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Executive summary

Thirteen percent of the world’s population currently does not have access to electricity.
This lack of access to electricity limits the overall development. Having access to clean
energy can provide education access, productivity and possibilities for economic growth.
Frugal innovations are new or improved products, with a lower cost and fewer used
resources in their production chain, while maintaining quality, achieving predefined
criteria, fulfilling a specific purpose and are user-friendly. Frugal solar-photovoltaic
systems, are one of the possible technologies that could be able to contribute to reducing
the number of people without access to electricity. Despite the potential of frugal solar-
PV systems for reducing energy poverty, market diffusion of these innovations is not a
given. Political risks can pose a barrier to the market diffusion of these innovations, due
to endangering a stable environment for development and investments.

However, the span of this relationship, specifically in the combination with frugal solar-
PV systems, is unknown. To analyse this, the following main research question has been
posed in this research: ‘To what extent is there a relationship between political risks and
the market diffusion of frugal solar-PV systems?’. The answer to this research question has
been researched with a mixed-methods research approach. First, a quantitative analysis
is performed with a correlation analysis. The second phase includes qualitative research.
Based on the results of the quantitative results, the factors which could influence the
diffusion of frugal solar-PV systems in Uganda and Namibia are analysed with means of
case studies and interviews.

The correlation analysis showed that there is no relationship between political risks
and the diffusion of frugal solar-PV systems. There are too little significant results to
convince that there is a relationship between the political risks and the diffusion of frugal
solar-PV systems worldwide and per continent. Given the fact that this is a research area
where little operationalising has been done so far, it is also important to find possible
explanations for this result. Based on the case studies and interviews, it can be stated that
that there are more factors playing a role in the diffusion of frugal solar-PV systems than
the included political risks. For example, the need for frugal innovations, (renewable)
energy technologies which are already invested in, the varying degree of involvement of
foreign investors and non-governmental organisations, the history of relationships with
other countries and current trading agreements.

To conclude, this research has contributed to the knowledge gaps and scientific
debates in the frugal innovation field by looking at the market diffusion of these systems
and the possible role political risks can play in this process. Valuable knowledge has been
gathered, which has contributed in filling in gaps in academic research: political risks have
been operationalised, a contribution has been made in the field of diffusion theories,
specifically for frugal innovations, and the scope of the extent of a relationship between
political risks and the diffusion of frugal solar-PV systems has been determined. The
results of this research can hopefully on the long term contribute to increasing the
percentage of people having access to affordable and renewable generated electricity and
reducing the energy poverty worldwide.
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Chapter 1 | Introduction

Chapter 1 - Introduction

This chapter starts with a problem analysis in section 1.1, which is the starting position of
this thesis research. Based on this, a knowledge gap is indicated, which will lead to the
formulation of a research objective and the research questions in section 1.2 and 1.3
respectively. Section 1.4 indicates the scientific and societal relevance of this research and
in section 1.5 the research approach will be discussed. Following this, section 1.6
discusses the suitability of this research topic with the study program of Complex Systems
Engineering and Management (CoSEM). As last, section 1.7 indicates what the rest of the
report will discuss.

1.1 - Problem analysis

In this section, the problem of energy poverty, which has been the starting point of this
thesis research, is discussed in section 1.1.1. Hereafter section 1.1.2 discusses a possible
solution in the form of frugal innovations. At last, the difficulties of diffusing these
innovations due to potential political risks and the selected case of frugal innovations in
the form of frugal solar-photovoltaic systems (frugal solar-PV systems) are discussed in
section 1.1.3.

1.1.1 - Problem: energy poverty

940 million people, which is thirteen percent of the world’s population, currently do not
have access to electricity (Ritchie & Roser, 2019). This insufficient accessibility to energy
in order to meet the minimum energy service standard is also known as energy poverty
(Moniruzzaman & Day, 2020). Energy poverty can be defined as “the absence of sufficient
choice in accessing adequate, affordable, reliable, high-quality, safe and environmentally
benign energy services to support economic and human development” (Gonzalez-Equino,
2015, p. 379). This definition indicates important characteristics of energy poverty. First,
the lack of choice indicates that people may have access to possibly dangerous primary
energy sources, but lack the possibility to choose a safer, cheaper or more sustainable
option (Gonzalez-Equino, 2015). This lack of access to modern energy services forces
citizens to use dangerous and polluting alternatives, such as burning kerosine or wood
(Numminen & Lund, 2016). Having access to clean energy sources can reduce the health
risks that go together with burning fuel indoors for cooking or heating purposes
(Kaygusuz, 2011). Second, the term ‘economic and human development’ indicates that
energy poverty limits the overall human development. Having access to clean energy can
increase education access, productivity and possibilities for economic growth (Abbas et
al,, 2020; Kaygusuz, 2011; Shahsavari & Akbari, 2018). Often people who have no access
to energy are also people who are in the bottom of pyramid (BOP) segment. The BOP
segment consists of about four billion people who have less than two dollars per day to
spend (Prahalad, 2011). The less people have to spend, the larger the part is that goes to
the provision of fuels and energy services and the lower the chance is that they have the
monetary resources to spend on access to (clean) energy sources (Ahonen, 2015). This
keeps the inequity of energy access in place and limits the possibility for users to obtain
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Chapter 1 | Introduction

welfare in a broader sense. An increase in energy consumption is necessary for
development and encourages autonomous initiatives, which could increase the economic
sustainability (Gonzalez-Equino, 2015; Kaygusuz, 2011). Pereira et al. (2010, p. 1231)
identify various levels of electricity consumption in order to achieve certain development
levels, as can be seen in Figure 1. Pereira et al. (2010) argue that policies should aim to
increase the annual electricity consumption of each citizen to a minimum of 1000
kilowatt-hour (kWh) per person, in order to provide basic needs, such as food, shelter,
improved health care provision and education.

Distinctions Among Four Social Conditions
Distinctions parmi quatre conditions sociales

Annual International Collaboration
GNP/capita Global R&D, global investment,
lobal peace, global technologies
<08 g pe q a -
Amenities

Education, recreation, the environment,

intergenerational investment
10° 10°

Basic Quality of Life
Literacy, life expectancy, sanitation, infant
montality, physical security, social security

102 Lg
Survival Annual
Food, water, shelter, minimal kWh/capita

health services

Sowrce Chauney Sta

Figure 1 - Electricity levels for development (Pereira et al., 2010, p.1231).

Energy poverty was put on the worldwide agenda by the Millennium Development
Goals, which were presented in 2000 by the United Nations (Sachs, 2012). By the end of
the fifteen-year period, it became clear that progress towards achieving the Millennium
Development Goals was limited and unevenly distributed among countries. Specifically,
the reduction of poverty in Sub-Saharan Africa and India was very limited (Fehling et al,,
2013). At the end of 2015, the Millennium Development Goals were evaluated and the
Sustainable Development Goals were set in place. Two of the seventeen goals are: ‘Ending
poverty in all its forms everywhere’ and ‘Ensure access to affordable, reliable, sustainable
and modern energy for all’ (United Nations, n.d.). However, despite these goals, Sub-
Saharan Africa and India still experience energy poverty as one of their largest problems.

Figure 2 shows the worldwide distribution of the number of citizens without access to
electricity in 2016 (Ritchie & Roser, 2019). This shows that Africa and India have the
highest number of people without access to electricity. India has an annual electricity
consumption of 94 kWh/person. In Sub-Saharan Africa 42% of the households (which are
600 million people) are not connected to the electricity grid, with an annual electricity
consumption of 153 kWh/person and the lowest electrification rate worldwide
(AfroBarometer, 2019; Kaygusuz, 2011; Lucas et al,, 2017; Pereira et al., 2010). This
shows that these regions are far from the recommended annual 1000 kWh/person
electricity consumption and that energy poverty still is a large problem.

11



Chapter 1 | Introduction

Nodata 0O 500,000 1 million S million 10 million 25 million 50 million =100 million

Figure 2 - Distribution of citizens without electricity access (Ritchie & Roser, 2019).

1.1.2 - Possible solution: frugal innovations

Frugal innovations could provide possibilities for consumers with minimal or limited
resources, which can be the case for people without electricity access. Frugal innovations
are new or improved products, with a lower cost and fewer used resources in their
production chain, while maintaining quality, achieving predefined criteria, fulfilling a
specific purpose and are user-friendly (Agarwal & Brem, 2012; Tiwari et al., 2016). Frugal
innovations are thus an option to provide products for those with limited resources, such
as low capital resources, poor electricity infrastructure and poor governance structures
(Knorringa et al., 2016). The main focus of frugal innovations is to provide basic needs to
those in need (Khan, 2016). These innovations have an average lower price and take the
lack of material resources and insufficient infrastructure into account. Therefore, they are
more realistically designed for the local situation and are suitable to help the poorest
people in the world (Gonzalez-Equino, 2015; Tiwari et al., 2016). However, cost
minimization is not the only requirement of a frugal innovation. It should not aim to have
a low price, regardless of the quality of performance, but should have a low price and a
suiting performance for the demand of potential users (Basu et al., 2013; Sehgal, 2010).
The frugal innovation should provide these basic needs according to predetermined
performance goals, so that the potential users are willing to spend their scarce (monetary)
resources on purchasing this frugal innovation (Tiwari et al,, 2016; Zeschky, 2011).
Besides taking the local situation into account when designing a frugal innovation, the
local population should also be included in this process (Agarwal & Brem, 2012; Pereira
etal,, 2010). This increases the chances of success, because it is more suited to their needs
and the citizens understand more of the new technology, which will make them more
empowered to use it (Khan, 2016; Numminen & Lund, 2016).

12



Chapter 1 | Introduction

1.1.3 - Difficulties: market diffusion and the role of political risks

Despite the potential of frugal innovations, market diffusion of these innovations around
the world is not a given (Mikhaylov et al., 2018). Diffusion of innovations is defined by
Rogers (2003, p. 28) as “the process by which an innovation is communicated through
certain channels over time among the members of a social system”. However, the diffusion
theory of Rogers (2003) is developed for the diffusion of high-tech innovations and not
with frugal innovations in mind (Zhang, 2018). Generally, the diffusion of frugal
innovations goes slower than that of high-tech innovations. A reason for this is that
businesses for high-tech innovations take the business case of the innovation into account
during the design process, while the design process of a frugal innovation focusses on
providing the basic need, which makes it harder to diffuse the innovation to other markets
(Ashfaq et al., 2018; Hossain, 2018). Furthermore, potential users of frugal innovations
are often unaware that such technologies exist. Communication between different
communities goes slower and there often is a lack of governmental support, thereby
slowing down the diffusion between different social systems (Arshad et al., 2018). But
even with this slower diffusion rate, frugal innovations still have a higher chance of being
diffused than high-tech innovations in developing countries (DCs) and/or emerging
markets, because the frugal innovations are more suited to the conditions in place (Khan,
2016; Tiwari & Herstatt, 2012).

As is mentioned by Mikhaylov et al. (2018), diffusion of frugal innovations is not a
given. Political risks may pose a barrier to the diffusion of these systems, due to their
ability to endanger a stable environment suitable for investments (O’Sullivan et al.,, 2017).
Political risks entail a lot of different types of risks. First, political risks may limit the
diffusion of a frugal innovation, due to a low political stability or high corruption, but also
because of limited economic stability due to a high inflation rate or a very closed market,
limiting trade with other counties (Hayakawa et al., 2013; Jadhav, 2012; Jing & Martek,
2021). As third, also social factors, such as the civil liberties that citizens have to make
their own choices and the span of their political rights, can play a role in the diffusion
process of frugal innovations (Busse & Hefeker, 2007; Mokhele, 2019). Thus, a political
tense situation or unforeseen changes in the socio-technological environment can play a
role in the diffusion of a frugal innovation (Mikhaylov et al., 2018). However, to what
extent this relationship exists, specifically in the field of frugal innovations, is unknown.
Agarwal et al. (2017) mention that the main focus of the frugal innovation research area
has so far been on the conceptualization and design, while market diffusion of these
innovations has not been researched in depth yet. One field where political risks have to
be taken into account is in energy provision. Energy provision provides the base for
development of countries and political risks can influence the security of this supply
(Paravantis et al., 2019; Sprajc et al., 2019). Historically, political risks and/or conflicts
have arised over access and flows of energy resources, making energy provision and the
role of political risks in this a consequent topic of research (Agrell, 2009; Paravantis, et
al,, 2019). Therefore, to be able to assess whether a relationship exists between political
risks and the market diffusion of frugal innovations, it could be helpful to analyse a frugal
innovation in a field that is historically linked to political risks and to analyse a frugal

13



Chapter 1 | Introduction

innovation that could possibly contribute to reducing the energy poverty (Agarwal et al,,
2017; Hossain, 2018; Khan, 2016). So, to conduct this thesis research, frugal solar-PV
systems have been chosen as case to analyse the existence of a relationship between
political risks and the market diffusion of frugal innovations. Section 3.1 will elaborate
further on the selection of frugal solar-PV systems as case in this research.

A frugal solar-PV system has the capacity to meet the energy poverty challenge and can
have a substantial contribution to the provision of this basic need, thereby decreasing the
percentage of the population without any or reliable access to electricity (Ulsrud, 2020).
Solar-PV technologies can convert sunlight into electricity (Bagher et al,, 2015; Husain et
al., 2018). Sunlight (which consists of light
photons) is absorbed in the solar-PV cell. The
semiconductor material of which the solar-
PV cell is made, separates this incoming light
photon into electrons and holes. The
electrons and holes are then directed into
different parts of the solar-PV cell, after
which the electrons and holes recombine,
creating a current flow. The semiconductor
material is designed to have a potential
difference, to enable the current flow in one
specific direction in order to generate
electricity (Bagher et al,, 2015; Smets et al,, @ +
2016). The same chemical process applies TRl
for frugal solar-PV systems. See Figure 3 for ,

Figure 3 - Representation of a solar-PV cell
the illustration of a solar-PV cell (Ranabhat (ranabhat etal, 2016, p. 485).
etal, 2016, p. 485).

There are three main reasons for why frugal solar-PV systems can contribute to
reducing the energy poverty around the world, in comparison to high-tech solar-PV
systems. First, a frugal solar-PV system requires lower capital investments than providing
electricity with centralized generation systems or with high-tech solar-PV systems used
in mature markets (Baurzhan & Jenkins, 2016; Lay et al., 2013). High-tech solar-PV
systems have disadvantages, which makes them not immediately usable for all

B

environments. These disadvantages include too high upfront costs for energy-poor
consumers or consumers in the BOP segment. Despite the recent gradual price decrease
of solar-PV systems, the upfront costs can still be too high for potential consumers (Gul et
al, 2016; Husain et al., 2018). Second, the high-tech solar-PV systems require skilled
workers to install and maintain the system, which could pose a problem in rural areas
where this service is not continuously available (Numminen & Lund, 2016). A frugal-solar
PV system plays into this market niche. Third, the decentralized nature of a frugal solar-
PV system makes it possible to generate electricity locally, which can provide a solution
for the rural areas which are not connected to the grid and will not be connected in the
foreseeable future (Kim et al, 2019). Unfortunately, little research has been done on
frugal energy innovations (Numminen & Lund, 2016).
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1.2 - Knowledge gaps

As can be derived from section 1.1, the current body of knowledge indicates various
knowledge gaps regarding frugal innovations and the role of political risks in the market
diffusion of these innovations.

First, little is known on frugal innovations focussing on energy provision (Ritchie &
Roser, 2019). Little research has been done on frugal innovations generating electricity
and if it has been done, it often is based only on case studies (Numminen & Lund, 2016).
This is unfortunate, given the fact that frugal innovations can play an important role in
providing electricity in countries with no or an unreliable supply of electricity (Kim et al.,
2019; Rosca et al.,, 2017; Parwez & Shekar, 2019; Pisoni et al., 2018; Singh et al., 2012).
Also, research on a whole frugal innovation providing electricity (such as a solar pico
system), instead of only one component (such as a cooker) is scarce (Numminen, 2019).
Given the fact that a substantial part of the world does not have access to electricity,
research in this area is needed (Ritchie & Roser, 2019). Second, research on the diffusion
of frugal innovations instead of high-tech innovations is scarce (Arshad, 2021; Ashfaq et
al., 2018; Bianchi et al., 2017). Given the fact that current diffusion theories have mainly
been aimed to analyse diffusion and scaling up high-tech innovations and are not suitable
for frugal innovations, makes this a knowledge gap in the field (Hossain et al,, 2016; Pisoni
et al,, 2018). Related to this, the frugal innovations field has focused less on market
diffusion of frugal innovations than on conceptualization, while diffusion is also an
important step in the supply chain of frugal innovations (Agarwal et al., 2017). Third, as
Mikhaylov et al. (2018) and Vakulchuk et al. (2020) mention, the political risk
implications of using solar-based technologies have not been researched in depth yet and
to what extent a relationship exists between political risks and the diffusion of frugal
solar-PV systems, is still unknown (Mikhaylov et al., 2018).

This research will position itself on the intersection of these three knowledge gaps.

1.3 - Research objective and research questions

In order to contribute in bridging the gap in the literature as is indicated in section 1.2,
this research has the goal to find the extent of a relationship between the political risk and
the market diffusion of a frugal solar-PV system. The result of this research can then be
taken into account for decisions regarding introducing frugal solar-PV systems in
countries with different political risk levels. In order to answer this research question,
only countries which have specific frugal solar-PV systems in their market will be taken
into account in this research. The selection of these frugal solar-PV systems will be
discussed in section 3.1.

To be able to reach this research goal, the following main research question is posed:

‘To what extent is there a relationship between political risks and the market diffusion of
frugal solar-PV systems?’
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In order to answer this main research question, five sub-questions will be researched:

1- ‘What is known about the relationship between political risks and the market diffusion of
frugal innovations?’

2- ‘How can political risks be operationalised, in order to assess the relationship between
political risks and the market diffusion of frugal solar-PV systems?’

3- ‘Which correlation analysis method should be used to assess the relationship between
political risks and the market diffusion of frugal solar-PV systems?’

4- ‘Which lessons can be learned from the correlation analysis regarding the relationship
between political risks and the market diffusion of frugal solar-PV systems?’

5- ‘Which factors could explain the market diffusion of frugal solar-PV systems in Uganda
and Namibia, given their respective political risks?’

1.4 - Research relevance

Given the fact that so far little research has been done on frugal energy innovations in
combination with political risks and market diffusion, this proposed thesis research will
have the scientific relevance to research to what extent a relationship exists between the
political risks and the market diffusion of frugal solar-PV systems. This will contribute on
the one hand to the knowledge gap on frugal innovations providing electricity and the
market diffusion of these innovations, which has been a rarely researched topic so far. On
the other hand, it will include researching political risks and to what extent there is a
relationship between these risks and the market diffusion of frugal energy innovations,
thereby contributing to the posed scientific knowledge gaps in the literature and in
section 1.2.

Research regarding frugal energy innovations is highly societally relevant, because
such technologies can contribute to reducing energy poverty (Bound & Thornton, 2012;
Hossain, 2018). The societal relevance of this research is to contribute to the goals of:
‘Ending poverty in all its forms everywhere’ and ‘Ensure access to affordable, reliable,
sustainable and modern energy for all’ of the United Nations Sustainable Development
Goals (United Nations, n.d.). This will be done by researching if there is a relationship
between political risks and the market diffusion of frugal solar-PV systems. The acquired
knowledge from this research can then be taken into account in future processes
regarding frugal innovations, with the possible consequence that the frugal innovation is
more suitable to the situation at hand. On the long term, this could contribute to
increasing the percentage of people having access to affordable and renewable generated
electricity and reducing the energy poverty.

1.5 - Research approach

To contribute to filling the knowledge gaps indicated in section 1.2 and to answer the
research questions posed in section 1.3, a mixed-methods research approach will be used.
First, quantitative research is performed in the form of a correlation analysis, to analyse
the existence of a relationship between political risks and the market diffusion of frugal
solar-PV systems. The second phase consists of qualitative research. Based on the results
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of the quantitative research, the factors which could explain the diffusion of frugal solar-
PV systems in Uganda and Namibia, given their respective political risks, is analysed with
means of case studies and interviews.

The correlation analysis is conducted to analyse whether there is a relationship
between the political risks and the market diffusion of frugal solar-PV systems (Crawford,
2006). There firstis a need to develop an index for the political risk in different countries.
This will be done by adding different sub-variables to one overlapping political risk index
(PR-index), with means of a factor analysis. The operationalisation of political risks will
be discussed further in section 3.2. Second, a correlation analysis will be conducted,
because the goal is to find out whether a relationship exists between the PR-index and the
market diffusion of frugal solar-PV systems. Statistical research (and specifically a
correlation analysis) is used numerously in the energy field, which supports the statement
that this is a suitable research approach (Narula & Reddy, 2015; Sprajc et al., 2019).

Second, the case study approach is used to analyse some of the interesting results of
the correlation analysis, which include researching factors that might also play a role in
the diffusion of frugal solar-PV systems in Uganda and Namibia. As Harrison et al. (2017)
mention, case studies are appropriate for research topics that want to understand
complex phenomena and specifically those in which the boundary between context and
the issue is ambiguous and contains many variables. This is the case with frugal
innovations and the diffusion of these (Knorringa et al., 2016). With the case study
approach, different types of input, such as quantitative data, desk research and interviews
are gathered from different cases, in order to learn from the selected cases to assess the
role of political risks in the market diffusion of a frugal solar-PV system (Stake, 2006). A
case study is a suitable research approach in this field of research. Case studies have been
used in research regarding frugal innovations as well as in solar-PV research (Njoh et al,,
2019; Singh et al,, 2012; Tiwari et al., 2016; Wydra et al.,, 2019).

As last, after the case studies on Uganda and Namibia have been conducted, interviews
will be held to discuss the found explanations from the case studies and provide additional
explanations for the found statistical results. Experts in the field will be interviewed with
semi-structured interviews. Experts can provide more information on the history,
political systems and international relationships of Uganda and Namibia and can
therefore help in finding plausible explanations.

This research approach shows that this research is a mixed-methods research, which
means that multiple methods have been used to answer the main research question. This
has as consequence that the results are not only based on quantitative results, but that
also the global picture and the story behind the numbers are taken into account in this
research. This provides an as complete as possible answer to the main research question.

Figure 4 shows the research flow diagram corresponding to this research approach.
The research will start with reviewing literature in order to formulate the problem
definition and relevance of this thesis research. Second, in phase two more literature will
be reviewed to be up-to-date on the current state of research on frugal innovations,
market diffusion processes in general and of frugal innovations specifically, and the
potential role political risks may play in this. In phase three, more specific information
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will be gathered to be able to operationalise political risks and to select a fitting
correlation method for the statistical analysis. In phase four the correlation analysis will
be conducted. Based on the results of this analysis, the selected countries of Uganda and
Namibia will be analysed in dept with a case study approach in phase five, to indicate
factors that could explain the market diffusion of frugal solar-PV systems in these
countries, given their political risks. In the last phase, answers to the research questions
will be given, discussion points in regard to this thesis research will be mentioned and a
conclusion will be made.

18



f e N 3
Problem Research
definition objective
. e B,
. B
. Relevance of
Research question|
research
. S
! /
N /  Phaset:
K h Introduction
Context

SRQ 1 -
' Y

Analysis of known
relationship between
market diffusion and

political risks in frugal
innovations

| ;
-  orionati
researcl Orientation

Information \lfﬂ rmation

SRQ 2 spQ 3
™,

Selection of suitable

Operationalisation of .
P correlation method

political risks

N Desk AN Desls S
) research - research

Phasc 3:
Operativnalisation

Methodology

SRQ 4 SPSs
e

Lessons from correlation
analysis regarding
relationship between
geopolitical risks and
market diffusion of frugal
innovations

" Phase 4
Analysis

Factors explaining the
results of the statistical
analysis

A
Phase 5:
Application

Recommendations

Answer to research
questions
-~ ~ . ™~
Discussion Conclusion ‘
. AN
Phase 6:
Conclusion

Figure 4 - Visual representation of research approach.

Chapter 1 | Introduction

Legend

Research sub-question

Research methods

Data analysis tools

!Il

19



Chapter 1 | Introduction

1.6 - Suitability with CoOSEM

This research has been conducted for partial fulfilment of the requirements for the degree
of Master of Science (MSc) in CoSEM. This thesis research is exemplary for the program
of the MSc CoSEM, because of four reasons.

First, this research has technological components embedded: composing a PR-index
which can represent the political risks. Also, performing a statistical analysis in order to
assess the extent to which political risks might play a role in the market diffusion of frugal
solar-PV systems is explementary for a COSEM research topic. Second, at the same time
this research has a strong societal aspect: it contributes to the ‘Ending poverty in all its
forms everywhere’ and ‘Ensure access to affordable, reliable, sustainable and modern
energy for all’ Sustainable Development Goals of the United Nations. Third, this research
covers values from the private as well as public domain. The role of private companies,
local governments and non-governmental organisations (NGOs) are all taken into
account. As last, this research will try to answer the main research question with multiple
methods and from different perspectives. Not only will the research question be answered
with means of a quantitative analysis, but also the larger societal and contextual picture
will be taken into account, which is something that has been learned in this MSc program.

This shows that this is a research topic on a socio-technical system, where technical as
well as institutional knowledge is needed, which makes this research suitable as a thesis
research for the MSc program of CoSEM.

1.7 - Research outline

After this introduction, chapter 2 discusses the current available knowledge regarding
frugal innovations, market diffusion of these systems and the possible influence of
political risks on this diffusion process. After this, the used methodology in this research
is discussed in chapter 3: the case selection of frugal solar-PV systems for this research,
the operationalisation of market diffusion and political risk for the statistical analysis, the
data collection and analysis steps and the credibility and validity aspects of the used
methods. Chapter 4 will discuss the results of the conducted correlation analysis. Various
factors that could explain the results of the correlation analysis are discussed in chapter
5, which are identified with case studies and interviews. A critical reflection on this
research will be given and recommendations will be made in the discussion in chapter 6,
and a conclusion will be drawn in chapter 7. The appendices show additional information
gathered in this research and provide a more in-depth explanation of certain research
steps.
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Chapter 2 - Theoretical framework

This chapter discusses the current available knowledge on frugal innovations, market
diffusion of these innovations and the possible role of political risks in the diffusion of
frugal innovations. In this chapter, the first sub-question of this research will be answered.
This sub-question is: ‘What is known about the relationship between political risks and the
market diffusion of frugal innovations?’ Different concepts are discussed in order to
answer this sub-question. Section 2.1 discusses frugal innovations. Second, section 2.2
discusses market diffusion in general and the market diffusion of frugal innovations
specifically. Section 2.3 discusses the possible types of political risks that can play a role
in the market diffusion of frugal innovations. At last, section 2.4 gives an answer to sub-
question one.

2.1 - Frugal innovations

Frugal innovations aim to serve resource-constrained consumers by providing basic
needs and improve their standards of living; it can reduce societal problems and provide
citizens with more empowerment (Khan, 2016; Pisoni et al., 2018). Frugal innovations are
products or systems that aim to minimise the use of materials and financial resources and
reduce the costs of ownership for users, meanwhile meeting quality standards and
fulfilling their specific purpose (Khan, 2016; Knorringa, et al.,, 2016).

As is stated in this definition of frugal innovations, cost reduction is an important part
of frugal innovations. This can be achieved through reducing the manufacturing, material,
labour or maintenance costs, or eliminating non-value adding functions for the specific
situation for which the frugal innovation is designed (Simula et al., 2015). Although cost
reduction is a crucial part of frugal innovations, it is not the only necessity for a successful
implementation. The frugal innovation should be providing basic needs to consumers,
with a high enough quality that the price-sensitive consumer is willing to spend their
scarce (monetary) resources on (Knorringa, et al.,, 2016; Tiwari et al., 2016; Zeschky,
2011). In most cases, frugal innovations are competing against non-consumption (Tiwari
& Herstatt, 2012; Tiwari et al.,, 2016). To convince consumers to spend their scarce
resources on this unknown frugal innovation, it should fit their needs and provide value
to them (Knorringa, et al, 2016; Numminen & Lund, 2016). The main aim of frugal
innovations is maximizing value for consumers, while minimizing the associated costs;
not low price, low performance, but low price, high performance (Basu et al., 2013; Sehgal,
2010). This asks for starting a design process from scratch (Hossain et al., 2016; Khan,
2016). Cutting existing functionalities and process costs from current high-tech
technologies available in mature markets is not enough for these technologies to work in
emerging markets (Sehgal, 2010; Soni & Krishnan, 2014). This is because these former
non-consumers and/or BOP consumers have unique demands, which are not provided by
current technologies from mature markets (Simula et al, 2015). Second, even if the
current technologies from mature markets are stripped-down, their cost structure is often
still too expensive for BOP consumers (Sehgal, 2010). This then asks designers to start
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from scratch. Because frugal innovations are developed for the specific situation at hand,
the unnecessary functionalities are reduced and as little as possible resources are used,
while taking the available resources at location into account (Kim et al., 2019). This makes
it possible for the poorest countries to increase the standards of living (Knorringa et al.,
2016).

Frugal innovations is a relatively new scholarly domain (Pisoni et al., 2018). This
provides the problem that the definition and distinction with other connected innovations
can be unclear. In order to prevent confusion, the distinction between (sub-)types of
(frugal) innovations will be made clear. First, jugaad innovations have emerged in India,
which can be seen as the centre of frugal innovations (Rosca et al., 2017; Tiwari et al.,
2016). Jugaad innovations differ from frugal innovations in the way that the former only
uses locally available resources (Basu et al., 2013). This is even more a do-it-yourself type
of innovation than frugal innovations; local individuals or groups themselves find
solutions for their problems in their immediate environment, making them not only
consumers but also producers of these innovations (Numminen & Lund, 2016; Rosca et
al, 2017; Soni & Krishnan, 2014). Second, grassroot innovations are a relatively newer
phenomenon than jugaad innovations. With grassroot innovations, there is a small local
enterprise built around the developed innovations, which are still designed only with
available resources from the immediate environment (Kumar & Bhaduri, 2014). The
organizational culture around these innovations has grown in comparison to jugaad
innovations. Third, reverse innovations are a specific type of frugal innovations. Reverse
innovations are frugal innovations which are diffused to mature, and often higher-income,
markets, commonly after some modifications to make them suitable (Agarwal & Brem,
2012; Rosca et al, 2017). This only happens for a small percentage of the frugal
innovations (Simula et al., 2015).

Frugal innovations can achieve the low-price, high-performance goal, dependent on
their design characteristics, which makes them more valuable to possible consumers.
These characteristics are:

1- Reduced overall cost of ownership: the costs during the entire lifetime of the frugal
innovation should be as low as possible (Tiwari et al., 2016). This includes not only
the price of purchase, but also the costs during its lifetime (costs of usage,
maintenance and reparations), in order to reach as many potential consumers as
possible.

2- Robustness: in order to keep the costs of maintenance and reparations as low as
possible, the product should be robust (Numminen & Lund, 2016; Tiwari et al.,
2014). Next to that, frugal innovations often operate in harsh environments:
extreme temperatures, humidity, and/or little sheltering (Tiwari et al., 2016). The
product should be built to withstand such conditions, without requiring
continuous maintenance (Pisoni et al., 2018). If a lot of maintenance is necessary
and local available material, knowledge and craftsmanship is scarce, it could result
in down-time of the product by having to wait for it to be repaired. This will then
have the consequence that consumers have little trust in the product and often will
stop using the product all together (Numminen & Lund, 2016).
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3- User friendliness: many future consumers have little to no experience with
likewise products and little knowledge on how to use the innovation. Therefore, in
order to increase the fit to the local conditions and population, and the chance of
usage, the product should be easy to use and fault-proof (Khan, 2016; Tiwari et al.,
2016).

4- Economies of scale: there has to be enough access to people and markets in order
to reduce the costs of development and implementation per unit of frugal
innovation (Prabhu, 2017; Tiwari et al., 2014).

2.2 - Market diffusion of frugal innovations ‘

Section 2.2.1 will discuss the general principle and theory of market diffusion. Section
2.2.2 focuses on market diffusion of frugal innovations and how this differs from the
diffusion theory discussed in section 2.2.1.

2.2.1 - Process of market diffusion

Diffusion of innovations can be seen as “the process by which an innovation is
communicated through certain channels over time among the members of a social
system” (Ashfaq et al., 2018; Rogers, 2003, p. 28; Zhang, 2018). Given the definition of
innovation diffusion, four main elements can be distinguished, which can influence this
diffusion process (Arshad, 2021; Rogers, 2003):
1- The innovation:
Characteristics of the innovation can positively influence the market diffusion
(Arshad, 2021; Richardson, 2009). The more the characteristics of frugal
innovations match certain characteristics, the more the market diffusion could be
increased. These characteristics are (Zhang, 2018):

e Relative advantage: if an innovation is considered to be better, easier to use or
provides other (social) benefits to potential users, they are more likely to adopt
this innovation.

e Compatibility: the more the innovation meets the demands and requirements of
users, the higher the chance of diffusion is. If the innovation is not made to
withstand local conditions, such as heat and humidity, users are unlikely to
adopt the innovation and the chance of diffusion is low.

e Complexity: if the innovation is easy to understand and use, then the innovation
diffuses quicker. In the case of frugal innovations, simplicity is one of the core
values of the design, because it is known that in emerging markets little
knowledge and training is available for users and a complex design can limit the
usability of the frugal innovation.

e Trialability: with trialability, users can have the option to experiment and get
familiar with the innovation. This can provide a base for users to decide whether
or not they will use the system long-term. With frugal innovations, designers or
experts should be on site to install the system and familiarise users with the
system.
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e Observability: if outcomes of using the innovation are observable to users, then
they are more likely to keep using the system. For example, light and electricity
are very observable and the experienced benefits of having this innovation can
become very clear to new and potential users.

Communication through certain channels:

For the diffusion of an innovation, communication between at least two people is
necessary. One person who has the experience and/or knowledge regarding the
innovation, the other who is receiving this knowledge. Therefore, diffusion is
enhanced by speaking the same language and being in close proximity of each
other (Zanello et al.,, 2015). This makes (informal) communication easier.
Involvement of time:

This entails the decision process through which the potential users go to decide
whether or not they will adopt the innovation. This process entails five stages
(Rogers, 2003):

e Knowledge: the users hear about the innovation and receive some information.

e Persuasion: the users experiment with the innovation to see what the added
benefits of using this innovation can be.

e Decision: the users decide whether or not the innovation will be adopted.

e Implementation: the users use the system, if it was decided to adopt the
innovation

e Confirmation: the decision to adopt or reject the innovation is reconsidered.

Spread through a social system:

Diffusion of an innovation can be seen as a social process which occurs when
people learn about an innovation (Dearing & Cox, 2018). Diffusion of an innovation
can be speeded up or slowed down by the (informal) social structures and their
communication mechanisms
within this. Often, technological
development and then diffusion s
of innovations occur in one

o
(=]
2

S-shaped
diffusion
- curve

direction: from mature markets
to emerging markets (Leliveld &
Knorringa, 2017).

The innovation diffusion pattern is
often represented with an S-curve, as is
visible in Figure 5. Innovations which
diffuse very fast in the market have a
steeper slope than innovations which
diffuse slower (Rosenberg, 1972).
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Figure 5 - S-shaped diffusion curve (Milner, 2011).

2.2.2 - Process of market diffusion of frugal innovations

Frugal innovations have different characteristics compared to high-tech innovations, with
the consequence that the diffusion theory discussed in the previous section is not entirely
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applicable to the diffusion of frugal innovations (Zhang, 2018). The core characteristics
(the innovation itself, the communication channels, the involvement of time and the social
context) differ between frugal innovations and high-tech innovations, and thus frugal
innovations will have different diffusion patterns (Hossain, 2018; Hossain, 2020; Hossain
et al, 2016; Zhang, 2018).

Frugal and high-tech innovations have different characteristics, which can have an
influence on their respective diffusion. First, the design process of a frugal innovation
starts with a basic need in mind that needs to be fulfilled according to the demand of
potential users and not with a business model and vision on how to scale-up and diffuse
the innovation, in comparison to high-tech innovations. This slows down the diffusion to
other markets (Arshad et al, 2018; Ashfaq et al, 2018; Hossain, 2018). The frugal
innovation is designed for meeting a specific demand and thus for a specific situation or
environment (Agarwal & Brem, 2012; Pisoni et al., 2018). This makes diffusion to other
markets or regions harder (Ashfaq et al,, 2018). Second, the communication channels are
more difficult with frugal innovations; understandable communication between people
with different geographical, socio-economical and linguistic backgrounds is harder
(Arshad, 2021). Also, the difference in education and training regarding the frugal
innovation at hand makes it more difficult to have understandable communication to
transfer knowledge effectively (Rosca et al., 2017). Third, the process of potential users
to decide whether or not they will adopt the innovation also goes slower with frugal
innovations. This is because potential users often have a lack of awareness that frugal
innovations exist and that these are a valid option for their demands (Arshad, 2021).
Moreover, the lack of governmental and/or institutional support increases this lack of
awareness of potential users. With increased support from official parties in the form of
policies for example, the diffusion and use of frugal innovations could be increased due to
more education and training facilities for potential users (Abrol & Gupta, 2014; Arshad,
2021; Bianchi etal., 2017; Hossain, 2018; Zanello et al., 2015). At last, the social system in
which frugal innovations are introduced, are different from those in which high-tech
innovations are normally introduced. Generally, the social system also influences the
diffusion process; the same innovation could have a different diffusion curve in different
social systems (Zhang, 2018). Innovations generally diffuse to other countries with the
same socio-economic conditions, due to the overlap between the conditions and demand
for which the innovation is designed (Ashfaq et al., 2018; Hossain et al., 2016).

Due to these differences between high-tech innovations and frugal innovations, they
have different diffusion paths. High-tech innovations diffuse from mature markets to
emerging markets, while frugal innovations are developed in emerging markets and
normally stay in these markets or are diffused among other emerging markets (Schmidt
& Druehl, 2008). So, a different diffusion theory is necessary for frugal innovations
(Hossain, 2018). This means that the S-curve of diffusions (as has been seen in Figure 5),
is different for frugal innovations. As is proven in the research of Zhang (2018), who did
research on frugal innovations in the ICT-domain, frugal innovations diffuse slower in
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emerging market than a high-tech
innovation. This is due to the fact that ‘cfuoren e
frugal innovations do not have
characteristics that users of high-tech
innovations usually prefer. In the end, — Frugal ICTs
frugal innovations reach more users in
DCs, as can be seen in Figure 6 (Zhang, /e
2018, p. 59). This is because the frugal
innovations meet the demands of users '/
in DCs better than high-tech innovations
(Khan, 2016).

For frugal innovations to diffuse, there _ __ _ s
are different diffusion paths they can take, as €£§QE§’Zaféf35ég?.offrugal innovations in DCs
can be seen in Figure 7 (Hossain et al., 2016, p.
137). The four diffusion paths are (Hossain et al., 2016; Pisoni et al., 2018):

High-end ICTs

— Time

1- Local diffusion: the diffusion of the frugal —
innovation is limited; the innovation can | Local | _o_____ >
diffuse to other parts of a country or is ,* | diffusion , Unlikely path
only adopted nationally (Ashfaq et al, e B Likely path

2018).
2- Proximity diffusion: proximity diffusion
entails diffusion to similar socio-

STy »
Proximity
diffusion
-

Reverse
diffusion

economic environments, such as

neighbouring countries.
3- Distance diffusion: the frugal innovations .

follow the distance diffusion path when

the frugal innovation continues to diffuse

to countries further than the neighbouring Figure 7 - Frugal diffusion paths (Hossain et
al, 2016, p. 137).

Distance
diffusion

countries.
4- Reverse diffusion: in this diffusion path, the frugal innovations become a reverse
innovation and innovations diffuse from emerging markets to mature markets or
globally (Ashfaq et al.,, 2018).
A frugal innovation can follow one or more diffusion paths sequentially, although the step
from local diffusion immediately to distance or reverse diffusion is unlikely, because it is
improbable that earlier diffusion to neighbouring countries does not occur (Hossain et al,,
2016).

Despite the knowledge gap regarding diffusion theory on frugal innovations, various
possible influences on market diffusion in emerging markets are known. Diffusion of
innovations is difficult in emerging markets, due to the often overall lower support of
governments for innovations to develop and emerge. This makes it hard for innovations
to be known to potential users and to diffuse further (Abrol & Gupta, 2014; Bianchi et al.,
2017). In developing markets, the market for innovations is limited by institutional, socio-
economic, legal and geographical systems and the diffusion of innovations to or within
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these markets is limited due to the high cost of diffusion (Zanello et al., 2015). Having
enough (monetary) resources within a developing market is one of the main difficulties
for diffusion of innovations (Miller, 2009; Zanello et al., 2015). However, frugal
innovations have a higher chance of diffusing in developing markets than high-tech/non-
frugal innovations, due to the design process of frugal innovations (Tiwari & Herstatt,
2012). Frugal innovations are more focused on designing a possible solution to a local
demand or need and therefore take the local needs, wishes, (cultural) preferences and
infrastructural shortcomings into account (Zanello et al.,, 2015). With this, the frugal
innovations achieve a higher embeddedness in the social system and therefore has a
larger chance to diffuse than high-tech/non-frugal innovations.

The barriers for diffusion of innovations in emerging markets can be categorized in
external and internal barriers. The external barriers will be discussed in section 2.3.
Internal barriers to diffusion include factors that are internal to an organization designing
and diffusing innovations (Zanello et al., 2015). These include:

¢ Human capital: the lack of expertise, education options and training facilities limit
the diffusion of innovations. Not having enough knowledge on how to design or
use innovations decreases the chance of long-term usage and therefore diffusion
of the innovation (Arshad, 2021).

e Available resources: the limited (monetary) resources narrow down the
affordability of the innovation for potential users, therefore limiting the potential
market to which the innovation can diffuse (Zanello et al., 2015).

e Networking capabilities: with a global innovation network, the chance is higher
that there are already trade agreements in place and international companies
interested in new markets (Arshad, 2021).

Moreover, there are additional barriers specifically for the diffusion of frugal innovations.
These barriers should be taken into account when frugal innovations are being diffused
to other regions; taking these into account could make the diffusion process easier and
more fitting to the situation. These are (Abrol & Gupta, 2014; Arshad, 2021; Numminen &
Lund, 2016):

e Lack of awareness of potential users of the innovations.

e Lack of teamwork between public and private parties and local users.

¢ Non-availability of resources or only short-term availability.

e Importing costs of resources or human capital.

¢ Insufficient understanding of local cultures, with as consequence that the frugal
innovation does not fit local demands and patterns, which will give the frugal
innovation a bad reputation and will limit the diffusion.

However, despite the distinct differences with high-tech innovations, research on
diffusion of frugal innovation remains scarce and more research is needed to include
frugal innovations in this field (Arshad, 2021; Ashfaq et al., 2018; Bianchi et al., 2017;
Hossain et al.,, 2016; Pisoni et al., 2018).
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2.3 - Influence of political risks on market diffusion

As is discussed by Mikhaylov et al. (2018), diffusion of frugal innovations is not a given.
Section 2.2.2 mentioned that also external barriers, which can limit the diffusion of frugal
innovations. These external barriers can be combined within the general term of political
risks (Zanello et al., 2015). Political risks may pose a barrier to diffusion of these systems,
due to their ability to endanger a stable environment suitable for investments and
creating uncertainty for innovators and investors (0’Sullivan et al., 2017). Political risks
could influence the trade with other countries, which is an important aspect of the
diffusion of innovations. Political risks can pose a threat for creating and/or maintaining
a stable environment for development and investment, and can consist of multiple types
of influencing factors (Aloui & Hamida, 2019; Alsagr & van Hemmen, 2021; Malmgren,
2015). Therefore, there is a need for combining different types of risks, in order to be able
to assess to what extent these political risks play a role in the diffusion of frugal
innovations. The overall political risk can be sub-categorized in three types of risk groups
with corresponding risk sub-factors (Mokhele, 2019). These are:
1- Political:
Political risks can have a negative impact on the economy and innovation
environment of countries (Jiang & Martek, 2021; Kruja & Dragusha, 2016).
Institutional and political support is very important in emerging markets for
diffusion of innovations (Zanello et al., 2015). An instable government or political
environment or changing policy can discourage investments from other countries
(Bianchi et al., 2017). Corruption can also limit the diffusion of innovations
(Zanello et al, 2015). Third, incomplete, contradictory and/or outdated
institutional agreements can limit the diffusion of innovations (Zanello et al,,
2015). Fourth, the limited cooperation between private and public actors in
emerging markets can have a negative influence on the development and diffusion
of frugal innovations (Fischer et al.,, 2020). Different types of political risks can play
arole in the diffusion of innovations:

e Voice and accountability: the extent to which citizens have a voice in the
electoral process of their government has a significant influence on the political
stability and openness of a country to innovations and external parties (Jadhav,
2012).

e Political stability: the political instability in a country has negative impacts on
investments and diffusion of innovations (Jiang & Martek, 2021; Kruja &
Dragusha, 2016). This also works the other way around; the introduction of an
innovation can also influence the political stability of a country. The
introduction of innovations could increase the production capacity of countries,
thereby decreasing the dependency on other countries. This could increase the
political stability (IRENA, 2019).

e Government effectiveness (Kruja & Dragusha, 2016): when (foreign) investors
experience an effective operation of a government, they are more likely to invest
in new innovations.
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Regulatory quality: when regulations are clear and not changing often,
innovators and investors have a clear overview of the potential new market
which they may enter (Jadhav, 2012). Incomplete, contradictory and/or
outdated institutional agreements can limit the diffusion of innovations
(Zanello et al., 2015). Also, the limited cooperation between private and public
actors in emerging markets can have a negative influence on the development
and diffusion of frugal innovations (Fischer et al., 2020).

Rule of law (Kruja & Dragusha, 2016): the extent to which the political system
and institutions have the power to uphold companies and citizens to their laws,
provides investors with the knowledge that if legal actions have to be taken, the
system will be able to process this.

Corruption: types of corruption, such as bribes for licenses or police protection
can make it harder for (foreign) investors to be attracted to a new market to
introduce an innovation (Dutta et al., 2013; Hayakawa et al., 2013; Jadhav,
2012).

Terrorism: terrorism is a type of political violence. Acts of terrorism can damage
the infrastructure, thereby destroying part of the innovations and reducing the
change for investors achieving a return of their investment (Alsagr & van
Hemmen, 2021; Komendantova et al.,, 2012).

2- Economic:
The better the economic condition of a country is, the more likely it is to attract
new businesses and investors (Mokhele, 2019). Economic factors include the
openness of the economy for other market parties to enter the market, the
economic development of the country to be able to invest in innovations, market
failures and inadequate infrastructures for transport of goods, which can influence
the diffusion of innovations (Hossain, 2018; Zanello et al., 2015).

Gross domestic product (GDP): a high GDP can positively impact the
entrepreneurial environment (Dutta et al., 2013; Jadhav, 2012).

Inflation: a high inflation rate could deter foreign investment, due to lower
future returns of their investment (Hayakawa et al., 2013).

Quality of infrastructure: the quality of the infrastructure in a country influences
the level of ease through which materials and people can move around in a
country. The higher the quality of the infrastructure is, the easer the distribution
is. For example, a lot of new technologies or innovations need materials such as
lithium, cobalt and indium. With a high quality of infrastructure, this could be
distributed easier from extraction to production location (Scholten et al., 2018).
Market size (Jadhav, 2012; Kumari & Sharma, 2017): the net amount of
domestic product in a country has a positive influence on the number of foreign
investments made.

Trade openness (Jadhav, 2012): the amount of import and export of products
influences the way innovators and investors look at a country. When a country
trades more with other countries, it can serve as indication that a country has
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good relationships with other countries. Higher trade openness could increase
the number of investments made (Lu et al., 2020).

e Ease of doing business (Mokhele, 2019): when a country provides a stable
environment to install new businesses or make trade agreements, it attracts
more investment and innovations.

e Strength of legal rights: laws to facilitate access to credit can provide potential
consumers with the ability to purchase an innovation, which is important for
the diffusion of innovations (Ndunguru, 2018).

3- Social:
Social dissatisfaction can increase the instability within a country and influence
governmental and entrepreneurial actions (Hayakawa et al,, 2013).

e (Civil liberties: when citizens are free to express who they are and maintain their
autonomy, then innovators have a larger segment of potential consumers to
reach. If the government does not support certain innovations, the market share
of that innovation diminishes rapidly, which could reduce the appeal of
investing in such a country (Busse & Hefeker, 2007; Mokhele, 2019). Also,
dependent on the type of innovation, the introduction of an innovation could
empower citizens. The innovation could make citizens more autonomous and
less dependent on the governmental provision of services, thereby
democratising public services (IRENA, 2019).

e Political rights: if citizens can participate in a fair electoral process, the
possibility increases that an unfitting and/or unfair government could be
removed. Political rights form the base of democracy and a good democracy
increases the chance of investments made in that country (Busse & Hefeker,
2007).

e Human development (Mokhele, 2019): when the human development in a
country is acceptable or increasing, it shows that a country is taking care of its
citizens and/or improving the living conditions for their citizens, which attracts
innovations and investors.

¢ Inequality: as is mentioned in section 1.1.1 (‘Energy poverty’), energy access is
not a given for thirteen percent of the world. Access to modern technologies and
innovations could reduce political instability and conflicts in energy-poor
regions of the world (O’Sullivan et al, 2017). However, introduction of
innovations could also increase separatism and inequality within a country and
lead to instability (Scholten et al., 2020).

To conclude, political risks can play a role in the diffusion of frugal innovations. Various
political risk factors have been identified which could influence the investments
possibilities for frugal innovations and therefore the market diffusion of these
innovations (O’Sullivan et al., 2017). The literature thus showed that there might be a
relationship between political risks and the market diffusion of frugal innovations.

30



Chapter 2 | Theoretical framework

2.4 - Conclusion

This chapter aimed to answer the first sub-question of this research. This sub-question is:
‘What is known about the relationship between political risks and the market diffusion of
frugal innovations?’ Different concepts have been discussed in order to answer this sub-

question.

The literature indicated that frugal innovations might provide a solution for potential
consumers with limited resources. The frugal innovation aims to provide basic needs to
consumers, with a high enough quality that the price-sensitive consumer is willing to
spend their scarce (monetary) resources on, with the goal to improve citizen’s standards
of living and empower them (Knorringa, et al.,, 2016; Tiwari et al,, 2016; Zeschky, 2011).
Although reduction of costs is a crucial part of frugal innovations, it is not the only
necessity for successful implementation and diffusion. The main aim of frugal innovations
is maximizing value for consumers, while minimizing the associated costs; not low price,
low performance, but low price, high performance (Basu et al., 2013; Sehgal, 2010). This
asks for starting a design process from scratch, instead of cutting existing functionalities
of current high-tech innovations available in mature markets (Hossain et al., 2016; Khan,
2016; Sehgal, 2010; Soni & Krishnan, 2014). This is because former non-consumers
and/or BOP consumers have unique demands, which are not provided by current
technologies from mature markets (Simula et al., 2015).

However, despite the possibilities that frugal innovations can provide, market diffusion
of these innovations around the world is not a given (Mikhaylov et al., 2018). However,
research on market diffusion of frugal innovations has been limited so far, due to unfitting
diffusion theories (Zhang, 2018). Current innovation diffusion theories are mainly
focused on diffusing high-tech innovations in mature markets. The different
characteristics of frugal and high-tech innovations makes the usage of these current
theories unsuitable to analyse the market diffusion of frugal innovations. It is known that
diffusion of frugal innovations generally goes slower than that of high-tech innovations.
Despite this, frugal innovations reach more users in emerging markets than high-tech
innovations, due to the suitability of the frugal innovation to the local conditions and
demands (Khan, 2016; Zhang, 2018). Due to these differences between high-tech
innovations and frugal innovations, frugal innovations can follow different diffusion
paths; high-tech innovations diffuse normally within mature markets and/or from mature
markets to emerging markets, while frugal innovations are developed in emerging
markets and normally stay in these markets or are diffused among other emerging
markets (Schmidt & Druehl, 2008). So, due to the different characteristics of high-tech
innovations and frugal innovations, a different diffusion theory is necessary for frugal
innovations, but research on diffusion of frugal innovation remains scarce and more
research is needed to include frugal innovations in this field (Arshad, 2021; Ashfaq et al,,
2018; Bianchi et al., 2017; Hossain et al., 2016; Pisoni et al., 2018).

Section 2.2.2 indicated that political risks can limit the market diffusion of frugal
innovations.; a political tense situation, or unforeseen or sudden changes in the
environment can affect investment decisions and thereby influence the market diffusion
of frugal innovations. Thus, political risks may pose a barrier to diffusion of these systems,
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due to their ability to endanger a stable environment suitable for investments (O’Sullivan
etal, 2017). Political risks can consist of multiple types of influencing factors, which have
to be combined to give an overview of the overall political risk that might play a role in
the market diffusion of frugal innovations. The first category are political risks. An
instable government or political environment, or changing policy can discourage
investments (Bianchi et al., 2017). Corruption can also limit the diffusion of innovations
(Zanello et al., 2015). Second, incomplete, contradictory and/or outdated institutional
agreements can limit the diffusion of innovations (Zanello et al., 2015). The second
category are the economic conditions of a country. The better the economic condition of
a country is, the more likely it is to attract new businesses and investors (Mokhele, 2019).
As last, also the social situation plays a role. Social dissatisfaction can increase the
instability within a country and influence governmental and entrepreneurial actions
(Hayakawa et al., 2013). Within these categories, also more specific sub-factors have been
identified, which together can give an overview of the general political risks associated
with a country.

To conclude, the literature thus showed that there might be a relationship between
political risks and the market diffusion of frugal innovations. Various political risk factors
have been identified which could influence the investments possibilities for frugal
innovations and therefore play a role in the market diffusion of these innovations
(O’Sullivan et al., 2017).
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Chapter 3 - Methodology

The aim of this chapter is to discuss the used methodology in this research and to give an
answer to sub-questions two and three. These respectively are: ‘How can political risks be
operationalised, in order to assess the relationship between political risks and the market
diffusion of frugal solar-PV systems?’ and ‘Which correlation analysis method should be used
to assess the relationship between political risks and the market diffusion of frugal solar-PV
systems?’. First, section 3.1 discusses the selection of frugal solar-PV systems as the case
for which the extent of a relationship between political risks and the market diffusion of
frugal innovations is analysed. Second, section 3.2 discusses how the market diffusion of
frugal solar-PV systems and political risks will be operationalised in this research. Section
3.3 and 3.4 discuss the data collection and analyses steps respectively. The credibility and
validity aspects of the used methods in this research will be discussed in section 3.5 and
the ethical considerations in section 3.6. As last, an answer will be given to sub-question
two and three in the conclusion in section 3.7.

3.1 - Frugal solar-PV systems

In order to be able to assess whether a relationship exists between political risks and the
market diffusion of frugal innovations, it could be helpful to choose a frugal innovation in
a field that is historically linked to political risks and to choose a frugal innovation that
could possibly contribute to reducing the energy poverty (Agarwal et al., 2017; Hossain,
2018; Khan, 2016). So, to conduct this thesis research, frugal solar-PV systems have been
chosen as case to analyse the possibility of a relationship between political risks and the
market diffusion of frugal innovations. This is chosen for three main reasons.

First, energy provision has always been a focus point in political research: the security
of supply, the necessity of energy for economic development, and power and trade related
to having access to energy resources has been at the core of the political playing field
(Semkin et al., 2017).

Second, a frugal solar-PV system has the capacity to meet the energy poverty challenge
and can have a substantial contribution to the provision of this basic need, thereby
decreasing the percentage of the population without any or reliable access to electricity
and can contribute to societal goals (Ulsrud, 2020). Solar-PV systems have been one of the
fastest growing renewable energy technologies, due to the fact that solar power is
abundantly available, can provide basic functions in a clean, safe and affordable way and
that there is a need in the market for low-costs products based on solar power (Adwek et
al,, 2019). This makes solar power a suitable option for providing the functionalities for

the energy demand in energy-poor countries. Frugal solar-PV systems have the potential
to generate clean, reliable and affordable electricity (Gul et al, 2016). Electricity
production with means of frugal solar-PV systems provides a lower-cost energy provision
than with traditional energy carriers, while its production is also more environmentally
friendly. Providing energy-poor consumers with frugal solar-PV systems can improve
their standards of living (Feron, 2016). With renewable electricity provision, consumers
can have clean electric lightning, leading to more hours of available light with a less
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polluting light source and thus reducing associated health risks. In some frugal solar-PV
systems, mobile phones and radios can be plugged in and charged. This all leads to more
usable educational and working hours for citizens, better income opportunities and to an
overall improvement of well-being in terms of health, income and education (Levanen et
al,, 2015). This has the possibility to reduce energy poverty and making people more self-
providing (Bhide & Monroy, 2011; Numminen & Lund, 2016; Yadav et al.,, 2019).

Third, frugal solar-PV systems are one of the energy innovations that can be designed
frugally. Frugal solar-PV systems focus on providing sustainable energy, with means of
locally available renewable resources and can thus provide electricity for an affordable
price for potential consumers, including the BOP segment (Ahonen, 2015; Numminen &
Lund, 2016). For energy innovations to be categorized as a frugal energy innovation, the
products or systems have to meet certain standards and characteristics. These are
(Numminen, 2019; Numminen & Lund, 2016):

e Affordability: the energy provision innovation should be more affordable to
consumers than the current options. This can be done by lowering the
manufacturing costs, maintenance costs or costs of used materials.

e Environmental sustainability: the energy provision innovation should use
renewable resources.

e Frugal design principles: the design of the frugal energy provision should result in
a durable design, simple for consumes to use and use of minimal amounts of
resources.

e Frugal energy consumption: the frugal energy provision should produce modest
amounts of electricity, not more than the demand of the consumers in question is.

e Local appropriateness: in order for the frugal energy innovation to be used in the
community or country for which it is designed, it should fit the (cultural and social)
user preferences (Basu et al, 2013). Also, it should be made sure that the
knowledge and skills for operating and maintaining the system are available
(Numminen, 2019; Numminen & Lund, 2016).

These characteristics show that frugal solar-PV systems are in fact frugal innovations. The
materials used for the frugal solar-PV system and output of the frugal solar-PV system can
be adjusted for different goals and demands of the future consumers. Also, frugal solar-
PV systems provide renewable and sustainable energy and the design of a frugal solar-PV
system can be in such a way that the system has little maintenance costs, is easy to use
and is robust, thereby meeting the frugal design characteristics (Basu et al., 2013).

There are different types of solar energy technologies, see Figure 8 (Feron, 2016, p. 2).
The chosen frugal solar-PV systems in this research to assess the extent of a relationship
between political risks and the market diffusion of these frugal energy innovations are
solar pico systems (SPSs) and solar home systems (SHSs) (Bond et al., 2012; [EA, 2013;
Nygaard et al., 2016). Both of these systems are included, due to the nature of the frugal
innovations and the envisioned effect they have on energy poverty in countries.
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Figure 8 - Types of renewable energy technologies (Feron, 2016, p. 2).

SPSs are frugal energy innovations (Numminen, 2019) that have a power output range
between 0.1 Watt peak (Wp) and 10 Wp. SPSs are frugal energy systems, because they are
designed to provide high quality services, while minimizing the costs. This comes forward
in choosing the type of solar panel, battery functionalities, low maintenance requirements
and high durability (Numminen, 2019; Phaesun, n.d.). These systems are mainly designed
for providing the first demands of electricity: lightning and possibly charging a mobile
phone or small radio (IEA, 2013). SPSs are affordable for non-consumers of electricity to
make the first step on the electrification ladder. Because they are small and portable, the
distribution of these systems is easier and the required knowledge and expertise for
maintenance is lower, providing consumers with the possibility to provide sustainable
light from renewable sources (Reiche et al., 2010). A SPS provides very little electricity,
so itis only suitable for one to a couple of lights and/or one simple external appliance that
can be connected. Due to the small amount of electricity generated, a SPS is seen as a pre-
electrification step; consumers are still counted as non-electrified (IEA, 2013). This is
because the SPS actually provides too little electricity to power larger and necessary
appliances (such as a refrigerator and cooking facilities). The installation of a SPS tilts
non-consumers to Tier 1 on the scale of access to electricity (Fernandez-Fuentes et al,,
2021; Lucas et al., 2017) and starts the electrification process, as can be seen in Figure 9
(Hassan et al., 2020, p. 4). But at the same time, Reiche et al. (2010) showed that this
starting point of having electricity between 0.1 and 10 Wp provides marginally a large
improvement in living conditions for previously non-consumers.
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Figure 9 - Tier electrification ladder (Hassan et al., 2020, p. 4).

The SHS is a step up the Tier electrification ladder (Abu Saim & Khan, 2021; Reiche et
al,, 2010). SHSs have the biggest market share of solar-PV systems (Adwek et al,, 2019).
Consumers of a SHS receive then enough electricity to reach Tier 2 (Kendall & Pais, 2018),
as can be seen in Figure 9. These systems have the power to provide between 10 and 100
Wp of electricity and are multipurpose; they can thus provide power for multiple light
sources and more importantly, more electricity for other appliances such as mobile
phones, radios and a television (Feron, 2016; Lay et al., 2013). This has a significant
impact on the overall welfare of users in terms of income generation, education, health
and emission reduction (Abu Saim & Khan, 2021; Adwek et al., 2019; Diallo & Moussa,
2020). SHSs are frugal energy innovations, because they cost-effectively provide a certain
amount of electricity to consumers and thereby fulfilling basic needs, using a renewable
energy source and are designed with the local needs and conditions in mind, so that the
system is durable and maintainable in the local environment (IEA, 2013; Kendall & Pais,
2018). The simplistic design, the low maintenance and low specific required knowledge
makes it possible for end-users to own the SHS, which increases the chance of success and
increases the potential benefits of using the SHS (Adwek et al., 2019). Frugal solar mini-
grids are excluded of this research, because these do not meet the criteria for a frugal
energy innovation. Solar mini-grids require multiple electricity generators, with complex
interconnections and are thus too expensive, require high maintenance and specific
knowledge (Adwek et al., 2019; Feron, 2016).

SPSs and SHSs systems are both included in this research, because on the one side, a
SPS can only marginally lift consumers to Tier 1, which does not generate enough
electricity for consumers to be seen as electrified (IEA, 2013). But on the other side, even
a frugally designed SHS can be too expensive for potential users in the lowest-income
groups (Feron, 2016; Reiche et al.,, 2010). Therefore, to reach as many people in the BOP
segment as possible, both SPSs and SHSs are included in this research.
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3.2 - Operationalisation

To be able to conduct a correlation analysis to assess the extent of a relationship between
political risks and the market diffusion of frugal solar-PV systems, both need to be
operationalised in measurable variables. How this is done, is explained in this section.

First, to assess the market diffusion of a frugal solar-PV system, a proxy in the form of
sales of these types of systems will be used. The sales for SPSs and SHSs together will be
used to assess how these systems have diffused in different countries over a time period
from the second semester of 2015 to the second semester of 2019.

Second, a way to assess the political risks has to be found. Chapter 2 identified various
political risk factors influencing the market diffusion of frugal solar-PV systems. In order
to be able to conduct one overall political risk score for each involved country in this
research, these factors should be combined. For this, the method described in the research
of Mufioz et al. (2015) has been used. In this research, the overall PR-index will be a
combination of the separate sub-factors. The factors that will be included to produce one
overall PR-index can be seen in Table 1, together with an explanation of what these factors
measure.

Table 1 - Included variables in the PR-index.

Sub-
. Sub-factors Explanation
variables
) . Measures to what extent citizens can
Voice and accountability o i . )
participate in selecting their govern-
(V&A)
ment.
Measures the probability that the
Political stability ) P Y )
(PS) current installed government will be
overthrown in a violent way.
Government effectiveness Measures the quality of the overall
(GE) governmental service.
Political _ Measures the ability of the government
Regulatory quality o o -
to design, install and maintain policies
(RQ) :
and regulations.
Rule of law Measures the enforcement strength of
(RoL) laws by the government.
Control of corruption Measures the probability for which
(CoC) public power is used for private gain.
Terrorism Measures the risk levels of acts of
(T) terrorism occurring.
Quality of overall Measures the quality and connectivity of
) infrastructure (Qol) the infrastructure in a country.
Economic - -
Market size Measures the net amount of domestic
(Market) product in a country.
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Trade openness
(Trade)

Measures the sum of exports and
imports of a country.

Ease of doing business
(EofB)

Measures to what extent a country is
perceived as being easy to trade with or
to install a new business.

Strength of legal rights
(Strength LR)

Measures the strength of laws to
facilitate access to credit and lending of
investment money.

Social

Civil liberties

Measures the extent to which citizens
are free to express who they are and to

(CL) L .
maintain their autonomy.
Measures the extent to which citizens
Political rights can participate in a fair electoral process
(PR) and have enough political parties to

choose from.

Human Development Index

Measures key dimensions of the average

(HDI) human development in a country.
) Measures the inequality between life
Inequality . . .
expectancy, education and income in a
(Inequa)

country.

Besides the risk variables that will be used to conduct one overall PR-score per country,
different control variables will also be included to have an overall view of the included
countries in this research. These control variables are:

e GDP: this measures the amount of goods or services produced within a country

and can be used as an economic indicator of the performance of a country.

¢ Inflation: inflation measures the rate of price change in the economy of a country.

e Population: measures the total amount of residents in a country, regardless of their
legal status.

¢ Unemployment: measures what percentage of the labour force does not have
employment, but is available for work and/or is seeking for work.

3.3 - Data collection

After it is clear what data has to be gathered to be able to answer the main research
question, this required quantitative and qualitative data has to be collected. The data
collection of the quantitative analysis part is discussed in section 3.3.1 and the data
collection of the qualitative analysis part in section 3.3.2.

3.3.1 - Quantitative data collection

The data for the quantitative analysis has been collected in two steps.
First, the data for the market diffusion of frugal solar-PV systems has been gathered.
As is explained in the previous section, this will be measured in sales numbers of SPSs and
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SHSs worldwide. This data is gathered from the reports of Lightning Global over the years
2015 to 2019. Lightning Global is an organisation which aims to increase access to off-
grid solar-PV systems for people currently living without access to electricity. Lightning
Global has kept track of the amount of SPSs and SHSs that have been sold during each half
year.

Second, the data for the PR-index needs to be gathered. For the different sub-factors,
different types of data sources have been used. This can be seen in Table 2.

Table 2 - Data sources for the PR-index.

Sub-

. Sub-factors Data source
variables

Voice and accountability
(V&A)
Political stability
(PS)
Government effectiveness
(GE)
Regulatory quality
(RQ)
Rule of law
(RoL)
Control of corruption
(CoQ)
Terrorism
(T)
Quality of overall infrastructure
(Qol)
Market size
(Market)
Trade openness
(Trade)
Ease of doing business
(EofB)
Strength of legal rights
(Strength LR)
Civil liberties
Social (CL)
Political rights
(PR)
Human Development Index
(HDI)

WorldBank

Political

Aon Political Risk Indicator

Global Competitiveness Index

Economic

WorldBank

Freedom in the World

Human Development Reports
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Inequality
(Inequa)

Gross Domestic Product
(GDP)
Inflation
Control (Infla)
variables Population
(Population)

WorldBank

Unemployment
(Unemploy)

3.3.2 - Qualitative data collection

After the data for the quantitative analysis has been collected, the data for the qualitative
analysis has been gathered. The qualitative research within this research consists of case
studies and interviews, both with the goal to get a broader overview of the (political)
situation in Uganda and Namibia and to find factors explaining the found statistical
results.

First, the data for the case studies has been collected by finding fitting qualitative data
on the selected cases. This included finding primary and secondary sources on the
political situation, the historical development of the solar-PV sector, the necessity for
frugal solar-PV systems and the cooperation within the region and with international
actors. Second, the qualitative data analysis part of this research also existed of
interviews. Three experts in the field of African development and governance have been
interviewed, see Table 3 for an overview of each individual’s professional field. In total
four experts in this research field have been contacted, which were found through an
internet search for professors within the African studies domain. The four experts were
emailed with an explanation of the research set-up, preliminary results and the main
topics of the interview. This resulted in a positive response of three experts, which were
willing to cooperate in this research by participating in the interview, and one expert who
indicated to be too busy to give an interview. The three interviews have been conducted
with means of semi-structured interviews over Microsoft Teams. A topic list had been
made before the interview, to be sure that no topics of discussion were forgotten. The
topic list for the interviews can be seen in Appendix A.

Table 3 - Overview of respondents of interviews.

Respondent Professional field
A Governance and International Political Economy
B African Studies - Inclusive Development in Africa
C Development Economy
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3.4 - Data analysis ‘

This section describes the steps taken in the data analysis. This is split between the
quantitative and qualitative data analysis respectively, because different analysis
methods have been used for both parts.

3.4.1 - Quantitative data analysis

In order to analyse the relationship between political risks and the market diffusion of
frugal solar-PV systems, different analysis steps have been taken.

First, as is mentioned in section 3.3.1, the data for the market diffusion of frugal solar-
PV systems has been measured in sales numbers of SPSs and SHSs worldwide through the
data provided by the reports of Lightning Global over the years 2015 to 2019, per
semester. Unfortunately, for some countries not all the data could be provided for every
time period per semester between 2015 and 2019. This resulted in missing data points
on the sales of SPSs and SHSs, which could bias the results. To minimise this, missing data
points have been filled through linear interpolation, if there was data on the sales of SPSs
and SHSs in the previous time period and the next time period.

Second, the gathered data on the political risks had to be analysed in order to conduct
one overall PR-index. The data analysis for the political risks has been performed in the
statistical analysis program SPSS. The steps of the quantitative data analysis are:

1- Standardization of scale of sub-factors:
Because different factors from different sources are taken into account in this
research, the sub-factors had to be rescaled. The original scale and the scale used
in this research can be seen in Table 4. For the control variables (GDP, Inflation,
Population and Employment), no rescaling had to be used, given the fact that these
variables did not have to merged into the PR-index.

Table 4 - Standardization of scale for PR-index.

Sub-
-u Sub-factors Original scale New scale
variables
Voice and
accountability
(V&A)
Political stability
(PS) -2.5-25
(bad governance
o Government
Political _ performance -
effectiveness
good governance
(GE)
- performance)
Regulatory quality
(RQ)
Rule of law
(RoL)
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Control of corruption
(CoQ)
Terrorism 1-5
(T) (low - high)
Quality of overall 0-100
infrastructure (Qol) )
Market si (worst performance - best
(aMr eksge performance)
arke
Trade openness 0-100
Economic (Trade) (percentage of GDP)
-1
Ease of doing business 0~-100
(EofB) (lowest performance - best .
performance) ( dl -
good score on
0-12
Strength of legal rights indicator - bad
(Strength LR) (weak strength - strong score on
i strength) indicator)
1-7
Civil liberties L .
(CL) (all civil liberties -
no civil liberties)
Political rights -7
(PR) (all political rights -
no political rights)
Social 0-1
Human Development (lowest human
Index development -
(HDI) highest human
development)
0-100
Inequality . :
(Inequa) (no inequality -
total inequality)

2- Perform factor analysis to reduce multicollinearity:
When sub-factors are correlated with each other, factor analysis can be used.
Factor analysis assumes that the information of a group of variables can be
revealed in a common merged variable, which contains information of the
underlying correlation of these variables. This will reduce the multicollinearity
between the variables. The result of this for this research is that when the data for
the sub-factors are loaded into SPSS, a factor analysis will be performed to check
whether these sub-factors have common information and can thus be reduced to
one or multiple merged variables (Shrestha, 2021). The factor analysis will be done
per sub-variables: political, economic or social. The analysis will show whether the
sub-factors can be reduced to one sub-variable (political, economic or social), or
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that there is no multicollinearity between the variables, and in that case the sub-
factors will be taken into account on their own in the correlation analysis.
Conduct a PR-index:

When the sub-factors are reduced to one or multiple merged variables, the next
step is to formulate an overall PR-index. The PR-index will be a combination of all
the variables that come out of the factor analysis. All the variables will carry the
same weight into the PR-index. For example, if the sub-factors are reduced to 6
overall sub-variables, each of these will count as one sixth in the PR-index.
Perform correlation analysis:

When the PR-index is complete, it is time to analyse the correlation between the
PR-index and the sales of SPSs and SHSs, in order to assess to what extent there is
a relationship between the political risks and the market diffusion of frugal solar-
PV systems. A correlation analysis is a suiting method to assess this, because
correlation is a way to assess whether a relationship between two quantitative
variables exists and if this is the case, the strength and direction of this relationship
(Crawford, 2006). Before the correlation analysis can be conducted, a hypothesis
should be formulated. In this research a two-sided hypothesis is chosen. This
means that the null-hypothesis is that there is no relationship between the
variables and the alternative hypothesis is that there is a relationship between the
variables, without stating the direction of this relationship. This means that there
is no assumption beforehand on whether the resulting correlation coefficient will
be positive or negative, which is one of the outcomes of the correlation analysis.
The correlation coefficient varies between -1 and 1 (Gogtay & Thatte, 2017). A
correlation coefficient of -1 indicates a negative relationship, meaning that as one
variable gets larger or smaller, the other variable respectively becomes smaller or
larger, a correlation coefficient of 0 indicates no relationship between the two
variables and a correlation coefficient of 1 indicates a positive relationship,
meaning that as one variable becomes larger or smaller, the other variable also
respectively becomes larger or smaller. The second result of a correlation analysis
is a p-value. This indicates how likely it is that the found correlation could have
occurred when the null-hypothesis would be true. The smaller the p-value is, the
smaller this likelihood is, so the more likely it is that the alternative hypothesis can
be accepted (Cohen et al., 2002). The fitting correlation analysis method for this
research is the Spearman rank-order correlation. As can be seen in Table 4, the PR-
index has an ordinal scale. The Spearman rank-order correlation can assess the
strength and direction of the relationship between the PR-index and the sales of
SPSs and SHSs and is less sensitive to outliers in the dataset than other correlation
analysis methods. The correlation between the sales of SPSs and SHSs and the
control variables (GDP, Inflation, Population and Employment), will be assessed
with a Pearson correlation. This correlation will be used, because the control
variables are of ratio-scale, thereby requiring a different correlation analysis
method (Schober et al., 2018).

Check whether the requirements for the analyses are met:
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As last, there are different requirements which the used data has to meet, before

the results of the correlation analysis can be perceived as credible. The

requirements for the Spearman rank-order correlation and the Pearson

correlation differ from each other, therefore they both will be discussed.

The requirements for a Spearman rank-order correlation are:

e The PR-index should at least be of ordinal scale.

e The relationship between the variables should be monotonic.

The requirements for a Pearson correlation analysis are:

e The data is derived from a random and independent sample.

e Each data point from the variables is measured independently from each
other.

e The data on the sales of SPSs and SHSs should be continuous and normally
distributed.

e There are no relevant outliers in the dataset.

3.4.2 - Qualitative data analysis

The analysis of the two types of qualitative research, case studies and interviews, will be
discussed in this section.

First, after the data for the case studies had been gathered, the information was
analysed. First, background information was analysed to form a general overview of the
history and current situation of Uganda and Namibia. Second, a search for factors which
could explain why Uganda has a high uptake of frugal solar-PV systems and Namibia a low
uptake of frugal solar-PV systems was started. This was done by summarizing the found
literature and finding common themes within these factors, such as technological reasons,
socio-economic situations, political factors and international (trade) agreements and
relationships, which could explain the found statistical results.

Second, after the case studies for Uganda and Namibia were performed, interviews
with three experts in the field were conducted. These interviews had as goal to get an
overview on the historical, political, socio-economic and international situation of Uganda
and Namibia, and to discuss the found statistical results and the identified explaining
factors from the case studies, to get their impression of the validity of these results, and
to possibly identify additional explaining factors for the statistical results. After the
interviews were conducted, they were transcribed. After this, this raw data has been
structured in different fragments, to identify various general topics and structure in the
interviews, such as the country that is being discussed. The third step of analysing the
interviews is coding of the identified fragments of the previous step (Corbin & Strauss,
2015). These codes were first general and became more specific when more interviews

44



Chapter 3 | Methodology

were analysed, thereby identifying different

themes within the interviews, such as Connection
general types of explaining factors, including > 3
the political and socio-economic situation in | Themes )
Uganda and Namibia. The last step was Codes
identifying the overlap and difference b 3
between the interviews. These steps indicate | Fragments |
that as the interviews were analysed, more Raw data
selective information could be extracted, as - /

the connections between the interviews

became visible. This process can be seen in Figure 10 - Representation of analysis of interviews
) ) (Corbin & Strauss, 2015).

Figure 10 (Corbin & Strauss, 2015).

3.5 - Credibility and validity

The credibility of this research is increased in different ways. The combination of research
approaches makes this research a mixed methods research. The use of multiple methods
to answer the main research question increases the credibility of this research (Ivankova
& Wingo, 2018). In the first phase of the research, quantitative data has been gathered
from multiple resources, after which a statistical analysis has been performed. In the
second phase, a case study approach has been used to further understand the identified
results from the statistical analysis and to be able to explain this to some extent. At the
same time, interviews were conducted to substantiate the statistical results and the
identified explaining factors from the case studies. This indicates that to find an answer
to the main research question, multiple methods and data sources have been used,
resulting in an increased credibility, due to method triangulation and data triangulation
(Yin, 2014). This has as consequence that the results of this research are not only based
on numbers, but also aims to understand the general picture behind the numbers and
check where these correspond to each other. This profits the credibility of this research.

The internal validity of this research is aimed to be as high as possible through trying
to minimize methodological errors and include as much factors as is possible in the
timeframe of the thesis research, which could explain the relationship between political
risks and the diffusion of frugal solar-PV systems. This increases the validity of this
research (Patino & Ferreira, 2018). The external validity corresponds to the
generalisability of the results to other groups of the population. This is aimed to achieved
by taking all the countries in the world into account and not make a preliminary selection
of the included countries in this research.

3.6 - Ethical considerations

During the statistical and case studies analyses, only open-access sources have been used
to gather the necessary data and to analyse the data. There were no ethical questions to
be considered when using this data. Only during the interviews was additional attention
to ethics and consent necessary. The anonymity and data protection of interviewees has

45




Chapter 3 | Methodology

to be guaranteed and consent has to be given. See Appendix B for the consent form that
the interviewees have signed or have provided verbal consent to. This was done to make
sure that the interviewees had a clear understanding of what was expected of them and
how their data was processed after the interview.

3.7 - Conclusion

The aim of this chapter was to discuss the methodology used in this research and to give
an answer to sub-questions two and three, which respectively are: ‘How can political risks
be operationalised, in order to assess the relationship between political risks and the market
diffusion of frugal solar-PV systems?’ and ‘Which correlation analysis method should be used
to assess the relationship between political risks and the market diffusion of frugal solar-PV
systems?’

As is described in section 3.2, a way to assess the political risks had to be found. In
chapter 2, various political risk factors had been identified, which could play a role in the
market diffusion of frugal solar-PV systems. In order to be able to conduct one overall
political risk score for each involved country in this research, these factors have been
combined. The PR-index combines data from three different types of sub-variables:
political, economic and social. The political sub-variable consists of seven sub-factors:
‘voice and accountability’, ‘political stability’, ‘government effectiveness’, ‘regulatory
quality’, ‘rule of law’, ‘control of corruption’ and ‘terrorism’. Second, the economic sub-
variable includes five sub-factors: ‘quality of overall infrastructure’, ‘market size’, ‘trade
openness’, ‘ease of doing business’ and ‘strength of legal rights’. As last, the social sub-
variable includes four sub-factors: ‘civil liberties’, ‘political rights’, ‘human development
index’ and ‘inequality’. These sub-factors together have been used to operationalise the
political risks.

To answer the third sub-question, section 3.4.1. described the steps that have been
followed in the quantitative data analysis part of this thesis research. Step four shows that
the chosen correlation analysis method is a combination of the Spearman rank-order
correlation method and the Pearson correlation method. The Spearman rank-order
correlation will be used to assess the correlation between the PR-index and the market
diffusion of frugal solar-PV systems and the Pearson correlation will be used to assess
whether a relationship between the control variables and the market diffusion of frugal
solar-PV systems exists.
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Chapter 4 - Results quantitative analysis

This chapter will discuss the results of the conducted correlation analysis. Section 4.1
introduces the overall characteristics of the market diffusion of frugal solar-PV systems,
after which in section 4.2 the statistical results per time period will be discussed. In
section 4.3 the fourth sub-question will be answered, which is: ‘Which lessons can be
learned from the correlation analysis regarding the relationship between political risks and
the market diffusion of frugal solar-PV systems?’.

4.1 - General overview of market diffusion of frugal solar-PV systems

Figure 11 shows the absolute number of sales of SPSs and SHSs on the different continents
from the second semester of 2015 until the second semester of 2019. The sales data of
SPSs and SHSs per country have been averaged into sales data per continent, to provide a
general overview of the diffusion of these kinds of frugal innovations over the world. See
Appendix C for an overview of the sales of frugal solar-PV systems per country over time.

Sales of frugal solar-PV systems per continent over time
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Figure 11 - Sales of frugal solar-PV systems per continent.
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The graph in Figure 11 shows that the continent of South Asia, including countries as
Bangladesh, India, Nepal and Pakistan, have on average a much higher sales of frugal
innovations than the other countries. This can be explained due to the sales of frugal solar-
PV systems in India. This is a country with worldwide the highest sales: in 2016 an
average of 1.5 million SPSs and SHSs were sold. The sales on the other continents were
lower, but all around the same order of magnitude. The continent with the second highest
sales over time is Africa. Frugal innovations are focused generally upon areas with a high
non-electrification percentage, which could explain why both the continents Africa and
South Asia have the highest sales of SPSs and SHSs. Continents such as Europe and Central
Asia and North America have on average a lower diffusion of frugal solar-PV systems. This
can be explained with the fact that, as was discussed in chapter 2, that frugal innovations
are aiming at different market segments than high-tech innovations. Providing electricity
to citizens is less of a problem in Europe and Central Asia and North America than in
continents such as Africa and South Asia. However, it should be noted that Latin America
also has a low diffusion of frugal solar-PV systems, as it can be seen that Latin America is
at the bottom of Figure 11. This is unexpected, given the fact that frugal solar-PV systems
could contribute to increasing the low electrification rate of this continent.

It is interesting to see whether the result of Figure 11 can be explained further. The
population size of a country can have an influence on the number of products diffused. If
the population size is larger, there are more people to reach for diffusing an innovation,
which means that the government could be set upon investing more. For example, India
is one of the countries with the most citizens worldwide. Therefore, it can be interesting
to see whether this large difference in sales between South Asia and the rest of the world
is still visible when the sales per capita are used, instead of the absolute sales of frugal
innovations. Figure 12 shows the sales per capita of SPSs and SHSs overtime per
continent. First, as Figure 12 shows, the large difference with the continent of South Asia
and the rest of the world has diminished when looking at the sales per capita instead of
absolute sales, which reduces the bias implicated in Figure 10. In comparison, East Asia
and Pacific had little absolute sales of SPSs and SHSs, as was seen in Figure 10, but per
capita there are actually a lot of SPSs and SHSs sold in this continent. Furthermore, Figure
12 shows that the sales per capita vary over time for the three continents with the most
sales per capita of SPSs and SHSs (Africa, East Asia and Pacific and Middle East and North
America). These continents include countries are very suitable for frugal solar-PV systems
for electrification and are therefore increasingly installing frugal solar-PV systems. Third,
Latin America is still at the bottom of the range regarding the sales of frugal solar-PV
systems. The usage of sales per capita instead of absolute sales of SPSs and SHSs did not
change this. This is unexpected. It can be explained by the fact that there are less (foreign)
investments, international programs or NGOs active on this continent, or that other
(renewable) energy technologies are more suitable for the conditions on the Latin
American continent.
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Sales per capita of frugal solar-PV systems per continent
over time
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Figure 12 - Sales per capita of frugal solar-PV systems per continent.

As last, the effect of GDP on the investments made in frugal solar-PV systems and the
diffusion of these systems is also interesting to see. Figure 13 shows the results of this.
Africa has a large diffusion of frugal solar-PV systems, despite the average low GDP of the
included countries on this continent. This could be explained with the possible
contribution of foreign investments and international programs or NGOs, in order to
decrease the energy poverty on this continent (such as Lightning Africa). The Middle East
and North Africa continent, which had a relatively high diffusion of frugal solar-PV
systems per capita, has now a low diffusion of SPSs and SHSs when this is measured per
GDP. Besides that, it can be seen that a continent as Europe and Central Asia has a low
number of sales per GDP, but this continent includes countries that on average have a
much larger electrification rate than countries in Africa, so their need to invest into these
kinds of systems might be much lower, thereby lowering the sales per GDP of these
continents.
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Sales per GDP of frugal solar-PV systems per continent over

time
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Figure 13 - Sales per GDP of frugal solar-PV systems per continent.

4.2 - Results of the correlation analyses

Following the analysis of the worldwide sales of frugal solar-PV systems, the relationship

between political risks and the diffusion of these frugal solar-PV systems has been

assessed, following the methodology described in chapter 3. Table 5 shows the results of

this, in which the far-right column describes whether this correlation is significant or not,

with means of a p-value. The following two-sided hypothesis is made:

HO = there is no relationship between the political risks and the market diffusion of frugal
solar-PV systems.

H1 = there is a relationship between the political risks and the market diffusion of frugal
solar-PV systems.

When the resultant p-value of the correlation analysis is smaller than 0.050, the null-

hypothesis can be rejected, which then means that there is a relationship between the

political risks and the market diffusion of frugal solar-PV systems. For example, the p-

value of the second semester of 2016 (period H2 2016) is smaller than 0.050 (p = 0.015),

indicating that there is a significant relationship between the PR-index and the sales of
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frugal solar-PV systems in that time period. The significant time periods are coloured blue
for clarity for the reader. The reader is referred to Appendix D for a detailed description
of the steps taken in the correlation analysis.

Table 5 - Results of correlation analysis worldwide over time.

. Correlation .
. Countries . . Two-sided p-value
Period . coefficient .
included . PR-index and sales
PR-index and sales
H2 2015 23 -0.126 0.567
H1 2016 27 0.101 0.615
H2 2016 53 0.333 0.015
H1 2017 59 0.352 0.006
H2 2017 60 0.207 0.112
H1 2018 47 0.262 0.075
H2 2018 45 0.225 0.137
H1 2019 42 0.353 0.022
H2 2019 29 -0.138 0.476

Table 5 indicates that of the nine time periods included, the correlation was only
statistically significant in three of these periods: the second semester of 2016 and the first
semesters of 2017 and 2019. The results of the correlation analysis in the other time
periods implicate that there is no relationship between the PR-index and the sales of
frugal solar-PV systems. The result that three out of nine time periods show a significant
result can indicate that there is no clear relationship between the political risks
worldwide and the diffusion of frugal solar-PV systems.

It could be interesting to visually represent the relationship between the PR-index and
the sales of frugal solar-PV systems. This is done with a scatterplot, which can be seen in
Figure 14. Figure 14 shows the PR-index on the X-axis and the absolute number of sales
of frugal solar-PV systems with a logarithmic scale on the Y-axis for the time period H2
2016. This graph shows some interesting results. First, India has the highest number of
sales, which can be expected given its large population. Second, the graph seems to
indicate that countries as Ethiopia, Kenya, Nigera, Tanzania and Uganda have a relatively
high PR-index, while still relatively a lot of frugal solar-PV systems have been
implemented. On the same note, countries such as Namibia and South Africa have quite
low sales of frugal innovations for a relatively stable environment with a low PR-index,
while these are countries that could be interested in frugal innovations. It is also
interesting to see that there is a division in areas in Africa, which clusters is visible in this
graph. Ethiopia, Kenya, Tanzania and Uganda are all countries in East Africa and Namibia
and South Africa are neighbours in Southern Africa, indicating that there might be a local
trade or cooperation within these areas. This could influence the local diffusion of the SPSs
and SHSs. Countries such as the Democratic Republic of the Congo (DRC) and Somalia
show expected results; these countries have a high PR-index and low sales of frugal
innovations.
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Scatterplot of relation PR-index and sales of frugal solar-
PV systems in H2 2016
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Figure 14 - Scatterplot of sales of frugal solar-PV systems and PR-index.
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Third, as can be seen in Figure 14, countries on the European and Central Asia and North
American continents have a low PR-index and low sales in comparison to other
continents. The low sales can be due to the disinterest in the frugal innovation market. As
is discussed in chapter 2, these countries could be more interested in high-tech
innovations, thereby explaining the low sales of frugal innovations. The inclusion of these
continents and markets which are generally not the market for frugal innovations, could
potentially bias the results of the correlation analysis. Therefore, the correlation analysis
is also performed per continent to see whether the results of the correlation analysis differ
per continent. When the correlation analysis between the sales of SPSs and SHSs and the
PR-index is performed per continent, the results show that there is no significant
correlation between the two variables in any time period for the continents of Africa, East
Asia and Pacific, and Europe and Central Asia. This is striking, because the African and
East Asian and Pacific continents are one of the largest markets for frugal innovations. It
could be that there actually is no relationship between the political risks and the diffusion
of frugal solar-PV systems on these continents, or that the PR-index does not grasp the
entire political playing field on these continents, thereby not showing any significant
results. South Asia and Middle East and North America both had time periods with a
significant correlation coefficient. The Latin American continent shows the most
significant results: the second semesters of 2016 and 2018, and the first semester or 2019,
all with a positive correlation analysis, indicating that on this continent there is a positive
relationship between the PR-index and the sales of SPSs and SHSs. For the numerical
results of this, the reader is referred to Appendix E.

However, as is seen in section 4.1, taking the population size and the GDP of countries
into account in the sales data could provide a more unbiased overview of the relationship
between political risks and the sales of frugal solar-PV systems. For this part of the
analysis, the following hypothesis was made per time period:

HO = there is no relationship between the political risks and the market diffusion of frugal
solar-PV systems per capita or per GDP.
H1 = there is a relationship between the political risks and the market diffusion of frugal
solar-PV systems per capita or per GDP.
Table 6 shows the results of the correlation analysis between on the one hand the PR-
index and the sales per capita, and on the other hand the PR-index and the sales per GDP.
The significant time periods are coloured blue for clarity for the reader. The results
indicate that when the sales per capita are taken into account instead of the absolute sales,
one of the nine time periods shows a significant relationship between the sales per capita
and the PR-index. This diminishes the proven significant results shown in Table 5.
However, when the GDP of the countries are taken into account, then the same time
periods as in Table 5 were significant, and even one more: the second semesters of 2016
and 2017 and the first semesters of 2017 and 2019 show a significant relationship
between the PR-index and the sales per GDP. The significant results also have a relatively
large positive correlation coefficient, which shows that there is a positive relationship
between PR-index and the sales per GDP.

53



Chapter 4 | Results quantitative analysis

Table 6 - Results of correlation analysis worldwide including population and GDP.

Correlation . Correlation | Two-sided
. Two-sided . .
. coefficient . coefficient p-value
. Countries . p-value PR- | Countries . .
Period | . PR-index : . PR-index PR-index
included index and included
ang sales/capita and ang
sales/capita p sales/GDP | sales/GDP
H2
2015 23 -0.064 0.773 23 -0.006 0.979
H1
2016 27 -0.034 0.864 27 0.053 0.794
H2
2016 53 0.285 0.038 52 0.562 0.000
H1
2017 59 0.083 0.534 58 0.288 0.028
H2
2017 60 0.012 0.930 59 0.405 0.001
H1
2018 47 -0.013 0.933 46 0.236 0.114
H2
2018 45 -0.045 0.767 44 0.184 0.232
H1
2019 42 0.122 0.441 41 0.341 0.029
H2
2019 29 0.030 0.876 29 0.100 0.607

As was the case with the correlation between the sales and the PR-index, it could be
interesting to see the distribution of the correlation within these significant time periods.
This is again done with a scatterplot, which can be seen in Figure 15. Figure 15 shows the
PR-index on the X-axis and with a logarithmic scale the sales per GDP of frugal solar-PV
systems on the Y-axis for the time period H2 2016. A number of observations can be made
from Figure 15. First, Figure 15 shows a slightincrease in sales per GDP with an increasing
PR-index, which is in line with the positive correlation coefficient visible in Table 6 for the
time period H2 2016. Second, India has shifted from the top of the segment to the middle
of the segment, which shows that inclusion of the GDP can provide a more reliable picture
of countries and their sales. Third, Vanuatu is a country that has moved to the top of the
segment. Vanuatu has relatively high sales per GDP with a low PR-index. Vanuatu is an
island that is quite small, with a relatively low GDP, while still has been able to invest in
frugal solar-PV systems. Fourth, as was the case in Figure 14, Ethiopia and Uganda remain
at the top of the segment; they have one of the highest sales per GDP, while having a high
PR-index. At the same time, within the African continent, Namibia, Ghana and South Africa
have lower sales, while having a relatively low PR-index. DRC still has a low sales per GDP
with a high PR-index, which is in line with expectations. As last, the Europe and Central
Asia and North America continents still have low sales per GDP, while having a relatively
high GDP worldwide. These continents have low sales of frugal innovations, which could
be due to the suitability of high-tech innovations on these continents.
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Scatterplot of relation PR-index and sales per GDP of
frugal solar-PV systems in H2 2016
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Figure 15 - Scatterplot of sales per GDP of frugal solar-PV systems and PR-index.
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As was the case when the correlation between the sales of SPSs and SHSs were analysed,
the inclusion of the Europe and Central Asia and North America continents could possibly
bias the results of the correlation analysis. Therefore, the correlation analysis between
the PR-index and the sales per capita, and the PR-index and the sales per GDP is also
performed per continent to see whether the results from the correlation analyses change
when conducted per continent. Both of these correlation analyses showed no significant
results for the continents Africa, East Asia and Pacific, and Europe and Central Asia,
indicating that there is no relationship between the PR-index and the sales per capita, and
the PR-index and the sales per GDP on these continents. Also, only for one time period
was the relationship between the PR-index and the sales per capita or per GDP on the
South Asian continent significant. This result was not expected for the continents Africa,
East Asia and Pacific and South Asia, given the fact that this is a main market for frugal
innovations and has been on the radar for foreign investments, international programs
and NGOs. This could mean that there is no relationship between political risks and
market diffusion on these continents, or other factors could play a role that have not been
included in this research. Third, the Middle East and North Africa continent showed the
most significant results: two time periods of the total nine time periods showed a
significant result for the correlation analysis for the relationship between the PR-index
and the sales per capita and three significant time periods for the correlation analysis for
the relationship between the PR-index and the sales per GDP. As last, Latin America
showed two significant relationships between both the PR-index and the sales per capita
as per GDP, both with a positive correlation coefficient. This indicated that if either the
PR-index or the sales per capita or sales per GDP increases or decreases, the other variable
changes in the respective same direction. For further information on this specific part of
the correlation analysis, the reader is referred to Appendix E.

4.3 - Conclusion

This chapter discussed the results from the conducted correlation analysis, in order to be
able to answer sub-question four: ‘Which lessons can be learned from the correlation
analysis regarding the relationship between political risks and the market diffusion of frugal
solar-PV systems?".

When looking at the distribution of sales of frugal innovations per continent, some
conclusions can be made. First, the population size could bias the results. For example,
India has a large population, which also showed a large number of diffused frugal
innovations. When the population size was taken into account, this result diminished.
Also, the GDP of a country can have an influence on the diffusion of frugal solar-PV
systems: a country with a low GDP, can show surprising results in the sales per capita or
GDP, as was the case in Vanuatu. Also, surprising was that countries such as Ethiopia,
Kenya, Nigera, Tanzania and Uganda, which have a relatively high PR-index, still managed
to implement relatively a lot of frugal solar-PV systems. On the other hand, countries such
as Namibia and South Africa have quite low sales of frugal innovations for a relatively
stable environment with a low PR-index, while these are countries that also could be
interested in frugal innovations.
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Based on the conducted correlation analyses, it can be concluded that there is no clear
correlation between the PR-index and the sales of frugal solar-PV systems. As can be seen
in Table 5, of the nine time periods included in this research, the relationship between the
PR-index and the sales of frugal solar-PV systems was only statistically significant in three
of these periods. To further analyse this result, a scatterplot between the PR-index and
the sales of frugal solar-PV systems was shown for one of the significant time periods. This
showed some interesting results. Figure 14 showed that some countries within the same
geographical area cluster together in the scatterplot. For example, East African countries
clustered together; all having a relatively high PR-index, while relatively a lot of SPSs and
SHSs have been diffused in this region. On the same note, countries such as Namibia and
South Africa in Southern Africa have quite low sales of SPSs and SHSs, while having a
relatively low PR-index. This could indicate that neighbouring countries might cooperate
in the diffusion of frugal solar-PV systems. When not the sales, but the sales per capita
were taken into account this correlation analysis, only one of the time periods included
showed a significant relationship between the PR-index and the sales per capita. However,
when the GDP of the countries was taken into account, performing a correlation analysis
between the PR-index and the sales per GDP, four of the nine time periods showed
significant results, which is around half of the included time periods. A scatterplot was
made to visualise the relationship between the PR-index and the sales of SPSs and SHSs
per GDP. This again showed a potential regional cooperation in East and Southern Africa.

Due to the possible bias of measuring the diffusion of frugal innovations in market for
which they are not originally intended, all the correlation analyses were repeated per
continent. The continents Africa, East Asia and Pacific and Europe and Central Asia
showed no significant results for all the correlation analyses and South Asia only indicated
two significant time periods for the relationship between the political risks and the
diffusion of frugal solar-PV systems. This was unexpected for these continents, given the
fact that these continents are a main focus point of frugal innovations.

To conclude, based on the three types of conducted correlation analyses, there is no
correlation between political risks and the sales of SPSs and SHSs. The correlation analysis
analysing the relationship between the political risks and the diffusion of frugal solar-PV
systems showed limited significant results. Also, the correlation between the political
risks and the sales of SPSs and SHSs per capita showed one significant result worldwide
and very little per continent. When the correlation analyses between the political risks
and the sales of frugal solar-PV systems per GDP were performed worldwide, four of the
nine time periods showed significant results. However, when this was analysed per
continent, Africa, East Asia and Pacific and Europe and Central Asia showed no significant
results, decreasing the likelihood that there actually is a relationship between political
risks and the sales of frugal solar-PV systems per GDP. Based on the results of the
correlation analyses, it can be stated that there is no relationship between political risks
and market diffusion worldwide or on specific continents, or that other factors could play
a role, which have not been included in this research. The case studies and interviews
have been conducted to find possible explanations for these results and to find additional
factors that could play a role. These results are discussed in chapter 5.
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Chapter 5 - Results qualitative analyses

The results of the case studies and interviews will be discussed in this chapter. After the
selection process of the case studies is explained, various factors that could explain the
results of the correlation analysis will be discussed. Section 5.1 will provide the general
reasons of the selection of Uganda and Namibia for the case studies. Then section 5.2 will
outline the general situation in Uganda and provide possible reasons to explain the results
of the statistical analysis. Section 5.3 will do the same for Namibia. Section 5.4 will end
this chapter with an answer on sub-question five: ‘Which factors could explain the market
diffusion of frugal solar-PV systems in Uganda and Namibia, given their respective political
risks?’.

5.1 - Overview of Uganda and Namibia

Based on the results of the correlation analysis, as is described in chapter 4, different
interesting results were seen. First, three of the nine time periods were statistically
significant and those who were significant had a positive correlation coefficient between
the PR-index and the sales of frugal innovations. Second, when the sales per GDP was used
instead of the absolute sales, more time periods showed statistically significant results.
The aim of this chapter is to compare somewhat similar cases with different PR-indices
and sales of SPSs and SHSs, in order to find factors that could explain results of the
correlation analyses of these countries. Some countries provided results that were
expected, for example, countries such as DRC and Somalia. These countries had relative

fewer sales of frugal solar-PV systems, while having a relatively high PR-index. Other
interesting results where India and Vanuatu. India had the most sales of frugal solar-PV
systems and a medium PR-index. This effect diminished when instead of the sales, the
sales per capita were used in the correlation analysis. Because of this, and the fact that
there already is a lot of research conducted in India regarding frugal innovations, this
country is excluded for further analysis in this research. Second, Vanuatu had a lot of sales
per GDP, with a low PR-index. Vanuatu is a small island, which could not be compared to
a relatively larger country on another continent. Specifically in the continent of Africa,
interesting and unexpected results came up. For example, countries such as Ethiopia,
Kenya, Nigeria, Tanzania and Uganda had a lot of sales of SPSs and SHSs, while having a
high PR-index. On the other side, countries such as Namibia and South Africa had little
sales of frugal solar-PV systems, with a relative low PR-index.

These unexpected results are interesting to research further: how can frugal
innovations diffuse better in countries with apparently more political risks and tensions,
while this diffusion goes less well in relatively stable environments? To research this, two
countries on both sides of the spectrum (one with a relative high PR-index and relative
high sales of SPSs and SHSs, and one with a relative low PR-index and relative low sales
of SPSs and SHSs) are chosen, in order to research whether factors can be found that can
explain the results from the correlation analyses in chapter 4. Figure 16 shows the
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absolute sales of frugal solar-PV systems of Uganda and Namibia on a logarithmic scale,
in comparison to their respective PR-indices, with each dot showing one semester in time.

Scatterplot of relation PR-index and sales of frugal solar-
PV systems in Uganda and Namibia
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Figure 16 - Comparison Uganda and Namibia in sales of frugal solar-PV systems.

As can be seen in Figure 16, for both countries, the sales of frugal solar-PV systems remain
around the same between the different semesters and the PR-index also does not change
that much over time. Uganda is chosen as case, because it has one of the highest PR-indices
of the included countries (on average a PR-index of 3.3), while having relatively high sales
of SPSs and SHSs, even when the population size and GDP of the country is taken into
account. Namibia is chosen as this country has relatively fewer sales of SPSs and SHSs and
a low PR-index (on average a PR-index of 2.2). Both countries are part of Sub-Saharan
Africa, so it could be interesting to see whether these differences could be (partly)
explained or understood.

5.2 - Factors explaining the diffusion in Uganda

With a high solar radiation, Uganda is very suitable for using solar-PV systems for
generating electricity. Besides this, the electrification rate in Uganda is very low,
specifically in the rural areas. Only six percent of the households are connected to the grid,
with wood fuel being the main source of energy for households and some large
hydropower installations providing electricity for the main grid in Uganda (Akena, 2020;
WWF Uganda, 2012). The solar-PV market in Uganda is divided in usage for households
and institutions. Households can on average only afford SPSs systems or small SHSs, in
order to provide electric light and charge a mobile phone, while larger SHSs are used to
provide electricity to schools or tourist locations (Kato et al., 2020).

As is seen in Figure 16, Uganda has a large amount of frugal solar-PV systems. There
are different factors found in literature explaining the relatively high diffusion of frugal
solar-PV systems, while having a relatively high PR-index, but also input from conducted
interviews is used to find explanations for this result.
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First, Uganda has been largely dependent on their hydropower installations, due to
their location next to Lake Victoria and the White Nile. However, prolonged droughts and
effects of climate change has lowered the water levels in Lake Victoria, limiting the power
output from Ugandan hydropower installations (Energypedia, 2014a; WWF Uganda,
2012). Due to the uncertain output of their hydropower generators, the Ugandan
government aims to diversify their sources of electricity generation (Akena, 2020;
Mugagga & Chamdimba, 2019).

Second, the Ugandan government is increasingly focussing on reducing its energy
poverty and is trying to provide an enabling policy environment for the renewable energy
sector. The government has started the Uganda Photovoltaic Pilot Project for Rural
Electrification, in order to increase the electrification rates, specifically in rural areas,
which are unlikely to be connected to the main grid in the foreseeable future
(Energypedia, 2020). To help this program, the Rural Electrification Agency has been
installed to keep the targets in check and provide incentives for increasing the viability of
the roll-out of off-grid small-scale solar-PV systems (Energypedia, 2020; WWF Uganda,
2012). The Ugandan government is also trying to achieve better rural electrification rates
by targeting the supply side, as well as the demand side of off-grid solar-PV systems.
According to Mugagga & Chamdimba (2019), the growth of frugal solar-PV systems in
Uganda is due to the increase in organisation of local supply chains of frugal solar-PV
systems or sub-parts of these. Also, one of the most mature off-grid solar-PV markets is
Kenya, which produces over 120.000 SHSs (Reiche et al., 2010). Kenya has grown in
producing these solar-PV systems themselves, which can benefit Uganda, given their
proximity and trading agreements due to the inclusion of both countries in the East Africa
Community (EAC). Respondent A also agreed with this:

‘Due to the maturity of the [frugal solar-PV] market in Kenya, there could be a lot of

investors in Kenya who have a connection to Uganda and are therefore more likely to

invest there.’

On the other side, the Ugandan government and solar-PV companies are also trying to
reach more citizens, to make them aware on the existence of frugal solar-PV systems and
educate them on the added benefits in comparison to their usual means of generating light
or warmth (Da Silva et al,, 2015). The awareness of potential consumers to the existence
of frugal solar-PV systems is increased through marketing campaigns on dry cell
batteries-run radios, which a large part of the Ugandan citizens owns (ACE TAF, 2021;
Aarakit et al., 2021).

Third, the Ugandan government is providing financial support systems to increase the
viability of (foreign) investments in frugal solar-PV systems (Aarakit et al., 2021). This
includes tax incentives and subsidies (WWF Uganda, 2012). The Renewable Energy Feed-
in-Tariff was installed in 2007 to promote the development and diffusion of off-grid solar-
PV systems. The diffusion of SHSs have been helped by measures as this; it provided
suppliers of these systems with more security and provided potential consumers with
more favourable loan and credit options (Hansen et al., 2015). The Pay-As-You-GO (PAYG)
system is an example of one of these financial support systems, which can make frugal
solar-PV systems more affordable for potential consumers and thereby providing a
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cheaper and more consistent electricity source. The PAYG-systems provides consumers
with a standard amount of electricity and if they want more, then they can pay for this
with a flexible payment schedule (Kato et al., 2020; Koigi, 2020). Payment is organised
through mobile money platforms. The use of these mobile money platforms within
Uganda was already quite widespread, so it was a small step for consumers to use these
for their electricity bills, thereby lowering the barrier to use these for frugal solar-PV
systems (Mugagga & Chamdimba, 2019; Snel, 2019).

Fourth, not only the large efforts of the government to provide institutional and
financial support can explain the higher diffusion of frugal solar-PV systems in Uganda
than in Namibia. There are also socio-economic reasons explaining this. Uganda has a
larger percentage of citizens without access to electricity (58.7%) and a larger part of its
population living in rural areas (76% of the population), where the access to electricity is
even lower: 31.8% of the population has access to electricity. (Worldbank, 2019a;
Worldbank, 2019b). This means that a large portion of the population is at the bottom of
the energy ladder and is still in Tier 0 (Aarakit et al., 2021). Moreover, the absence of a
quality electricity supply and available infrastructure plays a role in the implementation
of these systems and the acceptance of frugal innovations by citizens (Aarakit etal., 2021).
This indicates that there is a larger consumer segment for frugal innovations in Uganda.
As respondent B indicated:

1 think that the electricity infrastructure is less developed in regions such as Uganda,
Ethiopia and Tanzania, which could explain why there are more of these kinds of projects
here.

At last, there are also geopolitical reasons identified which could explain why Uganda
has a higher diffusion of frugal innovations than Namibia. First, Uganda has a history
gaining independence through violence and has had conflicts with neighbouring
countries, but over the years it has become more stable than its neighbours, such as
Burundi, DRC, Rwanda and South-Sudan (McKnight, 2015). Due to its relative stability
given its surrounding countries, and an increase in incoming refugees from neighbouring
countries, Uganda has been one of the favourites for international support and foreign
investments (Energypedia, 2020). As respondent A said:

‘Uganda has always been an important receiver of development aid. It is seen as a kind of

beacon of stability in an unstable region.’

Respondent B agreed with this as well. This respondent said that Uganda is almost a
‘donor darling’, meaning that it is very popular for NGOs and other international
companies to invest in Uganda:

‘Uganda is stable enough to try new things, specifically in comparison to Burundi, DRC

and South-Sudan, but it is not as far developed as Kenya and Ethiopia economically.’
These NGOs and international companies can help in providing financial support,
organizing the supply chain and helping the government with institutional guidelines for
the production, distribution and use of (frugal) solar-PV systems (European Commission,
2021). For example, NGOs help in providing subsidies, thereby partly relieving the
government from financial barriers for electrification of rural areas, but also help
mapping the supply chain and potential bottlenecks in this (Hansen et al., 2015; Lighting
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Africa, 2018). Second, the cooperation between the countries in East Africa has been
increasing. The EAC aims to increase the political and economic integration between
Burundi, Kenya, Rwanda, South-Sudan, Tanzania and Uganda (Ngwenya & Lema, 2020).
The EAC aims to increase the political and economic cooperation between the individual
countries, with means of removing import duties between the countries, increasing the
interconnected infrastructure and installing overarching political institutions (Economic
Consulting Associates Limited, 2018; European Commission, 2021; Ngwenya & Lema,
2020). This regional trading network can improve the diffusion of innovations, goods and
knowledge.

5.3 - Factors explaining the diffusion in Namibia

Namibia is a sparsely populated country in South-West Africa. After gaining independence
from South Africa in 1990, Namibia is still very dependent on South Africa for its
electricity provision, given the fact that Namibia has not built large-scale electricity
generation capacity since its independence (Amesho & Edoun, 2019; Energypedia, 2020;
RVO, 2015). Due to the growth of electricity demand and scarcity of import options,
Namibia has been investing in fossil-fuel based generation facilities, due to its abundance
in natural resources (International Trade Administration, 2020). However, national
progress in the renewable energy sector is being made. Namibia has a high solar radiation,
which makes it suitable for solar-PV technologies (Amesho & Edoun, 2019). In 2015, the
first large-scale solar-PV system was installed, but off-grid solar-PV technologies have
dealt with various economic, political and technical barriers, despite various programs
trying to reduce these (United Nations Environment Programme, 2017).

This is a starting point for trying to find an explanation of the relatively low diffusion
of frugal solar-PV systems in Namibia, while this country has a low PR-index which could
indicate a relatively stable investment environment.

First, the Namibian government does not provide clear targets for its energy sector and
no reliable and consistent policies or regulatory frameworks regarding off-grid solar-PV
systems (Amesho & Edoun, 2019; De Almeida et al., 2020). This discourages investors and
decreases the effectivity of electrification programs for rural areas in Namibia (Jadhav et
al,, 2017). One of these programs is the Off-grid Energization Master Plan, which has the
aim to increase the electrification rate of the rural area in Namibia (International Trade
Administration, 2020). However, there is no dedicated agency for rural electrification in
Namibia, which for example was the case in Uganda (RECP, 2014). This has as
consequence that many parties work together on different programs and targets, without
one agency having the overview of the progress being made. This, together with the
unclarity regarding targets and regulations, provides a large grey area for developers and
investors active in rural electrification (RECP, 2014).

The lack of clear targets and regulations from the government is one of the reasons
frugal solar-PV systems are not diffused highly in Namibia. The lack of financial systems
is a second barrier to the diffusion of frugal solar-PV systems in Namibia; there is
currently no business model for frugal solar-PV systems (Amesho & Edoun, 2019; De
Almeida etal., 2020). There are no clear tariffs for off-grid renewable energy technologies.
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This shows this grey area and the consequence of not having a dedicated agency for rural
electrification (RECP, 2014). This lack of financial support systems discourages (foreign)
investments in renewable energy technologies (International Trade Administration,
2020). One attempt of the Namibian government to implement supporting financial
system for off-grid solar-PV systems is the Solar Revolving Fund (SRF). However, this
cannot be compared to the credit systems in Uganda for example. The SRF is a loan system
for all kinds of small-scale renewable energy technologies. Users agree to a loan of five
years, with an interest rate, and have to provide proof of having to be employed for over
two years with a steady income (Energypedia, 2014b). This does not noticeably lower the
barrier for people in the BOP segment to have access to electricity.

Third, there are also socio-economic reasons explaining why Namibia has a lower
diffusion of frugal solar-PV systems. Namibia has a smaller percentage of citizens without
access to electricity in comparison to Uganda (44.8% instead of 58.7%), a smaller part of
its population lives in rural areas (49% instead of 76%), has a higher quality of electricity
supply and citizens have on average a higher income per year (Average Salary Survey,
2021; Worldbank, 2019a; Worldbank, 2019b). Also, the respondents in the interviews
argued that difference in overall welfare between Uganda and Namibia could play a large
role in the difference in sales of frugal solar-PV systems. Frugal innovations can be less
necessary for Namibian citizens, because they have suitable alternatives:

1 believe that Namibia already has a relatively good energy infrastructure. Namibia and

the Southern African region have been relatively highly developed in comparison to the

rest of the African continent, which could explain why there is a lower need for frugal
projects.’

[Respondent B].

Fourth, foreign investors, NGO and other donor programs are not very active in
Namibia (Amesho & Edoun, 2019). The overall foreign investment and donor support in
Namibia’s energy sector is low (International Trade Administration, 2020). This can be
explained due to the rigid financial system, the lack of clear policies and the higher welfare
in comparison to the rest of Africa, but also because of the relatively high development in
comparison to the rest of Africa:

‘Namibia has a relatively high GDP, it is a middle-income country, despite the inequality.

But because of that, Namibia is not a traditional donor country.’ [Respondent B].
Moreover, Namibia is a sparsely populated country, which should not be underestimated
according to respondent A. The large distances between settlements discourages the
investments and viability of on- and off-grid investments in electrification. Not only is the
implementation of these frugal solar-PV systems more expensive, the supply chain is also
harder to set up. This discourages investors even more, besides the fact that there is no
business model or governmental programs to electrify the rural and/or energy-poor
citizens of Namibia (Amesho & Edoun, 2019).

The geopolitical situation of Namibia plays a fifth role in explaining why Namibia has
relatively lower sales of frugal solar-PV systems. Historically, Namibia has been very
dependent on South Africa, due to the unofficial incorporation of Namibia into South
Africa. This can have as consequence that Namibia has less of their own international
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relationships, besides South Africa. According to respondent C, the geopolitical history of
South Africa has played a large role in the current international position of Namibia:
‘South Africa still focuses on import substitution, which can very well be the case with
solar-PV systems. South Africa has learned that lesson during the apartheid.’
Due to the boycott during the apartheid in South Africa, South Africa has aimed to reduce
its dependence on other countries. South Africa has a relatively large solar-PV market,
through which frugal solar-PV systems can be exported to Namibia due to their proximity
and shared history. This could explain the low number of sales of frugal solar-PV systems
sold by other companies or NGOs (Prasad, 2007). Besides the cooperation between
Namibia and South Africa, there is less cooperation in Southern Africa. In comparison to
the EAC in East Africa, the Southern Africa Development Community (SADC) consists of
sixteen countries, aiming to increase the political and economic cooperation. However,
the SADC is less successful in achieving this than the EAC. South-West Africa has been built
around the relatively high developed and dominant South Africa: the mutual relationships
in the SADC are very different than in the EAC, according to respondent A:
‘The relationship is very bilateral: it is South Africa relative to Namibia, South Africa
relative to Botswana, but not Namibia relative to Botswana. The SADC is a hub-and-spoke
type of cooperation, while East [Africa] is more an equal network.’

5.4 - Conclusion

This chapter aims to find an answer to the following sub-question: ‘Which factors could
explain the market diffusion of frugal solar-PV systems in Uganda and Namibia, given their
respective political risks?’. This sub-question is answered with means of case studies of
Uganda and Namibia and interviews with experts in historical and social studies of Africa.
Interesting to see is that Uganda historically has been more involved in conflict situations,
but still has more sales of frugal solar-PV systems. Some key differences between Uganda
and Namibia have been found that can explain the differences found in the correlation
analyses, as has been described in chapter 4.

First, the need for frugal solar-PV systems is lower in Namibia than in Uganda. Namibia
is generally more developed than Uganda, with a higher electrification rate than Uganda,
a better electricity infrastructure and citizens have more to spend on average.

Second, the Ugandan government seems to be more invested in reducing its energy
poverty problem than the Namibian government. Uganda has more policies, targets,
financial schemes and separate governmental institutes focussing solemnly on reducing
the (rural) energy poverty with the means of frugal solar-PV systems. The Ugandan
government is focussing on lowering the barriers for implementing frugal solar-PV
systems on the supply side, as well as the demand side, in which the Namibian
government is less successful. Uganda tries to provide more security for investors and
lower the financial barriers for potential consumers by offering flexible payment schemes
and making potential consumers more aware of the existence of these innovations.

Third, historically Uganda has always been more on the radar of NGOs and foreign
investors, despite, or even because, itis located in a geopolitically instable region of Africa.
Uganda is seen as a donor darling in East Africa, meaning that it has traditionally been a
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favourite of foreign investors and NGOs to invest in. Uganda has been seen as a safe haven
in a geopolitical tense region; Uganda still needs foreign investments and international
support of NGOs, because it is still a developing country and is stable enough in
comparison to their neighbouring countries regarding to be able to use the provided
support and diffused innovations.

Fourth, the regional cooperation in East Africa is more equal and intense than in
Southern Africa. The EAC has a network type of trade system, in which the supply chain
and trade between various countries is encouraged by lowering the import taxes at the
border, while the SADC is built around the dominant position of South Africa.
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Chapter 6 - Discussion

Section 6.1 starts with an overview and reflection on the results of the quantitative and
qualitative analyses, as they have been discussed in chapter 4 and 5. In section 6.2 a
critical reflection will be given on the results of this research in perspective to previously
conducted research and current theories. Third, in section 6.3 the contribution of this
research will be discussed, practical recommendations will be given and possible future
research topics will be mentioned. The strengths and limitations of this research will be
discussed in section 6.4.

6.1 - Reflection on research results

First, it is helpful to reflect on the combined results of the correlation analyses, the case
studies and the interviews. In this research, both quantitative and qualitative research has
been conducted. This has provided a lot of insights in the relationship between political
risks and the market diffusion of frugal solar-PV systems. Despite the fact that the results
of the correlation analyses showed no significant relationship between political risks and
the market diffusion of frugal solar-PV systems, there are still interesting conclusions
which can be drawn, specifically in combination with the results from the case studies and

the interviews.

First, as was stated in section 1.2 ‘Knowledge gaps’, not a lot of research has been done
so far on the frugal innovations generating electricity and if it is conducted, it is often
solemnly based on case studies. This research has aimed to incorporate statistical
analyses in this research field, in order to contribute in operationalising the political risks,
the market diffusion of frugal innovations generating electricity and the relationship
between these concepts.

Second, the continents Africa, East Asia and Pacific and South Asia were the continents
with the highest amount of diffused frugal solar-PV systems. This was expected, given the
fact that the literature indicated that these were the main markets for diffusion of frugal
solar-PV systems, due to the energy poverty, limited reliable electricity infrastructure and
relatively instable political systems on these continents. However, the continents Africa
and East Asia and Pacific showed no significant results for all the correlation analyses.
This was unexpected. The conducted case studies and interviews showed that there might
be more factors influencing the diffusion of frugal solar-PV systems than just the included
political factors. For example, the need for frugal innovations, the (renewable) energy
technologies which are already invested in, the varying degree of involvement of foreign
investors and NGOs in specific areas in the world, the history of the relationships with
other countries and the current trading agreements. This shows that there is a path
dependency in the choice whether there will be invested in frugal solar-PV systems, which
has not been included in this research, but could explain the fact that no correlation has
been found. The literature also indicated that culture and user preferences are very
important in the success of frugal innovations. Cultural aspects, user preferences and
country specific user demands have not been included in this research, while this could
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play a role in whether or not frugal innovations diffuse successfully in countries with
different political risks. If the frugal innovation seamlessly meets users demands, this
could diminish the barrier that political risks might pose to the diffusion of frugal solar-
PV systems. This indicates that for future research, it could be helpful to try to also
operationalise and include these kinds of factors, or make the scope of the research
smaller, so that more specific political risks are included in this research.

Third, the correlation analyses showed that it is beneficial to not only take the absolute
sales data of SPSs and SHSs into account, but also scale this with the population size and
the GDP. The incorporation of population size diminished the effect that some countries
showed a large diffusion of frugal solar-PV systems. Also, some continents showed
surprising results, such as Africa. Despite the fact that African countries have on average
a relatively low GDP, it was shown that this continent had a relatively large diffusion of
SPSs and SHSs. This indicates that Africa is a main market for frugal solar-PV systems,
possibly due to the energy poverty on this continent and abundance of solar radiation.
This could also indicate the involvement of foreign investors, international companies
and/or NGOs on this continent. The results of the case studies and the conducted
interviews showed that certain areas in Africa are very focused on producing and
diffusing frugal solar-PV systems. Kenya has been identified as a central actor in diffusing
frugal solar-PV systems. Other countries interested in frugal innovations can benefit from
this if they are in close proximity to Kenya. This was also shown in the scatterplots in
chapter 4. These scatterplots showed possible cooperating regions on certain continents.
For example, East African countries (such as Kenya, Ethiopia and Uganda) clustered
together; all having a relatively high PR-index, while relatively a lot of SPSs and SHSs have
been diffused to this region. On the same note, countries such as Namibia and South Africa
in Southern Africa have quite low sales of SPSs and SHSs, while having a relatively low PR-
index. This could indicate that neighbouring countries might cooperate in diffusing frugal
solar-PV systems. This is something that the interviewees also mentioned. The regional
cooperation in East Africa, were Kenya and Uganda are located, is more equal and intense
than in Southern Africa. The EAC has a network type of trade system, in which the cross-
border supply chain and trade between various countries is encouraged by lowering the
import taxes at the border, while the SADC is built around the dominant position of South
Africa. This could explain why East African countries still have a relatively high SPSs and
SHSs, while having a relatively high PR-index. Also, Uganda has historically been more on
the radar of NGOs, as it has been seen as a safe haven in a region with relatively a lot of
tensions. The relationships with other countries, trading agreements and involvement of
NGOs have not been incorporated in this research, while this does play a role in the
diffusion of frugal innovations. This could explain why there was no significant
relationship between political risks and the market diffusion of frugal solar-PV systems.

6.2 - Reflection on research results in light of previous research

This paragraph will also reflect on the results of this research in comparison to previously
conducted research and theories.
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First, as the research of Khan (2016) and Tiwari & Herstatt (2012) mentioned, there is
a concentration of frugal innovations visible in certain areas in the world. This is because
frugal innovations are designed cost-effectively and with the demands of potential
energy-poor or BOP consumers in mind, in contrast to high-tech innovations. This was
also visible in the collected data for this research. Continents with the most sold frugal
solar-PV systems were Africa, East Asia and Pacific and South Asia, which are also the
most energy-poor continents. However, a comparison of the diffusion of high-tech solar-
PV systems and frugal solar-PV systems has not been conducted, so the consequent
statement of Khan (2016) that frugal innovations reach more users in total than high-tech
innovations, cannot be supported nor rejected.

Second, Hossain (2018) mentioned the necessity for a different diffusion theory for
frugal innovations, due to the different characteristics of frugal and high-tech innovations.
Pisoni et al. (2018) mentioned four possible diffusion paths for frugal innovations: local
diffusion, proximity diffusion, distance diffusion and reverse diffusion. This research
showed different types of diffusion paths of frugal innovations. Local diffusion of frugal
innovations was visible within countries. Second, there also was a proximity diffusion: the
frugal solar-PV systems were diffused in the period between 2015 to 2019 to
neighbouring countries with similar socio-economic environments. This was for example
the case in Southern Africa with Namibia and South Africa, which is also in line with the
statements of Ashfaq et al. (2018). Third, the distance diffusion path was also visible in
this research. The SPSs and SHSs have diffused to countries further than the neighbouring
countries. This was for example visible in East Africa. Multiple countries in that region
were mentioned to have a high level of sales of frugal solar-PV systems. Moreover, the role
of the EAC can play a role here. As Arshad (2021) mention, the existence of networking
capabilities can increase and quicken the diffusion process, because there are close
connections within an innovation network. Only the reverse diffusion path has not been
identified in this research. This could be possible the case with the existence of frugal
solar-PV systems on the European and Central Asia and North American continent, but
there is no direction of the diffusion examined, so an agreement nor rejection to this part
of the theory of Pisoni et al. (2018) cannot be stated.

Third, research has been conducted by Abrol & Gupta (2014), Arshad (2021) and
Numminen & Lunch (2016) on barriers limiting the diffusion of frugal innovations. These
were lack of awareness of potential users of the innovations, lack of teamwork between
public and private parties and local users, non-availability of resources or only short-term
availability and importing costs of resources or human capital. In the case studies and
interviews the influence of lack of awareness of potential users, the lack of cooperation
between public and private parties, and importing costs of resources or human capital
were identified as factors explaining the difference between the diffusion of frugal
innovations in Uganda and Namibia. Uganda has installed governmental programs to
increase awareness of potential users of the existence of these systems, works together
with NGOs to increase the electrification rate and is very active in the EAC, which has
lowered the tax on goods trading between the countries included in the EAC (Da Silva et
al., 2015). This shows that these barriers in fact can play a role in the diffusion of frugal
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solar-PV systems, so the results of this research are in line with the research of Abrol &
Gupta (2014), Arshad (2021) and Numminen & Lunch (2016).

6.3 - Contribution of this research and recommendations

As was indicated in section 1.2 ‘Knowledge gaps’, little research has been done on
diffusion of frugal innovations and the political role in this is unknown. There were
multiple research gaps that this research aimed to contribute to. First, little research has
been conducted on frugal innovations providing electricity and specifically on whole
frugal energy systems, such as a SPS or SHS. Second, research on diffusion of frugal
innovations instead of high-tech innovations is scarce. Third, various researchers indicate
that research regarding the extent of the relationship between political risks and the
diffusion of frugal solar-PV systems is still unknown.

This research has made different scientific contributions, aiming at filling parts of
these knowledge gaps. First, this system has looked at the diffusion of SPSs and SHSs
worldwide and has aimed to make a contribution to operationalising the political risks,
by providing a method for assessing different factors and composing a political risk-index.
Following this, correlation analyses has been performed to assess the possible
relationship between political risks and the diffusion of frugal solar-PV systems. This
showed that there is no relationship between the political risks and the diffusion of frugal
solar-PV systems, but the case studies and interviews provided a lot of additional
information and factors that has expanded the understanding of the diffusion of frugal
innovations. Factors such as the need for frugal innovations, (renewable) energy
technologies which are already invested in, the varying degree of involvement of foreign
investors and NGOs in specific areas in the world, the history of the relationships with
other countries, current trading agreements and cultural aspects and user demands, play
a large role in the diffusion of frugal innovations. This is valuable knowledge in a relative
new field as frugal innovations and specifically frugal solar-PV systems. Based on this, it
can be concluded that the diffusion process of frugal innovations is a complex process
with a lot of actors and factors possibly influencing it, which can be hard to grasp in a

numerical analysis.

These results leave room for further research in the field of frugal energy innovations
and the diffusion of these. One possibility is analysing the difference in diffusion processes
between frugal innovations and high-tech innovations. As was mentioned in section 6.2,
a concentration of frugal innovations visible in certain areas in the world in this research,
but it is unknown to what extent the diffusion process between frugal innovations and
high-tech innovations in emerging markets differ. This research topic could provide a
good comparison between the diffusion process of high-tech innovations and of frugal
innovations, thereby possibly contributing to composing a diffusion theory for frugal
innovations specifically. Another possibility is increasing the scope of the PR-index, as is
composed in this research. This research showed that there is no relationship between
the political risks and the diffusion of SPSs and SHSs, but based on the case studies and
interviews, it can be stated that more contextual factors should be taken into account, in
order to provide a larger picture of the diffusion process. On the other hand, the included

69



Chapter 6 | Discussion

political risks in the PR-index could also be reduced, thereby reducing the scope of the
research. Zooming in on specific political risks, thereby analysing these more in dept,
could also provide valuable insights.

This research aimed to contribute societally by providing more research on frugal
solar-PV systems, which can contribute to reducing energy poverty worldwide. The
acquired knowledge on the role that political risks can play in the diffusion of SPSs and
SHSs and which other contextual and path-dependent factors should also be considered,
can be taken into account in future projects regarding frugal innovations. This can provide
governments, foreign investors and NGOs with an overview of the possible political
factors, which are included in the PR-index, which could play a role in the diffusion of fugal
solar-PV systems. Also, the lessons from the case studies and interviews provide
additional information on which factors might influence the diffusion process. This could
provide interested actors with starting points when looking at the diffusion of frugal
innovations and making the process run more secure and smoothly on the supply-side,
and provide frugal innovations in a way that potential consumers respond to. On the long
term, this acquired knowledge could contribute to increasing the percentage of people
having access to affordable and renewable generated electricity and reducing the energy
poverty.

Based on the results from this research, also recommendations for the industry can be
made. First, this research has showed that a perceived political tense situation might not
have an influence on the diffusion of frugal innovations, aimed at providing basic
electricity services for BOP consumers. This could decrease the barrier for (foreign)
investors in this market segment. Also, this research shows that each potential investment
in a certain country should require a detailed analysis of the specific country, the demands
of the certain types of consumer segments and the relationships and (trade) agreements
with other countries. As the case studies showed, this could all influence the degree to
which frugal innovations suit the receiving market segments and how well the frugal
innovations are diffused and used. This could increase the suitability of offered types of
innovations to different types of consumer segments and socio-economic business
environments.

6.4 - Reflection on used research methods

Besides a reflection of the achieved results of this research, it is also important to review
the used methods to have acquired these, in order to keep the strengths of these in mind
and draw lessons from this for future research.

The first strength of this research is the use of multiple research methods. In the first
phase of the research, quantitative data has been gathered from multiple resources, after
which a correlation analysis has been performed. In the second phase, case studies and
interviews have been used to further understand the identified results from the
correlation analysis and to be able to explain this to some extent. With the use of these
different methods and multiple data sources as input for these methods, the sub-results
have been substantiated. This has as consequence that the results of this research are not
only based on numbers from the statistical analysis, but case studies and interviews also
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have been used to try to grasp the bigger picture. The second strength of this research is
the use of consistent and as much the same data sources as inputs for the sub-factors in
the statistical analysis and conduction of the PR-index. This provides more credibility, as
the same kinds of methods are used for the original collection of this data, which reduces
the potential bias due to using different databases. When choosing these databases, it has
been looked at whether these databases could provide data for other sub-factors. Besides
this, also the general credibility of databases in the scientific community and the mention
of used databases in conducted research in the field of politics were taken into account
for the selection of the databases used in this research. Where it has been possible, the
Aon Political Risk Indicator and the WorldBank databases have been the primary choice
for collection of data for the sub-factors.

However, this research also has some limitations, which could influence the credibility
of this conducted research. First, despite the fact that the method discussed in the
research of Mufioz et al. (2015) has been very helpful in providing a framework for the
set-up of a PR-index, it can be questioned to what extent this actually measures the
political risks certain countries experience. With the combination of political, economic
and social factors, it is possible that it measures a type of welfare-index, or multi-factor
country risk index. When there would have been more time to conduct the correlation
analysis and to gather data, it could be helpful in the future to expand the used PR-index
in this research with more sub-factors representing in more detail the political risks in
countries. Second, the sub-factors included in the PR-index were originally not all in the
same units. To be able to compose these sub-factors into one overall PR-index, these
factors had to be transformed into other sub-factors with the same unit. This poses the
risk that detailed information has been lost, because of the categorical measurement unit
of the PR-index (a risk index between zero and five), instead of the previous detail of a
continuous number or a category ranging between zero and twelve. A possible
consequence is that potential small differences between countries have disappeared in
the PR-index and have therefore influenced the results of the correlation analysis. As last,
data for the diffusion of frugal solar-PV systems, operationalised with data on the sales of
SPSs and SHSs, was only available for four and a half years, or nine semesters. This was
not surprising, as frugal innovations and specifically frugal-solar PV systems are a
relatively new field of research. When more data is available in the future, the general
trends regarding the diffusion of frugal innovations can be analysed more in depth. Also,
there will probably be more research done by that time, thereby providing more
knowledge on possible factors that could play a role in the diffusion of frugal innovations
and a way to operationalise this. This could provide a more inclusive answer and maybe
result in more convincing results of correlation analyses.
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Chapter 7 - Conclusion

Currently, thirteen percent of the world’s population does not have access to electricity.
Frugal energy innovations, such as SPSs and SHSs, could contribute to reducing the energy
poverty around the world. However, diffusion of these systems around the world is not a
given; political risks can impact the diffusion. This research has aimed to find the extent
of the relationship between the political risk and the market diffusion of frugal solar-PV
systems. This is done with a mixed-method research approach: a correlation analysis to
operationalise the extent of the relationship between the political risk and the diffusion
of frugal solar-PV systems and case studies and interviews to gather a larger overview of
the possible factors playing a role in the market diffusion of frugal solar-PV systems.

Five sub-questions are answered in this research, in order to be able to answer the main
research question.

Literature has been reviewed to answer the first sub-question: ‘What is known about
the relationship between political risks and the market diffusion of frugal innovations?. The
literature indicated that frugal innovations might provide a solution for potential
consumers with limited resources. The main aim of frugal innovations is maximizing
value for consumers, while minimizing the associated costs; not low price, low
performance, but low price, high performance (Basu et al., 2013; Sehgal, 2010). However,
despite the possibilities that frugal innovations can provide, market diffusion of these
innovations around the world is not a given (Mikhaylov et al., 2018). The reviewed
literature indicated that diffusion of frugal innovations tends to go slower than diffusion
of high-tech innovations, but still reaches in total more consumers in energy-poor
countries than high-tech innovations would, due to the fact that frugal innovations have
more potential to meet potential consumer demands. Political risks can limit the market
diffusion of frugal innovations; a political tense situation, or unforeseen or sudden
changes in the environment can play a role in the market diffusion of frugal innovations.
The extent of this relationship had not yet been analysed, but the literature expressed
potential political risk factors which were taken into account to design a PR-index to
analyse this relationship.

As is described in section 3.2, a way to assess the political risks had to be found. In
chapter 2, various political risk factors had been identified, which could play a role in the
market diffusion of frugal solar-PV systems. With this, sub-question two could be
answered. This was: ‘How can political risks be operationalised, in order to assess the
relationship between political risks and the market diffusion of frugal solar-PV systems?’.
The PR-index combines data from three different types of sub-variables: political,
economic and social, which include different sub-factors. The political sub-variable
consists of seven sub-factors: ‘voice and accountability’, ‘political stability’, ‘government
effectiveness’, ‘regulatory quality’, ‘rule of law’, ‘control of corruption’ and ‘terrorism’.
Second, the economic sub-variable includes five sub-factors: ‘quality of overall
infrastructure’, ‘market size’, ‘trade openness’, ‘ease of doing business’ and ‘strength of
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legal rights’. As last, the social sub-variable includes four sub-factors: ‘civil liberties’,
‘political rights’, ‘human development index’ and ‘inequality’.

The third sub-question was: ‘Which correlation analysis method should be used to assess
the relationship between political risks and the market diffusion of frugal solar-PV systems?’.
The used correlation method in this research is a combination of the Spearman rank-
order correlation method and the Pearson correlation method. The Spearman rank-order
correlation is used to assess the correlation between the PR-index and the market
diffusion of frugal solar-PV systems, and the Pearson correlation is used to assess whether
there is a relation between the control variables and the market diffusion of frugal solar-
PV systems.

The fourth sub-question aimed to draw conclusions from the conducted correlation
analyses. The fourth sub-question was: ‘Which lessons can be learned from the correlation
analysis regarding the relationship between political risks and the market diffusion of frugal
solar-PV systems?’. The analysis of diffusion of frugal solar-PV systems over the world
indicated that South-Asia and Africa were the continents with the most SPSs and SHSs
implemented between the second semester of 2015 until 2019. This shows that these
frugal energy innovations diffuse highly in parts of the world with the lowest electricity
rate. However, based on the conducted correlation analyses, it can be concluded that there
is no clear correlation between the PR-index and the sales of frugal solar-PV systems. As
can be seen in Table 5, of the nine time periods included in this research, the relationship
between the PR-index and the sales of frugal solar-PV systems was only statistically
significant in three of these periods. To further analyse this result, a scatterplot between
the PR-index and the sales of frugal solar-PV systems was shown for one of the significant
time periods. Figure 14 showed that some countries within the same geographical area
cluster together in the scatterplot. For example, East African countries clustered together;
all having a relatively high PR-index, while relatively a lot of SPSs and SHSs have been
diffused to this region. On the same note, countries such as Namibia and South Africa in
Southern Africa have quite low sales of SPSs and SHSs, while having a relatively low PR-
index. This could indicate that neighbouring countries might cooperate in the diffusion of
frugal solar-PV systems. When country specifics are taken into account, such as
population size and GDP, the correlation between the political risks and the sales of SPSs
and SHSs per capita worldwide showed only one significant time period. When the
correlation analysis between political risks and the sales of frugal solar-PV systems per
GDP was performed worldwide, four of the nine time periods showed significant results,
but this was not the case when this was analysed per continent. When this was analysed
per continent, Africa, East Asia and Pacific and Europe and Central Asia showed no
significant results, decreasing the likelihood that there actually is a relationship between
political risks and the sales of SPSs and SHSs per GDP. Thus, it can be concluded that there
is no relationship between political risks and the diffusion of frugal solar-PV systems.

The last sub-question tried to find an explanation behind the found results from the
correlation analyses. This fifth sub-question was: ‘Which factors could explain the market
diffusion of frugal solar-PV systems in Uganda and Namibia, given their respective political
risks?’. This sub-question is answered with means of case studies of Uganda and Namibia
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and through interviews with experts in historical and social studies of Africa, which both
provided a lot of information on possible factors also playing a role in the diffusion of
frugal solar-PV systems. It was interesting to see that Uganda historically has been more
involved in conflict situations, but still has more sales of frugal solar-PV systems. This was
explained due to the fact that there is a higher need for frugal energy innovations in
Uganda than in Namibia. Second, Uganda has always been more on the radar of NGOs and
foreign investors, possibly because it is located in an instable region of Africa. Despite this,
the regional cooperation in East Africa is more active than in the Southern region of Africa,
thereby promoting the exchange of innovations, goods and knowledge throughout this
region.

The answers on the posed sub-questions have led to an answer to the main research
question of this research, which was: To what extent is there a relationship between
political risks and the market diffusion of frugal solar-PV systems?’,

The correlation analysis showed that there is no relationship between the political risks
and the diffusion of frugal solar-PV systems. There are too little significant results to
convince that there is a relationship between the political risks and the diffusion of frugal
solar-PV systems worldwide and per continent. Despite the fact that the results of the
correlation analyses showed no significant relationship between political risks and the
market diffusion of frugal solar-PV systems, there are very interesting and valuable
conclusions that have been drawn, specifically in combination with the results from the
case studies and the interviews. The conducted case studies and interviews showed that
there might be more factors playing a role the diffusion of frugal solar-PV systems than
the included political factors. For example, the need for frugal innovations, (renewable)
energy technologies which are already invested in, the varying degree of involvement of
foreign investors and NGOs, the history of the relationships with other countries and
current trading agreements. This shows that there can be a path dependency in the choice
whether there will be invested in frugal solar-PV systems, Also, the literature indicated
that culture and user preferences are very important in the successful diffusion of frugal
innovations. This is valuable knowledge in a relative new field as frugal innovations and
specifically frugal solar-PV systems. Based on this, it can be concluded that the diffusion
process of frugal innovations is a complex process, with a lot of a lot of factors and path
dependencies that could play a role.

To conclude, this research has contributed to the knowledge gaps and scientific
debates in the frugal energy innovation field by looking at the market diffusion of these
systems and the possible role political risks can play in this process. Valuable knowledge
has been gathered, which has contributed in filling the posed knowledge gaps. Political
risks have been operationalised, a contribution has been made in the field of diffusion
theories, specifically for frugal innovations, and the scope of the extent of a relationship
between political risks and the diffusion of frugal solar-PV systems has been determined.
The results of this research can hopefully contribute on the long term to increasing the
percentage of people having access to affordable and renewable generated electricity,
thereby reducing the energy poverty worldwide.

74



| Bibliography

Bibliography
Aarakit, S. M., Ssennono, V. F.,, & Adaramola, M. S. (2021). Estimating Market Potential for
Solar Photovoltaic Systems in Uganda. Frontiers in Energy Research, 9.

Abrol, D.,, & Gupta, A. (2014). Understanding the diffusion modes of grassroots
innovations in India: A study of Honey Bee Network supported innovators. African
Journal of Science, Technology, Innovation and Development, 6(6), 541-552.

Abu Saim, M., & Khan, 1. (2021). Problematizing solar energy in Bangladesh: Benefits,
burdens, and electricity access through solar home systems in remote islands. Energy
Research & Social Science, 74, 101969.

ACE TAF. (2021). Productive Use Potential and Sales of Off-Grid Solar to Women and Youth
in Uganda. Retrieved on June 26, 2021, from https://www.ace-
taf.org/wpcontent/uploads/2021/05/Productive-Use-Potential-and-Sales-of-Off-
Grid-Solar-to-Women-and-Youth-in-Uganda.pdf.

Adwek, G., Boxiong, S., Ndolo, P. 0., Siagi, Z. 0., Chepsaigutt, C., Kemunto, C. M., Arowo, M.,
Shimmon, ., Simiyu, P., & Yabo, A. C. (2019). The solar energy access in Kenya: a review
focusing on Pay-As-You-Go solar home system. Environment, Development and
Sustainability, 22(5), 3897-3938.

AfroBarometer. (2019). Progress toward ‘reliable energy for all’ stalls across Africa,
Afrobarometer  survey  finds. Retrieved on January 6, 2021, from
https://www.afrobarometer.org/press/progress-toward-reliable-energy-all-stalls-
across-africa-afrobarometer-survey-finds.

Agarwal, N., & Brem, A. (2012). Frugal and Reverse Innovation - Literature Overview and
Case Study Insights from a German MNC in India and China. Proceedings of the 20212
18t International Conference on Engineering, Technology and Innovation, 1-11.
Retrieved on December 1, 2020, from https://ieeexplore.ieee.org/stamp/stamp.jsp?
tp=&arnumber=6297683.

Agarwal, N., Grottke, M., Mishra, S., & Brem, A. (2017). A Systematic Literature Review of
Constraint-Based Innovations: State of the Art and Future Perspectives. IEEE
Transactions on Engineering Management, 64(1), 3-15.

Agrell, W. (2009). Geopolitics: Competition, conflicts, and wars in the future international
system. Retrieved on February 20, 2021, from https://ffpdb.slu.se/3692/1/2009%20
Agrell%?20Geopolitics.pdf.

75


https://www.ace-taf.org/wpcontent/uploads/2021/05/Productive-Use-Potential-and-Sales-of-Off-Grid-Solar-to-Women-and-Youth-in-Uganda.pdf
https://www.ace-taf.org/wpcontent/uploads/2021/05/Productive-Use-Potential-and-Sales-of-Off-Grid-Solar-to-Women-and-Youth-in-Uganda.pdf
https://www.ace-taf.org/wpcontent/uploads/2021/05/Productive-Use-Potential-and-Sales-of-Off-Grid-Solar-to-Women-and-Youth-in-Uganda.pdf
about:blank
about:blank
https://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=6297683
https://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=6297683
about:blank
about:blank

| Bibliography

Ahonen, E. (2015). Energy frugality: Solar powered microgrids [Thesis, Aalto University].
https://aaltodoc.aalto.fi/bitstream/handle/123456789/15569 /master Ahonen Eetu
2015.pdf?sequence=1&isAllowed=y.

Akena, A. K. (2020). Achievements and Challenges of Uganda’s Power Sector. Retrieved on
June 25,2021, from https://rmi.org/achievements-and-challenges-of-ugandas-power-

sector/.

Aloui, C., & Hamida, H. B. (2019). Oil-stock Nexus in an Oil-rich Country: Does Geopolitical
Risk Matter in Terms of Investment Horizons? Defence and Peace Economics, 1-21.

Alsagr, N., & van Hemmen, S. (2021). The impact of financial development and geopolitical
risk on renewable energy consumption: evidence from emerging markets.
Environmental Science and Pollution Research.

Amesho, K. T, & Edoun, E. I. (2019). Financing Renewable Energy in Namibia - A
Fundamental Key Challenge to the Sustainable Development Goal 7: Ensuring Access
to Affordable, Reliable, Sustainable and Modern Energy for All. International Journal of
Energy Economics and Policy, 9(5), 442-450.

Arshad, H. (2021). Frugal Innovation in Healthcare: Aligning Systematic Review, Patterns,
and Factors for Diffusion in Developing Economies [Dissertation, Universitat Leipzig].
Publikationsserver der Universitat Leipzig. https://ul.qucosa.de/landingpage/?tx dlf
[id]=https%3A%2F%2Ful.qucosa.de%2Fapi%2Fqucosa%253A74099%2Fmets.

Arshad, H., Radi¢, M., & Radi¢, D. (2018). Patterns of Frugal Innovation in Healthcare.
Technology Innovation Management Review, 8(4), 28-37.

Ashfagq, F., Ilyas, S., & Shahid, A. (2018). From Frugal To Reverse Innovation: Is The Great
Leap Possible? An Analysis of Diffusion Patterns of Frugal Innovations. Global
Management Journal for Academic & Corporate Studies, 8(1), 1-11.

Average Salary Survey. (2021). Namibia | Average Salary Survey 2021. Retrieved on June
28,2021, from https://www.averagesalarysurvey.com/namibia.

Bagher, A.M., Vahid, M.M.A., & Mohsen, M. (2015). Types of Solar Cells and Application.
American Journal of Optics and Photonics, 3(5), 94.

Basu, R., Banerjee, P.,, & Sweeny, E. (2013). Frugal Innovation: Core Competencies to
Address Global Sustainability. Journal Of Management For Global Sustainability, 1(2),
63-82.

76


https://aaltodoc.aalto.fi/bitstream/handle/123456789/15569/master_Ahonen_Eetu_2015.pdf?sequence=1&isAllowed=y
https://aaltodoc.aalto.fi/bitstream/handle/123456789/15569/master_Ahonen_Eetu_2015.pdf?sequence=1&isAllowed=y
https://rmi.org/achievements-and-challenges-of-ugandas-power-sector/
https://rmi.org/achievements-and-challenges-of-ugandas-power-sector/
https://ul.qucosa.de/landingpage/?tx_dlf%5bid%5d=https%3A%2F%2Ful.qucosa.de%2Fapi%2Fqucosa%253A74099%2Fmets
https://ul.qucosa.de/landingpage/?tx_dlf%5bid%5d=https%3A%2F%2Ful.qucosa.de%2Fapi%2Fqucosa%253A74099%2Fmets
https://www.averagesalarysurvey.com/namibia

| Bibliography

Baurzhan, S., & Jenkins, G. P. (2016). Off-grid solar PV: Is it an affordable or appropriate
solution for rural electrification in Sub-Saharan African countries? Renewable and
Sustainable Energy Reviews, 60, 1405-1418.

Bhide, A., & Monroy, C. R. (2011). Energy poverty: A special focus on energy poverty in
India and renewable energy technologies. Renewable and Sustainable Energy Reviews,
15(2),1057-1066.

Bianchi, C., Bianco, M., Ardanche, M., & Schenck, M. (2017). Healthcare frugal innovation:

A solving problem rationale under scarcity conditions. Technology in Society, 51, 74-
80.

Bond, M,, Fuller, R, & Aye, L. (2012). Sizing solar home systems for optimal development
impact. Energy Policy, 42, 699-709.

Bound, K., & Thornton, I. (2012). Our Frugal Future: Lessons from India’s Innovation
System. Retrieved on December 1, 2020, from https://www.nesta.org.uk/report/our-
frugal-future-lessons-from-indias-innovation-system/.

Busse, M., & Hefeker, C. (2007). Political risk, institutions and foreign direct investment.
European Journal of Political Economy, 23(2), 397-415.

Cohen, J., Cohen, P., West, S. G., & Aiken, L. S. (2002). Applied Multiple Regression -
Correlation Analysis for the Behavioral Sciences (3rd ed.). Routledge Academic.

Corbin, J. & Strauss, A. (2015). Basics of Qualitative Research: Techniques and Procedures
for Developing Grounded Theory (4¢ ed.). Thousand Oaks, Canada: SAGE Publications.

Crawford, S. L. (2006). Correlation and Regression. Circulation, 114(19), 2083-2088.
Da Silva, I. P, Hogan, E., Kalyango, B., Kayiwa, A., Ronoh, G., & Ouma, C. A. (2015).
Innovative Energy Access for Remote Areas: “The LUAV-Light up a Village” Project.

Springer Proceedings in Energy, 167-175.

De Almeida, A. T., Moura, P., & Quaresma, N. (2020). Off-Grid Sustainable Energy Systems
for Rural Electrification. Encyclopedia of the UN Sustainable Development Goals, 1-22.

Dearing, J. W, & Cox, J. G. (2018). Diffusion Of Innovations Theory, Principles, And
Practice. Health Affairs, 37(2), 183-190.

Diallo, A., & Moussa, R. K. (2020). The effects of solar home system on welfare in off-grid
areas: Evidence from Cote d’Ivoire. Energy, 194, 1-12.

77


about:blank
about:blank

| Bibliography

Dutta, N, S. Sobel, R, & Roy, S. (2013). Entrepreneurship and political risk. Journal of
Entrepreneurship and Public Policy, 2(2), 130-143.

Economic Consulting Associates Limited. (2018). Energy Africa - Uganda Fiscal policy
options for Solar Home Systems (SHS): Final report. Retrieved on June 24, 2021, from
https://assets.publishing.service.gov.uk/media/5af2ccf9ed915d585db3f6f8/Energy
Africa Uganda Fiscal Policy options for Solar Home Systems SHS Final Report.p
df.

Energypedia. (2014a). Challenges and Issues Affecting the Exploitation of Renewable
Energies in Uganda. Retrieved on June 25, 2021, from https://energypedia.info/wiki
/Challenges and Issues Affecting the Exploitation of Renewable Energies in Ugand

a.

Energypedia. (2014b). Solar Revolving Fund: A Financing Strategy for Solar Energy
Technologies in Namibia. Retrieved on June 25, 2021, from https://energy
pedia.info/wiki/Solar Revolving Fund: A Financing Strategy for Solar Energy Tech
nologies in Namibia.

Energypedia. (2020). Uganda Energy Situation. Retrieved on June 26, 2021, from
https://energypedia.info/wiki/Uganda Energy Situation.

European Commission. (2021). East African Community (EAC) - Trade - European
Commission. Retrieved on June 27, 2021, from https://ec.europa.eu/trade/policy/
countries-and-regions/regions/eac/.

Fehling, M., Nelson, B. D., & Venkatapuram, S. (2013). Limitations of the Millennium
Development Goals: a literature review. Global Public Health, 8(10), 1109-1122.

Fernandez-Fuentes, M. H., Eras-Almeida, A. A, & Egido-Aguilera, M. A. (2021).
Characterization of Technological Innovations in Photovoltaic Rural Electrification,
Based on the Experiences of Bolivia, Peru, and Argentina: Third Generation Solar Home
Systems. Sustainability, 13(6), 3032.

Feron, S. (2016). Sustainability of Off-Grid Photovoltaic Systems for Rural Electrification
in Developing Countries: A Review. Sustainability, 8(12), 1-26.

Fischer, B., Guerrero, M., Guimon, J., & Schaeffer, P. R. (2020). Knowledge transfer for
frugal innovation: where do entrepreneurial universities stand? Journal of Knowledge

Management, 25(2), 360-379.

Gogtay, N. J., & Thatte, U. M. (2017). Principles of Correlation Analysis. Journal of The
Association of Physicians of India, 65, 78-81.

78


https://assets.publishing.service.gov.uk/media/5af2ccf9ed915d585db3f6f8/Energy_Africa_Uganda_Fiscal_Policy_options_for_Solar_Home_Systems__SHS___Final_Report.pdf
https://assets.publishing.service.gov.uk/media/5af2ccf9ed915d585db3f6f8/Energy_Africa_Uganda_Fiscal_Policy_options_for_Solar_Home_Systems__SHS___Final_Report.pdf
https://assets.publishing.service.gov.uk/media/5af2ccf9ed915d585db3f6f8/Energy_Africa_Uganda_Fiscal_Policy_options_for_Solar_Home_Systems__SHS___Final_Report.pdf
https://energypedia.info/wiki/Challenges_and_Issues_Affecting_the_Exploitation_of_Renewable_Energies_in_Uganda
https://energypedia.info/wiki/Challenges_and_Issues_Affecting_the_Exploitation_of_Renewable_Energies_in_Uganda
https://energypedia.info/wiki/Challenges_and_Issues_Affecting_the_Exploitation_of_Renewable_Energies_in_Uganda
https://energypedia.info/wiki/Solar_Revolving_Fund:_A_Financing_Strategy_for_Solar_Energy_Technologies_in_Namibia
https://energypedia.info/wiki/Solar_Revolving_Fund:_A_Financing_Strategy_for_Solar_Energy_Technologies_in_Namibia
https://energypedia.info/wiki/Solar_Revolving_Fund:_A_Financing_Strategy_for_Solar_Energy_Technologies_in_Namibia
https://energypedia.info/wiki/Uganda_Energy_Situation
https://ec.europa.eu/trade/policy/countries-and-regions/regions/eac/
https://ec.europa.eu/trade/policy/countries-and-regions/regions/eac/

| Bibliography

Gonzalez-Eguino, M. (2015). Energy poverty: An overview. Renewable and Sustainable
Energy Reviews, 47, 377-385.

Gul, M., Kotak, Y., & Muneer, T. (2016). Review on recent trend of solar photovoltaic
technology. Energy Exploration & Exploitation, 34(4), 485-526.

Hansen, U. E. Pedersen, M. B, & Nygaard, I. (2015). Review of solar PV policies,
interventions and diffusion in East Africa. Renewable and Sustainable Energy Reviews,
46, 236-248.

Harrison, H., Birks, M., Franklin, R., & Mills, ]. (2017). Case Study Research: Foundations
and Methodological Orientations. Forum: Qualitative Social Research. Retrieved on
December 10, 2020, from http://www.qualitativeresearch.net/index.php/fgs/article
/view/2655/4079+#gcit.

Hassan, 0., Morse, S., & Leach, M. (2020). The Energy Lock-In Effect of Solar Home
Systems: A Case Study in Rural Nigeria. Energies, 13(24), 1-24.

Hayakawa, K., Kimura, F., & Lee, H. H. (2013). How Does Country Risk Matter for Foreign
Direct Investment? The Developing Economies, 51(1), 60-78.

Hossain, M. (2018). Frugal innovation: A review and research agenda. Journal of Cleaner
Production, 182, 926-936.

Hossain, M. (2020). Frugal innovation: Conception, development, diffusion, and outcome.
Journal of Cleaner Production, 262.

Hossain, M., Simula, H., & Halme, M. (2016). Can frugal go global? Diffusion patterns of
frugal innovations. Technology in Society, 46, 132-139.

Husain, A. A, Hasan, W. Z. W., Shafie, S., Hamidon, M. N., & Pandey, S. S. (2018). A review
of transparent solar photovoltaic technologies. Renewable and Sustainable Energy
Reviews, 94, 779-791.

IEA. (2013). Pico Solar PV Systems for Remote Homes: A new generation of small PV systems
for lighting and communication. Retrieved on March 19, 2021, from
https://ieapvps.org/wpcontent/uploads/2013/01/rep9 12 PVPS Pico Solar PV Sys
tems aprl3.pdf.

International Trade Administration. (2020). Namibia - Country Commercial Guide.
Retrieved on June 25, 2021, from https://www.trade.gov/country-commercial-guides
/namibia-energy.

79


about:blank#gcit
about:blank#gcit
https://ieapvps.org/wpcontent/uploads/2013/01/rep9_12_PVPS_Pico_Solar_PV_Systems_apr13.pdf
https://ieapvps.org/wpcontent/uploads/2013/01/rep9_12_PVPS_Pico_Solar_PV_Systems_apr13.pdf
https://www.trade.gov/country-commercial-guides/namibia-energy
https://www.trade.gov/country-commercial-guides/namibia-energy

| Bibliography

Ivankova, N., & Wingo, N. (2018). Applying Mixed Methods in Action Research:
Methodological Potentials and Advantages. American Behavioral Scientist, 62(7), 978-
997.

Jadhav, A. S., Chembe, D. K,, Strauss, J. M., & Van Niekerk, J. L. (2017). Status of Solar
Technology Implementation in the Southern African Developing Community (SADC)
Region. Renewable and Sustainable Energy Reviews, 73, 622-631.

Jadhav, P. (2012). Determinants of foreign direct investment in BRICS economies:
Analysis of economic, institutional and political factor. Procedia - Social and Behavioral
Sciences, 37, 5-14.

Jiang, W., & Martek, I. (2021). Political risk analysis of foreign direct investment into the
energy sector of developing countries. Journal of Cleaner Production, 302.

Kato, L., Mlay, S. V., Nantege, Z., Miwanda, A., & Naluwooza, R. (2020). Mobile Technologies,
Digital Financing and Access to Solar Energy in Uganda. International Journal of
Technology and Management, 5(2), 1-21.

Kaygusuz, K. (2011). Energy services and energy poverty for sustainable rural
development. Renewable and Sustainable Energy Reviews, 15(2), 936-947.

Kendall, A., & Pais, G. (2018). Bringing (solar) power to the people. McKinsey & Company.
Retrieved on March 18, 2021, from https://www.mckinsey.com/businessfunctions

/sustainability /our-insights /bringing-solar-power-to-the-people.

Khan, R. (2016). How Frugal Innovation Promotes Social Sustainability. Sustainability,
8(10),1034-1063.

Kim, B., Azzaro-Pantel, C., Pietrzak-David, M., & Maussion, P. (2019). Life cycle assessment
for a solar energy system based on reuse components for developing countries. Journal
of Cleaner Production, 208, 1459-1468.

Knorringa, P., PeSa, I, Leliveld, A, & Van Beers, C. (2016). Frugal Innovation and
Development: Aides or Adversaries? The European Journal of Development Research,
28(2), 143-153.

Koigi, B. (2020). Pay-As-You-Go Models Address Energy Poverty in Africa. Retrieved on June
26, 2021, from https://www.fairplanet.org/story/pay-as-vou-go-models-address-
energy-poverty-in-africa/.

80


https://www.mckinsey.com/businessfunctions/sustainability/our-insights/bringing-solar-power-to-the-people
https://www.mckinsey.com/businessfunctions/sustainability/our-insights/bringing-solar-power-to-the-people
https://www.fairplanet.org/story/pay-as-you-go-models-address-energy-poverty-in-africa/
https://www.fairplanet.org/story/pay-as-you-go-models-address-energy-poverty-in-africa/

| Bibliography

Komendantova, N., Patt, A, Barras, L., & Battaglini, A. (2012). Perception of risks in
renewable energy projects: The case of concentrated solar power in North Africa.
Energy Policy, 40, 103-109.

Kruja, M. A, & Dragusha, D. B. (2016). The Impact of Political Risk on Foreign Direct
Investment. ILIRIA International Review, 4(2), 73.

Kumar, H., & Bhaduri, S. (2014). Jugaadto grassroot innovations: understanding the
landscape of the informal sector innovations in India. African Journal of Science,
Technology, Innovation and Development, 6(1), 13-22.

Kumari, R, & Sharma, A. K. (2017). Determinants of foreign direct investment in
developing countries: a panel data study. International Journal of Emerging Markets,
12(4), 658-682.

Lay, J., Ondraczek, J., & Stoever, J. (2013). Renewables in the energy transition: Evidence
on solar home systems and lighting fuel choice in Kenya. Energy Economics, 40, 350-
359.

Leliveld, A., & Knorringa, P. (2017). Frugal Innovation and Development Research. The
European Journal of Development Research, 30(1), 1-16.

Levanen, J., Hossain, M., Lyytinen, T., Hyvarinen, A., Numminen, S., & Halme, M. (2015).
Implications of Frugal Innovations on Sustainable Development: Evaluating Water and
Energy Innovations. Sustainability, 8(1), 4.

Lighting Africa. (2018). Uganda. Retrieved on June 21, 2021, from https://www.lighting
africa.org/country/uganda/

Ly, Z., Gozgor, G., Huang, M., & Keung Lau, M. C. (2020). The Impact of Geopolitical Risks
on Financial Development: Evidence from Emerging Markets. Journal of
Competitiveness, 12(1), 93-107.

Lucas, P. L., Dagnachew, A. G., & Hof, A. F. (2017). Towards universal electricity access in
Sub-Saharan Africa: A quantitative analysis of technology and investment requirements.
PBL Netherlands Environmental Assessment Agency. Retrieved on January 4, 2021,
from https://www.pbl.nl/sites/default/files/downloads/pbl-2017-towardsuniversal
-electricity-access-in-sub-saharan-africa-1952 3.pdf.

Malmgren, P. (2015). Geopolitics for Investors. Retrieved on May 7, 2021, from
https://papers.ssrn.com/sol3 /papers.cfm?abstract id=2580184.

81


https://www.lightingafrica.org/country/uganda/
https://www.lightingafrica.org/country/uganda/
https://www.pbl.nl/sites/default/files/downloads/pbl-2017-towardsuniversal-electricity-access-in-sub-saharan-africa-1952_3.pdf
https://www.pbl.nl/sites/default/files/downloads/pbl-2017-towardsuniversal-electricity-access-in-sub-saharan-africa-1952_3.pdf
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2580184

| Bibliography

McKnight, S. (2015). The Rise and Fall of the Rwanda-Uganda Alliance (1981-1999).
African Studies Quarterly, 15(2), 23-52.

Mikhaylov, A. S., Mikhaylova, A. A., & Savchina, 0. V. (2018). Innovation security of cross-
border innovative milieu. Entrepreneurship and Sustainability Issues, 6(2), 754-766.

Miller, D. (2009). Selling Solar: The Diffusion of Renewable Eenrgy in Emerging Markets.
Routledge.

Milner, J. (2011). The S-shaped curve. JohnsBlog. Retrieved on April 18, 2021, from
https://johnmill.wordpress.com/archive-2 /the-s-shaped-curve/.

Mokhele, K. (2019). Political risk analysis of the Renewable Energy Sector in South Africa
and the effect on Foreign Direct Investment [Disseratation, University of Cape Town].
OpenUCT. https://open.uct.ac.za/handle/11427/30868.

Moniruzzaman, M., & Day, R. (2020). Gendered energy poverty and energy justice in rural
Bangladesh. Energy Policy, 144, 144-154.

Mugagga, R. G., & Chamdimba, H. B. N. (2019). A Comprehensive Review on Status of Solar
PV Growth in Uganda. Journal of Energy Research and Reviews, 1-14.

Mufoz, B. Garcia-Verdugo, J., & San-Martin, E. (2015). Quantifying the geopolitical
dimension of energy risks: A tool for energy modelling and planning. Energy, 82, 479-
500.

Narula, K., & Reddy, B. S. (2015). Three blind men and an elephant: The case of energy
indices to measure energy security and energy sustainability. Energy, 80, 148-158.

Ndunguru, B.H. (2018) Country risk perceptions and responses towards private-sector
investments in renewable energy (re) in Sub-Saharan African countries: A comparative
study of Tanzania and South Africa [Dissertation, University of the Witwatersrand].
WIReDSpace. http://wiredspace.wits.ac.za/handle/10539/26575.

Ngwenya, S., & Lema, A. R. (2020). China’s Role in Regional Integration in Africa: The Case
of East African Community. Stanford International Policy Review, 5(1), 36-56.

Njoh, A. ], Etta, S., Essia, U., Ngyah-Etchutambe, 1., Enomah, L. E. D., Tabrey, H. T., & Tarke,
M. 0. (2019). Implications of institutional frameworks for renewable energy policy
administration: Case study of the Esaghem, Cameroon community PV solar
electrification project. Energy Policy, 128, 17-24.

82


https://johnmill.wordpress.com/archive-2/the-s-shaped-curve/
https://open.uct.ac.za/handle/11427/30868
http://wiredspace.wits.ac.za/handle/10539/26575

| Bibliography

Numminen, S. (2019). Reliability and sustainability analyses of frugal solar photovoltaic
micro-grid systems in emerging markets [Dissertation, Aalto University].
https://aaltodoc.aalto.fi/bitstream /handle/123456789/37842 /isbn9789526085135

.pdf?sequence=1&isAllowed=y.

Numminen, S., & Lund, P. D. (2016). Frugal energy innovations for developing countries a
framework. Global Challenges, 1(1), 9-19.

Nygaard, [., Hansen, U. E., & Larsen, T. H. (2016). The emerging market for pico-scale solar
PV systems in Sub-Saharan Africa. UNEP DTU Partnership. Retrieved on April 7, 2021,
from https://www.gogla.org/sites/default/files/recource docs/market-picosolar we

b.pdf.

O'Sullivan, M., Overland, I., & Sandalow, D. (2017) The Geopolitics of Renewable Energy.
(HKS Working Paper No. RWP17-027). Retrieved from SSRN: https://
ssrn.com/abstract=2998305.

Paravantis, ]. A, Ballis, A, Kontoulis, N., & Dourmas, V. (2019). Conceptualizing and
Measuring Energy Security: Geopolitical Dimensions, Data Availability, Quantitative
and Qualitative Methods. Learning and Analytics in Intelligent Systems, 149-203.

Parwez, S., & Shekar, K.C. (2019). Understanding of grassroots innovations in India:
evidence from the countryside. Society and Business Review, 14(4), 273-299.

Patino, C. M., & Ferreira, J. C. (2018). Internal and external validity: can you apply research
study results to your patients? Jornal Brasileiro de Pneumologia, 44(3), 183.

Pereira, M. G., Freitas, M. A. V., & da Silva, N. F. (2010). Rural electrification and energy
poverty: Empirical evidences from Brazil. Renewable and Sustainable Energy Reviews,
14(4), 1229-1240.

Phaesun. (n.d.). Pico PV Systems. Phaesun. Retrieved on April 4, 2021, from http://www.
phaesun.com/portfolio/projects-systems/competences/rural-electrification /pico-pv-

systems.html.

Pisoni, A., Michelini, L., & Martignoni, G. (2018). Frugal approach to innovation: State of
the art and future perspectives. Journal of Cleaner Production, 171, 107-126.

Prabhu, J. (2017). Frugal innovation: doing more with less for more. Philosophical

Transactions of the Royal Society A: Mathematical, Physical and Engineering Sciences,
375 (2095).

83


https://aaltodoc.aalto.fi/bitstream/handle/123456789/37842/isbn9789526085135.pdf?sequence=1&isAllowed=y
https://aaltodoc.aalto.fi/bitstream/handle/123456789/37842/isbn9789526085135.pdf?sequence=1&isAllowed=y
https://www.gogla.org/sites/default/files/recource_docs/market-picosolar_web.pdf
https://www.gogla.org/sites/default/files/recource_docs/market-picosolar_web.pdf
https://ssrn.com/abstract=2998305
https://ssrn.com/abstract=2998305
http://www.phaesun.com/portfolio/projects-systems/competences/rural-electrification/pico-pv-systems.html
http://www.phaesun.com/portfolio/projects-systems/competences/rural-electrification/pico-pv-systems.html
http://www.phaesun.com/portfolio/projects-systems/competences/rural-electrification/pico-pv-systems.html

| Bibliography

Prahalad, C. K. (2011). Bottom of the Pyramid as a Source of Breakthrough Innovations.
Journal of Product Innovation Management, 29(1), 6-12.

Prasad, G. (2007). Electricity from solar home systems in South Africa. Retrieved on June
22, 2021, from https://open.uct.ac.za/bitstream/item/19437/Prasad Electricity
from solar home 2007.pdf?sequence=1.

Ranabhat, K., Patrikeev, L., Revina, A. A, Andrianov, K, & Sofronova, E. (2016). An
Introduction to Solar Cell Technology. Journal of Applied Engineering Science, 14(4),
481-491.

RECP. (2014). Supportive framework conditions for mini-grids employing renewable and
hybrid generation in the SADC Region: Namibia Case Study Gap analysis and National
Action Plan. Retrieved on June 22, 2021, from https://energypedia.info
/images/4/43/SADC RERA Namibia Case Study.pdf.

Reiche, K., Griiner, R, Attigah, B., Hellpap, C., & Briiderle, A. (2010). What difference can a
PicoPV system make? Early findings on small Photovoltaic systems - an emerging lowcost
energy technology for developing countries. GTZ. Retrieved on April 15, 2021, from
https://www.gogla.org/sites/default/files /recource docs/pico-pvlightingsyste

ms.pdf.

Richardson, J. W. (2009). Technology Adoption in Cambodia: Measuring Factors
Impacting Adoption Rates. Journal of International Development, 23(5), 697-710.

Ritchie, H. R., & Roser, M. (2019). Access to Energy. Our World in Data. Retrieved on
November 18, 2020, from https://ourworldindata.org/energy-access.

Rogers, E. M. (2003). Diffusion of Innovations, 5th Edition (5de editie). Amsterdam
University Press.

Rosca, E., Arnold, M., & Bendul, . C. (2017). Business models for sustainable innovation -
an empirical analysis of frugal products and services. Journal of Cleaner Production,
162,133-145.

Rosenberg, N. (1972). Factors affecting the diffusion of technology. Explorations in
Economic History, 10(1), 3-33.

RVO. (2015). Namibia: Country Profile and Key Market Opportunities. Retrieved on June
21, 2021, from https://www.rvo.nl/sites/default/files/2015/05/Country%?20Profile
%20and%20Key%20Market%200pportunities%20Namibi%C3%AB.pdf.

84


https://open.uct.ac.za/bitstream/item/19437/Prasad_Electricity_from_solar_home_2007.pdf?sequence=1
https://open.uct.ac.za/bitstream/item/19437/Prasad_Electricity_from_solar_home_2007.pdf?sequence=1
https://energypedia.info/images/4/43/SADC_RERA_Namibia_Case_Study.pdf
https://energypedia.info/images/4/43/SADC_RERA_Namibia_Case_Study.pdf
https://www.gogla.org/sites/default/files/recource_docs/pico-pvlightingsystems.pdf
https://www.gogla.org/sites/default/files/recource_docs/pico-pvlightingsystems.pdf
https://ourworldindata.org/energy-access
https://www.rvo.nl/sites/default/files/2015/05/Country%20Profile%20and%20Key%20Market%20Opportunities%20Namibi%C3%AB.pdf
https://www.rvo.nl/sites/default/files/2015/05/Country%20Profile%20and%20Key%20Market%20Opportunities%20Namibi%C3%AB.pdf

| Bibliography

Sachs, ]J. D. (2012). From Millennium Development Goals to Sustainable Development
Goals. The Lancet, 379(9832), 2206-2211.

Schmidt, G. M., & Druehl, C. T. (2008). When Is a Disruptive Innovation Disruptive? Journal
of Product Innovation Management, 25(4), 347-369.

Schober, P., Boer, C., & Schwarte, L. A. (2018). Correlation Coefficients. Anesthesia &
Analgesia, 126(5), 1763-1768.

Scholten, D., Bazilian, M., Overland, 1., & Westphal, K. (2018). Nieuwe Energie, Nieuwe
Politiek: Hoe de energietransitie de relatie tussen landen verandert. Retrieved on April
13, 2021, from https://repository.tudelft.nl/islandora/object/uuid:56ef143d-79fa-
4678-89b1-e40c46db5f917collection=research.

Scholten, D., Bazilian, M. Overland, I, & Westphal, K. (2020). The geopolitics of
renewables: New board, new game. Energy Policy, 138, 111059.

Sehgal, V. S,, Dehoff, K., & Panneer, G. (2010). The Importance of Frugal Engineering. Tech
& Innovation, 59, 1.

Semkin, N., Lyyra, S., & Sipila, O. (2017). Global energy sector transitions will have an
impact on geopolitics (Policy brief). Retrieved on April 16, 2021, from
https://tietokayttoon.fi/documents/1927382/2116852/14 2017 Global+energy+se
ctor+transitions+will+have+an+impact+on+geopolitics/e54c4f05-1b32-4a57-a8fb-
20d72d3810eb?version=1.0.

Simula, H., Hossain, M., & Halme, M. (2015). Frugal and reverse innovations - Quo
Vadis? Current Science, 109(9), 1567-1572.

Shrestha, N. (2021). Factor Analysis as a Tool for Survey Analysis. American Journal of
Applied Mathematics and Statistics, 9(1), 4-11.

Singh, S.K., Gambhir, A., Sotiropoulos, A., & Duckworth, S. (2012). Frugal Innovation:
Learning from Social Entrepreneurs in India. Retrieved on December 14, 2020, from
https://www.researchgate.net/publication/256016457 Frugal Innovation Learning

from Social Entrepreneurs in India.

Smets, A., Jager, K, Isabella, 0., Van Swaaij, R., & Zeman, M. (2016). Solar Energy: The
Physics and Engineering of Photovoltaic Conversion Technologies and Systems. Uit
Chambridge.

Snel, N. (2019). West Africa: Has the growth potential been tapped for pay-as-you-go
utilities? Retrieved on June 22, 2021, from https://www.gsma.com/mobilefor

85


https://repository.tudelft.nl/islandora/object/uuid:56ef143d-79fa-4678-89b1-e40c46db5f91?collection=research
https://repository.tudelft.nl/islandora/object/uuid:56ef143d-79fa-4678-89b1-e40c46db5f91?collection=research
https://tietokayttoon.fi/documents/1927382/2116852/14_2017_Global+energy+sector+transitions+will+have+an+impact+on+geopolitics/e54c4f05-1b32-4a57-a8fb-20d72d3810eb?version=1.0
https://tietokayttoon.fi/documents/1927382/2116852/14_2017_Global+energy+sector+transitions+will+have+an+impact+on+geopolitics/e54c4f05-1b32-4a57-a8fb-20d72d3810eb?version=1.0
https://tietokayttoon.fi/documents/1927382/2116852/14_2017_Global+energy+sector+transitions+will+have+an+impact+on+geopolitics/e54c4f05-1b32-4a57-a8fb-20d72d3810eb?version=1.0
about:blank
about:blank
https://www.gsma.com/mobilefordevelopment/blog/west-africa-has-the-growth-potential-been-tapped-for-pay-as-you-go-utilities/

| Bibliography

development/blog/west-africa-has-the-growth-potential-been-tapped-for-pay-as-
you-go-utilities/.

Soni, P, & T. Krishnan, R. (2014). Frugal innovation: aligning theory, practice, and public
policy. Journal of Indian Business Research, 6(1), 29-47.

Stake, Robert E. (2006). Multiple case study analysis. New York: Guilford.

Tiwari, R., & Herstatt, C. (2012). Frugal Innovation: A Global Networks’ Perspective. Die
Unternehmung, 66(3), 245-274.

Tiwari, R., Kalogerakis, K., & Herstatt, C. (2014). Frugal innovation and analogies: Some
propositions for product development in emerging economies (Working Paper, No. 84).
Retrieved on February 24, 2021, from https://www.econstor.eu/bitstream/10419/
98255/1/788474227.pdf.

Tiwari, R., Kalogerakis, K., & Herstatt, C. (2016). Developing Frugal Innovations with
Inventive Analogies: Preliminary Evidence from Innovations in India. India Studies in
Business and Economics, 147-162.

Ulsrud, K. (2020). Access to electricity for all and the role of decentralized solar power in
sub-Saharan Africa. Norsk Geografisk Tidsskrift - Norwegian Journal of Geography,
74(1), 54-63.

United Nations Environment Programme. (2017). Atlas of Africa: Energy Resources.
Retrieved on June 20, 2021, from https://www.icafrica.org/fileadmin/documents
/Publications/Africa Energy Atlas.pdf.

United Nations. (n.d.). Take Action for the Sustainable Development Goals. Retrieved on
November 17, 2020, from https://www.un.org/sustainabledevelopment/sustainable-
development-goals/.

Vakulchuk, R., Overland, I., & Scholten, D. (2020). Renewable energy and geopolitics: A
review. Renewable and Sustainable Energy Reviews, 122, 1-12.
view/10.1093 /acrefore/9780190228620.001.0001 /acrefore-9780190228620-e-
642.

Worldbank. (2019a). Access to electricity, rural (% of rural population) | Data. Retrieved
on June 27, 2021, from https://data.worldbank.org/indicator/EG.ELC.ACCS.RU.ZS?
name desc=true.

86


https://www.gsma.com/mobilefordevelopment/blog/west-africa-has-the-growth-potential-been-tapped-for-pay-as-you-go-utilities/
https://www.gsma.com/mobilefordevelopment/blog/west-africa-has-the-growth-potential-been-tapped-for-pay-as-you-go-utilities/
https://www.econstor.eu/bitstream/10419/98255/1/788474227.pdf
https://www.econstor.eu/bitstream/10419/98255/1/788474227.pdf
https://www.icafrica.org/fileadmin/documents/Publications/Africa_Energy_Atlas.pdf
https://www.icafrica.org/fileadmin/documents/Publications/Africa_Energy_Atlas.pdf
https://www.un.org/sustainabledevelopment/sustainable-development-goals/
https://www.un.org/sustainabledevelopment/sustainable-development-goals/
https://oxfordre.com/climatescience%0d/view/10.1093/acrefore/9780190228620.001.0001/acrefore-9780190228620-e-642
https://oxfordre.com/climatescience%0d/view/10.1093/acrefore/9780190228620.001.0001/acrefore-9780190228620-e-642
https://data.worldbank.org/indicator/EG.ELC.ACCS.RU.ZS?name_desc=true
https://data.worldbank.org/indicator/EG.ELC.ACCS.RU.ZS?name_desc=true

| Bibliography

Worldbank. (2019b). Urban population (% of total population) - Namibia | Data. Retrieved
on June 27, 2021, from https://data.worldbank.org/indicator/SP.URB.TOTL.IN.ZS?
locations=NA.

WWF Uganda. (2012). Opportunities and Barriers to the Use of Renewable Energy
Technologies in Uganda. Retrieved on June 22, 2021, from https://d2ouvy59p0dg6k
.cloudfront.net/downloads/renewable energies final report opportunities and barri

ers.pdf.

Wydra, K., Becker, P., & Aulich, H. (2019). Sustainable solutions for solar energy driven
drinking water supply for rural settings in Sub-Saharan Africa: a case study of Nigeria.
Journal of Photonics for Energy, 9(4), 1.

Yadav, P., Davies, P.]., & Sarkodie, S. A. (2019). The prospects of decentralised solar energy
home systems in rural communities: User experience, determinants, and impact of free
solar power on the energy poverty cycle. Energy Strategy Reviews, 26.

Yin, R. K. (2014). Case study research: Design and methods. Los Angeles: Sage.

Zanello, G., Fu, X., Mohnen, P., & Ventresca, M. (2015). The Creation and Diffusion of
Innovation in Developing Countries: A Systematic Literature Review. journal of

Economic Surveys, 30(5), 884-912.

Zeschky, M., Widenmayer, B., & Gassmann, O. (2011) Frugal Innovation in Emerging
Markets, Research-Technology Management, 54(4), 38-45.

Zhang, X. (2018). Frugal innovation and the digital divide: Developing an extended model
of the diffusion of innovations. International Journal of Innovation Studies, 2(2), 53-64.

87


https://data.worldbank.org/indicator/SP.URB.TOTL.IN.ZS?locations=NA
https://data.worldbank.org/indicator/SP.URB.TOTL.IN.ZS?locations=NA
https://d2ouvy59p0dg6k.cloudfront.net/downloads/renewable_energies_final_report_opportunities_and_barriers.pdf
https://d2ouvy59p0dg6k.cloudfront.net/downloads/renewable_energies_final_report_opportunities_and_barriers.pdf
https://d2ouvy59p0dg6k.cloudfront.net/downloads/renewable_energies_final_report_opportunities_and_barriers.pdf

Appendix A | Topic list for interviews

Appendices

The appendices show additional information gathered in this research and provide a
more in-depth explanation of certain research steps.

Appendix A - Topic list for interviews ‘

This appendix shows the topic list which is used during the interviews. Given the fact that
the interviews are semi-structured, it is important to have a list of subjects that have a
priority for being discussed, so no topics are forgotten during the interviews. The topic
list is stated below.

Topic 1 - Interview logistics
Starting question: “Should we discuss the general course of this interview and discuss
informed consent regarding using your provided data from this interview?”

e Consent for recording this interview.

e Personal information is anonymised.

e Possibility to stop this interview at all times, without providing a reason.

e Provide verbal or written consent.

e Ifwished, the transcribed interview and/or thesis report could be sent to you.

Topic 2 - Explanation thesis research
Starting question: “Would you like me to discuss the outline of my thesis project and
some general background information on aspects of this?”

e Previous knowledge on frugal innovations and diffusion theory is not necessary.

e Main research question: “To what extent is there a relationship between political
risks and the market diffusion of frugal solar-PV systems?’.

e Frugal solar-PV systems aim to provide sustainable energy, with means of locally
available low-costs renewable resources, inclusive for the low-income consumer
segment, in order to reduce the energy poverty.

¢ Influence of politics on diffusion of frugal energy innovations:

o Frugal energy innovations are often implemented through NGOs and
international cooperation. This thesis projects aims to research to what extent
political risks can play a role in the environment suitable for investments in
frugal energy innovations.

Results from statistical analysis:

o Some countries show unexpected results: some countries are politically
unstable and despite that still have a lot of frugal energy innovations (Uganda),
while other countries that are politically stable have little frugal energy
innovations implemented (Namibia).

e Aim of this interview is to learn more about the general history and (geo)political

situation in Uganda and Namibia, in order to be able to better interpret and maybe

explain the statistical results.
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Topic 3 - Situation in Uganda

Starting question: “Given the history of Uganda, do you think that the (geo)political
situation in Uganda is favourable for foreign and domestic investments and diffusion of
innovations?”

More political tensions than in Namibia.

History of Uganda seems more volatile with varying alliances with Rwanda.
Uganda seems to have trouble with property rights regarding the White Nile and
Lake Victoria.

East African Cooperation seems to be more active than the South-West region of
Africa. Is this correct?

Does the history of conflicts within Uganda and neighbouring countries (Rwanda
and South Sudan) influence Uganda’s governmental investment decisions to this
day?

Topic 4 - Situation in Namibia

Starting question: “Given the history of Namibia, do you think that the (geo)political
situation in Uganda is unfavourable for foreign and domestic investments and diffusion
of innovations?”

Influence of late dependence of Namibia from South Africa.

Close trading relation with South Africa.

Long-sitting government (SWAPO).

Influence of being a sparsely populated country.

Does the history of conflicts with neighbouring countries (Angola, Botswana and
South Africa, Botswana) influence Namibia’s governmental investment decisions
to this day?

Topic 5 - Comparison situations Uganda and Namibia
Starting question: “Do you think that overall Uganda has a more favourable business
climate than Namibia? Can a possible difference between the two be explained?”

Uganda seems to have more NGOs involved and international attention than
Namibia. Is this correct and can this be explained?

The Ugandan government seems to be more invested in reducing the energy
poverty in the rural area. Can this be explained?
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Appendix B - Informed consent form for interviews

In this appendix the informed consent form is visible, which is shown and signed by the
interview participants.

Please tick the appropriate boxes Yes No

1- Ihave read and understood the study information or it has been
read to me. | have been able to ask questions about the study and O O
my questions have been answered to my satisfaction.

2- 1 consent voluntarily to be a participant in this study, [ understand
that I can refuse to answer questions and I can withdraw from the O o
study at any time, without having to give a reason.

3- Tunderstand that taking part in the study involves giving a recorded O O
interview, which will be transcribed as text.

4- Tunderstand that information [ provide will be used for this thesis O 0
research, but not for secondary uses or for other purposes.

5- Tunderstand that personal information collected about me that can
identify me, such as my name and function, will not be shared O 0O
beyond the study team and this will be anonymised in the results
and thesis report.

6- lagree that my anonymised information can be quoted in research O O
outputs.
Name of participant Signature Date

1- Ideclare that the information sheet has been read out to the
potential participant and, to the best of my ability, ensured that the m O
participant understands to what he/she is consenting.

Name of researcher Signature Date
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Appendix C - Overall market diffusion overview

Table 7 shows the sales of SPSs and SHSs together for different countries, spanning over
a time frame from the second semester of 2015 (July 2015 - December 2015), until the
second semester of 2019 (January 2020 - December 2019).

Table 7 - Overview of sales of frugal solar-PV systems worldwide.

Countries |Sales H2 2015 | Sales H1 2016 Sales H2 2016 | Sales H1 2017 Sales H2 2017 | Sales H1 2018 Sales H2 2018 | Sales H1 2019 Sales H2 2019
Africa

Angola 272 2950
Benin 28076 172634 2800 15949 10841 5733 8755 24244 29021
Burkina Faso 19273 34733 123945 46581 22809 23725 38188 13289
Burundi
Cameroon 45444 30886 1967 49715 54649 79134 71864
Central Africa
Republic 48027
Chad 9235
Cote d'lvoire 24388 20762 8776 9533 15360 17446 22921 27682 35522
DRC 73191 729 46090 242271 11197 54316 38147
Ethiopia 363950 231097 265723 210913 158634 147647 338177 293778 717759
Gambia 576 734
Ghana 15667 12510 38496 25789 37863 26160 13096 13702 17337
Guinea 4367
Kenya 472612 561604 666881 413544 502099 519154 749909 974972 994511
Liberia 5668 8421 15251 13384 11517 9650 1225
Madagascar 20845 41700 43950 27355 23998 11013 30686
Malawi 26365 16987 20844 17598 125640 22772 33783 8903 51703
Mali 22162 10417 31184 30591 42620 16448 20802 35423 10140
Mozambique 6048 8137 2655 10523 9536 8548 7561 6573
Namibia 2390 1798 4372 4218 2567
Niger 2480 1160 3955 3595 3234 13811
Nigeria 74437 128837 149414 107999 107576 153112 133801 135410 166284
Rwanda 84724 129779 89161 190781 80529 47741 98723 65030 47984
Senegal 19780 13806 33776 67503 17883 31335 18104 29572 25681
Sierra Leone 16277 2551 21689 14397 19074 17990 16905 15821 22635
Somalia 11740 12856 13972 22049 30127 38204 11616
South Africa 50339 8108 1681 34866 18589 13848 30039 20672 12201
Tanzania 473009 187694 185073 69143 103299 103695 102038 87552 176375
Togo 296 2668 1920 4505 7727 26809 23904
Uganda 148686 190725 192695 240151 224074 173556 193600 179530 219755
Zambia 77836 40510 15268 16483 21268 37978 88000 70260 118458
Zimbabwe 49199 24087 13918 3749 8398 21583 14168 15189 16210

East Asia and Pacific
Australia 3037 5031 7024 1188
Cambodia 8903 2645 438
China 19177 9829 7552 4143 733 11207
Fiji 13054 5100 13621 22142
Hong Kong 1146 1585 2024 5024 6346 7668
Indonesia 2296 8798 28576 64613 100650 26289
Japan 291 1350 2409 1667
Malaysia 500
Myanmar 12474 2432 21623 12983 4343 71746 27196 59474 148235
Papua New Guinea 39652 25277 20287 18349 16410 36908 30249 37298 24399
Philippines 4679 55197 6163 24855 38891 11087 40657
Samoa 3118
Singapore 645
Thailand 530 1244 1959 2673 2709 506
Vanuatu 6104 7983 7840 9729 38962 9350

South Asia
Bangladesh 3345 7576 14642 21707 119050 85426 51802 185405 46575
India 1455269 1717774 1378130 1087282 1255174 1219589 1184003 953466 781165
Nepal 12822 9749 26413 5890 4067 2243 420
Pakistan 15588 20740 4937 38433 6733 13044 19355 17742 10756
Middle East and North Africa
Iraq 27016
Lebanon 1710 1590 1470 1350
phited Arab 46897 8686 40162 32941 39593 46245
Yemen 83846
Latin America
Bolivia 5300 2357
Colombia 1403 841 279
Guatemala 644 2304 3965 5625
Haiti 9189 9200 2740 8760
Mexico 7423
Panama 1042 2250
Peru 2742 2221 2661 3100 2571 2042
Puerto Rico 0 1421 2841 4262
North America
Canada 375
United States 13827 9898 36033
Europe and Central Asia

Belgium 7666
Denmark 4665 4792
France 8928 1076 11046
Germany 31577 11224 36098
Greece 6023 8767 11510
Ireland 437
Italy 3670 7141 1612
Norway 4699
Sweden 62
United Kingdom 6692 2952 9091
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Appendix D - Sub-steps of quantitative analysis

Appendix D shows the sub-steps performed in the statistical correlation analysis to

answer sub-question four. The following hypothesis was made for the statistical

correlation analyses per time period:

HO =there is no relationship between the political risks and the market diffusion of frugal
solar-PV systems.

H1 = there is a relationship between the political risks and the market diffusion of frugal
solar-PV systems.

Appendix D.1 - Quantitative results of H2 2015

As is described in chapter 3, the statistical analysis consists of five steps. These will be
discussed here.
1- Standardization of scale of sub-factors:
Table 8 shows the overall scores of the countries on the different sub-factors of the
political risk.

Table 8 - Overview of political sub-factors in H2 2015.

Countries |SalesH22015/V&A PS GE RQ RolL CoC T | GDP Infla Qol MarketTrade EofB StrenghtLR|Population CL PR HDI Inequa Unemploy|
Africa
Benin 28076 3 3 4 4 4 4 3 [114E+10 085 4 4 3 3 3 106E+07 2 2 3 2 2,57
Coted'Ivoire| 24388 3 4 4 4 4 3 4 |458E+10 4252 2 3 3 3 3 2326407 3 3 3 2 3,10
Ethiopia 363950 4 4 4 4 4 3 4 |646E+10 1084 3 3 4 3 4 101E+08 4 3 3 2 2,20
Ghana 15667 3 3 3 3 3 3 2 |486E+10 1359 3 3 2 3 3 2786407 2 1 3 2 6,81
Kenya 472612 3 4 3 3 3 4 4 |640E410 1002 2 3 3 3 3 479E407 3 3 3 2 2,80
Malawi 26365 3 3 4 4 3 4 2 |637E+09 2053 3 4 2 3 3 167807 3 2 3 2 585
Mali 22162 3 5 4 4 4 4 5 [131E+10 288 3 4 2 3 3 174E407 3 3 3 2 773
Nigeria 74437 3 05 4 4 4 4 5 |487E411 286 4 2 4 3 3 181E+08 3 3 3 2 431
Rwanda 84724 4 3 3 3 3 2 2 |855E«09 050 2 4 3 2 1 L14E+07 4 4 3 2 114
Senegal 19780 3 3 3 3 3 3 3 |178E«10 107 3 3 3 3 3 146E407 2 2 3 2 676
SierraLeone| 16277 3 3 4 4 4 4 3 |420E+09 1886 4 4 2 3 3 TA7E406 2 2 3 2 4,64
South Africa| 50339 2 3 3 3 3 3 2 |318E4l1 517 2 2 2 2 3 554E+07 2 2 2 2 25,15
Tanzania | 473009 3 3 4 3 3 4 3 |474E410 759 3 3 3 3 3 515807 2 2 3 2 2,10
Uganda 148686 | 4 4 3 3 3 4 4 |322F+10 519 3 3 4 3 3 382807 3 3 3 2 186
Zambia 77836 3 3 4 3 3 3 2 |212E410 666 3 3 2 2 3 159E+07 3 2 3 2 10,10
Zimbabwe | 49199 4 4 4 5 4 4 3 |200E410 061 3 4 3 3 3 1386407 4 3 3 2 529
East Asia and Pacific
Indonesia 2296 3 4 3 3 3 3 4 |B6IE«11 398 3 1 3 2 3 258408 3 2 2 1 451
Myanmar 12474 4 4 4 4 4 |678E+10 629 4 3 3 3 5 527E407 4 4 3 0,77
Papualew | 3965, 303 4 4 4 4 3 [2178+10 -123 3 4 811E+06 2 3 256
Guinea
South Asia
Bangladesh | 3345 4 4 4 4 4 4 4 |195E411 587 3 2 3 3 3 156E+08 3 3 3 2 438
India 1455260 | 3 4 3 3 3 3 4 |210E+12 4% 3 1 3 3 3 131E+09 2 2 2 2 556
Nepal 12822 3 4 4 4 4 4 3 |214E410 49 4 3 3 3 3 2708407 3 2 3 2 3,10
Pakistan 15588 4 5 4 4 4 4 5 |271E4l1 411 3 2 4 3 5 199E+08 3 4 3 1 3,57
2- Perform factor analysis to reduce multicollinearity:

Second, the factor analysis is performed in SPSS. To test whether the sub-factors
should be merged into one or multiple sub-variables, the Bartlett’s Test of
Sphericity is used. When the sub-factors should be merged together in one or more
sub-variables, then the p-value of the Bartlett’s Test of Sphericity should be smaller
than 0.050. The sub-factors per sub-variable are tested for this, to see whether they
should be merged together or not. The result is visible in Table 9.
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Table 9 - Results of factor analysis of H2 2015.

Appendix D | Sub-steps of quantitative analysis

l;_::tlll:t?sf Variance Merged into
Sub-variable Sub-factors explained which new
Test of (%) sub-variable
Sphericity
Voice and
. ‘Internal
accountability .
(V&A) politics
Political ‘External
stability (PS) politics’
Government
. ‘Internal
effectiveness .
(GE) politics
Political Regulatory 0.000 73.867 ‘Internal
quality (RQ) politics’
Rule of law ‘Internal
(RoL) politics’
Control of )
corruption EXt,E:l?nél,l
(CoC) politics
Terrorism (T) EXt?I,anetl
politics
Quality of
overall
infrastructure
(Qol)
Market size
(Market)
Trade
Economic openness 0.089 Not applicable N/A
(Trade) (N/A)
Ease of doing
business
(EofB)
Strength of
legal rights
(Strength LR)
C1V1l(lél;‘e)rt1es ‘Human rights’
Social — - 0.006 80.016
Political rights Human rights’
(PR)
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Human o
Societal
Development develobment
Index (HDI) P
Inequality ‘Societal
(Inequa) development’

This means that the political sub-factors will be merged in two different new
political sub-variables (‘Internal politics’ and ‘External politics’). The economic
sub-factors were not correlated enough to have to be merged into one or multiple
new variables, so these will stay the same sub-factors. The four social sub-factors
will be merged in two different new social sub-variables (‘Human rights’ and
‘Societal development’).
3- Conduct a PR-index:

After the new variables are made, the next step is to formulate a general PR-index.
The formula for this in the case of H2 2015 is:

PR = (%) * Internal politics + (%) * External politics + (é) *Qol + (%) * Market + (%) *
Trade + (é) * EofB + (é) * Strength LR + (%) * Human rights + (%) * Societal
development

The resultant PR-index per country in the period H2 2015 can be seen in Table 10.
The PR-index has a value between 1 and 5, with a score of 1 meaning that the

country has the lowest possible political risk and a value of 5 meaning that the
country has the highest possible political risk.

Table 10 - PR-index overview of H2 2015.

Countries Sales H2 2015 PR-index
Africa
Benin 28076 3.18
Cote d'Ivoire 24388 2.99
Ethiopia 363950 3.41
Ghana 15667 2.63
Kenya 472612 2.94
Malawi 26365 2.94
Mali 22162 3.21
Nigeria 74437 3.32
Rwanda 84724 2.68
Senegal 19780 2.83
Sierra Leone 16277 3.06
South Africa 50339 2.27
Tanzania 473009 2.90
Uganda 148686 3.19
Zambia 77836 2.66
Zimbabwe 49199 3.32
East Asia and Pacific
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Indonesia 2296 2.52

Myanmar 12474 3.67

Papua New Guinea 39652 3.26
South Asia

Bangladesh 3345 3.06

India 1455269 2.63

Nepal 12822 3.16

Pakistan 15588 3.46

4-

Perform correlation analysis:

The correlation between sales of SPSs and SHSs and the PR-index gave a p-value of

0.567. This means that there is no correlation between the sales of these systems

and the PR-index. There was also no correlation between the logarithmic function

of the sales of SPSs and SHSs and the control variables.

Check whether the requirements for the analyses are met:

The requirements for a Spearman rank-order correlation are both met. These

were:

e The PR-index variable should at least be of ordinal scale.

e The relationship between the variables should be monotonic.

The requirements for a Pearson correlation analysis are:

e The datais derived from a random and independent sample. This requirement
is met.

e Each data point from the variables is measured independently from each
other. This requirement is met.

e The data on the sales of SPSs and SHSs should be continuous and normally
distributed. This requirement is not met. In order to be able to analyse this, the
variable should be transformed in order for it to have a normal distribution.
The sales data is transformed with a natural logarithmic function, which then
made the data normally distributed. The Shapiro-Wilk test is used to analyse
whether the data on the sales of SPSs and SHSs is normally distributed. So only
for the Pearson correlation analysis the logarithmic function of this variable is
used, because for the Spearman rank-order correlation this is not a
requirement.

e There are no relevant outliers in the dataset. This requirement is met.
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Appendix D.2 - Quantitative results of H1 2016

As is described in chapter 3, the statistical analysis consists of five steps. These will be
discussed here.
1- Standardization of scale of sub-factors:
Table 11 shows the overall scores of the countries on the different sub-factors of
the political risk.

Table 11 - Overview of political sub-factors in H1 2016.

Countries ‘Sales H12016‘ V& PS  GE RQ  RoL CoC T ‘ GDP  Infla QoI Market Trade EofB StrenghtLR Population CL PR HDI Inequa Unemploy
Africa
Benin 172634 3 3 4 4 4 4 3 LIBE+10 068 4 4 3 3 3 109E+07 2 2 3 2 252
Burkina Faso 19273 3 4 4 3 3 3 4 | 128E+10 260 3 3 3 186E+07 2 3 3 2 560
Cote d'Ivoire 20762 3 4 4 3 4 4 3 480E+10 209 2 3 3 3 3 238E407 3 3 3 2 260
DRC 73191 4 5 5 4 4 4 5370 435 4 3 3 4 3 T88E07 4 4 3 2 435
Ethiopia 231097 4 5 4 3 3 3 4 | TA3E+10 1040 3 3 4 3 4 104E+08 4 5 3 2 217
Ghana 12510 2 3 3 3 3 3 3 550E+10 1525 3 3 2 3 3 2856407 2 1 2 2 545
Kenya 561604 3 4 3 3 3 4 3 692E+10 555 2 3 4 2 3 491E+07 3 3 3 2 276
Liberia 5668 3 3 4 4 4 4 3328409 485 3 4 1 4 2 459E+06 3 2 3 2 3,08
Malawi 16987 3 3 4 4 3 4 2| S43E+09 1954 4 4 1 3 2 1728407 2 2 3 2 579
Mali 10417 3 5 4 4 4 4 5 LAE+0 135 4 4 2 3 3 180E+407 3 3 3 2 7,60
Mozambique 6048 3 4 4 4 4 4 3 LI9E+10 1368 4 3 1 3 5 278E407 3 3 3 2 338
Nigeria 128837 3 5 4 4 4 4 5 40SEHT 954 4 2 4 3 3 186E+08 3 3 3 2 7,06
Rwanda 129779 4 3 3 3 3 2 2 8T0E+09 503 2 4 3 2 1 LITE7 4 4 3 2 111
Senegal 13806 3 3 3 3 3 3 3 L90E+10 0% 3 4 3 3 3 1508407 2 2 3 2 670
SierraLeone 2551 3 3 4 4 4 4 3 367E+09 178 4 4 2 3 3 133406 2 2 3 2 459
South Africa 8108 2 3 3 3 3 3 30 296E+1 721 2 2 2 2 3 562E:07 2 2 2 2 26,54
Tanzania 187694 3 3 4 3 3 4 3 498E+10 747 3 3 4 3 3 531E407 3 2 3 2 2,08
Uganda 190725 4 4 4 3 3 4 4 | 291E+10 478 3 3 4 3 3 396E+07 3 4 3 2 183
Zambia 40510 3 3 4 3 3 3 3 210E+10 1355 3 3 2 2 3 164E407 3 2 3 2 1088
Zimbabwe 24087 4 4 4 5 4 4 5 205E+10 216 3 4 3 3 3 140E407 3 3 3 2 524
East Asia and Pacific
Cambodia 8903 4 3 4 3 4 4 3 200E+10 338 3 3 1 3 1 158E+07 3 4 3 1 072
Indonesia 8798 3 3 3 3 3 3 4 932E+11 244 3 1 4 2 3 262608 3 2 2 1 430
Myanmar 132 4 4 4 4 4 4 3 6T2E+0 537 2 3 5 530E407 3 4 3 114
Papua New Guinea 25217 3 3 4 4 4 4 3 208410 252 3 2 827E+06 2 3 3 253
South Asia

Bangladesh 7576 4 4 4 4 4 4 4 |2E11 673 3 2 4 3 3 158E+08 3 3 2 2 435
India 1717774 3 4 3 3 3 3 4 | 229E+12 324 2 1 3 3 3 1326409 2 2 2 2 551
Nepal 9749 3 4 4 4 4 4 4 2128410 516 4 3 3 3 3 LT3EH07 3 2 3 2 3,05
Pakistan 20740 4 5 4 4 4 4 5 | 279E+11 040 3 2 4 3 5 204E+08 3 3 3 2 378

2- Perform factor analysis to reduce multicollinearity:
Second, the factor analysis is performed in SPSS. To test whether the sub-factors
should be merged into one or multiple sub-variables, the Bartlett's Test of
Sphericity is used. When the sub-factors should be merged together in one or more
sub-variables, then the p-value of the Bartlett’s Test of Sphericity should be smaller
than 0.050. The sub-factors per sub-variable are tested for this, to see whether they
should be merged together or not. The result is visible in Table 12.
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Table 12 - Results of factor analysis of H1 2016.

P-value of

, Variance Merged into
. Bartlett’s . .
Sub-variable Sub-factors explained which new
Test of .
. . (%) sub-variable
Sphericity
Voice and ,
. External
accountability olitics’
(V&A) P
Political ‘External
stability (PS) politics’
Government .
. Internal
effectiveness olitics’
(GE) b
Political Regulatory 0.000 71.782 ‘Internal
quality (RQ) politics’
Rule of law ‘Internal
(RoL) politics’
Control of .
. Internal
corruption olitics’
(CoC) P
‘Ext 1
Terrorism (T) X ?I_anet
politics
Quality of
overall ‘Internal
infrastructure market’
(Qol)
Market size ‘Internal
(Market) market’
Trade ‘Internal
Economic openness 0.044 67.683 ,
market
(Trade)
Ease of doing . )
. International
business business’
(EofB)
Strength of . .
) International
legal rights business’
(Strength LR)
Civil liberti
Vi (éLe)r 1es ‘Human rights’
Social — - 0.001 78.754
Political rights ‘Human richts’
(PR) i
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Human o
Societal
Development develobment
Index (HDI) P
Inequality ‘Societal
(Inequa) development’

This means that the political sub-factors can be merged into two political sub-
variables, the economic sub-factors merged into two sub-variables and the social sub-
factors can also be merged into two sub-variables, thereby resulting in six sub-
variables which will form the overall PR-index.
3- Conduct a PR-index:
After the new variables are made, the next step is to formulate a general PR-index.
The formula for this in the case of H1 2016 is:

PR = (%) * Internal politics + (%) * External politics + (%) * Internal market + (%) *
International business + (%) * Human rights + (%) * Societal development

The resultant PR-index per country in the period H1 2016 can be seen in Table 13.
The PR-index has a value between 1 and 5, with a score of 1 meaning that the
country has the lowest possible political risk and a value of 5 meaning that the
country has the highest possible political risk.

Table 13 - PR-index overview of H1 2016.

Countries Sales H1 2016 PR-index
Africa

Benin 172634 3.03
Burkina Faso 19273 2.99
Cote d'Ivoire 20762 3.04
DRC 73191 3.71
Ethiopia 231097 3.57
Ghana 12510 2.47
Kenya 561604 2.93
Liberia 5668 2.94
Malawi 16987 2.74
Mali 10417 3.36
Mozambique 6048 3.25
Nigeria 128837 3.36
Rwanda 129779 2.79
Senegal 13806 2.81
Sierra Leone 2551 2.97
South Africa 8108 2.36
Tanzania 187694 2.97
Uganda 190725 3.31
Zambia 40510 2.74
Zimbabwe 24087 3.40
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East Asia and Pacific
Cambodia 8903 2.82
Indonesia 8798 2.58
Myanmar 2432 3.36
Papua New Guinea 25277
South Asia
Bangladesh 7576 3.17
India 1717774 2.61
Nepal 9749 3.17
Pakistan 20740 3.53

4-

Perform correlation analysis:

The correlation between sales of SPSs and SHSs and the PR-index gave a p-value of

0.615. This means that there is no correlation between the sales of these systems

and the PR-index. There is a correlation between the sales of SPSs and SHSs with
the GDP of a country and the population. These p-values respectively are 0.031 and

0.009.

Check whether the requirements for the analyses are met:

The requirements for a Spearman rank-order correlation are both met. These
were:

e The PR-index variable should at least be of ordinal scale.

e The relationship between the variables should be monotonic.

The requirements for a Pearson correlation analysis are:

e The datais derived from a random and independent sample. This requirement
is met.

e Each data point from the variables is measured independently from each
other. This requirement is met.

e The data on the sales of SPSs and SHSs should be continuous and normally
distributed. This requirement is not met. In order to be able to analyse this, the
variable should be transformed in order for it to have a normal distribution.
The sales data is transformed with a natural logarithmic function, which then
made the data normally distributed. The Shapiro-Wilk test is used to analyse
whether the data on the sales of SPSs and SHSs is normally distributed. So only
for the Pearson correlation analysis the logarithmic function of this variable is
used, because for the Spearman rank-order correlation this is not a
requirement.

e There are no relevant outliers in the dataset. This requirement is met.
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Appendix D.3 - Quantitative results of H2 2016

As is described in chapter 3, the statistical analysis consists of five steps. These will be
discussed here.
1- Standardization of scale of sub-factors:
Table 14 shows the overall scores of the countries on the different sub-factors of
the political risk.

Table 14 - Overview of political sub-factors in H2 2016.

Countries | SalesH22016] V&A  PS GE RQ Rk CC T  GDP  Infla  Qol Market Trade EofB StrenghtIRPopulator (L PR HDI Inequa Unemploy
\ Africa

Benin 2800 3 3 4 4 4 4 3 L18E+10 0,68 4 4 3 3 3 L0907 2 2 3 1 252
Burkina Faso 34733 3 4 4 3 3 3 4 128E+10 260 3 3 3 186E07 2 3 3 2 5,60
(ameroon 45444 4 4 4 4 4 4 4 326E+10 1,09 4 3 3 3 3 2398407 4 4 3 2 347
Cote d'Ivoire 8776 3 4 4 3 4 4 3 480E+10 209 2 3 3 3 3 238807 3 3 3 1 2,60
DRC 79 4 5 5 4 4 4 5 | 3TIEH0 435 4 3 3 4 3 TRBE7 4 4 3 2 435
Ethiopia 265723 4 5 4 3 3 3 4 70 1040 3 3 4 3 4 104E+08 4 5 3 2 217
Gambia 576 4 3 4 4 4 4 3 148E+09 782 3 5 3 3 3 L15E06 4 5 3 1 9,24
(Ghana 38496 2 3 3 3 3 3 3 hS0E+10 1525 3 3 2 3 3 O85E07 2 1 2 2 545
Kenya 666881 3 4 3 3 3 4 3| 692E+10 555 2 3 4 2 3 491E07 3 3 3 2 276
Liberia 8421 3 3 4 4 4 4 3| 308E+09 485 3 4 1 4 2 45906 3 2 3 1 308
Madagascar 20845 3 3 4 4 4 4 4 118E+10 896 4 4 2 3 5 249E407 3 2 3 2 176
Malawi 20844 3 3 4 4 3 4 2| GA3E+09 1954 4 4 2 3 2 LTEHT 2 2 3 2 579
Mali 31184 3 5 4 4 4 4 5 LAOE+10 135 4 4 2 3 3 180E07 3 3 3 1 760
Mozambique 8137 3 4 4 4 4 4 3 LI9E+10 1368 4 3 1 3 5 278E+07 3 3 3 2 338
Namibia 2390 2 2 3 3 3 3 1 LOTE+10 834 2 4 1 2 3 236E06 2 2 2 1 2335
Nigeria 149414 3 5 4 4 4 4 5 | 40SE+11 954 4 2 4 3 3 186E+08 3 3 3 2 706
Rwanda 89161 4 3 3 3 3 2 2| BT0E+09 503 2 4 3 2 1 LITE07 ¢4 4 3 2 111
Senegal 33776 3 3 3 3 3 3 3 190E+10 09 3 4 3 3 3 150807 2 2 3 1 670
Sierra Leone 21689 3 3 4 4 4 4 3| 367E+09 178 4 4 2 3 3 73306 2 2 3 2 459
Somalia 11740 5 5 5 5 5 5 5 1 4 5 142407 5 5 1317
South Africa 1681 2 3 3 3 3 3 3 29k 721 2 2 2 2 3 SREHT 2 2 2 1 2654
Tanzania 185073 3 3 4 3 3 4 3| 498E+10 747 3 3 4 3 3 SUE7 3 2 3 2 2,08
Togo 296 4 3 4 4 4 4 3 449409 191 1 3 3 T51E+06 3 3 3 2 295
Uganda 192695 4 4 4 3 3 4 4 291E+0 478 3 3 4 3 3 396E«07 3 4 3 1 183
Tambia 15268 3 3 4 3 3 3 3 QI0E+10 1355 3 3 2 1 3 LG4E07 3 2 3 2 1088
Timbabwe 13918 4 4 4 5 4 4 5 | Q05E+10 216 3 4 3 3 3 1A0E07 3 3 3 2 524
‘ East Asia and Pacific
Australia 3037 2 2 1 1 1 1 2 L2 083 2 2 3 1 1 22E407 1 1 1 1 571
Cambodia 2645 4 3 4 3 4 4 3| 200E+10 338 3 3 1 3 1 158E407 3 4 3 1 072
Hong Kong 1146 3 1 1 1 1 1 3 32EHL 164 1 2 1 1 2 TME06 2 3 1 339
Indonesia 28576 3 3 3 3 3 3 b 931 244 3 1 4 2 3 2628408 3 2 2 1 430
Japan 291 2 2 1 1 2 1 2 492E+2 027 1 1 4 1 3 L27E8 1 1 1 1 310
Myanmar 21623 4 4 4 4 4 4 3| 6TEH0 537 2 3 5 530E+07 3 4 3 114
Papua New Guinea 20287 3 3 4 4 4 4 3 208E+10 252 3 2 B2TE6 2 3 3 253
Philippines 4679 3 4 3 3 3 3 30| 391 128 3 2 2 3 5 1L04E+08 2 2 2 1 269
Thailand 530 4 4 3 3 3 3 3 413411 266 3 2 1 1 4 690E07 3 4 2 1 069
Vanuatu 6104 2 2 4 3 3 3 1 B04E+08 185 2 1 78E+05 2 2 2 1 179
‘ South Asia
Bangladesh 14642 4 4 4 4 4 4 4 QB 613 3 2 4 3 3 158608 3 3 2 1 435
India 1378130 3 4 3 3 3 3 4 Q9EH2 34 2 1 3 3 3 13609 2 2 2 1 551
Nepal 26413 3 4 4 4 4 4 4 Q126410 516 4 3 3 3 3 QE7 3 2 3 2 305
Pakistan 4937 4 5 4 4 4 4 5 | Q791 040 2 4 3 5 204408 3 3 3 2 378
‘ Middle East and North Africa
United Arab Emirates 46897 4 2 2 2 2 2 2 35TEHL 32T 1 2 1 2 5 936E+06 4 4 1 164
‘ Latin Ameria
Colombia 1403 3 4 3 3 3 3 3 2831 515 3 2 4 2 1 4828407 3 2 2 1 869
Haiti 9189 4 4 5 4 4 4 4 L37E+10 1290 3 4 5 108807 3 3 3 1 1386
Mexico 7423 3 4 3 3 4 4 3 108E+12 561 3 2 2 1 1 123E+08 2 2 2 2 386
Panama 1042 2 3 3 3 3 3 1 57T9E+10 200 2 3 1 2 3 404E+06 2 2 1 1 332
Peru 742 3 3 3 2 3 3 3 192E+11 308 3 2 3 2 3 309E07 2 2 2 1 338
Puerto Rico 0 3 2 3 1 2 3 2 LO4E+11 222 1 2 1 3406672 1 1 11,80
\ North America
United States 13827 2 3 2 1 1 2 2 187E+13 104 1 1 4 1 1 323408 1 1 1 1 487
\ Europe and Central Asia
France 8928 2 3 2 2 2 2 3| 4TEH2 052 1 1 2 2 4 GETERT 1 1 1 1 1004
Germany 31577 2 2 1 1 1 1 2 34TEHD 133 1 1 1 2 3 823E+07 1 1 1 1 412
Greece 6023 2 3 3 3 3 3 3 L95E+11 024 2 3 2 2 5 108807 2 2 1 1 2354
Italy 3670 2 3 2 2 3 3 2 188E+12 113 2 2 3 1 5 606E+07 1 1 1 1 11,69
United Kingdom 6692 2 3 1 1 1 1 2 260E+12 214 J 1 3 1 3 656E+07 1 1 1 1 481
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2- Perform factor analysis to reduce multicollinearity:
Second, the factor analysis is performed in SPSS. To test whether the sub-factors
should be merged into one or multiple sub-variables, the Bartlett's Test of
Sphericity is used. When the sub-factors should be merged together in one or more
sub-variables, then the p-value of the Bartlett’s Test of Sphericity should be smaller
than 0.050. The sub-factors per sub-variable are tested for this, to see whether they

should be merged together or not. The result is visible in Table 15.

Table 15 - Results of factor analysis of H2 2016.

Sub-variable

Sub-factors

P-value of
Bartlett’s Test
of Sphericity

Variance
explained (%)

Merged into
which new
sub-variable

Political

Voice and
accountability
(V&A)

Political
stability (PS)

Government
effectiveness
(GE)

Regulatory
quality (RQ)

Rule of law
(RoL)

Control of
corruption
(CoQ)

Terrorism (T)

0.000

73.528

‘Political’

Economic

Quality of
overall
infrastructure

(Qol)

Market size
(Market)

Trade
openness
(Trade)

Ease of doing
business
(EofB)

0.000

66.576

‘Quality of

trade’

‘Quality of

trade’

‘Trade rights’

‘Quality of

trade’
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Strength of
legal rights ‘Trade rights’
(Strength LR)
Civil liberties
(CL)
Political rights
(PR)
Social Human 0.000 76.286 ‘Social’
Development
Index (HDI)
Inequality
(Inequa)

3- Conduct a PR-index:

After the new variables are made, the next step is to formulate a general PR-index.
The formula for this in the case of H2 2016 is:

PR = (i) * Political + (i) * Quality of trade + (i) * Trade rights + (i) * Social

The resultant PR-index per country in the period H2 2016 can be seen in Table 16.
The PR-index has a value between 1 and 5, with a score of 1 meaning that the
country has the lowest possible political risk and a value of 5 meaning that the
country has the highest possible political risk.

Table 16 - Results of factor analysis of H2 2016.

Countries Sales H2 2016 PR-index
Africa

Benin 2800 3.12
Burkina Faso 34733 2.98
Cameroon 45444 3.40
Cote d'Ivoire 8776 3.00
DRC 729 3.59
Ethiopia 265723 3.55
Gambia 576 3.47
Ghana 38496 2.53
Kenya 666881 2.97
Liberia 8421 2.81
Madagascar 20845 3.35
Malawi 20844 2.80
Mali 31184 3.26
Mozambique 8137 3.20
Namibia 2390 2.27
Nigeria 149414 3.35
Rwanda 89161 2.69
Senegal 33776 2.90
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Sierra Leone 21689 3.00
Somalia 11740 4.25
South Africa 1681 2.34
Tanzania 185073 3.07
Togo 296 2.87
Uganda 192695 3.30
Zambia 15268 2.70
Zimbabwe 13918 3.34
East Asia and Pacific
Australia 3037 1.52
Cambodia 2645 2.58
Hong Kong 1146 1.64
Indonesia 28576 2.66
Japan 291 1.85
Myanmar 21623 3.42
Papua New Guinea 20287 2.81
Philippines 4679 2.76
Thailand 530 2.65
Vanuatu 6104 1.83
South Asia
Bangladesh 14642 3.17
India 1378130 2.57
Nepal 26413 3.17
Pakistan 4937 3.55
Middle East and North Africa
United Arab Emirates 46897 2.49
Latin Ameria
Colombia 1403 2.56
Haiti 9189 3.72
Mexico 7423 2.32
Panama 1042 2.10
Peru 2742 2.49
Puerto Rico 0 1.61
North America
United States 13827 1.59
Europe and Central Asia
France 8928 1.90
Germany 31577 1.44
Greece 6023 2.55
[taly 3670 2.36
United Kingdom 6692 1.73

4- Perform correlation analysis:

The correlation between sales of SPSs and SHSs and the PR-index gave a p-value of
0.015. This means that there is a correlation between the sales of these systems
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and the PR-index. There was also a correlation between the sales of SPSs and SHSs
and the population of the countries included in the analysis of H2 2016.

Check whether the requirements for the analyses are met:

The requirements for a Spearman rank-order correlation are both met. These

were:

The PR-index variable should at least be of ordinal scale.
The relationship between the variables should be monotonic.

The requirements for a Pearson correlation analysis are:

The data is derived from a random and independent sample. This requirement
is met.

Each data point from the variables is measured independently from each
other. This requirement is met.

The data on the sales of SPSs and SHSs should be continuous and normally
distributed. This requirement is not met. In order to be able to analyse this, the
variable should be transformed in order for it to have a normal distribution.
The sales data is transformed with a natural logarithmic function, which then
made the data normally distributed. The Shapiro-Wilk test is used to analyse
whether the data on the sales of SPSs and SHSs is normally distributed. So only
for the Pearson correlation analysis the logarithmic function of this variable is
used, because for the Spearman rank-order correlation this is not a
requirement.

There are no relevant outliers in the dataset. This requirement is met.
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Appendix D.4 - Quantitative results of H1 2017

As is described in chapter 3, the statistical analysis consists of five steps. These will be
discussed here.
1- Standardization of scale of sub-factors:
Table 17 shows the overall scores of the countries on the different sub-factors of
the political risk.

Table 17 - Overview of political sub-factors in H1 2017.

Countries \SalesHlZOlﬂV&A PS GE RQ RoL CoC T \ GDP Infla Qol Market Trade EofB StrenghtLR\. pulati CL PR HDI Inequa Unempl
Africa
Angola 272 4 3 4 4 4 4 4 |1,22E+11 22,61 3 4 5 2,98E+07 4 4 3 2 7,10
Benin 15949 3 3 4 3 4 4 3 |127E+10 -037 4 4 2 3 3 112E+07 2 2 3 2 2,44
Burkina Faso 123945 3 4 4 3 3 3 4 |1,41E+10 1,42 3 3 3 1,92E+07 3 2 3 2 513
Cameroon 30886 4 4 4 4 4 4 4 |350E+10 1,48 4 3 3 3 3 2,46E+07 4 4 3 2 341
Cote d'Ivoire 9533 3 4 4 3 4 4 4 |516E+10 -1,84 3 3 3 244E407 3 3 3 2 327
DRC 46090 4 5 5 4 5 4 5 |3,80E+10 43,07 4 3 2 4 3 8,14E+07 4 5 3 2 4,26
Ethiopia 210913 4 5 4 4 3 4 4 |BI8E+10 668 3 3 4 3 4 106E+08 4 5 3 2 2,12
Ghana 25789 2 3 3 3 3 3 2 |590E+10 1035 3 3 2 3 3 2,91E+07 2 1 2 2 4,22
Kenya 413544 3 4 3 3 3 4 4 |790E+10 1094 2 3 4 2 3 5,02E+07 3 3 2 2 2,69
Liberia 15251 3 3 4 4 4 4 3 |329E+09 -2,18 4 4 1 3 1 4,70E+06 3 2 3 2 3,00
Madagascar 41700 3 3 4 4 4 4 4 |132E+10 496 4 3 2 3 5 2,56E+07 3 2 3 2 1,73
Malawi 17598 3 3 4 4 3 4 2 |630E+09 1346 4 4 2 3 1 1,77E+07 2 2 3 2 570
Mali 30591 3 5 4 4 4 4 5 |154E+10 193 4 3 3 3 3 1,85E+07 3 3 3 2 7,41
Mozambique 2655 3 4 4 4 4 4 3 |132E+10 7,64 4 3 1 3 5 2,86E+07 3 3 3 2 331
Namibia 1798 2 2 3 3 3 3 1 [127E+10 834 2 4 1 2 3 2,40E+06 2 2 2 2 21,57
Niger 2480 3 4 4 4 4 4 4 |112E+10 084 4 3 3 216E+07 3 3 4 2 0,49
Nigeria 107999 3 5 4 4 4 4 5 |376E+11 11,12 4 2 4 3 2 1,91E+08 3 2 3 2 8,39
Rwanda 190781 4 3 3 3 3 2 2 |925E+09 8,08 2 4 3 2 1 1,20E+07 4 4 3 2 1,06
Senegal 67503 3 3 3 3 3 3 3 |210E+10 060 3 3 3 3 3 1,54E+07 2 2 3 2 6,61
Sierra Leone 14397 3 3 4 4 4 4 3 |374E+09 1464 4 4 2 3 3 749E+06 2 2 3 2 4,50
Somalia 12856 5 5 5 5 5 5 5 1 5 5 1,46E+07 5 5 13,02
South Africa 34866 2 3 3 3 3 3 3 |350E+11 527 3 2 3 2 3 570E+07 2 2 2 2 27,04
Tanzania 69143 3 4 4 4 3 3 3 |533E+10 270 3 4 3 3 547E+07 3 2 3 2 2,03
Togo 2668 4 4 4 4 4 3 3 |4,82E+09 0,86 2 3 3 7,70E+06 3 3 3 2 374
Uganda 240151 4 4 4 3 3 4 4 |3,08E+10 441 3 3 4 3 3 4,12E+07 3 4 3 1 1,79
Zambia 16483 3 3 4 3 3 4 3 |2,59E+10 10,10 3 3 2 2 1 1,69E+07 3 3 3 2 11,63
Zimbabwe 3749 4 4 4 5 4 4 4 |220E+10 244 3 4 3 3 3 1426407 3 3 3 2 515
East Asia and Pacific
Australia 5031 2 2 1 1 1 1 2 |133E+12 373 2 2 3 1 1 2,46E+07 1 1 1 1 559
China 19177 4 3 3 3 3 3 3 |123E+13 423 2 1 4 2 4 139E+09 4 5 2 1 4,40
Fiji 13054 3 2 3 3 3 3 2 |535E+09 1,70 1 2 3 8,77E+05 3 2 2 1 4,24
Hong Kong 1585 3 2 1 1 1 1 2 |341E+11 288 1 2 1 1 2 739E+06 2 3 1 1 3,09
Indonesia 64613 3 3 3 3 3 3 4 |1,02E+12 429 3 1 4 2 3 2,65E+08 3 2 2 1 3,88
Japan 1350 2 2 1 2 1 1 2 |487E+12 023 1 1 4 2 3 1,27E+08 1 1 1 2,80
Myanmar 12983 4 4 4 4 4 4 3 |6,89E+10 545 2 3 5 5,34E+07 3 3 3 1 1,56
Papua New Guinea 18349 3 4 4 4 4 4 3 |2,27E+10 7,70 3 2 8,44E+06 2 2 3 2,47
Philippines 55197 3 4 3 3 3 3 4 |328E+11 232 3 2 2 3 5 1,05E+08 2 2 2 1 2,55
Samoa 3118 2 2 2 3 2 2 2 |832E+08 -0,05 2 2 2 1,95E+05 2 2 2 8,44
Thailand 1244 4 3 3 3 3 3 3 |456E+11 198 3 2 1 2 3 6,92E+07 3 4 2 1 0,83
Vanuatu 7983 2 2 4 3 3 3 1 |880E+08 4,15 2 1 2,86E+05 2 2 2 1 1,75
South Asia
Bangladesh 21707 4 4 4 4 4 4 4 |250E+11 628 3 2 4 3 3 160E+08 3 3 2 2 437
India 1087282 3 4 3 3 3 3 4 |265E+12 378 2 1 3 2 2 1,34E+09 2 2 2 2 541
Nepal 5890 3 4 4 4 4 4 3 |252E+10 968 3 3 3 3 1 2,76E+07 3 2 3 2 297
Pakistan 38433 4 5 4 4 4 4 5 |3,05E+11 4,01 3 2 4 3 5 2,08E+08 3 3 3 2 3,94
Middle East and North Africa
Iraq 27016 4 5 4 4 5 4 5 |1,95E+11 14,62 2 3 5 3,76E+07 4 3 2 2 13,02
Lebanon 1710 4 1 4 3 4 4 5 |531E+10 290 4 3 2 3 5 6,81E+06 3 3 2 6,18
United Arab 8686 4 2 2 2 2 2 2 |38E+155% 1 2 1 2 5 949E+06 4 4 1 246
Emirates
Latin Ameria
Bolivia 5300 3 3 3 4 4 4 3 |3,75E+10 6,06 3 3 5 1,12E+07 2 2 2 2 3,66
Colombia 841 3 4 3 3 3 3 4 |312E+11 513 3 2 4 2 1 4,89E+07 2 2 2 2 8,87
Haiti 9200 4 4 5 4 4 4 4 |142E+10 10,09 4 4 3 4 5 1,10E+07 3 3 3 2 13,72
Panama 2250 2 3 3 3 3 4 2 |622E+10 1,75 2 3 1 2 2 4,11E+06 2 2 1 2 390
Peru 2221 3 3 3 3 3 3 3 |211E+11 362 3 2 3 2 3 3,14E+07 2 2 2 1 3,35
North America
Canada 375 2 2 11 1 1 2 |165E+12 246 2 2 2 2 2 365E+07 1 1 1 6,34
United States 9898 2 3 1 1 1 2 3 |195E+13 188 1 1 4 1 1 3,25E+08 1 1 1 1 4,36
Europe and Central Asia
Denmark 4665 1 2 1 1 1 1 2 |332E+11 1,18 1 3 1 1 2 5,76E+06 1 1 1 1 583
France 1076 2 3 2 2 2 2 3 |260E+12 052 1 1 2 2 4 6,69E+07 2 1 1 1 9,41
Germany 11224 2 2 1 1 1 1 3 |368E+12 135 1 1 1 2 3 8,27E+07 1 1 1 1 3,75
Greece 8767 2 3 3 3 3 3 3 |2,04E+11 060 2 3 2 2 5 1,08E+07 2 2 1 1 21,49
Italy 7141 2 3 2 2 3 3 2 |196E+12 0,73 2 2 3 2 5 6,05E+07 1 1 1 1 11,21
United Kingdom 2952 2 3 2 1 1 1 3 |267E+12 189 2 1 2 1 3 6,61E+07 1 1 1 1 4,33
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2- Perform factor analysis to reduce multicollinearity:
Second, the factor analysis is performed in SPSS. To test whether the sub-factors
should be merged into one or multiple sub-variables, the Bartlett's Test of
Sphericity is used. When the sub-factors should be merged together in one or more
sub-variables, then the p-value of the Bartlett’s Test of Sphericity should be smaller
than 0.050. The sub-factors per sub-variable are tested for this, to see whether they

should be merged together or not. The result is visible in Table 18.

Table 18 - Results of factor analysis of H1 2017.

Sub-variable

Sub-factors

P-value of
Bartlett’s Test
of Sphericity

Variance
explained (%)

Merged into
which new
sub-variable

Political

Voice and
accountability
(V&A)

Political
stability (PS)

Government
effectiveness
(GE)

Regulatory
quality (RQ)

Rule of law
(RoL)

Control of
corruption
(CoC)

Terrorism (T)

0.000

74.611

‘Political’

Economic

Quality of
overall
infrastructure

(Qol)

Market size
(Market)

Trade
openness
(Trade)

Ease of doing
business

(EofB)

0.000

89.946

‘Internal
market’

‘Internal
market’

‘Trade
openness’

‘Internal
market’
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Strength of
legal rights
(Strength LR)
Civil liberties
(CL)
Political rights
(PR)
Social Human 0.000 69.214 ‘Social’
Development
Index (HDI)
Inequality
(Inequa)

‘Strength of
legal rights’

3- Conduct a PR-index:
After the new variables are made, the next step is to formulate a general PR-index.
The formula for this in the case of H1 2017 is:

PR = (%) * Political + (%) * Internal Market + (%) *Trade openness + (g) * Strength of
legal rights + (g) * Social

The resultant PR-index per country in the period H1 2017 can be seen in Table 19.
The PR-index has a value between 1 and 5, with a score of 1 meaning that the

country has the lowest possible political risk and a value of 5 meaning that the
country has the highest possible political risk.

Table 19 - PR-index overview of H1 2017.

Countries Sales H1 2017 PR-index
Africa

Angola 272 3.82
Benin 15949 2.87
Burkina Faso 123945 2.99
Cameroon 30886 3.32
Cote d'Ivoire 9533 3.09
DRC 46090 3.35
Ethiopia 210913 3.70
Ghana 25789 2.49
Kenya 413544 3.05
Liberia 15251 2.35
Madagascar 41700 3.31
Malawi 17598 2.44
Mali 30591 3.25
Mozambique 2655 3.16
Namibia 1798 2.22
Niger 2480 3.37
Nigeria 107999 3.13
Rwanda 190781 2.55
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Senegal 67503 2.85
Sierra Leone 14397 2.90
Somalia 12856 4.20
South Africa 34866 2.64
Tanzania 69143 3.19
Togo 2668 2.92
Uganda 240151 3.29
Zambia 16483 2.34
Zimbabwe 3749 3.25
East Asia and Pacific
Australia 5031 1.62
China 19177 3.16
Fiji 13054 2.14
Hong Kong 1585 1.53
Indonesia 64613 2.83
Japan 1350 2.18
Myanmar 12983 3.27
Papua New Guinea 18349 2.76
Philippines 55197 2.94
Samoa 3118 2.03
Thailand 1244 2.40
Vanuatu 7983 1.83
South Asia
Bangladesh 21707 3.23
India 1087282 2.39
Nepal 5890 2.64
Pakistan 38433 3.74
Middle East and North Africa
Iraq 27016 3.44
Lebanon 1710 3.31
United Arab Emirates 8686 2.59
Latin America
Bolivia 5300 3.29
Colombia 841 2.52
Haiti 9200 3.78
Panama 2250 1.99
Peru 2221 2.62
North America
Canada 375 1.69
United States 9898 1.77
Europe and Central Asia
Denmark 4665 1.39
France 1076 2.17
Germany 11224 1.58
Greece 8767 2.74
[taly 7141 2.69
United Kingdom 2952 1.84

108



4-

Appendix D | Sub-steps of quantitative analysis

Perform correlation analysis:

The correlation between sales of SPSs and SHSs and the PR-index gave a p-value of

0.006, with a correlation coefficient of 0.352. This means that there is a positive

correlation between the sales of these systems and the PR-index. There also is a

correlation between the sales of SPSs and SHSs and the population of the countries

included in the analysis of H1 2017.

Check whether the requirements for the analyses are met:

The requirements for a Spearman rank-order correlation are both met. These
were:

e The PR-index variable should at least be of ordinal scale.

e The relationship between the variables should be monotonic.

The requirements for a Pearson correlation analysis are:

e The datais derived from a random and independent sample. This requirement
is met.

e Each data point from the variables is measured independently from each
other. This requirement is met.

e The data on the sales of SPSs and SHSs should be continuous and normally
distributed. This requirement is not met. In order to be able to analyse this, the
variable should be transformed in order for it to have a normal distribution.
The sales data is transformed with a natural logarithmic function, which then
made the data normally distributed. The Shapiro-Wilk test is used to analyse
whether the data on the sales of SPSs and SHSs is normally distributed. So only
for the Pearson correlation analysis the logarithmic function of this variable is
used, because for the Spearman rank-order correlation this is not a
requirement.

e There are no relevant outliers in the dataset. This requirement is met.
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Appendix D.5 - Quantitative results of H2 2017

As is described in chapter 3, the statistical analysis consists of five steps. These will be
discussed here.
1- Standardization of scale of sub-factors:
Table 20 shows the overall scores of the countries on the different sub-factors of
the political risk.

Table 20 - Overview of political sub-factors in H2 2017.

Countries  [SalesHZZU17 | V&A PS  GE KY KoL CoU T | GDP _ Infla_Qol MarketIrade Eofs StrenghtLK [Population (L PR HDI Inequa L
Africa
Benin 10841 3 03 4 3 4 4 3 [127E+10 -037 4 4 2 3 3 126407 2 2 3 2 2,44
Burkina Faso 46581 3 4 4 3 3 3 4 |141E+10 142 3 3 3 1926407 3 2 3 2 513
Cameroon 1967 4 4 4 4 4 4 4 |350E+10 148 4 3 3 3 3 246E+07 4 4 3 2 341
Cote d'Ivoire 15360 3 4 4 3 4 4 4 |516E+10 -184 33 3 244E+07 3 3 3 2 3,27
DRC 242271 4 5 5 4 5 4 5 |3,80E+10 43,07 4 3 2 4 3 8,14E+07 4 5 3 2 4,26
Ethiopia 158634 4 5 4 4 3 4 4 |8I8E+10 668 3 3 4 3 4 1,06E+08 4 5 3 2 2,12
Ghana 37863 2 3 3 3 3 3 2 |590E+10 1035 3 3 2 3 3 291E+07 2 1 2 2 422
Kenya 502099 3 4 3 3 3 4 4 |790E+10 1094 2 3 4 2 3 502E+07 3 3 3 2 2,69
Liberia 13384 3 3 4 4 4 4 3 [ 329E+09 -2,18 4 4 1 3 1 4,70E+06 3 2 3 2 3,00
Madagascar 43950 303 4 4 4 4 4 |132E+10 496 4 3 2 3 5 256E+07 3 2 3 2 1,73
Malawi 125640 3 3 4 4 3 4 2 |630E+09 1346 4 4 2 3 1 1776407 2 2 3 2 5,70
Mali 42620 3 05 4 4 4 4 5 |154E+10 193 4 3 33 3 185E+07 3 3 3 2 7,41
Mozambique 10523 3 4 4 4 4 4 3 |132E+10 764 4 3 1 3 5 2,86E+07 3 3 3 2 331
Namibia 4372 2 2 3 3 3 3 1 |127E+10 834 2 4 1 2 3 240E406 2 2 2 2 21,57
Niger 1160 3 4 4 4 4 4 4 |112E+10 084 4 3 3 2168407 3 3 4 2 0,49
Nigeria 107576 3 5 4 4 4 4 5 |376E+11 1112 4 2 4 3 2 191E+08 3 2 3 2 839
Rwanda 80529 4 3 3 3 3 2 2 | 925E+09 808 2 4 3 2 1 1,20E+07 4 4 3 2 1,06
Senegal 17883 3 3 3 3 3 3 3 |210E+10 060 3 3 3 3 3 154E+07 2 2 3 2 6,61
Sierra Leone 19074 303 4 4 4 4 3 |374E+09 1464 4 4 2 3 3 749E+06 2 2 3 2 4,50
Somalia 13972 5 5 5 5 5 5 5 1 5 5 146E+07 5 5 13,02
South Africa 18589 2 3 3 3 3 3 3 | 350E+11 527 3 2 3 2 3 570E+07 2 2 2 2 27,04
Tanzania 103299 3 4 4 4 3 3 3 |533E+10 270 3 3 4 3 3 547E+07 3 2 3 2 2,03
Togo 1920 4 4 4 4 4 4 3 | 482E+09 086 2 3 3 770E+06 3 3 3 2 3,74
Uganda 224074 4 4 4 3 3 4 4 |308E+10 441 3 3 4 3 3 4128407 3 4 3 1 1,79
Zambia 21268 3 3 4 3 3 4 3 [ 259E+10 10,10 3 3 2 2 1 169E+07 3 3 3 2 11,63
Zimbabwe 8398 4 4 4 5 4 4 4 |220E+10 244 3 4 3 3 3 1426407 3 3 3 2 5,15
East Asia and Pacific
Australia 7024 2 2 1 1 1 1 2 [133E+12 373 2 2 3001 1 246E+07 1 1 1 1 5,59
China 9829 4 3 3 3 3 3 3 | 123E+13 423 2 1 4 2 4 1,39E+09 4 5 2 1 4,40
Fiji 5100 3 2 3 3 3 3 2 |535E+09 1,70 1 2 3 877E+05 3 2 2 4,24
Hong Kong 2024 302 1 1 1 1 2 |341E+11 288 1 2 1 1 2 739E+06 2 3 1 1 3,09
Indonesia 100650 3 3 3 3 3 3 4 | 102E+12 429 3 1 4 2 3 2,65E+08 3 2 2 1 3,88
Japan 2409 2 2 1 2 1 1 2 |487E+12 023 1 1 4 2 3 1276408 1 1 1 2,80
Myanmar 4343 4 4 4 4 4 4 3 | 689E+10 545 2 3 5 534E+07 3 3 3 1 1,56
Papua New Guinea 16410 3 4 4 4 4 4 3 | 227E+10 7,70 3 2 8,44E+06 2 2 3 247
Philippines 6163 3 4 3 3 3 3 4 |328E+11 232 3 2 2 3 5 1,056+08 2 2 2 1 2,55
Thailand 1959 4 3 3 3 3 3 3 |456E+11 198 3 2 2 3 692E+07 3 4 2 1 0,83
Vanuatu 7840 2 2 4 3 3 3 1 | 880E+08 4,15 2 1 2,86E+05 2 2 2 1 1,75
South Asia
Bangladesh 119050 4 4 4 4 4 4 4 |250E+11 628 3 2 4 3 3 160E+08 3 3 2 2 4,37
India 1255174 3 4 3 3 3 3 4 |265E+12 378 2 1 3002 2 1346409 2 2 2 2 541
Nepal 4067 3 4 4 4 4 4 3 | 252E+10 968 3 3 3 3 1 2,76E+07 3 2 3 2 297
Pakistan 6733 4 5 4 4 4 4 5 |305E+11 401 3 2 4 3 5 208408 3 3 3 2 394
Middle East and North Africa
Lebanon 1590 4 1 4 3 4 4 5 |531E+10 29 4 3 2 3 5 681E+06 3 3 2 6,18
United Arab 40162 4 2 2 2 2 2 2 |38E+1 55 1 2 1 2 5 949E+06 4 4 1 246
Emirates
Latin Ameria
Bolivia 2357 3 3 3 4 4 4 3 [375E+10 6,06 33 5 126407 2 2 2 2 3,66
Colombia 279 3 4 3 3 3 3 4 | 312E+11 513 3 2 4 2 1 4,89E+07 2 2 2 2 8,87
Guatemala 644 3 4 4 3 4 4 3 |716E+10 174 3 3 302 2 161E+07 3 3 2 2 2,46
Haiti 2740 4 4 5 4 4 4 4 |142E+10 1009 4 4 3 4 5 1106407 3 3 3 2 13,72
Peru 2661 3 03 3 3 3 3 3 |211E+11 362 3 2 32 3 3146407 2 2 2 1 335
Puerto Rico 2841 3 3 3 2 2 3 1,03E+11 2,09 1 2 1 3,33E+06 10,80
North America
UnitedStates | 36033 | 2 3 1 1 1 2 3 |195E+13 188 1 1 4 1 1 3256408 1 1 1 1 4,36
Europe and Central Asia
Belgium 7666 2 3 2 2 2 2 3 |503E+11 183 2 2 1 2 4 221E+06 1 1 1 1 7,09
Denmark 4792 12 1 1 1 1 2 |332E+11 118 1 3 1 1 2 576E+06 1 1 1 1 583
France 11046 2 3 2 2 2 2 3 |260E+12 052 1 1 22 4 669E+07 2 1 1 1 9,41
Germany 36098 2 2 1 1 1 1 3 |368+12 135 1 1 12 3 827E+07 1 1 1 1 3,75
Greece 11510 2 3 3 3 3 3 3 |204E+11 060 2 3 22 5 1,08E+07 2 2 1 1 21,49
Ireland 437 2 2 2 1 2 1 2 |33E+11 113 2 2 1 1 3 481E+06 1 1 1 1 671
Italy 1612 2 3 2 2 3 3 2 |196E+12 073 2 2 32 5 605407 1 1 1 1 11,21
Norway 4699 1 2 1 1 1 1 1 |398E+11 395 2 2 2 1 3 528E+06 1 1 1 1 4,16
Sweden 62 1 2 1 1 1 1 2 |541E+11 214 1 2 1 1 3 101E+07 1 1 1 1 672
United Kingdom 9091 2 3 2 1 1 1 3 |267E+12 189 2 1 2 1 3 661E+07 1 1 1 1 433
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2- Perform factor analysis to reduce multicollinearity:
Second, the factor analysis is performed in SPSS. To test whether the sub-factors
should be merged into one or multiple sub-variables, the Bartlett's Test of
Sphericity is used. When the sub-factors should be merged together in one or more
sub-variables, then the p-value of the Bartlett’s Test of Sphericity should be smaller
than 0.050. The sub-factors per sub-variable are tested for this, to see whether they

should be merged together or not. The result is visible in Table 21.

Table 21 - Results of factor analysis of H2 2017.

Sub-variable

Sub-factors

P-value of
Bartlett’s Test
of Sphericity

Variance
explained (%)

Merged into
which new
sub-variable

Political

Voice and
accountability
(V&A)

Political
stability (PS)

Government
effectiveness
(GE)

Regulatory
quality (RQ)

Rule of law
(RoL)

Control of
corruption
(CoQ)

Terrorism (T)

0.000

76.617

‘Political’

Economic

Quality of
overall
infrastructure

(Qol)

Market size
(Market)

Trade
openness
(Trade)

Ease of doing
business
(EofB)

0.000

90.176

‘Internal
market’

‘Internal
market’

‘Trade
openness’

‘Internal
market’
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Strength of
legal rights
(Strength LR)

‘Strength of
legal rights’

Social

Civil liberties
(CL)

Political rights
(PR)

Human
Development
Index (HDI)

Inequality
(Inequa)

0.000

73.883

‘Social’

3- Conduct a PR-index:

After the new variables are made, the next step is to formulate a general PR-index.

The formula for this in the case of H2 2017 is:

PR = (%) * Political + (%) * Internal Market + (%) *Trade openness + (g) * Strength of

legal rights + (%) * Social

The resultant PR-index per country in the period H2 2017 can be seen in Table 22.
The PR-index has a value between 1 and 5, with a score of 1 meaning that the
country has the lowest possible political risk and a value of 5 meaning that the

country has the highest possible political risk.

Table 22 - PR-index overview of H2 2017.

Countries Sales H2 2017 PR-index
Africa

Benin 10841 2.87
Burkina Faso 46581 2.99
Cameroon 1967 3.32
Cote d'Ivoire 15360 3.09
DRC 242271 3.35
Ethiopia 158634 3.70
Ghana 37863 2.49
Kenya 502099 3.10
Liberia 13384 2.35
Madagascar 43950 3.31
Malawi 125640 2.44
Mali 42620 3.25
Mozambique 10523 3.16
Namibia 4372 2.22
Niger 1160 3.37
Nigeria 107576 3.13
Rwanda 80529 2.55
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Senegal 17883 2.85
Sierra Leone 19074 2.90
Somalia 13972 4.20
South Africa 18589 2.64
Tanzania 103299 3.19
Togo 1920 2.92
Uganda 224074 3.29
Zambia 21268 2.34
Zimbabwe 8398 3.25
East Asia and Pacific
Australia 7024 1.62
China 9829 3.16
Fiji 5100 2.21
Hong Kong 2024 1.53
Indonesia 100650 2.83
Japan 2409 2.18
Myanmar 4343 3.27
Papua New Guinea 16410 2.76
Philippines 6163 2.94
Thailand 1959 2.40
Vanuatu 7840 1.83
South Asia
Bangladesh 119050 3.23
India 1255174 2.39
Nepal 4067 2.64
Pakistan 6733 3.74
Middle East and North Africa
Lebanon 1590 3.31
United Arab Emirates 40162 2.59
Latin America
Bolivia 2357 3.29
Colombia 279 2.52
Guatemala 644 2.75
Haiti 2740 3.78
Peru 2661 2.62
Puerto Rico 2841 1.67
North America
United States 36033 1.77
Europe and Central Asia
Belgium 7666 2.06
Denmark 4792 1.39
France 11046 2.17
Germany 36098 1.58
Greece 11510 2.74
Ireland 437 1.68
Italy 1612 2.69
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Norway 4699 1.76
Sweden 62 1.52
United Kingdom 9091 1.84
4- Perform correlation analysis:
The correlation between sales of SPSs and SHSs and the PR-index gave a p-value of
0.112. This means that there is no correlation between the sales of these systems
and the PR-index. There was a correlation between the sales of SPSs and SHSs and
the inflation rate and population within the countries included in the analysis of
H2 2017.
5- Check whether the requirements for the analyses are met:

The requirements for a Spearman rank-order correlation are both met. These

were:

e The PR-index variable should at least be of ordinal scale.

e The relationship between the variables should be monotonic.

The requirements for a Pearson correlation analysis are:

e The datais derived from a random and independent sample. This requirement
is met.

e Each data point from the variables is measured independently from each
other. This requirement is met.

e The data on the sales of SPSs and SHSs should be continuous and normally
distributed. This requirement is not met. In order to be able to analyse this, the
variable should be transformed in order for it to have a normal distribution.
The sales data is transformed with a natural logarithmic function, which then
made the data normally distributed. The Shapiro-Wilk test is used to analyse
whether the data on the sales of SPSs and SHSs is normally distributed. So only
for the Pearson correlation analysis the logarithmic function of this variable is
used, because for the Spearman rank-order correlation this is not a
requirement.

e There are no relevant outliers in the dataset. This requirement is met.
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Appendix D.6 - Quantitative results of H1 2018

As is described in chapter 3, the statistical analysis consists of five steps. These will be
discussed here.
1- Standardization of scale of sub-factors:
Table 23 shows the overall scores of the countries on the different sub-factors of
the political risk.

Table 23 - Overview of political sub-factors in H1 2018.

Countries [SalesH12018/V&A PS GE RQ RoL CoC T | GDP Infla_Qol Market Trade EofB _StrenghtLR |Population CL PR HDI Inequa Unempl
Africa
Benin 5733 3 3 4 3 4 3 3 [143E+10 059 4 4 2 3 3 1156407 2 2 3 2 237
Burkina Faso 22809 3 4 4 3 3 3 4 |161E+10 203 4 4 2 3 3 1988407 2 3 3 2 470
Cameroon 49715 4 4 4 4 4 4 4 [387E+10 160 4 3 3 3 3 2528407 4 4 3 2 336
Cote d'Ivoire 17446 3 4 4 3 4 3 4 |580E+10 063 4 3 3 3 3 251E407 3 3 3 2 321
DRC 11197 4 5 5 4 5 5 5 |468E+102897 4 3 2 4 3 B4IE+07 4 5 3 2 418
Ethiopia 147647 4 4 4 4 3 3 5 [843E+101238 4 3 4 3 4 1098408 4 5 3 2 2,07
Ghana 26160 2 3 3 3 3 3 2 |656E+101021 4 3 2 2 3 2988407 2 1 2 2 416
Kenya 519154 3 4 3 3 3 4 3 878E+10 242 3 3 4 2 1 514407 3 3 2 2 2,64
Libera 11517 3 3 4 4 4 4 3 [326E+09-185 4 4 1 3 1 4828406 2 2 3 2 2,94
Madagascar 27355 3 4 4 4 4 4 3 [139E+10 758 2 3 5 2638407 3 2 3 2 1,69
Malawi 22772 3 03 4 4 3 4 2 6926409 667 4 4 2 2 1 1818407 2 2 3 2 5,62
Mali 16448 3 5 4 4 4 4 5 |I7IE+10 146 4 4 2 3 3 191407 3 3 3 2 731
Mozambigue 9536 3 4 4 4 4 4 3 |148E+10 300 4 3 1 3 5 2058407 3 3 3 2 324
Namibia 4218 3 2 3 3 3 3 1 |135E+10 430 3 4 1 2 3 2458406 2 2 2 2 19,88
Niger 3955 4 4 4 4 4 4 4 |128E+10 243 4 3 3 224E407 3 3 4 2 047
Nigeria 153112 3 5 4 4 4 4 5 [397E+111023 4 2 4 3 2 196E+08 3 2 3 2 845
Rwanda 47741 4 3 3 3 3 2 2 |964B+09-067 3 4 3 2 1 1238407 4 4 3 2 1,02
Senegal 31335 3 3 3 3 3 3 3 [232+10-049 4 3 2 3 3 1596407 2 2 3 2 6,53
Sierra Leone 17990 3 3 4 4 4 3 3 [409F+09 1343 4 4 3 3 3 7656406 2 2 3 2 442
Somalia 22049 5 5 5 5 5 5 5 1 4 5 1508407 5 5 12,89
South Africa 13848 2 3 3 3 3 3 3 [368E+11392 3 2 3 2 3 5788407 2 2 2 2 2691
Tanzania 103695 3 4 4 4 4 3 3 |580E+10 478 4 3 3 563407 3 3 3 2 199
Togo 4505 4 4 4 4 4 4 4 |536E+09 146 2 3 3 789406 3 3 3 2 3,66
Uganda 173556 4 4 4 3 3 4 4 [329E+10 454 4 3 4 3 3 427407 3 4 3 2 175
Zambia 37978 3 03 4 3 3 4 3 [263E+10741 3 3 2 2 1 1748407 3 3 3 2 12,01
Zimbabwe 21583 4 4 4 5 4 4 3 243E+1052 4 4 3 3 3 144E407 3 4 3 2 5,07
East Asia and Pacific
China 7552 4 3 3 3 3 3 3 |13+1335% 2 1 4 2 4 139E+09 4 5 2 1 430
Fiji 13621 3 2 3 3 3 3 2 |558E+09 143 12 3 8B3E+05 2 2 2 416
Hong Kong 5024 3 02 1 1 1 1 2 [36E+11366 1 2 1 1 2 7458406 2 3 1 1 3,04
Indonesia 26289 3 4 3 3 3 3 4 |104F+12382 3 1 3 2 3 2688408 3 2 2 1 440
Japan 1667 2 02 1 2 1 2 2 [495E+12-000 1 1 4 2 3 1276408 1 1 1 1 2,40
Myanmar 71746 4 4 4 4 4 4 4 |T62E+10 627 2 3 5 537E+07 3 3 3 2 0,87
Papua New Guinea 36908 3 4 4 4 4 4 3 [241E+10 980 3 2 861E+06 2 2 3 24
Philippines 24855 3 4 3 3 3 4 4 [34TE+11 374 4 2 2 5 1076408 2 2 2 1 234
Singapore 645 3 02 1 1 1 1 2 [37E+1309 1 2 1 1 2 564E¢06 3 3 1 1 3,65
Thailand 2673 4 4 3 3 3 3 3 [507B+11 146 3 2 1 2 3 694E+07 3 4 2 1 0,77
Vanuatu 9729 22 3 3 3 3 1 |915E+08 321 2 1 2936405 2 2 2 1,72
South Asia
Bangladesh 85426 4 4 4 4 4 & 4 [274B+11 560 4 2 4 3 3 161E+08 3 3 2 2 429
India 1219589 | 3 4 3 3 3 3 4 [27IE#1245% 2 1 3 2 2 1356409 2 2 2 2 533
Nepal 2243 3 4 4 4 3 4 3 [29+10 670 4 3 3 3 1 281407 3 2 2 2 2,90
Pakistan 13044 4 5 4 4 4 4 3I5E411 246 3 2 4 3 5 212408 3 3 3 2 4,08
Middle East and North Africa
Lebanon 1470 3 5 4 3 4 4 5 [550E+10 546 3 3 3 5 685E+06 3 4 2 6,10
United Arab Emirates 32941 2 2 2 2 2 424182 2 2 1 1 3 963E+06 4 5 1 2,23
Latin Ameria
Guatemala 2304 3 4 4 3 4 4 3 [731R+10 123 3 3 3 2 2 1638407 3 3 2 2 2,41
Haiti 8760 4 4 5 4 4 4 4 |160B+101011 1 4 3 4 5 LUE07 3 3 3 2 13,58
Peru 3100 3 03 3 3 4 4 3 [22E+11202 1 2 3 2 3 3208407 2 2 2 1 3,18
Puerto Rico 4262 3 3 3 2 2 3 1,01E+11 239 12 1 3,19E+06 9,20

2- Perform factor analysis to reduce multicollinearity:
Second, the factor analysis is performed in SPSS. To test whether the sub-factors
should be merged into one or multiple sub-variables, the Bartlett’'s Test of
Sphericity is used. When the sub-factors should be merged together in one or more
sub-variables, then the p-value of the Bartlett’s Test of Sphericity should be smaller
than 0.050. The sub-factors per sub-variable are tested for this, to see whether they
should be merged together or not. The result is visible in Table 24.
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Table 24 - Results of factor analysis of H1 2018.

Sub-variable

Sub-factors

P-value of
Bartlett’s Test
of Sphericity

Variance
explained (%)

Merged into
which new
sub-variable

Political

Voice and
accountability
(V&A)

Political
stability (PS)

Government
effectiveness
(GE)

Regulatory
quality (RQ)

Rule of law
(RoL)

Control of
corruption
(CoC)

Terrorism (T)

0.000

70.445

‘Political’

Economic

Quality of
overall
infrastructure

(Qol)

Market size
(Market)

Trade
openness
(Trade)

Ease of doing
business
(EofB)

Strength of
legal rights
(Strength LR)

0.000

67.445

‘Quality of
trade’

‘Quality of
trade’

‘Trade rights’

‘Quality of
trade’

‘Trade rights’

Social

Civil liberties
(CL)

Political rights
(PR)

0.000

88.694

‘Human rights’

‘Human rights’
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Human o
Societal
Development develonment
Y
Index (HDI) P
Inequality ‘Societal
(Inequa) development’

3- Conduct a PR-index:
After the new variables are made, the next step is to formulate a general PR-index.
The formula for this in the case of H1 2018 is:

PR= (i) * Political + (i) * Quality of trade + (%) * Trade rights + (%) * Human rights
+ (g) * Societal development

The resultant PR-index per country in the period H1 2018 can be seen in Table 25.
The PR-index has a value between 1 and 5, with a score of 1 meaning that the
country has the lowest possible political risk and a value of 5 meaning that the
country has the highest possible political risk.

Table 25 - PR-index overview of H1 2018.

Countries Sales H1 2018 PR-index
Africa

Benin 5733 2.79
Burkina Faso 22809 2.92
Cameroon 49715 3.37
Cote d'Ivoire 17446 3.08
DRC 11197 3.58
Ethiopia 147647 3.64
Ghana 26160 2.34
Kenya 519154 2.69
Libera 11517 2.55
Madagascar 27355 3.04
Malawi 22772 2.52
Mali 16448 3.16
Mozambique 9536 3.11
Namibia 4218 2.31
Niger 3955 3.30
Nigeria 153112 3.03
Rwanda 47741 2.87
Senegal 31335 2.67
Sierra Leone 17990 2.92
Somalia 22049 4.25
South Africa 13848 2.44
Tanzania 103695 3.08
Togo 4505 3.00
Uganda 173556 3.31
Zambia 37978 2.59
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Zimbabwe 21583 3.33
East Asia and Pacific
China 7552 2.96
Fiji 13621 2.14
Hong Kong 5024 1.58
Indonesia 26289 2.46
Japan 1667 1.71
Myanmar 71746 3.20
Papua New Guinea 36908 2.74
Philippines 24855 2.62
Singapore 645 1.68
Thailand 2673 2.52
Vanuatu 9729 1.89
South Asia
Bangladesh 85426 3.10
India 1219589 2.29
Nepal 2243 2.68
Pakistan 13044 3.39
Middle East and North Africa
Lebanon 1470 3.20
United Arab Emirates 32941 2.29
Latin America
Guatemala 2304 2.75
Haiti 8760 3.33
Peru 3100 2.29
Puerto Rico 4262 1.89

4-

Perform correlation analysis:

The correlation between sales of SPSs and SHSs and the PR-index gave a p-value of

0.075. This means that there is no correlation between the sales of these systems

and the PR-index. There was no a correlation between the sales of SPSs and SHSs

and the control variables included in the analysis of H1 2018.

Check whether the requirements for the analyses are met:

The requirements for a Spearman rank-order correlation are both met. These

were:

e The PR-index variable should at least be of ordinal scale.

e The relationship between the variables should be monotonic.

The requirements for a Pearson correlation analysis are:

e The datais derived from a random and independent sample. This requirement
is met.

e Each data point from the variables is measured independently from each
other. This requirement is met.

e The data on the sales of SPSs and SHSs should be continuous and normally
distributed. This requirement is not met. In order to be able to analyse this, the
variable should be transformed in order for it to have a normal distribution.

118



Appendix D | Sub-steps of quantitative analysis

The sales data is transformed with a natural logarithmic function, which then
made the data normally distributed. The Shapiro-Wilk test is used to analyse
whether the data on the sales of SPSs and SHSs is normally distributed. So only
for the Pearson correlation analysis the logarithmic function of this variable is
used, because for the Spearman rank-order correlation this is not a
requirement.

There are no relevant outliers in the dataset. This requirement is met.
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Appendix D.7 - Quantitative results of H2 2018

As is described in chapter 3, the statistical analysis consists of five steps. These will be
discussed here.
1- Standardization of scale of sub-factors:
Table 26 shows the overall scores of the countries on the different sub-factors of
the political risk.

Table 26 - Overview of political sub-factors in H2 2018.

Countries \SalesHZ 2018\V&A PS GE RQ RolL CoC T \ GDP  Infla Qol MarketTrade EofB StrenghtLR\Population CL__ PR _HDI Inequa Unemploy
Africa
Benin 8755 3 3 4 3 4 3 3 [143E+10 059 4 4 2 3 3 1,15E+07 2 2 3 2 2,37
Burkina Faso 23725 3 4 4 3 3 3 4 |161E+10 2,03 4 4 2 3 3 1,98E+07 2 3 3 2 4,70
Cameroon 54649 4 4 4 4 4 4 4 |387E+10 160 4 3 3 3 3 2,52E+07 4 4 3 2 3,36
Chad 9235 4 4 5 4 4 4 4 |112E+10 501 4 4 2 4 3 1,55E+07 4 5 3 2 1,89
Cote d'Ivoire 22921 3 4 4 3 4 3 4 |580E+10 063 4 3 3 3 3 2,51E+07 3 3 3 2 321
DRC 54316 4 5 5 4 5 5 5 |468E+10 2897 4 3 2 4 3 841E+07 4 5 3 2 4,18
Ethiopia 338177 4 4 4 4 3 3 5 |843E+10 1238 4 3 4 3 4 1,09E+08 4 5 3 2 2,07
Ghana 13096 2 3 3 3 3 3 2 |656E+10 1021 4 3 2 2 3 2,98E+07 2 1 2 2 4,16
Kenya 749909 3 4 3 3 3 4 3 |878E+10 242 3 3 4 2 1 5,14E+07 3 3 2 2 2,64
Liberia 9650 3 3 4 4 4 4 3 |3,26E+09 -185 4 4 1 3 1 4,82E+06 2 2 3 2 2,94
Madagascar 23998 3 4 4 4 4 4 3 |1,39E+10 7,58 2 3 5 2,63E+07 3 2 3 2 1,69
Malawi 33783 3 3 4 4 3 4 2 [692E+09 6,67 4 4 2 2 1 1,81E+07 2 2 3 2 5,62
Mali 20802 3 5 4 4 4 4 5 [171E+10 146 4 4 2 3 3 1,91E+07 3 3 3 2 7,31
Mozambique 8548 3 4 4 4 4 4 3 [148E+10 3,00 4 3 1 3 5 2,95E+07 3 3 3 2 3,24
Namibia 2567 3 2 3 3 3 3 1 |135E+10 430 3 4 1 2 3 245E+06 2 2 2 2 19,88
Niger 3595 4 4 4 4 4 4 4 |128E+10 243 4 3 3 2,24E+07 3 3 4 2 0,47
Nigeria 133801 3 5 4 4 4 4 5 [397E+11 1023 4 2 4 3 2 1,96E+08 3 2 3 2 8,45
Rwanda 98723 4 3 3 3 3 2 2 |9,64E+09 -0,67 3 4 3 2 1 1,23E+07 4 4 3 2 1,02
Senegal 18104 3 3 3 3 3 3 3 |232E+10 -049 4 3 2 3 3 1,59E+07 2 2 3 2 6,53
Sierra Leone 16905 3 3 4 4 4 3 3 [4,09E+09 1343 4 4 3 3 3 7,65E+06 2 2 3 2 4,42
Somalia 30127 5 5 5 5 5 5 5 1 4 5 1,50E+07 5 5 12,89
South Africa 30039 2 3 3 3 3 3 3 |368E+11 392 3 2 3 2 3 5,78E+07 2 2 2 2 2691
Tanzania 102038 3 4 4 4 4 3 3 |5B80E+10 478 4 3 3 3 563E+07 3 3 3 2 1,99
Togo 7727 4 4 4 4 4 4 4 |536E+09 1,46 2 3 3 7,89E+06 3 3 3 2 3,66
Uganda 193600 4 4 4 3 3 4 4 |329E+10 454 4 3 4 3 3 4,27E+07 3 4 3 2 1,75
Zambia 88000 3 3 4 3 3 4 3 |263E+10 741 3 3 2 2 1 1,74E+07 3 3 3 2 12,01
Zimbabwe 14168 4 4 4 5 4 4 3 |243E+10 522 4 4 3 3 3 144E+07 3 4 3 2 5,07
East Asia and Pacific
Cambodia 438 4 3 4 3 4 4 3 |246E+10 311 4 3 1 3 1 1,62E+07 3 4 3 1 0,13
China 4143 4 3 3 3 3 3 3 [1,39E+13 350 2 1 4 2 4 139E+09 4 5 2 1 4,30
Fiji 22142 3 2 3 3 3 3 2 |558E+09 1,43 1 2 3 8,83E+05 2 2 2 4,16
Hong Kong 6346 3 2 1 1 1 1 2 [362E+11 366 1 2 1 1 2 7,45E+06 2 3 1 1 3,04
Myanmar 27196 4 4 4 4 4 4 4 | 762E+10 6,27 2 3 5 5,37E+07 3 3 3 2 0,87
Papua New Guinea 30249 3 4 4 4 4 4 3 |241E+10 980 3 2 861E+06 2 2 3 241
Philippines 38891 3 4 3 3 3 4 4 | 347E+11 374 4 2 2 2 1 1,07E+08 2 2 2 1 2,34
Thailand 2709 4 4 3 3 3 3 3 |507E+11 146 3 2 1 2 3 6,94E+07 3 4 2 1 0,77
Vanuatu 5610 2 2 3 3 3 3 1 |9,15E+08 3,21 2 1 2,93E+05 2 2 2 1,72
South Asia
Bangladesh 51802 4 4 4 4 4 4 4 |274E+11 560 4 2 4 3 3 161E+08 3 3 2 2 429
India 1184003 3 4 3 3 3 3 4 |2,71E+12 456 2 1 3 2 2 1,35E+09 2 2 2 2 533
Nepal 420 3 4 4 4 3 4 3 |292E+10 670 4 3 3 3 1 281E+07 3 2 2 2 2,90
Pakistan 19355 4 5 4 4 4 4 5 |315E+11 246 3 2 4 3 5 2,12E+08 3 3 3 2 4,08
Middle East and North Africa
Lebanon 1350 3 5 4 3 4 4 5 |550E+10 546 3 3 2 3 5 6,85E+06 3 4 2 6,10
United Arab Emirates 39593 4 2 2 2 2 2 2 |422E+11 821 2 2 1 1 3 9,63E+06 4 5 1 2,23
Yemen 83846 5 5 5 5 5 5 5 [2,35E+10 1485 5 4 4 5 2,85E+07 4 5 3 2 13,01
Latin America

Guatemala ‘ 3965 ‘ 3 4 4 3 4 4 3 |731E+10 123 3 3 3 2 2 1,63E+07 3 3 2 2 241
Peru 2571 3 3 3 3 4 4 3 |2,22E+11 202 1 2 3 2 3 3,20E+07 2 2 2 1 3,18

2- Perform factor analysis to reduce multicollinearity:
Second, the factor analysis is performed in SPSS. To test whether the sub-factors
should be merged into one or multiple sub-variables, the Bartlett's Test of
Sphericity is used. When the sub-factors should be merged together in one or more
sub-variables, then the p-value of the Bartlett’s Test of Sphericity should be smaller
than 0.050. The sub-factors per sub-variable are tested for this, to see whether they
should be merged together or not. The result is visible in Table 27.
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Table 27 - Results of factor analysis of H2 2018.

Sub-variable

Sub-factors

P-value of
Bartlett’s Test
of Sphericity

Variance
explained (%)

Merged into
which new
sub-variable

Political

Voice and
accountability
(V&A)

Political
stability (PS)

Government
effectiveness
(GE)

Regulatory
quality (RQ)

Rule of law
(RoL)

Control of
corruption
(CoC)

Terrorism (T)

0.000

68.595

‘Political’

Economic

Quality of
overall
infrastructure

(Qol)

Market size
(Market)

Trade
openness
(Trade)

Ease of doing
business
(EofB)

Strength of
legal rights
(Strength LR)

0.003

70.212

‘Quality of
trade’

‘Quality of
trade’

‘Trade rights’

‘Quality of
trade’

‘Trade rights’

Social

Civil liberties
(CL)

Political rights
(PR)

0.000

85.603

‘Human rights’

‘Human rights’
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Human o
Societal
Development develonment
Y
Index (HDI) P
Inequality ‘Societal
(Inequa) development’

3- Conduct a PR-index:
After the new variables are made, the next step is to formulate a general PR-index.
The formula for this in the case of H2 2018 is:

PR= (i) * Political + (i) * Quality of trade + (%) * Trade rights + (%) * Human rights
+ (g) * Societal development

The resultant PR-index per country in the period H2 2018 can be seen in Table 28.
The PR-index has a value between 1 and 5, with a score of 1 meaning that the
country has the lowest possible political risk and a value of 5 meaning that the
country has the highest possible political risk.

Table 28 - PR-index overview of H2 2018.

Countries Sales H2 2018 PR-index
Africa

Benin 8755 2.79
Burkina Faso 23725 2.92
Cameroon 54649 3.37
Chad 9235 3.53
Cote d'Ivoire 22921 3.08
DRC 54316 3.58
Ethiopia 338177 3.64
Ghana 13096 2.34
Kenya 749909 2.69
Liberia 9650 2.55
Madagascar 23998 3.04
Malawi 33783 2.52
Mali 20802 3.16
Mozambique 8548 3.11
Namibia 2567 2.31
Niger 3595 3.30
Nigeria 133801 3.03
Rwanda 98723 2.87
Senegal 18104 2.67
Sierra Leone 16905 2.92
Somalia 30127 4.25
South Africa 30039 2.44
Tanzania 102038 3.08
Togo 7727 3.00
Uganda 193600 3.31
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Zambia 88000 2.59
Zimbabwe 14168 3.33
East Asia and Pacific
Cambodia 438 2.68
China 4143 2.96
Fiji 22142 2.14
Hong Kong 6346 1.58
Myanmar 27196 3.20
Papua New Guinea 30249 2.74
Philippines 38891 2.22
Thailand 2709 2.52
Vanuatu 5610 1.89
South Asia
Bangladesh 51802 3.10
India 1184003 2.29
Nepal 420 2.68
Pakistan 19355 3.39
Middle East and North Africa
Lebanon 1350 3.20
United Arab Emirates 39593 2.29
Yemen 83846 4.27
Latin America
Guatemala 3965 2.75
Peru 2571 2.29

4-

Perform correlation analysis:

The correlation between sales of SPSs and SHSs and the PR-index gave a p-value of

0.137. This means that there is no correlation between the sales of these systems

and the PR-index. There was also no correlation between the sales of SPSs and

SHSs and any of the included control variables in the analysis of H2 2018.

Check whether the requirements for the analyses are met:

The requirements for a Spearman rank-order correlation are both met. These

were:

e The PR-index variable should at least be of ordinal scale.

e The relationship between the variables should be monotonic.

The requirements for a Pearson correlation analysis are:

e The datais derived from a random and independent sample. This requirement
is met.

e Each data point from the variables is measured independently from each
other. This requirement is met.

e The data on the sales of SPSs and SHSs should be continuous and normally
distributed. This requirement is not met. In order to be able to analyse this, the
variable should be transformed in order for it to have a normal distribution.
The sales data is transformed with a natural logarithmic function, which then
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made the data normally distributed. The Shapiro-Wilk test is used to analyse
whether the data on the sales of SPSs and SHSs is normally distributed. So only
for the Pearson correlation analysis the logarithmic function of this variable is
used, because for the Spearman rank-order correlation this is not a
requirement.

There are no relevant outliers in the dataset. This requirement is met.
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Appendix D.8 - Quantitative results of H1 2019

As is described in chapter 3, the statistical analysis consists of five steps. These will be
discussed here.
1- Standardization of scale of sub-factors:
Table 29 shows the overall scores of the countries on the different sub-factors of
the political risk.

Table 29 - Overview of political sub-factors in H1 2019.

Countries  |SalesH12019[V&A PS GE RQ RoL CoC T | GDP Infla Qol Market Trade EofB StrenghtLR Population CL PR HDI Inequa Unemploy |
Africa \
Benin 24244 303 3 3 4 3 2 |144E+10 -032 4 4 2 3 3 1186407 2 2 3 2 2,32
Burkina Faso 38188 3 4 4 3 3 3 5 |160E+10 -063 4 4 3 3 3 2038407 2 3 3 2 4,62
Cameroon 79134 4 5 4 4 4 4 4 [390E+10 252 4 3 3 3 3 2598407 4 4 3 2 332
Cote d'Ivoire 27682 3 4 3 3 4 4 4 |585E+10 020 4 3 3 2 3 2576407 3 3 3 2 317
DRC 38147 4 5 5 5 5 5 5 |504E+10 470 4 3 2 4 3 868E+07 4 5 3 2 413
Ethiopia 293778 | 4 4 4 4 3 3 5 |950E+10 1286 4 3 4 3 4 112B408 4 4 3 2 2,04
Gambia 734 3 03 4 4 3 3 2 |183E+09 715 3 4 3 3 3 2356406 3 3 3 2 8,94
Ghana 13702 2 3 3 3 3 3 2 |670E+10 919 4 3 2 3 3 304407 2 1 2 2 412
Guinea 4367 4 4 4 4 4 4 4 |123E+10 881 3 4 2 3 3 1286407 3 3 3 2 414
Kenya 974972 | 3 4 3 3 3 4 3 |955E+10 3% 3 3 4 2 1 5266407 3 3 2 2 2,60
Liberia 1225 303 4 4 4 4 5 [307E+09 3,73 13 1 4945406 2 2 3 2 2,89
Madagascar 11013 3 03 4 4 4 4 3 |141E+10 546 4 3 3 3 5 2708407 3 2 3 2 167
Malawi 8903 303 4 4 3 4 2 |767E+09 817 4 4 2 2 1 186E¢07 2 2 3 2 556
Mali 35423 305 4 4 4 4 5 |173E+10 193 3 4 3 3 3 1976407 3 3 3 2 7,24
Mozambique 7561 4 4 4 4 4 4 3 |153E+10 445 4 3 1 3 5 304407 3 3 3 2 3,19
Niger 3234 4 4 4 4 4 4 4 [1296+10 011 4 3 3 233407 3 3 4 2 0,46
Nigeria 135410 | 3 5 4 4 4 4 5 |448E+11 1038 4 2 4 3 2 201408 3 2 3 2 8,53
Rwanda 65030 4 3 3 3 3 2 2 |104E+10 25 3 4 3 2 1 1266407 4 4 3 2 0,99
Senegal 29572 3 03 3 3 3 3 3 |236E+10 168 4 3 2 3 3 1638407 2 2 3 2 6,47
Sierra Leone 15821 3 03 4 4 4 3 3 |412E+09 863 33 3 781E+06 2 2 3 2 436
Somalia 38204 5 5 5 5 5 5 5 1 4 5 1546407 5 5 12,79
South Africa 20672 2 3 3 3 3 3 3 [351E+11 402 3 2 3 2 3 586E+07 2 2 2 2 2847
Tanzania 87552 4 3 4 4 4 3 3 |632E+10 463 4 3 3 3 5808407 3 3 3 2 196
Togo 26809 4 4 4 4 4 4 4 |549E+09 249 2 2 3 BOBE+06 3 3 3 2 3,60
Uganda 179530 | 4 4 4 3 3 4 3 |352+10 216 3 3 4 3 3 4436407 3 4 3 2 172
Zambia 70260 303 4 4 3 4 3 23310 763 4 3 2 2 1 1796¢07 3 3 3 2 11,91
Zimbabwe 15189 4 4 4 4 4 4 4 [214E+10 404 4 4 3 3 1466407 3 3 3 2 5,02
East Asia and Pacific
Australia 1188 2 2 1 1 1 1 2 |140E+12 340 2 2 3 1 1 2546407 1 1 1 1 516
China 733 5 3 2 3 3 3 3 |14%413 129 2 1 4 2 4 1408409 4 5 2 1 4,60
Hong Kong 7668 303 1 1 1 1 2 [366E+11 23 1 2 1 1 2 751E+06 2 3 1 1 2,96
Malaysia 500 303 2 2 2 3 3 |365E+11 006 2 2 1 1 3 3198407 3 3 1 331
Myanmar 59474 4 4 4 4 4 4 4 |T61E+10 765 3 5 540E407 3 3 3 0,50
Papua New Guinea| 37298 3 4 4 4 4 4 3 |248E+10 002 3 2 878E+06 2 3 3 2 237
Philippines 11087 3 4 3 3 3 4 4 [377E+11 076 3 2 2 2 5 1086408 2 2 2 1 224
Thailand 506 4 4 3 3 3 3 4 |5mE+11 075 3 2 1 1 3 696E+07 3 5 2 1 0,72
Vanuatu 9350 2 2 4 3 3 3 1 |934E+08 257 2 1 300405 2 2 2 1,69
South Asia ‘
Bangladesh 185405 | 4 4 4 4 4 4 303E+11 446 3 2 4 3 3 1636408 3 3 2 2 422
India 953466 | 3 4 3 3 3 3 4 |287B+12 291 2 1 4 2 2 1376409 2 2 2 2 5,27
Pakistan 17742 4 5 4 4 4 4 5 |278E+11 862 3 2 4 2 5 2176408 3 3 3 2 398
Middle East and North Africa \
United Arab ‘ 46245 ‘ 4 2 2 2 2 2 2 ‘4,21E+11 1% 1 2 1 1 3 977E+06 4 5 1 2,28
Emirates
Latin Ameria \
Guatemala ‘ 5625 ‘ 3 4 4 3 4 4 3 ‘7,67E+10 341 4 3 3 2 2 166E+07 3 3 2 2 2,36
Peru 2042 3 03 3 2 3 3 3 |227E+11 15 3 2 3 2 3 3256407 2 2 2 1 3,03

2- Perform factor analysis to reduce multicollinearity:
Second, the factor analysis is performed in SPSS. To test whether the sub-factors
should be merged into one or multiple sub-variables, the Bartlett's Test of
Sphericity is used. When the sub-factors should be merged together in one or more
sub-variables, then the p-value of the Bartlett’s Test of Sphericity should be smaller
than 0.050. The sub-factors per sub-variable are tested for this, to see whether they
should be merged together or not. The result is visible in Table 30.
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Table 30 - Results of factor analysis of H1 2019.

Sub-variable

Sub-factors

P-value of
Bartlett’s Test
of Sphericity

Variance
explained (%)

Merged into
which new
sub-variable

Political

Voice and
accountability
(V&A)

Political
stability (PS)

Government
effectiveness
(GE)

Regulatory
quality (RQ)

Rule of law
(RoL)

Control of
corruption
(CoC)

Terrorism (T)

0.000

68.242

‘Political’

Economic

Quality of
overall
infrastructure

(Qol)

Market size
(Market)

Trade
openness
(Trade)

Ease of doing
business
(EofB)

Strength of
legal rights
(Strength LR)

0.000

66.014

‘Quality of
trade’

‘Quality of
trade’

‘Trade rights’

‘Quality of
trade’

‘Trade rights’

Social

Civil liberties
(CL)

Political rights
(PR)

0.000

89.163

‘Human rights’

‘Human rights’
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3- Conduct a PR-index:
After the new variables are made, the next step is to formulate a general PR-index.
The formula for this in the case of H1 2019 is:

PR= (i) * Political + (i) * Quality of trade + (%) * Trade rights + (%) * Human rights
+ (g) * Societal development

The resultant PR-index per country in the period H1 2019 can be seen in Table 31.
The PR-index has a value between 1 and 5, with a score of 1 meaning that the
country has the lowest possible political risk and a value of 5 meaning that the
country has the highest possible political risk.

Table 31 - PR-index overview of H1 2019.

Countries Sales H1 2019 PR-index
Africa
Benin 24244 2.73
Burkina Faso 38188 3.05
Cameroon 79134 3.40
Cote d'Ivoire 27682 3.01
DRC 38147 3.60
Ethiopia 293778 3.54
Gambia 734 3.00
Ghana 13702 2.41
Guinea 4367 3.07
Kenya 974972 2.69
Liberia 1225 2.47
Madagascar 11013 3.18
Malawi 8903 2.52
Mali 35423 3.20
Mozambique 7561 3.14
Niger 3234 3.30
Nigeria 135410 3.03
Rwanda 65030 2.87
Senegal 29572 2.67
Sierra Leone 15821 2.79
Somalia 38204

South Africa 20672 2.44
Tanzania 87552 3.08
Togo 26809 2.80
Uganda 179530 3.21
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Zambia 70260 2.69
Zimbabwe 15189 3.23
East Asia and Pacific
Australia 1188 1.42
China 733 2.96
Hong Kong 7668 1.61
Malaysia 500 2.05
Myanmar 59474 3.60
Papua New Guinea 37298 2.74
Philippines 11087 2.55
Thailand 506 2.59
Vanuatu 9350 1.91
South Asia
Bangladesh 185405 3.03
India 953466 2.39
Pakistan 17742 3.32
Middle East and North Africa
United Arab Emirates 46245 2.22
Latin America
Guatemala 5625 2.81
Peru 2042 2.34

4-

Perform correlation analysis:

The correlation between sales of SPSs and SHSs and the PR-index gave a p-value of

0.022. This means that there is a correlation between the sales of these systems

and the PR-index. There was no correlation between the sales of SPSs and SHSs

and control variables included in the analysis of H1 2019.

Check whether the requirements for the analyses are met:

The requirements for a Spearman rank-order correlation are both met. These

were:

e The PR-index variable should at least be of ordinal scale.

e The relationship between the variables should be monotonic.

The requirements for a Pearson correlation analysis are:

e The datais derived from a random and independent sample. This requirement
is met.

e Each data point from the variables is measured independently from each
other. This requirement is met.

e The data on the sales of SPSs and SHSs should be continuous and normally
distributed. This requirement is not met. In order to be able to analyse this, the
variable should be transformed in order for it to have a normal distribution.
The sales data is transformed with a natural logarithmic function, which then
made the data normally distributed. The Shapiro-Wilk test is used to analyse
whether the data on the sales of SPSs and SHSs is normally distributed. So only
for the Pearson correlation analysis the logarithmic function of this variable is
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used, because for the Spearman rank-order correlation this is not a
requirement.
e There are no relevant outliers in the dataset. This requirement is met.
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Appendix D.9 - Quantitative results of H2 2019

As is described in chapter 3, the statistical analysis consists of five steps. These will be
discussed here.
1- Standardization of scale of sub-factors:
Table 32 shows the overall scores of the countries on the different sub-factors of
the political risk.

Table 32 - Overview of political sub-factors in H2 2019.

Countries  |SalesH22019]V&A PS GE RQ RoL CoC T | GDP Infla Qol MarketTrade EofB StrenghtLR[Population CL PR HDI Inequa Unemploy
Africa
Angola 2950 4 3 4 4 4 4 3 8E8E+02723 4 3 2 3 5 3188407 3 4 3 2 6%
Benin 9020 |3 3 3 3 4 3 2 [1MEs0-032 4 4 2 3 3 [1L8807 2 2 3 2 2R
Burkina Faso 1320 |3 4 4 3 3 3 5 L60R0-063 4 4 3 3 3 [20E7 2 3 3 2 4R
Cameroon 71864 | 4 5 4 4 4 4 4 [390E10252 4 3 3 3 3 259407 4 4 3 2 33
CentralAfrica | yer | 4 5 5 4 5 4 5 22809 2M 2 4 3 [4TSE06 5 5 43 40
Republic
Cote d'Ivoire 12 |3 4 3 3 4 4 4 [5gE0020 4 3 3 2 3 |287E«7 3 3 3 2 317
Ethiopia TS | 4 4 4 4 3 3 5 (959101286 4 3 4 3 4 L1E48 4 43 2 oM
Ghana 7337 2 3 3 3 3 3 2 6ME+0919 4 3 2 3 3 [3ME07 2 1 2 2 412
Kenya 99511 | 3 4 3 3 3 4 3 (9556410396 3 3 4 2 1 (526807 3 3 2 2 260
Madagascar 30686 303 4 4 4 4 3 141E+10 546 4 3 33 5 2706407 3 2 3 2 1,67
Malawi 573 | 3 03 4 4 3 4 2 |TETE+09 817 4 4 2 2 1 |186E407 2 2 3 2 5%
Mali 040 | 3 5 4 4 4 4 5 IBEH0193 3 4 3 3 3 19747 3 3 3 2 M
Mozambigue 6573 44 4 44 4 3 1SEM0445 4 3 1 3 50 [3ME+7 3 3 3 2 319
Niger 13811 | 4 4 4 4 4 4 4 129810 011 43 3 [2BEX7T 3 3 4 2 04
Nigeria 166284 | 3 5 4 4 4 4 5 4484111038 4 2 4 3 2 (20148 3 2 3 2 853
Rwanda 47984 | 4 3 3 3 3 2 2 [1ME0 2% 3 4 3 2 1 126807 4 4 3 2 099
Senegal 7681 |3 3 3 3 3 3 3 [36E+0168 4 3 2 3 3 [183E407 2 2 3 2 647
Sierra Leone 235 |3 3 4 4 4 3 3 |412E+09 863 3 3 3 [781E406 2 2 3 2 436
Somalia 166 |5 5 5 5 5 §5 3§ 1 4 5 L5EH7 55 1279
South Africa 2000 |2 3 3 3 3 3 33511402 3 2 3 2 3 ISSE+7 2 2 2 2 2847
Tanzania 76375 | 4 3 4 4 4 3 3 |§3E+10 463 4 3 3 3 [SR0E#7 3 3 3 2 1%
Togo 2904 | 4 4 4 4 4 4 4 [5A9E+09 249 2 2 3 [808E+06 3 3 3 2 360
Uganda 9755 | 4 4 4 3 3 4 3 356410216 3 3 4 3 3 4807 3 4 3 2 1M
Tambia 18458 |3 3 4 4 3 4 3 23E0763 4 3 2 2 1 |umE7 303 3 2 1191
Timbabwe 16200 | 4 4 4 4 4 4 4 R0 404 4 4 3 3 146847 3 3 3 2 5
East Asia and Pacific
China 1207 |5 3 2 3 3 3 3 4E3129 2 1 4 2 4 [140B409 4 5 2 1 460
Myanmar 148235 | 4 4 4 4 4 4 4 [TEIEHO0 765 3 5 |5A0E#7 3 3 3 0,50
PapuaNewGuinea| 24399 | 3 4 4 4 4 4 3 |248E+10 002 3 2 (87846 2 3 3 2 3
Philippines 40657 |3 4 3 3 3 4 4 l3mEelO76 3 2 2 2 50 [108E08 2 2 2 1 M
South Asia
Bangladesh 4575 | 4 4 4 4 4 4 4 [303E411 446 3 2 4 3 3 (163608 3 3 2 2 42
India 781165 | 3 4 3 3 3 3 4 8712291 2 1 4 2 2 [1E9 2 2 2 2 577
Pakistan 0756 | 4 5 4 4 4 4 5 27841862 3 2 4 2 5 |a17E+08 3 3 3 2 3%

2- Perform factor analysis to reduce multicollinearity:
Second, the factor analysis is performed in SPSS. To test whether the sub-factors
should be merged into one or multiple sub-variables, the Bartlett’s Test of
Sphericity is used. When the sub-factors should be merged together in one or more
sub-variables, then the p-value of the Bartlett’'s Test of Sphericity should be smaller
than 0.050. The sub-factors per sub-variable are tested for this, to see whether they
should be merged together or not. The result is visible in Table 33.
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Table 33 - Results of factor analysis of H2 2019.

P-value of . Merged into
. , Variance .
Sub-variable Sub-factors Bartlett’s Test explained (%) which new
of Sphericity p ¢ sub-variable
Voice and )
. Internal
accountability olitics’
(V&A) P
Political ‘External
stability (PS) politics’
Government ,
) Internal
effectiveness olitics’
(GE) P
Political Regulatory 0.000 72.862 ‘Internal
quality (RQ) politics’
Rule of law ‘Internal
(RoL) politics’
Control of ,
. Internal
corruption olitics’
(CoC) P
‘Ext |
Terrorism (T) X ?I_ana,
politics
Quality of
overall ‘Internal
infrastructure market’
(Qol)
Market size ‘Internal
(Market) market’
Trade ,
) Internal
Economic openness 0.000 72.336 ,
market
(Trade)
Ease of doing , ]
] International
business business’
(EofB)
Strength of , )
i International
legal rights business’
(Strength LR)
Civil liberti
Vi (éLe)r 1es ‘Human rights’
Social 0.000
ocla Political rights 85.986 ‘Human richts’
u
(PR) 8
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Human o
Societal
Development develonment
Y
Index (HDI) P
Inequality ‘Societal
(Inequa) development’

3- Conduct a PR-index:
After the new variables are made, the next step is to formulate a general PR-index.
The formula for this in the case of H2 2019 is:

PR = (%) * Internal politics + (%) * External politics + (%) * Internal market + (%) *
International business + (%) * Human rights + (%) * Societal development

The resultant PR-index per country in the period H2 2019 can be seen in Table 34.
The PR-index has a value between 1 and 5, with a score of 1 meaning that the
country has the lowest possible political risk and a value of 5 meaning that the
country has the highest possible political risk.

Table 34 - PR-index overview of H2 2019.

Countries Sales H2 2019 PR-index
Africa
Angola 2950 3.33
Benin 29021 2.76
Burkina Faso 13289 3.23
Cameroon 71864 3.56
Central Africa Republic 48027 3.90
Cote d'Ivoire 35522 3.12
Ethiopia 717759 3.63
Ghana 17337 2.47
Kenya 994511 2.76
Madagascar 30686 3.19
Malawi 51703 2.57
Mali 10140 3.44
Mozambique 6573 3.28
Niger 13811 3.50
Nigeria 166284 3.27
Rwanda 47984 2.81
Senegal 25681 2.75
Sierra Leone 22635 2.85
Somalia 11616

South Africa 12201 2.49
Tanzania 176375 3.13
Togo 23904 3.00
Uganda 219755 324
Zambia 118458 2.77
Zimbabwe 16210 3.42
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East Asia and Pacific
China 11207 2.92
Myanmar 148235
Papua New Guinea 24399
Philippines 40657 2.76
South Asia
Bangladesh 46575 3.17
India 781165 2.56
Pakistan 10756 3.50

4-

Perform correlation analysis:

The correlation between sales of SPSs and SHSs and the PR-index gave a p-value of

0.476. This means that there is no correlation between the sales of these systems

and the PR-index. There was also no correlation between the sales of SPSs and

SHSs and the included control variables in the analysis of H2 2019.

Check whether the requirements for the analyses are met:

The requirements for a Spearman rank-order correlation are both met. These

were:

e The PR-index variable should at least be of ordinal scale.

e The relationship between the variables should be monotonic.

The requirements for a Pearson correlation analysis are:

e The datais derived from a random and independent sample. This requirement
is met.

e Each data point from the variables is measured independently from each
other. This requirement is met.

e The data on the sales of SPSs and SHSs should be continuous and normally
distributed. This requirement is not met. In order to be able to analyse this, the
variable should be transformed in order for it to have a normal distribution.
The sales data is transformed with a natural logarithmic function, which then
made the data normally distributed. The Shapiro-Wilk test is used to analyse
whether the data on the sales of SPSs and SHSs is normally distributed. So only
for the Pearson correlation analysis the logarithmic function of this variable is
used, because for the Spearman rank-order correlation this is not a
requirement.

e There are no relevant outliers in the dataset. This requirement is met.
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Appendix E - Results quantitative analysis per continent

This appendix shows the results of the statistical analysis per continent. This analysis is
conducted to find out whether inclusion of various continents which are not the main
market of frugal innovations might influence the results of the correlation analysis.

Table 35 shows the results of the correlation analysis between the sales of SPSs and
SHSs and the PR-index. The significant time periods are coloured blue for clarity for the
reader. The following hypothesis was made per time period and per continent:

HO =there is no relationship between the political risks and the market diffusion of frugal
solar-PV systems.

H1 = there is a relationship between the political risks and the market diffusion of frugal
solar-PV systems.

Interesting to see is that the African continent shows no significant results, while this
is one of the main markets of frugal innovations. The Latin America continent shows the
most significant results: the second semesters of 2016 and 2018 and the first semester of
2019, all with a positive correlation coefficient, indicating that in Latin America there is a
positive relationship between the PR-index and the sales of SPSs and SHSs.

Table 35 - Results of continental correlation analysis over time.

. Countries Corre-l a-tlon Two-sided p-value
Period ] coefficient .
included . PR-index and sales
PR-index and sales
Africa
H2 2015 16 0.280 0.294
H1 2016 20 0.372 0.107
H2 2016 26 0.091 0.659
H1 2017 27 -0.005 0.982
H2 2017 26 0.044 0.831
H1 2018 26 0.147 0.473
H2 2018 27 0.253 0.202
H1 2019 27 0.209 0.142
H2 2019 25 -0.085 0.686
East Asia and Pacific

H2 2015 3 0.500 0.667
H1 2016 4 -0.200 0.800
H2 2016 10 0.430 0.214
H1 2017 12 0.483 0.112
H2 2017 11 0.282 0.400
H1 2018 11 0.582 0.060
H2 2018 9 -0.133 0.732
H1 2019 9 0.317 0.406
H2 2019 4 0.400 0.600
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South Asia
H2 2015 4 -0.200 0.800
H1 2016 4 -0.200 0.800
H2 2016 4 -0.800 0.200
H1 2017 4 -0.200 0.800
H2 2017 4 -0.400 0.600
H1 2018 4 -0.400 0.600
H2 2018 4 -0.400 0.600
H1 2019 3 -1.000 0.000
H2 2019 3 -1.000 0.000
Middle East and North Africa
H2 2015 0 N/A N/A
H1 2016 0 N/A N/A
H2 2016 1 N/A N/A
H1 2017 3 0.500 0.667
H2 2017 2 -1.000 0.000
H1 2018 2 -1.000 0.000
H2 2018 3 0.500 0.667
H1 2019 1 N/A N/A
H2 2019 0 N/A N/A
Latin America
H2 2015 0 N/A N/A
H1 2016 0 N/A N/A
H2 2016 6 0.812 0.050
H1 2017 5 0.600 0.285
H2 2017 6 -0.200 0.704
H1 2018 4 0.200 0.800
H2 2018 2 1.000 0.000
H1 2019 2 1.000 0.000
H2 2019 0 N/A N/A
North America
H2 2015 0 N/A N/A
H1 2016 0 N/A N/A
H2 2016 1 N/A N/A
H1 2017 2 1.000 0.000
H2 2017 1 N/A N/A
H1 2018 0 N/A N/A
H2 2018 0 N/A N/A
H1 2019 0 N/A N/A
H2 2019 0 N/A N/A
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Europe and Central Asia
H2 2015 0 N/A N/A
H1 2016 0 N/A N/A
H2 2016 5 -0.800 0.104
H1 2017 6 0.086 0.872
H2 2017 10 0.323 0.362
H1 2018 0 N/A N/A
H2 2018 0 N/A N/A
H1 2019 0 N/A N/A
H2 2019 0 N/A N/A

Table 36 shows the results of the correlation analysis between the PR-index and the
sales of SPSs and SHSs per capita, and between the PR-index and the sales of SPSs and
SHSs per GDP. The significant time periods are coloured blue for clarity for the reader.
The following hypothesis was made per time period and per continent:
HO = there is no relationship between the political risks and the market diffusion of frugal

solar-PV systems per capita or per GDP.
H1 = there is a relationship between the political risks and the market diffusion of frugal
solar-PV systems per capita or per GDP.

Interesting to see is that the African continent again shows no significant results, as
well as the East Asia and Pacific and Europe and Central Asia continents.

Table 36 - Results of continental correlation analysis including population and GDP.

Correlation . Correlation | Two-sided
. Two-sided . .
. coefficient . coefficient p-value
. Countries . p-value PR- | Countries . .
Period | . PR-index . . PR-index PR-index
included index and included
and sales/capita and and
sales/capita P sales/GDP | sales/GDP
Africa
H2 16 0.122 0.652 16 0.144 0.594
2015 ' ' | '
i1 20 0.130 0.584 20 0.162 0.496
2016 | ' | )
H2 26 0.094 0.649 25 0.006 0.978
2016 | ' | )
i1 27 0.245 0.219 26 0.088 0.668
2017 | ' | )
H2 26 0.226 0.266 25 0.044 0.834
2017 ' ' | '
Al 26 0.091 0.660 25 0.011 0.959
2018 ' ' | '
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H2
2018 27 0.067 0.738 26 0.145 0.480
Al 27 0.122 0.546 26 0.172 0.401
2019
H2 25 -0.031 0.884 24 0.076 0.725
2019
East Asia and Pacific
H2
2015 3 0.500 0.667 3 0.500 0.667
Al 4 0.400 0.600 4 0.400 0.600
2016
H2 10 0.382 0.276 10 0.552 0.098
2016
Al 12 0.000 1.000 12 0.063 0.846
2017
H2 11 -0.251 0.457 11 0.114 0.739
2017
Al 11 -0.082 0.811 11 0.173 0.612
2018
H2 9 -0.583 0.099 9 -0.250 0.516
2018
Al 9 -0.100 0.798 9 0.083 0.831
2019
H2 4 0.600 0.400 4 0.800 0.200
2019
South Asia
H2 4 -0.400 0.600 4 -0.400 0.600
2015
Al 4 -0.400 0.600 4 -0.400 0.600
2016
H2 4 -0.800 0.200 4 -0.400 0.600
2016
i1 4 -0.800 0.200 4 -0.800 0.200
2017
H2 4 -0.800 0.200 4 -0.400 0.600
2017
i1 4 -0.800 0.200 4 -0.800 0.200
2018
H2 4 -0.400 0.600 4 -0.400 0.600
2018
Al 3 -0.500 0.667 3 -0.500 0.667
2019
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H2
2019 -1.000 0.000 3 -1.000 0.000
Middle East and North Africa

H2 N/A N/A 0 N/A N/A
2015

Al N/A N/A 0 N/A N/A
2016

H2 N/A N/A 1 N/A N/A
2016

Al -0.500 0.667 3 1.000 0.000
2017

H2 -1.000 0.000 2 -1.000 0.000
2017

Al -1.000 0.000 2 -1.000 0.000
2018

H2 -0.500 0.667 3 0.500 0.667
2018

Al N/A N/A 1 N/A N/A
2019

H2 N/A N/A 0 N/A N/A
2019

Latin America

H2 N/A N/A 0 N/A N/A
2015

Al N/A N/A 0 N/A N/A
2016

H2 0.551 0.257 6 0.551 0.257
2016

Al 0.300 0.624 5 0.600 0.285
2017

H2 -0.029 0.957 6 0.486 0.329
2017

i1 -0.200 0.800 4 0.400 0.600
2018

H2 1.000 0.000 2 1.000 0.000
2018

Al 1.000 0.000 2 1.000 0.000
2019

H2 N/A N/A 0 N/A N/A
2019

North America
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H2

2015 0 N/A N/A 0 N/A N/A
il 0 N/A N/A 0 N/A N/A
2016

H2 1 N/A N/A 1 N/A N/A
2016

fil 2 1.000 0.000 2 1.000 0.000
2017

H 1 N/A N/A 1 N/A N/A
2017

il 0 N/A N/A 0 N/A N/A
2018

H2 0 N/A N/A 0 N/A N/A
2018

il 0 N/A N/A 0 N/A N/A
2019

H2 0 N/A N/A 0 N/A N/A
2019

Europe and Central Asia

H2

2015 0 N/A N/A 0 N/A N/A
fl 0 N/A N/A 0 N/A N/A
2016

H 5 0.100 0.873 5 0.100 0.873
2016

il 6 0.029 0.957 6 0.200 0.704
2017

H 10 0.232 0.519 10 0.232 0.519
2017

il 0 N/A N/A 0 N/A N/A
2018

H 0 N/A N/A 0 N/A N/A
2018

il 0 N/A N/A 0 N/A N/A
2019

H2 0 N/A N/A 0 N/A N/A
2019
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