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Abstract

Despite low electricity access rates and weakened electricity sector governance under the pressure of population growth,
odes of access to electricity in Lubumbashi vary spatially and in their typologies. However, to date, there is no detailed

nformation on mapping households’ modes of access to the National Electricity Company (SNEL) electricity network. This
tudy aims to assess and map both formal and informal methods of household access to electricity in Lubumbashi. A socio-
echnical survey was conducted among 1211 households in the 7 communes or districts of the city. The results showed that
he electricity access rate in the different districts of Lubumbashi varies between 41.6 and 78.3%, with an urban average of
3.8 %. The lowest rate is observed in the Annex district, while the highest is kept in the Kamalondo commune. At both
he rural and urban levels, the most dominant method of access to electricity is a connection to the grid (formal and legal

ethods), with the highest rate in the Kamalondo, Kenya and Lubumbashi districts. Clandestine electrical connections are most
ommon in the communities of Kamalondo and Kenya. The Annexe and Lubumbashi districts have the lowest rates of illegal
lectric connections. This study showed that the spatial distribution of cases of electricity theft and non-payment of bills in
ubumbashi is influenced by complex factors, such as the interaction between urban growth, household income level and the
overnance mode. The fight against fraudulent connections should be based on the present study to propose localized and
dequate solutions in the different districts.
2023 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license

http://creativecommons.org/licenses/by/4.0/).
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1. Introduction

Access to the power grid is critical for sustainable human development and poverty reduction [1–3]. Energy is
ecognized as an essential ingredient for economic growth and meets basic needs, such as lighting, cooking, and
rinking water and improves, among others, communication, education, and productivity [4]. Overall, continued
ccess to quality electrical service in Africa remains a significant problem and a challenge that hinders development
n several areas [5,6]. Despite the African continent’s immense energy potential, energy consumption in general,
nd in particular, is deficient [7]. The deployment of stand-alone microgrids can effectively assist in increasing
he energy security policies of several African countries [8]. Moreover, some poor urban communities cannot have
ecure access to the power grid because much of the produced energy is for high-income demand and the industrial
ector [9,10]. This can be seen as a brake on the continent’s development. To develop and improve the standard of
iving for the communities, it is therefore essential that access to energy services be affordable and appropriate [11].
enewable energy is also considered one of the best options for a secure power supply in developing countries [12].

In DR. Congo, household access to electricity is about 9% in urban areas and only 1% in rural areas [13]. While
olar power is the powerhouse of the present sustainable energy resources [14], people still do not have access to the
ower grid in several developing countries [15]. In Lubumbashi, despite low access to electricity and weak policies
n the electricity sector under the pressure of population growth, modes of access to the power grid are dominated
y the informal sector [16]. Thus, the power system reliability and resilience can be negatively affected, leading to
ow performance of distributed networks [17]. Lubumbashi has three electrical network access methods: connection
o the network, connection to a neighbour’s house, and clandestine connection [16]. The understanding of the rate,
atterns and quality of access to electricity in Lubumbashi is based on a series of studies by Banza et al. [13].
his paper assesses the results of socio-economic and technical surveys related to access to electricity in the seven
istricts of the city of Lubumbashi. Besides, the solid demographic growth that Lubumbashi is experiencing requires
n update of the data and our knowledge of the evolution of the rates and modes of access to electricity. Furthermore,
here is currently no mapping of the methods of access to electricity throughout the city of Lubumbashi. Therefore,
his study aims to assess and map both formal and informal modes of household access to electricity in Lubumbashi.

. Methodology

.1. Study area

The socio-technical surveys were conducted in November 2021 in the city of Lubumbashi. Lubumbashi is the
apital of the province of Haut-Katanga, located in the southeastern part of the Democratic Republic of Congo (11◦

20′-12◦ 00′S, 27◦ 10′-10◦ 27E). The city has seven districts or communes: Lubumbashi, Kenya, Kamalondo, Katuba,
Kampemba, Ruashi and Annexe. Lubumbashi is experiencing a double growth spurt, namely urban expansion and
population growth [13]. However, this double growth is associated with weak governance resulting in a lack of
efficient urban planning and poor electrical service. Lubumbashi had a population of 413,000 in 1973 and 700,000
in 1988. Recently, the city’s population has grown to over 2,000,000.

2.2. Surveys and data collection

The fieldwork consisted mainly of a socio-technical survey and the taking of geographical coordinates to map
the modes of access to electricity. The survey was conducted using a random stratified method, considering the
different communes of the city of Lubumbashi as strata. This method provides a representative sample, as each
individual in the population has an equal probability of being included in the sample. To estimate the sample size,
the method proposed in [18] consists in using the table constructed by Krejcie and Morgan in 1970 [19] and applies
the following formula:

S =
X2 N P (1 − P)(

d2 (N − 1) + X2 P (1 − P)
) (1)

here S is the required sample size, X2 is the chi-square value for one degree of freedom at the desired confidence
evel, N is the population size, P is the proportion of the population (assumed to be 0.50 as this would provide the
aximum sample size), and d is the degree of precision expressed as a proportion (0.05).

194



N.T. Mbungu, K.D. Milambo, M.W. Siti et al. Energy Reports 9 (2023) 193–201

g
6
b

c
H
h

2

a
T
p
Q
G

3

3

m
d
c
w
a

e

c
a
o

The access rate in Lubumbashi is about 62%, with 20% of the population illegally accessing the power
rid [20,21]. In 2019 the number of households in Lubumbashi was estimated at 230,000, considering the rate of
2% access to the electricity network, which gives 142,600 households connected to the electricity network. This
rings us to a target population (20% of the illicit connection in the residential sector) of approximately 28520.

In this work, the surveys were conducted in all seven communes. This leads to 6 degrees of freedom, with a
onfidence interval of 95% and a margin of error of 5%. Using (1), the ideal sample size is 1208 households.
owever, this sample size was reduced to 1211, for the 7 communes of Lubumbashi, to allow us to have 173
ouseholds per commune and thus include as many households as possible with varying socio-economic levels.

.3. Data processing

A principal component analysis was conducted using the survey data to characterize the different communes. In
ddition, a Pearson correlation matrix was conducted to evaluate the relationships between the different variables.
he geographic coordinates of the surveyed plots were superimposed on the vector map of the city of Lubumbashi to
roduce the thematic maps. Each coordinate was associated with both access mode and socio-economic information.
-GIS software was used to create the thematic maps. Statistical analyses were conducted using R and Prism
raphpad software.

. Results

.1. Assessment of the rate and patterns of access to electricity

Fig. 1 presents the principal component analysis, which showed over 35% variance in the database. Different
odes (formal and informal) of access to the SNEL network were found in all the communes. In terms of LV

istribution network typology, the underground lines dominate the Ruashi commune. In contrast, the Kampemba
ommune and, to a lesser extent, the Annexe commune are dominated by overhead lines. Even in the communes
ith the highest monthly income (e.g., Lubumbashi and Ruashi), the modes and practices of access to electricity

re similar to those observed in the communes with the lowest average monthly income.

Fig. 1. Principal component analysis characterizing the different communes of the city of Lubumbashi based on their modes of access to
lectricity.

The negative and significant correlations are observed between the presence and absence of prepaid meters, grid
onnection and illicit connection, grid connection and neighbour’s connection, and underground and overhead lines,
s presented in Fig. 2. The positive correlations are observed between formal network access and the type of LV
verhead network, legal network access and monthly income. Grid connection is positively but weakly correlated
195
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with the presence of prepaid meters. Similarly, the overhead line is positively correlated with the distance to the
pole. Although weak, the wage is negatively correlated with the absence of a meter, the illegal connection, and the
connection to the neighbour’s house. There is no correlation between the lack of a meter and the cost of electricity,
the connection to the network, and the illegal connection. Similarly, the cost of electricity does not correlate.

Fig. 2. Pearson’s correlations between the different characteristic variables of access to electricity in Lubumbashi.

The electricity access rate in the various communes of Lubumbashi varies between 41.6 and 78.3 percent, with
n urban average of 63.8 percent, as shown in Fig. 3. The lowest rate is observed in the Annexe commune. At
he same time, the highest is kept in the Kamalondo commune. The commune of Kamalondo is followed by the
ommune of Kenya and then the commune of Lubumbashi. In both the peripheral and central neighbourhoods
hat make up the city, the most dominant mode of access to electricity is the legal and illegal connection to the
etwork, with the highest rate in the communes of Kamalondo, Kenya, and Lubumbashi, with the highest rate in the
ommunes of Kamalondo, Kenya and Lubumbashi, as described in Fig. 4. The connection to a neighbour’s house
s most dominant in Annexe and Kampemba. The lowest connection rate to a neighbour’s house is observed in the
ommune of Kamalondo, followed by the commune of Katuba. Clandestine connections are most common in the
ommunes of Kamalondo and Kenya, followed by the communes of Katuba and Kampemba. The lowest rate of
llegal connections is observed in the communes of Annexe and Lubumbashi.

.2. Mapping modes of access to electricity

Reduced meter readings, tapping upstream of the meter, illegal connections and non-payment of bills are the most
requent practices in neighbourhoods such as Njanja, Gambela, Luvua, Kinyama, Kigoma, Industriel and even more
eripheral areas, such as Munua. For instance, this can be shown in Fig. 5. These practices are rare in many parts of
he Annex commune, consisting of neighbourhoods such as Kasapa, Kimbeimbe, Luwowoshi, Kisanga, Kasungami,
alebuka, etc. It is also observable that some communities in the urban core are spared from these practices, such as
iwele, Makutano and Bel-Air 2. However, non-payment of bills is a dominant practice in some of the Naviundu,
uwowoshi and Ruashi neighbourhoods. A high incidence of illegal connections was also observed in the Mampala,
uvua, Luapula, Kimilolo, and Kisale neighbourhoods. Fig. 6 shows the spatial distribution of fraudulent access to

lectricity in Lubumbashi.
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Fig. 3. Rate of access to electricity at the communal and urban levels in Lubumbashi.

Fig. 4. Mode of access to electricity at the communal and urban levels in Lubumbashi.

. Discussion

.1. Modes and rates of access to electricity

The rate and patterns of access to electricity at the communal and urban levels in Lubumbashi show significant
isparities. Nevertheless, even in the communes with the highest monthly income (e.g., Lubumbashi and Ruashi),
he modes and practices of access to electricity are similar to those observed in the communes with the lowest
verage monthly income. Furthermore, all proportions of different techniques differ from one commune to another.
his observation is essential in the fight against fraudulent access to the electricity grid because it suggests that

he methods for fighting electricity theft should be the same regardless of the commune. Indeed, our results show
hat, contrary to the magnitude, the occurrence of different illicit modes of access to electricity is not related to
he average socio-economic status of households. This can be explained by the fact that no commune in the city

f Lubumbashi is exclusively reserved for high-income households. On the contrary, all communes are full of poor
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Fig. 5. (a) Bypassing analog and prepaid meters. (b) Illegal supply from a neighbouring SNEL subscriber.

Fig. 6. Mapping of electricity theft patterns in Lubumbashi.

and wealthy families but in varying proportions. These results are consistent with previous studies conducted in
low-income households [22] and high-income households [23].

Negative and significant correlations are observed between the presence and absence of prepaid meters,
connection to the network (formal subscribers) and illicit connection, connection to the network and connection to
a neighbour’s house, and underground and overhead lines, as detailed in Fig. 2. These negative correlations indicate
that an increase in one variable leads to a decrease in the other. On the other hand, positive correlations are observed
between legal network access (connection) and the overhead network, legal access and monthly income, and illegal
network access and the underground network. These observations suggest that the type of network (overhead or
underground) is a crucial determinant of the mode of fraudulent access to the electrical network. This is because
the overhead grid increases with legal access to the grid, while the underground grid promotes electricity theft.
198
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Moreover, legal access to the grid increases with growing income. This implies that high-income households
enerally have formal access to electricity. Thus, fraudulent connection in Lubumbashi is partly a consequence of
overty and the failure to manage the electricity service. This corroborates with the work of [18], which showed that
he cost of electricity is among the factors that encourage electricity theft, especially among low-income households.
he observation that fraudulent connections are positively correlated with underground lines indicates that these

ines should be avoided in communities where electricity theft is recurrent. Although electricity theft occurs from
verhead lines [16], illicit connections are easy to detect, unlike the underground network. This study showed that
t both the communal and urban levels, the most dominant mode of access to electricity is the connection to the
rid (formal and legal mode), with the highest rate in the commune of Lubumbashi, which is the original core of
he city, as presented in Fig. 4. This observation is probably related to the strong presence of SNEL agents who
ontrol and promote formal electricity service in these communes [13].

The neighbour-to-neighbour connection is most dominant in Annexe and Kampemba. Contrary to the observa-
ions of [13] indicating low household density in the Annexe commune, which would limit neighbour-to-neighbour
lectricity connection. The population of Lubumbashi is growing rapidly and thus continues to densify most
eighbourhoods that were once sparse. This explains the high proportion of neighbour-to-neighbour connections
n the Annex commune as a mode of electricity theft. Clandestine connections are most common in the communes
f Kamalondo and Kenya, followed by Katuba and Kampemba. The lowest rate of illegal connections is observed
n the communes of Annexe and Lubumbashi. This observation can be explained by the low proportion of electrical
nfrastructure in the Annex commune and in the commune of Lubumbashi, the strong presence of activities, offices
nd other services of SNEL, in this case, the sales and services centers (CVS) [13,16,21]. The high density of
ouseholds in Kamalondo and Kenya is thought to be a factor in fraudulent connections.

The electricity access rate in the various communes of Lubumbashi varies between 41.6 and 78.3 percent, with
n urban average of 63.8 percent, as presented in Fig. 3. The lowest rate is observed in the Annexe commune,
hile the highest is in the Kamalondo commune. The commune of Kamalondo is followed by the commune of
enya and then the commune of Lubumbashi. This is in line with the results of [13,16]. Their observations reveal
high concentration of electricity infrastructure in the commune of Kamalondo, which increases the possibility of

ouseholds being connected to the grid. The urban access rate observed in this study (63.8%) showed only a slight
ncrease over the rate observed (62%) by [16] in its surveys. This finding verifies the argument that the rate of
ccess to electricity varies over time through improvements in infrastructure quality.

.2. Mapping modes of access to electricity

This study showed that the reduction of the meter reading, tapping upstream of the meter, illegal connections
nd non-payment of bills are the most frequent practices in the neighbourhoods of Kenya, Katuba, Ruashi and
ampemba, and even in some outlying communities such as Munua in the Annex commune, as shown in Fig. 6.
his revelation is crucial in implementing methods to fight against fraudulent connections. It will enable us to act
ore effectively in the areas most affected and thus reduce the loss of income created by the theft of electricity and

he non-payment of bills. However, these practices are rare in large parts of the Annex municipality consisting of
eighbourhoods such as Kasapa, Kimbeimbe, Luwowoshi, Kisanga, Kasungami, Kalebuka etc. It is also observable
hat some communities in the urban core are spared these practices, for example, Kiwele, Makutano and Bel-
ir 2. This observation is both in the old neighbourhoods that form the centre of the city and in those of the
eriphery; it suggests a complexity of factors at the root of electricity theft and non-payment of bills. These factors
ould likely be the interaction between urban growth, household income levels, and governance, as demonstrated

n [24]. The integration of renewable energy can also be considered to solve several challenges of the power
etwork [8,25] without forgetting to include gridable electric vehicle opportunities that also assist in improving
he energy trilemma [26].

. Conclusion

This study revealed that the different modes of illicit electricity access are unrelated to the types of communes.
hus, the methods for combating electricity theft should be the same regardless of the commune. In Lubumbashi, the
ind of lines is a determining factor in the mode of access to electricity. Overhead lines explain the formal connection

o the network, while underground piping favours clandestine connections. Fraudulent connection in Lubumbashi
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is partly a consequence of household poverty coupled with the weakness of the management of the electricity
service. Although electricity theft is also practised from overhead pipes, illicit connections are easy to detect, unlike
underground pipes. This study also showed that the strong presence of SNEL agents who control and promote the
formal supply of electricity would be decisive in limiting fraudulent connections. It emerged that the population of
Lubumbashi is overgrowing and continues to densify most of the neighbourhoods, which were previously sparsely
populated, thus promoting the proliferation of neighbour-to-neighbour access in the Annex commune. However,
urbanization conditions and the low density of electrical infrastructure in this commune limit the proliferation of
illegal connections. The urban access rate in this study (63.8%) showed only a slight increase compared to that
observed (62%) five years earlier. Finally, the study showed that the spatial distribution of electricity theft patterns
in Lubumbashi is influenced by factors such as household location away from the city’s core towards its periphery
and household income level. In the future, it would be interesting to design mechanisms to combat electricity theft
in developing cities by proposing solutions that meet the electricity needs of households.
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