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Abstract

Background and Objective: Recently, in Lubumbashi electricity consumption of households has increased significantly, which led the
distributor to operate a load shedding in order to rebalance the grid. The main objective of this study was to identify the causes of the
deterioration of the quality of electrical service at the household level in Lubumbashi. Materials and Methods: Surveys were conducted
in different municipalities of the city covering 3440 households. Simple random sampling was selected. Quantitative data were subjected
to one-way analysis of variance (ANOVA). In addition, a Tukey post hoc test was applied at the significance level <5%. Qualitative data
were subjected to chi-square testing. The thematic maps were developed by superimposing the results of surveys on a vector map.
Results: Of all the cases examined, it was reported that only the illegal connection and non-compliance of the facilities explain the
deterioration in the quality of electricity enjoyed by households in Lubumbashi. In each municipality, there are cases of fraudulent
connections yet to different degrees. Also possessing non-compliant installations explained in some areas of the city, the deterioration
of the quality of electrical service. The majority, 41.2 and 82% rated the electrical service as very poor in the communes of Kampemba
and Kamalondo, respectively. Conclusion: It was concluded that fraudulent connections and the non-compliance of domestic electrical
installations are annoying factors in the deterioration of the quality service.
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INTRODUCTION

More than 1.2 billion people in the world do not have
electricity and another 1 billion have access to bad quality
service'. Access to electricity isimportant toimprove and meet
the daily needs of households?. Its continuous supply is
therefore crucial®. At the same time, the theft of electricity
affects the distribution of electricity by overloading the
infrastructure, which results in an interruption of the
electricity supply*. In addition, the theft of electricity (illegal
connections to the grid) can also lead to greater financial
losses and make utility companies more difficult to estimate
the load, which leads to power outages®. The consequences
fordomesticand industrial consumers are alsoimportant. Wild
connections and frauds aggravated the inefficiency of modern
energy systems. Two-thirds of sub-Saharan African countries
are currently experiencing a crisis that cripples the electricity
sector®.

This crisis is the result of several factors: Strong economic
growth and exponential population growth, which have led to
a rapid increase in electricity consumption and urbanization,
poor planning of the production and distribution capacities of
the electricity and infrastructure maintenance. In this context
already pointed out that the management of the electricity
servicein sub-Saharan Africais characterized by load shedding
or consumption restrictions to cope with the insufficiency of
installed capacity’. In addition, illegal connections are very
frequent and cause very significant losses on the grid. These
losses obviously disrupt the transmission of electricity®'°. In
recent years, it has been noted that the consumption of
low-voltage electrical energy (LV) in the city of Lubumbashi
has increased significantly. In fact, the share of electricity
consumption in the residential sector of Lubumbashi which
amountedtoaround 13.041 MWhin 2007 increased to around
50.225 MWhin 2017.Thisincrease in consumption has caused
major disruptions in the distribution thus leading the National
Electricity Company (SNEL) to operate load shedding for a
rebalancing of the grid. In addition, the population growth
observed in the city of Lubumbashi is directly increasing the
demand for electricity. Following this demographic growth
resulting from rural-urban migration and natural growth'', the
city of Lubumbashi is experiencing a very rapid urban sprawl
and a high densification of old neighborhoods'2. Urban sprawl
due to the proliferation of new neighborhoods is attributed to
the need for less expensive housing, however the quests of
basic urban services such as water and electricity leads to
over-densification of old neighborhoods®. Urban sprawl
implies an extension of the electricity grid while densification
requires an increase in supply. The problems that arise from
these 2 phenomena are multiple: The theft of electric cables,
illegal connections and so on'2,
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Regarding the quality of the electricity supply in
Lubumbashi seen in terms of number of load shedding days
per week showed that the municipalities of the center of the
city benefit from a relatively good quality service with an
average of 2 days of break/week unlike the communes and
Annex Ruashi which are on the periphery (5 days of
cuts/week)'™.

Several authors qualitatively describe the electrical
sector in the world'*>23. Given this situation, the causes of the
deterioration of the quality of electrical service in Lubumbashi
remain unidentified. The aim of this article was to focus on the
quality of electricity service in relation to the mode of access
to the electricity grid, the consumption of electricity and
different uses at the household scale, which has not been
done so far.

MATERIALS AND METHODS

Study area: The city of Lubumbashi is located at 27°29'S,
11°41" E. It is located in the south-east of the Democratic
Republic of Congo and is the capital of the province of Upper
Katanga (formerly Katanga). Its territory is the same as in
1957, landlocked in the sub-region of Upper Katanga and still
comprises six municipalities with urban character and a
peripheral annex, sub-divided into 43 districts, 246 cells and
1368 streets and avenues.

With a population of around* 1,500,000 in 2009
compared with 1,200,000 in 2006, Lubumbashi is the second
most populated city of DR. Congo after Kinshasa. In
Lubumbashi', the growth rate of the population observed
between 2001 and 2008 is 4.1%, while the various basic
services such as electricity and water have not followed this
increase®. This rapid growth of the population of
Lubumbashi has resulted in the extension of the city and
consequently a sharp increase in electricity needs. The
building area of the city of Lubumbashi is increasing, the city
extends to the periphery'.

Data collection: The surveys were carried out among the
inhabitants in the various constituent districts of the city of
Lubumbashi. These surveys as a whole consisted in
developing a questionnaire to facilitate interviews with
household heads. The surveys were conducted throughout
the city and lasted 10 months, from July, 2016-May, 2017. The
questions were closed, the analysis of the answers also, the
latter being encoded in a binary mode. These respondents
were conducted according to the method recommended by
Banza et al'.

Simple random sampling was selected as the sampling
plan. Thus, a sample of 3,440 households were retained for
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the entire city with an average of 80 households per
neighborhood. For the representativity of the sample, the
method used in this work is the quota method, which is the
most used method to try to build a representative sample®,
By taking a stratum of 80 households per district, the
guota for the different municipalities depends on the number
of neighborhoods in the communes. In addition, the size of
the sample was estimated according to the formula
recommended by Olivero et a/¥:
n = ’p(1-p)/m’ (M
Where
n : Theminimum sample size for obtaining significant results
for an event and a set level of risk
t : Confidence level (95% confidence level standard will be
1.96)
: Probability of realization of the event
: Margin of error (usually set at 5%)

Considering a probability of 40 and 95% confidence
level, the minimum sample size was estimated at about
368 households. Thus, the sample size set in this work
would give a good representation. With regard to the daily

electricity consumption in each commune, the data were
obtained from the National Electricity Company (SNEL).

Data processing: The quantitative data were subjected to
one-way analysis of variance (ANOVA) that compares several
means and determines whether at least one average is
different from the others®. If normality or equality of
variances is not verified, the data has been transformed into
log10. In addition, a post-hoc test of Tukey was applied
to determine the difference between the means for the
result with a significant difference (p<0.05)*2°. To compare
the different communes, the data were submitted to the
chi-square test*'. The qualitative data were submitted to the
chi-square test. R 2.15 and Past software were used for
statistical analysis. Thematic maps were developed by
superimposing on a vectorial map the results of consumer
surveys of electrical energy in the residential sector in
Lubumbashi after ordination'.

RESULTS

Figure 1 shows the average daily consumption per
household. Households living in downtown neighborhoods
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Fig. 1: Daily electricity consumption in different neighborhoods of Lubumbashi

Source: Author’s survey
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Fig. 3: Percentage of households according to the level of appreciation of the electrical service in all municipalities

with significant economic activity consumed between 63 and
80 kWh per household per day. Central neighborhood
households with public administration services and those in
outlying areas consumed between 12 and 29 kWh per day per
household.

The data Fig. 2 illustrates the cases of illicit connections
observed in different districts of Lubumbashi. As a result, the
unplanned neighborhoods (Munua, Kigoma, Bongonga and
Kimilolo) had the highest illegal connection rate to the
network: between 80 and 100%.
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Fig. 4: Conformity of electrical installations in the different municipalities of Lubumbashi

Table 1: Use rate of energy-using appliances in households

Air-conditioner Fridge Bath heater Welding machine Mill
Communes P (%) A (%) P (%) A (%) P (%) A (%) P (%) A (%) P (%) A (%)
Lubumbashi 291 1337 14.65 1.63 349 12.79 1.15 14.76 093 15.35
Kampemba 2.21 16.40 9.30 9.30 3.4 15.47 2.79 15.81 047 18.14
Kamalondo 0.00 465 1.86 2.79 0.00 4.65 0.00 465 0.00 465
Kenya 035 6.63 6.16 0.81 0.23 6.74 233 4.65 035 6.63
Katuba 0.00 20.93 13.49 744 0.00 20.93 5.00 15.93 1.05 19.88
Ruashi 0.58 11.05 7.56 407 1.28 10.35 0.70 10.93 035 11.28
Annexe 244 18.49 12.67 8.26 3.60 17.33 3.26 17.67 1.86 19.07
Total 849 91.51 65.70 3430 11.74 88.26 15.58 84.42 5.00 95.00

P: Presence, A: Absence

The examination of Fig. 3indicates that the assessment
of the quality of electrical service is not similar in all
municipalities. In the communes of Kampemba and
Kamalondo, the majority, respectively 41.2 and 82% rated
the electrical service as very poor.

Disparities were observed in the compliance of electrical
installations in households. Households in the municipality
Kamalondo had the highest percentage of 100% (Fig. 4).

The results in Table 1 show the level of use of
energy-using appliances in the various communes of the
city of Lubumbashi. For example, 8.49% of households used
air conditioners, 65.7% refrigerators, 15.58% Welding
machines and 5% mills.

DISCUSSION

The quality of electrical service is subject to great
disparities in the city of Lubumbashi. Some municipalities in
the city got benefit from a good report. This was example the
municipality of Lubumbashi where 22% of households are
interviewed by a good quality electrical service. Municipalities
housing unplanned neighborhoods had the highest illegal
access rate to the network (80-100%). From results, a disparity
between the municipalities regarding the conformity of
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household electrical installations, the communes Kamalondo
and Lubumbashi presented the highestaverages, respectively
100 and 80%. Neighborhoods housing the main economic
activities of the city had the highest daily electricity
consumption compared to neighborhoods housing public
administration services and outlying areas. The percentage of
good quality of service that benefits the commune of
Lubumbashi would be justified by the fact that most of the
districts which constitute the commune of Lubumbashi are
found™.

The general trend of the results showed that the majority
of Lushois households enjoy a service of average quality. On
the other hand, some communes such as Kamalondo and
Kampemba mainly benefitfrom poor quality electrical service.
Depending on the quality of the service received the
communes can be classified as follows: Lubumbashi>
Kampemba>Annexe>Kenya>Ruashi>Katuba>Kamalondo.
Some parameters could explained the quality of the service
that benefits the city of Lubumbashi. These are mainly: The
illegal connection rate, the non-compliance of electrical
installations and the use of large energy consumers?,

Nkosi and Dikgang®? showed in their work in South Africa
that the deterioration of the quality of electrical service was
due to the consumption of electricity. This assertion is not
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quite tenable in Lubumbashi as part of this study. Because it
should be noted that some communes with high daily
consumption per household had a high rate of good quality
of service and other municipalities with low consumption a
low rate of good quality of service. The results of this work
revealed that in each commune, there are cases of fraudulent
connection to the distribution network that affect the
distribution of electricity by overloading the network and thus
leading the SNEL to proceed by load shedding. This study also
corroborated the claim that the theft of electricity has serious
repercussions, on the distribution network and the consumers,
it affects the quality of the electricity supply, overloads the
production units and causes global losses**333*, This point of
view is also shared by other researchers in their surveys in
Kibera® and in India®*.

However, massive fraud could be attributed to
the failure of the state to put in place effective
electricity management policies, the refusal to equip
new urban areas and the virtual disappearance of the
authority of the state as showed?®. In this context someone
stressed that the population of Lubumbashi is involved in
a large-scale wild connection to the electricity grid®. In
addition, in unplanned neighborhoods, on the outskirts of
the city, there is rapid urban expansion''. Unfortunately, this
expansion is not accompanied by installation of new power
lines'. Given the new economic situation, some households
were deprived of power due to the lack of payment of their
bills and immediately they connected to the network
illegally'.

The general trend showed that most municipalities have
compliant installations. However, the communes of Katuba
(92.8%) and Ruashi (63%) have the highest percentage of
households whose electrical installations are not compliant.
The fact of possessing non-compliant installations explained
in certain districts of the city the deterioration of the quality of
the electrical service. However, this situation remains relative
because the fact of having compliant electrical installations
didn't mean to benefit from a good quality electrical service.
With regard to the use of energy-consuming appliances, it
was revealed that Lush households use them to different
degrees. The use varies depending on the type of device and
the municipality. This situation would be justified by the
different socio-economic levels as observed'?, In the current
context of strong urban growth, policies to improve the
quality of electrical service must go through the establishment
of effective means to fight against the phenomenon of
fraudulent connection.
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CONCLUSION

From the current study it was tried to identify the causes
of the deterioration of electrical service quality in Lubumbashi.
Investigations have shown that the fraudulent connections to
the electricity grid and the non-compliance of domestic
electrical installations are aggravating factors in the
deterioration of the quality service.

SIGNIFICANCE STATEMENT

This study revealed that the fraudulent access to the
electricity grid and the non-compliance of household electrical
installations explain the deterioration of the quality of
electrical service in Lubumbashi. It also reveals that the rate of
fraudulent access decreases as one move away from the city
center. This can be beneficial for utilities and planners by
enabling them to take technical and policy measures to
reduce theft of electricity. This study will help researchers
discover the critical areas of aggravating factors the
deterioration of electricity service in Lubumbashi. This has not
yet been identified and quantified by previous studies.

REFERENCES

1. Pless,J.and H.Fell,2017.Bribes, bureaucracies and blackouts:
Towards understanding how corruption at the firm level
impacts electricity reliability. Resource Energy Econ.,
47:36-55.

2. Taale, F. and C. Kyeremeh, 2016. Households’ willingness to
pay for reliable electricity services in Ghana. Renewable
Sustainable Energy Rev., 62: 280-288.

3. Jamil, F. and E. Ahmad, 2019. Policy considerations for
limiting electricity theft in the developing countries. Energy
Policy, 129: 452-458.

4. Lewis, F.B., 2015. Costly Throw-Ups": Electricity theft and
power disruptions. Electr. J., 28: 118-135.

5. Razavi, R. and M. Fleury, 2019. Socio-economic predictors of
electricity theftin developing countries: An Indian case study.
Energy Sustainable Dev., 49: 1-10.

6. IMF., 2008. Regional economic outlook, Sub-Saharan Africa.
World Economic and Financial Surveys, October 2008.
http://www.imf.org/external/pubs/ft/reo/2008/AFR/eng/sr
e01008.pdf

7. Smit, S., J.K. Musango and A.C. Brent, 2019. Understanding
electricity legitimacy dynamics in an urban informal
settlement in South Africa: A community based system
dynamics approach. Energy Sustainable Dev., 49: 39-52.



10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Trends Applied 5ci. Res., 14 (1): 12-18, 2079

Petit, P, 2001. Lubumbashi 2000: La situation des menages
dans une economie de precarite. Rapport des Recherches
Effectuees Durant la Premiere Session des Travaux.
http://www.congoforum.be/upldocs/Situation%20menage
$920L%20shi%202000.pdf

Verdeil, E., 2009. Electricity and territories: A look at the
Lebanese crisis. Rev. Tiers Monde, 198: 421-438.

Imam, M.I,, T. Jamasb and M. Llorca, 2019. Sector reforms and
institutional corruption: Evidence from electricity industry in
Sub-Saharan Africa. Energy Policy, 129: 532-545.
Bonaventure, BW.B., A.A. Prince, C. Nkumwimba,
G. Ndibazokize and 1.S. Noel, 2018. Analysis of alternative
energy sources in Lubumbashi: Disparities between
formal and informal settlements. Int. J. Curr. Adv. Res.,
7:14499-14505.

Banza, B.B., T.F. Kiseya and P. Bouillard, 2016. Spatial
distribution of electrical infrastructures: impact of urban
sprawl in Lubumbashi, DR Congo. Asian J.Ind. Eng., 8: 10-17.
Groupe Huit, 2009. Plan urbain de reference de Lubumbashi.
Rapport Final, Decembre 2009. http://docplayer.fr/33105661-
Elaboration-du-plan-urbain-de-reference-de-lubumbashi.
html

Banza, B.B., K.T. Flory, P. Bouillard and D.H. Tungadio, 2018.
Electricity access in Lubumbashi, DR Congo: Influence of
household socioeconomic factors. J. Am. Acad. Res. Vol.6,
No. 1.

Balachandra, P., 2011. Dynamics of rural energy access in
India: An assessment. Energy, 36: 5556-5567.

Bhide, A. and C.R. Monroy, 2011. Energy poverty: A special
focus on energy poverty in India and renewable energy
technologies. Renewable Sustainable Energy Rev,
15:1057-1066.

Khandker, S.R., D.F. Barnes and H.A. Samad, 2012. Are the
energy poor also income poor? Evidence from India.
Energy Policy, 47: 1-12.

Hensher, D.A., N. Shore and K. Train, 2014. Willingness to pay
forresidential electricity supply quality and reliability. Applied
Energy, 115: 280-292.

Chakravorty, U., M. Pelli and B.U. Marchand, 2014. Does the
quality of electricity matter? Evidence from rural India. J. Econ.
Behav. Organ., 107: 228-247.

Corton, M.L., A.Zimmermann and M.A. Phillips, 2016. The low
cost of quality improvements in the electricity distribution
sector of Brazil. Energy Policy, 97: 485-493.

De Souza Barbosa, A., R.A. Shayani and M.A.G. de Oliveira,
2018. Amulti-criteria decision analysis method for regulatory
evaluation of electricity distribution service quality. Utilities
Policy, 53: 38-48.

Deng, N.Q., L.Q. Liu and Y.Z. Deng, 2018. Estimating the
effects of restructuring on the technical and service-quality
efficiency of electricity companies in China. Utilities Policy,
50:91-100.

18

23.

24.

25.

26.

27.

28.

29.

30.

31.

32

33.

34.

35.

Thomas, D.R.and J. Urpelainen, 2018. Early electrification and
the quality of service: Evidence from rural India. Energy
Sustainable Dev., 44: 11-20.

Munyemba, KF. and J. Bogaert, 2014. Anthropisation
and spatiotemporal dynamics of land use in the
Lubumbashi region between 1956 and 2009. E-Revue
UNILU, 1:3-23.

Banza, B.B., 2018. Urbanization and Governance of the
Electrical Service in DR Congo. Editions Universitaires
Européennes, USA., ISBN-10: 6138446518, Pages: 204.
Gerville-Reache, L. and V. Couallier, 2011. Echantillon
representatif (d'une population finie): Definition statistique et
proprietes. Echantillon Representatif, Sondage, Quotas,
Probabilite d'inclusion. https://hal.archives-ouvertes.fr/hal-
00655566/document

Olvera, L.D., D. Plat and P. Pochet, 2002. Transportation
and access to urban services in Dar es Salaam.
Proceedings of CODATU X, International Conference:
Urban Mobility for all = La Mobilite Urbaine Pour Tous,
November 12-15, 2002, Lome, Togo., Balkema, Rotterdam,
Netherlands, pp: 87-93.

Durin, B, 2006. Transfert et transport colloidal de
polluants metalliques: Application en assainissement routier.
Ph.D. Thesis, Universite de Nante, Francais.

Ubani, O.J,, L. Umeh and L.N. Ugwu, 2013. Analysis of the
electricity consumption in the south-east geopolitical region
of Nigeria. J. Energy Technol. Policy, 3: 20-31.

Banza, B.B. and T.N. Mbangu, 2019. Identification and
analysis of off-grid energy sources used at the household
scale in Lubumbashi, DR Congo. Asian J. Ind. Eng,
(In Press).

Manzambi, J.K,, V. Tellier, F. Bertrand, A. Albert, J.Y. Reginster
and H. van Balen, 2000. The drivers of recourse behavior at
the health center in urban Africa: Results of a household
survey conducted in Kinshasa, Congo. Trop. Med. Int. Health,
5:563-570.

Nkosi, P.N. and J. Dikgang, 2018. Pricing electricity blackouts
among South African households. ERSA Working Paper 727.
https://econrsa.org/system/files/publications/working_pap
ers/working_paper_727.pdf

Yakubu, O., C.N. Babu and O. Adjei, 2018. Electricity theft:
Analysis of the underlying contributory factors in Ghana.
Energy Policy, 123:611-618.

Kumar, V.S, J. Prasad and R. Samikannu, 2017. Overview,
issues and prevention of energy theft in smart grids and
virtual power plants in Indian context. Energy Policy,
110: 365-374.

De Bercegol, R. and J. Monstadt, 2018. The Kenya Slum
electrification program. Local politics of electricity networks
in Kibera. Energy Res. Social Sci., 41: 249-258.



	Trends in Applied Sciences Research.pdf
	Page 1


