rogers, 2003). By assessing how user participation influences innovation adoption, 

we help address the enquiry by Bradley et al. (2012) regarding whether what constitutes 

inclusive innovation depends more on innovation attributes than the ideas that underpin 

the innovation process.  

Amuzu-Sefordzi et al. (2018) suggested that IDT might be useful in understanding how 

the hardware and software components of RTechs affect user adoption during donor-

funded projects in sub-Saharan Africa. The authors used the innovation attributes to 

examine RTech adoption at the user level. According to Rogers (2003, pg.15-16) the 

innovation attributes are defined as follows: 1) relative advantage ⎯ “the degree to 

which an innovation is perceived as better than the idea it supersedes”; 2) compatibility 

⎯ “the degree to which an innovation is perceived as consistent with the existing 

values, past experiences, and needs of potential adopters”; 3) complexity ⎯ “the degree 

to which an innovation is perceived as difficult to understand and use”; 4) trialability 

⎯ “the degree to which an innovation may be experimented with for a limited basis”; 

and, 5) observability ⎯ “the degree to which the results of an innovation are visible to 

others”.  

For this paper on RTech adoption in sub-Saharan Africa, we focus on the first three of 

these attributes as the most relevant for examining RTech adoption related to 

appropriate technology design, socio-cultural acceptance, and energy-use behaviours 

(Amuzu-Sefordzi et al., 2018). IDT’s fourth and fifth attributes, as discussed in 

Tornatzky and Klein (1982), Rogers (2003), and Roman (2004), are less influential in 

the adoption decision process and less useful when examining the adoption of 

technologies already in use (Otte, 2014). In the remainder of this section, we review 

RTech adoption in terms of their relative advantage, compatibility, and complexity. 

Firstly, in rural sub-Saharan Africa communities, RTech’s relative advantage is mainly 

the provision of bright light. Added benefits such as income generation, entertainment, 

and education are nonetheless critical to the success of rural electrification programs 

(Urmee and Md, 2016). Understandably, given the differences in user characteristics, 

these RTech relative advantages vary from community to community. For instance, 

income savings due to reduced firewood and kerosene purchase are known as key 

benefits of RTech (Amuzu-Sefordzi et al., 2018). However, in households that have 
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easy access to firewood, cost savings of biogas digesters do not affect adoption 

decisions but rather the lighting component due to low access to electricity (Walekhwa 

et al., 2014). As a result, RTech adoption is likely to be high when the combined relative 

advantages match specific user needs. 

Secondly, compatibility with past experiences and value systems increases adoption 

rates. In the context of rural African RTech adoption, however, such compatibility is 

not a given as cooking with biogas digesters may be considered incompatible with value 

systems as contact with human or animal excreta is a taboo (Arthur et al., 2011; 

Sovacool et al., 2015). Such mismatches can be overcome when low levels of electricity 

access and the prospect of a cleaner and cheaper fuel source outplay user concerns and 

meet the lighting needs of rural populations (Mengistu et al., 2016). While some 

compatibility questions arise early on, most do so after adoption. For instance, the main 

compatibility challenge identified with solar systems is increasing energy needs after 

adoption. In contrast to biogas digesters which mostly provide lighting at night, solar 

systems have multiple uses such as charging phones and powering televisions. As such, 

using pre-installation estimates of user energy needs may lead to system breakdowns 

as post-installation use of electric appliances by rural dwellers may exceed this 

(Adaramola, 2014; Crossland et al., 2015; Barrie and Cruickshank, 2017).  

Thirdly, RTech complexity refers to users’ inability to fully grasp RTech relative 

advantages and how the technology should be best used (Holtorf et al., 2015). 

Differences in how rural dwellers absorb and relate to future RTech benefits can affect 

RTech adoption. For instance, some users find it intuitively easy to understand the 

benefits of instant lighting of households, reduced smoke emissions, and cost savings 

(e.g. from no longer purchasing kerosene) but have more difficulty seeing the health 

benefits of reduced indoor air pollution (Martin et al., 2013) or the long-term savings 

from reduced firewood purchases (Duguma et al., 2014). The reason is, in many rural 

contexts defined by marginalisation, structural disadvantage, and persistent poverty, 

day-by-day priorities and short-term livelihood and lifestyle benefits matter most while 

long-term factors tend to be discounted. Similarly, knowing when to use certain electric 

appliances to match the intermittent energy supply of solar systems can represent a 

challenge for some users (Barrie and Cruickshank, 2017). 
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By examining the participation of different user groups at the various stages of REPs 

and scrutinizing how users appreciate the relative advantage, compatibility, and 

complexity of RTech, we aim to discriminate which user roles enhance, hinder, or have 

no effect on the factors influencing the adoption process. In the remainder of this paper, 

we provide such a lens, through the five case study projects in Ghana, and illustrate 

how user participation affects the adoption process tracing the three attributes of 

innovation in Rogers’ (2003) IDT most relevant for this purpose. 

 

4.3   Methodology 

This study focused on three solar and two biogas case study projects in four regions of 

Ghana shown in Figure 4.1: the Ghana Energy Development and Access Project 

(GEDAP) solar mini-grid project; the Apex Bank solar project; the Elecnor solar 

project; the Kumasi Institute of Tropical Agriculture (KITA) biogas project; and the 

Switch Africa Green (SAG) biogas project. Project details are provided in Table 4.1. 

The criteria used to select the five projects were that each: 1) was wholly or partly 

funded by international organisations; 2) aimed to produce RE for lighting or cooking; 

and, 3) was recent (less than ten years) so they reflected current implementation 

strategies. The Elecnor and Apex Bank solar projects had been implemented in 

unelectrified rural farming communities, whereas the biogas projects were situated in 

schools in urban areas. The mini-grid project was on an unelectrified island where the 

main livelihood was fishing. In effect, users from schools, government agencies, and 

households in urban and rural areas were selected to shed light on the different layers 

of user participation.  
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Figure 4.1: Locations of the five case study projects in Ghana. 
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Table 4.1: Description of case study projects 
Case studies Project objectives Study areas Initiators Donors Date Results 

Elecnor solar Provide electricity to five 

government agencies with 

facilities in remote areas 

Public basic schools in 

Adidokpe, Vome, and 

Kanuwloe, Volta Region  

Ministry of 

Energy 

Spanish Government 2010 - 2015 628 solar home systems, 48 school 

lighting systems, 314 solar 
streetlights, 48 vaccine refrigerators, 

48 health centre lighting systems, and 

48 battery charging systems installed 

in all ten regions 

GEDAP solar 

mini-grid 

Provide electricity for lighting, 

mobile phone charging, watching 

television, and refrigeration 

Pediatorkope Island, 

Greater Accra Region 

GEDAP 

Secretariat 

World Bank 2016 Five fully operational mini-grids on 

four islands 

Apex Bank solar Provide essential electricity 

services and create a market for 

off-grid solar electrification in 

rural communities 

Bulbia and Yizesi, 

Northern Region 

GEDAP 

Secretariat 

World Bank, Global 

Partnership on Output-

Based Aid, and the 
Global Environment 

Facility 

2009 - 2014 16,500 solar systems sold in 13 

districts. Solar lanterns were sold at 

$40, and solar home systems (20Wp, 
50Wp and 100Wp) were sold at $300, 

$450 and $550, respectively 

KITA biogas Treat human and farm waste and 

produce biogas for cooking and 

electricity generation 

KITA (a private tertiary 

institution), Ashanti 

Region 

SNV Netherlands 

Development 

Agency 

SNV Netherlands 

Development Agency 
May 2014 One 40m3 biogas digester. Treats 

human waste and generates electricity 

SAG biogas Treat human waste and produce 

biogas for cooking and electricity 

generation 

St. John’s Grammar and 

Ordogonno Senior High 
Schools (public schools), 

Greater Accra Region 

Ghana National 

Cleaner 
Productions 

Centre 

European Union, United 

Nations Development 
Program and United 

Nations Office for Project 

Services 

June 2017 One 100m3 biogas digester in one 

high school. Treats human waste but 

cannot generate electricity 
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Although the term “users” is often used in its most narrow sense, referring to individuals 

who are using RTech, we apply the term to distinguish between formal, semi-formal, and 

informal users. Each user group was present in at least four case studies with semi-formal 

users being present in all five. Research participants emphasized the implications of the 

roles played by these user groups or lack thereof on project outcomes. These three user 

groups were classified based on their roles that aligned with the delineation of local actors 

in the literature on inclusive innovation ((Foster and Heeks, 2013b). Formal users are, 

traditionally, stakeholders in innovation systems and are identifiable legal entities that 

facilitate supply-side innovation processes. Semi-formal users emerged as a term to 

classify those actors that play or take up legal roles, yet are not bound by labour, financial, 

and other regulations (Gërxhani, 2004). These actors play intermediary roles between 

producers and consumers and are sometimes innovative in their own right (Foster and 

Heeks, 2013b). Finally, informal users refer to those engaged in innovation processes but 

have traditionally been overlooked and do not fall in either of the above categories. 

Demand-side motives and their social systems predominantly drive their activities. 

In this study, formal users refer to users, such as assembly men, district chief executives, 

and members of parliament, who participated in case study projects by virtue of their 

government position as appointed or elected representatives of beneficiary communities. 

They were identified from interviews with project implementers (i.e. staff of RTech 

companies, government agencies, financial institutions, and not-for-profit organisations). 

However, they did not contribute to the results of this study as most were not community 

residents and therefore, had limited experience with RTech compared to semi-formal and 

informal users. Semi-formal users refer to community members who were selected by 

project implementers to play critical roles during the lifespan of the case study projects. 

These comprised of chiefs, school headmasters, institution directors, community 

representatives of RTech companies, and local technicians, the vast majority of which also 

used the RTech. Unlike informal users, they assumed some sort of administrative position 

or leadership roles during the course of the projects. Finally, informal users refer to day-

to-day users of RTech in the communities or institutions.   
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The hierarchy in communities and differences between formal supply-side and informal 

demand-side processes9 may lead to conflicts among users. Firstly, the higher position of 

formal users means high-level societal needs tend to influence their decisions compared to 

semi-formal and informal users whose decisions are informed by more immediate needs. 

As a result, formal users tend to align specific community needs to much broader national 

policies sometimes at the expense of individual household needs (Burke and Stephens, 

2018). The challenge this poses becomes clear when formal users take up semi-formal roles 

which may give them more space to align innovation processes to their political interests 

(cf. Ahlborg, 2017). Secondly, the fluid nature of semi-formal roles may be susceptible to 

conflicts between semi-formal and informal users. This is because the former undertakes 

supply-side activities (e.g. sale of innovative goods or services through regular bank 

deposits) that may conflict with local informal institutions that inform demand-side 

activities (e.g. using mobile money services to make payments after harvest seasons). For 

instance, Ulsrud et al. (2015) and Ahlborg (2017) identified that rural Kenyan and Tanzania 

men raised concerns about the equal representation of women in leadership positions of 

village energy committees (supply-side process required by the project implementer) 

because it was against their culture. User roles at the community level, therefore, appear to 

be a web of interrelated activities at different levels, all of which impact innovation 

adoption at the household level. How this occurs, however, is still unclear. 

Purposive sampling (cf. Yin, 1989) was used to identify interested and knowledgeable 

interviewees. Snowball sampling started with initial emails and phone calls as well as 

conversations with semi-formal users concerning the survey and focus group discussions. 

Participants in this study included both users and project implementers, ranging in age from 

18 to 72. Student participants from KITA were between the ages of 18 and 25. Data was 

collected using a survey with 147 participants, 41 semi-structured interviews, eight focus 

group discussions, and five mental mapping exercises between March and September 2017. 

Data collection began with 90-minute semi-structured interviews with project 

 
9 Supply-side processes refer to the activities undertaken by formal established actors in an innovation 

system. Demand-side processes, on the other hand, refer to activities undertaken by informal actors at the 

community level. They could be the same activities (such as the sale of RTech) but the main difference is 

demand-side processes are more context-specific and influenced by the culture and social settings whereas 

supply-side are governed by corporate institutional rules (Foster and Heeks, 2013). 
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implementers in Accra, the capital of Ghana. As shown in Figure 4.2, interview questions 

covered user roles, challenges encountered with users, and measures to ensure project 

sustainability. Interviews were used to identify beneficiary communities and schools as 

well as contacts of key informants (usually semi-formal users). Interviews with semi-

formal users mainly covered their roles and challenges encountered during project 

implementation and experiences with RTech. In Bulbia and Yizesi, interviews were 

conducted in the Mampruleh language with the aid of two research assistants who are 

native speakers and had previously assisted project implementers to identify communities 

and translate the local language. Interview transcripts were later crosschecked by a retired 

senior lecturer of the University of Ghana who is also a native Mampruleh speaker.  

 

 

Figure 4.2: Methods and themes of research questions. 

 

The survey was conducted in Yizesi, Bulbia, and Pediatorkope six to eight weeks after the 

initial community visits. The survey covered user demographics and RTech relative 

advantage, compatibility, and complexity. Each survey lasted between 15 to 30 minutes. 

During the second visit, focus group discussions (Bryman, 2004) among RTech users were 

conducted to provide detailed insights concerning RTech benefits, disadvantages, and 

changes in lifestyle. Each group discussion consisted of six to ten participants and lasted 

for 120 minutes. In order to solicit views from both genders, men and women were 

encouraged to attend separate groups. The reason being, in most rural Ghanaian 

communities, the local cultures do not permit women to be vocal in the presence of their 

husbands who are often the household heads (cf. Bawakyillenuo’s (2007) work on solar 

adoption in Northern Ghana). In two instances where there were not enough women who 

used or purchased RTech, mixed gender focus group discussions were conducted. With the 
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KITA biogas project, significantly fewer women resided in the school premises, and in 

Bulbia, the survey found only two women had purchased solar systems. In total, eight focus 

group discussions, comprising of three groups of each gender and two mixed groups, were 

conducted (see Table 4.2).  

 

Table 4.2: Research methods used across case study projects 

                 Projects 

Methods 

Apex Bank Solar Elecnor Solar GEDAP Mini-

grid 

KITA Biogas SAG Biogas 

Interviews (n=48) 3 semi-formal users 3 semi-formal 

users 

2 semi-formal 

users 

3 semi-formal 

users 

3 semi-formal 

users  
9 project 
implementers 

4 project 
implementers 

6 project 
implementers 

4 project 
implementers 

3 project 
implementers  

3 informal users 5 informal users - - - 

Survey (n=147) 16 men, 2 women 

(Bulbia) 

- 63 men, 22 

women 

- - 

 
27 men, 17 women 

(Yizesi) 

    

Focus group 
discussions and 

mental mapping 

(n=58) 

7 men (Bulbia) - 6 men 10 men and 
women* 

- 

 
6 men and women 

(Bulbia) 

 
12 women (2 

groups) * 

  

 
8 men (Yizesi) 

    

 
9 women (Yizesi) 

    

*Groups that did not participate in mental mapping 

 

After the focus group discussions, participants undertook mental mapping exercises 

(Tschakert, 2009) to summarize and classify shared experiences through a graphical 

representation. This method re-enforced statements made during the focus group 

discussions, therefore, did not provide new insights beyond the group discussions. In this 

exercise, a literate group member wrote the advantages of solar systems on sticky notes 

and connected the challenges that hindered the realisation of these advantages. The literate 

group members read out the text on sticky notes to other participants to ensure everyone 

understood the added contribution. 

In Pediatorkope, research assistants assisted in interpreting the Ga Adamgbe language 

spoken during focus group discussions. All interviews and focus group discussions were 

audio-recorded, translated into English, and then transcribed. Native speakers of the 

original language, who were also highly proficient at English, checked all translations.  

All transcribed materials were coded in Atlas.ti. Data analysis was an iterative process, 

with multiple rounds of coding conducted to elicit themes (cf. Flick, 2009). The first round 
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of coding was deductive, using already defined codes (Bryman, 2004) from the interview 

guide. A deductive process identified themes associated with user roles and challenges at 

project inception, implementation, and operation and maintenance stages. It also captured 

themes of RTech benefits and disadvantages, as well as user satisfaction and 

dissatisfaction. The second round of inductive coding of the data (ibid) captured nuances 

and challenges of users at various project stages, as well as positive and negative 

experiences with RTech in the context of relative advantage, compatibility, and 

complexity. In total, six code groups (i.e. inception, implementation, operation and 

maintenance, relative advantage, compatibility, and complexity) and 49 sub-codes 

emerged. Finally, data were tabulated and plotted to illustrate key patterns that emerged. 

Survey data regarding relative advantage, compatibility, and complexity of RTech was 

entered and analysed directly in Microsoft Excel. A single factor one-way ANOVA of 

variance was conducted to test the statistical significance of the results (see Appendix 10). 

This analysis established whether the patterns identified were by chance or not. An alpha 

value of 0.05 and a confidence level of 95% were always assigned. Responses are plotted 

in a series of figures and tables in the subsequent section. The remainder of this paper 

outlines these results. 

 

4.4 Results and Discussions 

This section presents the participation of three user groups (i.e. formal, semi-formal, and 

informal users) at the inception, implementation, and operation and maintenance stages of 

our five case studies. It then discusses how user participation affects adoption in terms of 

users’ satisfaction with RTech relative advantage, compatibility, and complexity. 

 

4.4.1 User Participation Across the Three Stages of RTech Case Studies 

Table 4.3 and Figure 4.3 depict the user roles identified across the case study projects. 

Participation by semi-formal users was found across all user roles, followed by informal 

users in roughly half. Formal users were reported by semi-formal users and project 

implementers to be less engaged.



 
 

 87 

Table 4.3: User participation at the different stages of renewable energy projects 
                 User groups                                   

S Stages of projects 

Formal users Semi-formal users Informal users 

Inception    

Apex Bank solar Assemblymen did translations and gave directions to 

communities 

Chiefs gathered informal users for project sensitisation and 

marketing of RTech 

Prospective RTech users attended sensitisation and 

education programs 

Elecnor solar Members of parliament changed communities selected; 
District chief executives provided accommodation for 

installers 

Directors of institutions selected public facilities in 
communities; Heads of public facilities identified which building 

and rooms systems were installed  

— 

GEDAP mini-grid — Semi-formal users facilitated socio-economic surveys Islanders participated in a socio-economic survey 

KITA biogas — Director of KITA contributed to system design (i.e. type and size 

of toilet facility) 
— 

SAG biogas Municipal chief executives selected artisans for training 

and construction  

— — 

Implementation    

Apex Bank solar — Community representatives of RTech companies registered 

customers and collected loan payments; Community 
representatives of RTech companies and local technicians sold 

solar systems and made installations 

Community members purchased solar systems at a 

subsidised price 

Elecnor solar — Chiefs identified areas where streetlights should be installed Community members helped convey solar systems to 

communities and assisted with installations 

GEDAP mini-grid — Chiefs provided land for construction Islanders carried system components from riverbanks to 

construction sites; Islanders helped in construction; 

Islanders paid for electricity connection 

KITA biogas — Director of KITA provided land for construction; Director of 

KITA paid for sand, water, and electricity for construction 

— 

SAG biogas — Headteachers of high schools provided land for construction; 

Headteacher of one high school provided funds to construct a 

four-seater toilet facility, generator room, and a balloon holder 

— 

Operation and maintenance   

Apex Bank solar — Local technicians undertook repair works; Community 

representatives of RTech companies educated users on energy-

use behaviour and system operations 

— 

Elecnor solar — Chiefs or headteachers operated battery charging systems and 

collected money 
— 

GEDAP mini-grid — Mini-grid administrator educated informal users on system 

operation; Mini-grid administrator collected monthly payments 

and recharged energy daily allowance cards 

Islanders participated in energy committee meetings 

KITA biogas — Teachers educated students on biogas usage and maintenance Students fed the digester every weekday; Students 

attended lessons on biogas maintenance 

SAG biogas — — — 
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Figure 4.3: User participation in the three stages of projects (n=41). 

 

Project inception 

Semi-formal users appeared to participate in all aspects of project inception. According 

to all interviewee groups, semi-formal users actively facilitated feasibility studies by 

organizing informal actors to participate in socio-economic surveys (e.g. GEDAP mini-

grid project) and identification of non-electrified government facilities in rural 

communities (e.g. Elecnor solar). In the solar projects, project implementers indicated 

this provided relevant information for designing and disseminating RTech. The 

prevalent roles of semi-formal users in feasibility studies, accessing communities, and 

sensitisation may explain their comparatively limited role in system design of the same 

projects. As shown in Table 4.3, among the five REPs, semi-formal users were reported 

to have participated in designing only one REP (i.e. KITA biogas). The headteachers 

of the schools with biogas digesters indicated that their consultation for and 

participation in system design, or lack thereof, determined project outcomes. For 

instance, one headteacher attributed the over-design10 of a biogas digester in their high 

 
10 Over-design is the construction of a biogas digester such that it is too big, in comparison to the 

feedstock, to produce biogas with the required pressure to generate electricity. 
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schools (a SAG biogas project beneficiary) to project implementers not consulting 

them, hence failing to comprehend that every school building had its septic tank. He 

noted that “when they came, they saw that it was different, and they had not planned 

for that”. A project document, an interview with the project implementer11, and visits 

to three other beneficiary high schools also showed that 50m3 digesters were 

constructed in all schools. 

Informal users, as shown in Figure 4.3 and Table 4.3, were found to have less 

participation in project inception compared to semi-formal users. The inclusion of 

informal users varied and, depending on the RTech type and scale of projects (as shown 

in Table 4.1), they only participated in some aspects of project inception (cf. Heeks et 

al., 2013). Another reason, according to project implementers, was their reluctance to 

participate in feasibility studies and sensitisation programs due to past experiences with 

unsuccessful REPs (see lack of cooperation in Figure 4.4). Considering the RTech type 

and scale of the projects, it is possible to custom design a mini-grid to cater to all income 

and energy-use groups of residents on a small island. In contrast, it is challenging to 

conduct socio-economic surveys in dispersed communities across the country (e.g. 

beneficiaries of Elecnor and Apex Bank solar projects), leading to the dissemination of 

a range of solar systems. 

Similarly, in both biogas projects, informal users reported not to be directly engaged in 

designing the digesters. Unlike mini-grids and standalone solar home systems, heads of 

institutions where biogas digesters were installed could provide the necessary 

information12 for system design. Indeed, Dwivedi and Dwivedi (2012) cautioned that 

project implementers should strike a good balance between user participation in system 

design and meeting project targets given the substantial financial burden brought on by 

user involvement. 

 

 
11 The project implementer stated different digester sizes were going to be built in Project Phase Two. 
12 Leaders of schools with biogas digesters can provide information on the number of people using the 

toilet facilities, number of times they visit the toilet, and amount of water used to flush the water-closet. 
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Figure 4.4: Challenges with users according to interviewees (Apex Bank solar, n=11; 

Elecnor solar, n=9; GEDAP mini-grid, n=8; KITA biogas, n=7; and SAG biogas, 

n=6). 

 

Formal users appeared to play the least engaged roles in the projects (Figure 4.3), with 

interviewees reporting that this was only during project inception. Project implementers 

conveyed that formal users were nonetheless instrumental in finding beneficiaries and 

facilitating networks between project implementers and rural communities. They also 

suggested that their participation varied according to the electrification status of the 

communities and RTech disseminated. In the previously unelectrified rural 

communities of the Elecnor and GEDAP solar projects, they were reported to help 

project implementers in accessing communities and, in some cases, changed the 

selected beneficiary communities. However, in electrified communities in Accra 

(where the SAG biogas project was implemented), project implementers noted local 

government officials were not cooperative. They perceived this as indicating a 

reluctance to participate in feasibility studies, and that their participation in REPs was 

partially motivated by the presence of political opportunities. 

Project implementation 

Semi-formal and informal users were significant at the implementation stage because, 

according to project implementers, their participation enhanced project implementation 

and completion. Both user groups, as well as project implementers, underscored their 
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engagement, particularly in making monetary contributions and facilitating payment 

for RTech installation, providing land for constructions, and assisting in constructions 

or installations (see Figure 4.3). Contrary to claims that user investments enhance 

innovation ownership (Sovacool et al., 2011; Dwivedi and Dwivedi, 2012; Douglas, 

2019), evidence from this study suggests that users’ capacity (i.e. private or public) may 

affect their sense of ownership of or apathy towards innovations. According to project 

implementers, although the director and headteachers of schools with biogas digesters 

played similar roles (e.g. paying for construction and providing land), headteachers of 

public institutions were indifferent about project outcomes. They also showed little 

cooperation during implementation (see SAG biogas project in Figure 4.4). This 

observation was confirmed by a public high school headteacher who stated it was not 

“prudent to bring in any expert from somewhere [to fix the broken balloon] without 

recourse to the original [project implementer]”. He added: “…we didn’t actually start 

it, we didn’t finance it, we don’t have ownership. Though eventually, it is going to be 

our own”. The absence of a personal attachment to or lack of ownership of the resources 

invested was only identified in one project, as such it is unclear if it contributed to user 

apathy even after investments were made in the project. This finding adds to the debate 

on innovation ownership by serving as a point of departure for future research on 

mechanisms to enhance ownership of inclusive innovations, especially among 

organisations in deprived communities. 

Furthermore, our findings confirm Pansera's (2018) claim that inclusive innovation is 

not an apolitical process but rife with competing interests, local power relations, and 

stakeholder negotiations that influence socio-technical change. In this study, 

interference with project implementation appeared to be common among all user 

groups, especially in the Elecnor solar project (see Figure 4.4). Project implementers 

reported that these interferences were politically motivated and led to project delays. 

Informal users, for instance, were reported to object the installation of systems in 

communities or on buildings of people who supported the opposition political party. 

Similarly, formal users, i.e. members of parliament and district chief executives, 

changed beneficiary communities and the number of installations because they had 

influence in the Energy Ministry. Due to interferences from formal users, project 

implementers stated that their participation in subsequent solar projects (i.e. GEDAP 
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mini-grid and Apex Bank solar) was limited to assisting in translation and giving 

directions to communities. 

Similarly, in rural Tanzania, an international non-governmental organisation prevented 

local political leaders from holding influential positions in a micro-hydroelectric 

project to prevent them from taking over the system at the expense of ordinary villagers 

(Ahlborg and Sjöstedt, 2015). Though these examples demonstrate initiatives to 

improve project outcomes, they also point to the absence of an implementation 

framework that ensures power relations are not skewed against local actors within the 

innovation structure. As indicated by Aguirre-bastos and Weber (2018), innovation 

policies in many Global South countries lack multi-level coordination; hence, their 

effects are restricted to a few influential actors. 

Project operation and maintenance 

After initial RTech adoption, user participation during the operation and maintenance 

stage was intended to ensure continuous adoption and inclusion at the consumption 

level. It was reported by all interviewee groups that semi-formal users were trained to 

manage RTech, repair broken systems, and educate informal users on system 

operations and appropriate energy-use behaviours (see Figure 4.3). These individuals 

were found to manage the operations of RTech that served the wider community (e.g. 

mini-grids, battery charging systems, and biogas digesters). For projects that 

disseminated solar home systems, especially the Apex Bank solar project, project 

implementers reported that local technicians were critical in repairing broken systems. 

This aspect of participation does not appear in Heeks et al. (2013) sub-steps of the 

innovation process. Neither is it explicitly represented at the structural level ⎯ which 

refers to institutional reforms concerning innovation policies that have systemic 

implications. Nevertheless, in their systems conceptualisation of inclusive innovations, 

Foster and Heeks (2013) contended that semi-formal users were crucial in diffusing 

mobile phones in rural Kenya through maintenance and product innovations. Other 

studies also stated that building local capacity was critical for adopting inclusive 

innovations (Johnson and Andersen, 2012; Arora and Romijn, 2012; Harman Canalle, 

2017) and is arguably a feature at the structural level that requires deliberate innovation 

policies. 
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However, it appeared that user participation during operation and maintenance was 

influenced by the geographical context of the inclusive intervention. The main 

challenge indicated by all interviewee groups was that after warranty periods, repair 

works delayed or were left unattended because RTech companies were no longer 

obliged to operate in the rural communities and some trained local technicians had 

relocated to other communities. Further, hiring someone to repair broken standalone 

systems was challenging in the context of dispersed rural communities. As, one project 

implementer explained, “nobody is willing to employ somebody that will be sitting 

down waiting for something to get spoilt and go and repair.” This finding confirms 

suggestions from earlier studies that rural REPs are susceptible to breakdown due to 

the departure of key individuals (Sovacool et al., 2011; Haggett et al., 2014; Haggett 

and Aitken, 2015; Berka and Creamer, 2018). Deliberate efforts are required to 

establish mechanisms that ensure local capacities are sustained to create environments 

that facilitate inclusion at the consumption level (see also Johnson and Andersen's 

(2012) work on the creation and protection of learning spaces to build capacity for 

inclusive development).  

 

4.4.2 Relations Between User Participation and Innovation Attributes  

In this section, we illustrate how user participation in the case study projects may shape 

the sustained adoption of RTech, given the extent to which users were satisfied or 

dissatisfied with RTech attributes. We do so by drawing on our survey and structuring 

insights by using the innovation attributes as identified by Rogers (2003). 

RTech relative advantage 

Across all RTechs disseminated, improvements in education, monetary savings, and 

reliability (often in comparison to grid electricity) were the main relative advantages 

noted by interviewees and focus group participants (see Figure 4.5). Relative 

advantages such as sanitation improvements, cooking, and prevention of indoor air 

pollution were specific to users of biogas digesters, given waste treatment and cooking 

are functions of biogas digesters and not solar systems. In contrast, survey respondents 

reported that the lowest relative advantages of solar systems were cooking13 and 

 
13 Some interviewees reported that they had purchased water heaters to prepare breakfast. 
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reduction in smoke emissions since the technologies were meant for basic lighting (see 

Figure 4.6). Users also reported unintended benefits such as farm irrigation14. 

 

 

Figure 4.5: Factors influencing RTech relative advantage according to user interviews 

and focus group discussions. 

 

 

Figure 4.6: Survey responses on the relative advantage of solar systems in 

Pediatorkope (Pedi), Yizesi (Yiz), and Bulbia. 

 
14 Project technicians reported that some solar adopters used the batteries of solar systems to power 

irrigation pumps while others used them to start their tractors to plough their farms.  
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Confirming the underlying assumption of Heeks et al.'s (2013) ladder, user participation 

during project implementation appeared to enhance inclusion at the consumption level. 

The realisation of RTech relative advantage was primarily embedded in activities that 

mobilised resources among semi-formal and informal users to facilitate effective 

project implementation and completion. This was key in making RTech operational so 

that users could accrue the intended relative advantages. Aside from sanitation 

improvements, the uncompleted or over-designed SAG biogas digesters did not 

generate electricity to facilitate education nor enhance money savings. This finding 

signifies that effective project completion was crucial to realising RTech relative 

advantages (see Table 4.4). User roles at project implementation, nonetheless, had little 

effect on users’ decision to continuously use RTech through a project’s lifecycle. Other 

aspects of user participation that affected relative advantage were in the degree of 

RTech compatibility with user needs. 

 

Table 4.4: Effects of user participation at different project stages on innovation 

(RTech) attributes 

                       RTech attribute 

User participation in project 

Relative advantage Compatibility Complexity 

Inception 
✓ ✓ ✓a 

Implementation 
✓ ✓b —— 

Operation and maintenance 
✓c ✓d ✓a 

           a RTech type has a greater influence on system complexity than user participation 

           b Dependent on availability of RTech options 

           c Dependent on availability of system components or spare parts 
           d Dependent on flexibility in RTech design  

 

 

RTech compatibility 

As indicated by Urmee and Md (2016), rural electrification programs are more 

successful when projects install RTech that meet diverse energy needs such as income 

generation and entertainment. In contrast to Sovacool et al. (2011) and Dwivedi and 

Dwivedi (2012), our findings demonstrate that paying for RTech does not guarantee 

sustained adoption, unlike ensuring system compatibility to user needs. Compatibility 

with needs was found to occasionally clash with (unintended) relative advantages. For 

example, although the solar home systems were designed for basic lighting and 

watching television, survey respondents reported unintended benefits such as starting 

new businesses and cooking (see Figure 4.6). This was possible because, according to 
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technicians of RTech companies and project officers, some users had disconnected the 

charge controllers or purchased inverters in order to power high voltage appliances15. 

In Yizesi, for instance, 18 out of 44 survey respondents had started a business, of which 

53 per cent sold cold water using refrigerators powered by solar panels. As a result, 

users were dissatisfied with the low power generation (see Figure 4.7) of solar home 

systems. This is because the systems were not designed to power high-capacity 

appliances such as refrigerators, DVD players, irons, and water heaters that residents 

purchased after installation. However, as Figure 4.8 shows, solar system users enjoyed 

significant improvements in simple activities, such as watching television and talking 

on the phone.  

 

 

Figure 4.7: Factors influencing RTech compatibility according to user interviews and 

focus group discussions. 

 

 
15 In order to reduce the cost of solar home systems disseminated in rural communities of developing 

countries, project implementers often sell the systems without the inverters that convert direct current 

from the panels to alternative current. In some cases, the charge controllers are also removed to further 

reduce the cost (Oruoch, 2015).  
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Figure 4.8: Survey responses to the compatibility of solar systems with social 

activities in Pediatorkope (Pedi), Yizesi (Yiz), and Bulbia (Bul). 

 

We identified that participation at project inception was necessary for appropriate 

system design; yet, the resultant socio-technical configuration determined whether and 

how user participation across a system’s lifecycle enhanced adoption. This finding 

challenges the claim by Heeks et al. (2013) that inclusion in the innovation process 

presumes inclusion at the consumption level. Table 4.4 shows that, on the one hand, in 

flexible energy systems (e.g. Apex Bank solar and GEDAP mini-grid) users influenced 

RTech compatibility across all project stages. These systems were responsive to 

changing energy demands and the socio-cultural characteristics of users (cf. Kumar et 

al., 2019). Therefore, participation by semi-formal and informal users in the later stages 

was crucial to keep systems functioning. For instance, users aligned RTechs with 

energy needs by making purchases from a variety of options or changing daily energy 

allowances based on a tariff system.  

Furthermore, in the KITA project, students cited the thought of feeding the digester, 

and the associated bad odour as a challenge. To minimize this compatibility challenge, 

the director at KITA put in place a concrete pipe to enable animal excreta to flow 

smoothly into the digester with minimal user effort. On the other hand, in arguably 

fixed energy systems (such as the Elecnor and SAG projects), users did not participate 

in system design, neither could they adjust system configurations in later project stages. 
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These insights elucidate how the interdependent relationship between social and 

technical factors influence inclusion in the innovation process (cf. Pansera, 2018). 

The recognition of inclusive innovations as a means of meeting mainstream consumer 

needs (not only among the poor) may enable participation at the structural level. RTech 

incompatibility with existing energy infrastructure was identified by interviewees and 

focus group participants as the reason local technicians were unable to repair broken 

system components (see Figure 4.4). As indicated earlier, users compared RTech 

reliability to that of grid electricity. Project implementers and users noted that the light 

bulbs and televisions disseminated in the Apex Bank and Elecnor solar projects were 

powered by a direct current, despite the vast majority of Ghanaian household appliances 

use alternating current from the national grid. As a result, system components could not 

be bought from the local markets. Inasmuch as users showed interest and responsibility 

in the continuous functioning of the systems they purchased (cf. Sovacool, 2013), our 

findings contrast claims that investment by users and training users are vital to 

achieving sustainability (cf. Sovacool et al., 2011; Ahlborg and Sjöstedt, 2015; Atsu et 

al., 2016; Roopnarain and Adeleke, 2017). Our findings also illustrate that structural 

inclusion does not only pertain to inclusion in the underlying institutions and relations 

of innovation systems. It also requires the compatibility of innovations with the broader 

(or national) innovation system within which they are situated since the social, 

technical, political, and institutional factors influencing adoption are often 

interconnected in complex ways. 

RTech complexity 

Survey results showed that over 70 per cent of respondents had either good or excellent 

knowledge of solar systems (see Table 4.5). In addition, over 50 per cent perceived 

RTech to be either easy or very easy to use. Community representatives of RTech 

companies, however, reported that informal users’ failure to attend education programs 

led to technology abuse as RTech was incompatible with energy-use behaviours 

because they had limited knowledge of RTech operations (see Figure 4.4). Project 

implementers and local technicians stated that informal users charged mobile phones 

and watched television during the day, depleting the battery power needed for night 

lighting. Probably due to limited understanding of RTech operations, users expected a 



 

99 

 

continuous energy flow which explains why they thought intermittent energy supply 

was a challenge with solar home systems and biogas digester (see Figure 4.9).  

 
 
Table 4.5: Survey responses to the complexity of solar systems 

          Community  

 

Complexity 

Pediatorkope Yizesi Bulbia 

Men (%) 

n = 63 

Women (%) 

n = 22 

Men (%) 

n = 27 

Women (%) 

n = 17 

Mixed (%) 

n = 18 

Knowledge of RTech  
Excellent 25 14 22 12 17 

Good 51 64 78 65 55 

Fair 24 23 - 24 28 
Poor - - - - - 

Difficulty to use  

Very difficult - - - - - 
Difficult 2 - 15 6 11 

Neutral 40 45 11 18 33 

Easy 43 32 56 65 28 
Very easy 16 23 19 12 28 

 

 

Figure 4.9: Factors influencing RTech complexity according to user interviews and 

focus group discussions. 

 

Similar to RTech compatibility, analysis of RTech complexity showed that socio-

technical configurations influenced adoption more than user participation. Although 

project implementers and semi-formal users in all case study projects reported informal 

users had limited knowledge of RTech operations, Figure 4.4 shows that technology 

abuses were recorded only in communities with standalone solar systems (i.e. 

beneficiaries of Apex Bank and Elecnor solar projects). Inasmuch as user participation 
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in operation and maintenance (e.g. awareness-raising and education) was intended to 

limit RTech complexity to use and understand, RTech type accounted for the level of 

human interactions with technology and therefore, was a greater determinant of system 

complexity (see Table 4.4). As a result, the type of RTech influenced the extent to 

which technology abuse affected adoption, compared to user participation in operation 

and maintenance. Moreover, our findings contrast earlier studies in the Global North 

which suggested that sustainable energy behaviours were encouraged with increased 

interactions with RTech (Gubbins, 2007; Bergman and Eyre, 2011; Rogers et al., 2012). 

REPs in most Global South countries disseminate RTechs in unelectrified remote 

communities to meet basic energy needs. Hence, first-time electricity users expect to 

use RTechs without interruptions which often lead to breakdowns (Sovacool and 

Agostino, 2012; Barrie and Cruickshank, 2017). 

The effects of user participation at project inception (e.g. feasibility studies and system 

designs) manifested after RTech were operational and ensured continuous RTech usage 

because systems were compatible with user energy needs which led to fewer technology 

abuses and breakdowns. Apart from the KITA biogas project, where the director was 

reported to ensure the construction of a user-friendly toilet facility, user participation at 

the inception of other projects were more focused on achieving compatibility with 

energy needs than limiting RTech complexity. Although project developers may get a 

sense of user preferences during sensitisation programs and system design, energy 

needs increase and use behaviours become unpredictable after adopting RTech (cf. 

Rolffs et al., 2015; Crossland et al., 2015). This highlights the importance of designing 

REPs that ensure a sustained RTech adoption or project sustainability is not solely 

determined by energy-use behaviours. Mini-grids provide a good example of how 

limited knowledge of system operations have little impact on RTech adoption or project 

outcomes. That is, with smart meters installed, energy-use behaviours at the household 

do not affect the solar panels, inverters, and batteries at the power station, unlike in the 

standalone systems where abuse could result in the inability to generate power, thereby 

hampering subsequent adoption. Meeting user energy demands should, therefore, not 

end at system design but evolve after project implementation to facilitate the co-

evolution of technology and society.  
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4.5. Conclusion  

This paper investigated user participation during the inception, implementation, and 

operation and maintenance stages of five REPs in Ghana. We identified three user 

groups (i.e. formal, semi-formal, and informal users) and investigated how their roles 

across the various project stages translated into RTech adoption. This was achieved by 

examining the relative advantage, compatibility, and complexity of RTech at the user 

level, according to Roger’s IDT.  

Our analytical approach allowed us to scrutinize the link between user roles in inclusive 

innovation processes and actual adoption at the individual level. Through this, we 

demonstrated that the innovation attributes are not constructs only associated with a 

product or an idea but are also embedded in a matrix of interdependent innovation 

processes, with varying degrees of impact, performed by user groups at different ranks 

in society. Therefore, implementers of inclusive interventions in marginalised 

communities ought to carefully examine the interactions that speak to the various 

innovation attributes and identify the appropriate user groups to execute them. 

Furthermore, this study confirms the claim by Hall (2007) that inclusion in the 

innovation process is not a panacea to local problems. However, its presence in 

designing systems that allow effective user participation across an innovation’s 

lifecycle may enhance the satisfaction of basic needs. It is through such a lifecycle 

perspective that inclusive innovation systems accommodate demand-side processes 

which are often influenced by local culture, socio-economic status, and other context-

specific factors.  

Our findings confirm Heeks et al.'s (2013) assertion that participation in the innovation 

process varies and does not include all user groups. Specifically, participation at project 

inception afforded some flexibility regarding which user groups were engaged, based 

on the RTech type and scope of projects. Project implementation, on the other hand, 

appeared to require semi-formal and informal users to make investments (e.g. financial 

and labour) in RTech to kick-start projects and get them completed. Participation at the 

inception and implementation stages facilitated inclusion at the consumption level by 

ensuring system compatibility and accruing RTech relative advantages, respectively. 

Nonetheless, user participation at these stages did not guarantee long-term adoption nor 

a sustained inclusion at the consumption level. This finding challenges the underlying 

assumption of Heeks et al.'s (2013) ladder of inclusive innovation.  
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Contrary to the majority of the literature (Sovacool et al., 2011; Dwivedi and Dwivedi, 

2012; Haggett and Aitken, 2015), investments in RTech in this study did not account 

for continuous usage among informal users nor ownership among leaders of public 

institutions. Furthermore, RTech socio-technical configuration was a significant 

determinant of how user participation after initial adoption influenced the adoption 

process. We argue that user participation during operation and maintenance was a 

process at the structural level and created the environment for a sustained RTech 

adoption. Deliberate policies are, therefore, required to ensure institutions and 

organisations governing RTech innovation processes are inclusive of users across a 

project’s lifecycle.  

Analysing user participation across different project stages presents useful insights to 

policymakers and practitioners. The differences in user participation across the projects 

investigated showed the lack of a comprehensive framework guiding the execution of 

REPs in Ghana. Policies that address this problem will ensure that user participation 

does not only entail the selection of RTech, but users are actively involved in designing 

systems that are easy to understand and operate. Although low levels of education may 

continue to be a challenge with RTech adoption in rural communities, REPs are better 

served with technologies (e.g. mini-grids with smart meters) that withstand 

inappropriate energy-use behaviours and encourage sustainable energy consumption 

practices. In addition, the dissemination or construction of RTech with system 

components similar to the existing energy infrastructure may facilitate a longer RTech 

adoption plus create sustained jobs for local technicians who are often trained in these 

projects. Finally, this paper brings attention to the fact that energy needs are 

determinants of energy-use behaviours which ultimately have an impact on the 

longevity of RTech. Hence, rural energy policies may have better outcomes when they 

are driven by socio-economic needs that inform system and project design than 

achieving ambitious electrification targets.  
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CHAPTER FIVE 

Cross-national Intermediation Activities in Renewable Energy 

Development in Ghana 

 

To be re-submitted to Journal of Cleaner Productions. 
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5.1  Introduction 

Donor-funded renewable energy projects in the Global South (GS) provide an excellent 

opportunity to examine cross-national intermediation activities to understand 

technology development. Projects that use Global North (GN) resources (i.e. capital, 

technology, actors, knowledge, and institutions) for their implementation in the GS can 

be viewed as sustainability experiments, defined as “planned initiatives that embody a 

highly novel socio-technical configuration likely to lead to substantial (environmental) 

sustainability gains” (Wieczorek et al., 2015, pg.151). Moreover, experiments lend 

themselves to a detailed examination of how divergent interests between different 

stakeholders during implementation may shape project outcomes. This is important as 

the involvement of international actors has the potential to privilege incumbent actors 

(i.e. donor agencies and their alliances with national authorities) at the expense of 

sustainability goals, especially when power relationships are distinctly imbalanced 

(ibid). Since RTech are widely considered as innovations with the potential to provide 

affordable energy while contributing to climate change mitigation, a systems 

perspective is needed to understand how diverse actor roles influence their diffusion. 

The intermediary literature provides such a perspective (van Lente et al., 2003). 

Of particular interest in such cross-national intermediation activities is the role that 

specific intermediaries play in project implementation. This includes patterns resulting 

from intermediation as well as likely divergences in opinions and priorities (Kivimaa 

et al., 2019a). Intermediaries and intermediation activities are now critical areas of 

research in understanding innovation systems and, in turn, technology development, 

predominantly in the GN (van Lente et al., 2003; Howells, 2006; Klerkx and Leeuwis, 

2009; Matschoss and Heiskanen, 2017; Kivimaa et al., 2019a).  

However, the effects of cross-national intermediation activities by GN actors on 

technology development in the GS remain poorly understood. This lacuna in 

understanding is problematic, particularly as low adoption rates of new technologies in 

the GS contribute to the failure of internationally funded projects and widen the GN-

GS economic and technological gap (Lema and Lema, 2012; Hansen and Nygaard, 

2013; Marquardt, 2015; Steffen et al., 2018; Wieczorek, 2018). Nonetheless, positive 

outcomes are possible when international actors align their project objectives with the 

developmental priorities of recipient countries, build local capacity, and involve the 

private sector (Vallejo et al., 2019).  
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This paper aims to address this research gap by examining the implications of cross-

national intermediation activities on technology development in the GS through case 

study projects in Ghana. The remainder of this paper is structured as follows. Section 

Two reviews intermediary literature, with emphasis on the core intermediation 

functions of experiments. Section Three explains our research design, including the 

scalar nature of the actors mediating across five renewable energy projects in Ghana. 

Drawing on semi-structured interviews, Section Four presents the intermediation 

activities in the projects and undertaken across international, national, and community 

scales. It also highlights divergent actor interests that were evident across various 

activities. Section Five concludes by reflecting on the extent to which the funding of 

renewable energy projects and learning processes influence how interests across and 

within national boundaries are aligned. 

 

5.2 Literature Review 

An intermediary is “an organisation or body that acts as an agent or broker in any aspect 

of the innovation process between two or more parties” (Howells, 2006, pg.720). The 

term has been related to governments and non-governmental organisations (NGOs) 

(van Lente et al., 2003), project development companies (Mignon and Kanda, 2018), 

research institutions, industry associations, chambers of commerce, and innovation 

hubs (Hargreaves et al., 2013). Intermediary roles can change during the various stages 

of the technology development process with some intermediaries ceasing to exist, new 

ones emerging, others taking on new roles or engaging in non-intermediation activities 

as an adaptation strategy for survival (Kivimaa et al., 2019b). That is, not all actors 

undertaking intermediation activities are established intermediaries and vice-versa.  

The literature shows how the intermediary label encompasses fluid attributes that 

change according to the activities that actors engage in during the various stages of 

technology development. Most often, however, as argued by Howells (2006), an 

intermediary’s role revolves around brokering. Hence, intermediation can be divided 

into activities that constitute the transfer of resources from one party to another, 

matchmaking one party with another through direct ties, or coordinating parties to 

interact without forming direct ties (Spiro et al., 2013). Technology transfer by project 

development companies from suppliers to adopters would qualify as an intermediation 

process, even if the two parties did not have any prior connection (Mignon and Kanda, 
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2018). Connecting eco-innovation start-ups directly to funders (matchmaking), either 

through incubation hubs or events, also counts as an intermediation process (van Lente 

et al., 2003). An example of coordinating is the management of stakeholders to 

implement infrastructural projects (Kivimaa et al., 2019a). These activities often 

overlap and can be difficult to trace within a project and translate across research 

contexts.  

How intermediation activities unfold within experiments constitutes a current frontier 

in intermediation research (Kivimaa et al., 2019a). Previous studies emphasize the need 

to scrutinize the type of intermediation activities undertaken (Grandclément et al., 

2015), “…instead of merely focusing on which types of particular organisations or 

actors are present” (Martiskainen and Kivimaa, 2018, pg.29). More explicit emphasis 

of the type of intermediation activities would make it possible to identify activities at 

specific points in time within the technology development process and relate them to 

different actor groups, for example during the project implementation period 

(Martiskainen and Kivimaa, 2018). 

An equally important albeit not well-understood facet in intermediation activities 

concerns the possible disagreements or tensions that may emerge between and among 

actors. Indeed, aligning interests amongst actors in experiments is often a source of 

tension (Sengers et al., 2016) which can lead to the clouding of an intermediary’s 

neutrality, functions, and accountability (Klerkx and Leeuwis, 2009). Compromising 

the neutrality of intermediaries occurs when they have to balance the interest of actors 

who control their survival and their contributions to technology development (ibid). 

Hodson and Marvin (2010) and Mignon and Kanda (2018) observed that funding for 

intermediation activities could result in directives that are contradictory to the interests 

of intermediaries and their clients. Other tensions arise when an intermediary’s 

accountability is compromised. For example, clients may feel there is little value on 

intangible intermediation activities such as raising community understanding of a 

technology, which in turn may lead to limited revenues generated to do so (Klerkx and 

Leeuwis, 2008). Insights from climate experiments in Finland suggested that public 

intermediaries needed to be perceived as neutral in order for beneficiary communities 

to see their involvement as trustworthy (Matschoss and Heiskanen, 2017). In Brussels, 

Belgium, addressing negative perceptions of intermediary neutrality through effective 
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communication between different actor types was key in successfully mediating urban 

regeneration (Kampelmann et al., 2016).  

Finally, an explicit focus on intermediation functions (as shown in Table 5.1) allows 

for a more structured analysis of specific activities undertaken during technology 

development. Examples of such functions are demand articulation, facilitating network 

creation, and learning (Matschoss and Heiskanen, 2017), which have also been 

identified as core functions of innovation brokers (Klerkx and Leeuwis 2009).  

Table 5.1: Core intermediation functions and activities in experiments 

Core functions Activities in experiments Examples of intermediary roles 

Demand 

articulation 

Transferring user demands to 

building contractors1 

Information scanning and scopinga 

Technology foresight and forecastingc,e,g,h 

Articulating user needs and building user-

producer interactionsg,h,j 

Strategy developmentb 

Policy advocacy Coordinating the development 

of climate-aware policies for 

private developers2 

Influencing policy and 

industry2 

Lobbying for policy change3 

Boundary workc,h 

Institutional changec,d,h 

Translating 

demand to 

application 

Translating visions into design3 Supporting technology transferc,f,h,I,j 

Selecting partners and suppliersc,f, 

Accelerating and commercialising new 

technologiesa,h,k,m 

Developing and implementing business and 

innovation strategiesi 

Testing and validationa 

Contracts and negotiationsf,i 

Facilitating 

network creation 

Organizing public event for 

residents and stakeholders 

(matchmaking)2 

Organizing public meeting and 

meetings for community 

groups3 

Provision of space for 

networking3 

Gatekeepinga,c,h,k,m 

Configuring, matchmaking, and aligning 

interestsa,b,c,j,l 

Finding and managing fundsa,b,h,i 

Identification and management of skilled 

personsb 

Learning Transferring lessons learnt 

from experiments through 

international visits2 

Matching knowledge demand and supplyg,h 

Organisation developmentj 

Training and competence buildingb 

Knowledge processing and combinationa,b,c,g,i 

Technology assessment and evaluationa 

Prototyping and pilotingb 

References 

(1) Grandclément et al. (2015) 

(2) Matschoss and Heiskanen (2017) 

(3) Martiskainen and Kivimaa (2018) 

(a) Howells (2006) 

(b) Kivimaa (2014) 

(c) van Lente et al. (2003) 

(d) Bush et al. (2017) 

(e) Kanda et al. (2014) 

(f) Mignon and Kanda 

(2018) 

(g) Klerkx and Leeuwis 

(2008) 

(h) Kilelu et al. (2011) 

(i) Vallego et al. (2019) 

(j) Szogs et al. (2011) 

(k) Shou and 

Intarakumnerd 

(2013) 

(l) Klerkx et al. 

(2015) 

(m) Intarakumnerd 

and Chaoroenporn 

(2013) 
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Such emphasis on intermediation functions in experiments also sidesteps the plethora 

of typologies on intermediary roles (van Lente et al., 2003; Howells, 2006; Klerkx and 

Leeuwis, 2009; Kilelu et al., 2011; Vallejo et al., 2019) which are usually informed by 

a particular research focus within a specific body of theory (cf. Kivimaa (2014) for 

intermediary roles seen through the lens of strategic niche management). Table 5.1 

summarises the five-core intermediation functions and provides relevant examples of 

activities. Due to the limited literature on intermediation in experiments in the GS, we 

draw on both GN and GS literature on intermediary roles to examine these functions. 

The remainder of this section reviews both GN and GS intermediary literature through 

the lens of the five core intermediation functions in experiments, as shown in Table 5.1 

above. 

Firstly, intermediaries are involved in demand articulation in that they facilitate the 

exploration of options by stakeholders and legitimize the shielding and nurturing of 

technological innovations with implications along the value chain (van Lente et al., 

2003). This function provides a direction for the innovation system and is expected to 

be an inclusive process that is tolerant of dissent (Shove and Walker, 2007; Kivimaa, 

2014). Intermediaries of incumbent vested interests often seek to increase the efficiency 

of existing socio-technical systems whereas those of new emerging systems request 

technological and institutional reforms (Kivimaa et al., 2019a). In effect, demand 

articulation results in a compromise between technology push and technology pull. 

However, due to often constrained financial and institutional capacity in GS countries, 

the steering of innovation systems by most private companies is usually done as a side 

activity, since they (mainly being small- and medium-scale enterprises) are more 

concerned about their survival (Klerkx et al., 2009). In such instances, needs assessment 

and strategic planning processes required to enhance stakeholder participation are 

limited. Balancing user needs and technology advancement by intermediaries is 

essential in demand articulation to avoid mistakes in the type of technology being 

promoted, particularly in rural communities of the GS that are characterized by 

structural disadvantage and high poverty.  

Secondly, intermediaries have a role in policy advocacy spanning the boundary between 

science and practice as they often use research findings to influence policy change. This 

function defines the rules, norms, and standards to govern stakeholders in a particular 

sector (Boon et al., 2011). In theory, knowledge is aggregated from all levels of both 
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private and public sectors to inform normative institutional change in an innovation 

system (Shove and Walker, 2007). Nonetheless, research has shown that innovation 

policies are primarily affected by uneven knowledge and resource distribution within a 

system (Bozeman et al., 2003; Wieczorek et al., 2015). On the one hand, industry 

associations with long track records of experiences and strong actor networks can 

influence policy, as seen in the United Kingdom’s district heating project (Bush et al., 

2017). On the other hand, the national innovation policies of GS countries, who often 

rely on international knowledge and resource flows to advance developmental projects, 

are largely dictated by multi-national actors (Kingsbury et al., 2012). As a result, policy 

advocacy is undertaken at higher system levels and less inclusive of local private 

companies (Aguirre-bastos and Weber, 2018). Moreover, as Shou and Intarakumnerd 

(2013) identified, a weaker public and private institutional environment in the GS (e.g. 

China and Thailand) is responsible for the limited benefits accrued from industry 

standards set for small- and medium-scale technology companies. 

Thirdly, intermediaries primarily translate demand to application to realise a vision 

through associated activities of technology commercialisation, awareness-raising, 

marketing, and transfer. Although this particular intermediation activity is often 

subsumed under demand articulation (van Lente et al., 2003; Howells, 2006; Kivimaa, 

2014; Vallejo et al. 2019), how precisely demand articulation is translated or 

materialised remains poorly understood. Focusing on intermediation activities, rather 

than intermediaries, makes it possible for researchers to recognise the complex 

contributions of other organisations that are not typically labelled as intermediaries 

(such as engineering firms and other project development companies) and shows that 

intermediation is performed by both not-for-profit and for-profit entities (Kivimaa et 

al., 2019a). Experiments are, essentially, mediums through which demand is translated; 

therefore, how they are conducted significantly influences the stability and 

competitiveness of innovation systems  because experiments are testing grounds for the 

elaboration of ideas and practice (Sengers et al., 2016). The translation of demand to 

application, therefore, facilitates learning. Through demand translation, new 

knowledge is acquired and applied in subsequent experiments to strengthen the system. 

In the GS, the limited institutional, technological, and financial capacity of the private 

sector often means that government intermediaries facilitate technology transfer 

through international actors (Wieczorek et al., 2015; Vallejo et al., 2019). That is, 
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international intermediaries with access to external markets are better placed to 

internalise a wide range of new knowledge compared to their local counterparts. 

Thereby the knowledge gap between the North and South further widens. 

Fourthly, intermediaries facilitate network creation by bringing together relevant actors 

to mobilise human and monetary resources around specific experiments (van der Laak 

et al., 2007). For example, the activities of industry associations and user groups ⎯ 

such as the creation of innovation hubs and conferences where start-ups connect with 

investors and other organisations ⎯ play a significant role in transferring, aggregating 

and growing knowledge networks (cf. Kanda et al., 2014). More interactions among a 

diverse actor group strengthens the linkages within the system since complementary 

roles are identified to initiate collaborations that advance technology development 

(Szogs et al., 2011). These interactions stimulate learning (Iizuka, 2013) so that the 

collective capacity of different actors enhances the capability to innovate (Klerkx et al., 

2009). In contrast, GS countries with established innovation intermediaries that have 

limited interactions among themselves are characterised by weak linkages and lack 

complementary specialisations (Shou and Intarakumnerd, 2013).  

Fifth and finally, intermediaries facilitate learning through the generation and 

accumulation of technical knowledge as well as the reflective reshaping of assumptions 

about user and market preferences towards a technology (Lovio and Kivimaa, 2012). 

Universities, research and technology organisations, consultancies, and NGOs facilitate 

learning in both profit and non-profit capacities. Learning and knowledge aggregation 

have become the foundation upon which the systems perspective to technology 

development is built. Hence, bridging the technology gap between the North and South 

is, in essence, bridging the knowledge gap (Hall, 2002). To this effect, cross-national 

intermediation in the GS has mostly been dominated by capacity development through 

research collaboration and experiments (Clark, 2002; Hall, 2007; Klerkx et al., 2009; 

Vallejo et al., 2019). Nevertheless, the effectiveness of these knowledge transfers is 

affected by how they fit into existing local systems and broader national settings (Hall, 

2002). Since effective knowledge transfer does not occur spontaneously, broader local 

actor participation and interaction with GN knowledge actors, as suggested by Vallejo 

et al. (2019), is required to raise their collective capacity. How this manifests in practice 

is a research gap this study seeks to fill. 
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The above literature review shows that intermediation activities in both the GN and GS 

are similar in principle yet differ in terms of the actors engaged and the reasons or 

circumstances under which these activities are performed. Due to the widespread nature 

of weak institutions in many countries in the GS, GN actors are relied on to mediate 

activities that facilitate national development. GN actors are, therefore, seen to effect 

policy changes in the South, unlike in the North, where strong actor networks effect 

these changes in their own countries. The literature review highlights the relevance of 

cross-national intermediation and presents an opportunity to investigate its implication 

on local technology development, a vital yet overlooked research area in the literature. 

Moreover, the limited technology adoption at the community level, often tied to socio-

economic and institutional marginalisation of beneficiary stakeholders and persistent 

poverty in both rural and urban contexts, provides a scalar perspective to cross-national 

intermediation. To fill this research gap, we draw on five GN-funded renewable energy 

projects in Ghana and examine the implication of cross-national intermediation through 

the lens of the five intermediation functions as identified above in GN experiments. 

 

5.3 Case Study and Research Method 

To facilitate the successful transfer of RTech in Ghana, the Ghanaian government has 

established various intermediaries over the last decade to enact policies, codes, and 

standards. In July 2007, it formed a Joint Committee for Human Resource and 

Development with the mandate to disseminate solar systems nationwide. With support 

from the Japanese government, the committee then established solar testing and training 

centres in two universities and partnered with the Ghana Standards Board and 

Association for Ghana Solar Industries (AGSI) to ensure quality control in the sale and 

installation of solar systems (Amankwah-Amoah and Sarpong, 2016). In 2011, Ghana’s 

Renewable Energy Act was set up to implement renewable energy projects (Obeng and 

Kumi, 2014) in conjunction with a strategic plan for a ten per cent increase in renewable 

energy generation (excluding large hydro and wood fuels) by 2020 (Meza, 2013; Atsu 

et al., 2016).  

The solar energy development underpinning the delivery of the strategic plan is 

predominantly funded from outside sources such as the World Bank, the Spanish 

Government, and the United Nations Development Program. As of 2016, over 10,000 

systems have been installed in remote communities (Atsu et al., 2016). In contrast, 
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biogas is developed primarily through private companies constructing digesters to treat 

human and industrial waste in schools, hospitals, prisons, and manufacturing 

companies (Bensah and Brew-Hammond, 2011). NGOs, such as the SNV Netherlands 

Development Organisation (SNV) and the Kumasi Institute of Technology Energy and 

Environment (KITE) play significant roles in researching the technical potential and 

applications of biogas technologies in Ghana (ibid).  

This study adopted an exploratory research approach (cf. Yin, 1989) to identify 

intermediation activities across five Ghanaian renewable energy projects (Table 5.2) 

and allow themes not anticipated through the literature review to emerge (cf. Bryman, 

2016). The case study projects were selected to represent Ghana’s largely donor-funded 

renewable energy sector, with the five projects selected based on the following criteria: 

1) had to be implemented in the last ten years given the influx and acceleration of 

renewable energy development; 2) to generate renewable energy for lighting or cooking 

using solar or biogas technologies as the two most developed RTech in Ghana; and, 3) 

being small- or large-scale projects financed through grants, loans, a combination of 

both, or consumer investments.   

 

Table 5.2: Description of RTech case studies in Ghana used to assess intermediation 

activities 

Case studies Description 

Elecnor solar €5 million grant by the Spanish government to provide electricity using solar systems to Ghanaian 

government agencies across ten regions 

GEDAP solar mini-grid $5 million United States dollars (USD) loan from the World Bank to provide electricity using solar 

mini-grids to four islands in the Volta Lake 

Apex Bank solar  $5.83 million USD loan and 0.7 million grants from the World Bank to supply solar home systems 

to rural communities in 13 districts in Northern Ghana 

KITA biogas  $15,000 USD grant from the Dutch government to train technicians on biogas construction in a 

tertiary institution in Kumasi 

SAG biogas $220,000 USD grant to train technicians on biogas construction in ten high schools in Accra 

 

Purposive sampling (cf. Yin, 1989) was used to select interviewees from one of four 

groups (Table 5.3): not-for-profit organisations (NPOs) (five domestic, two 

international); government agencies (three domestic, one international); RTech 

companies (four local, one international); and financial institutions (two domestic, one 

international). Information on institutional age and setup, source of funding, and past 

projects was collected from the interviewees as well as websites and project documents. 



 

113 

 

 

Table 5.3: Actors, number of interviewees, and their respective levels of operation 
Level of 

operation 

Not-for-profit organisations  Government Agencies Financial Institutions RTech Companies 

International SNV Netherlands Development 

Organisation (SNV) 

1 Deutsche Gesellschaft für Internationale 

Zusammenarbeit (GiZ) 

1 World Bank 1 Trama Tecno Ambiental 

Barcelona (TTA) 

1 

United Nations Environment Program 

(UNEP) 

1 
      

National Ghana National Cleaner Productions 

Centre (GNCPC) 

1 Ghana Energy Development and Access 

Program Secretariat (GEDAP) 

2 Apex bank 1 Wilkins Engineering Co. 

Ltd. 

3 

African Centre for Energy Policy 

(ACEP) 

1 Renewable Energy Directorate (RED) 4 
  

Deng Co. Ltd. 1 

  
Energy Commission 1 

  
Association of Ghana 

Solar Industries 

1 

Community Kumasi Institute of Technology, 

Energy, and Environment (KITE) 
4 - 

 
Builsa South Community Rural 

Bank 
1 Vulpec Co. Ltd. 1 

Centre for Energy, Environment, and 

Sustainable Development (CEESD) 
3 

      

Institute of Sustainable Energy and 

Environmental Solutions (ISEES) 
1 
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Interviewees were recruited using emails and phone calls from 19 organisations, after 

which 29 face-to-face and two telephone interviews of up to 120 minutes were 

conducted between March and September 2017. To investigate cross-national 

intermediation activities, interview questions covered each actor’s mandate (see 

Appendix 12), actor roles during projects, challenges encountered, and measures to 

ensure project sustainability. All interviews were audio-recorded and additional notes 

taken by a research assistant in English. 

Interview audio files were transcribed and subsequently coded in Atlas.ti, in three 

rounds. In the first round, codes mostly followed the main interview themes, generating 

a total of 75 codes; in the second round, coding was performed according to the list of 

intermediation activities as described in Section 2; and in the third round, additional 

codes regarding intermediation activities were used to capture further details (e.g. 

creating RTech associations, marketing, and identification of key actors). The process 

was iterative, including some slight re-naming of codes to better match themes which 

had emerged in the literature. Ultimately, a total of 23 codes on intermediation activities 

were analysed, reflecting both intermediation activities from the literature, grouped 

according to the five intermediation functions listed in Table 5.1, and those investigated 

during the interviews (see Figure 5.1).  

 

 
Figure 5.1: List of intermediation activities used for data analysis (right column), based 

on available literature (left column) and interviews (middle column). Funding and 

supervision are listed separately as they constitute non-intermediation activities.
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Code co-occurrence (i.e. assigning two or more codes to a statement) identified the 

context of interviewee statements and ensured triangulation across data sources and 

case studies. Furthermore, we analysed for the co-occurrence of RTech challenges and 

topics of divergent interests amongst actors, grouped into seven themes of divergence 

(limited accountability, interferences, lack of cooperation, flouting regulation, 

inadequate awareness, lack of funds, and poor policy and project implementation). 

These themes appeared across all actor groups and interviews, totalling at least 50 per 

cent of the number of co-occurrence with the actors with whom participants had 

expressed they experienced disagreement or tension.  

 

5.4 Results 

This section presents intermediation activities as examined in interview materials, 

arranged according to the five core intermediation functions (demand articulation, 

translating demand to application, policy advocacy, facilitating network creation, and 

learning) during the implementation of the five projects. Quotes from interviewees 

illustrate some of the nuances in intermediation activities. The section ends with 

insights into divergent interests amongst actors, with emphasis on the levels of spatial 

scale (i.e. international, national, and community) at which they occur. Figure 5.2 

shows the frequency with which interviewees across the four participant groups 

discussed specific intermediation activities within their portfolios. 

 

5.4.1 Intermediation Activities 

Demand articulation 

Demand articulation was pronounced for domestic NPOs and government agencies, 

mainly through feasibility studies to produce information about the demographics of 

beneficiary communities and energy needs that informed project and technology design 

(see Figure 5.2). Moreover, Table 5.4 shows that the generation and transfer of 

knowledge on RTech were performed by actors across all scales, whereas, that of user 

energy needs was performed by only domestic NPOs at the community level. 

Beneficiary communities selected based on studies by national government agencies 

were reported to have changed during project implementation due to conflicting 

interests with implementing agencies and interferences by local government officials at 
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the community level. In some instances, this caused delays (ranging from one to two 

years) in project implementation and increased project costs. Feasibility studies 

conducted by domestic NPOs at the community level (for instance, by KITE and 

CEESD) were reported to be more reliable. Interviewees noted that the transfer of 

knowledge from such studies did not contribute to project delays nor generate conflicts 

amongst actors. Domestic NPOs, unlike national government agencies, did not have 

ties with local government officials and were seen as being neutral in the knowledge 

generation process during project implementation.  

 

 

Figure 5.2: Intermediation activities identified across actor groups in interviews. The 

two columns to the very right represent relevant non-intermediation activities. (DA: 

Demand articulation; PA: Policy advocacy; and NIP: Non-intermediation activities).
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Table 5.4: Cross-scalar intermediation activities identified in the case studies 

Intermediation activities International - 

International 

International - National National - National National – 

Community 

Community – 

Community 

International – 

Community 

Demand Articulation 

Feasibility studies — Generated and transferred 

knowledge on RTech (iv) 

— Coordinated and 

evaluated beneficiary 
selection process (x 

and xi); Generated 

and transferred 
knowledge on RTech 

(ix) 

Generated and 

transferred knowledge 
on RTech and user 

energy needs (v, vi viii, 

and ix) 

Coordinated tender 

process and awarded 
contract (ii) 

Translating demand to application 

Awareness-raising and 

marketing 

— — Incorporated and 

facilitated awareness-

raising in projects (x and 
xi); Advertised 

government solar project 

(xii); Educated adopters 
on benefits and RTech 

system operation (xiv and 

xvi) 

Educated adopters on 

RTech benefits (vii) 

Educated adopters on 

benefits and system 

operation of RTech (v, 
vi, viii, and xv) 

Educated adopters on 

RTech benefits (i) 

Construction and 
installation 

Coordinated tender 
process and awarded 

contract (ii and xxi) 

Sub-contracted domestic 
RTech company to 

facilitate RTech transfer 

(xx) 

Installed and 
disseminated RTech (xiv 

and xvi) 

— Installed and 
disseminated RTech (vi 

and xv) 

(Sub)contracted domestic 
NPOs and RTech 

companies to facilitate 

RTech transfer (i and xiii) 

Project implementation — — Coordinated all 

stakeholders to realise 
objectives of large-scale 

projects (x and xi) 

Coordinated all 

stakeholders to realise 
objectives of small-

scale projects (vii and 

xviii) 

Coordinated all 

stakeholders to realise 
objectives of small-scale 

projects (vi) 

— 

Policy advocacy — Advocated for data-driven 
policies that incorporate 

both large and small scale 
RTech projects (iv) 

Lobbied for strategic 
policies to increase 

RTech penetration (xiv 
and xvii) 

Lobbied for strategic 
policies to increase 

RTech penetration (v, 
vi, and ix) 

— — 

Facilitating network creation 

Creating RTech 
association 

— — Organised conferences 
(xii); Communicated 

association needs to 

policymakers (xvii) 

Facilitated the 
creation of industry 

association (vii) 

— — 
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Intermediation activities International - 

International 

International - National National - National National – 

Community 

Community – 

Community 

International – 

Community 

Identification of key actors — — Engaged skilled actors to 

play strategic roles (x)  

Employed trained 

community members 

to repair RTech (x, 
xiv, and xvi)  

Employed trained 

community members to 

oversee and repair 
RTech (v and xix) 

— 

Managing finances — — Paid RTech companies 

(xviii) 

  Provided loans to 

adopters (xix) 

Disbursed funds to 

stakeholders (i and iii) 

Regulation — — — Certificated RTech 
companies and RTech 

disseminated (xii) 

— — 

Learning 

RTech operation and 

maintenance and giving 
feedback 

— — — Monitored and 

evaluated RTech 
routinely (xiv) 

Managed facilities and 

communicated reports (v 
and vi) 

— 

Capacity building — Facilitated the training of 

government officials on 

RTech project 
implementation (ii); 

Trained staff of national 

utility company on solar 
installation and net 

metering (iv) 

— Training technicians 

on solar installation 

and repair (xiv and 
xvi) 

Trained technicians on 

RTech construction, 

installation, and repair 
(v, vi, and xv) 

Trained staff of domestic 

NPOs on RTech 

construction and 
installation (i) 

Non-intermediation processes 

Direct funding — Provided funds to 

implement RTech projects 
(ii, xxi, and xxii) 

— Provided counterpart 

funds to execute the 
project (xxiii) 

— Provided funds to execute 

the project (xxiv) 

Supervision — Visited and supervised 

project implementation 

quarterly (ii and xxii) 

— — Certified solar 

installation (xix) 

— 

 
 Actors interviewed Actors not interviewed 

(i) SNV Netherlands Development 

Organisation (SNV) 

(vi) Centre for Energy Environment 

and Sustainable Development 
(CEESD) 

(xi) Renewable Energy 

Directorate (RED) 

(xvi) Deng Danish Co. 

Ltd. 

(xx) Elecnor Foundation 

(ii) World Bank (vii) Ghana National Cleaner 

Productions Centre (GNCPC) 

(xii) Energy Commission (xvii) AGSI (xxi) Spanish government 

(iii) United Nations Environment 
Program (UNEP) 

(viii) Institute of Sustainable Energy 
and Environmental Solutions (ISEES) 

(xiii) Trama Tecno 
Ambiental Barcelona (TTA) 

(xviii) ARB Apex bank (xxii) European Union 

(iv) GiZ (ix) African Centre for Energy Policy 

(ACEP) 

(xiv) Wilkins Engineering 

Co. Ltd. 

(xix) Builsa South 

Community Rural Bank 

(xxiii) Ministry of Environment Science 

Technology and Innovation 

(v) Kumasi Institute of 
Technology, Energy, and 

Environment (KITE) 

(x) Ghana Energy Development and 
Access Program Secretariat (GEDAP) 

(xv) Vulpec Co. Ltd.  (xxiv) Dutch government 
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Policy advocacy 

Policy advocacy was the intermediation activity identified by the least number of 

participants (see Figure 5.2), although Table 5.4 shows that it is undertaken by actors 

at all levels (except financial institutions) to effect change nationwide. Through the 

AGSI, solar companies work with national government agencies (e.g. Energy 

Commission and Renewable Energy Directorate) to advocate for policies that foster the 

widespread adoption of RTech. Interviews with RTech companies and NPOs revealed 

that the GiZ and domestic NPOs used research to complement the efforts of RTech 

companies by advocating for strategic policies that facilitate local job creation. An 

interview at the GiZ suggested the agency was invited by the Ghanaian government to 

advise policymakers during the formation of the Renewable Energy Act. The GiZ 

currently runs models that identify strategic portions of the national grid suitable to off-

take grid-connected solar. This has been instrumental in GiZ’s recent advocacy for a 

policy that stipulates the capacity and location of both small- and large-scale distributed 

solar systems to enhance local job creation.  

Translating demand to application 

Translating demand to application was reported to occur across all levels of operation, 

mainly through awareness-raising, marketing, project implementation, and the 

construction and installation of RTech. Project implementation was the dominant 

intermediation activity performed by all actors at the national level (except for RTech 

companies) and at the community level (see Table 5.4). National government agencies 

were reported to implement three projects across several regions to meet the energy 

needs of rural dwellers, build capacity, and create a market for RTech. The Renewable 

Energy Directorate and GEDAP Secretariat coordinated activities of funders, RTech 

companies, community leaders, and other relevant stakeholders. Interviewees from the 

GEDAP mini-grid and Elecnor solar projects reported that funders assigned 

international RTech companies to construct and install RTech to realise the 

development goals of the government. As shown in Table 5.4, these companies out-

sourced key project components to domestic RTech companies, such as Wilkins 

Engineering. In addition, NPOs (i.e. the SNV and GNCPC) implemented projects (e.g. 

KITA and SAG biogas projects) on relatively smaller scales to treat organic waste and 

meet basic lighting needs of schools. The mandate of NPOs to build local capacity was 
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highlighted by interviewees who reported that small domestic biogas companies and 

one NPO were assigned to construct biogas digesters and train technicians. In effect, 

domestic actors mainly undertook the actual construction and installation of RTech. 

To facilitate the uptake of RTech, awareness-raising and marketing of systems were 

undertaken by domestic NPOs and RTech companies at the community level but largely 

depended on the source of actor funds. Interviewees from NPOs and RTech companies 

reported that such activities had increased RTech visibility amongst adopters, 

knowledge about benefits and system operations, and the commercialisation of RTech. 

We found that raising RTech awareness was undertaken regularly by NPOs (apart from 

ACEP) due to their not-for-profit nature and access to international grants, but not by 

RTech companies who only marketed RTech as contracted by government agencies. 

Interviews with government officials and project documents revealed that national 

government agencies did not directly raise awareness of RTech but incorporated it into 

project design for other actors to undertake (e.g. Apex Bank solar and GEDAP mini-

grid projects). In contrast, the Energy Commission generated revenue from the issuance 

of licenses and certificates to energy companies, and hence had the resources to 

accelerate RTech adoption through its annual renewable energy fair. International actor 

interviewees reported not engaging in RTech awareness raising and marketing but 

facilitated these activities through grants.  

Facilitating network creation 

Facilitating network creation provided the requisite human and financial resources to 

strengthen the constituency around the RTech disseminated in the projects examined. 

This specifically entailed the identification of key actors, finance management, and 

creating RTech associations, and they occurred mainly at the national and community 

level. Domestic NPOs and government agencies reported securing funds from 

international actors to implement projects. The Ministry of Finance mainly managed 

financial resources of projects implemented by government agencies. Apart from 

UNEP, international actors were not found to directly mediate any process that built 

networks for RTech development. At the national level, government agencies identified 

key actors by formally engaging NPOs and financial institutions to facilitate project 

implementation. At the community level, NPOs and RTech companies reported hiring 

key community members to monitor, operate, and maintain systems. As shown in Table 
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4, the creation of actor networks was initiated by only actors at the national level 

(RTech companies and a government agency) and was not a dominant intermediation 

activity but seemed important to some interviewees in developing RTech.  

The identification of key actors based on their expertise, network, and accessibility at 

the community level was a significant network creation activity of intermediaries, 

especially in projects funded by loans (e.g. the Apex Bank solar and GEDAP mini-grid 

projects). These projects had several levels of supervision related to the funding bodies, 

coordinating government agencies, and a Ministry. This built a constituency of actors 

that were instrumental in designing projects to meet adopters’ lifestyles and ensured 

RTech ownership. For instance, the rural banks’ experience in doing business in remote 

communities meant they were engaged by the GEDAP Secretariat to manage financial 

resources by providing loans to users and paying solar companies for installations. 

Government agencies and RTech companies reported that the employment of certified 

solar inspectors (by the GEDAP Secretariat) and training of community dealers (by the 

solar companies) facilitated the inspection of installations and the sale and repair of 

solar systems, respectively. A staff at Apex Bank expressed how this influenced the 

project outcome: 

“… one of the things that was really a breakthrough for us was getting the solar 

project officers.”  

Nonetheless, selected community members were not employed to build strong networks 

around installed RTech in grant-funded projects which created challenges as users did 

not have anyone to contact when systems broke down. For example, in the Elecnor solar 

and SAG biogas projects, there was usually only one supervisor from either the 

implementing government agency or donor. Government agencies, NPOs, and RTech 

companies at the national level stated that it was the beneficiary’s responsibility to 

identify skilled persons to monitor and maintain systems. Indeed, an interviewee at the 

Renewable Energy Directorate stated that caretakers of the Elecnor project’s battery-

charging centres were “expected to have an agreement with a local solar agent” and 

“use the money generated to replace broken solar components in the community”. 

Interviewees from the Directorate and the contracted RTech company indicated that, 

due to a large number of beneficiaries, monitoring and maintenance were not consistent 

in all communities. Hence, project implementers expected community members to use 
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the money generated from the battery-charging centres to repair broken systems. 

However, community members could not undertake repair works since no local solar 

agent sold the inverters and direct current bulbs. 

The creation of RTech associations was not a dominant intermediation activity in the 

case studies (except in the SAG biogas project), despite its relevance in building 

networks for RTech development. For example, AGSI was supposed to facilitate the 

setting of standards and codes to regulate solar company activities through the 

advocacy of improved policy and industry quality control. It did so by providing the 

Energy Commission with information on all national solar installations in order to 

enforce regulations and monitor the government’s solar energy penetration objectives. 

Similarly, interviewees from the GNCPC and an RTech company indicated that the 

newly formed biogas association (created by GNCPC under the SAG biogas project in 

2016) had initiated efforts to create an inventory of biogas companies in the country. 

According to the Energy Commission, the lack of information on biogas installations 

had hampered its plans to establish a national biogas program to regulate and coordinate 

all biogas projects across the country. It is expected that, through the biogas association, 

biogas companies will also furnish the Commission with information about installations 

made by its members, following the examples of the AGSI. 

Learning 

The most noteworthy learning activities were capacity building and operation and 

maintenance to facilitate knowledge generation, technology transfer, and user 

preference to enhance RTech technical and economic performance. Table 5.4 shows 

that cross-national knowledge transfer was important in building capacity of national 

and community actors, whereas within the country, learning was between domestic 

actors and individual technicians.  

Building the capacity of technicians and selected community members was a recurring 

learning process across all projects and offered by RTech companies and NPOs to 

facilitate RTech adoption and maintenance. The international knowledge transfer 

occurred as international actors trained national government officials and domestic 

NPO staff. This was critical when Ghanaian actors did not have the experience to 

execute specific tasks. For instance, the staff of Apex Bank and the GEDAP Secretariat 

went to Sri Lanka and Bangladesh to learn how to implement pay-as-you-go solar 
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projects in rural communities. The technical training of technicians and selected 

community members was undertaken by community-level actors, or by small RTech 

companies and NPOs in smaller projects (e.g. KITA and SAG biogas projects) where 

capacity building was central. Such training enhanced long-term RTech use (e.g. in the 

GEDAP mini-grid, Apex Bank solar, and KITA biogas projects) as the skills to operate 

and maintain systems were in the communities.  

Finally, domestic NPOs and RTech companies appeared to undertake the assessment 

and evaluation of technology, most often on a two-year operation and maintenance 

contract. Both actor groups noted they employed trained community members for such 

intermediation activities, as well as to give feedback on system operations. Weekly 

phone calls and monthly reports ensured prompt system repairs when actors had been 

formally engaged to undertake this intermediation activity (e.g. GEDAP mini-grid, 

Apex Bank solar, and KITA biogas projects). However, feedback on system operations 

usually ended at the end of the operation and maintenance contract, leading to the 

abandonment of broken RTech. For instance, the Renewable Energy Directorate’s toll-

free line for the Elecnor solar project beneficiaries to report broken systems was 

deactivated when the operation and maintenance contract expired. Moreover, 

international RTech companies repaired broken systems that domestic NPOs were 

monitoring (e.g. GEDAP mini-grid and KITA biogas projects) due to lack of skilled 

personnel, as domestic NPOs often employed new graduates with limited to no 

operational expertise. For instance, KITE requested TTA Barcelona to send Spanish 

engineers to fix faulty electricity dispensers of the mini-grid. 

 

5.4.2 Divergent Interests and Tensions 

Across the five projects, seven areas of divergent interests were identified amongst the 

actor groups at different levels of operation. These divergent interests generated 

tensions which in turn stifled RTech development in Ghana. These were: 1) limited 

accountability; 2) interferences; 3) lack of cooperation; 4) flouting regulation; 5) 

inadequate awareness; 6) lack of funds; and, 7) poor policy and project implementation. 

Figure 5.3 illustrates these divergent interests between actors at different levels of 

operation.
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Figure 5.3: Divergent interests identified by interviewees within and across actor groups and levels of operation.
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Tensions arising from activities of international actors were related to perceptions of poor 

project implementation and lack of cooperation in defining project objectives. Interviewees 

across all actor groups reported that this negatively affected project sustainability and the 

capacity of domestic actors to implement RTech projects. Firstly, government officials’ 

concerns about delays in obtaining no-objection certificates to commence projects were 

worsened by frequent changes of project managers which led to breaks and inconsistencies 

in projects. Secondly, interviews from all actor groups revealed that deadlines and targets 

of international funders sometimes appeared to be insensitive to project sustainability, 

leading to superficial assessments of beneficiaries and subsequently RTech abandonment 

due to limited community engagement. For example, while an interviewee at the World 

Bank indicated the organisation aimed to provide electricity to poor rural communities, 

rural banks only worked with credit-worthy communities to ensure loan repayments and 

project sustainability. Interviewees at Apex Bank and Builsa South Rural Bank explained 

that they had to pay back loans to the World Bank and bore the risk when users defaulted. 

According to the interviewees, the rural banks had worked with rural communities for 

several years and should have been invited to participate in the initial feasibility study 

directed by the World Bank.  

Thirdly, interviewees from RTech companies suggested technology transfer by 

international actors limited the opportunities for domestic actors to initiate projects. Two-

thirds of the large-scale government-initiated projects were found to be executed by 

international actors. Domestic RTech companies only carried out one large-scale project, 

whose aim was to create a market for their products and services. Further, international 

actors such as the World Bank and the Spanish Government tended to award contracts to 

international RTech companies16. Though it was unclear why domestic RTech companies 

were not contracted to implement large-scale projects, evidence from company profiles 

suggests that Ghanaian NPOs and RTech companies (except Wilkins Engineering and 

 
16 Interviewees’ statements and project documents showed that the GEDAP mini-grid project was awarded 

through an international competitive tendering process. Concerning the Elecnor solar project, an 

interviewee (from the RE directorate) mentioned that, since the Spanish Government was funding the 

project, they contracted a Spanish company to support their local companies. 
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Deng) were relatively smaller in size and operational scope and hence not considered as 

appropriate partners. 

Tensions at the national level appeared to be related to poor policy and project 

implementation, lack of funds, and the lack of cooperation, of which the majority were 

directed to government agencies. RTech companies and NPOs noted that delays in 

payments by government agencies undermined their operations. Fluctuating exchange rates 

and Ghanaian currency depreciations meant delays resulted in RTech companies incurring 

losses in the importation of system components and paying of loans and sub-contractors. 

Moreover, interviewees revealed that increasing RTech adoption is hindered by the 

revenue losses of the national electricity company, which lead to the inability to pay 

independent power producers.  

Divergent interests regarding policy and project implementation were related to 

government agencies often engaging domestic RTech companies and NPOs to implement 

short-term projects that did not provide a long-term market for their products and services. 

However, the Renewable Energy Directorate implemented solar projects in communities 

that would not be connected to the national electric grid in the next five years. Again, NPOs 

and RTech companies expressed dissatisfaction with decisions taken by the Renewable 

Energy Directorate regarding pricing, system capacities, and overall project outcomes. For 

instance, while the Directorate argued that rural customers should not pay more electricity 

bills than urban ones, interviewees (from KITE and TTA) and a World Bank report 

indicated that the Directorate reneged on an agreed cost-reflective tariff for community 

mini-grids. They also argued that the new tariff was unable to generate revenue to pay 

workers and replace broken system components and expired batteries. These 

disagreements indicate that, while the government supports intermediation activities to 

meet national developmental needs, it sometimes opposes activities that may not align with 

existing institution rules.  

RTech companies at the community level were reported to not adhere to government 

regulations, nor be accountable for poor installation. Interviewees noted that their activities 

were in part an adaptation to the policy environment which hampered RTech adoption. 

Interviewees reported that solar companies would not operate in beneficiary communities 
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of the Apex Bank and Elecnor solar project because of the long distances of travel from 

the capital city, Accra, where many of these companies operate. This resulted in systems 

abandonment, especially after the two-year maintenance contract expired. Moreover, it was 

reported (by interviewees from all actor groups) that the sale of inferior RTech and poor 

installation was a recurring problem. RTech companies were usually inaccessible after 

projects wound up or payments were made, leaving a vacuum that affected project 

sustainability. For instance, solar companies that participated in the Apex Bank project 

(except for one that had an office before project commencement) were not available to 

replace broken parts. Similarly, some biogas companies were said to be “preying on the 

ignorance of people” by constructing sub-standard digesters at exorbitant costs.  

 

5.5 Discussions 

In this study, we examined cross-national intermediation activities in GN-funded 

renewable energy projects in Ghana drawing on the core intermediation functions in 

experiments as undertaken by both international and domestic actors (i.e. NPOs, 

government agencies, RTech companies, and financial institutions) with different 

mandates and levels of operation. Similar to studies in Asia (Bai et al., 2010; Wieczorek et 

al., 2015), we found that Ghanaian government agencies secured funds from international 

actors to initiate experiments as development projects designed to solve socio-economic 

(e.g. lack of electricity) and environmental problems (e.g. poor sanitation). As such, cross-

national intermediation activities fall under translating demand to application and learning 

mainly through technology and knowledge transfer to realise national developmental goals. 

In this section, we discuss how the cost of technology and knowledge transfer influenced 

the alignment of interests between international and domestic actors. Although domestic 

actors were engaged in these intermediation activities, cross-national intermediation 

contributed little to building a strong constituency around RTech development. Through 

the lenses of the experiments analysed, we also discuss the factors that threatened 

renewable energy actor networks in Ghana and demonstrate how this generated tensions 

that stifle RTech development. 
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5.5.1 Technology and Knowledge Transfer 

The cost and scope of experiments influenced the scalar level from which funders or 

government-affiliated intermediaries engaged NPOs or RTech companies to undertaken 

intermediation activities. As observed by Klerkx and Leeuwis (2008) in other contexts, 

costs (e.g. purchase of technology, logistics, and technical expertise) in the Ghanaian case 

studies were invariably linked to specific intermediation activities. We found that grants 

played a significant role in ensuring the transfer of knowledge through capacity building, 

policy advocacy, awareness-raising, and feasibility studies, at both national and 

community levels. At the community level, intermediation between international and 

domestic actors was undertaken mainly to facilitate learning processes through the transfer 

of knowledge to build local capacity and raise awareness of RTech. Community-level 

intermediation activities were less capital intensive (e.g. KITA and SAG biogas projects 

which were $15,000 and $220,000 USD, respectively), and therefore could be funded 

through grants and undertaken by domestic NPOs. In contrast, loans were used to fund 

nationwide technology transfer (costing over $5 million USD) or foreign companies were 

approached even if Ghanaian actors were later sub-contracted. This confirms findings by 

Vallejo et al., (2019) that partnerships with companies from the GN constitute a common 

eligibility condition when sub-Saharan Africa intermediaries are accessing foreign funds.  

Since domestic actors were predominantly responsible for knowledge transfer, the 

interactions among them at the community level created a beneficial environment to 

enhance their collective capacity. These interactions created a space to reformulate 

implementation strategies during experiments, arguably due to the proximity among actors 

and familiarity with the local context. In contrast to suggestions by Vallejo et al. (2019) 

that domestic companies require more interactions with GN knowledge actors to raise their 

collective capacity, cross-national knowledge transfers were usually unidirectional and 

were targeted to specific tasks. Therefore, they did not lend themselves to the reshaping of 

assumptions during experiments. This drawback may be further exacerbated when there is 

a disagreement between demands articulated by GN funders and those of domestic actors 

since capacity is often built in line with project objectives. 
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5.5.2 Building Actor Networks 

Similar to earlier intermediary studies in the GS (Szogs et al., 2011; Shou and 

Intarakumnerd, 2013), we found that limited interaction between actors from different 

sectors was detrimental to technology development. Examining the core intermediation 

functions in experiments enabled us to see precisely how networks were created through 

these interactions and the factors threatening their survival. Through these experiments, 

government-affiliated intermediaries create the space for interactions and stimulate 

learning among actors with divergent interests (cf. Kilelu et al., 2011). We observed that 

experiments funded through loans were executed by a diverse range of actors that were 

formally engaged to supervise each other and ensure positive outcomes. In contrast, 

experiments funded via grants were executed by only one RTech company or NPO that 

also conducted the operation and maintenance and was supervised by one government-

affiliated intermediary. This meant that the transfer of knowledge and resources (e.g. 

human and capital) in these latter experiments was limited compared to those funded by 

loans where GN RTech companies trained domestic actors on installations and system 

operations or rural banks employed certified officers to inspect installations before 

payments were made to RTech companies. Through such networks, domestic NPOs were 

better equipped to conduct relevant research, like their GN counterparts, to inform policy 

change. Similarly, domestic banks had firsthand experience with the operations of RTech 

companies, therefore were in a better position to offer appropriate finance. However, these 

actor networks are often threatened by the lifespan of experiments and national 

electrification policies.  

We found that, after implementation, experiments often had two-year operation and 

maintenance contracts after which actors were no longer engaged to ensure RTech 

development. Moreover, when experiments were implemented in remote communities, the 

incentive for RTech companies to continuously operate in these communities was lessened 

due to the cost of travel and, arguably, a small number of customers. Furthermore, the 

likelihood of actor networks disintegrating is higher when experiments are implemented as 

pre-electrification schemes. In this case, the national electricity grid was extended to 

communities that already adopted RTech (e.g. solar systems) which subsequently reduced 

the market for RTech-related services because rural dwellers were less inclined to purchase 
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or repair RTech since the grid could power all sorts of appliances. Such instances tend to 

close the space that experiments create for networking among domestic actors and hence 

question the role of government-affiliated intermediaries established to facilitate RTech 

adoption.  

 

5.5.3 Tensions in Intermediation 

In this section, we discuss how cross-national intermediation tends to affect intermediation 

activities of government agencies and RTech companies. Intermediation in the case study 

projects sometimes favoured international actors at the expense of domestic ones. Tensions 

were exacerbated by the limited opportunities to strengthen social networks due to the 

cross-national intermediation nature of the experiment, limited government support, and 

the non-compliance activities of RTech companies.  

Government-affiliated intermediaries in our study were subsidiaries of more prominent 

government agencies; thus, they mainly played a developmental role on behalf of the state 

using GN funds. As a result, their roles sometimes conflicted with that of their parent body. 

For instance, despite the Renewable Energy Directorate’s (a subsidiary of the Energy 

Ministry) mandate to champion the dissemination of decentralised RTechs in rural 

communities, the Energy Ministry continues to pursue a national electrification agenda 

through grid extension and accessibility. As Obeng-Darko (2018) indicated, the 2015 

National Electrification Scheme adopted by the Energy Ministry, to achieve universal 

electricity access by 2020, did not include generation from renewable sources. Another 

study attributed the limited advancement in Ghana’ renewable energy sector to the 

Directorate’s lack of autonomy from the government (Obeng-Darko, 2016). In such a case, 

political will tends to play a crucial role in determining which technology is deemed most 

suitable to address societal needs, which in turn influences the intermediation activities of 

domestic actors.  

Although government agencies in our study carried out the core intermediation functions 

of technology development (demand articulation, facilitating network creation, and 

learning), they did not support ideas that threatened the incumbent energy infrastructure. 

Klerkx and Leeuwis (2008) describe this state as the neutral ambiguity of an intermediary 
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whereby its governance structure influences its role as a credible and fair broker. Indeed, 

the neutrality of government agencies is further compromised due to the need to adhere to 

funders’ directives, such as contracting international companies, which could limit their 

ability to prioritise the needs of local actors. Although our results indicated that local actors 

were sub-contracted to install RTech, such arrangements, as argued by Kingsbury et al. 

(2012), tend to limit the capacity of GS private companies to initiate their projects or 

compete internationally. 

We found that technology transfer by Ghanaian RTech companies was not always reliable 

due to limited regulation enforcement by government agencies and adaptation to conditions 

of experiments. This confirms the assertion by Vallejo et al. (2019) that the activities of 

intermediaries are often related to the “sectoral dynamics of their markets” (pg.13). As a 

result, they tend to seek their self-interests at the expense of customers and survival of the 

emerging technology (Mignon and Kanda, 2018;  Hodson and Marvin, 2010). These 

findings tend to contrast the idea that revenue generation incentivises intermediaries to be 

accountable, as suggested by Klerkx and Leeuwis (2008). This may well be the case 

because the authors examined the role of traditional knowledge-generating intermediaries 

whereby clients deemed their services as intangible and placed little value on them. The 

distinct examination of translating demand to application helped shed light on 

intermediation activities of non-intermediaries giving a different perspective to tensions 

relating to accountability. 

 

5.6 Conclusion 

In this study, we investigated intermediation activities through the lens of solar and biogas 

experiments in Ghana to comprehend the implications of cross-national intermediation on 

local technology development. Our analytical approach allows us to pay attention to the 

translation of demands to application — an essential element in realising objectives of 

experiment especially in the Global South where projects tend to be tied to national 

developmental goals. So far, limited research exists that investigates this domain.  

Our deliberate examination of the five core intermediation functions revealed that cross-

national intermediation activities were centred on the transfer of knowledge and 
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technology. Knowledge transfer across national boundaries was between homogenous 

actors to accomplish specific tasks in experiments; hence, it did not create the needed space 

to build the collective capacity among different actor groups. As also demonstrated by 

earlier studies (Klerkx et al., 2009; Shou and Intarakumnerd, 2013), we found that 

experiments comprising of diverse actor groups created the space for knowledge transfer 

and reflective learning processes to build a collective capacity for technology development. 

In addition, we demonstrated how strong actor networks were built as a result of measures 

to ensure positive outcomes in experiments that users paid for service delivery. Revenue 

generation, therefore, appears to incentivise the participation of diverse actors which 

inadvertently influences horizontal knowledge flows. The main obstacles to this collective 

capacity building were unfavourable policies and technology choices that compromised 

the creation of spaces to facilitate interactions between different actors. 

Contrary to the extant intermediary literature, our analysis of technology transfer through 

cross-national intermediation brought to bear the intermediation activities of actors 

traditionally not considered as intermediaries. These actors essentially transferred the 

demands of GN and domestic government actors to users at the community level. A 

challenge with this role was the limited accountability of technology transfer intermediaries 

due to weak regulation enforcement and adaptation to unfavourable policies (cf. Shou and 

Intarakumnerd (2013) and Mignon and Kanda (2018)). Another challenge that often 

threatened experiment sustainability was the difficulty local GS actors encountered in 

aligning the quantitative demands articulated by GN actors with an appropriate qualitative 

needs assessment of beneficiaries. By highlighting these challenges, the study, therefore, 

provides a baseline for future research to investigate how intermediation activities of non-

intermediaries affect innovation system performance.  

Moreover, cross-national intermediation presents a compelling case where actors from 

arguably more advanced innovation systems undertake intermediation activities in 

significantly different cultural and institutional environments. A challenge for future 

research is to better understand how intermediaries change intermediation functions across 

countries. A limitation of this study is our reliance on the core functions identified in only 

three papers investigating intermediation in experiments in the GN. Further, a larger 
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sample size of case studies spanning the entire sub-Saharan African continent may give a 

richer account of intermediation in experiments and more generalisable findings beyond 

the Ghanaian experience. 

Our findings confirm that of earlier studies (Szogs et al., 2011; Shou and Intarakumnerd, 

2013; Vallejo et al., 2019) that cross-national intermediation activities are important for 

GS countries in encouraging community technology adoption, which ultimately hinges on 

appropriate technology development in these areas. Nonetheless, because such 

intermediation activities are intended to achieve developmental goals or build local 

capacity, they do little to build strong networks around new technologies even if local 

stakeholders participate in implementation. As such, project sustainability is threatened 

when GN intermediaries depart after project implementation, given the limited funding and 

regulatory framework for emerging technologies in the GS. Policies aimed at building 

community networks of RTech companies, banks, NPOs, and government to collaborate 

in RTech development is critical for the long-term survival of such projects. Such networks 

would strengthen community capacity and institutions of industry stakeholders, ultimately 

lessening the long-term reliance on external (and more expensive) consultants and 

advisors.  
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CHAPTER SIX 

Key Findings and Recommendations 
 

6.1 Introduction 

This PhD research investigated the implementation of renewable energy projects (REPs) 

funded by international organisations in Ghana by adopting inclusive innovations and 

intermediation approaches. It examined the effects of actor roles (both institutions and 

users) on renewable energy (RE) development. In doing so, it contributes to the inclusive 

innovation and intermediation bodies of literature. The research focused on REPs funded 

by international donor or development organisations because they form the majority of 

REPs implemented in Ghana. Such understandings are critical given that, globally, 

renewable energy technologies (RTechs) are technically efficient and cost-effective, but 

policies and project implementation strategies hinder RE development (Vanderheiden, 

2011). The research questions addressed in this thesis were: 

1. How do the energy needs of users in sub-Saharan Africa (SSA) differ from the 

objectives of REPs? 

2. What roles do users play in REPs, and how do they affect RTech adoption at the 

user level? 

3. What are the implications of implementing REPs funded by international 

organisations on national RE development? 

The research reviewed the literature on RTech adoption in SSA communities in Chapter 

Three, given that in most SSA countries, REPs are usually funded by international 

organisations. It was essential to understand how RTechs imported into rural SSA 

communities are adopted and the challenges encountered in the process. This literature 

review informed the research design and data collection in Ghana. In Chapter Four, the 

research explored how user participation in solar and biogas projects implemented in 

Ghana influenced RTech adoption by analysing how user roles affected user 

(dis)satisfaction in RTech as per the innovation attributes identified by Rogers Innovation 

Diffusion Theory (i.e. relative advantage, compatibility, and complexity). Finally, Chapter 

Five adopts an intermediation approach to examine the interactions between actors 
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implementing REPs in Ghana, in particular, cross-national intermediation activities and 

their implications on national RE development. 

The research questions posed in this thesis were answered by conducting semi-structured 

interviews, focus group discussions, mental mapping exercises, and a survey. In this 

chapter, I provide the key findings from the data derived from these research methods and 

discuss contributions to the literature, future research, and recommendations, in four 

separate sections. The first section summarises the findings from Chapters Three to Five. 

The second section presents the contributions of the findings to scholarly debates. In the 

third section, I discuss future research directions drawing on both inconclusive findings 

and methodological limitations. Finally, the fourth section gives recommendations for 

implementing REPs that strengthen actor networks and engender positive outcomes. This 

is achieved by discussing research findings in the context of the Ghanaian government’s 

strategy to increase penetration of electricity from renewable resources to attain universal 

electricity access. 

 

6.2 Key Findings 

By adopting an inclusive innovation systems approach as the overarching analytical 

framework for this research, I combine insights from the previous chapters to provide the 

key findings of the entire thesis regarding the interrelations among actors, institutions, 

networks, and RTech. In this research, three key findings emerged. I present these findings 

according to the research questions that informed this research in the paragraphs below.  

With respect to research question one, the finding pertaining to how rural SSA energy 

needs differ from the objectives of REPs showed that rural dwellers were likely to adopt 

RTechs that provided energy services with minimal social disruptions and benefits that can 

immediately be measured. These benefits include income generation, lighting, and cooking 

time savings. As a result, REPs that promoted benefits (e.g. improved respiratory health 

and long-term income savings) that required significant changes in rural value systems in 

order to use and comprehend the relevance of RTech appeared to miss the priorities of rural 

dwellers. Moreover, when user energy needs increased, users did not always adjust their 
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lifestyles or restricted themselves to the capabilities of RTech; instead, they found their 

ways around the systems (e.g. buying inverters or disconnecting the charge controllers).  

Similar to Kumar et al. (2019), this research found that RE systems that were not flexible 

tended not to accommodate changing energy demands in later project stages. Flexible RE 

systems appeared to be sensitive to rural value systems and well embedded in national 

energy infrastructure. These systems met a broad range of energy needs that catered for the 

very poor and were sensitive to irregular income patterns since rural dwellers could 

disconnect and reconnect as and when funds were available throughout a project’s lifespan. 

In contrast, the sale of fixed distributed RTech (e.g. solar home systems), even at subsidised 

prices, were often beyond the purchasing power of the rural poor. Adopters of these 

systems did not only encounter restrictions when their energy demands increased, but they 

were also often unable to use appliances powered by alternating current and risked breaking 

their systems due to the overcharging of batteries. For RE systems to satisfy user needs and 

cause less social disruption, as Remigios and Reckson (2018) also demonstrated, local 

actors (i.e. often users who were representatives of local companies) were required to play 

such crucial roles as operating systems, selling system components, providing appropriate 

finance, and conducting repair works. 

In response to research question two, the study illustrated that user participation in the case 

study projects had varying effects on the adoption process. This is because the factors 

influencing RTech adoption were specific to the contexts in which projects were 

implemented. Therefore, merely increasing user participation did not enhance positive 

project outcomes. The findings in this research confirm that user investments in REPs 

(through monetary contributions, provision of land, and assisting in installation) were 

essential for effective project implementation and completion. User investments allowed 

systems to become operational for users to accrue intended RTech relative advantages. 

However, the research also  demonstrated that purchasing RTechs did not always enhance 

ownership nor long-term adoption as suggested by Sovacool et al., (2011) and other 

scholars (Dwivedi and Dwivedi, 2012; Haggett and Aitken, 2015). Context-specific factors 

such as the source of funds, the gendered household division of labour, and system socio-

technical configurations were critical in determining how RTech purchase created a sense 
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of ownership and facilitated long-term adoption. Limited attention to these underlying 

factors in preventing challenges associated with a high upfront cost and user apathy may 

hamper the realisation of RTech benefits.  

Further, this research demonstrated that sustained RTech adoption after project completion 

depended on user roles at project inception and the RTech type. The influence of user 

participation at project inception was seen in RTech’s compatibility with user energy 

needs. Nonetheless, RTech type determined the level of interactions users had with the 

system. Therefore, projects that disseminated standalone solar systems recorded more 

system abuses compared to the mini-grid and biogas projects. This is because the latter 

projects had some level of flexibility in system design such that after systems were 

operational, users could increase or decrease their energy demand or configure systems to 

be more user-friendly.  

Finally, the finding regarding research question three showed that the implementation of 

internationally-funded REPs in Ghana limited the local capacity needed for RE 

development and was influenced by the service delivery mechanism and project lifespan. 

Projects that did not have a revenue generation component appeared to build little capacity 

for RE development. They usually engaged a homogenous actor group — i.e. a group of 

RTech companies in which foreign counterparts trained local technicians. In contrast, 

projects that monetised service delivery required multiple actors to perform diverse roles 

to ensure positive outcomes. These projects had the advantage of creating the environment 

for more interactions and knowledge transfers among diverse local actors to enhance the 

collective capacity building necessary for RE development. However, the short-term nature 

of internationally-funded REPs meant they were susceptible to meeting quantitative targets 

with minimal long-term user adoption. Due to the context-specific nature of meeting rural 

energy needs, local actors required time to develop their capacity through networking and 

multiple relearning processes. 

The challenges associated with the short-term nature of internationally-funded REPs have 

implications for the recent market-driven approaches to RTech deployment. Though 

market-driven approaches had the advantage of generating and transferring capital and 

knowledge among local actors (in contrast to the previous context-responsive donor-led 
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approach), local actors had limited control over implementation strategies. Similar to 

experiences described in an earlier study (Bhamidipati et al., 2019), local actors sometimes 

bore the brunt of the challenges associated with short project timelines. For instance, when 

projects wound up, the travel cost to remote rural communities became a disincentive for 

RTech companies which then led to limited system maintenance. As a result, when systems 

broke down, adopters tended to abandon the large numbers of RTechs disseminated in 

these projects. The successful implementation of REPs in rural communities appeared to 

be a time-consuming process that required a sufficient understanding of local contexts. A 

substantial amount of time is, therefore, required to understand user priorities, changing 

energy demands, energy-use behaviours, and the irregular income patterns associated with 

rural communities. This understanding would help improve the socio-technical 

appropriateness of RTech, develop sale strategies, and establish mechanisms for 

maintenance. Therefore, short project timelines hampered the development of such local 

knowledge due to inconsistent interactions among industry players, which Szogs et al. 

(2011) noted to limit industry capacity.  

Furthermore, the finding pertaining to building a collective capacity of different actors 

supports earlier conclusions by Murphy (2001) and Remigios and Reckson (2018) which 

suggested that the absence of successful local entrepreneurs to produce, market, and repair 

modern energy systems was a barrier to the possibilities of leapfrogging in SSA. The 

systems perspective of this research shows that the long-term adoption or assimilation of 

RTech is not only influenced by technical efficiency and economic benefits but also by the 

interconnected relations between actor networks and socio-technical factors that evolve in 

tandem with user priorities, socio-economic status, and culture. Earlier, the research 

showed that RTech efficiencies were less likely to influence household adoption simply 

because most adopters live on a day-by-day basis. This reason accounts for the 

dissatisfaction with electricity from the national grid, which requires monthly bill 

payments. These findings demonstrate that the socio-cultural setting of rural communities 

does not suddenly change to meet the requirements of modern energy services. At best, 

they change gradually, for instance, through increases in energy demand when adopters of 

flexible RE systems successfully adapt systems to their lifestyles and discover new ways 

of accruing associated benefits (cf. Crossland et al., (2015)). This way, local conditions 
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drive technological improvements to meet demand instead of outsiders making efforts to 

activate demand based on what they think poor households need (see also Sesan (2014)). 

The adoption of modern energy services in rural communities is essentially a co-evolution 

process or according to Rock et al. (2009), “a hard slog” of technological improvements 

going hand-in-hand with socio-economic, political, and cultural changes.  

 

6.3 Contributions to Scholarship 

The findings from this research make three theoretical contributions to innovation studies. 

By using a socio-technical framework that offered both systemic and user-level analyses, 

the research examined innovation processes in a Global South context without losing sight 

of how user-technology interactions influence system performance. 

Firstly, this research advances the literature on inclusive innovation by demonstrating that 

innovation systems are characterised by interconnected user roles that are encoded with 

innovation attributes which influence the adoption process. The analysis of divergent 

interests and how user roles affect the adoption process shows that tensions in inclusive 

innovation systems are a result of differences between demand-side processes (activities 

undertaken by informal actors at the community level) and formal supply-side processes 

(activities undertaken by formally established actors in an innovation system). As a result, 

the inadequate alignment of interests between actors undertaking these processes generate 

tensions that fracture knowledge flows in an innovation system. The current systems 

perspective to innovation studies assumes that innovation adoption is a given and overlooks 

how user-technology interactions influence system performance. Since the primary goal of 

innovation processes is to achieve adoption (Foster and Heeks, 2013a; Aguirre-Bastos and 

Weber, 2018), I propose that the inclusive innovation systems approach incorporate the 

innovation attributes as evaluation criteria to assess how system structures (i.e. the 

inclusive innovation, local actors, learning, relations, and institutions) enhance the 

adoption process. Be recognising how the factors influencing adoption shape systemic 

processes, scholars would be better positioned to bridge the disconnect between supply- 

and demand-side processes. As a result, this would engender more nuanced inclusive 
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innovation policies that are sensitive to the rural communities they aim to develop. By 

demonstrating how actor roles influence innovation adoption, this research makes a 

substantial contribution to how scholarship ought to rethink the assessment of innovation 

processes to prevent situations whereby innovation policies facilitate technology 

dissemination, yet with limited (if any) uptake and adoption by users; hence no significant 

progress made. 

Secondly, the research shows that participation in the innovation process and structure does 

not imply the consumption and positive impacts of innovation as alluded by Heeks et al. ’s 

(2013) ladder of inclusive innovation. Analysis at the user level demonstrated that there 

are critical institutional (i.e. users’ capacity and culture) and socio-technical factors (i.e. 

technology appropriateness and local knowledge that encompass all innovation attributes) 

that ought to be considered for innovations to be comprehensively inclusive. Based on this 

finding, I propose a modification to the underlying assumption of the ladder of inclusive 

innovation by asserting that inclusion at higher levels comprises of concrete activities that 

secure inclusion at lower levels. The safeguarding of inclusion at lower levels while at 

higher levels of the ladder would anchor high-level innovation processes within a system. 

This modification goes a step further from “accepting the inclusion of the levels below” 

(Heeks et al., 2013 pg.6) to integrating them into higher levels of the ladder. This 

integration would make it possible for actor roles (at the process level) and innovation 

policies (at the structural level) to adequately account for the factors that influence 

inclusion at lower levels, such as innovation adoption and its positive impacts at the user 

level. 

Finally, the analysis of user roles at different stages has theoretical implications for 

inclusion in the innovation structure, especially in the Global South where the poor form a 

significant proportion of the urban population that often depends on mainstream 

infrastructure. This research demonstrated that system effectiveness is enhanced when 

technological innovations are compatible with the dominant socio-technical systems within 

which they are embedded. Currently, inclusion in the innovation structure refers to local 

actors participating in the underlying institutions, relations, and organisations of innovation 

systems (Johnson and Andersen, 2012; Heeks et al., 2013; Aguirre-bastos and Weber, 
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2018) and overlooks the fact that the inclusive (often technological) innovation is part of 

an extensive infrastructural system that serves the same social need. This study, 

nonetheless, showed that the integration of local knowledge and actors in innovation 

systems does not necessarily achieve the goal of inclusion unless researchers adequately 

account for user-technology interactions across the innovation’s lifespan. Similar to earlier 

scholars’ understanding of open innovation systems (Clark et al., 2003; Soete et al., 2010), 

this research identified that experiments that could easily incorporate new processes and 

actors to adapt to prevailing conditions at later project stages created the environment for 

effective knowledge transfer. By expanding what constitutes inclusion in the innovation 

structure to comprise the embeddedness of inclusive innovations in broader infrastructural 

systems, both the rural and urban poor of the Global South would enjoy the positive 

impacts of innovations. This expansion would ensure that inclusive (often low-cost) 

innovations are not exclusive to specific geographical areas and would still be relevant 

when dominant socio-technical systems extend to these areas. This expansion is essential 

for research in most Global South contexts, where, unlike in the Global North, a substantial 

portion of the population does not have access to mainstream infrastructures and yet often 

desires to use them. This contribution brings a new perspective to how innovation scholars 

ought to address innovation compatibility at both the user and system levels. 

 

6.4 Future Research 

In this thesis, I used the core intermediation functions from only three studies 

(Grandclément et al., 2015; Martiskainen and Kivimaa, 2018; Matschoss and Heiskanen, 

2017) that examined intermediation in experiments to analyse the activities in the case 

study projects. This reflects the limited knowledge of how intermediation activities take 

place, especially those of non-intermediaries who play crucial roles to realise the objectives 

of experiments. Attention to this dearth of research will yield more empirical studies to 

better understand how non-intermediaries undertake intermediation activities. Moreover, 

considering how the neutral ambiguity of government-affiliated intermediaries may 

influence the accountability of non-intermediaries, researchers could consider studying the 

implications of non-intermediaries performing intermediation activities on their survival. 
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This is essential, taking into consideration the possibility of non-intermediaries 

encountering new challenges when undertaking intermediation activities such as delays in 

payments and disagreement on cost-reflective tariffs on the part of government-affiliated 

intermediaries. 

Furthermore, considering that the socio-technical perspective adopted in innovation studies 

encompasses sustainability transitions research, transition theories would provide valuable 

insights into RE development in Ghana.  For instance, the need for solar home systems to 

run on alternating current so that users could easily buy ordinary light bulbs used in the 

dominant energy infrastructure questions the degree of overlap that emerging socio-

technical systems (i.e. both technologies and institutions) should have with older ones in 

order to gain a foothold. This future research direction is relevant in the Global South, 

where projects are often implemented in unelectrified rural communities, or “geographical 

niches” (in transitions language). Addressing this knowledge gap will not only inform the 

design of context-specific technologies (as demonstrated in this research) but also give 

insights into the collection of intermediation activities required at various stages of the 

technology development or transition process. Already, Onsongo and Schot (2017) had 

demonstrated the synergy between transition and inclusive innovation theories in their 

work on mobile money adoption in Kenya. The spatial delineation of the multi-level 

perspective (i.e. landscape, regime, and niche) provides the analytical lens to investigate 

how inclusive innovations gain a foothold over a period of time. 

This research gap speaks to the current frontier of sustainability transitions research, 

especially in the Global South, which recognises a multiplicity of technology options or 

socio-technical regimes co-existing to solve the same societal problem (van Welie et al., 

2018; Hansen et al., 2018; Andersen and Markard, 2019). This research was unable to 

provide these insights because the methodology used did not collect historical data to 

analyse the evolution of REPs funded by international donor or development organisations 

in Ghana. Moreover, the research aimed at investigating the implementation strategies of 

recent REPs through which it found that new technologies somewhat depend on already 

existing technologies to attain system compatibility. 
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Finally, this PhD thesis adopted a qualitative approach that gave nuances and contextual 

insights into the factors that user roles depended on to influence user satisfaction with 

RTech attributes. Moreover, quantitative methods that tend to mathematically correlate 

user roles with system success as done in the organisational behaviour literature (Lin and 

Shao, 2000) will further our understanding on how user participation translates into RTech 

adoption to better inform project design and implementation.  

 

6.5 Recommendations 

This research suggests that strengthening actor networks is crucial to RE development in 

Ghana. A heterogeneous actor network will enhance the transfer of knowledge and 

resources (i.e. capital and human) between actors. The Ghanaian government would 

contribute to building a strong constituent around RTechs by enacting policies that ensure 

future REPs initiated by the government or funded by international donors and 

development organisations engage the key actor groups identified in this research (i.e. 

RTech companies, financial institutions, not-for-profit organisations, and government 

agencies). In the long-term, the capacity of these actors would be built so they are able to 

initiate and execute similar projects independently. For instance, local financial institutions 

will gain the requisite knowledge about RE business and be in a better position to offer 

tailor-made finance instruments to a variety of REPs. 

Furthermore, the creation of spaces where RTechs do not compete with dominant energy 

technologies will enhance actor networking and the proliferation of RTechs. The four 

million Ghanaians living in remote unelectrified communities are best served with RTechs 

since it is uneconomical to extend the national electricity grid to these areas (Kemausuor 

and Ackom, 2017). Currently, the Energy Ministry has plans to build 50 mini-grids in 

unelectrified island and lakeside communities by 2020 and 300 by 2030 (Arranz-Piera et 

al., 2018). This initiative would present an opportunity to engage relevant Ghanaian RE 

actors to provide energy for these communities. Designating certain mainland and island 

communities to be solely dependent on RTechs means the activities of key sector actors, 
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especially RTech companies, will outlast the usual two-year maintenance contrasts since 

their services will continuously be in demand.  

The flexibility in RE systems that allow rural dwellers to meet a wide range of basic energy 

needs could address critics’ concerns about market-driven approaches not being inclusive 

(Ulsrud et al., 2011; Papaioannou, 2014; Ahlborg and Sjöstedt, 2015; Barrie and 

Cruickshank, 2017). Flexible RE systems appear to be adequately inclusive of the rural 

poor, at least regarding their intention, consumption, and impact. For market-driven 

approaches to be successful, policymakers ought to give critical attention to the appropriate 

choice of technology, such as mini-grids, that ensures the rural poor can meet their needs 

long after projects have been implemented. In certain contexts, such as dispersed 

communities where fixed distributed technologies are the most economical option, the 

presence of reliable organisational and maintenance infrastructure across the technologies’ 

lifespan (usually 20 to 25 years for solar panels) will accommodate changing energy 

demands and build local capacity. 

Furthermore, appropriate rural electrification policies ultimately have a key role to play in 

how successful internationally-funded REPs are. Policies that seek to prioritise 

technologies that offer flexibility in meeting a wide range of energy demands and create 

an environment for the long-term use of such technologies could buffer against the short-

term funding and deadlines of funders to improve project outcomes. For instance, Ghana’s 

rural electrification policy stipulates that it is technically and economically inefficient to 

extend grid electricity to dispersed communities with less than 500 inhabitants (Kemausuor 

and Ackom, 2017). The policy, nonetheless, makes an exception for communities through 

which national electricity lines pass to larger towns and communities. As a result, 

communities that were rightly powered by solar home systems were later connected to the 

national grid, leading to system abandonment. This scenario further limits the space or 

shortens the time for the long-term implementation of REPs. 

The analysis of how user participation influenced RTech adoption showed that different 

user roles and RTech types had varying degrees of influence on project outcomes. It also 

revealed that there was not a standard framework for implementing REPs funded by 

international organisations. Policies addressing such a gap would consider the scale of 
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projects and RTech type to inform the kind and extent of user participation suitable to 

ensure positive outcomes most economically. Most importantly, such policies will make 

sure that user participation does not entail the mere selection of RTech or identification of 

installation sites, but users are involved in the design of systems that are easy to understand 

and use. Policies that define actor roles in REPs would enhance accountability within the 

RE sector, such that not only government regulatory agencies but even users can hold 

RTech companies or not-for-profit organisations accountable for not following due 

process. 
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APPENDIX 

Appendix 1: Case Study Projects 
 

Ghana Energy Development and Access Program (GEDAP) mini-grid project: The 

GEDAP mini-grid project is a $5 million United States Dollars (USD) project funded by 

the World Bank. The GEDAP Secretariat, a parastatal under the Energy Ministry, is the 

client and supervisor of the project (see Figure A1). A total of five mini-grids have been 

built on four islands in the Volta Lake to provide electricity services for lighting, mobile 

phone charging, watching television, and refrigeration. All mini-grids have a backup diesel 

generator. Pediatorkope (the selected study area) is, however, the only island with a hybrid 

solar (75 per cent) and wind (25 per cent) system. Pediatorkope was selected for this 

research due to its proximity to the capital city (Accra), short boat trip (ten minutes) from 

mainland, and lower transportation risk than the other islands. Construction and installation 

began in December 2015 and project was commissioned February 2016.  

 

 

Figure A1: Organogram of GEDAP mini-grid project. 

 
 



 

148 
 

In Pediatorkope, there are 13 communities, but the mini-grid serves at total of 125 

household in five communities on the island. The main occupation of the men on the island 

communities is mining of oysters while the women do the selling. Other community 

members farm onions, cassava, maize, and tomatoes. The island is 16 square kilometres in 

size with seven churches, a mosque, two basic schools, and a clinic. The main language 

spoken is Ada.  

Apex Bank solar project: The Apex Bank solar project was implemented by the GEDAP 

Secretariat in 2009, with Apex Bank (the central bank for rural banks in Ghana) as an 

implementing partner. The project was funded by the World Bank, the International 

Development Association, Global Partnership for Output-based Aid (GPOBA), and the 

Global Environment Facility (see Figure A2). A total of 13 districts were beneficiaries of 

this project. Service providers were approved private solar companies that were members 

of the Association of Ghana Solar Industries. GPOBA provided subsides up to 50 to 60 per 

cent on three different solar systems: $300 USD for small solar home systems (SHS) (i.e. 

10 – 20 Wp); $450 USD for medium sized SHS (i.e. 21 – 49Wp); and $550 USD for large 

SHS (50 – 100Wp). The remaining 40 to 50 per cent of SHS cost were paid through loans. 

Solar lanterns were not subsidized so users paid the full cost of $40 USD.  

 

 

Figure A2: Organogram of Apex Bank solar project. 
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Beneficiaries were required to make periodic payments to cover the remaining cost within 

three years. Depending on service providers, some systems (e.g. 50 Wp and 100Wp SHS) 

had a television and a ceiling fan. The aim of the project was to provide basic electricity 

services and create a market for off-grid SHS electrification in rural communities in Ghana. 

The project also aimed at creating a sense of ownership among beneficiaries to increase 

the maintenance of solar systems. The project exceeded its target of 15,000 by supporting 

the supply of solar systems to 16,500 households. 

Two beneficiary communities, Bulbia and Yizesi, were selected as study areas. Both 

communities are Mampruleh speaking Muslim communities with mud houses with 

aluminium roofing sheets. Prior to the installation of the solar systems, generators were 

used for business and charging of mobile phones for a fee (50pesewas – 1cedis). Also, the 

main sources of lighting were torch lights and kerosene lamps. Bulbia is in the West 

Mumprusi District and has the second largest market after Walewale, the district capital. 

The main occupation of the people in the community is farming (maize, groundnut, and 

onions) and the rearing of livestock (sheep, goat, and guinea fowl). There is one basic 

school in the community and the nearest clinic is in Kpasenkpe, about 20km away. Yizesi 

is in the Mamprugu Mogoduri district, Northern region, and had a population of 4,376 with 

235 houses by 2010 (Ghana Statistical Service, 2014). The community has one primary, a 

junior high school, and a clinic. The nearest senior high school is in district capital, which 

is about 30km away. Farming is the main occupation in Yizesi. Crops grown are corn and 

millet. 

Elecnor solar project: The Elecnor project is a €5 million euros Spanish government-

funded project aimed at providing electricity to five public institutions: the Ghana Health 

Service, Ghana Police Service, Customs Excise and Preventive Services, Ghana Education 

Service, and Ghana Immigration Service with facilities in remote areas (see Figure A3). 

Project implementation started in 2010 and ended in 2013 with monitoring, maintenance, 

and evaluation lasting for another two years. Beneficiary public institutions are in 40 

districts spread across all ten regions in Ghana. Systems distributed include SHS, solar 

streetlights, solar vaccine refrigerators, and battery charging systems.  
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Figure A3: Organogram of Elecnor solar project. 

 

Three basic schools located in Vome, Adidokpe-Battor, and Kanuwlue were visited. All 

the communities have populations less than 1,000 and are in the North Tongu district, Volta 

Region. The main occupations in these communities are farming (i.e. pepper, groundnut, 

and cassava) and fishing.  

Kumasi Institute of Tropical Agriculture (KITA) biogas project: The KITA biogas project 

was funded by SNV Netherlands Development Organisation (SNV) and implemented by 

the Centre of Energy, Environment, and Sustainable Development (CEESD) (see Figure 

A4). The project’s objective was to build capacity for local engineers and artisans in the 

design and construction of biogas plants. Other objectives were to treat waste and generate 

energy in the process. To achieve this, officials of SNV selected KITA, since it had 

challenges treating its organic waste. KITA is a tertiary agriculture institution offering 

technical and vocational training to current and prospective farmers. The school had a 

student population of 75 with about half living on campus at the time of the research. It 

rears livestock such as pigs, sheep, and goats. It also has a small farm with a variety of 

crops. These generate a substantial amount of organic waste, hence the need to find a 

sustainable way of treating it. Project implementation commenced on 18th December 2013 

and was commissioned on 6th May 2014. The facility comprises of a ten-seater water closet 
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toilet, a 40 cubic meter biogas digester, a ten cubic meter biogas balloon and a 3.5-kilowatt 

generator. The digester has the capacity to produce twelve cubic meters of biogas per day 

which can provide six hours of electricity. Additionally, a four-burner biogas stove has 

been installed for students to use in preparing meals during school days and vacations as 

well.  

 

 

Figure A4: Organogram of Kumasi Institute of Tropical Agriculture biogas project 

 

Switch Africa Green (SAG) Biogas Project: The SAG project is funded by the European 

Union, facilitated by United Nations Environment Program (UNEP) in partnership with 

United Nations Development Program (UNDP) and United Nations Office of Project 

Services (UNOPS) (see Figure A5). The project aims to support African countries 

transition into green economies by catalysing development through private sector led 

participation. The biogas project is a component of a broader SAG project being 

implemented by Ghana National Cleaner Productions Centre (GNCPC). The GNCPC is an 

NGO registered under the Environmental Protection Agency (EPA), which is also a 

subsidiary of the Ministry of Environment, Science, Technology and Innovation (MESTI). 

The SAG project commenced in June 2015 and was meant to support the introduction of 
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biogas technologies in Ghana by constructing biogas digesters in senior high schools and 

train artisans in the process. The project has trained 72 artisans on how to build biogas 

digesters. New biogas digesters were to be constructed in senior high schools and existing 

septic tanks converted to digesters. The project aimed to build ten biogas digesters in seven 

schools in the Greater Accra region. Only one out of the ten biogas digesters have been 

completed. Interviews were granted in two schools, namely: St. John’s Grammar Senior 

High School (SJG) and Ordogonna Senior High School (ODG). Both schools have 

boarding facilities to accommodate students. SJG has a completed and functional digester 

(at the girls’ dormitory). ODG has two uncompleted digesters. One was built at the girls’ 

dormitory and the other, at the boys’ dormitory. Both schools had over 2000 students.  

 

 

Figure A5: Organogram of Switch Africa Green biogas project 
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Appendix 2: Semi-Structured Interview Questions 

 

Semi-structured interviews with users 

1. Why did you decide to use the RTech? 

a. What were your expectations before using the RTech? 

 

2. What are the benefits of using the RTech? 

 

3. How has your lifestyle changed since you started using the RTech? 

a. How did you get used to these changes and how long did it take? 

 

4. What are the challenges you have encountered? 

a. Describe how these challenges affected your daily lifestyle? 

b. Have you made any modification to the RTech? If Yes, what are these 

changes and how did you go about them? 

 

5. Do you like the changes in lifestyle after the use of the RTech? 

a. Why or why not? 

 

6. Which accepted behaviours in the community don’t you indulge in anymore? 

a. Are there new ones due to RTech adoption? If Yes, which one do you 

indulge in? 

 

7. Did you play a role during project implementation? 

If Yes, which one? 

a. How significant is your role? 

b. What were the challenges of your role? 

c. How do you give feedback about the operation of RTech? 

d. Did your feedback improve the services provided? If Yes, how? 

e. What suggestions do you have to improve on project implementation? 

 

Semi-structured interviews with community leaders (users) or top management staff 

1. Under what circumstances do energy issues in this community get significant 

attention? 

 

2. What role did you play during project implementation? 

a. How significant was your role? 

b. What were the challenges of your role? 

 

3. What challenges were encountered during project implementation? 

a. What were the challenges you encountered working with the local 

government? 
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b. What were the challenges you encountered working with the project 

implementers? 

c. What were the challenges you encountered with the users of RTech? 

d. What were the challenges you encountered working with the company that 

installed the RTech? 

e. Were there any changes that had to be made during project implementation? 

If Yes, what are these changes and how did you go about them? 

 

4. What suggestions do you have to improve on project implementation? 

 

Semi-structured interviews with international funders 

1. What is the aim of this project? 

a. How is the project in line with the goals of your organisation? 

 

2. What role did you play during project implementation? 

a. How significant was your role? 

b. What were the challenges of your role? 

 

3. What challenges do you encounter during project implementation? 

a. What were the challenges you encountered working with project 

implementers?  

b. What were the challenges you encountered working with the national 

government? 

c. What were the challenges you encountered working with the local 

government? 

d. What were the challenges you encountered working with the company that 

installed the RTech? 

e. Were there any changes that had to be made during project implementation? 

If Yes, what are these changes and how did you go about them? 

 

4. What measures did you use to ensure sustainability of the project? 

 

5. What criteria are used to define a successful project? 

6. How do you see the future of RTech in Ghana and why? 

 

Semi-structured interviews with project implementers 

1. What are the potential benefits of the project? 

 

2. What role did you play during project implementation? 

a. How significant was your role? 

b. What were the challenges of your role? 
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3. What challenges do you encounter during project implementation? 

a. What were the challenges you encountered when working with international 

funders? 

b. What were the challenges you encountered when working with local 

governments? 

c. What were the challenges you encountered with the installers? 

d. What were the challenges you encountered with the users of RTech? 

e. Were there any changes that had to be made during project implementation? 

If Yes, what are these changes and how did you go about them? 

 

4. What measures were used to ensure sustainable energy supply? 

 

5. What mechanism is used to get feedback from users? 

a. How was local innovation incorporated in the project? 

 

6. What criteria is used to define a successful project? 

 

7. What suggestions do you have to improve on project implementation? 

 

Semi-structured interviews with local government officials 

1. What are the energy needs of this community? 

 

2. What role did you play during project implementation? 

a. How significant was your role? 

b. What were the challenges of your role? 

 

3. What challenges did you encounter during project implementation? 

a. What were the problems you encountered when working with project 

implementers and international funders? 

b. Were there any changes that had to be made during project implementation? 

If Yes, what are these changes and how did you go about them? 

 

4. What measures are used to ensure sustainable energy supply? 

 

5. When or under what circumstances do energy issues in this community get 

significant attention? 

 

6. What mechanism was used to get feedback from users? 

a. How was local innovation incorporated in the project? 

 

7. What criteria are used to define a successful project? 

 

8. What suggestions do you have to improve project implementation? 
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Semi-structured interviews with installers 

1. What are the potential benefits of the project? 

 

2. What role did you play during project implementation? 

a. How significant was your role? 

b. What were the challenges of your role? 

 

3. What challenges did you encounter during project implementation? 

a. What were the challenges you encountered when working with international 

funders? 

b. What were the challenges you encountered when working with local 

governments? 

c. What were the challenges you encountered with the users of RTech? 

d. Were there any changes that had to be made during project implementation? 

If Yes, what are these changes and how did you go about them? 

 

4. What measures were used to ensure sustainable energy supply? 

 

5. What mechanism was used to get feedback from users? 

a. How was local innovation incorporated in the project? 

 

6. What criteria is used to define a successful project?  

 

7. What suggestions do you have to improve on project implementation? 
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Appendix 3: Questions for Participatory Activities 

Focus group discussions and mental mapping (men and women groups) 

1. Which RTech has been installed and why? 

 

2. What are the benefits of using RTech? 

 

3. What are the disadvantages of using RTech? 

a. Describe the challenges encountered.  

b. Have you made any modification to the RTech you adopted? If Yes, what are 

they and how did you go about them? 

 

4. How has your daily lifestyle (e.g. eating together or chatting with friends at night) 

changed since you started using the RTech? 

a. Which accepted behaviours in the community have changed? 

b. Are there new accepted behaviours? If Yes, what are they? 

 

5. How did you get used to these changes and how long did it take? 

 

6. What suggestions do you have to improve on project implementation? 
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Appendix 4: Survey Questions 

Gender                               Type of house                                         Type of roof 

Male                               Single detached house                           Thatch                             

Female                           Shared house                                          Asbestos                          

                                        Mud house                                                Aluminium                     

  

Opening Questions 

1. Which renewable energy technology do you use? 

a. Biogas digester 

b. Solar PV    

c. Solar lantern 

d. Solar Pico PV 

e. Solar mini grid 

 

2. How did you hear about this technology? 

a. Radio 

b. Television 

c. Friend 

d. Family member 

e. Others ……… 
 

Demographic 

3. What is your age? 

Answer: ………… 

4. What is your occupation? 

 

…………………….  

 

5. What is your highest level of education? (number of years spent in school) 

Answer: …………. 

6. How many people live in your house? 

Answer: …………… 

7. How many school going kids live in your house? 

 

Answer: ………… 
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8. Which of the following do you own? 

a. A car 

b. A motorcycle 

c. A bicycle 

d. A boat/canoe 

e. A boat/canoe with outboard motor 

f. None 

g. Others ………… 

Renewable energy technology 

9. Have you bought any appliances since you started using this technology? 

a. Yes                     b.   No 

 

If Yes, which one? (Tick all that apply) 

b. Cooking stove 

c. Television 

d. Mobile phone 

e. Refrigerator 

f. DVD player 

g. Radio 

h. Others …………… 

Lights 

10. Do you use this technology for lighting? 

a. Yes                  b.   No 

 

If Yes, what is the main energy source you used for lighting before using this 

technology? (Please rank and add cost of fuel) 

 

Fuel Rank Cost in a 

month 

(cedis) 

Dung   

Firewood   

Charcoal   

Kerosene   

Liquefied petroleum gas   

Diesel/petrol (for 

generators) 

  

Grid Electricity   
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11. How much did you spend on this technology? 

 

Answer: ……………  

 

12. How much do you now spend on fuel for lighting in a month? 

 

Answer: ………… 

 

13. If you were not using this RTech, what is the maximum amount you are willing to 

spend on lighting per month? 

Answer: ……………. 

14. Comparing the energy sources which one is more expensive? 

 

Answer: ……………… 

 

15. Has this technology helped you save time in anyway? 

a. Yes                          b.     No 

 

If Yes, what is this extra time used for? 

b. Work 

c. Studies 

d. Cooking 

e. Leisure 

f. Others ………. 

 

 

16. At night, how long did you keep lights on before you started using this technology? 

Answer: …………. 

 

17. At night, how long do you keep lights on using this technology? 

 

Answer: ………… 

 

Cooking 

18. Do you use this technology for cooking? 

a. Yes           b.    No 
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If Yes, what energy source did you use for cooking before using this technology? 

(Please rank and add cost of fuel) 

 

Fuel Rank Cost in a 

month 

(Cedis) 

Dung   

Firewood   

Charcoal   

Kerosene   

Liquefied petroleum gas   

Diesel/petrol (for 

generators) 

  

Electricity   

 

19. How much do you now spend on fuel for cooking in a month? 

 

Answer: ………… 

 

20. What is the maximum amount you are willing to spend on cooking per month? 

Answer: ……………. 

21. Comparing the two energy sources which one is more expensive? 

 

Answer: ……………… 

 

22. What is the main dish you prepare during lunch or supper? 

 

Answer: …………… 

 

 

23. Do you spend more or less time cooking with this technology? 

a. More 

b. Less 

c. Same 
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If Less, what is this extra time used for? 

a. Work 

b. Studies 

c. Cooking 

d. Leisure 

e. Others ………. 

Relative Advantage 

 

24. What are the advantages of using this technology? (Tick all that apply) 

a. It provides electricity 

b. It is a source of light 

c. It is a source of clean cooking fuel 

d. It saves money 

e. It saves time 

f. To reduce smoke emissions 

g. Others ……… 

 

25. Did you start any new business or income generating activity with this new 

technology? 

a. Yes                     b. No 

 

If Yes, which one (s)? 

Answer: …………. 

 

26. Has this new business activity generated some income? 

a. Yes                    b. No 

 

If Yes, how much do you earn in a month? 

 

Answer: …………. 

Complexity 

27. How well do you know how this technology works? 

a. Excellent 

b. Good 

c. Fair 

d. Poor 

28. How difficult was it to use the technology? 

a. Very difficult 

b. Difficult 

c. Neutral 

d. Easy 

e. Very easy 
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Compatibility 

29. To what extent has this technology improved the following social activities?  

 

(Please rank; 1 – very small extent; 2 – small extent; 3 – moderate extent; 4 – large 

extent; 5 – very large extent) 

 

 

Social activities Extent of improvement 

Chatting with friends and family 

members 

 

Helping friends and family members 

to fish or farm 

 

Worshipping  

Eating together  

Telephone conversations  

Watching television  

Others …………  

 

30. To what extent has this technology disrupted the following social activities? 

 

(Please rank; 1 – very small extent; 2 – small extent; 3 – moderate extent; 4 – large 

extent; 5 – very large extent) 

 

Social activities Extent of disruption 

Chatting with friends and family 

members 

 

Helping friends and family members to 

fish or farm 

 

Worshipping  

Eating together  

Telephone conversations  

Watching television at movie centres  

Others …………  

 



 

164 
 

31. Did this technology cause any other disadvantage? 

a. Yes                            b. No 

 

If Yes, which one? Answer: …………. 

 

When did you experience it? Answer: …………. 

 

Where did it occur? Answer: …………. 

 

32. Are there any accepted behaviours that have emerged due to the adoption of this 

technology? 

a. Yes                            b.    No 

If Yes, tick all that apply. 

a. Playing loud music 

b. Proper disposal of refuse 

c. Watching television till midnight 

d. Discussion of national issues 

e. Others ……… 

 

33. List the things you like about using this technology? 

a. …………… 

b. …………… 

c. …………… 

d. …………… 

e. …………… 
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Appendix 5: Human Ethics Approval 
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Appendix 6: Participant Information Form 
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169 
 

Appendix 7: Participant Consent Form 
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Appendix 8: Letter Stating No Human Ethics Required from Ghana 
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Appendix 9: Publication in Energy Research and Social Science 
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Appendix 10: Submission to Energy Policy 
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Appendix 11: Statistical Analysis of Survey Data in Chapter Four 

 

Alpha value of 0.05 level of significance was used to test differences in groups. Decision 

rule is to reject null hypothesis if p-value is lesser than 0.05, signifying that the differences 

observed are not by chance and are statistically significant.  

 

Table A1: ANOVA for relative advantage of solar systems 

SUMMARY 
      

Groups Count Sum Average Variance 
  

Provides electricity 5 3.44567524 0.68913505 0.07141567 
  

Provides light 5 4.588843618 0.91776872 0.00471489 
  

Saves money 5 1.820360184 0.36407204 0.01199989 
  

Reduces smoke 
emissions 

5 0.792053023 0.1584106 0.001442 
  

Saves time 4 0.843137255 0.21078431 0.00875376 
  

Source of clean 

cooking fuel 

4 0.368347339 0.09208683 0.00355718 
  

ANOVA 
      

Source of Variation SS df MS F P-value F critical 

Between Groups 2.563668692 5 0.51273374 28.5412399 6.3991E-09 2.661273917 

Within Groups 0.395222572 22 0.01796466 
   

Total 2.958891264 27         

 

Table A2: ANOVA for extent of improvement in social activities 

SUMMARY 
     

Groups Count Sum Average Variance 
  

Very small extent 30 9.06676 0.302225 0.034299 
  

Small extent 30 3.866169 0.128872 0.015062 
  

Moderate extent 30 3.927185 0.130906 0.008637 
  

Large extent 30 6.98168 0.232723 0.029781 
  

Very large extent 30 6.158207 0.205274 0.02854 
  

ANOVA 
      

Source of Variation SS df MS F P-value F critical 

Between Groups 0.641451 4 0.160363 6.893292 4.15E-05 2.434065 

Within Groups 3.373223 145 0.023264 
   

Total 4.014674 149         

 

Table A3: ANOVA for knowledge of RTech 

SUMMARY 
     

Groups Count Sum Average Variance 
  

Excellent 5 90 18 29.5 
  

Good 5 313 62.6 109.3 
  

Fair 5 99 19.8 126.2 
  

Poor 5 0 0 0 
  

ANOVA 
      

Source of Variation SS df MS F P-value F critical 

Between Groups 10573.8 3 3524.6 53.20151 1.52E-08 3.238872 

Within Groups 1060 16 66.25 
   

Total 11633.8 19         
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Table A5: ANOVA for difficulty to use RTech 
SUMMARY 

     

Groups Count Sum Average Variance 
  

Very difficult 5 0 0 0 
  

Difficult 5 34 6.8 38.7 
  

Neutral 5 147 29.4 209.3 
  

Easy 5 224 44.8 245.7 
  

Very easy 5 98 19.6 38.3 
  

ANOVA 
      

Source of Variation SS df MS F P-value F critical 

Between Groups 6388.64 4 1597.16 15.0109 8.06E-06 2.866081 

Within Groups 2128 20 106.4 
   

Total 8516.64 24         
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Appendix 12: Actor Description 
Table A5: Details of organisations and number of interviewees 

 
Organisations Number of 

interviewees 

Description 

  Mandate Size Sources of funding Years of 

operation (as of 

May 2019) 

Not-for-profit organisations 

SNV Netherlands 

Development 
Organisation 

1 Reduce poverty and increase sustainable economic 

development through capacity building with local actors 

1,110 in 38 countries in 

Africa, Asia, and Latin 
America 

Dutch Foreign Ministry 54 

United Nations 

Environment Program 

1 Fund and implement projects that address environmental 

problems related to the atmosphere, marine and 

terrestrial ecosystems, environmental governance, and 
green economy 

1,118 full time employees 

in 193-member countries 

Contribution from member 

countries 

46 

Kumasi Institute of 

Technology, Energy, 
and Environment 

4 Promote access to sustainable energy, environmental, 

and technological services for the benefit of the poor 
through capacity building, research, policy advocacy, 

project development, and implementation 

Nine employees in Greater 

Accra Region, Ghana 

Donor-funded projects and 

sale of solar lanterns 

23 

Centre for Energy, 

Environment, and 

Sustainable 

Development 

3 Implement renewable energy project and other projects 

that lead to sustainable development 

Seven employees in 

Ashanti Region, Ghana 

Donor-funded projects 9 

Ghana National 
Cleaner Productions 

Centre 

1 Implement projects that will promote resource efficiency 
and cleaner production activities in areas of energy, 

water and raw-material efficiency and waste 

management 

28 employees in Greater 
Accra Region, Ghana 

Ghana government 7 

Institute of Sustainable 
Energy and 

Environmental 

Solutions 

1 Provide training, research, consultancy, and technology 
deployment in the areas of renewable energy and energy 

efficiency, climate change, environmental conservation, 

and natural resources management 

Five employees in Greater 
Accra Region, Ghana 

Donor-funded projects and 
sale of solar lanterns and 

clean cookstoves 

5 

African Centre for 

Energy Polity 

1 Influence African energy policies by providing 

professional analysis, training, advisory services, and 

policy advocacy for the efficient and transparent 
management of Africa’s energy resources. 

Eleven employees in 

Greater Accra Region, 

Ghana 

Donor funds 9 

Government Agencies 

Ghana Energy 

Development and 
Access Program 

Secretariat 

2 Improve the efficiency of electricity distribution 

systems, increase electricity access rate, and transition 
Ghana to a low-carbon economy 

Nine employees in Greater 

Accra Region, Ghana 

Ghana government and 

Donor funds 

11 

Renewable Energy 
Directorate 

5 Set policies for renewable energy adoption in Ghana Twelve employees in 
Greater Accra Region, 

Ghana 

Ghana government and 
Donor funds 

26 
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Energy Commission 1 Regulate and manage the development and utilisation of 
energy resources 

55 employees in Greater 
Accra Region, Ghana 

Ghana government, donor 
funds, and internally 

generated funds by issuing of 

licences and certificates 

22 

Deutsche Gesellschaft 
für Internationale 

Zusammenarbeit 

1 Support the German government to achieve its 
international development agenda by providing solutions 

for political, economic, ecological, and social 

development is a globalised world 

19,506 employees in 130 
countries 

German government 44 

RTech Companies 

Trama Tecno 

Ambiental Barcelona 

1 Provide renewable energy solutions for local and 

international clients 

28 employees in 

Barcelona, Spain 

Revenue from the 

construction of large-scale 

renewable energy systems 

33 

Wilkins Engineering 

Co. Ltd. 

4 Provide grid extension and renewable energy services 

for residential, commercial, and industrial clients 

78 employees in Greater 

Accra Region, Ghana 

Revenue from the sale and 

installation of solar home 

systems 

20 

Vulpec Co. Ltd. 1 Construct biogas digesters for household and 
commercial customers 

One employee in Greater 
Accra Region, Ghana 

Revenue from the 
construction of biogas 

digesters 

8 

Deng Co. Ltd. 1 Provide engineering services related to renewable 
energy, power generation and transmission, water 

filtration and irrigation, sale of equipment and provide 

training and education 

75 employees in five 
regions in Ghana with 

partners in Togo, Benin, 

Liberia, and Sierra Leone 

Revenue from the sale and 
installation of solar home 

systems and training of 

artisans 

31 

Association of Ghana 
Solar Industries 

1 Advocate for favourable policies for the solar industry Nine industry members 
and 28 associate members 

Revenue from the sale and 
installation of solar home 

systems and the collection of 
dues from members 

13 

Financial Institutions 

World Bank 1 Provide loans to countries to implement projects to 

reduce poverty 

Over 10,000 employees in 

more than 120 offices 
worldwide 

 

International Bank of 

Reconstruction and 
Development and 

International Development 

Association 

74 

Apex bank 1 Keep accounts and maintain primary cash of rural bank 
reserves. Also monitors, inspects, supervises, and 

ensures compliance 

3,101 employees in eleven 
branches located in ten 

regions of Ghana 

Revenue generated from 
services provided to rural 

banks 

19 

Builsa South 
Community Rural 

Bank 

1 Offer savings and loans services for residents of rural 
communities in the Builsa district 

Twelve employees in the 
Northern Region, Ghana 

Revenue from services 
provided to customers 

23 

Totals 

19 31  
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