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Executive Summary  
 

Rwanda is experiencing a period of rapid development, which is putting strain 

on its electricity supply as demand is increasing at a rapid pace. To solve this 

problem, the state implemented a number of policies aimed at expanding 

electricity generation and the electricity grid, receiving ample support from 

various transnational actors. However, this policy has proven to be 

uneconomical, instigating the realisation that especially off-grid solar PV has an 

important role to play in order to meet demand. As such, there is a need to 

analyse the solar market, in order to identify how national and transnational 

actors should act to enable the market to meet demand.  Consequently, the 

research question of this thesis is What is the dynamics of the Rwandan Solar PV 

innovation system, what role do transnational actors play and how can the 

dynamics be improved? 

 

The research found the market to be developing, with an increasing number of 

firms entering, networks between actors to be developing and the state starting 

to align itself to markets needs. However, the market is still at an early stage of 

its development and as such, several components are weak. For example, Solar 

PV is not sufficiently popular, human and financial capacity is lacking and there 

is insufficient policy and coordination for the market to flourish. Transnational 

actors play a vital role in the market, indeed it would not function without them. 

 

To enable the market to grow, these weaknesses need to be addressed, requiring 

action from both national and transnational actors as their actions both enable 

the market to grow but also generate the weaknesses. Generally, coordination 

needs to be improved and policy set. Specifically, it is recommended a 

coordinating agency be formed which can create, own and implement market 

formation policies, improve education and increase coordination between actors.  

Transnational actors should support these efforts in various ways. Finally, it is 

imperative that actors address the weaknesses caused by their actions.  
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1. Introduction 

 

Rwanda, landlocked and poor yet highly ambitious and successful. Being the size 

of Wales with a population of 11 million, the country has managed to overcome 

the drawbacks of its geographic location and violent past to correctly be 

described as an African success story (Smith, 2012). Its developmental 

improvements are highly impressive and its economic growth has led GDP per 

capita to increase from 206 USD in 2002 to 644 USD in 2012 (Republic of 

Rwanda, 2013). Consequently, there is a growing energy demand. Currently, 

Rwanda’s per capita electricity consumption is one of the lowest in the world. At 

42 kWh per year, it is less than a tenth of the sub-Saharan average of 478 kWh 

(Republic of Rwanda, 2012b). Moreover, electricity costs are high, the grid is 

poorly developed and there is a significant reliance on diesel imports to run 

generators, leaving more than 84 per cent of the population without access to 

grid electricity. As such, the lack of access to, and output of, affordable and 

reliable electricity is hindering both economic growth and human development, 

constituting a major challenge for a country needing to spur economic growth 

and decrease its trade deficit.  

 

Unsurprisingly, the ambitious Rwandan state has attempted to address this 

challenge. First, it aimed to increase power generation capacity from current 110 

MW to 1000 MW by 2017 by planning dozens of macro, micro and Pico 

hydropower plants along with peat, geothermal and methane gas plants 

(Republic of Rwanda, 2012b, Danish Energy Management et. al., 2012). Second, it 

initiated a grid expansion program, which aimed to increase grid connections 

from 6 to 70 per cent of the population also by 2017, of which 16 per cent have 

now been connected (Republic of Rwanda, 2012b). Third, with the help of donor 

funding, 300 rural schools and between 50-100 health centres have been 

electrified (Republic of Rwanda, 2012b, EU & GIZ 2013).1   

 

                                                        
1 Documents provide varying figures. 
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Rwanda’s energy sector is, indeed, strongly connected to transnational actors, 

such as foreign donors, NGOs and private enterprises and various transnational 

actors have played an integral part in developing and executing Rwanda’s 

response to its growing energy demand. Help has not merely been in the passive 

form of monetary support but also the provision of human capacity and 

alignment of donor-run projects. 

 

Regretfully, several problems have arisen. First, the power generation targets 

were overambitious, forcing them to be lowered to 563 MW by 2017 (Republic 

of Rwanda, 2013). Second, the viability of several key technologies such as 

geothermal and methane gas extraction is still uncertain. Thus, even if extraction 

attempts are successful, the final cost per kWh is still unknown. Third, the grid 

expansion targets were overambitious. Arguably, the target could not be met on 

time. Also, the projects proved to be uneconomical as first, each grid connection 

is subsidised by between 600 and 1000 USD and second, to fund the connection 

cost, each customer needs to use about 130 kWh per month. However, around 

half of the customers use less than 20 kWh, and only 17 per cent use between 51 

and 151 kWh (Republic of Rwanda, 2012b). Targets have subsequently been 

reduced to connecting 45 per cent of the population to the grid, which is still 

ambitious. However, this leaves 55 per cent of the population, 1.2 million 

households, requiring to be electrified by other means. Finally, problems have 

arisen with the PV electrification program of rural schools and health centres. 

Moreover, concerning the solar sector in general, there are doubts whether 

public and donor actors are sufficiently focused on creating a sufficiently 

conducive environment for the private sector to thrive in. Examples of this are 

poorly designed tendering processes, poorly managed Operation and 

Management [O&M] and the over-subsidisation of end-users.  

 

The range of problems has led to a realization in the Rwandan state that there is 

a need to reflect on existing policies. In this rethink solar PV along with micro 

hydro are seen as the solution to electrifying 55 per cent of the population, or 1.2 

million households. Currently, the solar PV sector is small in relation to other 

technologies in the country, but with the newly articulated expectations, it will 
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need to grow substantially. Vitally, no policies or regulations have yet been 

introduced on how this target should be met, with a discussion currently 

occurring whether the armed forces or the private sector should be responsible 

for diffusing the technology.  

 

The aim of this thesis is to provide policy advice as to how a private sector led 

diffusion process can be initiated, with a special focus given to the role of 

transnational actors. This is done by making a system analysis of the solar sector, 

covering not only off-grid solar, but also on-grid solar since it is fast becoming a 

more attractive option due to price falls and improved, grid stabilising inverters. 

As such, the empirical focus of this thesis was selected for two reasons: 1) due to 

the technology’s strategic importance for Rwanda in terms of meeting its targets 

for growth, equity and environment and 2) in order come with 

recommendations to transnational actors how they can first improve the 

effectiveness of their projects and second on what areas they should focus their 

attention on. As such, the report should be helpful for actors, both national and 

transnational in character. 

 

The analytical framework chosen is that of Technological Innovation Systems 

[TIS]. This is an innovation system concept that was developed for 

understanding the dynamics and market developments of a specific technology 

and to provide recommendations for actors involved. Consequently, it is suitable 

for this study (Bergek et. al. 2008, Wieczorek & Hekkert 2012). Using TIS, the 

main research question of this thesis is What is the dynamics of the Rwandan 

Solar PV innovation system, what role do transnational actors play and how can 

the dynamics be improved? 

 

To address this question, it is important to distinguish the types of actors 

involved in the field, including transnational actors, what infrastructural and 

institutional contexts they operate in and how their activities contribute to the 

functioning of the Rwandan Solar PV system. Therefore the sub-questions below 

require answers. 
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1) What is the structure and dynamics of the Solar PV innovation system? 

a) How central are transnational actors in the structure and dynamics?  

2) What are the inducement and blocking mechanisms of the system? 

a) What role do transnational actors play in stimulating or blocking the 

diffusion of solar PV?  

3) What policies and strategies are suitable to improve system dynamics?  

a) national actors 

b) transnational actors. 

 

The thesis is divided into six parts. The first, sections 2 and 3, describes the 

analytical framework and methodology used. Section 4 analyses the structure of 

the Solar PV innovation system by describing its actors, networks, institutions 

and technology. Section 5 analyses the dynamics of the system. Section 6 

identifies weaknesses that obstruct system dynamics. Finally, section 7 discusses 

possible solutions as to how they can be addressed.  

 

2. Analytical framework  

 

When assessing matters of innovation and technology for policy makers, 

neoclassical economists propagate the notion of market failure. However, 

scholars in the field have by now “completely rejected [this] approach as a basis 

of policy action” with a system approach often deemed more appropriate 

(Bergek et. al. 2008 p 407). Technological Innovation Systems, which are “socio-

technical systems focused on the development, diffusion and use of a particular 

technology (in terms of knowledge, product or both)” (Bergek et. al. 2008 p 408), 

developed out of work conducted in the field of innovation systems during the 

1990s and is seen as a superior tool compared to the market failure approach as 

it allows for a systematic identification of a more comprehensive range of policy 

challenges. Indeed, it is increasingly widely used by scholars and policy makers 

when analysing the required energy transformation, as seen in Jacobsson & 

Bergek (2011) and Wiezcorek et. al. (2013).  
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From an innovation studies approach, diffusion of a technology is not only 

influenced by characteristics of the technology, actors and markets but also by 

institutions and networks. Innovation studies use the concept of the innovation 

system to describe this environment. In order for the system to function well, 

each part of the system needs to be developed.2 If the system fails to develop, or 

performs poorly, problems on the systemic level, called systemic weakness, 

exists, requiring coordinated policy attention. Innovation systems literature 

argues and demonstrates that Innovation Systems is an appropriate approach 

for looking at these issues also in the context of developing countries (Jacobsson 

& Bergek 2006, Gebreeyesus & Iizuka 2011). As such, as an analytical construct 

to illustrate the dynamics of a system and its performance (Bergek et. al. 2008 p 

408), TIS is suitable for this thesis. 

 

3. Methodology 

 

3.1 Description of TIS stages 
 

This TIS analysis consists of five stages. The first stage defines the broader 

context in which the Rwandan Solar PV TIS operates. This is done to gain an 

understanding of competitors to the TIS. The second stage analyses the structure 

of the TIS, painting a picture of its technology, actors, networks and institutions. 

The aim of this stage is to give an overview of the system’s structure. The 

problems connected to the structure are discussed in the third and fourth stages.  

 

The third stage assesses the dynamics of the system, including the centrality of 

transnational actors. This is done by analysing the system through six different 

functions, or sub-processes. These are knowledge development and diffusion, 

influence on the direction of search, entrepreneurial experimentation, market 

formation, legitimation and resource mobilisation.34 Having done this analysis, 

                                                        
2 This does not mean that the action is coordinated by actors striving towards a shared goal, as 
actors might not be conscious a system exists and/or conflicts might abound.  
3 Concerning the functions, the Swedish school and the Utrecht school have slightly different 
versions. As Bergek et. al. (2008) and Jacobsson & Bergek (2011) are used, the Swedish definition 
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the strength of the functions will be summarised. In turn, drawing on the 

functional and structural analyses, the author will judge the centrality of TAs to 

the structure and the dynamics of the system. As such, stage two and three will 

address the first sub question.  

 

There is an important difference between doing a TIS analysis in the context of a 

developing country as compared to that of a developed country. The amount and 

quality of data is not as readily available and does not hold as high a quality as 

can be expected in a Western country. Bergek et. al. (2008) provide examples of 

indicators which can be used to evaluate strength of functions. These will mostly 

not be used due to a lack of available data. Instead, whilst using Bergek et. al.’s 

(2008) definition of functions, the thesis will assess the strength of each function 

by drawing on information and insights from interviews, written sources and the 

opinion of experts. To help this assessment, the following indicators have been 

identified as appropriate. The indicators used for “influence on the direction of 

search” are beliefs in a) market growth, b) technological improvement including 

price reductions and c) in regulatory changes. “Entrepreneurial 

experimentation” meanwhile will use the indicator number of new firms 

entering. “Market formation” relies on market size and development, 

“legitimation uses expectations from policy and donor focus on PV, whilst 

“resource mobilisation” uses human and financial capital. Finally, “knowledge 

development and diffusion” uses a Web of Knowledge search, and a qualitative 

assessment of diffusion between transnational actors and national.  

 

Having painted a picture of the system and acquired an understanding of how 

well it works, the fourth stage identifies inducement and blocking mechanisms, 

assessing what factors explain the performance of the system. This is done by 

identifying which structural weaknesses affect the functions. This enables the 

identification of the structural weaknesses which affects the weaker functions, 

and also those structural weaknesses which are systemic weaknesses in nature. 

                                                                                                                                                               
of processes has been chosen. An important assumption is that the six functions described above 
appropriately reflect the performance of the Rwandan innovation system for solar cells. 
4 A seventh function called development of positive externalities will not be used due to a lack of 
time and space.  
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The identification of these is done by drawing conclusions from the functional 

analysis. Importantly, this stage also identifies the role TAs play in stimulating 

and blocking the dynamics of the system. Consequently, the second sub-question 

will be answered. 

 

The fifth and final stage provides policy and strategy options as to how 

inducement mechanisms can be strengthened and blocking mechanisms 

neutralised. This stage relies on written sources as well as interviews As in the 

earlier stages, the role of TAs will be highlighted in order to answer the final sub-

question.  

 

3.2 Data gathering 
 

This TIS analysis draws on information from four sources: interviews, database 

search, grey reports and academic articles.  

 

Interviews have been held to map the structure and dynamics of the system, 

evaluate the strength of the functions and identify inducement and blocking 

mechanisms. 28 interviews were held with actors from the private, public and 

donor sectors, such as policy advisers, CEOs, low to middle ranking civil servants, 

ministers/former ministers and NGO staff. The length of interviews differed from 

40 minutes up to six hours depending upon the time the interviewees were 

willing to provide. Whilst the discrepancy in interview length can be seen as a 

weakness, this is not the case as shorter interviews compromised on the breadth 

of questions asked, not their depth. Due to the time constraint of interviewees 

and the varying backgrounds of these, the questions were tailored for the parts 

of the system which the interviewee was particularly knowledgeable of. Of the 

28 interviewees, seven were judged to have sufficient insights into the system as 

a whole to be deemed experts, and these were asked to rate the strength of the 

functions on a scale of 0-5. Finally, due to the sensitivity of the research topic, 

anonymity is provided to all interviewees in order to protect their identity, the 
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only differentiation done will be between national and transnational actors.5 See 

annex B for a list of interviewed organisations.   

 

Database searches consisted of a Web of Knowledge search, which contributed to 

assess the strength of the knowledge development and diffusion function.  

 

A third source of information is academic literature, grey reports, documents and 

power point slides from the Rwandan Government, donors, consultants and 

NGOs. Since the energy policy of Rwanda is in a state of transformation, reports 

are still in the draft stage and, thus, subject to alteration. The academic literature 

used has mainly concerned theory, as there is no published academic literature 

on Solar PV in Rwanda. Other written sources have instead been used to map the 

structure and dynamics of the system, identify examples of best practices 

regarding policy options, and verify information provided in interviews. 

 

3.3 Limitations 
 

There are several limitations. First, the thesis is not an exhaustive study, in other 

words not all actors or activities are mapped, only those which are judged to be 

of most importance. Second, it is a snapshot, leaving a time limit to its usability. 

Third, the reliability is dependent on the author’s judgement. Fourth, as the 

analysis is of a product group, certain conclusions might be more or less correct 

depending on the specific product at hand. Fifth, interviewees from the public 

sector were unwilling to acknowledge and discuss issues and blocking 

mechanisms of the Solar PV innovation system. Thus, the value of interviewing 

public servants who did not hold top positions was limited. Consequently, the 

thesis should be seen as a contribution to the on-going discussion regarding 

Rwanda’s energy policy, rather than the provision of watertight solutions. 

Consequently, further in depth research is recommended.  

                                                        
5 This research was done in the context of a research internship on behalf of NL Agency, part of 
the Dutch Ministry of Economic Affairs for a period of six weeks. I was based at Rwanda Utilities 
Regulatory Agency [RURA] where I received material support. However, the interviews were 
organised independently, mostly via networking. Back in the Netherlands, I had another six 
weeks to finalise the thesis.  
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4. The broader context of the Rwandan Solar PV TIS 

 

For this paper, the TIS will use the Solar PV product group as its focusing device, 

a product group being a technology used in several different products. The 

application for this technology is wide as it is used in both on- and off-grid 

systems to produce electricity for multiple purposes, It is important to analyse 

the TIS in relation to other TIS as this will illuminate its position in the wider 

Rwandan energy system, what systems the TIS is competing with concerning 

subjects such as investments and government policy but also what systems it can 

gain technical and policy know-how from. The wider energy system includes a 

geographical scale that goes beyond Rwanda. Finally, wider transnational 

influences need to be considered. 

 
Current electricity generation capacity is between 85 and 90 MW with diesel in 

representing 45 per cent and hydropower 50 per cent in 2010. The remaining 5 

per cent is generated using methane gas (Danish Energy Management et. al. 

2012; Interview with two transnational; Republic of Rwanda, 2012b). As 

mentioned in the introduction, to remedy the problem of a low level of electricity 

supply, the Government of Rwanda [GoR] has an ambitious vision to develop a 

wide range of domestic energy sources such as hydropower, methane gas, 

geothermal, peat and connection to regional grids.6 These will now be briefly 

explained. 

 

Hydropower is a mature technology, which produces cheap electricity (Interview 

with one transnational actor). Currently, many pico, micro and large-scale hydro 

projects are being developed and there is an estimated potential capacity of 400 

MW (Republic of Rwanda, 2012b). Moreover, hydropower could hypothetically 

store energy, with feasibility studies currently being made (Interview with one 

transnational actor). However, hydropower faces a growing problem of 

droughts, induced by global warming (Byamukama et. al. 2011).  

 

                                                        
6 Rwanda is also highly dependent on biomass for energy. However, it will not be covered in this 
thesis. 
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Methane gas extraction from Lake Kivu is currently being developed. It is a novel 

technology and its developers have managed to operate a pilot plant running at 

half capacity. The second phase of the project, a 25 MW facility (RURA, 2013) is 

facing delays, increasing costs and managerial problems (Interview with one 

transnational and one national actor). The potential capacity is estimated at 350 

MW (Republic of Rwanda, 2012b) and its development remains a state priority 

(RURA, 2013). 

 

Geothermal energy is a third energy source under development. Although being 

a proven technology, it is not certain whether Rwanda has commercially viable 

sources but there are hopes of a potential of 700 MW (Republic of Rwanda, 

2012b). If successful, it is a cheap source of energy, and as such, retains state 

priority. 

 

Peat is the fourth potential energy source. As a mature technology, there is 

considerable interest from the private sector to develop the estimated 700 MW 

of sources (Republic of Rwanda, 2012b). Another fossil fuel is diesel, which, 

although vital for the current energy system, is expected to be phased out over 

the coming years as other power plants come online (Interview with one 

transnational actor) 

 

Concerning regional factors, Rwanda is part of the development of the East 

African Power Pool [EAPP]. It is planned to be connected to the pool by 2015, 

getting access to cheap, regional power sources (Republic of Rwanda, 2012b). 

However, due to geopolitical tensions in the region, along with a wish for 

economic independence, there is an unspoken need and understanding in the 

public sector for the need of energy independence (Interview with one national 

actor).  

 

Finally, transnational factors influence technological development, quality and 

price as well as funding, demand and policy formulation. As such, they play a 

vital role. Transnational actors are, at least, partly exogenous in that their 

strategies are decided outside of the country. These transnational factors will be 
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further developed in the structural analysis. As such, the solar system competes 

with the other systems described above for the support provided by the GoR and 

transnational actors regarding factors such as human and financial capital. 

 

5. Structural analysis 

 

Having described the wider energy system, the technology, actors, networks and 

institutions that together make up the solar PV innovation system will now be 

analysed. 

  

5.1 Technology 
 

Contrary to what some may think, solar PV is not a new technology. In fact it was 

first developed in the 1950s. Interestingly one of its first terrestrial applications 

was for the powering of industrial activity in the Middle East, including oil and 

gas facilities (Interview with one transnational actor). Although it is not a new 

technology, it is only in the last few years that significant price drops can be 

discerned (see market formation), which has caused the sector to expand 

rapidly. Arguably, the technology has reached its breakthrough moment.   

 

Globally, there are three forms of PV technologies: thick and thin film silicon and 

third generation technologies (Baker et. al. 2013). In Rwanda, thick film silicon is 

predominantly used. Solar PV produces electricity by freeing electrons from 

their bonds by photons in sunlight, causing the electrons to conduct electricity 

(Baker et. al. 2013). Figure 1 illustrates this process. Solar PV can either be used 

in on- or off-grid systems. Figures 2 and 3 visualise respective technologies.  
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Figure 1 Solar PV technology 

 

 (Suntynesolar 2013) 
 
Figure 2 On-grid solar PV technology 

 

(Bellamy, n.d.) 
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Figure 3 Off-grid solar PV technology 

 

(Wholesalesolar 2013) 
 

On-grid solar PV faces “the difficulty of integrating large quantities into the 

electric grid. This difficulty arises because the solar resource is both “variable”, 

exhibiting daily and seasonal patterns that are largely predictable, and 

“intermittent”, exhibiting short term variation that is largely unpredictable” 

(Baker et. al. 2013 p4). However, the more PV plants are geographically 

dispersed across a grid, the less of a problem it is (Baker et. al. 2013). Moreover, 

new inverters can stabilise grids rather than destabilising them, especially in 

developing countries with low power in grids (Interview with one transnational 

actor). Off-grid solars main challenge is poor system design. If designed properly, 

it can be used in multiple sectors such as health, communications, electrification, 

media and IT, transport and industry. (Bellamy n.d, Chan, 2012) 

 

For the technology to function, it is dependent on solar insolation. Figure 4 

illustrates global insolation patterns.   
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Figure 4 Solar insolation 

 

(Bellamy 2013) 

 

As observed, Rwanda receives high levels of insolation as compared to other 

regions such as Europe. Moreover, as shown by figure 5, average insolation is 

surprisingly stable across the year, despite the occurrence of the rain season. 

Arguably, this data demonstrates the suitable of Solar PV in Rwanda.  

 

Figure 5 Monthly average solar insolation 

 

(NASA n.d.) 

 

5.2 Actors 
 

There are multiple actors in the Rwandan solar PV innovation system. As 

observed in figure 6, they are categorised into six actor groups that can, in turn, 

either be national or transnational in character, bar ‘other state actors’.7 These 

will now be described in turn.  

                                                        
7 As stated in the methodology, the list is not exhaustive, instead only actors deemed sufficiently 
important will be described and discussed. 
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Figure 6 Actor visualisation 

 

 

5.2.1 State actors 
 

A wide range of state actors hold varying degrees of power and responsibility, 

not least because the organisational structure is in a state of flux. The state of 

flux is linked to a liberalisation process of the electricity sector initiated by the 

former Minister of Infrastructure, Mr Albert Butare, as it was hard to attract FDI 

without adequate standards and regulations (Interview with one national actor). 

As seen in figure 6, there are four central state actors. Figure 7 describes these in 

further detail. 
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Figure 7 State actors 

 

 

Meanwhile, figure 8 illustrates the hierarchy of these organisations. As observed 

by the two figures, the responsibilities, roles and hierarchy are distributed 

amongst multiple actors.  

 

 

 

 

 

 

 

•Sets visions and targets. President's office 

•Responsible for implementation of targets. 
Prime minister's 

office 

•Sets overall policy strategy for implementation and 
coordinate developments in the sector 

•Orients and supervises EWSA. 

Ministry of 
Infrastructure 

[MININFRA] 

 
•Responsible for protecting consumers by approving 
tariffs set by EWSA, reviewing requests and issuing 
licences to private investors and setting feed-in 
tariffs. 

Rwanda Utility 
Regulatory Agency 

[RURA] 

 
•Resposible for linking FDI to energy projects. 

Rwanda 
Development Board 

[RDB] 

•Responsible for the development and operation of 
electricity infrastructure. Also purchases electricity 
from Independent Power Producers [IPP] 

•Expected to be broken up. 

Energy, Water 
Sanitation Authority 

[EWSA] 
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Figure 8 Hierarchical structure 

 

In addition, the Ministry of Health [MINISANTE], Ministry of Education 

[MINEDUC] Workforce Development authority [WDA], Rwanda Environmental 

Management Agency (REMA) and Public Sector Capacity Building Secretariat 

[PSCBS] are also active, e.g. in the form of customers of Solar PV installations and 

as providers of capacity building. 

 

5.2.2 Transnational state actors 
 

The GoR interacts closely with transnational state actors, also called donors, who 

are dominated by five players: the World Bank, The Dutch state, The German 

Development Agency [GIZ], the EU and the Belgian Technical Corporation [BTC]. 

Donor activity concerning the solar sector is, broadly speaking, divided into 
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three areas: 1) funding for the electrification of health centres, hospitals and 

administration centres with off-grid solar, 2) the development of standards, 

guidelines, policy advise and human capacity and 3) private sector development 

projects. Private sector development aims to generate economic growth by 

promoting the development of private enterprises, including business friendly 

rules, regulations and policies (Asian Development Bank 2013).  Figure 9 

provides a short description of each TA actor and which activities they are 

involved in.8  

 

Figure 9 Donors 

 

(Market Scan, n.d., Interview with one national and one transnational actor, Van 

der Plas 2010, EU & GIZ 2013, Disch & Bronckaers 2012, DFID RBF information 

Draft, Energypedia 2013, EU & GIZ 2013, EU & GIZ, EU Delegation to Rwanda 

2012) 

                                                        
8 Please be aware this is not an exhaustive list of donor actors. 

•Funds private sector development such as Toughstuff. 
The Dutch 

state 

•Developed Lightning Africa standards, guidelines and 
supported dealers 

•Developed policy advice for GoR via Lighting Africa project. 
•Funds private sector development.  
•Funds the training of local technicians. 

World Bank 

•About to start a UK Department for International 
Development [DFID] funded project in private sector 
development providing results based financing, which is a 
form of payment by results. 

GIZ 

•Funded the electrification of 50 health centers using off-grid 
solar PV. BTC 

•Funded the electrification of 300 schools using off-grid solar 
PV. 

•Part funded development of Rwandas National Energy Policy. 
•Provided 1500 Pico Solar home systems. 

EU 
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Multiple other transnational state actors are also to varying degrees involved. 

For example, RURA has “witnessed viable relationship and partnership” with 19 

regional and international organisations.9 (RURA 2013 p12). Also, RDB has 

“advisory and hands-on support from global entrepreneurs and experts from 

Singapore Development Board, World Bank, IFC and the Office of Tony Blair” 

(Rwanda Development Board, 2013). Moreover, Kigali Institute of Technology 

[KIST] has received funding from UNDP (Interview with one national actor, 

Desmond 2011). Indeed, every state organisation interviewed had a substantial 

transnational presence. 

5.2.3 NGOs 
 

There are multiple national and transnational NGOs operating in the Solar PV 

innovation system. Their activities range from capacity building, provision of 

pico-solar to counter energy poverty, provision of solar for rural hospitals to 

private sector development. Figure 10 provides a list of the relevant NGOs, which 

the author encountered. 

 

                                                        
9 Such as the United Nations Development Programme [UNDP the African Forum for Utility 
Regulators [AFUR], Japan International Cooperation Agency [JICA], the United States Agency for 
International Development [USAID] and the East Africa Community [EAC] (RURA strategic plan, 
2013). 
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Figure 10 NGOs 

 

(Africa Governance Initiative 2013, Interview with two national and one 

transnational actor, One Acre Fund 2012, Hankins et. al. 2009,) 

 

5.2.4 Consultants 
 

Several national consultants work in the energy sector. For example, Albert 

Butare started Africa Energy Services Group. Also, Karisimbi Business Partners 

did a feasibility study for Toughstuff, a private enterprise (Karisimbi Business 

Partners).  

 

Transnational consultants provide support to both national and transnational 

state actors. For example, the Renewable Energy Feed-in Tariff [REFIT] proposal 

•Providing human capacity and policy support to state actors such as the 
ministry of infrastructure and the presidents office. 

Africa 
Governance 

Initiative 

•Involved in private sector development 
•Advises state and private sectoor actors 

GVEP 

•Involved in provision of pico solar to counter energy poverty  
 

World Vision 

•Involved in provision of pico solar to counter energy poverty and private 
sector development 

One Acre Fund 

•Involved in private sector development Care 
International 

•Purchases solar PV for health facilites etc 
Various 

organisations 

 
•Involved in private sector development 

  

Greater 
Rwandan 

Development  
Partners 
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of 2011 was written by consultants (Nexant 2011). Another example is MARGE, 

an environmental consultancy firm, who authored the 2010 World Bank Lighting 

Africa Rwanda report (Van der Plas 2010). Transnational consultants also work 

together with national consultants, as seen by the cooperation between Danish 

Energy Management, Africa Energy Services Group and Practical Action 

Consulting who together wrote the Rwanda renewable energy studies (Republic 

of Rwanda 2012a). 

 

5.2.5 Private sector PV enterprises 
 

All the actors interviewed in this category have a transnational linkage, often in 

ownership, knowledge transfer and/or financial capabilities.10 Indeed, there 

seem to be few firms that have evolved domestically without some form of link 

to a transnational network. Hence, a strict division between domestic and 

foreign firms is not meaningful. Instead, the private sector is divided into two 

parts: firms with no local presence beyond selling goods and services and firms 

with a strong local presence. The firms of these two categories compete for 

contracts concerning PV systems for schools and hospitals. However, for larger 

commercial and utility systems, actors with a permanent presence in the country 

as yet lack the capacity for such projects. 

 

Firms with little or no local presence often participate in tendering processes 

and deliver according to contract. Often, but not always, they operate with a local 

partner (Interview with transnational actors). An example of such a firm is 

Gigawatt Global, an Israeli company, which is in the final stage of negotiating the 

construction of a 8.5 MW commercial facility (Interview with one transnational 

actor). As such, they are not the focus of this thesis as they have limited impact 

on the development of the innovation system beyond supplying PV systems and 

providing limited knowledge diffusion to local partners. Instead, system 

development is dependent on domestic actors gaining sufficient competence, 

developing viable strategies and having access to human and financial capacity 

to compete with foreign actors (Interview with one transnational actor). There 
                                                        
10 The ability to, and price at which, an actor can get access to financial capital. 
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is, indeed, a substantial and growing number of firms with stronger local 

presence.11 The growth of the number of firms and their level of activity is 

confirmed both by interviews (interview with one national and one 

transnational actor) and when compared to studies made on the Rwandan Solar 

market (Desmond, 2011, Hankins et. al. 2009), which shows the number of 

actors to have increased from 6-8 till 21 firms either active or about to become 

active in the last few years. Figure 11 describes the activities of 16 of these. 

(Interview with one national actor) Finally, no Solar PV technology is produced 

within Rwanda. Instead, it is imported from China, the US, Tunisia, Germany and 

the Netherlands (Interview with three national actors). 

 

                                                        
11 There are also retailers who sell solar PV technology of substandard quality. They are not 
included in the list. 
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Figure 11 Private enterprises 

 

 

•Involved in pico solar market. 
•Looking into entering SHS market for smaller systems Toughstuff 

•Involved in pico solar market. K-light 

 
•Involved in pico solar market. Barefoot 

 
•Involved in pico solar market. NURU 

•Involved in solar system for water pumping Davis & Shirtliff 

•Involved in pico solar market. Felix Int 

•Represents D-light 
•Involved in pico solar market. BrazAfriq 

•Entering the solar phone chraring market Unnamed firm 

•Involved in institutional market SECAM 

•Involved in SHS market 
Modern Technology 

Services 

•Involved in pico solar, SHS and institutional market. Great Lakes Energy 

•Involved in pico solar and SHS market B.Boxx 

•Entering SHS market. 
•Contemplating setting up assembly plant Manumental 

•In the final stages of negotiating to build grid connected 
utility sized system Gigawatt Global 

•Owns and operates grid connected utility sizes system Stadtwerke Mainz 

•Negotiating to build grid connected utility sized system CountorGlobal 
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As can be seen by the figure, there are four market segments: pico solar, SHS, 

institutional12 and utility sized systems. The products for the market segments 

are of various complexity and as such require varying level of skills to install and 

maintain.  

 

5.2.6 Knowledge Institutes 
 

Concerning Solar PV, there is seemingly little academic research having been 

done on this subject either by Rwandan or transnational academics. This is 

shown by the lack of academic articles when having done a Web of Knowledge 

search, which legitimises this thesis. However, several universities and colleges 

in Rwanda offer courses linked to solar PV, such as in electrical engineering and 

becoming a solar technician. Examples are KIST, Tumba College of Technology 

and Kicukiro College of Technology (Interview with two national actors, 

Desmond 2011).  

 

Transnational knowledge institutes are connected to the country in several 

ways. First, the Workforce Development Authority [WDA] is connected to 

multiple transnational actors such as BTC, GIZ and the World Bank and amongst 

other things provides funds for technical training (WDA 2013). Moreover, at 

RURA several employees had either done a degree or shorter courses abroad. 

Second, there are informal links between actors and universities such as Durham 

University, Imperial College London, UCL and John Hopkins University 

(Interview with one national actor). Third, there are formal connections between 

universities and the GoR. One example is the Smith School of Enterprise, Oxford 

University, whose former director, Sir David King, is the scientific adviser to 

President Kagame.13 The Smith School is also engaged in policy development 

(Byamukama et. al. 2011). 

 

 

 

                                                        
12 Refers to larger systems for embassies etc. 
13 The author’s research in Rwanda is another example. 
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5.3 Networks 
 

There are multiple types of networks such as industrial networks, lobbying 

networks, research and education networks and coordinator networks. These 

can be national, transnational, formal and informal in nature. Networks can 

either be composed of multiple actors, or as is often the case in less developed 

systems, bi- and trilateral relationships (Wieczorek & Hekkert, 2012). Below 

follows a short description of the networks identified, starting with formal 

networks.  

 

The Energy Sector Working Group [ESWG] is open for state, donor and private 

actors although the latter are often not present. Its aim is to coordinate actions of 

actors via the implementation of a sector-wide approach [SWA] and as such is a 

coordinator network. The SWA focuses, however, on prioritised topics such as 

grid expansion (EU Delegation to Rwanda 2012) and issues relating to solar PV 

are nearly never mentioned (Interview with one transnational actor, Desmond 

2011). 

 

The Private Sector Federation (PSF) is a lobbying network and has a section 

focused on renewable energy. It is fairly new and still lacks in-house knowledge, 

an issue that is actively being addressed. Its role is to act as a voice of the private 

sector in its communication with the public sector (Interview with two national 

actors).  

 

An example of a coordinator network is the The Program Energising 

Development (EnDev n.d.), which “provides energy access to households, social 

institutions and small and medium-sized enterprises in developing countries in 

Africa, Asia and Latin America. This is done by establishing economically 

sustainable energy solutions and distribution schemes, mainly for rural 

communities” (Endev, n.d.). The program operates in 24 countries, amongst 

them Rwanda, and is a partnership of multiple donor actors such as GIZ, NL 

Agency, DFID and the Norwegian ministry of Foreign Affairs. Moreover, it 
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cooperates with other organisations such as Lighting Africa and the Africa-EU 

Energy Partnership (Endev, n.d.) 

 

There are also formal bilateral relationships, such as the research and 

educational relationship between EWSA and KIST, which educates Solar PV 

technicians (Interview with one national actor, MARGE, 2013).  

 

Also informal networks exist. For example, Great Lakes Energy enjoys bilateral 

education relationships with academic staff (Interview with one national actor) 

and the donor community relies on bi and trilateral coordinating bi- and 

trilateral relationships based on personal relationships, such as meetings over 

lunch (Interview with one transnational actor). Many donors place staff at state 

organisations such as EWSA, making the arrangements an amalgamation 

between formal and informal networks. Finally, certain private sector actors are 

organised in a lobbying and coordinating network (Interview with one national 

actor).  

 

5.4 Institutions 
 

Having described the structural elements actors and networks, it is time to 

describe its soft and hard institutions. Importantly, institutions should not be 

confused with organisations, see Edqvist & Johnson (1997) for more 

information. Instead, its soft institutions are customs, common habits, routines, 

established practices, traditions, norms and expectations, whilst hard 

institutions are laws, rules, regulation and instructions. In order for institutions 

to induce a technology, they need to be aligned to the needs of the technology 

(Bergek et. al. 2008 p 413).  

 

5.4.1 Soft institutions  
 

Rwanda is a country with a history of a well-organised and hierarchical society. 

Under the current administration, ambitious targets for the public sector have 

been set, influencing policy to become target-based. Naturally, this has both 
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positive and negative consequences. On the positive side there is a great drive to 

achieve improvements. Indeed, the results are truly spectacular. Corruption is 

low and society is fairly business-friendly. Indeed, one interviewee, when asked 

about the general business environment, described it as “It is a joy to operate 

here. Tax laws are fair, just and simple” (Interview with one national actor). On 

the negative side, the pressure to fulfil targets can lead to the implementation 

phase being started before a proper strategy has been developed (Interview with 

one transnational actor). Moreover, if a certain issue is not included in the 

targets, it will not receive the same attention. As such, the lack of targets 

historically for solar has led to the technology not receiving sufficient attention. 

However, as will be described below, a paradigm shift is arguably occurring 

concerning Solar PV within the GoR.  

 

5.4.2 Hard institutions 
 

Concerning policy setting, the Economic Development and Poverty Reduction 

Strategy (EDPRS) first sets broad targets before the Energy Sector Strategic Plan 

(ESSP) states how these should be achieved. Finally, the ESSP roadmap describes 

in further detail the strategy to be used.  

 

The highly influential Vision 2020 report from 2000 set an ambitious renewable 

energy vision (Government of Rwanda, 2000), which was further enshrined in 

the first EDPRS (2008-2012), the National Energy Policy and National Energy 

Strategy 2008-2012 and in the National Strategy for Climate Change and Low 

Carbon Development (Republic of Rwanda 2009, Byamukama et. al. 2009). 

However, focus was placed on other energy sources than solar, especially hydro 

and methane, accompanied by a grid expansion (Republic of Rwanda 2009). 

Indeed, no targets for solar PV were set (Danish Energy Management et. al. 

2012). Although there was a stated interest in the technology, it was deemed too 

expensive and would only play a “growing role for isolated applications if the 

cost per watt of installed capacity falls significantly as a result of technological 

improvements” (Repubilic of Rwanda 2009 p40). As such, the role of Solar PV 

was constrained to the use of electrifying rural schools, health facilities and 
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administrative offices in off-grid locations (Danish Energy Management et. al. 

2012, RURA 2013). The historical lack of support for Solar PV can also be seen in 

the fact that Solar PV has not received a REFIT despite it having been discussed 

since at least 2006, whilst a REFIT for hydro has been in place since 2011 

(Interview with one transnational actor, Nexant 2011, Republic of Rwanda 

2012b). Indeed, the only direct support solar PV received was VAT exemption on 

LED lamps, which has helped the pico-solar market (Interview with two national 

actors).14 

 

Recently, a change of perception has occurred, initiated by the energy sector 

overview report of 2012 and the realisation that grid connections were 

uneconomic and overly ambitious: “despite our ambitious plans to connect such 

a large percentage of the population to the network, a significant number of 

households will remain unconnected. These are households where either EWSA 

or the household decide it is uneconomic to connect” (Republic of Rwanda, 

2012b p19). Further, it stated that “the capital costs for off-grid solutions are 

significantly less” than grid connection (Republic of Rwanda, 2012b p9). Another 

encouraging sign was the stated need to “prioritise developing an enabling 

environment such that the private sector can flourish in this [off-grid] market” 

with an overall target of electrifying 100 per cent of households (Republic of 

Rwanda 2012b p9). Thus, the ESSP arguably initiated a paradigm shift, in which 

off-grid solutions in the form of Solar PV and micro-hydro provided by the 

private sector, is to play a significant role.  

 

This paradigm shift was later cemented in the EDPRS II, which acknowledged 

that the grid would only be extended to reach 45 per cent of the population by 

2017 (Republic of Rwanda 2013). This will leave at least 1.2 million households 

without access to grid provided electricity and possible more if the grid 

connection targets are not met (Republic of Rwanda, 2013). In accordance with 

                                                        
14 Concerning international standards, there is little compliance with international electrical 
installation standards amongst the public and private sector, even though the Rwanda Bureau of 
Standards is supposed to uphold them. However, respectable private enterprises use technology 
certified by international standards (Interview with one national actor). 
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the ESSP, the electrification program of the EDPRS II stated the “GoR in 

partnership with the private sector will support the rapid dissemination and 

sales of solar systems… through a large-scale awareness programme of the 

benefits of solar power for rural households” and the “encouragement of rapid 

growth in private sector solar products” (Republic of Rwanda, 2013 p 52,121). 

Thus, the perception of solar PV has altered significantly, not least in its 

economic benefits with statements such as: “off-grid solutions represent an 

attractive cost-effective option” and “off-grid electricity solutions have proved 

highly effective in countries elsewhere and this is an area where private sector 

innovation may decrease costs” (Republic of Rwanda 2013 p 51). A further sign 

of change is the understanding that, if appropriate, import duties and standards 

might be changed (Republic of Rwanda 2013). Finally, the document sets forth to 

provide “clear information on EARP II… to encourage off-grid producers to target 

clients in off-grid areas” (Republic of Rwanda 2013 p 52). 

 

The commitment towards off-grid solar PV was reinforced by the author’s 

meeting with the current minister of state for water and energy, Ms Isumbingabo 

Emma Françoise. During the meeting, market formation policies for off-grid 

electrification were discussed. The minister was very positive towards such an 

approach, along with a general positive attitude towards off-grid, smart grids, 

and also decentralized, on-grid solar PV.  

 

A further development is the inclusion of on-grid solar PV in the electricity 

generation targets, derived from the probable development of at least one utility 

sized solar PV plant (see entrepreneurial experimentation section). On-grid solar 

is currently being seen as a short-term supply solution up until 2017 when other 

supply sources are expected to become operational (Interview with one 

transnational actor). Figure 12 illustrates the quite considerable expected 

contribution on-grid solar PV is expected to have on daily generation: 
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(Republic of Rwanda 2012b) 

 

6 Functional analysis 

 
Having completed the structural analysis, it is now time to analyse how well the 

dynamics of the system functions.  

 

6.1 Market formation 

 
There are three phases of market development. These are 1) nursing market, 2) 

bridging market and 3) mass market. To understand in what phase the market 

has developed to a market formation analysis is needed. In order to do so, 

market size and development is first analysed and the causes of the observed 

pattern are identified. This will lead to a qualitative assessment of the current 

market development based partly on the experience of the seven experts 

mentioned in section 2. 

 

Figure 12 Daily generation estimations 
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6.1.1 Market size and development 
 

Figure 13 is a depiction of the Rwandan solar market created by the consultancy 

firm MARGE. It illustrates import routes, gives an indication of the relative size of 

market segments and also shows that products are exported. Indeed, due to its 

geographical location, Rwanda exports solar PV to the Congolese market.  

 
Figure 13  Market set up 

 
(MARGE, 2013) 

 

Further, as seen in figure 14, when estimating PV sales based on import data, 

MARGE found that sales have increased significantly the last few years, reaching 

ca 1.4 MWp. It is important to note the increase in estimated sales commenced in 

2011 and that this trend is likely to be continuing. However, the figures are still 

relatively small. This is especially true in relation to the need of providing the 

majority of 1.2 million households with off-grid Solar PV. If each household 

requires a 5W system, and 1 million households require such a system, initial 

installed capacity will need to be 5 MW, although this demand will increase as 

electricity is increasingly used for different services. 
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Figure 14 Estimated PV and battery sales 

 

(MARGE, 2013) 

 

The probability of the continuation of this trend is strengthened by two 

interviews held with Great Lakes Energy and Toughstuff. Both have reported 

increasing sales since 2012 when the graph’s timeline ends. Indeed, Great Lakes 

Energy reported a fourfold increase in sales compared to a year ago (Interview 

with two national actors). 

 

Not unsurprisingly, the number of private enterprises active in the solar TIS has 

also grown, with 21 firms currently active or about to become active. One 

interviewee who works in the renewable energy and business development 

sector and who has extensive experience of working in Rwanda, stated the 

number of actors to be increasing at maximum capacity  (Interview with one 

transnational actor). The increase in sales and private sector activity is especially 

striking when compared to a report written by the German Federal Ministry of 

Economics and Technology in 2009 which stated that “Six to eight companies 

compete in the market, but only two of them sell over 15 kW per year” with total 

demand estimated at 60 kWp per annum (Hankins et. al. 2009 p1,3). 
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6.1.2 Causes 
 

6.1.2.1 Drivers 
 

There are multiple structural drivers causing this development, which are both 

national and transnational in character.  First two drivers will be explained that 

are transnational in character, before five causes that are national in character, 

are described. Vitally, these drivers cannot by themselves fully explain the 

increase in estimated sales. However, put together, they give an indication that 

the system is developing and as such is more capable of taking care of the 

opportunities provided by recent price reductions in Solar PV.  

 

The global reduction in price is certainly a vital transnational driver. Globally, as 

well as in Rwanda, a major impediment for the diffusion of Solar PV has been the 

high cost of the technology (Baker et. al. 2013). However, during the last five 

years, global prices have reduced by more than 50 per cent and the expansion of 

the market in Europe is occurring at such a rate that the report of UBS’ most 

recent investment advice was named the unsubsidised solar revolution (Hummel 

et. al. 2013). Figure 15 illustrates the price reduction in Germany: 

 

Figure 15 Average end-consumer cost of small-scale rooftop systems (€/kW) 

 

(Hummel et. al. 2013) 
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This price fall caused Solar PV in southern Germany to reach grid parity and the 

cost advantage is expected to increase by around a further 10 % by 2017 

(Hummel et. al. 2013). Grid parity has also been reached in India and Italy (Shah 

et. al. 2013). Thus, globally, prices have reduced to less than $1/Wp. 

 

Solar installations are, therefore, booming globally. As of 2011, 20 GW of 

installed capacity existed (Baker et. al. 2013), ten times the capacity installed 10 

years earlier. Since then, installations have continued to exponentially increase 

with Saudi Arabia alone planning to install 16 GW of Solar PV and 25 GW of 

Concentrated Solar Power by 2032 (Stuart 2012).  

 

There is uncertainty regarding further price falls in the future, the shake-up 

occurring in the solar industry is causing some to argue prices will stabilise. 

However, UBS believes the “trend to continue on the back of further increasing 

manufacturing efficiency, innovation in manufacturing processes and on-going 

overcapacities in the PV panel manufacturing sector” (Hummel et. al. 2013 p 10). 

Moreover, Baker et. al. (2013) states  “there is great potential for improvements 

in solar PV. The two primary avenues for reducing cells’ cost are reducing 

manufacturing costs and increasing cells’ conversion efficiency” (Baker et. al. 

2013 p7). Consequently, although prices might stabilize in the short term, it is 

not unlikely they will continue to fall in the medium term. 

 

The Rwandan Solar TIS has noticed this price fall, with falling prices being one 

great driver of the market development (Interview with one transnational and 

two national actors). However, in Rwanda the cost at $2.5/Wp for the end 

consumer is considerably higher than global prices, partly caused by a small 

customer base, import costs; arguably an underdeveloped innovation system.15 If 

its causes are remedied, it can further spur market development (MARGE 2013). 

 

The second transnational driver is demand creation. Demand is still 

predominantly derived from TAs and state actors from projects such as the 

electrification of rural schools and health centres and NGO projects etc. Indeed, 

                                                        
15 Future in-depth analysis needed  
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Great Lakes Energy, which attempts to be the seller of premium products, 

estimates that its business is 90 per cent dependent on transnational actors, such 

as UNDP and One Acre Fund. However, domestic demand is picking up, not least 

in the Pico-solar field (Interview with two national actors).  

 

There are also multiple national drivers. First, private sector firms strategies are 

maturing, helping them to reach out to more costumers. See textbox 1 for an 

example. 

Second, albeit underdeveloped, private sector networks are forming, helping 

knowledge and experience sharing.  Third, the VAT exemption on LED lamps has 

helped private sector actors active in the Pico-solar market by driving down 

costs (Interview with two national actors). Fourth, the public and donor sector 

has realised the need for solar technician training programs, thus helping to 

counter a lack of human capabilities.  

 

6.1.2.2 Weaknesses 

 

There are also structural weaknesses affecting market formation. The 

weaknesses identified are found in various degrees amongst national and 

transnational actors. First, multiple interviewees have stated that lack of 

sufficiently qualified people in the form of engineers and technicians is a large, if 

not the largest, obstacle towards continued and accelerated expansion of the 

private sector. As such, some private enterprises cannot meet demand due to a 

Textbox 1 – Toughstuff’s strategy 
 
Realising its initial marketing and distribution strategy for pico-solar systems 

was not profitable, its new manager James, initiated a new strategy aimed at  

pre-planned sales events organized through rural cooperatives. As they are 

financial entities, it is possible to coordinate sales with a micro-financing 

institute [MFI], thus overcoming financial impediments. According to James, 

this strategy has made Toughstuff’s business model financially viable 

independently of transnational actors tenders. 
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lack of educated staff (Interview with one national and two transnational actors). 

Also the public sector lacks sufficient in-house knowledge concerning solar 

(Interview with three transnational actors). Second, in spite of recent changes in 

the perspectives on solar cells in policy documents, there is still a lack of public 

market formation policy concerning solar technology. A third structural 

weakness is the dependence on TAs for market demand. Although a strength, it 

is also a weakness as the demand is “extremely unpredictable and irregular” 

(Hankins et. al. 2009 p. VIII). Thus, if insufficient demand is provided past the 

completion of the electrification of rural schools and health centres, the system 

runs the risk of being put through a shock, which does not benefit the private 

sector. 

 

The lack of human capabilities and market formation policy, in turn, causes two 

further weaknesses. Fourth, a lack of coordination, mostly within the state and 

donor sector but also within the private sector. For example, the lack of focus on 

solar PV has led the largely target driven public sector to not enact policies 

necessary for institutional alignment to occur. Moreover, donor coordination 

concerning solar is weak causing important lessons not to be shared. This is 

especially true in comparison to the high level of coordination in the grid 

expansion program.  

 

The fifth weakness is poor tendering processes by state and donor actors. 

Although the rural electrification program had ambitious targets, they were not 

implemented in a fashion that sufficiently aimed at developing and supporting 

the Rwandan private sector. Instead the targets were met by tendering, a process 

which allowed firms with little or no local presence to win the tenders. Thus the 

strategy did not sufficiently help develop the system. Moreover, due to a lack of 

technical expertise on behalf of the tender writers, the quality of systems has 

often been found lacking, as cheaper providers often win the tenders. For 

example, the donor community’s capacity to hold tenders has been criticised. 

The criticism is twofold: 1) not ensuring that funding funnelled via the national 

budget towards the electrification of health centres etc. was spent via a 

sufficiently developed tendering processes. 2) Certain donors have not been able 
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to construct tenders of sufficient quality (Interview with one national and two 

transnational actors) and the projects have not taken a sufficient market 

formation approach.16  

 

6.1.3 Market development phase 
 

The expert interviewees argue that market formation is strong with the average 

strength being 3.66 out of 5. Thus, when amalgamating the information provided 

above, the solar TIS is arguably developing from a nursing to bridging market. 

The further expansion is, however, not guaranteed as there are five key 

weaknesses obstructing the strength of these functions. The deployment of solar 

cells is, thus, at a crucial crossroads. Its growth trajectory is wholly dependent on 

improved market formation policies enacted by the GoR and Transnational 

actors, highlighting the importance transnational actors play both in generating 

demand, supply and price falls and also being partly responsible for structural 

weaknesses affecting the function. See figure 16 for an illustration of its current 

development.  

                                                        
16 Eg one project gave away 1500 pico solar home systems for free, with no O&M support 
provided and only one follow up session a few weeks after handing them out (Interview with one 
transnational actor). 
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Figure 16 Market development phase 

 

 

6.2 Influence on the direction of search 

 
This function analyses the incentives and/or pressures for firms to enter the TIS. 

The strength of the function is qualitatively assessed in three ways. First, 

concerning how important future expectations are for actors involvement in the 

market, interviewees were asked to rate their beliefs in a) market growth, b) 

technological improvement including price and c) regulatory changes from small 

to very large. Second, the seven experts were asked to rate the function’s 

strength as a whole between 0-5. Finally, the researcher assessed the strength 

based on structural drivers and weaknesses.  

 

Of 28 interviews held, 6 were asked to rate how important each expectation is 

for their market involvement. Concerning market growth, 4 stated it was large 

whilst 2 rated it very large. Technological improvement including price 

meanwhile was rated by 2 as very large, 3 as large and 1 as small. Finally, 3 had a 

very large belief in regulatory change, another 2 rated it as large whilst one rated 
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it as small. This shows expectations are an important factor driving market 

actors. This analysis is strengthened by the seven interviewees deemed as 

experts, who rated the strength of the function to be 3.9. out of 5.  

 

There are several structural strengths incentivising firms to enter the TIS. Below, 

three national and one transnational driver is described. The increasing sales 

and improved strategies of firms is the first driver as it spurs other private 

enterprises’ beliefs in the viability of their business model. The VAT exemption is 

the second, institutional, driver as it provides hope for further regulatory 

alignment. This driver may be strengthened further by the GoRs paradigm shift. 

Third, price reduction of PV modules has spurred hope in a continuation of price 

falls.  

 

The function suffers from the same weaknesses as identified in the market 

formation subsection as they disincentives firms to enter, with a lack of market 

formation policy being the strongest. In sum, the function is strong in that there 

is a strong belief in the system’s current and future potential and an increasing 

number of firms are entering the market. However, it can become stronger by 

the introduction of improved policies.  

 

6.3 Entrepreneurial experimentation 

 

Entrepreneurial experimentation assesses how entrepreneurs investigate new 

technologies and applications, thus causing social learning. This function is vital 

for a dynamic TIS. The strength of the function is analysed in two ways. First the 

number of new entrants and the different types of applications of the technology 

are assessed. Second, the experts’ analysis of the function’s strength are 

discussed, whose discussion is linked to the structural drivers and weaknesses.17    

 

                                                        
17 The meaning of this function is contested as it can be interpreted differently. Importantly, this 
thesis considers all experimentations, successful as well as unsuccessful, as the latter also leads 
to system learning. It is also contested as the strength is relative and as such depends on what 
other TIS it is compared to, not just by the researcher, but also by those interviewed.  
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As stated in the structural analysis, a number of new actors have entered the TIS 

during the last few years, using mostly thick film silicon for Pico solar, SHS, 

commercial and utility systems. Indeed, the number has increased from 6-8 in 

2009 to 21 in 2013 who have, or are about to have, a local presence (see chapter 

5.2.5).  

 

The private enterprises are applying the technology in various ways. Examples 

are Toughstuff’s pico-solar distribution network, the rural electrification 

program, the 250kW Kigali Solair commercial plant operated by Stadtwerke 

Mainz (Hankins et. al. 2009 p1) and the planned 8.5 MW utility size plant 

currently being negotiated between Gigawattglobal and the GoR (Interview with 

one transnational actor). In textbox 2, Great Lakes Energy’s experimentation is 

described.  

 

There is wide discrepancy in views amongst the interviewees regarding the 

strength of entrepreneurial experimentation in the solar TIS, with 3.25 being the 

average of seven experts. The interviewees who view it as weak argue that a lack 

of human and financial capabilities hinder experimentation, as also seen in 

market formation, which is arguably due to national structural weaknesses 

(Interview with two national and two transnational actors). Others disagree to a 

Textbox 2 – EV and health related projects 
 

Great Lakes Energy is involved in three projects regarding entrepreneurial 

experimentation. The first project concerns retrofitting motorcycles with a 

battery, turning them into an Electric Vehicle [EV]. These EVs will then be 

charged using solar power and initially used by ‘motos’, motorcycle taxis. The 

second project entails the development of a locally built light truck EV that can 

be used by local businesses to transport goods. The third project concerns 

mapping increased electricity use of health centers moving from emergency to 

preemptive treatment. Data is gathered, processed and transferred to the 

‘cloud’ where individuals will be able to understand how large a PV system is 

required for a health center depending on how many patients it is estimated to 

treat.    
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certain extent, however. One of them, a renewable energy and business 

development expert with extensive experience in Rwanda, argues that it is the 

lack of purchasing power of customers and the financial capabilities of private 

enterprises which leads to high levels of entrepreneurial experimentation. 

Indeed, he makes the interesting comparison to Germany, which he argues has 

relatively speaking lower levels of experimentation (Interview with one 

transnational actor). His argument is convincing. Moreover, a strong creative 

spirit was identified amongst the entrepreneurs interviewed. However, it is 

without doubt that the lack of human and financial capabilities also constitute an 

obstacle to successful experimentation. This is yet again exemplified by Great 

Lakes Energy whose entrepreneurial experimentations are obstructed by a lack 

of access to sufficiently skilled staff. As such, whilst experiments abound, to 

increase the success rate, human and financial capabilities need to be improved.  

 

Transnational actors influence the function, albeit in a passive and indirect role, 

as seen by the linkages the private sector has with transnational actors, and the 

dependence on transnational actors for knowledge development and diffusion.  

 

6.4 Legitimation 

 

Legitimation concerns social acceptance and compliance with the institutions 

surrounding a technology. It is formed by conscious actions by actors and is 

often a long process. The strength of the function is gathered by first analysing 

the legitimacy of the TIS amongst the rural population, the urban middle and 

upper classes and amongst the civil service. Second, the activities within the TIS 

that decrease and increase its legitimacy are identified. Third, the alignment 

between institutions and the technology is analysed. The three steps will also 

include an assessment of the structural strengths and weaknesses affecting the 

function. Finally, the expert opinions together with the researcher’s conclusions 

are presented.  
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The legitimacy of solar PV differs across class segments. Those of the urban 

upper and middle classes who are knowledgeable about the technology, are 

positively inclined towards the technology as they see it both as an investment 

and as a safeguard against recurring power cuts. Amongst the rural poor 

meanwhile, many are not aware of the existence of the technology (Interview 

with one national and one transnational actor), although as described below, 

when they see evidence of the technology’s positive aspects, e.g. a functioning 

Pico-solar lamp, individuals become positively inclined. Crucially, many 

members of the civil service view the technology in a negative light, seeing it as 

expensive and unreliable, although there are notable exceptions such as REMA 

(Interview with one transnational and two national actors). The negative 

perception amongst the civil service is also caused by a lack of, or out-dated, 

knowledge concerning solar. Indeed, individuals within the civil service often 

reiterated Vision 2020’s view on solar, despite it being more than ten years old. 

For example, the ESSP (Republic of Rwanda, 2012b p18) states “On-grid 

connections are required for more energy intensive uses from refrigeration right 

the way up to heavy machinery” and “Rural industry and manufacturing will 

require the kind of reliable and consistent electricity connections that can only 

be provided through on-grid technologies” (Republic of Rwanda, 2012b p 47). 

 

These statements are made despite off-grid Solar PV systems being capable of 

providing electricity to industrial use (Interview with one transnational actor, 

Chan 2012). Indeed, some of the first terrestrial applications of Solar PV were 

precisely for industrial use. Moreover, two reports also overestimated the cost of 

small solar systems by a magnitude of at least 2.5 (Republic of Rwanda, 2013, 

Republic of Rwanda 2012b). This shows how a lack of knowledge concerning 

Solar PV affects the public sector’s perception of the limits to which Solar PV can 

solve Rwanda’s energy needs. This important point was further strengthened by 

the former minister of infrastructure, Mr. Albert Butare, who, on this subject, 

said diffusion would increase if state organisations understood the technology 

better. Mark Hankins argues this hesitant and sceptical attitude is a pan-African 

problem partly caused by a lack of knowledge concerning the technology and a 

lack of ““champions” for solar among Africa’s government and private sector”, 
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causing the technology to be overlooked in favour of centralised power 

generation  (Hankins 2013).   

 

However, there are also other factors affecting the technology’s legitimacy. The 

prevalence of poor quality PV systems, set up due to poor state, NGO and donor 

tendering processes and poor O&M offered by the same parties, also create a 

perception of an expensive and unreliable technology (Interview with one 

national and two transnational actors). In turn, these weaknesses are partly 

caused by government policy that makes EWSA not prioritise O&M, but instead 

focus on electricity generation and power transmission (Anonymous n.d.). 

Moreover, due to the historical lack of focus given to solar PV, there has been 

little pressure on EWSA to provide satisfactory O&M.  

 

There are, however, also activities, which increase the legitimacy of the 

technology. EDPRS II mentions a sensitisation18 campaign which will hopefully 

have a positive effect on the population as a whole, building on private sector 

sensitisation campaigns such as those initiated by Great Lakes Energy and 

Toughstuff (Republic of Rwanda, 2013, Interview with two national actors). 

Moreover, interest in the technology spreads through peer pressure, a tendency 

also seen in other countries (Interview with one transnational actor, Bollinger & 

Gillingham 2012). As such, with the increased diffusion, it is likely legitimacy will 

further increase.  

 

Finally, the institutional alignment between the TIS and legislation is to be 

assessed. As stated in subsection 4.3, Rwanda has historically had a lack of policy 

concerning solar. However, with the occurring paradigm shift, the technology’s 

legitimacy is likely to improve. Thus, the paradigm shift is of special importance 

as it increases sensitization and puts pressure on the public sector to enact 

market formation policies that create a more conducive environment for the 

private sector to operate in. 

 

                                                        
18 Public awareness campaign 
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The experts interviewed state the legitimacy of the technology to be medium to 

weak, with an average of 2.7 of 5, a view that seems overly optimistic. 

Importantly, several interviewees stated the technology’s legitimacy to be 

increasing. This could partly answer why the function got a relatively high score 

as compared to sentiments in interviews. There is, indeed, hope for its legitimacy 

to increase as sensitisation campaigns improve the level of knowledge 

concerning the technology. However, for this to occur, it is imperative that both 

the O&M efforts and the tendering processes are simultaneously improved. This 

also highlights the role of transnational actors as they are partly responsible for 

the poor tendering processes and O&M occurring.  

 

6.5 Resource mobilization 

 
Resource mobilisation analyses the financial and human capabilities required for 

the TIS to evolve. Analysing the strength of this function is difficult due to the 

lack of data and as such will rely heavily on interviews. The capabilities will first 

be described. Second, the structural drivers and weaknesses identified will be 

discussed, differentiating between national and transnational factors. Finally, the 

strength of the function is derived from the previous two steps along with the 

experts’ opinions.  

 

6.5.1 Financial capital 

 

Rwanda is heavily dependent on transnational capital flows. There are four 

different forms in which transnational financial capital flows into the solar TIS. 

They are budget support, Foreign Direct Investment [FDI], project funding and 

project financing not channelled via the state. 

 

The national budget for the fiscal year of 2013-2014 is estimated at Rwf 1.6 

trillion, an increase of Rwf 103 billion compared to the previous fiscal year. Of 

this, 39.8 per cent derives from external sources provided by donors (Kwibuka, 

2013). In 2011, foreign private investment flows into Rwanda totalled $ 356 
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million. Of this, FDI accounted for 30.2 per cent (National Bank of Rwanda 2011 

p2). An example of FDI is the $ 23-24 million that will be invested by Gigawatt 

Global if the company and the GoR agree over the conditions linked to building a 

8.5 MW utility sized plant PV plant (Interview with one transnational actor).  

 

Donors also channel project funding via the state, meaning it has been 

earmarked for projects and cannot be used for other means. For example, during 

2011-2013 the EU and BTC provided about € 10 million for the electrification of 

50 health centres and 300 schools. Moreover, the Russian government and the 

World Bank channelled € 600 000 into projects promoting rural 

entrepreneurship (Desmond 2011, p 40). Finally, transnational capital is 

provided via donor and NGO projects financed independently from the budget, 

although sometimes in collaboration with the GoR. These encompass only a 

small percentage of total investments and mostly involve financial support for 

private sector development projects. Examples of such projects is the € 674 000 

support Daey Ouwens Fund [DOF] is scheduled to provide to Toughstuff (DOF, 

n.d.). Additionally, DFID funds an ENDEV project implemented by GIZ (Interview 

with one transnational actor). 

 

Private enterprises face difficulties when seeking access to financial capital from 

financial organizations. This is caused by two structural weaknesses in Rwanda. 

First, financial organisations lack knowledge of the technology, thus hindering 

project financing. Indeed, the interest rate offered is often as high as 20 per cent 

(Hankins 2012, Interview with two national actors). Second, the incentive 

structure of financial organisations poses a problem: “The long payback periods, 

small size and the lack of established business models make solar PV a foreign 

language to the finance community.  Instead, they chase more lucrative large-

scale power projects” (Hankins 2013).19 Importantly, this second problem is also 

present in Europe (Jacobsson & Jacobsson 2012). Consequently, as one manager 

said “the lesson learned was not to go to the banks”. Instead, businesses often 

                                                        
19 This problem was also identified in EESP (2012) which stated “the microfinance market is 
growing significantly at present but government must play a role in ensuring appropriate 
financial products are available.” (Republic of Rwanda, 2012b p48) 
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borrow capital from friends and other businesses (Interview with one national 

actor).  

 

There is also a transnational weakness of a lack of reliability, as seen when 

several donors froze budget support in 2012 due to the alleged involvement of 

the GoR in the conflict in the Democratic Republic of Congo [DRC] (Ford, 2012).  

Although much support has been reinstated, the state is intensifying attempts to 

become self reliant, not least due to the large uncertainty affecting the economy 

due to this event.  

 

6.5.2 Human capital 

 

The education provided by the knowledge institutes described in chapter 4.1.5 is 

lacking in quality. Whilst the theoretical education is acceptable, students lack 

practical experience. Indeed, basic knowledge such as how a generator operates, 

how to use excel and knowledge of electrics is not common amongst engineering 

graduates. Importantly though, Tumba college seems to be holding a higher 

standard. The lack of practical experience is caused by insufficient infrastructure 

and equipment, which in turn is caused by a lack of funding. (Interview with 

three national actors).  

 

However, there is a growing awareness of the problem, with private, state and 

transnational actors attempting to address it through multiple projects. For 

example EWSA is linking up with KIST for the provision of technical education, 

and MARGE is cooperation with Tumba College and a few smaller colleges to 

train 115 technicians (MARGE, 2013). Moreover, a number of state and 

knowledge institute actors are apparently liaising to help companies gain access 

to staff with technical training (Interview with one national actor). Moreover, 

Global Village Energy Partnership [GVEP helps private enterprises with capacity 

building (Interview with one transnational actor). Also, as seen in the structural 

analysis, transnational actors help train the public sector. However, there seems 

to be insufficient coordination in these attempts.  
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Thus, financial capabilities are weak, with national financial actors playing a 

minor role in comparison to transnational actors, who play a vital role. Access to 

human capacity meanwhile is weak. Also here, transnational actors play a vital 

role. However, it is not clear if current and future needs have been assessed, and 

consequently if the response is adequate to meet the demand. Indeed, the 

experts valued the strength of the function to as low as 2.5.  

 

6.6 Knowledge development and diffusion 

 
The final function aims at capturing “the breadth and depth of the current 

knowledge base of the TIS, and how that changes over time, including how that 

knowledge is diffused and combined in the system” (Bergek et. al. 2008, p 415). 

Thus, knowledge diffusion is intrinsically linked to resource mobilisation. The 

function’s strength will be analysed by measuring bibliometrics and qualitatively 

assessing knowledge diffusion. The structural drivers and weaknesses will then 

be discussed, before the function’s strength is decided based on the analysis and 

the experts’ opinions.  

 
A Web of Knowledge search was made which provided zero results for Rwanda, 

giving a strong indication that knowledge development is non-existent.20 

Knowledge diffusion is also weak as described in resource mobilization. Cohen 

and Leviantwhal argue the capacity to absorb knowledge in order to diffuse it is 

dependent on “an ability to recognize the value of new information, assimilate it, 

and apply it” (Cohen & Leviantwhal 1990, quoted in Sriwannawit & Laestadius, 

2013a p51). Thus, “one often has to master the imported innovation/technology 

to make it fit”, a capacity that Rwanda as yet has limited capacity to do 

(Sriwannawit & Laestadius, 2013a p51). 

 

The function’s weakness is partly caused by weak knowledge institutes, and by 

poor human capabilities. As such, the solar TIS is fully dependent on 

                                                        
20 Searchwords used were solar and Rwanda. An earlier search was made in SCOPUS with the 
same result 
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transnational actors for knowledge development and heavily dependent on them 

for knowledge diffusion as described in resource mobilization. Indeed, the 

experts interviewed share this view, rating the strength of the function to be a 

mere 1.75 out of 5.  

 

6.7 Strength of each function 
 

Figure 17 summarizes the assessments of the seven experts of the strength of 

each function. As was discussed above, these assessments align with the picture 

painted by most other interviewees and other data sources with the exception of 

the legitimation function, which might not be as strong as the spider diagram 

visualizes it to be. Thus, influence on the direction of search, entrepreneurial 

experimentation and market formation are deemed to be relatively strong whilst 

legitimation, resource mobilisation and knowledge development/diffusion are 

relatively weaker functions.  

 
Figure 17 Spider diagram 

 
Yet, whereas market formation is currently relatively strong, it needs to be 

substantially strengthened for a large-scale diffusion to occur within the coming 
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decade. The three relatively weak functions, however, all obstruct building a 

stronger market formation, as visualised in Figure 18.  

 

 

 
Figure 18 Functional causation 

 
 
Although important, influence on the direction of search and entrepreneurial 

experimentation are not critical functions for the continued development of the 

TIS. However, both resource mobilisation and knowledge development and 

diffusion, obstructs market formation as a lack of human capital hinders 

company expansion and the diffusion of knowledge, which in turn hinders 

market formation. Finally, the lack of human capabilities and lack of knowledge 

influence legitimacy negatively, which in turn hinders market formation as 

would be customers are sceptical to the technology.    
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6.8 Importance of transnational actors 
 

The importance of transnational actors is the researcher’s qualitative 

assessment based on the analysis provided in each function. Figure 19 illustrates 

the assessment, highlighting the important role transnational actors play for the 

system as a whole, and, in particular, their crucial role in resource mobilisation 

and knowledge development and diffusion, the two weakest functions as 

identified above.  

 
 
Figure 19 Dependence on transnational actors 

  

7.  Inducement and blocking mechanisms 

 

Having understood the different functions, their relative strengths, how three 

weaker ones impact on market formation and the dependence of the functions 

on transnational actors, it is now time to identify the blocking and inducement 

mechanisms which influence the performance of the system. This is important as 

systemic weaknesses can be identified, which, if addressed, can deal with 
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multiple function’s weaknesses. Also, the identification of inducement 

mechanism can prove helpful as they indicate successful policies that might be 

valuable to replicate.  

 

7.1 Blocking mechanisms  
 

7.1.1 Identification of structural weaknesses 
 

Figure 20 lists the structural weaknesses of each function as described in the 

functional analysis.  

 
Figure 20 Structural weaknesses per function 

 
 
 
As can be seen, there are a multitude of structural weaknesses. Actor weaknesses 

dominate with 1) lack of human capability/lack of knowledge, 2) lack of financial 

capability/lack of funding, 3) poor tendering processes, 4) poor O&M, 5) close to 

non-existent research and 6) lack of donor reliability. Network weaknesses refer 
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to the weak in-house competence of the Private Sector Federation and to poor 

coordination networks, the latter impacting on actor weaknesses 3 and 4. The 

dominant institutional weakness is lack of policy, which, however, also reflects a 

low legitimacy of solar cells in the public sector. No technological weakness was 

identified.  

 

Arguably, three of these are at the heart of the system’s weaknesses, except for 

donor reliability and incentive structure of the financial system, which are 

caused by exogenous factors.21 These three systemic weaknesses are 1) a lack of 

human capability/lack of knowledge which can be found in five functions, 2) lack 

of policy which can be found in three functions and 3) poor coordination which 

can be found in one function. Figure 21 illustrates the causality of selected 

weaknesses. Poor coordination is included as a systemic weakness even though 

it is caused by the two former structural weaknesses. This is due to its large 

influence on the system as a whole, especially network weakness.  

 
 
Figure 21 Causation of structural weaknesses 

 

 

7.1.4 Describing the systemic weaknesses 
 

The underlying causes of the three systemic weaknesses will now be identified.  

7.1.4.1 Lack of human capability/lack of knowledge 

 

                                                        
21 The structural weaknesses identified affect different solar products differently. E.g. Pico solar 
is less dependent on trained technicians than SHS.  
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Lack of human capability/lack of knowledge will first be analysed. This systemic 

weakness has four underlying causes.  

 
An important cause is a lack of sufficiently educated staff, affecting both the 

private and public sector. Within state organisations the education of the 

workforce is often impressive. For example, 41 per cent of RURA’s staff has a 

bachelor’s degree, whilst a further 43 per cent has a masters or PhD degree 

(RURA 2013 p13). Despite the focus on high human capital, certain issues are 

still prevalent, caused by lack of human capabilities. Specifically, multiple 

interviewees stated that management could be improved, with the origins of 

these issues stemming from lack of human capabilities, organisational culture 

and structure (Interview with three transnational actors). These management 

issues appear in different forms. For example, the capacity to hold tenders 

concerning solar PV projects is low (Interview with one national and three 

transnational actors). Albeit a simplification, the case seems to be that the top 

management and individuals within organisations hold a high standard, whilst 

the middle management could be improved (Interview with one national and 

two transnational actors). Moreover, the private sector lacks technicians and 

engineers, affecting both market formation and entrepreneurial 

experimentation. Arguably, this lack of human capital is caused by an 

educational system, which is unable to sufficiently cater to the system’s needs.22  

 

A second cause is the lack of sensitisation campaigns aimed at the population as 

a whole. Third, as described in chapter 4.3, there has been an historical lack of 

focus on solar which, combined with a culture of a target-based public sector, has 

led to the technology not gaining sufficient attention. Finally, knowledge is 

insufficiently shared due to underdeveloped networks amongst all actors.  

 

7.1.4.2 Lack of policy 
 

The second systemic weakness, a lack of policy, has four underlying causes. First, 

as described in the legitimation function, state actors lack knowledge about Solar 

                                                        
22 It needs to be noted that the genocide had a detrimental effect on the human capital of the 
country 
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PV. This negatively affects policy makers’ ability to imagine how the technology 

can solve electricity demand. Moreover, there is insufficient in-house knowledge 

concerning the formulation of strategies due to lack of human capability 

(Interview with two transnational actors). Third, the prior focus on competing 

technologies, as described in chapter 4.3, has hindered the creation of space for 

the formation of policies.23 Fourth, due to the private sector networks being 

weak, the state is not being pressured by industry.  

 

7.1.4.3 Poor coordination 
 

The final systemic weakness, poor coordination, has four underlying causes. First 

the lack of policy and lack of focus on the technology has led to little pressure 

being put on actors to coordinate. Second, a lack of human capability within state 

organisations has caused poor management, which, in turn, has led to poor 

coordination within organisations, such as EWSA (Interview with one national 

and five transnational actors). Indeed, EWSA is often argued to be the weakest of 

state organisations, which is problematic as it is especially important for the PV 

TIS. Despite having overall relatively competent and sufficient staff, O&M of Solar 

PV stations are of poor standard and reactive instead of preventive. Moreover, 

communication between units is insufficient, arguably at least partly caused by 

poor coordination due to poor management (Anonymous, n.d., interview with 

two transnational actors). Moreover, as little attention has been put on the 

technology, the strongest individuals within state organisations have not been 

responsible for the technology, causing coordination between organisations to 

be lower than with other technologies (Interview with one transnational actor). 

Thus, as usually is the case in underdeveloped innovation systems, the networks 

are insufficiently strong and developed. As seen above, not only is the 

coordination and communication within state organisations weak, but also 

between state organisations (Interview with one national and two transnational 

actors). Indeed, one interviewee claimed coordination “works only on paper and 

in high level discussions”.  

                                                        
23 The recent fast price fall which has caused the technology’s economic feasibility to improve can 
partly explain this cause 
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Third, the donor and private sector networks are underdeveloped concerning 

solar. For example, the Energy Sector Working Group [ESWG] is officially open 

for state, donor and private sectors although actors from the private sector are 

mostly not present. Its aim is to coordinate the actors in the group via the 

implementation of a sector-wide approach [SWA]. The SWA focuses, however, on 

prioritised topics such as grid expansion (EU Delegation to Rwanda 2012) and 

issues relating to solar PV are nearly never mentioned (Interview with one 

transnational actor, Desmond 2011). As such, it is not surprising that the ESWG 

has been criticised. Coordination between donors and between donors and state 

is insufficient. Indeed, a sentiment also heard is that the meetings are too 

shallow, and focused on reaching a consensus than discussing problematic issues 

(Interview with two transnational actors).  

 

Another example is donor communication and donor-private communication 

concerning solar which relies heavily on personal relationships. As such, they 

need to be re-established every time staff is rotated (Interview with one national 

and one transnational actor). The insufficient coordination regarding solar 

amongst donors is also partly caused by the lack of policy surrounding solar for 

the donor sector to support. (Interview with two transnational actors). This is 

especially true regarding pico-solar and private sector development (Interview 

with one national actor). 

 

A third example is the insufficient communication between GIZ and DOF 

regarding the former’s new private sector development program, despite DOF 

having learned lessons with their program in a similar field. Arguably, this is not 

the fault of the staff in Rwanda, but rather a failure of the central organisations to 

communicate sufficiently. Finally, also private sector coordination is 

underdeveloped, hindering it to properly articulate its needs and wishes to 

donor and state actors.  

 

The final underlying cause is the organisational set up of the state. As described 

in chapter 4.1, there are many different state actors involved in the Solar TIS and 
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the organisational set-up has shifted the last few years. Indeed, the changing 

organisational structure of state actors has arguably 1) led to the roles, 

responsibilities and power of individual actors becoming unclear and 2) the 

organisations becoming overwhelmed by new responsibilities (Interview with 

two transnational actor). For example, EWSA has recently taken over the 

responsibility of electricity generation development from MININFRA, whilst 

simultaneously substantially increasing its number of customers, which can 

partly explain the issues the organisation is facing (Interview with one national 

and two transnational actor). 

 

7.1.4.4 Transnational actors’ role to play 
 

Transnational actors play varying roles concerning the systemic weaknesses. As 

seen in Figure 20, transnational actors are vital for resource mobilisation and 

knowledge development and diffusion. The lack of knowledge/human capability 

is, therefore, predominantly a weakness with national origin whose solutions 

should be initiated by national actors. However, transnational actors could 

support national actors in bridging this weakness by e.g. providing funding and 

access for Rwandans to enter Western universities etc.  

 

The lack of policy is arguably also predominantly a weakness with national 

origins. However, yet again, transnational actors could play a vital role in solving 

this weakness as they have the human capability, skills etc. to deliver well- 

functioning policies. Poor coordination is meanwhile a weakness facing all actors 

involved in the Solar TIS. Importantly, transnational actors play a subordinate 

role in the solution as responsibility lies with the state to set a framework that 

transnational actors can work within. Yet, support from these could be given to 

strengthen the competence and organisation of PSF so that industry can better 

articulate its needs for policies in various fields (market formation, resource 

mobilisation etc.). 
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7.2 Inducement mechanisms 

 
This subsection will be divided into inducement mechanisms on state, 

transnational, mixed and exogenous level. The state has produced two 

inducement mechanisms: the VAT exclusion on LED lamps and the recent 

paradigm shift described in the section of institutions. Albeit speculatively, the 

institutional paradigm shift, could, at least partly, be attributed to the existence 

and maturity of the domestic solar industry (combined with global price falls). 

This is an important factor as, although no policies have yet been formed, it could 

potentially help create a more conducive environment. As such, the paradigm 

shift can be seen as an institutional alignment towards the needs of the Solar TIS, 

a sign of its relative maturity. This supports the argument to further strengthen 

the local industry and its networks. Transnational actors meanwhile, have 

produced three inducement mechanisms: price reduction, international capital 

flows and access to knowledge development and diffusion. Combined, they have 

produced the rural electrification scheme, incentivising private actors together. 

There are also exogenous inducement mechanisms such as increasing demand 

for electricity, climate change mitigation and rural development, which play an 

important role in explaining the actions of the state and transnational actors.  

 

8 Policy and strategy options 

 

The aim of this chapter is to provide policy and strategy advice as to what is 

needed to manage the systemic weaknesses identified. These weaknesses need 

to be addressed in order to create an environment that allows the private sector 

to diffuse products at a rate that meets targets. As stated in the introduction, the 

challenge is substantial due to the required exponential increase in diffusion. 

This challenge will first be addressed from a macro perspective that describes 

the role of different actors in policy development. Second, the systemic 

weaknesses will be addressed.  
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8.1 Macro perspective 
 

From a macro-perspective, there is a need to provide a more conducive 

environment for private enterprise that is free from systemic weaknesses, as has 

been provided to the Rwandan ICT sector (Interview with one national actor). 

Figure 22 illustrates the processes needed for such an environment to emerge.  

 

Figure 22 Conducive environment 

 

As observed, the conducive environment is shaped by the interactions between 

the GoR, transnational actors and the private sector, who each have a specific 

task. The role of the state is to prioritise the technology and set policies 

conducive to market formation, resource mobilisation, legitimation and 

knowledge development and diffusion. Transnational actors meanwhile, 

especially the donor sector, should lobby for and aid the development of such 
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policies to which their projects can be aligned. Moreover, seeing the importance 

that transnational actors have on two of the weakest functions, knowledge 

development and diffusion and resource mobilisation, a re-evaluation of current 

projects affecting these functions should be made in order to see if further focus 

should be placed on them. Finally, it is essential the private sector be given space 

to provide input into the policy formation process.24  

 

8.2 Coordinating agency 

 

The effectiveness of policy aimed at addressing systemic weaknesses depends on 

the organisational setting in which they are implemented and the human 

capability of the organisations involved. To overcome the organisational 

complexity of the state and the lack of human capability of these organisations, it 

is recommended that a coordinating agency is formed which, although getting 

targets from MININFRA, has the responsibility and in-house knowledge required 

to set, implement and enforce policies to reach targets.  

 

The roles of the coordinating agency can be multiple but as stated above this 

chapter will focus on addressing the three systemic weaknesses which, if tackled, 

will also help address other weaknesses. Figure 23 illustrates the coordinating 

agency’s three responsibilities.  

 

                                                        
24 Space should also be provided for less central actors such as knowledge institutes in this 
process. 



Institute for Environmental Studies (IVM) 

Institute for Environmental Studies (IVM) 66 

Figure 23 Coordinating agency 

 

 

8.2.1 Develop market formation policies 

 

Market formation policies need to be developed that can stimulate domestic 

demand in various market segments such as Pico solar, SHS, commercial 

systems, institutional systems and utility sized systems, so as to complement 

demand provided by transnational actors. This is necessary to enable both the 

sustainability and stability of the market, not least now that the rural 

electrification program is coming to an end and the price of solar PV modules has 

stagnated. 

 

Policies need to be developed in such a way that 1) makes the 1.2 million 

households into viable customers for private enterprises and 2) helps the private 



Institute for Environmental Studies (IVM) 

Institute for Environmental Studies (IVM) 67 

enterprises overcome the current lack of human and financial capital and spur 

local demand. In order to make households viable customers, their current lack 

of purchasing power needs to be overcome. This can be accomplished in several 

ways, such as the provision of a voucher card, which provides a certain subsidy. 

This subsidy can theoretically be shaped to income levels and product sort. 

Another, possibly complementary policy, is the provision of loans with zero 

interest rate via Micro Finance Institutions [MFI] to the population. This would 

have the added positive effect of developing the MFIs so that these can help 

other sectors of the economy. In turn, in order to help private enterprises, the 

state can, via a state investment bank or similar, provide short and long term 

loans with a lower interest rate.  

 

Alleviating lack of human capability will be addressed further down. Concerning 

demand, it is important that policies are shaped so they develop the capacity of 

local firms to enable them to compete with firms who lack a local presence. 

Importantly, the aim should not be to exclude actors with no local presence, but 

rather develop the actors who do have a local presence. By stimulating demand 

in various forms, together with the policies described below, prices will probably 

fall from the currently comparatively high level, as the innovation system will be 

developed. 25 

 

Such an approach is arguably preferable to the diffusion of free products via the 

armed forces, as was mentioned in a meeting with the Minister of State for Water 

and Energy, for a variety of reasons. First, the latter will cost more, as the whole 

product cost will be subsidized. Second, the initial cost will be incurred again 

when the product needs to be replaced. Third, the armed forces lack the human 

capability to perform tenders, O&M and customer care. Fourth, a free product 

will arguably be valued less. Finally, such a policy would devastate the private 

sector just when it is in the initial stages of a growth phase. 

 

                                                        
25 Expansion should not occur at too fast a pace either as this can create bottlenecks which drive 
up prices 
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Two countries which have to a varying degree implemented similar policies are 

Bangladesh and Mongolia. The former has seen 1 million SHS installed amongst 

the rural poor (Gifford, 2013). Mongolia meanwhile has electrified half of its 

rural population (World Bank, 2012).26  

 

8.2.2 Strengthening education 

 

The coordinating agency can address the second systemic weakness in two ways: 

improving education and providing sensitization campaigns. To improve the 

education an analysis of the demand of skilled labour is required before being 

compared to current and expected supply. Prudent policies can then be 

implemented to bridge the gap. These can, for example, be the channelling of 

funding towards increasing the number of engineering students. Moreover, and 

most importantly, the quality of the students’ practical education needs to be 

substantially improved.  

 

It is also important that sensitization campaigns are implemented, not least 

within the civil service. It is also vital for convincing customers to purchase the 

products. Indeed, as part of a sensitization campaign, events can be organized in 

villages where potential customers are first taught about the product, then 

different private sector actors can compete for the sale whilst the customers get 

financial support from their local MFI and voucher provider. 

 

The current lack of human capacity concerning strategy formulation can be 

addressed in two ways. First, outside help should be sought, such as the 

designers of the Mongolia strategy. Second, WDA should build up the in-house 

knowledge of a coordinating agency. Finally, there is insufficient learning within 

underdeveloped networks, which leads to the need to improve coordination.  

 

                                                        
26 Similarly, Burma has been advised by the World Economic Forum to implement a multi-
pronged strategy to create an enabling environment for the private sector by addressing policy 
initiatives, technology & infrastructure , market structures and human capacity (World Economic 
Forum, 2013) 
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8.2.3 Improve coordination 

 

A coordinating agency would improve coordination between state organisations 

as power, responsibilities and functions would be centralised, thus improving 

the current organisational set-up. By centralising human resources from other 

state organisations regarding strategy setting, implementation and enforcement, 

capabilities would increase, coordination would improve and costs would also 

probably be reduced. The increased in-house knowledge would also hopefully 

address intra-organizational cooperation. Finally, a coordinating agency would 

also solve issue of lacking coordinating due to poor institutional focus on the 

technology as the agency would own the policy.  

 

An agency can fulfil many functions aimed at improving coordination amongst 

actors in the system as a whole. For example, it can coordinate actors who are 

involved in market formation policies, in education projects etc. It can also be 

responsible for holding tenders, as well as ensuring that sufficient O&M be 

provided by the responsible party. Further, it can ensure that the ESWG 

discusses issues surrounding the solar TIS more frequently. It is also essential 

that private and transnational actors develop their networks, especially as the 

shaping and maintenance of proper regulations are dependent on developed 

networks. For example, the private sector could develop its linkages to 

knowledge institutes. Figure 24 provides a suggested timeline over policy 

implementation. 

 

8.2.4 Role of transnational actors  
 

Transnational actors can help address each systemic weakness in numerous 

ways. Concerning market formation, transnational actors should 1) lobby for 

market formation policies, 2) ensure their current and future projects take 

market formation more into account, 3) provide advice from similar policies and 

4) help fund subsidy scheme. Concerning education, they can 1) further increase 

funding to knowledge institutes and 2) place staff in state organisations with 

knowledge of the technology. Concerning coordination, transnational actors can 
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provide funding but above all organisational experience from similar agencies, 

such as the Japanese former Ministry of International Trade and Industry. 

Equally importantly, transnational actors need to alter their behaviour so as 

address the occurrence of a lack of coordination, poor tendering processes and 

poor O&M. 
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Figure 24 Timeline 

 

 

 

 



Institute for Environmental Studies (IVM) 

Institute for Environmental Studies (IVM) 72 

 

9 Conclusion 
 
To conclude, this thesis sought to answer the following research question: what 

is the dynamics of the Rwandan Solar PV innovation system, what role do 

transnational actors play and how can the dynamics be improved? In this manner, 

it aims to provide policy advice, or contribute to the policy debate, as to how a 

private sector led diffusion process can be strengthened, with a special focus 

given to the role of transnational actors. 

 

What then is the structure and dynamics of the innovation system and how 

central role do transnational actors play? On a positive note, the structural 

components of the TIS are developing; an increasing number of private 

enterprises are entering the system, networks are in the early stage of 

developing and an institutional alignment is occurring which will probably 

increase the systems legitimacy. However, the structural components are still in 

the early stages of development: despite institutional alignment occurring, 

market formation policies are insufficient, the system’s soft institutions are weak 

and certain networks are insufficiently developed. 

 

The dynamics of the system is influenced by the structure. There are three 

relatively strong functions: market formation, influence on the direction of 

search and entrepreneurial experimentation as can be observed by rapid market 

growth, positive expectations for the future and number of experiments 

occurring. However, legitimation, resource mobilisation and knowledge 

development and diffusion are relatively weak, characterised by low levels of 

legitimacy of the technology, a lack of human and financial capacity, inferior 

practical education, network weakness and nearly non-existing research. Despite 

its weaknesses, the dynamics of the system are sufficiently developed to argue 

that it has left the formative phase and is entering the growth phase.  

 

Transnational actors play an important, often vital, role in the system. This can 

be seen in the structure, where they play an active role in all elements, as well as 
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in the functions, which they impact greatly on. Their importance is especially 

vital in resource mobilisation and knowledge development and diffusion, which 

are wholly dependent on them. Indeed, the system would not function without 

transnational actors. 

 

System dynamics are blocked by three systemic weaknesses: a lack of knowledge 

and human capabilities, lack of policy and poor coordination. These systemic 

weaknesses in turn lead to functional weaknesses. With market formation being 

the most important function to stimulate, resource mobilisation, knowledge 

development and diffusion and legitimation all affect the function negatively due 

to these systemic weaknesses. However, these negative impacts have been 

counteracted by inducement mechanisms such as global price falls, demand 

driven by transnational actors and access to knowledge via transnational actors. 

Moreover, the elimination of VAT on LED lamps, the rural electrification program 

and the recent paradigm shift are all current or emerging inducement 

mechanisms.  

 

Transnational actors play an important, but varying, role in stimulating all 

functions. Whilst they are influential regarding legitimation and entrepreneurial 

experimentation, they are more important for the function influence on the 

direction of search. Furthermore, and as was noted above, transnational actors 

play a very important role in market formation and a crucial one in resource 

mobilisation and knowledge development and diffusion. However, some of their 

actions also block system dynamics, such as a lack of market formation policies, 

lack of coordination, poor tendering processes and poor O&M. 

 

To stimulate system dynamics, a more conducive environment for private 

enterprises is required. This may be achieved by closer interactions between 

state, transnational and private actors. Specifically, the state needs to first set a 

vision for solar PV, then establish targets and, finally, design a strategy for how 

these should be reached. Importantly, the strategy should consist of market 

formation policies, which seek to develop the private sector. In this process, 

transnational actors need to lobby for, and support, the development of such 
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visions, targets and strategies. Equally vital is that both of these actor groups 

listen to the input given by the private sector, which in turn need to improve its 

competence and organization for interacting with the state and donors. 

 

To specifically address the systemic weaknesses hindering system dynamics, it is 

recommended that a coordinating agency is formed which can create, own and 

implement market formation policies, improve education and increase 

coordination between actors. Transnational actors meanwhile, should ensure 

their future projects take into account market formation, provide human 

capacity and experience, and help fund coordination, education and promote the 

GoR to initiate market formation policies. They also need to address their actions 

which create a lack of coordination, poor tendering processes and poor O&M. If 

this is done, a sustainable, dynamic and competitive solar sector can be 

developed, one that is able to respond to, and realize, the ambitious targets set 

by the GoR. 
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Annex a – example of interview questions 
 
As an example, below are the questions asked to entrepreneurs. Questions to 

other actors follow the same structure but the questions have been slightly 

altered to fit their expertise.   

 

Date and place: 
 
Name of interviewee: 
 
Position and role of interviewee: 
 
Email address: 
 
The questions will follow a certain structure. I will first ask you about actors 
involved in the solar PV sector, the networks you might have with them, the 
technology used and also the laws, regulations, norms and culture that influence 
their activities. Secondly, I will ask you questions concerning how well the Solar 
PV industry functions. In some questions I will ask you rate or evaluate based on 
your expert knowledge the strength of certain activities.  
 
Actor questions 
1) Open question: Please tell me about the company’s development.  

a) When, why and how was it created?  
b) What were central occurrences in the development of the company? How 

were they related to other actors, such as state actions? 
c) Why do you work with solar PV and not with other technologies? (related 

to influence on the direction of search) 
d) How did you acquire initial and subsequent funding? 
e) How did you acquire competent personnel? 
f) How did you acquire the technology? 
g) Could you please describe the value chain and your position within it? 
h) Can you survive without donor support? 

 
 
I will now ask you about actors of which there are several groups. They are: 
companies, state, multilateral, universities and other knowledge institutes, NGOs, 
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financial organizations, consultants and maintenance firms. The actors can be 
both national and international in character. 
 
2) What other actors are active in the solar PV market?  

a) National: 
b) Transnational: 
c) To what extent do you cooperate with them?  
d) Are there new actors entering the market and have firms exited? 
e) Where are actors based? Kigali? 
f) How intensive is the competition and how does the price setting work? 
g) How competent are the actors involved in the Solar PV sector? 

 
 
Network questions 
I am now going to ask you questions about networks. There are several types of 
networks such as learning networks with academia/institutes, value chain 
learning networks in the industry, and lobbying networks. These can be both 
formal as well as informal.  
 
3) Could you please tell me about the formal and/or informal networks you are 

engaged in related to solar PV in Rwanda?  
a) Formal: 
b) Informal: 
c) Which have a transnational character?  
d) Could you please give me a concrete example of how you work in 

networks and with what purpose you do so and concrete results  
e) If you are not part of a network, how come?  

 
 
Institutional questions 
I am now going to ask you questions concerning institutions. With institutions I 
mean culture, norms, laws, regulations and routines that can either help or block 
the growth of Solar PV.  
 
4) Institutional questions.  

a) Could you please tell me about national laws and regulations that 
influence your Solar PV activities? 

b) What do you think of the regulatory framework? Do you believe it can be 
improved? 

c) Could you please tell me if any international regulations or routines of 
transnational actors influence your activities? 

d) How does Rwandan culture, norms and routines influence your activities?  
e) When working with transnational actors, do the culture, norms and 

routines of the transnational actors’ home country influence your 
activities? 

 
 
Technology-related questions 
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5) Tech questions. 
a) What Solar PV technologies are you currently using and why? 
b) From where and whom do you buy the products from? 
c) What is the price of these products? 
d) How much has the price of these products declined or changed in recent 

years? 
e) What is driving down the price and what can be done to further reduce it? 
f) How many units of each product do you sell per year? Do you coordinate 

the purchase with other actors to reduce costs? 
 
 
Knowledge development and diffusion questions 
 
6) Is your company currently involved in R&D or product development? 

a) Could you please rate the extent of your involvement in R&D? Zero, small, 
large extent. State in either money or number of people working on it. 

b) Why do you not import successful examples? 
c) What are your connections to knowledge institutes? 
d) How important are transnational actors for knowledge dev. and diffusion?  

 
 
Influence on the direction of search  
7) What are you expectations for: 

a) future market growth  
b) technological development, including costs?  
c) future regulatory changes?  
d) How much do you believe your customer base can expand? 
e) How do you see the future of off-grid solar PV? 
f) How do you see the future of on-grid solar PV? 
g) How important is each future expectation for your activities in the 

market? Small, moderate, large, very large.  
i) Future market potential: 
ii) Technological development: 
iii) Regulatory changes: 

 
 
Entrepreneurial experimentation 
 
8) Is your company experimenting with new uses and business models of Solar 

PV?  
a) Are you considering entering the on-grid solar market? 
b) If not, what would it require for you to enter the market? 
c) Do others experiment? Are these mainly national or international actors? 

 
Market formation questions 
 
9) Is the market growing and if so, what is driving the growth? 

a) Who are your customers? 
b) How do you promote your products? 
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c) What factors determine the growth in the Rwandan market? 
i) what would be required for the market to expand rapidly over the 

next decade? 
ii) How does PV fare against competing technologies in terms of cost in 

Rwanda? 
iii) Could you please tell me about your business model and its 

dependency on transnational actors funding and/or activities.  
 
10) In what ways are transnational actors influencing the development of Solar 

PV in Rwanda? If positive, how so? If negative, how so? How do you believe 
they can improve their actions? How is your relationship with donors? Please 
give concrete examples 

 
 
11) How do you believe the state should improve its actions to further develop 

the market? 
 
 
Legitimation questions 
 
12) How do society as a whole and civil servants specifically view Solar PV?   

a) Are you attempting to influence these views? Alone or with others? Please 
give concrete examples.  

 
 
Resource mobilization questions 
 
13)  

a) Do you lack funding? 
b) Do you lack educated staff?  
c) Do you lack sufficient infrastructure?  
d) How do you acquire funding and at what cost? 
e) Have you acquired funding from international actors? Donors and private 

banks 
f) Are there sufficient maintenance staff and companies? 
g) If market expands could a bottleneck be formed due to insufficient 

resource?   
 
14) What factors are currently helping and hindering your expansion and the 

industry as a whole? What are the appropriate policy responses on the 
different levels, e.g. business, educational and Gov. level? 

 
 
Rating questions 
 
15) Could you please rate the strength of the functions from 0-5? 

a) Knowledge development and diffusion: 
b) Influence on the direction of search: 
c) Entrepreneurial experimentation: 
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d) Market formation: 
e) Legitimation: 
f) Resource mobilization: 

 
 
Blocking and inducement questions 
 
16) In your opinion what blocks and/or induces each function? 

a) Knowledge development and diffusion: 
b) Influence on the direction of search: 
c) Entrepreneurial experimentation: 
d) Market formation: 
e) Legitimation: 
f) Resource mobilization: 

i) Finance: 
ii) Trained staff: 
iii) Infrastructure: 

 
 
17) What is the role of transnational actors, such as donors, in stimulating and 

blocking each function? Answers to choose from are: negative, redundant, 
moderate, positive, very positive, indispensable and do not know etc. 
a) Knowledge development and diffusion: 
b) Influence on the direction of search: 
c) Entrepreneurial experimentation: 
d) Market formation: 
e) Legitimation: 
f) Resource mobilization: 

i) Finance: 
ii) Trained staff: 
iii) Infrastructure: 

 
 
18) Do you have anything to add or comment about the interview? 
 
 

Annex b – organisations interviewed 
 
GIZ 
BTC 
EU 
Dutch Ministry of Foreign Affairs 
GVEP International 
Africa Governance Initiative 
MARGE 
Private Sector Federation 
Africa energy Services Group 
Independent consultants 
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KIST 
RURA 
RDB 
MININFRA 
EWSA 
Gigawatt Global 
Manumetal 
Great Lakes Energy 
Toughstuff 
Davis and Shirtliff 


