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Abstract: Solar home systems (SHSs) are successfully addressing energy access deficits across the
globe, particularly when combined with pay-as-you-go (PAYG) payment models, allowing house-
holds to pay for energy services in small instalments. To increase energy access, it is vital to under-
stand the PAYG SHS customer journey in depth. To aid this, the paper presents unique data from
active customers, consisting of structured interviews (n = 100) and two focus groups (1 = 24) across
two districts in Rwanda. These results are presented under a novel customer journey framework,
which describes all the individual stages a customer might experience, including awareness and
understanding, purchase, usage, upgrade, recommendation and retaining or switching energy
source. The paper reveals that the customer journey is non-linear and cyclical in nature, acknowl-
edging that a household operates in a social network within which they could influence or be influ-
enced by others. It also highlights the growing importance of SHS recommendations in raising
awareness of SHSs, pointing to the shifts in the off-grid energy market environment where customer
awareness no longer appears to be a main adoption barrier.

Keywords: solar home systems; SHS; framework; pay-as-you-go; customer journey

1. Introduction

Research on energy access and consumption in the developing world is a growing
field, particularly with the inclusion of energy access within the Sustainable Development
Goals [1]. Increasing energy access is an urgent priority; in 2018 there were still 860 million
people around the world that lacked access to electricity, with 600 million of them living
in sub-Saharan Africa [2]. Between 2014 and 2018, the most progress in electrifying sub-
Saharan Africa was made in East Africa, particularly Tanzania, Kenya and Ethiopia, ac-
counting for more than 50% of the new electrification, which was achieved through a
combination of grid and off-grid solutions, such as solar home systems (SHSs) [3]. A SHS
consists of a solar panel, which charges a battery that, depending on its capacity, can
power appliances such as light bulbs and televisions. SHS capacities typically range from
11 to 300 watts. Since 2010, more than 30 million SHSs were sold globally, with sales vol-
umes increasing year on year [4]. This growth stems from households’ increasing demand
for appliances requiring higher energy capacity systems [4].

This market has been partly unlocked through companies’ use of innovative pay-as-
you-go (PAYG) models, allowing customers to pay for their SHSs in instalments over a
period of time, usually from six months to three years [4]. Payments are mostly through
mobile money, although some companies accept cash or offer scratch cards. These PAYG
schemes are expected to help 310 million people afford larger capacity SHSs [4]. To in-
crease energy access amongst these households, their adoption determinants and usage
expectations should be understood. The authors therefore introduce a novel framework
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that examines the entire PAYG SHS customer journey in detail, from pre-to post-adoption.
The framework consists of seven steps: awareness and understanding of SHSs, purchase,
usage, upgrade, recommendation, switching energy source and retaining the SHS. Each
of these steps is affected by individual household characteristics (e.g., education level,
household size) and external factors (i.e., political, economic, social, technological) [5].
This framework is utilised to frame the existing literature and the results of a Rwandan
case study, consisting of structured interviews and focus groups (FGs) with PAYG SHS
customers.

2. Literature Review
2.1. Theoretical Background

This study examines the customer journey of PAYG SHS customers. A customer jour-
ney is a common topic in the service management and marketing disciplines and describes
the “processual and experiential aspects of service processes as seen from the customer’s
viewpoint” [6]. They are usually structured around steps that customers complete over
time, although not necessarily linearly. The overall journey comprises pre-purchase, pur-
chase and post-purchase stages, where each section contains multiple touchpoints that
may vary by industry [7]. The pre-purchase stage in product adoption can include gaining
awareness and understanding of the product, brand recognition, considering different
companies and potentially receiving a word-of-mouth recommendation. The purchase
stage involves choosing between different product varieties, deciding on where to pur-
chase it and the payment method. The post-purchase phase consists of using the technol-
ogy, potentially buying additional products—thereby strengthening the loyalty between
the customer and company —and providing word-of-mouth recommendations [7]. More-
over, the user or company can cancel the agreement if in breach, enabling the customers
to switch to a competitor or utilise a different product at any time. Relevant literature
includes the examination of the solar photovoltaics customer adoption journey by Sinit-
skaya et al. [8], who outlined the following steps: awareness, contact, meet, review, install
and debrief. They provide an insightful overview of how homeowners and installers in-
terconnect in this journey. It is worth noting, however, that there are divergences to the
experiences of off-grid solar consumers in a developing country context, where the meet-
ing and reviewing steps, for instance, likely play a smaller role. Ortbal [9] presents a jour-
ney map, consisting of awareness, information gathering, decision-making, purchase and
after-sales, which was utilised to examine a case study of farmers in sub-Saharan Africa.
The authors added useful additional trackers including pain-points and the stakeholder’s
feelings within each step. However, this journey was deemed not specific enough in the
post-purchase stage to describe the off-grid energy experience. Within the literature, the
authors found no framework that specifically covered the customer journey of PAYG SHS
users, a gap that this paper addresses.

2.2. Influencing Factors

The PAYG SHS customer journey is affected by external factors and individual char-
acteristics. The external influences can be categorised by the PEST framework, which co-
vers the following macro-level influencing factors: political, economic, social and techno-
logical [10]. In the context of the PAYG SHS customer journey, the policy environment is
of critical importance. Many sub-Saharan African countries face challenges associated
with high grid extension costs, especially in remote rural settings. Therefore, governments
often promote off-grid technologies, such as SHSs, through specific policies that support
off-grid companies and can lower end-user prices [11].

Economic influences include a country’s unemployment rate, which may negatively
impact the SHS purchasing decision and the SHS market’s competitiveness. Proximity to
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SHS vendors can increase adoption likelihood [12]. However, some households have lim-
ited access to PAYG SHS companies and are unable to benefit from a competitive envi-
ronment.

Social external factors include cultural trends and attitudes towards adopting new
technologies within a society. Moreover, the compatibility of available SHS business mod-
els with households’ needs may impact the SHS journey, especially towards its end. The
most common PAYG SHS business models are rent-to-own and fee-for-service. The rent-
to-own model requires households to pay regular fees for a given time period, normally
between one and three years, after which they own the SHS and appliances and may use
the system at no further cost [13]. It usually renders households responsible for maintain-
ing their system. For many, this is a burden if repair services are unavailable or too costly.
Households might then switch back to previous energy sources despite having paid off
the system, resulting in a negative SHS perception [14]. In comparison, the fee-for-service
model consists of continued payments for energy usage, without owning the SHS [13].
These payments ensure SHS repairs when issues arise. Whilst this approach reduces the
burden of self-repair, households pay for longer periods of time, potentially indefinitely,
which may be a deterrent.

Technological factors that influence the customer journey include the extent of mo-
bile phone ownership and particularly mobile money payments, which many PAYG SHS
companies choose over cash payments.

The individual characteristics affecting SHS customers’ journey in sub-Saharan Af-
rica vary widely. A larger household size, for instance, can increase the SHS adoption
probability, because the lighting need is likely to be greater [15-17]. Income plays a role;
higher income households are more likely to purchase PAYG SHSs, which often require
a high upfront down payment, although the size of this effect varies [15-20]. Moreover,
regular income streams through formal employment are more conducive to PAYG SHS
adoption, due to the regular monthly payments required [21]. Higher educational attain-
ment by the household head is also linked with modern fuel use, where solar adoption is
associated with medium education levels [16,20]. However, not all studies found evidence
of this effect [14,15]. Finally, living in rural as opposed to urban areas increases the solar
adoption likelihood, partly due to lower grid access [16,21].

2.3. Awareness, Understanding and Recommendation

Raising awareness of SHSs is a key factor in increasing SHS diffusion. A lack of un-
derstanding, particularly of SHS benefits, results in lower uptake, especially when house-
holds weigh SHS benefits versus costs [22]. The levels of SHS awareness and understand-
ing vary significantly by location, depending on the existing SHS penetration and the
prevalence of awareness raising activities [15,23,24]. Households may become aware of
SHSs through awareness campaigns, public demonstrations, company advertisements,
sales agents and word-of-mouth recommendations [13,24—-29]. SHS awareness campaigns,
usually run by the government, inform households and endorse the technology [30]. SHS
companies using public spaces for promotional events to demonstrate and explain the
system benefits may raise awareness and improve sales, particularly in rural areas [13,31].
To increase awareness, local sales agents are deployed by SHS companies to demonstrate
and sell SHSs through door-to-door marketing [13]. The sales agent approach offers a di-
rect purchasing route. However, sales agents are reluctant to share information that re-
duces the sale likelihood, potentially resulting in customers being unaware of vital details,
risking future SHS dissatisfaction [32]. Social networks also play an important role in
awareness raising. Word-of-mouth endorsements from friends, family members and
neighbours allows households to understand the benefits and costs of SHSs and can sig-
nificantly raise adoption rates, particularly in rural areas [13,25,28]. If customers are satis-
fied with their SHS, they will likely recommend it; one study found that 96% of customers
had done so [33]. However, word-of-mouth recommendations can also discourage adop-
tion, especially if the information shared is not accurate [29]. SHS customers who were
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recommended the system had a good payment record in one study, although they were
likelier to be low-energy users and less likely to upgrade [34]. More research on the effec-
tiveness of customer referrals as a key SHS adoption determinant is needed.

2.4. Purchase and Usage

SHSs are usually purchased at a shop, via a call centre or through sales agents. PAYG
SHS companies require a down payment before SHS installation, after which the customer
chooses how much to pay on a regular basis (e.g., weekly) to receive energy services, alt-
hough some companies require a minimum amount [35]. Factors influencing households’
purchase decisions include price, lighting hours and quality, educational improvements,
health benefits and appliance aspirations. Gaining longer and better-quality lighting
hours compared to previous lighting sources (e.g., kerosene lamps) is a common determi-
nant [14,33,36]. Lighting access is also attributed to improvements in children’s education
due to increased study hours [19,33,37]. Moreover, educational benefits can be derived
from information access through radios and televisions [37,38]. SHS-related health bene-
fits include a reduction in respiratory diseases and lower morbidity rates and are thus
powerful purchasing reasons [19,33,36,39]. SHS adoption is accompanied by the addition
of new appliances, such as televisions and radios and the ability to extend the usage of
existing devices, such as mobile phones. Charging phones at home is among the key pur-
chase incentives [14,33]. Televisions and radios offer entertainment and can enhance social
networks in neighbourhoods [39]. One study discovered that 86% of SHS customers own-
ing a television watched it daily, whilst mobile phone usage increased for 89% of house-
holds after adoption [33].

2.5. Upgrading, Retaining and Switching SHS

After utilising their SHS, customers have three pathways, which are retaining their
SHS, upgrading or switching to other energy sources. Retention is strongly linked to a
household’s SHS satisfaction, which can change throughout their customer journey due
to usage hours after nightfall and after-sales services, for instance. Running out of SHS
battery can lead to dissatisfaction and occurs if households utilise the system in non-opti-
mal ways, such as overloading appliances [14]. Customer satisfaction and retention is also
linked to good after-sales services, especially maintenance, offered through companies’
warranty schemes [40-42].

To increase their SHS satisfaction, customers can upgrade by adding appliances to
their original SHS package either during the existing payment plan, resulting in higher
fees, or after payment completion by extending the payment period [43,44]. The upgrade
decision can be challenging because customers consider the trade-offs between future in-
come streams and the benefits of using additional appliances. Most households express a
desire for additional appliances [45,46]. Similar to sign-up reasons, more lights and the
ability to watch television are among the top upgrade reasons, with televisions being the
most desired upgrade [14,33,47]. However, thus far, the uptake evidence is mixed; Opiyo
[48] observed many upgrades, which contrasted findings by Bisaga and Parikh [49].
Households may not upgrade due to the higher payments required or because their SHS
and appliances sufficiently cover their needs [33]. The added household value decreases
with every additional appliance purchased, as they move out of energy poverty towards
improving their quality of life [50].

Switching energy source can be a voluntary process due to SHS dissatisfaction or
involuntary, because many PAYG SHS companies repossess a customer’s SHS if they de-
fault on their payments. Common repossession reasons include a lack of financial capacity
and a broken or stolen SHS [31]. Households may then be forced to switch to their previ-
ous energy sources (e.g., kerosene lamps), despite offering lower lighting satisfaction [51].
Customers may also transition to other SHS providers until they find a satisfactory sup-
plier, which could become more prevalent as more SHS companies emerge. One study
discovered that 28% of SHS customers had used a solar product beforehand [33]. Another
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energy source which households switch to is grid electricity, which offers the opportunity
to use more appliances for longer hours and potentially motivates the purchase of larger
appliances, such as fridges, although the cost, unreliable connection and electrocution
fears can be a deterrent [14,28,52,53].

2.6. Research Gap

As evidenced in the literature review, there are studies examining one or more of the
customer journey steps. However, to date there has been no published research on the
entire pre-to post-purchase experience from a user’s perspective. This paper fills this gap
through a case study involving active PAYG SHS customers in Rwanda. This study aims
to answer three key questions. Firstly, how do customers become aware and purchase
their PAYG SHSs? Secondly, what are households’ purchasing reasons and what do they
utilise their SHS for? Thirdly, what are PAYG SHS customers’ upgrade, retention and
switching preferences? This holistic approach and the case study’s findings improve the
understanding of SHS users’ experience, which can further inform the off-grid solar pro-
viders’ product and service design, as well as impact national policies where off-grid solar
solutions have been incorporated into the national electrification strategies. This is neces-
sary to ensure the sustainability of such solutions.

3. Materials and Methods
3.1. Framework

A PAYG SHS customer journey framework was developed by the authors to under-
stand the customer journey through a practical lens, which is important for both compa-
nies and researchers. For a SHS company, an increased understanding allows them to de-
termine where improvements could be made to enrich the customer experience and in-
crease customer loyalty [54]. Researchers need such frameworks to identify and address
gaps in knowledge to support a dynamic and evolving industry. The authors build on the
customer journey structure developed by Lemon and Verhoef [7], consisting of pre-pur-
chase, purchase and post-purchase phases. Their specific steps include need recognition,
consideration, search, choice, ordering, payment, consumption, usage, engagement and
service requests [7]. These were adjusted for the case of PAYG SHSs and a broader view
was applied, providing greater leeway for future case studies to fit into this framework.
This resulted in seven steps, of which some are optional, consisting of: awareness and
understanding of SHSs, purchase, usage, upgrade, recommendation, retaining the SHS
and switching energy source (Figure 1). This framework acknowledges that customer
journeys can differ in length and in the steps taken, highlighting the non-linear nature of
the experience. For example, households may begin their journey by becoming aware of
SHSs or by receiving a SHS recommendation. Moreover, customers may switch from their
previous energy sources (e.g., kerosene) when they purchase a SHS or start/continue en-
ergy stacking, depending on their previous sources. The framework fills a gap in concep-
tualising the average PAYG SHS journey and enables insights to be categorised into key
areas.
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Figure 1. Pay-as-you-go solar home system (PAYG SHS) customer journey framework.

3.2. Case Study

The authors built the customer journey framework based on the case study of Bboxx
customers, although it pertains to all PAYG SHS customers. Bboxx design and manufac-
ture smart SHSs, which are equipped with a microchip enabling the collection of telemetry
data from the systems, showing customers’ energy consumption in real time [55]. The
company utilises a hybrid fee-for-service and rent-to-own business model. Customers pay
for their SHS and chosen appliances for three years, after which they own the appliances
but not the solar panel and battery, paying an energy service fee for continued electricity
usage. Throughout the journey, customers complete payments through a PAYG method
and upgrade to additional appliances.

Rwanda was chosen as the study location for several reasons. Firstly, its population
still has a low electricity access rate of 53% [56]. Secondly, Rwanda is committed to achiev-
ing universal electrification by 2030 through a mixture of electricity grid and off-grid con-
nections, which has contributed to their electricity access rate rising by 27% from 2015
[56,57]. Finally, Bboxx started their operations in Rwanda and thus constitutes their larg-
est customer base, providing the authors an opportunity to test the framework on a sub-
stantial pool of active customers. The Eastern Province of Rwanda was studied because it
is the most populous province with over 2.5 million people and 92.8% of the region is
rural, where rural electrification rates are lower than their urban counterparts [58]. The
province’s population density differs greatly depending on the district (Figure 2). This
study was focused on examining how this affects SHS recommendations and thus two
districts with contrasting population densities were selected.
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Figure 2. Population density normalized to sector (adapted from [59]).

The two districts of Bugesera and Kayonza were chosen, which are similar in popu-
lation size and Bboxx customer numbers (Table 1). Bugesera has a higher population den-
sity by a factor of 1.6 compared to Kayonza, which is larger in area size. Within these
districts, the four sectors of Nyamata, Juru, Murundi and Mwiri were examined, because
they contained the highest number of Bboxx customers within the respective districts and
had contrasting population densities.

Table 1. Bboxx customers, population and population density by sector (adapted from [60]).

Population Density (Inhabit-
District  Sector Bboxx Customers Population opulation Density (Inhabit

ants/km?)
All sectors 2260 361,914 280
Bugesera Nyamata 526 34,922 368
Juru 494 23,673 291
All sectors 2737 344,157 178
Kayonza Murundi 399 26,042 73
Mwiri 448 22,933 45

3.3. Research Methods
3.3.1. Conceptualisation

A mixed methods approach was adopted in this study, consisting of structured in-
terviews and FGs. A structured interview involves asking participants predetermined
questions in a set order, thereby making their answers comparable and allowing general-
isations to be made about the sample. However, this prohibits the interviewer asking spe-
cific follow up questions and delving deeper into the context. FGs were therefore used to
supplement the interviews, allowing participants to explore perceptions about their cus-
tomer journey in depth, not constrained by fixed responses. Therefore, each method
added value in uncovering new information. The interview utilised binary and multiple
answer multiple choice questions, alongside rating scale, Likert scale, ranking and open-
ended questions to generate a rich evidence base (Appendix A).
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3.3.2. Logistics

FGs were conducted in the local language, Kinyarwanda, in both Kayonza and
Bugesera with 10 and 12 Bboxx customers participating, respectively (Appendix B). In
total, 100 customers were surveyed through structured face-to-face (1 = 50) and telephone
(n = 50) interviews. The interview participant selection criteria included being a Bboxx
customer for a minimum of three months to ensure sufficient SHS experience and being
within 18 and 80 years old. Stratified and systematic sampling was utilised to ensure a
more even split between sectors and genders —most registered customers are male, which
reduced the likelihood of female participants who are often the main SHS users (Table 2)
[14,61]. Using a confidence level of 95%, a sample of 100 participants out of the Bboxx
customer base of 1867 across the four sectors delivered a confidence interval of 9.5. Using
NVivo software, the FG discussion transcripts were coded into specific themes and rele-
vant quotes were extracted to underscore the structured interview data. The interviews
were analysed in Python 3.7., where the responses to open-ended questions were coded
by theme. For the closed-ended question analysis, the data was divided into the following
categories: district, age group, income bracket, gender and months as Bboxx customer,
each consisting of two groups, respectively. The binary multiple-choice responses were
tested for each of these groups in turn using the Fisher’s exact test (FET) to check whether
there was a significant difference between them, necessitating a p-value below 0.05. A
Mann-Whitney U test MWW) was utilised on ranking and Likert scale answers to test
whether the distributions of two groups were different. The remaining closed-ended an-
swers were examined through exploratory data analysis.

Table 2. Number of in-person and telephone interviews.

District Sector Gender In-Person Interviews Telephone Interviews
Nyamata Female 6 6
Bugesera Male 6 8
Juru Female 7 6
Male 6 6
Female 6 7
Murundi
Kayonza Male 7 >
Muwiri Female 5 4
Male 7 8
50 50

Ethical approval for this study was granted by the University College London (UCL)
Research Ethics Committee [13937/001] and University of Rwanda and all respondents
signed an informed consent form before participating.

3.4. Limitations

The study consisted of a small sample of the Bboxx customer base, resulting in a high
confidence interval. This is therefore a preliminary study, because the findings are not
generalisable to the entire PAYG SHS customer base in Rwanda. Despite this, the paper
offers valuable findings about SHS adopters. FGs and interviews were conducted in Kin-
yarwanda and then translated to English, which may result in information lost in transla-
tion or mistranslated. However, the transcripts were independently checked by two peo-
ple to mitigate those risks. Obtaining data on sensitive issues, such as household income,
is challenging [62]. To circumvent issues, respondents selected an income bracket, poten-
tially leading to a higher and more truthful response rate. However, respondents can be
unaware of the entire household income. Self-reported data may be imprecise if customers
believe they will be rewarded for particular answers.
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4. Results and Discussion
4.1. Influencing Factors

The PAYG SHS customer journey is influenced by both external factors and individ-
ual characteristics. As outlined in Section 2.2., the PEST analysis framework is utilised to
discuss political, economic, social and technological external forces. A political factor in
this case is Rwanda’s goal of complete electrification by 2024 through a mix of grid con-
nections (52%) and off-grid solutions (48%) [57]. The government is thus fostering off-grid
technologies, such as SHSs, through import duty and value-added tax exemptions [11].
Moreover, the country has been divided into areas for electricity grid, mini-grid and SHS
expansion to boost effectiveness and minimise overlap between these electrification op-
tions [63]. This impacts residents’ choices, potentially restricting households that prefer a
grid connection. However, households are able to adopt off-grid solar products in desig-
nated grid areas, even if they are already connected to the grid. A positive correlation
between grid connected households and SHS purchase was observed in neighbouring
Tanzania [15]. An economic factor is Rwanda’s unemployment rate, which constituted
15.2% of the population in 2019, impacting the disposable income of households and thus
their likelihood to access SHSs [64]. A social factor is Rwanda’s young demographic, with
only 22% of the population over 35 years old, potentially influencing the willingness to
purchase SHSs [65]. Moreover, a socio-cultural factor is becoming accustomed to utilising
the SHS and appliances, which depends on the technological literacy of Rwandan house-
holds. A technological factor is the widespread use of mobile phones, where 78% of the
Rwandan population were active SIM card users in 2020 [66]. In 2017, the majority of mo-
bile phone users subscribed to mobile money services, making PAYG SHS adoption eas-
ier, as most households are accustomed to this mode of payment often required by SHS
companies [67].

Individual characteristics influencing the customer journey include gender, age, ed-
ucation, income, household occupants, house characteristics and duration as a SHS cus-
tomer (Table 3). The majority of respondents (87%) attended school, although 54% did not
complete their specified education level. This does not highlight a strong association be-
tween education and SHS usage, with most people only attending primary education. Re-
spondents under the age of 40 were more likely to have attended school, potentially high-
lighting a greater emphasis being placed on education in recent years (FET, p-value: 0.04).
An almost even split was observed between low-income households, earning under
20,000 Rwandan Francs (RWF) in the previous month (roughly USD 20) and higher in-
come households earning RWF 20,000 or more (Table 3). Most customers (64%) identified
as farmers, whilst the rest could be split into drivers, people working in the sales sector,
labourers, teachers and entrepreneurs. Occupation determines the volatility of income
streams and only 28% of participants reported having a stable monthly household income.
This impacts both their energy usage and upgrade likelihood. Household size can also
impact SHS adoption, where the benefits of electrification increase for larger households
[15]. In this case, the average household size was five, as was the average room number,
including bathrooms and kitchens. The number of rooms signifies the electrification level
needed; smaller houses likely require fewer bulbs. Lastly, participants were split into four
groups based on their time with Bboxx, where the largest group consisted of new custom-
ers (3-12 months). Time as a customer may impact their perceptions of the PAYG solar
services, providing an insight into the differences between new and seasoned customers.
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Table 3. Participant’s influencing individual characteristics.

Influencing Individual Char-

. .. Responses Percent (%)
acteristics
Male 53
Gender (n = 100) Female 47
_ 18-39 years 52
Age (n=100) Above 39 years 48
No education 13
Attended primary education 51
Education level (1 = 100) Attended secondary educa- 31
tion
Attended university 5
Household income in previous Less than RV\;E)ZO'OOO (-USD 51
month (1 = 98) RWF 20,000+ 49
Household occupants in last 1-5 occupants 56
year (n =100) Above 5 occupants 44
2—4 rooms 41
Number of rooms (n = 100) 5-7 rooms 48
8-10+ rooms 11
Months as Bboxx customer (1 = 3-12 months 41
100) Above 12 months 59

4.2. Awareness and Understanding
4.2.1. SHS Awareness

Most respondents (68%) first heard about SHSs three or more years ago. Customers
who heard about SHSs less than four years ago (60%) were more likely to have received a
recommendation from another SHS user, potentially reflecting the rise in overall SHS
adoption rates (FET, p-value: 0.0001) (Figure 3). After becoming aware, respondents with-
out a previous SHS (n = 63) waited on average 15 months before signing up for a Bboxx
SHS. This shows that factors apart from awareness hinder SHS adoption in Rwanda, con-
trary to previous studies that cited awareness as a key barrier [68,69]. Instead, other hur-
dles, such as affordability, might play a more prominent role [70,71]. However, future
research should examine further causes for this sign-up gap.
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4.2.2. Received SHS Recommendation

Almost half of participants (44%) were recommended a SHS by someone who owned
one. However, this varied widely within sectors, where Nyamata participants were more
likely to receive a recommendation (1 = 20) than their Juru counterparts (1 = 5). This con-
tradicts the assumption that households in more densely populated areas are always more
likely to recommend SHSs. Particularly, as both Nyamata and Juru are more densely pop-
ulated than the two Kayonza districts (Table 1). Social factors within each sector could
influence the varying recommendation rates, with density having an inconclusive impact
on recommendations. The SHS recommenders for the study’s participants can be grouped
into neighbours (72%), acquaintances (47%) and family members (28%). Neighbours” key
influence on adoption was also noted by Opiyo [27], who found that both word-of-mouth
endorsements and seeing installations were effective. Participants’ recommendations did
not always involve the same SHS provider, with 29% of recommenders owning a non-
Bboxx SHS. Potential explanations include the recommender being brand-agnostic, find-
ing another company better than theirs or households being inspired to conduct their own
research to choose a company that suits their needs post-recommendation.

4.2.3. Brand Awareness

The most common channels through which participants first heard about Bboxx were
sales agents (48%) and neighbours (46%), whilst friends (11%) and advertising (11%)
played a lesser role. The findings display the effectiveness of sales agents as a tool for
raising awareness, revealing why many SHS companies utilise them. Although, Bugesera
respondents were less likely than their Kayonza counterparts to first hear about Bboxx
through sales agents (FET, p-value: 0.02). Previous studies also showcased neighbours’
effectiveness in spreading awareness [29,33]. A social network study is required to exam-
ine whether peer effects exist in these settings and their impact on individuals’ decision
to purchase a SHS.

4.3. Purchase
4.3.1. Purchasing Reasons

The participants ranked their three main reasons for purchasing a SHS, which were
weighted, where the second and third most important were multiplied by 0.66 and 0.33,
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respectively, to reduce weightage compared to the top priority. This resulted in “clean
energy source” as the top reason (39%), followed by “improved and reliable lighting”
(33%) and “phone charging at home” (31%) (Figure 4). The importance of lighting and
phone charging is in line with prior research on SHSs adoption decisions [14,33,72]. A FG
participant added a psycho-social dimension to this, saying: “do you know how shameful
it is to go somewhere and find that they have light, whilst you are still living in darkness
in your place?”. The fourth priority was health, where households compared SHS benefits
to current often polluting sources. This was validated in the FGs, where participants high-
lighted health issues they faced when using kerosene lamps. This demonstrates the need
for comprehensive advertising, including associated health and lifestyle benefits to in-
crease SHS understanding and adoption.

Clean source of energy

39%
Improved/reliable lighting source 33%

Charging phones at home 31%

Health benefits 22%

Improved living conditions 18%

Price 15%

Security lighting - 11%

Education

Listening to the radio

8%

o.

10 20 30 40 50 60 70 80 90 100
Weighted Percentage

Figure 4. Weighted percentage of customer’s most important sign-up reasons.

4.3.2. Purchase Location

Customers purchase their SHS at a Bboxx shop, through a sales agent or a call centre.
In this study, no participants used a call centre. Sales agent purchases were most common
(57%), whilst the remainder were at a shop. Most respondents that bought theirs in the
shop (60%) had been customers for less than a year. Conversely, long-term customers
were more likely to sign up via sales agents (FET, p-value: 0.001). This is despite the com-
pany’s number of shops and sales agents both increasing in past years. Given the volume
and spread of SHSs, awareness and accompanying demand for them has risen, thus
households are actively approaching SHS companies instead of waiting for sales agents.
This is demonstrated by 70% of respondents who received a SHS recommendation from
a SHS user purchasing theirs in a Bboxx shop rather than through a sales agent (FET, p-
value: 1% 10¢). Gebreslassie [73] has also observed a burst of new customers, highlighting
an increase in awareness and SHS availability. Multiple FG participants visited the pro-
vider’s shop to examine the products offered before purchasing their SHS. However,
households may receive this information from sales agents first and only make a purchase
at the shop to see the SHS before committing.

Differences in districts were observed, where 63% of customers who purchased their
SHS from a sales agent were Kayonza residents, despite Bugesera having more sales
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agents at the time, although this difference was not significant. Moreover, most lower in-
come households (72%) signed up via sales agents, compared to 42% of higher income
households (FET, p-value: 0.004). This may highlight the rural-urban divide, with shops
usually situated in town centres.

4.3.3. Purchase Barriers

Participants believed that the main reasons preventing others in their neighbourhood
from purchasing a SHS were price (69%), believing that signing up required too much
effort (41%) and being unaware of SHSs (25%). Too much effort may encompass the time
spent travelling to the shop, the sign-up process or the actual installation. Cost was per-
ceived to be a bigger issue for participants in Bugesera (58%), whilst most Kayonza resi-
dents (61%) believed signing up to a SHS required too much effort. Kayonza’s larger area
size potentially contributed to that reason’s prominence. Finally, 80% of the customers
believing their neighbours to be unaware of SHSs were higher income households (FET,
p-value: 0.0001). Future research should investigate barriers for sign-up, as well as the
perceived and actual SHS awareness levels split by socio-demographic factors such as
gender.

4.4. Usage
4.4.1. Activities

Participants’” (n = 97) four main SHS uses were phone charging (97%), lighting for
security (88%), socialising (82%) and completing household chores (80%) (Figure 5). SHS
usage can lead to an increase in perceived security, where customers install bulbs outside
their homes to reduce tripping risks and deter thieves [14,74]. The almost universal usage
of SHSs for security highlights how much households value this option, despite not fea-
turing amongst the key purchase reasons. Companies should account for this usage in
their system designs, because continued night-time consumption has been classed as non-
optimal utilisation [75]. Activities performed were split by income, with lower income
households more likely to use their SHS to complete household chores (FET, p-value: 0.05)
and less likely to use it for leisure purposes (FET, p-value: 0.0005) than higher income
respondents. Most higher income (67%) respondents used it for light provision whilst
cooking (FET, p-value: 0.05). Finally, participants over 39 years of age were less likely to
use their SHS for leisure than their younger counterparts (FET, p-value: 0.02). This study
also found that 57% of participants (n = 79) observed their children’s studying time in-
crease after SHS adoption, corroborating previous research [19,37]. Respondents at-
tributed this to extended study hours due to the presence of light in the house and the
ability to study at night. Participants that stated having more than five household occu-
pants were more likely to report that children increased their studying time after SHS
adoption (FET, p-value: 0.005). This showcases that the number and type of occupants can
impact the value gained through electrification efforts, as previously highlighted [15].
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Figure 5. SHS activities split by income.

Only 10% of households used their SHS for income generation. There was a differ-
ence between new and seasoned customers, with 90% of these income generators being
customers for less than a year (FET, p-value: 0.001). All ten households offered phone
charging services, whilst two participants additionally provided television access and
shaving services, respectively. Few customers using SHS for income generation is in line
with previous research [14,32]. The reasons for this should be evaluated further to support
productive energy uses in households.

4.4.2. Average Appliance Usage

Respondents (1 = 64) were questioned on their average appliance usage in the morn-
ing, afternoon, evening and night. Figure 6 highlights that almost all bulb and television
owners utilised these appliances in the evening. Being self-reported data, it may be inac-
curate, but it still provides an insight into households’ appliance usage.
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Figure 6. Average appliance usage throughout the day as a percentage of appliance owners.

4.4.3. Energy Usage Change

Participants were asked if they believed their energy consumption changed after the
first month of SHS usage. Most (52%) thought it stayed the same, 22% were not sure, 21%
observed a decrease and only 5% reported an increase in their energy usage. They at-
tributed this increase to more sunshine, whilst the energy usage decrease was predomi-
nately blamed on battery issues. Although, it is challenging to realise one’s own energy
consumption changes and the accuracy of these statements need to be verified with usage
data.

Special occasions, such as public holidays, can change households’ energy usage [76].
In this study, only 19% of participants reported increased usage due to special occasions.
Seasonality effects were also investigated, where only 25% of customers’ energy usage
changed in particular months. This suggests that consumption remains relatively stable
with respect to special occasions and months. However, half of all participants struggled
to pay for their SHS in specific months, where April, October and November were most
challenging. The principal causes were lower agricultural productivity, unstable financial
capacity and agricultural investments, such as buying seeds. This suggests that SHSs are
reaching low-income households and more support is needed to maintain affordability
across the year.

4.5. Recommend SHS

The likelihood of recommending a Bboxx SHS to other people on a scale of zero
(would not recommend) to ten (definitely would recommend) was ascertained, with the
average being 7.7. Higher income households were less likely to recommend the SHS com-
pared to lower income respondents (MWW, p-value: 0.04). Out of the respondents provid-
ing a high likelihood to recommend score (9-10), most wanted to upgrade in the future
(88%), thereby strengthening their commitment to the company and their continued SHS
use. In contrast, 80% of participants not wanting to upgrade reported lower likelihood to
recommend scores (0-8) (FET, p-value: 0.02). Overall, 65% of customers talked to someone
about their SHS after purchasing it, with most respondents (56%) reporting that the per-
son they talked to consequently signed up for a SHS. The number of people converted to
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SHS customers ranged from 1 to 15 (Figure 7). On average, customers converted two peo-
ple, which extrapolated to the larger population means that word-of-mouth endorsements
could double a company’s customer base.

25
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Figure 7. Number of people talked to about SHS versus number buying a SHS afterwards.

A 100% conversion was achieved by 35% of customers, where everyone they dis-
cussed the SHS with bought one afterwards (Figure 8). No referral scheme was in place,
therefore some FG participants mentioned wanting recognition for these efforts through
rewards, such as free days of usage. Future research could examine different referral
schemes’ impact on SHS adoption, although the literature shows that their effects may not
always be positive depending on the product and rewards [77].
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Figure 8. Number of respondents per SHS conversion rate.
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4.6. Upgrade
4.6.1. Upgrading Decision

Only 14% of households upgraded to other Bboxx appliances, out of which 43% chose
a television. Lower income households were less likely to have upgraded than their higher
income counterparts (FET, p-value: 0.003). Prior studies found mixed evidence of up-
grades, with Opiyo [48] observing a high level of upgrades compared to findings by
Bisaga and Parikh [49]. The majority of participants (76%) wanted to upgrade to other
appliances in the future. The main reasons for wanting to upgrade are related to the cho-
sen appliances and comprised watching news on the television, lighting more rooms and
hair shaving. Many highlighted the importance of watching television with their house-
hold members, particularly their children, who would otherwise watch it somewhere else
in the neighbourhood. Most respondents (74%) whose energy needs were met by using a
SHS would still like future upgrades, highlighting that their aspirations were not yet ful-
filled.

Among those who never upgraded but want to in the future, 85% said they could not
afford it, whilst 15% did not believe the price was worth the appliance. To investigate this,
the telephone interviewees were asked if they knew the desired appliance’s cost, with 65%
of respondents (1 = 34) being unaware. However, this is a small sample and further exam-
ination is needed to understand the effect of mis-or lack of information and cost percep-
tions on user behaviour. Respondents under the age of 40 were more likely than their
older counterparts to not have upgraded yet due to a belief that the price was not worth
the appliance (FET, p-value: 0.03). Unwillingness to upgrade mainly stemmed from satis-
faction with current appliances and not needing new ones. Customers desiring only basic
appliances should be identified early by companies because their needs could be met by
smaller capacity SHSs. This is pertinent in the backdrop of the SHS industry’s push to-
wards larger capacity SHSs with more accompanying appliances, including for income
generation, as some customers underutilise these and are thus overcharged.

4.6.2. Appliances

The top four appliances customers wanted to purchase were televisions (71%), bulbs
(37%), shavers (21%) and radios (16%). This strong desire for televisions is in line with
previous studies [14,33]. Most respondents wanting a shaver (69%) were less than 40 years
old. A FG participant highlighted that upgrading to a shaver was important for hygiene
reasons and to avoid issues such as dandruff and long barber queues.

Households were questioned on desired appliances currently not offered by Bboxx,
where irons (66%), smart phones (45%) and fridges (34%) were most popular. Of the peo-
ple selecting irons, 59% were men. The FGs indicated that the type of trousers men pre-
ferred wearing required ironing and the lack of suitable irons pushes them to choose less
preferred garments. This highlights shifting aspirations, beyond meeting basic energy
needs [14]. Aspirations were linked to income, as 65% of participants wanting a fridge and
75% of people coveting a laptop were higher income households (FET, p-value: 0.02, p-
value: 0.03 respectively).

4.7. Retain SHS
4.7.1. Energy Amount Satisfaction

The energy amount each household receives varies depending on factors such as lo-
cation and battery age. Most customers (86%) reported the SHS meeting their energy
needs. The remainder (14%) were concerned that the SHS could not support additional
appliances. Unsatisfied respondents (14%) were highly likely to talk to others about their
SHS after purchase, with 93% having done so, compared to their satisfied counterparts
(FET, p-value: 0.02). This highlights the role negative word-of-mouth reviews may play in
the SHS market, although it might have a smaller impact on the receiver’s opinion of the
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product than its positive counterpart [78]. Overall, only 6% of respondents were “dissat-
isfied” or “very dissatisfied” with the amount of time they could use their SHS after dark,
with the majority (81%) either “very satisfied” or “satisfied”. However, the aim should be
to realise households’ energy aspirations and not only meet their needs. Particularly, as
39% of households experienced their battery running out whilst using the SHS, including
respondents whose energy needs were met. To investigate how closely satisfaction levels
are related to SHS retention rates, future longitudinal studies should record customers’
satisfaction levels throughout their entire PAYG SHS customer journey.

4.7.2. Future Primary Energy Source

Future energy aspirations closely relate to customer retention. Participants rated their
likelihood of a SHS being their primary energy source in the next five years on a scale of
zero to ten (0 = SHS will not be their primary energy source, 10 = definitely will be SHS),
where the mean was 7.6. Higher income participants, especially male respondents, gave
lower scores on average than their lower income counterparts (MWW, p-value: 0.01) (Fig-
ure 9), potentially signifying their greater ability to switch to more expensive energy
sources in future.

]

Gender
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Likelihood of SHS being your primary energy source in 5 years

Lower income group (< 20k) Higher income group (= 20k)
Income bracket (RWF)

Figure 9. Likelihood of SHS as the primary energy source in 5 years’ time, by income and gender.

Respondents that wanted a future grid connection were less likely (mean = 7.3) to
believe that a SHS would remain their future primary energy source in five years’ time
compared to their counterparts (mean = 8.4) (MWW, p-value: 0.001). However, the rela-
tively high mean score for participants desiring grid access may reveal that many are only
planning on switching after five years have passed. Respondents might also change SHS
companies in those five years. This study discovered this is not uncommon, with 20% of
respondents having a previous SHS provider. Seasoned Bboxx customers were less likely
to have owned a previous SHS compared to their newer counterparts (FET, p-value: 0.05).
A FG participant had signed up to two previous SHS companies, abandoning both due to
poor service until acting on a Bboxx recommendation. This raises questions around SHSs’
sustainability when households experience maintenance issues, particularly if appropri-
ate after-sales services are lacking. More research is thus needed, examining the under-
pinning reasons and wider consequences of switching. Companies could be inspired to
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adopt better after-sales strategies to persuade households to remain customers if this
trend persists. Moreover, as the market expands, upholding consumer rights becomes in-
creasingly important, ensuring no disproportionate penalisation for switching SHS com-
panies.

4.8. Switching Energy Source
4.8.1. Energy Stacking

Households may switch from their previous energy sources at any point after pur-
chasing the SHS (Figure 1). Participants’ prior energy sources included candles (42%), par-
affin lamps (39%), torches (22%), grid electricity (16%) and their mobile phone torch (16%).
Multiple studies found energy stacking to be common, thus indicating that households
do not entirely switch to SHSs [49,79,80]. However, of the interviewed participants, only
6% of customers used candles for lighting and 4% used grid electricity in addition to their
SHS. During times where their SHS is not in use, however, customers likely resort to other
energy sources [14]. The PAYG SHS customer journey is thus particularly dependent on
the household’s financial situation.

4.8.2. Electricity Grid

Most households (69%) desired a grid connection in the future. Respondents that had
started an education were more likely to desire a grid connection, with all university at-
tendees (n = 5) wanting to switch (FET, p-value: 0.003, p-value: 0.003, respectively). The
likelihood of a households’ grid connection was dependent on the distance from the near-
est grid connection point, where only 24% lived less than 10 minutes away. Lower income
households and respondents that have been Bboxx customers for over a year were more
likely to live further than 10 minutes away from the electricity grid compared to their
counterparts (FET, p-value: 0.008, p-value: 0.0009, respectively).

Most participants (58%) living less than 10 minutes away wanted to switch to the
grid. Households not wanting a future connection that resided closer to the grid (n = 10)
felt that the grid might pose risks, such as fire, whilst ones further away (n = 21) were
satisfied with their SHS. A FG participant believed that SHSs are safer for children, stating
that “a kid can touch a socket and the whole house catches fire” regarding the national
grid. The perceived risks are among the key influencing factors in a household’s switching
decision and thus need to be further investigated. A large proportion of newer customers
(41%) lived less than 10 minutes away from the electricity grid, potentially highlighting
SHSs’ growing encroachment into electricity grid areas.

5. Conclusions

This paper presents the first PAYG SHS customer journey framework, examining the
pre-to post-adoption of SHS users. It consists of seven stages that a household may expe-
rience: awareness and understanding, purchase, usage, upgrade, recommendation,
switching energy source and SHS retention. The steps taken by each PAYG SHS customer
vary, but examining them can foster a deeper understanding of the different customer
profiles and identify where more research is required. It also highlights the non-linear and
cyclical nature of the journey, acknowledging that a household operates within social net-
works in which they could inspire or be influenced by others. Moreover, external political,
economic, social and technological factors may impact the adoption decision. This paper
utilised this framework to examine a case study in Rwanda, investigating PAYG SHS cus-
tomers’ experiences throughout their journey to add to the growing literature around this
topic.

The case study revealed new insights into consumer behaviour within each frame-
work step. The paper has highlighted the growing importance of SHS recommendations
in raising awareness of SHSs over the last four years. This contributes to the findings that
SHS awareness no longer appears to be a major adoption barrier, because participants



Energies 2021, 14, 330

20 of 28

waited on average over a year after becoming aware before purchasing a SHS. Another
novel finding was that households” main purchase reasons were not activity-based, in-
stead consisting of using a clean energy source, illustrating the value placed on health and
the environment. Companies should thus place greater emphasis on health benefits when
marketing SHSs. Despite the majority of consumers stating that their energy needs were
met by SHSs, most wanted to upgrade to new appliances in the future, particularly tele-
visions, highlighting shifting aspirations beyond meeting basic needs. This is accentuated
by most participants desiring a future grid connection, although perceptions of grid-re-
lated risks were common and were found to be a deterrent for some participants. The
frequency of grid-caused fires and electrocutions and the impact on people’s attitudes
should thus be examined.

This article also contributes to the evidence base of previous research discussed in
the literature review. It shows the effectiveness of word-of-mouth endorsements in raising
awareness, where almost half of respondents in this study received a recommendation
from SHS users before purchasing theirs. Most participants in turn converted other house-
holds to SHS users. However, this study found that respondents with unmet energy needs
were more likely to talk to others about their SHS than their satisfied counterparts, high-
lighting the potential of negative word-of-mouth effects. Future research should include
peer effect studies evaluating the influence of social networks and information flow on
SHS recommendations and adoption. In line with existing research, this study highlighted
that the key SHS uses were phone charging, security and socialising. As outlined in pre-
vious studies, few respondents used their SHS for income generation, although 90% of
them had only been customers for under a year. This signals a potential expansion of this
usage amongst future customers, for which companies could prepare by widening the
choice of compatible appliances on offer, for instance. Contrary to previous literature, par-
ticipants engaged in limited energy stacking.

Future studies should utilise this framework to examine PAYG SHS customers in
other countries and preferably with a larger sample size to build on this preliminary
study. This would enable the testing of these findings and the development of a contex-
tualised and localised evidence base for PAYG SHS customer journeys that captures and
compares country-level differences within each step of the customer journey.
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Appendix A
Table A1. Extract of structured interview questions.

Extract of Structured Interview Questions. Responses Question Type
Binary multiple

What is your gender? Female; Male fary mu P

choice
What is your age? Open-ended
How many people have consistently lived in your
Open-ended

house in the last 12 months (including yourself)?
No education; I attended primary educa-
tion but did not complete it; I completed
primary education; I attended secondary
What is your level of education? education but did not complete it; I com-
pleted secondary education; I attended
university but did not graduate; I com-
pleted a university degree
How many separate rooms do you have in your prop-
erty (including kitchen, bathroom, etc.)
What is your main source of income/occupation?

1,2;3;,4;5;,6,7;8;9;10; 10+

Less than RWF 2000; RWF 2001-3000;
RWF 3001-4000; RWF 4001-5000; RWF
5001-10,000; RWF 10,001-15,000; RWF
15,001-20,000; RWF 20,001-30,000; RWF
What was the average monthly income of your house- 30,001-40,000; RWF 40,001-50,000; RWF
hold in the last month? 50,001-100,000; RWF 100,001-150,000;
RWEF 150,001-200,000; RWEF 200,001-
250,000; RWF 250,001-300,000; RWF
300,001-350,000; More than RWF 350,000;
Does not want to answer
Is the total income of your household approximately
Yes; No
the same every month?

Why is your total income not the same every month?
Less than 6 months ago; 6 months ago; 1
year ago; 2 years ago; 3 years ago; 4 years
ago; 5 years ago; More than 5 years ago

When did you hear about solar home systems as a
technology for the first time?

Did you possess a solar home system before purchas-
. Yes; No

ing a Bboxx system?
From what company did you purchase your previous

solar home system?

Mobisol; D-light; Ignite; Zola; Locally
made system; Other
How long have you been a Bboxx customer?
Price; Improved/reliable lighting source;
Charging phones at home; Clean source of
energy; Health benefits; Education (e.g.,

hil ine): I livi ;
What were your top three reasons for signing up for children studying); Improved living con

Bboxx? (1st Choice) ditions; After-sales services from Bboxx;

Social status; Security lighting; Listening
to the radio; Watching television; Long-
term relationship with BBOXX through
Energy Service Fee; Other
Price; Improved/reliable lighting source;
Charging phones at home; Clean source of

What were your top three reasons for signing up for
Bboxx? (2nd Choice)

Binary multiple
choice

Binary multiple
choice
Open-ended

Binary multiple
choice

Binary multiple
choice
Open-ended

Binary multiple
choice

Binary multiple
choice
Binary multiple
choice
Open-ended

Binary multiple
choice

Binary multiple
choice
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energy; Health benefits; Education (e.g.,
children studying); Improved living con-
ditions; After-sales services from Bboxx;
Social status; Security lighting; Listening
to the radio; Watching television; Long-
term relationship with BBOXX through
Energy Service Fee; Other
Price; Improved/reliable lighting source;
Charging phones at home; Clean source of
energy; Health benefits; Education (e.g.,
children studying); Improved living con-
ditions; After-sales services from Bboxx;
Social status; Security lighting; Listening
to the radio; Watching television; Long-
term relationship with BBOXX through
Energy Service Fee; Other
Where did you purchase your Bboxx solar home sys- Bboxx store; From Bboxx sales agent; At a
marketing event; Other
Family; Friend; Neighbour; Marketing
How did you first hear about Bboxx (select all that ap- event; Internet; Advertising (e.g., TV, ra-
ply)? dio, newspaper, billboards); BBOXX Sales
agents; In the BBOXX shop; Other

What were your top three reasons for signing up for
Bboxx? (3rd Choice)

tem?

Did someone who owns a solar home system recom-
Yes; No
mend that you should purchase one?

Close family (your parents, siblings or
children); Extended family (e.g., un-
cles/aunts, grandparents); Friend; Ac-
quaintance; Work colleague; Neighbour;
Other
From what company did that person purchase their so- Bboxx; Mobisol; D-light; Ignite; Zola; Lo-

lar home system? cally made system; Other
Since becoming a Bboxx customer and installing the
system with the initial set of appliances, have you
added on any other appliances (i.e., have you up-
graded your system)?
Which appliances did you upgrade to (select all that Phone Charger; Bulbs; Tube light (Torch);

How do you know this person (select all that apply)?

Yes; No

apply)? Radio; Television; Shaver; Other
W . . . .
ould you consider upgrading to other appliances in Yes; No
the future?

Why do you not want to upgrade to other appliances
in the future?
Which appliances would you like to purchase in the fu- Phone Charger; Bulbs; Tube light (Torch);
ture (select all that apply)? Radio; Television; Shaver; Other
In the next month; In the next 6 months;
When do you think you will upgrade? In the next year; More than a year; Do not
know/not sure
Why would you like to upgrade?
I cannot afford it; I do not believe that the
What has prevented you from upgrading so far (select price is worth the appliance; Not decided
all that apply)? what appliance to purchase first; Not had
time to upgrade; Other

Binary multiple
choice

Binary multiple
choice

Multiple answer
multiple choice

Binary multiple
choice

Multiple answer
multiple choice

Binary multiple
choice

Binary multiple
choice

Multiple answer

multiple choice

Binary multiple
choice

Open-ended

Multiple answer
multiple choice

Binary multiple
choice

Open-ended

Multiple answer
multiple choice
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Iron; Kettle; Fridge; Mobile Phone; Lap-
top; Other

What appliances, that Bboxx are currently NOT offer-
ing, would you like to have (select all that apply)?
Do you still utilise other energy sources, on top of the

. Yes; No

Bboxx system (e.g., candles, kerosene, batteries)?

Mobile phone light; Kerosene/Paraffin
mp; Candles; Torch; Batteries; Grid Elec-

tricity; Other
Mobile phone light; Candles; Kero-
sene/Paraffin lamp; Bulbs or tube fixed to
ceiling or wall; Battery powered moveable
light; Solar lantern; Rechargeable Battery;
Grid Electricity; Other

Dry-cell battery; Rechargeable big battery;
Generator; Solar home system; Grid Elec-

Which other lighting/power sources are you currently la
using (select all that apply)?

What were your previous light sources BEFORE you
signed up to Bboxx (select all that apply)?

What were your previous power sources BEFORE you

i toB lect all that apply)?
signed up to Bboxx (select all that apply) tricity; No previous power source; Other

On average, how many hours of the day do you have
your bulbs switched on?
Morning (06:00-12:00); Afternoon (13:00—
17:00); Evening (18:00-22:00); Night
(23:00-05:00)

On average, what time of day are your bulbs switched
on (select all that apply)?

On average, how many hours of the day do you charge
your phone with the Bboxx phone charger?

On average, what time of day do you charge your
phone with the Bboxx phone charger (select all that ap-
ply)?

On average, how many hours of the day do you have
your Bboxx radio switched on?

Morning (06:00-12:00); Afternoon (13:00-
17:00); Evening (18:00-22:00); Night
(23:00-05:00)

Morning (06:00-12:00); Afternoon (13:00-
17:00); Evening (18:00-22:00); Night
(23:00-05:00)

On average, what time of day is your Bboxx radio
switched on (select all that apply)?

On average, how many hours of the day do you have
your television switched on?
Morning (06:00-12:00); Afternoon (13:00-
17:00); Evening (18:00-22:00); Night
(23:00-05:00)

On average, what time of day is your television
switched on (select all that apply)?

On average, how many hours of the day do you use
your shaver?
Morning (06:00-12:00); Afternoon (13:00-
17:00); Evening (18:00-22:00); Night
(23:00-05:00)

On average, what time of day do you use your shaver
(select all that apply)?

What activities do you use the system for (select all
that apply)?
Are your children spending more time studying, since Yes: No
you purchased your solar home system? ’
Why are your children spending more time studying,
since you purchased your solar home system?
Overall, do you believe that the amount of energy you Yes, it has increased; Yes, it has decreased;

use has changed from the first month you got your = No, it has stayed the same; Not sure/I do

Multiple answer

multiple choice

Binary multiple
choice

Multiple answer
multiple choice

Multiple answer
multiple choice

Multiple answer
multiple choice
Open-ended

Multiple answer
multiple choice

Open-ended

Multiple answer
multiple choice

Open-ended

Multiple answer
multiple choice

Open-ended

Multiple answer
multiple choice

Open-ended
Multiple answer

multiple choice

Multiple answer

multiple choice

Binary multiple
choice

Open-ended

Binary multiple

hoi
Bboxx system to now? not know chotee

Why has your energy usage increased? Open-ended

Why has your energy usage decreased? Open-ended
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Does your energy usage increase on special occasions
(e.g., holidays, festivals, sport events)?
Are there specific months in which you use more or
less energy than normal?

Yes; No

Yes; No
. F . h. A '1. .
In which months do you use the system more than av- January; February; March; April; May;

erage (select all that apply)? June; July; August; September; October;

November; December
Why do you the system more than average in those
months?

; F ; March; April; May;
In which months do you use the system less than aver- January; February; March; April; May;

age (select all that apply)? June; July; August; September; October;

November; December
Why do you the system less than average in those
months?

A (o
re there specific months you struggle to pay for your Yes; No
system?
. F . h. A '1. .
In which specific months do you struggle to pay for January; February; March; April; May;

your system (select all that apply)? June; July; August; September; October;

November; December
Why do you struggle to pay for the system in these
months?

Are you using your system as an additional income
source (e.g., by offering a phone charging service pow-
ered by your solar system)?

What system-based services are you offering to earn
additional income (select all that apply)?

Yes; No

Phone charging; Lighting provision; TV
access; Shaving service; Other

Does the Bboxx system meet your energy needs? Yes; No

Why does the Bboxx system not meet your energy
needs?

How satisfied or dissatisfied are you with the amount
of time you can use the system/appliances for during
the night?

Has the battery of your solar system ever run out
whilst you were using the system?

On a scale of 0-10, how likely is it that a solar system
will be your primary energy source in the next 5 years
(0 = definitely not, 10 = definitely will be)?

Very satisfied; Satisfied; Neither satisfied
nor dissatisfied; Dissatisfied; Very dissat-
isfied; I do not know

Yes; No

0;1;2,3;4,5;6,7;8;,9; 10

0 min; 1-5 min; 610 min; 11-15 min; 16—

How long does it take you to walk to the electricity 20 min: 21-25 min: 26-30 min: More than

grid?

30 min
Would you like to b.e connected to the electricity grid Yes; No
in the future?
Why would you not like to be connected to the
electricity grid?
H talked t bout lar h
ave you ever talked to anyone about your solar home Yes; No

system after signing up for it?
How many people did you talk to about your solar
home system after signing up for it?

Binary multiple
choice
Binary multiple
choice

Multiple answer
multiple choice

Open-ended

Multiple answer
multiple choice
Open-ended

Binary multiple
choice

Multiple answer
multiple choice
Open-ended
Binary multiple
choice

Multiple answer

multiple choice

Binary multiple
choice

Open-ended

Likert scale

Binary multiple
choice

Rating scale

Binary multiple
choice

Binary multiple
choice

Open-ended

Binary multiple
choice

Open-ended
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Did any of the people you talked to about your solar

Binary multiple

home system sign up for one after you spoke to them Yes; No .
i choice
about it?
How many of the people you talked to about your
Y 3 'p y y Open-ended
solar home system, signed up for one afterwards?
Cost; Unaware of solar home systems;
What do you believe are the main reasons that prevent . . > 5y .
Previous bad experience with solar Multiple answer

people in your neighbourhood purchasing a solar

home system (select all that apply)? products; Belief that it requires too much  multiple choice
y PPLy): effort; Energy Service Fee; Not sure; Other

On a scale of 0-10, how likely are you to recommend a

Bboxx system to others (0 = definitely would not 0;,1;2,3;4,5;6,7;8,9; 10 Rating scale
recommend, 10 = definitely would recommend)?

Appendix B

Table A2. Extract of focus group questions.

Extract of Focus Group Questions

Could each of you tell me how and when you heard of Bboxx for the first time and how you purchased it?
When you decided to purchase the system, what factors were important to you?
Who or what influenced your decision to purchase the system?
What additional Bboxx appliances would you like to upgrade to in the future and why?
What appliance, that Bboxx is currently not offering, would you like to have?
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