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Abstract: Rooftop solar photovoltaics have the potential to successfully electrify rural and scattered
communities worldwide. However, access to clean, high-quality, reliable and affordable energy
remains elusive for several households in rural areas of the developing world. To fully comprehend,
unpack and proffer meaningful solutions to this mismatch, energy sources in use and types in
areas where rural electrification through solar home systems are profiled. Furthermore, grassroot
communities’ perceptions of rooftop solar photovoltaics (PVs) was explored. A case study design
was adopted. Thirty (30) households were purposively sampled from three selected villages. Their
perceptions on the adoption of solar photovoltaic home systems were analysed qualitatively using
Atlas ti 8 software. Thematic network analysis was pursued. Households in the chosen villages
use grid connections, paraffin, solar PV, firewood and candles to meet their energy needs. The
chosen villages used energy for water heating, refrigeration, cooking, illumination, space heating,
entertainment and ironing at the household level. In general, the participating households perceived
solar PVs as a relatively cheap, easy-to-use, environmentally friendly alternative energy, and did not
demand regular payments once installed. However, there was a discerning perception that solar was
a weak technology that could not be relied on because it produces an inferior quality of energy, could
be easily stolen and needed high capital investment beyond the reach of many consumers. The results
obtained in this study highlight that the solar home system (SHS) rollout should be sensitive to rural
communities’ financial situations and be innovative in that low-income households are included. In
addition, there is a need for a robust awareness programme that highlights the energy availability,
reliability, quality, cost effectiveness and legal, health and safety benefits of the SHS to the rural
families in the district.

Keywords: energy poverty; renewable energy; rooftop solar systems; perceptions

1. Introduction

Energy poverty is a global challenge [1] that affects about 2.67 billion people who rely
on traditional fuels [1–3] for cooking and heating. Most people lack access to clean and
affordable energy sources in rural areas. They depend on traditional biomass [1]. Through-
out the world, dependence on traditional biomass has exposed them to dangerous health
hazards associated with air pollution [4,5]. To respond to this scourge, governments and
other stakeholders have mounted efforts to transition rural and unelectrified communities
from traditional biomass to the adoption of renewable energy resources that are much safer
and cleaner [6]. However, the expensive cost of grid extension, unreliable infrastructure,
lack of political will and institutional weakness [7] jeopardise these efforts. Moreover, the
availability and affordability of renewable energy sources [8] have been a setback that
frustrates energy transitioning. Despite all these setbacks, adopting renewable energy
sources remains the only promising alternative for universal access to affordable and clean
energy among the rural-poor communities in developing nations.
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In South Africa, the government has committed to the socio-economic transformation
of rural and marginalised communities through the provision of off-grid connections (solar
home systems) [9]. In 1999, the Integrated National Electrification Programme (INEP)
introduced a fee-for-service programme for 300,000 installations [9]. It was piloted in 2002
by Shell–ESKOM Joint Venture at the same time as the other six concessionaires [10]. The
assumption was that a typical indigent home would require a 50 kWh for domestic services
such as charging mobile phones, outdoor and indoor illumination, television, radio player
and water heating. Consequently, the government has mandated a monthly supply of
50 kWh for low-income customers [9,11,12]. Overall, the programme targeted to generate
10,000 GWh by 2013 [13]. The programme missed its target [14], failing dismally [15]. The
INEP initially targeted to electrify 300,000 households, but in 2012 only 46,000 were still
using the systems [16]. This is a cause for concern. The programme’s failure is attributed to
the failure of the programme planners to factor in rural communities’ views, attitudes and
perceptions of the SHS. Despite the nobility of the programme, without consideration of
the consumers’ attitudes, the programme was bound to fail. Thus, this paper will unpack
current energy sources, types and the rural communities’ perceptions of using SHS as an
alternative energy source in the rural communities of South Africa.

The adoption of rooftop solar home systems (SHSs) is one way for energy transitioning
for rural and scattered communities of South Africa. Rooftop SHS is ideal in South Africa
because the country’s average solar radiation is 7 KWh.m2 [17]. Cognisant of the challenges
that compromised the INEP, solar radiation potential and energy poverty situation among
the rural communities, the cabinet launched a New Household Electrification Strategy
(NHES) [18]. The NHES sought to achieve universal energy access by 2025 by ensuring
that only 90% of new houses will utilise the national grid. The remaining 10% will be
electrified with high-quality off-grid SHS (i.e., 50 to 100 Wp stand-alone SHS recommended
for off-grid electrification). This decision resulted from the realisation that rooftop solar
photovoltaic systems are the most promising technology for practical rural electrification.
Secondly, SHSs are proving to be a more resilient and efficient electricity system for the
rural unelectrified communities [19]. Generally, there is a rapid transition from traditional
centralised electricity generation and intensive use of fossils to isolated rooftop solar home
systems [20]. Thus, the NHES was launched in 2013. As a result of these two crucial
attempts to electrify rural villages with rooftop SHSs, rural communities in South Africa
were exposed to the use of solar home systems. In an effort to understand the SHS adoption
impediments, this paper profiles energy sources and types used in three selected villages
in the Vhembe District (Duvhuledza, Mbahe and Tshamutilikwa) that participated in both
the INEP and NHES programmes in the past. Finally, the rural households’ perceptions of
rooftop solar PV technology are explored.

2. Theoretical Background

(a) Energy Ladder Approach

Fuel use and choice among households are explored through the energy ladder model
(ELA) [21]. The model assumes that a household’s income will increase a family shifts
to more modern and cleaner energy sources such as liquid petroleum gas (LPG) and
electricity. In addition, the model assumes that energy consumption increases with more
efficient fuels. Therefore, energy sources for most rural households are biomass, including
fuelwood, charcoal and agricultural waste. According to this theory, homes move up the
ladder, from biomass to paraffin and then LPG or electricity due to increased disposable
income and improved lifestyles. Thus, technological advancements aimed at improving
energy efficiency are only afforded and resorted to by households with disposable income.
Central to the ELA is household income to move from one fuel to another in a linear trend.
Many scholars have criticised this since households do not necessarily follow the energy
ladder because of their financial position. Multiple fuel use approaches have debunked
this approach. Due to these weaknesses of the energy ladder approach, ELA must be used
alongside the multiple fuel approach.
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(b) Multiple Fuel Use Approach

This approach responds directly to the shortcomings of the energy ladder approach. It
postulates that poorest rural households, particularly in developing nations, do not move
from one fuel to another; instead, they use multiple fuel sources found at all levels of
the energy ladder. Different fuels are not switched, but fuel staking is pursued whereby
fuels for cooking are added, and even the most traditional ones are not displaced or
abandoned [22]. For instance, in Zimbabwe, access and availability have been identified as
the driving forces for fuel choice [23]. As such, household fuel choice is not dependent on
economic factors alone but on several factors that include gender, the level of education
and household head [24]. Cultural and taste preferences contribute to household fuel
choice [25]. Households act rationally; thus, they move up and down the ladder due to
several factors which might be cultural. Understanding the factors that influence household
fuel choices is essential before concentrating on shifts [26]. Thus, in this paper, a more
holistic approach combining the insights of ELA and MFUA was applied to understand
energy sources, types and rural communities’ perceptions of renewable energy sources
such as solar photovoltaics.

3. Materials and Methods

The current case study was conducted in Mbahe, Dhuvuledza and Tshamutilikwa
which are in the Thulamela municipality of the Vhembe District in South Africa. The
villages are found in the eastern part of the municipality towards the Kruger National Park
(Figure 1). They are mainly rural with scattered households. Thirty (30) households, ten (10)
per village, were selected via a case study design. Only those households that participated
in the SHS Electrification Programme implemented by the Thulamela Local Municipality
and Solar Vision Private Limited were purposively selected for the study. Before the actual
data collection, SHS Electrification Programme beneficiaries were identified in each village.
Out of the identified households, only ten were randomly selected per village. Creswell
and Tashakkori (2007) contend that ten respondents constitute a large enough sample
size for a phenomenological study in qualitative studies [27]. In contrast, Morse (1995)
suggests that six respondents are sufficient to reach data saturation in a phenomenological
study [28]. Furthermore, Bernard (2011) contends that the ideal standard for qualitative
sample size is “to interview to redundancy” [29] or to interview to saturation [30]. Given
the lack of consensus on the appropriate sample size in exploratory studies, this study
targeted 30 respondents, far beyond the suggested sample size for explorative studies in the
literature. In-depth face-to-face interviews were conducted to solicit individual households’
insights on the rooftop solar home systems and the current energy uses, types and principal
fuel sources. The responses were recorded using a voice recorder. In all instances where the
local language (Venda) was used, it was translated into the English at transcribing stage.
Transcribe data were exported to Atlast ti as a Hermeneutic Unit. It was analysed using
Thematic Network Analysis (TNA) in Atlas ti version 8. The data were analysed using
open coding, code by list and in vivo. The relationship and logical pattern explaining the
perceived advantages and disadvantages of adopting an SHS were extracted from the data
using the linking and related functions under Network View Manager.
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Figure 1. A map of the study site.

4. Results
4.1. Demography

Most of the study’s thirty respondents (83%) were females. Almost 36% of females
were residents of Tshamutilikwa. Adults aged between 36 and 60 comprised 60% of the
total number of the respondents, with the elderly constituting about a third, 30% of the
respondents. Youths within the 18- and 35-year-old range made up 10% of the respondents.
As indicated in Table 1, in Tshamutilikwa, no youth was interviewed. Duvhuledza village
had the highest number of youths (7%) participating in this study.

Table 1. Demographic characteristics of the respondents in the study on the perception of solar
PV adoption.

Mbahe Duvhuledza Tshamutilikwa Total Frequency (n = 30) Cumulative (%)

Gender
Male 2 2 1 5 16.7

Female 8 8 9 25 83.3

Age

Youths (18–35 years) 1 2 0 3 10

Adults (36–60 years) 6 7 5 18 60

Elderly (61+ years) 3 1 5 9 30

4.2. Energy Types and Uses

The interviews revealed that families use various energy sources in the selected
villages. The dominant prevalent energy sources in the chosen villages are grid electricity,
paraffin, solar photovoltaics, firewood and candles. These sources meet household energy
needs at the household level, ranging from cooking, water heating, indoor and outdoor
illumination, refrigeration, ironing (straightening fabric), air conditioning, entertainment
and space heating. Presented in Table 2 is how each energy source is used at the household
level, as extracted by the interviews.
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Table 2. Energy types and their uses in a household in the rural areas of the Vhembe District.

Domestic Energy Use Energy Source(s) Frequency (N = 30) Cumulative Percentage (%)

1. Illumination

• Candles 3 10.0

• Paraffin lamps 1 3.3

• Battery cells 1 3.3

• Solar photovoltaics 1 3.3

• Grid electricity 22 73.3

• Grid electricity 29 96.7

2. Water heating

• Solar geyser 1 3.3

• Grid electricity 14 46.7

• Liquefied petroleum gas 2 6.6

• Firewood 21 70

3. Entertainment
• Battery cells 1 3.3

• Grid electricity 28 93.3

4. Cooking

• Firewood 24 80.0

• Electricity 17 56.7

• Liquefied petroleum gas 2 6.6

5. Space heating
• Liquefied petroleum gas 1 3.3

• Firewood 6 20

6. Air conditioning
• Nothing 16 53.3

• Electricity 13 43.3

7. Ironing clothes • Firewood 8 26.7

(a) Grid electricity

Households are using grid electricity for space heating, refrigeration, cooking, house-
hold lights, water heating, entertainment and air conditioning at the household level in the
selected villages. As presented in Table 2, 29 and 28 out of 30 participants use grid electricity
for refrigeration and entertainment. As shown in Table 2, 22 of the 30 that were interviewed
use it for illumination compared to 17 for cooking. About half of the survey households
used it for water heating and air conditioning. These findings align with Motjoadi, Bokoro
and Onibonoje, who concluded that the primary purpose of electricity for rural dwellers is
domestic use [31]. Many rural communities that are connected to the grid in sub-Saharan
Africa are restricted to lighting, television, radio and cell phone charging [1,32]. They
further posit that rural communities cannot buy electrical appliances. This view is echoed
by [31], who argue that electricity affordability remains a challenge for rural communities
despite being connected to the grid. Overall, grid connections in rural communities of
developing countries are struggling with reliability, stability, sustainability, power quality
and efficiency [33]

(b) Paraffin

As shown in Table 2, some households use paraffin as an energy source. It is mainly
used for household lights. Earlier studies in South Africa have found a similar trend [34–36].
Interestingly, paraffin was only mentioned by one of the thirty households participating
in this study. This is in line with the observation by [37], who observed that the reliance
on paraffin for lights is not uniform across geographical areas and within individual
communities. They said that only the poorest and vulnerable communities use paraffin
with only limited access to other energy forms. According to the energy ladder hypothesis,
the use of paraffin is one step from unclean sources such as biomass [38]. In other words,
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the use of paraffin for lights is a shift from low-quality fuels such as biomass to more
convenient, versatile and cleaner modern sources [21]. Despite categorising the use of
paraffin as an improvement on the energy ladder, it remains an unclean energy source that
is detrimental to both human health and the environment. It is worth noting that a separate
study in different villages of the Vhembe District revealed that paraffin is being used for
cooking [39].

(c) Solar Photovoltaics

Solar photovoltaics systems are one of the energy sources that emerged in the study.
As indicated in Table 2, it is exclusively used for water heating and indoor and outdoor
illumination. It is apparent from Table 2, that only one participant in the study mentioned
solar PV systems. This is in line with the findings of [32], who observed that the use of
solar PV systems is very minimal in Southern Africa. In South Africa, solar PV systems are
for lighting and home appliances in rural communities [40]. Surprisingly, the solar module
price is declining steadily [40], but there is still low uptake of the technology among the
rural communities of the Vhembe District. If properly harnessed, solar PV technology
would be contributing to about 14% of the total energy supply in the country by 2050 [41].
In addition, an installation of a 50 kWh/m can save ZAR 100 billion per annum and save
the struggling national grid by generating 9720 GWh [42], ultimately cutting carbon dioxide
emissions of about 5.8 million metric tonnes.

(d) Firewood

The use of firewood among the rural households in the Vhembe District is predomi-
nantly for ironing clothes, water heating and space heating. Table 2 reveals that 8 out of the
30 homes who partook in this research mentioned using firewood for ironing clothes. The
bulk (24) of the people among the participating families use firewood for cooking, while 21
used it for water heating. Only six used it to meet their space heating needs. These findings
align with the studies by [32,39], which noted that some rural and remote communities rely
on burning fuelwood for cooking and heating. The South African Energy Outlook of 2019
has predicted that about 10% of the South African population will still be using fuelwood
for cooking by 2030 [43]. They observed that many families in sub-Saharan Africa still use
dirty fuels such as firewood for light and cooking. About 730 million rely on biomass such
as firewood in sub-Saharan Africa [44]. Notably, most families in rural South Africa are not
employed and do not have a stable source of income [39]. Firewood is prevalent among the
poor [45,46] because they can afford this source financially.

It is worth noting that households relying on firewood spend a considerable amount of
time and labour gathering from near and afar [1]. Let alone the severe threat it poses to the
environment and human health [47]. At the receiving end of these activities are children and
women. The results conform with the findings of Statistics South Africa, which observed
that about 40% of the rural dwellers in the Limpopo Province use firewood for cooking [48].
Currently, meeting energy needs using firewood is cheaper than using any other available
energy source [39]. This explains why despite almost 100% grid connection in some villages
of the district and incentives for using it such as offering accessible promotional units by the
service provider, families still opt for fuelwood use as the energy of choice for their cooking
and water heating needs. High fuelwood usage for cooking is driven by the belief that
food cooked with firewood tastes better than that cooked with electricity [39]. Household
energy preferences are multifaceted and dynamic. Thus, an attempt to promote new energy
technology needs thorough socio-economic, cultural and taste research.

(e) Candles

Some households were using candles for lighting purposes. Notably, as Figure 1
shows, candle usage was not that popular. Representatives of only two households were
of this view. This is consistent with Rahut, Behera and Ali’s findings that only 2.9% of
Eastern and Southern African households used candles for illumination [32]. This finding
shows that rural communities still rely on unclean energy sources to meet their household
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illumination needs. Reliance on candles for lighting exposes rural families to both health
and physical hazards.

4.3. Rural Communities’ Perceptions of Solar Home Systems

Several rural communities’ perceptions of the adoption and use of SHS among rural
households in South Africa emerged and are presented in Table 3. Firstly, 23% of the rural
households thought solar systems were unaffected by load shedding. As shown in Table 1,
this view was shared across the villages. According to Piliso, Senzanje and Dhavu, since
2010, the South African electrical power distribution company ESKOM has struggled to
provide enough electricity for the country [49]. As a result, load shedding has become
perennial in the country. The prevalence and devastating effect of load shedding have
been confirmed by Mabunda, who concluded that it has many stages [50]. Once effected,
electricity-powered gadgets and devices switch off for hours. The households are restricted
from doing or enjoying tasks and services that need electrical power. As a result, this
has subjected the populace to continued bouts of load shedding. Thus, in the context
of recurrent and intensifying load shedding, rural communities feel solar photovoltaic
adoption has the potential to spare them from devasting effects of load shedding.

Table 3. Rural households’ perceptions of solar home systems (SHSs).

Perceived Advantages of
a SHS

Village
Distribution

Frequency
(n = 30)

Cumulative
(%)

Perceived Disadvantages of
Adopting a SHS

Village
Distribution

Frequency
(n = 30)

Cumulative
(%)

A solar home system is
not affected by load
shedding

Duvhuledza (2)
Mbahe (4)
Tshamutilikwa (1)

7 23.0
A SHS does not work well
during cloudy or rainy climatic
conditions

Duvhuledza (4)
Mbahe (7)
Tshamutilikwa (6)

17 56.7

Solar technology is
relatively cheap
(Installation and
maintenance)

Duvhuledza (3)
Mbahe (4) 7 23.0 Solar equipment is expensive Duvhuledza (1)

Mbahe (11) 2 6.7

Solar technology is simple
and easy to use Duvhuledza (2) 2 6.7 Solar PV panels can be stolen

easily

Duvhuledza (2)
Mbahe (1)
Tshamutilikwa (1)

4 13.3

The energy is derived
from a renewable resource,
the sun, and is
environmentally friendly

Duvhuledza (1)
Mbahe (1)
Tshamutilikwa (2)

4 13.3

A SHS’s efficiency is reduced
by the presence of dust
particles which are prevalent in
the rural villages

Tshamutilikwa (1) 1 3.3

Once installed, the SHS
does not require regular
payments

Mbahe (1)
Tshamutilikwa (1) 2 6.7

Solar technology produces
inferior quality energy, which
can power limited household
appliances

Duvhuledza (2)
Tshamutilikwa (1) 3 10

Solar home system
adoption reduces energy
supply demand on-grid
connections

Tshamutshezi (1) 1 3.3

It also emerged that 23% of the rural communities perceive solar adoption as cheap, i.e.,
installation and maintenance. This perception mainly came from participants from Mbahe
village. Indeed, SHS installation and maintenance are relatively cheap. In Bangladesh,
Momotaz and Karim posit that rural communities share the same sentiment, with over 76%
indicating that the SHS cost was within the purchasing ability [51]. In Pakistan, a similar
trend among rural and scattered communities was observed, where SHS was considered
an affordable technology for rural and scattered communities [52]. Notably, this could
be a result of the general solar financing system. According to Ngoepe et al., the pay-
as-you-go billing system has demonstrated that off-grid providers go beyond promoting
and providing clean and sustainable rural electrification but providing affordable financial
services for profit-making [53]. Notably, about 6.7% of the participating families felt that
installation and maintenance are too expensive and beyond their reach. This sentiment
mainly came from Mbahe and Duvhuledza villages. In other words, the affordability of
SHS is contested among rural families. Thus, as much as installation and maintenance are
generally cheap, this divided perception could explain why its uptake is not encouraging
in the district, as the majority are not using it.
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In addition, 6.7% of rural families participating in this study believe that SHS has
the propensity to help them save household financial resources. Noticeably, this view is
harboured in Duvhuledza and Mbahe. This observation is in sync with the findings of [54],
which concluded that SHS is a low-cost solution to rural electrification if adopted and has
the potential to help in energy spending. To further bolster this perception, [55,56] have
observed that the price for SHS modules has become increasingly attractive. This same
sentiment is echoed by [57,58], who noted that the prices of SHS modules have drastically
dropped. According to the World Bank, using SHS reduces a household’s cost of lights and
vulnerability to domestic health and safety hazards [3]. The SHS has become financially
attractive due to heavy government subsidies [56,58].

Results have also revealed that 6.7% of the families in the selected villages perceive
SHS as a simple and accessible technology. This view only emerged from Duvhuledza
village. This sentiment was shared by [59] when they concluded that SHS is touted for
technical quality in Bangladesh. This perception is also seen in Vietnam and Sweden [60,61].
Moreso, SHS is perceived as environmentally friendly. This is widely shared across all
the participating villages. This is in sync with Missourian and Kopacek’s findings which
concluded that SHS is one of the environmentally friendly technologies [62]. It has also
emerged that SHS, once installed, does not need regular payments. This gives this tech-
nology a comparative advantage over other technologies in the district; mainly, electricity
is widely used, but people are not affording it now. Finally, the rural households believe
that adopting SHS helps ease the energy supply demand from the currently overwhelmed
grid connection.

As much as the rural communities in the selected villages of the Vhembe District in
South Africa had positive perceptions about the technology, it needs to be highlighted that
some households have negative perceptions. For instance, the majority, i.e., 56.7% of the
families, believe that SHS does not work well during cloudy and rainy climatic conditions.
This finding conforms with the conclusions of [63], which conclude that indigent people
targeted by off-grid entrepreneurs have trust issues with the technology. In Kenya, the SHS
end-users also have trust issues; however, according to Faris, the M-Kope uses local pastors
to create awareness and a market for SHS [64]. Thus, all these trust issues must be dealt
with for rural electrification through SHS to succeed.

Some households believe that SHS photovoltaic cells can be easily stolen. About
13% of the families participating in this study shared this view. As indicated in Table 3,
two households were from Duvhuledza, each from Mbahe and Tshamutilikwa. One of
the unintended results was that the participating families showed that SHS’s efficiency is
reduced by the accumulation of dust on the panels. A possible explanation for this result is
that most of the roads in rural areas of Vhembe District are not tarred. Interestingly, system
reduction due to the accumulation of dust particles was only mentioned in Tshamutilikwa,
with about 3.3% of the families participating in this study. Finally, it also emerged that rural
families in the Vhembe District felt that SHS does not produce adequate quality energy.

About a tenth of the respondents raised the fact that the household solar system is
limited in terms of its capacity to power. They argued that an SHS could not be used to
cook or iron clothes. This conforms to Taylor and So’s findings, which note that solar power
generation is far lower than the grid supply [65]. This reinforces the results obtained in an
earlier study [20]. The latter scholars concluded that a SHS could not constantly supply
power because its sources varied from one season and geographical location to another.

5. Conclusions

Even though the participating families indicated positive perceptions of solar photo-
voltaic technology, its proliferation in rural areas is hindered by high capital and mainte-
nance costs. In addition, the results reveal that families in the rural communities of South
Africa are still reliant on unhealthy fuels such as wood, paraffin and candles. This situation
is compounded by the fact that, in Africa, more than two-fifths of the population live
under USD 1.90 a day; such people are not considered for basic financial services such as
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insurance, bank loans and others as they do not have a steady income, own a personal
bank account and reliable credit history. Thus, SHS providers should not only leverage the
financial implications of using unclean energy sources such as fossil fuels and biomass but
also the financial capabilities of the end-users of the technology. Thus, Roberts suggests that
solar home systems innovators need tailor-made service charges in line with the financial
situation of the communities they intend to electrify.

Concisely, South African rural communities have the potential to adopt renewable
energy sources, but they are not adequately harnessed. Currently, the government is
subsidising more on-grid connections at the expense of off-grid connections. Central to
this is the politicisation of rural electrification in South Africa. Areas earmarked for SHS
encroached with grid electricity to score cheap electoral votes. Therefore, political and
trade unions’ interference exacerbates rural electrification challenges through SHS in South
Africa. In addition, the SHS implementation programme needs to be aware of the capacity
and system types. Besides the system capacity, SHS should be evaluated to improve rural
communities’ energy access regarding availability, reliability, quality, cost effectiveness,
legal, health and safety. All this information needs should be shared with rural families who
intend or who are willing to adopt an SHS. It will help decrease the prejudices harboured
by the rural communities.
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