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Abstract: Ongoing reductions in the costs of solar PV and battery technologies have contributed
to an increased use of home energy systems in Sub-Saharan African regions without grid access.
However, such systems can normally support only low-power end uses, and there has been little
research regarding the impact on households unable to transition to higher-wattage energy services
in the continued absence of the grid. This paper examines the challenges facing rural energy
transitions and whether households feel they are energy ‘locked in’. A mixed-methods approach
using questionnaire-based household energy surveys of rural solar home system (SHS) users was
used to collect qualitative and quantitative data. Thematic analysis and a mixture of descriptive
and inferential statistical analyses were applied. The results showed that a significant number of
households possessed appliances that could not be powered by their SHS and were willing to spend
large sums to connect were a higher-capacity option available. This implied that a significant number
of the households were locked into a low-energy future. Swarm electrification technology and energy
efficient, DC-powered plug-and-play appliances were suggested as means to move the households to
higher tiers of electricity access.
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1. Introduction

Energy plays a pivotal role in the social, economic and cultural development of any population [1].
Energy from carriers (e.g., electricity) is converted via end-use technology (e.g., televisions, mobile
phones, bulbs and mechanical fans) into useful household energy services (e.g., entertainment,
communication, lighting and space cooling). Energy also supports income-generating activities
including construction, agriculture and manufacturing. This is especially relevant for developing
nations, who have been shown to exhibit a much larger increase in the Human Development Index (HDI)
for a corresponding increase in energy consumption per capita, compared to developed nations [2].
However, it is estimated that almost 800 million people lack any access to electricity, with approximately
550 million of them living in Sub-Saharan Africa [3]. Transitioning these people from traditional
sources of energy (biomass and waste) to accessing modern energy such as that provided by electricity
poses a major challenge. The importance of this challenge is encapsulated by the United Nation’s (UN)
Sustainable Development Goal (SDG) 7, which calls for universal access to affordable, sustainable,
reliable and modern energy by 2030. There has been significant progress towards the goals of SDG7 at
the country level in developing regions, with countries such as Kenya, Uganda and Sudan making the
most progress, even though the current pace of global efforts has so far been insufficient [3].

While there is no single definition of energy poverty, it has been referred to as a lack of access
to modern energy services [4] and a deficiency in the consumption of energy required to meet basic
human needs [5–7]. Reddy [8] (p. 44) captures the multi-dimensional nature of energy poverty by
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defining it 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”.
This recognition of the multi-dimensional nature of energy poverty (and therefore access) helped
shape development of the Multi-Tier Framework (MTF) formulated by the World Bank’s Energy Sector
Management Program (ESMAP) designed to provide a measurement framework for measuring energy
access [9], although it does focus mainly on electricity. The MTF has been referred to as providing
the most sophisticated energy measurement metric [10], and measures seven attributes of capacity,
availability, reliability, quality, affordability, legality, and health and safety, an approach that takes into
account the various factors that influence a household’s ability to access energy. It also recognizes
that energy access is not a binary ‘have or have-not’ condition, but rather that households can exist at
varying levels of access depending on socioeconomic factors and other circumstances dictated by the
seven attributes listed earlier. The levels of energy (electricity) access described in the MTF are referred
to as ‘tiers’ and vary from Tier 0 (no access) to the highest level of access, which is Tier 5. Moving up
these tiers can be seen as climbing up the so-called ‘energy ladder’. A visual representation of the MTF,
showing the various tiers, is shown in Figure 1, a matrix for measuring access to household electricity
supply, and Figure 2, a matrix for measuring access to household electricity services.

For decades, rural electrification in developing regions has primarily been achieved via grid
extension, and this is still integral to rural electrification policies in many parts of the developing
world [11–13]. However, grid extension has been much slower than anticipated in many regions [12,14],
and a key barrier to it is that it is not profitable for utilities to invest the capital required to deliver
electricity to rural communities with relatively low patterns of consumption [15,16]. In the meantime,
decentralized options such as solar home systems (SHSs) have proven to be popular for electrifying
households and other small users due to their falling prices and renewable power source; in Kenya,
more than 30% of off-grid households have a solar PV product at home [17].

A typical SHS consists of a PV module typically placed on a rooftop to capture sunlight, a battery
for storing energy, and end-use appliances which provide energy services. Capacities of SHS can range
from 10 to 200 W [18]. However, the typical SHSs used in rural Sub-Saharan Africa are in the 10–100
range [19,20]. While the upfront costs of SHSs, at up to $400 for an 80 W system [21], can act as a barrier
to entry for many of the poor rural households, the introduction of Pay-As-You-Go (PAYG) service has
helped improve its uptake. This is achieved by providing the SHS as a service, with the households
making small, regular payments to access the service over an agreed time period, after which they
own the SHS [22,23]. Companies such as M-KOPA and Bboxx in Kenya have successfully integrated
mobile payment technologies with their SHS services, providing their customers with the convenience
of making payments using their mobile phones, and increasing the flexibility of the amounts they pay
and the payment intervals [24,25].

Multiple studies have shown that households moving from Tier 0 (i.e., unelectrified) to using SHS
(typically Tiers 1 and 2) have seen an improvement in their quality of life [26–28]. SHS use has been
linked to health benefits, as it displaces household use of kerosene and candles which expose users
to a range of health risks including burns, child poisoning due to inadvertent consumption of fuels,
and a variety of conditions linked to indoor air pollution from fine particulate matter, sulphur and
nitric oxides. The most common use for SHSs is the improved lighting service it provides compared to
kerosene or candles [29] with educational improvements for children who use the light to read and do
homework as a key outcome [26,30]. SHS use has also reduced the need for household members to
travel long distances for charging their mobile phones [31].
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Figure 1. Multi-tier matrix for measuring access to household electricity supply (source: [9]). Figure 1. Multi-tier matrix for measuring access to household electricity supply (source: [9]).
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Access to, and initial consumption of electricity has been shown to lead to increases in consumption
over time, as users purchase more appliances (if affordable) [32]. This is in line with the study by
Opiyo [33], which demonstrated that rural households in Kenya, upon realising the socioeconomic
benefits of their basic electricity access from SHS, began to desire more high-powered appliances such as
televisions and cooling fans. However, some researchers, such as Lee et al. [34] and Stojanovski et al. [20],
have observed that while rural households purchased these appliances to benefit from the services
they provide, they could not be accommodated by their SHSs due to their relatively small energy
capacity, and hence these appliances were unusable. Hence, despite their broad appeal, there are
questions surrounding home solar products and the energy services they are able to provide to rural
households. There is a paucity of research designed to explore the nature of the energy services
home solar products provide to rural communities in the developing world and especially the views
and aspirations of households regarding access to energy services. For example, do households feel
that they may become ‘trapped’ into what they see as an ‘inferior’ source of energy? In this paper,
the results of a household energy survey conducted across two locations in Nigeria are used to provide
an empirically based analysis of SHS use in rural households and how those households view such
systems vis-à-vis alternatives such as an extension of the grid supply. In particular, the research aims
were to:

1. Assess whether the SHS technologies taken up by these rural communities met their non-cooking
household energy service demands,

2. Whether households may feel ‘energy trapped’ by the inherent limited capacity of the
SHS technology.

2. Methodology

2.1. Location of Research

Data collection for this research was carried out in rural communities across two states in Nigeria,
a lower-middle-income country in West Africa [35]: Lagos State, located in the South West region,
and the Federal Capital Territory (FCT), which is located in the geographical centre of the country.
See Figure 3 for a map of Nigeria, including the locations used for data collection.

Nigeria is a multi-ethnic and culturally diverse country, with 36 states and the Federal Capital
Territory [36]. Rural locations across the country differ in terms of wealth, culture and weather, all of
which can affect energy use. Hence, the locations were chosen in part to reflect a range of socioeconomic
conditions. The selected communities were in what can be termed the ‘urban fringe’ of two major
cities in Nigeria–Lagos (Lagos State) and Abuja (FCT). Lagos used to be the Federal Capital of Nigeria,
but that role has now been adopted by Abuja, and the communities selected for the research have been
involved in projects designed to increase energy provision via SHS. Indeed, the choice of communities
was based on advice from Nigerian experts in rural electrification, including providers of SHS. A total
of 150 households (50 in Lagos State and 100 in FCT), the majority without any type of access to grid
electricity were surveyed face to face in six communities across both locations, and this was undertaken
between May and June 2019. The households were selected using the following criteria:
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• Community designation: All the households considered had to be rural. As described earlier,
the communities were located on the ‘urban fringe’ of the cities of Lagos and Abuja.

• Location: All communities visited were to be in locations accessible with a car, and also could not
be located in regions designated as “advise against all but essential travel” or “advise against
all travel” on the UK Foreign and Commonwealth Office travel advice website, at the time of
the research.

• Age/status: Head of households were preferred as respondents. In Nigeria, households are
generally headed by men [37], who make most of the household decisions, including energy
purchases. When they were not available, the next senior family member (usually a spouse or
sibling) could be interviewed. Respondents under the age of 18 years were excluded, as age can
be a powerful symbol of inequality in many Nigerian cultures [38]. They were also excluded for
ethical concerns.

• Wattage: The SHSs used by the households were to be in the range of 10 to 100 Wp.
• Duration of ownership of SHS: Households should have been using their SHS for no less than

6 months prior to the interviews. This is so they would have had time to have gotten familiar
with using the SHS.

Note that a few of the households surveyed had varying classifications of access to the grid. Some,
particularly in Lagos State, lived ‘under the grid’, i.e., people who live in an area where electricity is
available, but they are not able to access it for any number of reasons. Others had a connection, but the
duration of electricity per day would not qualify them as having access under the MTF tiered system
(see Figure 1).

The communities selected for the research are shown in Table 1. The sample for each location was
drawn from three communities and while the intention was also to have 100 households for Lagos
State this was not possible due to logistical constraints.

2.2. Participant Selection, Data Collection and Analysis

The selected households had SHS products with ratings of 12 Watts-peak (Wp) in FCT, and 50 Wp
in Lagos State, both of which possess 4 LED lighting points and providing lighting service for at least
6 h a day. They also powered a small radio, charged mobile phones and LED torchlights, while the
higher capacity systems in Lagos State were connected to a DC-powered television with the ability
to pick up selected satellite broadcasts. At the time the interviews were held, the households had
owned their SHSs between 6 months and 4 years, with a median ownership period of 29 months.
The households made monthly PAYG payments for accessing the SHS via an authorised agent.

Data collection was via face-to-face interviews and respondents (one per household, usually the
household head unless unavailable) were first asked basic demographic-type questions, and due to the
seasonal nature of their occupation (mostly farmers and fishermen), they were not asked about their
income; instead the researchers used the numbers of household members, size of the house, i.e., number
of rooms, and the amount spent on non-cooking energy purchases, as proxy indicators for wealth.
Respondents were then asked about their non-cooking energy mix, including their current expenditure
patterns and willingness to pay for grid electricity. They were also asked about the electrical appliances
already owned by the household, and the appliances they desired to own. The survey questionnaire is
included in Appendix A.
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Table 1. Communities selected for the survey along with the number of households (HH) in
each community.

Lagos State Federal Capital Territory (FCT)

Community Number of Households % Community Number of Households %

Magbon 23 15.3 Wuna 55 36.7
Eleko 17 11.3 Rafin Zurfi 30 20.0

Akodo 10 6.7 Dukpa 15 10.0

Total 50 33.3 100 66.7

The questions were mostly ‘closed’ in nature where respondents were provided with a series of
options and asked to tick the ones which applied to them. The options provided to the respondents
were based in part on published research designed to explore energy use by rural households but
also on a series of interviews held with key informants in both Lagos and FCT. There were a few
open-ended questions to allow the respondents to provide answers in their own words rather than
select from a range of options. In both locations, research assistants familiar with the local languages
were recruited to help with the interviewing, as many of the respondents did not understand, or speak
English. The questionnaire was written in English and the research assistants verbally translated the
questions into the local languages in situations where the respondents did not understand English.
While translation between languages risked introducing errors in the results, the structured nature
of the questionnaire (which, other than 3 open-ended questions, consisted of closed questions and
predefined answers), mitigated this risk.

Data analysis was performed using both quantitative and qualitative methods. The approach to
the analysis of the qualitative data was a deductive one and thematic analysis method was used in
analysing the data, with the transcription and coding of the interviews performed in Microsoft Word
and Nvivo 12, respectively. The quantitative data were analysed using a mixture of descriptive and
inferential statistics. As the quantitative data comprised counts of responses, analysis was undertaken
using non-parametric statistical tests to explore associations between categories. The Chi-square
test was used to determine whether potential associations between different variables were in fact
significant. In cases where at least 80% of the expected frequencies of the data are less than 5, the Fisher’s
exact test was used instead. For post hoc testing, the odds ratio (for 2 × 2 tables) method was used,
while the adjusted standardized residual method proposed by Agresti [39] was used for all other tables.
The software Statistical Package for the Social Sciences (SPSS) was used to perform the statistical
analyses. The statistical tests for FCT and Lagos State households were performed separately and are
presented in the subsequent tables.

All interviewed participants gave their informed consent for inclusion before they participated in
the study. The data collection protocol involving human subjects was vetted and approved by the
University Ethics Committee (UEC) of the University of Surrey (UEC ref: UEC 2018 039 FEPS).

3. Results

3.1. Sample Description and Household Fuel Sources

The breakdown of the sample in terms of age group, gender of respondent, number of permanent
household members and education of respondent is shown as Table 2. Most of the sample respondents
were between 18 and 45 years of age, and most were male (especially in FCT). As mentioned earlier,
most household heads in Nigeria tend to be male and they make many of the key decisions for the
household, so the preponderance of males in the sample is not surprising. However, there were two
female household heads in the sample, and both were in the Lagos State communities. Household sizes
tended to be in the 1 to 7 range for Lagos State communities (82% of households were in this category)
but the figure was higher for the FCT communities with over a third of the households having 14 or
more members. This was reflected in the number of rooms across both locations, with the majority of
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Lagos State households having 1–4 rooms (84% of the households) while the households in the FCT
communities had a higher number of rooms on average, with 65% having greater than 4 rooms per
households. Most of the respondents in both areas were educated to at least secondary level.

Table 2. Sample description in terms of age, gender, number of rooms in the house, size of household
and education.

Frequency Percentage of Total Sample

(a) Age group of respondents

Lagos State FCT Lagos State FCT

18–30 12 39 24 39
31–45 24 43 48 43
46+ 14 18 28 18

Total 50 100 100 100

(b) Gender of respondents

Male 37 91 74 91
Female 13 9 26 9

Total 50 100 100 100

(c) Number of permanent household members

1–7 41 29 82 29
8–13 6 36 12 36
14+ 3 35 6 35

Total 50 100 100 100

(d) Number of rooms in the household

1–4 42 35 84 35
5–8 8 33 16 33
9+ 0 32 0 32

Total 50 100 100 100

(e) Maximum education level of respondent

Male respondents

Primary 5 23 14 25
Secondary 20 37 54 41

Tertiary 10 21 27 23
No formal education 2 10 5 11

Total 37 91 100 100

Female respondents

Primary 1 2 7.7 22
Secondary 10 5 77 56

Tertiary 1 0 7.7 0
None 1 2 7.7 22

Total 13 9 100 100

Table 3a shows the households used a variety of energy sources as their main non-cooking fuel.
The patterns of use were observed to vary across both locations. The majority (86%) of households
surveyed in Lagos State used a solar home system (SHS) as their main energy source for providing
lighting, followed by grid electricity, and then petrol (for powering a generator). Solar home systems
also provided the main source of home lighting in FCT communities surveyed; however, the percentage
of users was lower, at 66%, compared to the Lagos State households. The next largest lighting energy
source in the surveyed FCT households were dry cell batteries at 30%, with kerosene at 4% completing
the list.
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Table 3. Main energy source for non-cooking (mostly lighting) purposes and satisfaction with the
capacity of the main household non-cooking energy source.

Main Household Lighting Energy Source

Lagos State FCT

Frequency Percent Frequency Percent

(a) Main household non-cooking energy source

Electricity-SHS 43 86 66 66
Petrol 3 6 0 0

Dry cell batteries 0 0 30 30
Electricity grid 4 8 0 0

Kerosene 0 0 4 4

Total 50 100 100 100

(b) Household satisfaction with the capacity of the main household non-cooking energy source

Satisfied Not Satisfied Satisfied Not Satisfied

Electricity-SHS 0 43 0 66
Petrol 1 2 0 0

Dry cell batteries 0 0 20 10
Electricity grid 4 0 0 0

Kerosene 0 0 1 3

Total 5 45 21 79

Table 3b is a frequency table showing the satisfaction of the surveyed households with the energy
capacity of their main non-cooking household energy sources. Across both locations, most respondents
(90% in Lagos State and 79% in FCT) indicated not being satisfied with the capacity of their main
non-cooking energy source. In the FCT, the only energy source mentioned by households as satisfactory,
capacity wise, were dry cell batteries. In Lagos State, 2% of households were satisfied with the energy
capacity of their petrol-powered generators, while 8% were satisfied with the capacity provided by the
grid. None of the households across both locations indicated being satisfied with the energy capacity
of their SHS.

Table 4 is a frequency table showing the spending on non-cooking energy sources by the households
across both Lagos State and FCT. These data show that the surveyed Lagos State households spend
more money on non-cooking energy than the surveyed FCT households; 52% of Lagos State households
mentioned spending at least $20 per month, while the figure for FCT households was 7%. The median
spending of both locations was calculated using SPSS, and the values were rounded to $20 for the
Lagos State households and $6 for the FCT households. The monthly spend on non-cooking energy
variable is used as a proxy for household wealth in the sections covering the inferential statistical
analyses, and the calculated median spending for both locations are used as thresholds to indicate the
wealthier and less wealthy households.

Table 4. Household monthly spend on non-cooking energy across both locations.

Monthly Spend on Non-Cooking Energy, USD ($)
Lagos State FCT

Frequency Percent Frequency Percent

0–4.99 0 0 42 42.0
5.00–9.99 11 22.0 29 29.0

10.00–14.99 11 22.0 15 15.0
15.00–19.99 2 4.0 7 7.0
20.00–24.99 4 8.0 4 4.0
25.00–29.99 8 16.0 0 0

30+ 14 28.0 3 3.0

Total 50 100 100 100
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The following sections will present the associations between the outcome variables and the
monthly spend on non-cooking energy across both locations.

3.2. Ownership of Household Appliances

Table 5 (FCT) and Table 6 (Lagos State) are contingency tables with the association between the
households’ ownership of various household appliances and their monthly spend on non-cooking
energy. The results from Table 5 show a statistically significant association between the FCT
households’ ownership of various household appliances and their monthly spend on non-cooking
energy. Households that spend at least $6 monthly on non-cooking energy owned more mechanical
fans than would be expected, and the post hoc analysis using the odds ratio (OR) suggested that these
households were 3.62 times more likely to own a mechanical fan compared to those spending less than
$6 monthly on non-cooking energy. A similar result was obtained with the ownership of televisions, i.e.,
households spending at least $6 dollars monthly on their non-cooking energy owned more televisions
than could be explained by chance, and the OR implied that these households were 7.65 times more
likely to own a television compared to those spending less than $6 per month. Ownership of a CD/DVD
player was also significantly associated with the monthly spend on non-cooking energy. The OR
suggested that households spending at least $6 monthly on non-cooking energy were 8.7 times more
likely to own a CD/DVD player compared to those spending less than $6 monthly.

Table 5. Association between the ownership of household appliances and the monthly spend on
non-cooking household energy, FCT.

Household Appliance Ownership
Monthly Spend on Non-Cooking

Energy, USD ($) Total
Less than 6 6 and Greater

Mechanical fan (for indoor cooling)

No 40 (33.5) 27 (33.5) 67
Yes 9 (15.5) 22 (15.5) 31

Chi square 7.97 ** (df = 1, N = 98)
Odds ratio 3.62 (95% CI: 1.45, 9.05)

Television

No 40 (29) 18 (29) 58
Yes 9 (20) 31 (20) 40

Chi square 20.45 *** (df = 1, N = 98)
Odds ratio 7.65 (95% CI: 3.03, 19.35)

CD/DVD player

No 42 (31) 20 (31) 62
Yes 7 (18) 29 (18) 36

Chi square 21.25 *** (df = 1, N = 98)
Odds ratio 8.70 (95% CI: 3.26, 23.23)

Figures provided in the table are counts of respondents in the categories while figures in parentheses are expected
counts. Results of the Chi-square statistical tests are provided, while the post hoc test results are presented using the
odds ratio. ** p < 0.01; *** p < 0.001.

The results in Table 6 also show that there is a significant association between the ownership of
household appliances in Lagos State households, and their monthly spend on non-cooking energy.
The households were asked about their ownership of selected household appliances, and just as with the
FCT results, the predictor variables here were used as proxies for household wealth. The results show
that there was a significant positive association between the ownership of the household appliances
and household monthly spend on non-cooking energy, suggesting the wealthier households owned
more appliances in their households, even when these appliances could not be powered by their SHS.
The OR values indicates wealthier Lagos State households, i.e., those spending at least $20 monthly on
non-cooking energy, are almost 124 times more likely to own a mechanical fan and almost 6 times more
likely to own a CD/DVD player, when compared to the households spending less than $20 monthly.
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Table 6. Association between the ownership of household appliances and the monthly spend on
non-cooking energy, Lagos State.

Household Appliance Ownership
Monthly Spend on Non-Cooking

Energy, USD ($) Total
Less than 20 20 and Greater

Mechanical fan (for indoor cooling)

No 17 (8.16) 0 (8.84) 17
Yes 7 (15.84) 26 (17.16) 33

Chi square 27.90 *** (df = 1, N = 50)
Odds ratio 123.67 (95% CI: 6.63, 2306.11)

CD/DVD player

No 15 (10.08) 6 (10.92) 21
Yes 9 (13.92) 20 (15.08) 29

Chi square 7.22 ** (df = 1, N = 50)
Odds ratio 5.56 (95% CI: 1.62, 19.03)

Figures provided in the table are counts of respondents in the categories while figures in parentheses are expected
counts. Results of the Chi-square statistical tests are provided, while the post hoc test results are presented using the
odds ratio. ** p < 0.01; *** p < 0.001.

3.3. Preference for Grid Connection and Satisfaction with SHS Capacity

Table 7 sets out the association between amount households are willing to pay for grid connection
and the monthly spend on non-cooking energy, FCT. The results indicate a statistical association
between the amount the FCT households were willing to pay for a one-off connection fee, and their
monthly spend on non-cooking energy. For the households willing to pay a connection fee for the grid,
their willingness to pay, in monetary terms, was significantly associated with their monthly spend on
non-cooking energy. This association was driven by households willing to pay amounts greater than
$28 for this connection—households that spent at least $6 monthly on non-cooking energy were more
likely to be willing to pay a minimum grid connection fee of $28, compared to those spending less than
$6 monthly. Note that other outcome variables were tested for an association with ‘monthly spend on
cooking energy’ to gauge the households’ desire for grid electricity (e.g., preference for stable grid
connection for 4–6 h/day to current SHS connection, willingness to pay a one-off grid connection fee,
maximum monthly tariff households are willing to pay for this connection, and their satisfaction with
daily duration of SHS). However, none provided a significant result.

Table 7. Association between amount households are willing to pay for one-off grid connection fee and
the monthly spend on non-cooking energy, FCT.

One-Off Grid Connection Fee Household
is Willing to Pay, USD ($)

Monthly Spend on Non-Cooking
Energy, USD ($) Total

Less than $6 $6 and Greater

Less than $11 17 (15.7) [0.59] 13 (14.3) [−0.59] 30
Between $11 and $28 22 (18.31) [1.62] 13 (16.69) [−1.62] 35

Greater than $28 6 (10.99) [−2.51] 15 (10.01) [2.51] 21

Chi square 6.53 * (df = 2, N = 86)
Total 45 41 86

Figures provided in the table are counts of respondents in the categories while figures in round parentheses are
expected counts. Results of the Chi-square test is presented, * p < 0.05. The figures in square parentheses are the
adjusted standardized residual values.

The dissatisfaction with SHS capacity, and desire for grid electricity (or any technology capable of
powering larger appliances) was also mentioned in the respondents’ answers to questions about how
they felt about their SHS, for example (‘FCT-R’ stands for ‘FCT respondent’):

‘The only problem I have with it is that it cannot (power) my television or my fridge and my fan,
that is the only problem I have with the solar’ (FCT-R1).
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‘I would prefer a bigger one that can take a fridge and television’ (FCT-R4).

‘I really want NEPA, if it were available, I would pay for NEPA. But since there is no NEPA, that is
why we went for solar’ (FCT-R7).

NEPA is an acronym for the National Electric Power Authority, a now defunct institution that
once managed the electricity supply system in Nigeria and is commonly used as a metaphor for grid
electricity in Nigeria.

Table 8 shows that the preference of the Lagos State households to connect to the grid, and to pay
a one-off connection fee, was significantly associated with their monthly spend on non-cooking energy.
The results suggested that wealthier households (spending more than $20 monthly on non-cooking
energy) were 13 times more likely to prefer a stable grid connection with 4–6 h of electricity access per
day, and were 9 times more willing to pay a connection fee to access this stable grid, compared to the
less wealthy households spending less than $20 monthly on non-cooking energy. Table 8 also shows
that the maximum amount these households were willing to spend as monthly tariffs for this connection
was significantly associated with their monthly spend on non-cooking energy. The results implied
that the wealthier households were more likely to pay higher sums (in excess of $40), as monthly
tariffs for this stable connection to the grid compared to the less wealthy households, while the less
wealthy households were more likely to pay smaller sums (less than $30) as monthly tariffs for the
stable grid electricity.

Table 8. Association between the preference for a stable grid connection to SHS, willingness to pay
for one and the satisfaction with SHS duration, and monthly spend on non-cooking energy in Lagos
State households.

Preference for Grid over SHS,
Willingness to Pay for Access to a Grid

Connection & Satisfaction with
Duration of SHS

Monthly Spend on Non-Cooking
Energy, USD ($) Total

20 and Greater Less than 20

Preference for stable grid connection for
4–6 h/day to current SHS connection

Yes 22 (15.08) 7 (13.92) 29
No 4 (10.92) 17 (10.08) 21

Chi square 15.57 *** (df = 1, N = 50)
Odds ratio 13.36 (95% CI: 3.35, 53.20)

Willing to pay a connection fee to access
stable grid?

Yes 23 (17.68) 11 (16.32) 34
No 3 (8.3) 13 (7.7) 16

Chi square 10.42 ** (df = 1, N = 50)
Odds ratio 9.06 (95% CI: 2.13, 38.49)

Maximum regular monthly payment
households are willing to make for access

to stable grid electricity, USD ($)

$10–$29 3 (8.12) [−3.93] 9 (3.88) [3.93] 12
$30–$40 7 (6.09) [−0.76] 2 (2.91) [0.76] 9
$41–$83 13 (8.79) [−3.17] 0 (4.21) [3.17] 13

Fisher’s exact test 16.63 *** (N = 34)

Are you satisfied with the daily duration
of your SHS?

Yes 16 (10.08) 5 (10.92) 21
No 8 (13.92) 21 (15.08) 29

Chi square 11.53 *** (df = 1, N = 50)
Odds ratio 8.40 (95% CI: 2.31, 30.60)

Figures provided are counts of respondents in the categories while figures in parentheses are expected counts.
Results of the statistical tests are provided using the Chi-square and Fisher’s exact test. Post hoc tests are performed
using the odds ratio and adjusted standardized residuals, which are presented in square parentheses. ** p < 0.01;
*** p < 0.001.

The preference for grid-based electricity was also suggested by the respondents’ answers to
questions about how they felt about their SHS, with responses such as the following (‘LG-R’ stands for
‘Lagos State respondent’):
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‘I prefer NEPA because, you know the solar cannot (power) a fan, but NEPA can (power) the fan,
fridge, television’ (LG-R3).

‘If NEPA (is available) I would prefer it, so I can have fridge and fan’ (LG-R12).

‘I just think it (SHS) is a waste of money ( . . . ) it does not have fan, it cannot (power) a freezer,
meanwhile in one week you spend N2,500 ($7) on it ( . . . ) If there is NEPA, nobody in this environment
will use it’ (LG-R11).

The households were asked if they were satisfied with the daily duration of their SHS, and the
results for the Lagos State communities are also shown in Table 8. There was a significant association
between their response to this question and the household monthly spend on non-cooking energy.
The results suggest that the less wealthy households (spending less than $20 monthly on non-cooking
energy) were more likely to be satisfied with its duration while the wealthier households (spending
more than $20 monthly on non-cooking energy) were less likely to be satisfied, than could be explained
by chance. The OR value suggests that less wealthy households were 8.4 times more likely to be
satisfied by the SHS duration, compared to the wealthier households.

In summary, the results show that while most of the households across both FCT and Lagos
State use SHS as their main household lighting energy source, none of them were satisfied with its
capacity. It also suggested that the wealthier households in both locations were likely to own appliances
that could not be accommodated by their SHSs, when compared to the less wealthy households.
Furthermore, the results imply that among the FCT households, the wealthier ones were significantly
more willing to pay for a connection to the grid, compared to their less wealthy neighbours. The Lagos
State results were similar, with wealthier households more likely to prefer a grid connection and be
more willing to pay for it, compared to the less-wealthy households.

4. Discussion

Four themes emerged from the data obtained across both locations. First, differences were
observed in the main lighting energy source used by the households across both locations. SHS was
the dominant source used for lighting across both locations, 66% using it as their main source in
FCT while 86% used it as a main source in Lagos State. Further, 30% of households in FCT used dry
cell batteries for their main lighting energy source, while no household in Lagos State reporting this.
The dominant nature of SHS for lighting in the households is to be expected, considering research has
shown that once solar PV technologies are introduced into households, they displace kerosene used
for lighting [40–42]. The difference in SHS use observed across both locations could be explained by
the fact the FCT households, on average, have a greater number of rooms compared to the Lagos State
households (see Table 2). Both types of SHS used in the households surveyed provide only 4 lighting
points, hence many of the FCT households (65% with greater than 4 rooms) would require separate
energy sources to provide lighting for the other rooms. This likely explains their relatively high use
(30%) of dry cell batteries, compared to Lagos State households (84% with less than 5 rooms).

Second, as set out in Tables 5 and 6, multiple households owned various appliances that could not
be accommodated by their SHS and hence were, for all intents and purposes, unusable. While this
behaviour seemed baffling, it has been documented in previous research. In their survey in rural
Kenya, Lee et al. [34] (p. 91) observed a similar situation and referred to it as “aspirational” purchases,
while Stojanovski et al. [20], in their survey of SHS-using rural Kenyan and Ugandan households,
implied that these purchases might provide their owners with a sense of having higher social
status. Stojanovski et al. [20] also indicated the households believed, without any proof, that the
national grid would soon be extended to their communities, which would allow them to use these
aspirational appliances.

Third, studies on communities using SHS as their primary lighting providers have shown that
many view it as more of a pre-electrification process, and are willing to make payments to a value that
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would be economically sustainable for a grid-type utility [13,43]. This was observed in the results of
this study as seen in Tables 7 and 8, with 86% of FCT households and 68% of Lagos State households
stating a willingness to pay a one-off connection fee for access to grid electricity. This follows on from
the earlier observation, i.e., a significant number of households purchase electrical appliances that
cannot be accommodated by their SHS, in the hope of getting a grid connection in the future and
make use of the energy services (space cooling, entertainment, etc.) these appliances provide. Finally,
while the energy services afforded to the households by their SHSs differed across both locations
(FCT households had lighting and mobile phone charging, while the Lagos State households’ SHS
included a television) none of the households in either location indicated being satisfied with the
energy capacity of their SHS.

These themes show that while both locations had similar issues with their lack of electrification,
there were some differences in the way households used energy sources, and their desire to connect
to the grid. This suggests it might be pertinent for policy makers and private institutions involved
with rural electrification to tailor their interventions as opposed to applying a blanket approach to
these rural communities. For example, the levels of subsidies or grants that might be offered for rural
electrification projects could be made to be dependent on the relative wealth of the communities
to be electrified, based on metrics that indicate their wealth and willingness to pay for electricity
access. However, further research is required to determine whether these observed differences are
statistically significant.

SHSs are often seen as a means to get households onto the modern energy ladder [33,44,45].
However, the results show that for many it was a less desirable substitute for a grid-based service.
Their inability to connect as many appliances to the SHS as they would have liked seemingly led to
the statistically significant associations between the wealth of a household and (i) their ownership of
various household appliances with wattages too high for their SHS, and (ii) their desire to connect to,
and pay for, a grid-type electricity supply. This confirms the intuition that wealthier households are
more likely to purchase these high wattage appliances and therefore will be more inclined to prefer a
grid connection. The minimum wage of approximately $50 per month in Nigeria [46] at the time of
conducting the survey provides some context regarding the FCT households’ willingness to spend in
excess of $28 for a one-off grid connection fee, and the Lagos State households’ willingness to make
monthly $40-plus electricity tariff payments for ongoing access to the grid. However, it is important to
note that a household stating they are willing to pay for a grid connection does not necessarily equate
to their ability to pay for said connection or indeed a decision to actually do it if the opportunity arises.
Nonetheless, the findings demonstrate that a significant number of the households are unable to move
up the energy ladder (or in the case of the MTF, up the tier levels) regardless of their willingness or
ability to pay, as they do not have access to an electricity connection that can meet their demands.
In this situation, the household can be referred to as being ‘energy locked in’.

There are other ways to get rural households up the energy ladder ahead of expansion of the
national grid, and ahead of alternative major infrastructure investments in mini-grids. One approach
is so-called “swarm electrification”, to connect a number of SHS units across a community, which will
act to smooth the total electricity demand through diversity effects and share the generation capacity
from all individual systems [47], as a sort of ‘micro-grid’. This bottom-up approach to electrification
eliminates the typical oversizing in the design of mini-grids and grid extension projects while enabling
households to transition to a higher energy access tier using their legacy SHS [44,47]. Another approach
is the development of a diverse and competitive market for energy efficient, DC-powered plug-and-play
appliances. As described by Narayan et al. [48], these consume a fraction of the energy required by
their mainstream counterparts running on AC. Some SHS providers bundle these efficient appliances
with their service, and in the households surveyed for this research the SHS came with four energy
efficient, DC-powered LED bulbs at 1 W each, a torchlight at 1.1 W, and (in Lagos State) a television
at 10.8 W. Creating more energy efficient appliances, such as the Youmma refrigerator which has a
power rating of 17.8 W [49] and having them come with a standardized, compatible plug-and-play
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facility, can enable SHS-using households to move up the MTF tiers. However, in order for this energy
efficient appliance market to grow, quality standards need to be created and adopted by countries
involved with SHS electrification programs. Further, traditional household electronics manufacturers,
with the know-how of making these appliances, could be encouraged to get involved in the production
of energy-efficient DC-powered appliances. This would help provide a greater selection of appliances,
and more competition in the market.

A natural progression of this research would be to expand the numbers of surveys to include
communities using a wider variety of off-grid technologies, for example from simple solar lanterns to
solar mini-grids, and observe the changes, if any, to the results of this research. Further, expanding
the number of locations to include more remote rural communities that are a further distance from
major cities/urban centres than in this research, might result in energy-use patterns that provide
different results. It should also be noted that the choice of interviewing the heads of households led to
the majority of the respondents in the study being male. The traditional role women have with the
collection of cooking fuel, food preparation and cooking due to cultural gender norms [50–52] would
likely reduce the time they can spend using certain energy services provided by the SHS, for example
watching a television. It is therefore possible women might have different opinions to men with regards
to their views and aspirations about their non-cooking energy service demands and the ability of a
SHS to meet them, and the significance of these gender-based differences, if any, could be the subject of
future research.

5. Conclusions

Energy is a crucial input for socioeconomic development, and it follows that the ability to not
only access modern energy, but to transition to a wide range of energy services, is instrumental to
the development of any society. This research set out to examine energy transitions in rural Nigeria,
with the following objectives:

• Examine if the SHS technologies distributed to these rural communities met their non-cooking
household energy services demand.

• Examine if energy lock-in effects occur in these rural households using SHS technologies.

The results showed that none of the households were satisfied with the energy capacity of their
SHS, and that the wealthier households were willing to pay relatively large sums to connect to the grid
so they could use energy services unavailable to them with their SHS. However, they were unable to
do so due to the unavailability of any electricity supply technology that would power their appliances.
While the goal of SDG7 may have been achieved across these communities with the provision of SHS,
many of the households clearly exhibited some frustration and dissatisfaction with the actual level of
energy access, as they do not see a clear transition pathway up the energy ladder.

Two methods were suggested to help rural households in this situation move up the MTF energy
access tiers: swarm electrification using the existing SHS technologies, and the provision of a greater
selection of energy efficient, plug-and-play DC-powered appliances. Public and private entities
in Nigeria involved in rural electrification with SHS could use the findings shown here to better
understand the energy transition needs of rural households, and provide the interventions required
to move them up the ladder. For example, they could provide funding into researching swarm
electrification technology in rural Nigeria.
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Appendix A. Survey Questionnaire

SECTION 1: RESPONDENT DETAILS

1.1 Age of respondent � 18–21 (1) � 22–25 (2) � 26–30 (3) � 31–35 (4) � 36–40 (5)

� 41–45 (6) � 46–50 (7) � 51–55 (8) � 56–60 (9) � 61+ (10)

1.2 Gender of respondent � Female (2) �Male (1)

SECTION 2: HOUSEHOLD INFORMATION

2.1 What is the highest level of formal education by respondent? �Nursery (1) �Primary (2) � Secondary (3)

�Undergraduate (4) �Postgraduate (5)

�Other (please explain) (6) _____________________

�None of the above (7)

2.2 Is the respondent the head of the household ? �Yes (1) �No (2)

2.3 If (no) to 2.2, what is the relationship of respondent to head � Brother (1) � Sister (2) � Friend (3)

of household? � Husband (4) �Wife (5) � Father (6)

�Mother (7) � Child (8)

� Other (please explain) (9)

_______________________________

2.4 What is the main occupation of the respondent? � Store owner (1) � Farmer (2) � Street Hawker (3)

� Civil servant (4) �Factory worker (5) � Teacher (6)

� Trader (7) �Mechanic (8) � Hairdresser (9)

� Others (specify) (10) ____________________________________

2.5 What type of dwelling is the household? � separate house (1) � semi-detached house (2) � Hut (3)

� Tent (4) � Compound house (5) � Flat (6)

� Other (specify) (7) ______________________________________

2.6 What material is the roof mostly made of? __________________________________________________________

2.7 What material is the floor mostly made of? __________________________________________________________

2.8. What material are the walls mostly made of? __________________________________________________________

2.9 How many ‘family’ or living spaces does the home have? __________________________________________________

2.10 How many rooms are in the household? __________________________________________________________

2.11 Does the respondent keep any livestock? � Yes (1) � No (2)

If yes, please list all and the number of each

Type ____________________ Number ______________

Type ____________________ Number ______________

Type ____________________ Number ______________

Type ____________________ Number ______________

Type ____________________ Number ______________

2.12 Do you grow your own crops? � Yes (1) � No (2)

If yes, please list all and approximate area of total farmland (plot)

Type ____________________ Area of farm __________

Type ____________________

Type ____________________

Type ____________________

Type ____________________
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2.13 What proportion of your income would you say you spend

on household energy (non-cooking)? ___________________________________________

2.14 How many people live in this household? ___________________________________________

2.15 Of the people in (2.14), how many live in the house at least

18 days or more per month? ___________________________________________

SECTION 3: HOUSEHOLD ENERGY MIX/CONSUMPTION

3.1 Which of these is your main household fuel for lighting only? Please select no more than one

� Candles (1) � Kerosene (2) � LPG (3) � firewood/biomass (4) � Car batteries (5) � Dry cell batteries (6)

� Electricity (grid) (7) � electricity (mini-grid) (8) � Electricity (SHS) (9) � Petrol (10) � Diesel (11)

� Other (please specify) (12) ____________________________

3.2 Reasons for using the above fuel?

� Familiar fuel (1) � No other fuel available (2) � Easy to use (3) � Easily available (4) � Cheap (5)

� Other fuels are not affordable (6) � Other (please explain) (7) _________________________

3.3 (a) Are you satisfied using this (main) fuel?

�Yes (1) � No (2)

(b) If No to (3.3), please give reason why. Select up to 3 reasons

� Not selected (0) � Not safe (1) � Expensive (2) � Health concerns (3) � Other (please explain) (4) ___________

3.4 What other fuel sources do you use at home for lighting? Please select at least one

� Candles (1) � Kerosene (2) � LPG (3) � firewood/biomass (4) � Car batteries (5) � Dry cell batteries (6)

� Electricity (grid) (7) � electricity (mini–grid) (8) � Electricity (SHS) (9) � Petrol (10) � Diesel (11)

�Mobile phone (12) � Other (please specify) (13) ______ � None (14) (if none, skip to question 3.6)

3.5 When do you use this other fuel source for lighting?

�Main fuel too expensive (1) �Main fuel not available (2) �Main fuel capacity inadequate (3)

� Other (please explain) (4) __________________________ � not applicable (5)

3.6 What other fuel source do you use at home for other non-lighting & non-cooking activities? (radio, television, fan,
fridge, etc.)

� Car batteries (1) � Dry cell batteries (2) � Electricity (grid) (3) � electricity (mini-grid) (4) � Electricity (SHS) (5)

� Petrol (6) � Diesel (7) � Other (please specify) (8) _____________ � None (9)

3.7 Other sources of fuel which are available for purchase (for any non-cooking purpose) that are not used, and why
(please tick if relevant):

Available
Fuel

Not Safe
(1)

Expensive
(2)

Smoky (3)
Unreliable

(4)

Health
Concerns

(5)

Redundant
(6)

Not
Available

(7)

Candles

Kerosene

LPG

Electricity
(grid)

Electricity
(mini grid)

Electricity
(SHS)

Petrol

Diesel

Other
(specify)

3.8 Who determines the household choice of fuels (for non- � Head of household (1) � Other (please specify) (2)

cooking activities only, e.g., lighting, fan, fridge, etc.)? ______________________________

3.9 Energy Access Attributes: Make notes of the units used (per week, per month, kg, bag, etc. to allow for consistency).
If individual respondents prefer to use weekly or monthly basis, make a note of which one they used.
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Household Consumption Questions Candles
(i)

Kerosene
(ii) LPG (iii)

Electricity
(Grid)
(iv)

Electricity
(Mini Grid)
(v)

Electricity
(SHS)
(Hours) (vi)

Petrol
(Litres)
Q (vii)

Diesel
(viii)

Car
Batteries
(ix)

Dry Cell
Batteries
(x)

Other
(xi)

(a). How much do you use, on average, on a
weekly basis for household fuel?

(b). How long does it take to purchase, or how
far do you have to travel to purchase?

(c). * How often do you charge it, on a
weekly basis?

Notes: For (a), measuring the consumption of grid electricity might be difficult to ascertain. Calculate based on how much they are charged in their tariffs. Further, the questions with “*” is
for car batteries only.

3.10

Reliability Questions Candles
(i)

Kerosene
(ii) LPG (iii)

Electricity
(Grid)
(iv)

Electricity
(Mini Grid)
(v)

Electricity
(SHS)
(Hours) (vi)

Petrol
(Litres)
Q (vii)

Diesel
(viii)

Car
Batteries
(ix)

Dry Cell
Batteries
(x)

Other
(xi)

(a). In the past 1 month, would you say you
have experience shortages/interruptions
with this fuel?

(b). In the past 1 month, how many times have
you experienced shortages/interruptions
with this fuel?

Notes: For the electricity fuels, number of shortages would be measured by how many hours per day there was no electricity. For other fuels, they would involve number of times these
fuels have not been available to purchase in that month period.
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3.11

Affordability Questions Candles
(i)

Kerosene
(ii) LPG (iii)

Electricity
(Grid)
(iv)

Electricity
(Mini Grid)
(v)

Electricity
(SHS)
(Hours) (vi)

Petrol
(Litres)
Q (vii)

Diesel
(viii)

Car
Batteries
(ix)

Dry Cell
Batteries
(x)

Other
(xi)

(a). Over the past 1 month, how much on
average, per unit, do you spend on
purchasing the fuel?

(b). Would you say that you can afford to
purchase the fuel:

1. All the time

2. Only some of the time

3. Can barely or cannot afford it

Notes: Per unit here means per kg, per litre, per bag, etc. Ensure the “per unit” is defined by the respondent. It does not have to be an exact figure, but an approximation of size/quantity
should be obtained. ‘Per unit’ is different for SHS users as they would most likely be paying a flat rental rate per week/month, hence their ‘unit’ would be a period of time.
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SECTION 4: HOUSEHOLD ELECTRIFICATION

4.1 (a) Is this household connected to the national grid supply for electricity? (only national provider should be

considered, i.e., PHCN)

� Yes (1) � No (2)

(b) If No, please say why you are not connected

� High cost of connection (1) � High cost of tariff/monthly payments (2) � not reliable (3) � not available (4)

� other (please explain) (5)

4.2 (a) Does this household receive electricity from the grid (defined as defined as 12+ hours of grid electricity per week)

� Yes (1) � No (2)

(b) If No, then how is electricity supplied to the household?

� PV solar panel (1) �Mini-grid (2) � Car battery (3) � Dry cell battery (4) �Personal generator (5)

� Communal generator (6) � Other (please specify) (7) � not applicable (8)

4.3 Do you own a solar home system (SHS)?

� Yes (1) � No (2) (if “no”, skip to question 4.19)

(if “yes”, skip questions 4.19 & 4.20)

4.4 (a) Did you purchase the SHS, or was it provided for free?

� Purchase (1) � Free (2) � Not applicable (3)

(b) If “free”, would you still have gotten the SHS if it was not free?

� Yes (1) � No (2) � Not applicable (3)

4.5 How long ago (in months) did the household first get the SHS?

____________ months

4.6 What is the capacity of your SHS (in Watts?) (If they do not know the answer to this, offer to check the unit)

____________ watts

4.7 Which of the following appliances do you want to own, already own, do not want/care to own, or cannot use?

(Tick as appropriate)

Appliances
Want to Own

(1)
Already Own

(2)
Do Not

Need/Want (3)
Own, But

Cannot Use (4)
Not

Applicable (5)

LED bulb

Mechanical fan

Radio

Television

Fridge/freezer

Water Pump

Mobile Charger

Rechargeable Torch

Electric Iron

CD/DVD Player

Air conditioning

Electric Cooker

Other (please specify)
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4.8 If you ticked any appliance under “want to own”, why haven’t you purchased the equipment?

� Too expensive to purchase (1) � Not available to purchase (2) � capacity of power source not adequate (3)

� other (please explain) (4)

4.9 In the past 3 months, how many hours a day would you say you use the SHS system?

� <1 (1) � 1 (2) � 2 (3) � 3 (4) � 4 (5) � 5 (6) � 6 (7) �6+ (8) � n/a (12)

4.10 What is the duration, in hours/day, you would prefer to have the supply of electricity, as opposed to what you

have now?

a � From _______ to _________ (1) b � Happy with the current duration (2) c � n/a (3)

4.11 What has been the most important use of your SHS for your household? Please tick in descending order of importance,

with 4 being the most important and 1 the least important.

Entertainment
(television, radio) (a)

Security (as a
result of better

light outside) (b)

Using it for work
(mobile phone charging

business, etc.) (c)

For general
household
lighting (d)

4

3

2

1

n/a

4.12 In the past 1 month, has your SHS failed to provide electricity for more than half the time it did when you got it?

� Yes (1) � No (2) � n/a (3)

4.13. Do you feel the capacity of your SHS limits your ability to fully enjoy the benefits of electricity, i.e., would you enjoy

it more if it were able to power more electrical appliances?

� Yes (1) � No (2) � n/a (3)

4.14 (a) Do you prefer a mini-grid/national grid connection guaranteed for, say 4 to 6 h per day, (use NEPA or PHCN

acronym if it helps them understand) than the SHS for the whole day?

� Yes (1) � No (2) � n/a (3)

(b) If “Yes, what are your reasons?

________________________________________________________________________________________________________

________________________________________________________________________________________________________

_____________________

(c) If “No”, what are your reasons?

________________________________________________________________________________________________________

________________________________________________________________________________________________________

_____________________

4.15 (a) Would you be willing to pay a part of the connection/set up cost if it meant you would get connected to a

national/mini grid that promises to provide uninterrupted supply of electricity?

� Yes (1) � No (2) � n/a (3)

(b) If “yes”, how much would you be willing to pay? ____________

(c) If “yes”, what is the minimum number of hours per day of electricity you would expect from the grid to be worth

your payment?

Amount ___________
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4.16 How much more compared to your SHS payments would you be willing to pay regularly on a monthly basis for

electricity, if you can upgrade to the national grid/mini grid? (If SHS use is free, then just ask how much they would be

willing to pay monthly to use the grid, as opposed to comparing to SHS payments)

Amount: __________

4.17 Has your SHS lived up to the expectations you had before you purchased it. Please explain

________________________________________________________________________________________________________

____________________________________________

4.18 If the answer to 4.3 is “no”, why do you not own a SHS?

� High cost of connection (1) � High cost of tariff/monthly payments (2) � not reliable (3) � not available (4)

� Not needed (5) � other (please explain) (6) � n/a (7) � capacity too small (8)

4.19 (a) If the answer to 4.3 is “no”, have you previously owned a SHS?

� Yes (1) � No (2)

(b) If “yes”, why do you no longer have one? Please explain

________________________________________________________________________________________________________

_____________________________________________________

(c) If “yes”, what has been your experience since you have switched to using other fuel sources for your household?

Please explain __________________________________________________________________________________________

________________________________________________________________________________________________________

________________________________________________________________________________________________________
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