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Abstract

Power Distribution systems are prone to losses, be it technical
or non-technical. These losses affect the efficiency, revenue,
and expansion capacity of the system among others. The
losses are mitigate-able though cannot be eliminated. In the
case of the Nigerian distribution systems, these losses are
abnormally high with detrimental consequences on the
effective operation of the system. Thus this study is aimed at
classifying and suggesting possible mitigation strategies for
minimizing losses in the Nigerian distribution network.
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I INTRODUCTION

The central electrical power network operated in most parts of
the world today is made up of three sections, namely:
generation, transmission, and distribution [1]. The distribution
section of the network is directly in touch with the consumers
as it steps down and distributes the energy at the required
voltage to the consumers and thus subject to criticism of the
consumers [1], [2]. As such the assessment of the quality of
every central power system is determined by the quality of
service delivery to the consumers by the distribution section.

With the privatization of the generation and distribution
sections of the Nigerian power system in 2013 resulting in the
emergence of eleven privately-owned distribution companies
(DISCOs), there were lots of expectations that Nigeria was
going to experience turn around in the sector [3]. However,
the sector is still heavily plagued with several issues including
the controversial energy charges, low power quality, and
expansion capability, inability to make prepaid meters
available to the consumers, frequent outages, and high
technical and non-technical losses among others [4]. High
technical and non-technical losses seem to be the worst of all
the plagues as they have direct effects on energy charges,
revenue generation, capacity for expansion, etc. As a result,
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there is an urgent need to develop strategies for mitigation of
technical and non-technical losses in the Nigerian distribution
systems. But before any meaningful strategy could be
developed to mitigate the losses, the losses have to be
identified and classified, thus this study is aimed at
identifying, classifying and developing strategies for
mitigating losses in the Nigerian distribution system

II. LOSSES IN THE NIGERIAN DISTRIBUTION
SYSTEMS

In every electrical power network, losses are unavoidable and
cannot be eliminated [2], [5]. They have remained one of the
biggest challenges faced in electrical power systems operation
with detrimental effects on the efficiency and income
generation at all levels of the power network [6]. As a result,
they must be kept at a low value as possible.

The distribution section, being more complex than the other
sections of the power system is worst hit by losses [7]. Losses
at the distribution section are the amounts of energy received
from the transmission section by the distribution section but
not paid for by the consumers. These losses are technically
called Aggregate Technical, Commercial, and Collection
(ATC & C) losses.

ATC & C losses were one of the reasons for the privatization
of the Nigerian DISCOs. However, information from the
NERC dataset showed that all the DISCOs are far from
achieving the set target for ATC & C loss reduction. For space
constraint, only the ATC & C losses data for Ikeja Electricity
distribution is presented in this study as shown in figure 1.
Note that the Ikeja Electricity Distribution Company
represented has the least ATC & C losses after Eko Electricity
Distribution Company when compared to the other DISCOs.
To further show that that ATC & C for the all the DISCOs are
very high, the ATC & C losses for all the DISCOs for
February 2019 is presented in Table 1
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Figure 1: ATC & C Losses for Ikeja Electricity Distribution Company from March 2017 to February 2019 [8]

Table 1: ATC & C losses for the eleven (11) distribution companies [8]

No 1 2 3 4 5 6 7 8 9 10 11
DISCO Abuja | Benin | Eko | Enugu | Ibadan | Ikeja | Jos | Kaduna | Kano | Port Harcourt Yola
ATC & C 43 58 31 57 52 31 71 77 47 66 68
Losses (%)

On average the ATC & C losses for all the DISCOs in
February 2019 are approximately 55%, which is 1% above the
figure reported by World Bank for 2017 [9]. With this
percentage, one could see that troubles are looming ahead for
the Nigerian power sector if nothing is done urgently. There is
therefore urgent need to develop strategies for ATC & C
losses in the Nigerian distribution system.

A. ATC & C Loss Estimation
ATC & C losses are easily calculated using equation (1) [7]:

ATC & C Loss(%) =
Energy received —Energy realized
Energy received from the transmission X100 ... (1)
Where;
Energy realized = energy billed X collection efficiency ...... )
Collection Efficiency = 2nountrealized o 44 ...(3)

Amount billed

Provided data are available, ATC & C losses can easily be
estimated using equations (1-3) i.e. if there are no data, losses

can never be estimated. If the energy realized equals energy
received from transmission then there is no loss in the system.
It is impractical to have a system in which no loss exists.

B. ATC & C losses classification

For easy investigations, ATC & C losses classification is
necessary. An attempt must be made to classify the losses to
clearly define the source(s)/cause(s) of the losses to be able to
design the necessary strategy for mitigation. We should be
able to separate technical losses from non-technical losses.
Technical losses are losses resulting from the energy
dissipated in conductors and distribution equipment [10],
while non-technical losses are caused by external factors or
load conditions [11].

Further classification of non-technical losses is required for
effective mitigation. Losses in this case are consequent on
human interference with the system and are therefore very
difficult to model due to the high level of unpredictability of
human behavior. The simplified classification of ATC & C
losses in a distribution system as given in [12] is as shown in
figure 2.
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Figure 2: Modified Classification of ATC & C Losses in
Distribution Systems
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III. STRATEGIES FOR MITIGATION OF ATC & C
LOSSES IN THE NIGERIAN DISTRIBUTION
SYSTEMS

To develop strategies for A TC & C losses reduction in the
Nigerian distribution systems, it is important to have
identified the cause(es) of the losses. As a result, the causes of
ATC & C losses shall be presented hand — in- hand with the
strategies for mitigation in this section.

For non-technical losses, the causes seem to be the same
globally. The causes as presented in [6] for the Metropolitan
area Mexico as shown in figure 3 are all evident in the
Nigerian distribution system.
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Figure 3: Causes of Non-Technical Losses in Distribution Systems
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Having identified the causes of non-technical losses, the
strategies presented in [7] were selectively suggested as
strategies that could be used to mitigate non-technical losses
in the Nigerian distribution systems. They include:

@) Provision of smart meters provided with load survey
and tamper logging features for all the consumers

(ii))  Regular energy auditing and accounting at the feeder
level

(iii)) Installation of meter outside the premises of the
consumers

(iv) Engaging user’s association (communities) in theft
monitoring

(v)  Engaging collection agencies

(vi)  Use of electronic payment methods only

For technical losses, the causes include copper resistance, line
losses, and iron losses of transformers. These losses are due to
the loading and electrical characteristics of the system [13].
Several methods for mitigating technical losses were
presented in [14]. Some selected strategies that could benefit
the Nigeria distribution system include:

@) Reconfiguration and Phase Load Balancing.

(ii))  Re-conductoring of the networks

(iii)) Accurate Distribution Transformers sizing and
locating

(iv)  Use of Automatic Voltage Booster

(v)  Reactive Power Compensation

(vi) Use of Aerial Bunched Cables

(vii) Distributed generation

(viii) High Voltage Distribution System

IV. CONCLUSION

Nigeria is one of the countries suffering from high ATC & C
losses today after several reforms. Countries like UK, U.S.A.,
Germany, and India among others once had the same
experience. However, they were able to reduce their ATC & C
losses through proper planning, system re-configuration,
policy formulation, and compliance as well as collaboration
with research institutions. It is on this not that we recommend
that policymakers, DISCOs, and research institutions should
collaborate towards tackling the excesses of ATC & C losses
in the Nigerian distribution systems.
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