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Abstract— In this paper, an assessment of the extent of household
energy poverty and the implications of socio-economic status of the
households in Louiville (a rural settlement in Mpumalanga province,
South Africa) is made. In total 165 households were sampled over
the course of two years. A survey was conducted from a sample of
165 households recording objective data of energy expenses and
subjective data about households’ satisfaction with current energy
sources versus what they can afford vis-a-vis their income. Using
the objective approach, the results showed a high prevalence, over
84% (n= 138), resulting from both the escalation of energy prices
and low household income. Among the households under the
poverty threshold, high dependence on traditional fuels including
wood, coal and candles was noted for cooking, heating and
illumination purposes. The subjective indicator analysis showed
that, although the majority of households use traditional fuels for
cooking and heating, over 91% of these households are not satisfied
with their current energy share owing largely to energy affordability.
In conclusion, the establishment of affordable energy tariffs for the
poor can address several energy inequalities in the poor settlement.

Index Terms— energy poverty, energy use, households, Louiville

1 INTRODUCTION

Residential clean basic energy access is essential to
address many of today’s global challenges including poverty,
health and education [1], [2]. Increasing the share and use of
modern energy is associated with a reduction of human
morbidity; while at the same time promotes environmental
sustainability [2], [4], [8]. Globally, countries have worked to
decrease human dependence on energy sources associated
with the burden of the environment and human disease
including wood, coal, paraffin, and animal dung [3], [5], [6].

In South Africa, current interventions to reduce energy
poverty are undergoing with emphasis on increasing access
to grid electricity for all [9], [10]. However, despite efforts by
the government to address energy inequalities within the
republic, research has proven that majority of poor people are
still energy deprived [11], [12]. Recent literature reports have
established a high prevalence of energy poverty mostly in
rural, informal and peri-urban households [13], [14], [15].
Furthermore, more than 95% of these households are
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economically poor and cannot afford modern energy services
[16], [18].

Lack of access to clean energy such as electricity leads to
increased dependence on coal, wood, paraffin in most South
African households [13],15], [19]. These fuels are often
burned using inefficient technologies, thus stove/fuel
combination, which contributes to household air pollution
(HAP) [20,21]. HAP is associated with several diseases,
which increase the risk of acute mortality. It is evident that
women and children carry most of energy inequalities
burdens. Also, combustion of traditional fuels (solid and
liquid fuels such as paraffin) brings along incidental burns
and shack fires [22], [26]. But, despite all such incidences, it
is anticipated that energy deprived households will continue
to rely on “dirty fuels” due to access or high cost of electricity
[71, [14].

The objective of this study was to investigate energy
poverty in Louiville, Mpumalanga Province, South Africa.
The study ends by identifying transitional barriers thus
energy switch from traditional fuels to electrical energy.

2 ENERGY POVERTY

The specification of what constitutes the basis to define
energy poverty has been debated in recent years. Variation in
the definition of energy poverty exists between developed
and developing countries, rural and urban areas. Briefly,
though, energy poverty can be defined as the lack of access
to energy services up to a socially and materially necessitated
level for a household [33], [44]. Based on this definition, the
concept of energy poverty can be further divided into
accessibility and affordability. Accessibility and availability
are used synonymously. There is a close relationship between
energy poverty and availability. The measurement of energy
poverty based on energy availability considers several
indicators including a household share of modern energy
services such as electricity and the consumption of traditional
energy carriers if any [44], [45], [46].

Regarding energy availability, South Africa still faces
unprecedented energy inequalities. Despite effort made by
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the democratic government in the past two decades, over 9%
of households’ lack access to modern energy [9]. As such,
measures to alleviate energy poverty in South Africa through
energy availability are yet to be fully implemented [11].

The second focal point of energy poverty is affordability.
This approach considers the fuel price as a defining aspect of
fuel accessibility. Fuel prices have limited poor households
to use modern energy services [48], [49]. Although the world
has so much evolved with the production of clean energy, the
inability of poor households to purchase and use such fuel
could still aggravate fuel poverty [50], [51].

South African households living in rural and peri-urban
areas are most affected by the challenge to afford prices of
modern energy sources such as electricity. The underlying
cause of that being limited income access and high rate of
unemployment in these households [13], [15]. Therefore, in
measuring the extent of energy poverty, it is important to
consider first the poor individual.

Furthermore, South Africa’s literature on energy has
explored several approaches for quantifying household
energy poverty. One such approach consistent with other
countries’ worldwide is the expenditure approach. In this
approach, energy poverty is determined at the expenditure
poverty line, and data is usually acquired from household
energy surveys [11], [32], [45]. Although the expenditure
model is considered to be the universal approach for
measuring household energy poverty, it has been drawn with
some setbacks in the past. For example, Hills [42], [43]
explained that literature reports have often not distinguished
between household energy overconsumption and energy
poverty. Thus, the tendency to exaggerate the status quo of
energy poverty.

Other approaches used in the measurements of energy
poverty include the income approach and the subjective
approach. The income approach is used to determine the
share of household income utilised to cover household’s basic
energy needs [52]. It has been reported that low-income
group households spend more money to acquire energy
services than high-income households [50,51]. The
subjective approach, on the other hand, is concerned
specifically with the amount of energy a household consumes
and the minimum energy demand for human survival and
development [33], [53]. In contrast with all other existing
approaches, the subjective approach further determines
household’s satisfaction with their share of energy [41].

In the context of this paper, the household expenditure
approach consistent with the definition by the Department of
Energy [39] is used. The paper also includes a new indicator
to the subjective measurement.

3 DATA

3.1 Study area

The study was carried out in Louiville, a remote area
located in Barberton town in Mpumalanga province. The area
connects to the Lily gold mines and is sandwiched by the
Makhonjwa Mountains. Louiville is comprised of more than
ten villages, all characterised by a lack of access to roads
infrastructure and basic household services including water
and sanitation.

The primary source of drinking water for residents is a
nearby canal, where effluent from gold mining activities is

also discharged. This canal is used for agricultural and animal
farming, which are among the activities practised by the
households for a living. Also, the walls of the dwellings in
Louiville are built with reeds, poles and mud. However, other
dwellings are made from corrugated iron sheets or concrete
blocks and roofed with iron sheets.

Moreover, for many residents in Louiville, the primary
language of communication is SiSwati, although isiZulu is
also spoken by some limited number of households. It is
believed that a considerable proportion of residents in
Louiville migrated from Swaziland in search of employment
in the area.

3.2 Questionnaire development and administration

Preliminary surveys (minor pilot) were conducted using a
questionnaire tool in three of Louiville villages from July to
August 2016. The survey used a convenient sampling
technique due to small population size and gathered
information on energy practices focusing on types of cooking
fuels and devices, as well as the costs of fuels used daily for
cooking, heating, lighting and entertainment.

The survey conducted in 2017 was extended to six other
villages in Louiville, adding to the initial three study sites.
The questionnaire used in the survey was adapted from the
World Bank comprehensive living standards surveys [24]
,[25] and the Sustainable Energy Technology and Research
Centre (SeTAR) questionnaire on household energy practices
in informal settlements [13]. The questionnaire was
structured with both closed and open-ended questions [25].
The final questionnaire instrument comprised of twenty-five
questions relating to types of households’ energy and stoves,
energy costs and consumption practices, and factors
influencing household fuel choices. A total of 165
questionnaires were completed and reported in this study.

3.3 Quality control

Several quality assurance procedures were followed
during both phases of the study. Interviewers were subjected
to a day training on the administration of the questionnaire
instrument. Interviewers then administered the questionnaire
to each other during the training session. After the completion
of the training, the study was initiated, and the interviewers
went from house to house administering the questionnaire
[15]. All questionnaires containing errors were excluded from
the survey results analysis.

4 RESULTS AND DISCUSSION

4.1  Study population demographics

Table 1 presents the demographics and socio-economic
characteristics of the study population. One hundred and
sixty-five households participated in the survey. About 70%
(n= 115) of the households had no employment at the time
this study was conducted, and only 18% were employed. But
this outcome could have resulted from the stoppage of gold
mining activities in the area as more than 80% of households
had reported having worked in the mines in the past two
years. The difference between the two datasets could be
attributed to the lack of industrial development in the area;
the gold mine was the primary source of employment for
most households.



Additionally, the types of households’ dwellings and the
trends in education amongst households are also discussed in
Table 1. Most households lived in mud houses, with only 5%
living in concrete block houses. Furthermore, regarding
education, only 23% had reached secondary school, while the
remaining had either reached primary school or had never
attained any level of education.

Table I. Study population: Demographics and socioeconomic
characteristics.

phones where the distribution rate was recorded at 92%, the
remaining appliances were seldom found in most households.

“Electricity is not easily affordable in this area. The
promise by the government to provide free basic electricity
for all has never been achieved. Consequently, having an
electrical device means being able to use and maintain such
device or replace especially when the older one is damaged”.
Householder respondents.

Household (n=165) n (%) . . . o
Type of dwelling Table 1. Energy choices for cooking, heating and lightning.
Mudhouse 137 (83) Fuel type Household tasks
Concrete blocks 3(2) Cooking Heating Lighting
Reeds 0 i 0 0 0,

El 5 (4% 8 (7% 115 (100%
Corrugated iron sheets 22 (13) ectricity ( OZ ( OZ (100%)
Poles 3(2) Wood 160 (97%) 157 (95%) 0

Education 109 (66) Coal 75 (45%) 75 (45%) 0
Primary Gas 23 (14%) 5 (3%) 0
Secondary 38(29)

Tertiary 3(2) Paraffin 63 (38%) 7 (4%) 3 (2%)
Other (no formal education) 1509) Candles 0 0 50 (100%)

Occupation
Employed 50 (30) Table I11. Distribution of electrical appliances at the household
Unemployed 115 (70) level (n= 165).

4.2 Household energy use scenarios

According to the findings presented in this section,
households in Louiville rely on a variety of fuels to complete
their basic household’s activities. Wood is the most abundant
household fuel as shown in Table 2. It was reported that 97%
of households primarily relied on this fuel for cooking and
heating. In addition to wood, the other types of fuels available
at households in Louiville included gas (14%) and paraffin
(38%).

Although Louiville is situated in the Lowveld, where fuel
such as coal is rarely or not found, the findings of this study
have outlined something different. About 45% of households
in Louiville used, though occasionally, coal for household
cooking and heating. Households reported on occasional
merchandise of this fuel by local and transient merchants.
These findings are comparable to the results from Kasangana
et al. [27] where households in the Lowveld used coal in
addition to other energy sources for cooking and heating.

Moreover, 70% of households (h=115) were connected to
the electricity grid. Of those 115 households, 100% used
electricity for illumination, while 4% and 7% of households
used it for cooking and heating, respectively. The remaining
proportion of household electricity is either used for
entertainment, refrigeration and continuous maintenance of
randomly reported electrical devices including computer and
microwaves. This finding is similar to other studies [15],
where the high price for electricity (See Table 2) limited its
usage to illumination and entertainment at the household
level. Currently, the electricity tariffs for indigent homes are
set at R1.25 per kWh. With such tariffs, a household would
spend R450 optimally (that is an additional R149 on top of
what the householder can afford) on electricity if appliances
such as heaters are not used for 24 hours [56].

Moreover, the limited use of electricity might have also
been influenced by the distribution of electrical appliances/
devices per household as depicted in Table 3. Except for cell

Category Status of availability
Yes No
Electric stove 5(3%) 160 (97%)
Water heater 8 (5%) 157 (95%)
Cellphone 152 (92%) 13 (8%)
v 95 (58%) 70 (42%)
Computer 6 (4%) 159 (96%)
Microwave 28 (17%) 137 (83%)
ron 3 (2%) 162 (98%)
Refrigerator 32 (19%) 133 (81%)
Radio 87 (53) 78 (47%)

4.3 Households energy expenses and energy poverty
in Louiville

As Table 4 demonstrates, of the six types of household’s
fuels in Louiville, households spent the most money on
electricity and coal. However, the price attached to each fuel
type plays an important role in household’s selection of
energy carriers. Most households using wood for cooking and
heating spent between RO and R100 as the fuel is available
for collection free of charge or a small fee at several sites in
the area.

“The dependence on wood fuel for daily cooking or
heating is in part because the fuel is readily available in the
whole area, mostly for free. However, in times when the fuel
cannot be collected, we spend relatively little to acquire it”.
Householder respondent.

“To burn wood, one does not necessarily need stoves. We
usually use a three-stone setup, although this practice is
challenging during rainy seasons”. Female householder
respondent.

Gas and paraffin had similar sale prices. However, the use
of these fuels was not frequently reported. This could have



been influenced by the abundance of wood fuel and
limitations in fuel merchandise at the site of the study.
Moreover, candles which are used only for lightning had the
lowest cost. But candles are included in Table 4 because the
costs of energy for illumination by candles still forms an
important aspect of the overall household energy budgets
[13].

Table V. Energy costs (Figures are averaged).

Fuel type Fuel price

Month Year
Electricity R301 R4104
Paraffin R289 R3468
Wood R100 R1200
Candles R66 R912
Coal R281 R4056
Gas R289 R3468

According to Papada & Kaliampakos [28], household
energy poverty can be presented using both subjective and
objective indicators. In Papada & Kaliampakos [28], the
subjective indicators are limited to the household’s inability
to keep their house warm and structural formation of the
house as well as house maintenance. In the context of this
research, households were specifically questioned about their
satisfaction with the energy supply present at home during the
time of this research.

Furthermore, in contrast with subjective indicators,
objective indicators are based on sets of conventionally
prescribed methods. These methods use indicators such as
household income and the allocation of fractions of such
income to access modern energy services [28], [29], [30],
[31]. The following two subsections present the findings of
energy poverty in Louiville based on subjective and objective
indicators.

4.3.1  Subjective indicator of energy poverty

In determining the subjective indicator of energy poverty,
areas of utilities such as household’s energy sources (clean
versus dirty); household energy preferences and their energy
selection during the time of the study were all computerised.
Moreover, further aspects of energy poverty such as a switch
from the current energy source to grid electricity or other
clean fuel were also considered. The indicator of subjective
energy poverty was then determined as follow:

. . House energy+preferences
Subjective = Eyrp x 100
Study population

Equation 1.

According to the pooled cross-sectional results presented
in Fig. 1, there only 9% of respondents were satisfied with
their energy sources, while the others reported that they are
dissatisfied with their energy share. Dissatisfied households
believed the electricity prices are overexaggerated;
consequently relying on electricity for their daily activities
could probably mean increasing their monthly energy budget.
Therefore, a switch to grid electricity or other clean energy
sources would solely depend on affordability.

Subjective Indicator Of Energy
Poverty

N=165)

E: ® Satisfied

®m Unsatisfied

Percentage Distrib

Clean
alternatives

Fig. 1. Subjective indicator of energy poverty.

The issue of satisfaction with one’s energy sources has not
been extensively debated in the South African literature,
especially regarding household energy poverty. In South
Africa, as for most countries at a global scale, research on
energy poverty places much weight parameters making the
multidimensional energy poverty index [32], [33]. In this
paper, subjective opinions are first considered to define
influence on household’s energy source preferences. This
could represent a critical aspect of factors to be considered in
remediating energy poverty in dissatisfied households.

4.3.2

4.3.2.1. Characteristics of household income

The percentage distribution of households with formal
employment in Louiville is 18%. The majority of households
(85%, n=98) with no formal employment are dependent on a
single social grant or a combination of multiple grants
including care dependency grant, social relief distress grant
as well as foster child grant, for survival. Some households
are supported financially by relatives who reside elsewhere
and not in the case study area.

However, for both households without employment and
those with employment or even those who depend on social
grants, the median household income ranged between R1500
and R5000 per month. About half (55%, n= 85) of the
sampled households earned a monthly income between
R2000 and R2800, and R24000 and R33600 per annum. The
highest monthly income recorded for a single household was
R6000, while the lowest was R1200.

Objective indicators of energy poverty

Table V. Characteristics of household income group.
Income group Income distribution per household

Income (R) n
Group 1 RO - R1500 17
Group 2 R1501 - R3000 105
Group 3 R3001 - R5000 27
Group 4 > R5001 16

4.3.2.2. Energy expenditure patterns

The costs per month for each type of household energy
source is presented in Table 4. In general, households used
two or more sources of energy for completion of their
activities. While wood was reported as the most used fuel for
cooking and heating, the average monthly expenses on
firewood are relatively lower in comparison to the other fuels.
However, in most households, the energy share budget



increases with the addition of electricity and candles (See
Table 4).

It was previously noted that electricity is not distributed
throughout the entire Louiville community. There are other
households, which are not connected to the main grid. Thus,
households with no access to grid electricity would depend
on multiple fuels to meet their monthly energy needs. The
prevalence of electricity use for all the household activities
was noted in the income group 4, where household earned up
to R6000 per month.

Table VI. Energy expenses patterns and fuel uses per household
(n=165).
Total number of fuels used

n (Households)

1 (Electricity)

2 (Electricity + wood/ coal) 5
3 (Electricity+ wood/ coal + 3%
candles) 51
3 (Electricity+ paraffin/ gas 23
+candles)

3 (Wood/ coal/+ paraffin/ gas 50
+candles)

4.3.2.3. Determining the extent of energy poverty in
Louiville using the objective approach

In determining the extent of energy poverty in Louiville,
the paper first applies the expenditure model of the
Department of Energy [32], [33]. This model based on the
household expenses stipulates that a household is energy poor
when 10 percent or more its income is spent on energy only.
Hence, the need for the provision of data on household
income and energy share budget. Therefore, to determine
whether a household is energy poor, the summation of all
energy expenditure was taken as a proportion of household
income, and it is represented by the following equation:

Energy expenses

Energy budget share = X 100 Equation2.

Income after tax

Based on the above model, all households whose energy
budget was 10 percent or more of their income were regarded
as energy poor. Consequently, those who were spending less
than 10 percent of their income on energy were not
considered to be energy poor.

The results of the survey on energy are first given
according to income. Four income groups were identified in
Table 5 with group one income category dependent on social
grants, while income group (4) earned the highest income per
month. All (n=17) respondents in the first income group used
wood and candles for cooking, heating and lightning,
respectively. Over the course of a month, each household
spent R66 on candles and R100 on wood. The combined
monthly energy expenses equalled R166, which equated to
11% of the household income. This suggests that 17 out of 17
households in income group 1 can be considered energy poor.

According to Rahut et al. [35], the trends in the type of
energy used for household activities varies according to
income groups. A similar trend was found with income
groups 2. This accounted for 105 households, and a single
household earned an average amount of R2800 per month.
Regarding energy sources, households relied on multiple
fuels including electricity, which they mainly used for

lightning. In households where electricity and wood were the
main fuels, the median energy expense was R402, making
14.3% of household income. On the other hand, households
that used coal instead of wood would spend R583, which
equated to 20.8% of their income. Although household coal
reserves were mostly carried over 30 days in some
households, all households in income group 2 would still be
considered energy poor as they spent above 10% of their
income on the energy budget

Moreover, similar energy expenditure trends were also
noted for the third income group; though, the energy share
budget accounted for 8% of the household income. This
finding could have been influenced by increasing household
income as also noted in Barnes et al., [33], where increasing
household income made households less energy poor.

All the households using electricity in income group 4
reported using it mostly for illumination, except for five
households where electricity was used for all the household
primary activities (Cooking, heating, illumination). In these
households, the energy expenditure was R603, while the ones
that added other fuels spent by average R528 on fuel budget.
The proportion of energy share was 10.05% and 8.8 %. This
suggests that five out of 16 households in income group 4 are
energy poor. The five households are dependent on electricity
for their daily energy.

4.3.3  Relationship between objective and subjective
indicators of energy poverty and policy implications
An attempt was made to understand the association
between the objective indicators of energy poverty and the
subjective indicator. In the case of subjective indicators, it
was reported that over 90% of households were not satisfied
with their current energy share. Several households reported
relying on raw energy because they were unable to afford the
costs associated with grid electricity. Moreover, the strain of
maintaining clean energy appliances/ devices as well as the
ability to afford one, also played a role in the disinclination
of households to switch to complete use of grid electricity.

Furthermore, reporting on the issue of affordability, high-
income households were in a position for opting for
electricity only or just one additional fuel as shown in Table
6. However, households who were dependent on electricity
only were found to be energy poor in comparison to those
who used electricity with wood or another fuel. This finding
is in line with other similar studies, where households’
dependence or one fuel type (electricity) did not reduce the
likelihood of energy poverty. Households traditional fuels are
usually purchased at a lower price and have implications for
household’s energy budget [28], [30], [37], [38]. In
households where electricity was the only source of energy,
electrical appliances used for household’s activities were
found, whereas the ones that used multiple fuels did not have
some of these appliances.

There was also the relationship between household energy
poverty and categories of income groups. Income group 2
households spent a higher share of their income on energy
services relative to the rest of the groups. Several scientific
investigations had reported similar findings. For instance,
Pachauri and Jiang [40], as well as Pachauri et al. [53],
reported that low-income households spend more money to
acquire energy services than high-income households based



on their income rates. Therefore, a limited income will
continue to aggravate poverty.

Furthermore, energy poverty has been at the centre of
political debates in South Africa. Recent energy debates have
led to the removal of the value-added tax on all liquid fuels
as well as the dissemination of grid electricity subsidy
especially for the poor. It is clear from this assessment that
households largely depend on other energy sources (e.g.
Candles) rather than the liquid fuels from which the value-
added tax has been offset [7], [34], [54]. This aspect could be
considered in future energy policy interventions in areas such
as Louiville. Finally, the establishment of affordable energy
tariffs for the poor can address several energy inequalities in
poor settlements. Strategies could include reducing the costs
per unit for grid electricity and disseminating other clean
energy sources including LPG and solar energy. The transport
and sale opportunities of these energy sources in the local
community could also create business opportunities for local
people, thus bridging the gap between fuel access and poverty
in the long run.

The above findings should be regarded with caution, as
there been other important variables that have not been
presented in this paper. For instance, the unit cost for fuels
consumed at the household level and, the cost of cooking
appliances, the relationship between education variables,
number of people in a household, fuel choices and amount of
fuels consumed have not been studied. These factors could
shed light on household fuel selection, thus better
understanding of energy poverty in Louiville.

5 CONCLUSION

The focus of this study was to shed light on trends in
household energy poverty in Louiville. The results showed
that energy poverty is widespread throughout the entire
Louiville community. The paper also explained using the
expenditure model that both income and energy cost are
positive factors in worsening energy poverty. As such,
households in Louiville will continue burning traditional
fuels including coal, wood, paraffin and candles to
complement their energy needs.

This observation has got policy implications on energy
poverty alleviation and increased access to clean energy
primarily for cooking and heating. Poor households can be
made less energy poor by making all energy sources
affordable. However, in the long run, energy interventions in
this area need to consider eradicating continuous household
dependence on polluting fuels as this has both direct and
indirect implications for human health and the environment
at a larger extent.
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