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Abstract
It has been reported that Nigeria requires a daily generation of 470,000 MWH (or 19,583 MWH/H) to provide
constant electricity to its 36 states and its capital city and is currently generating only 17% of the electricity required
to meet the demands of her citizens. However, little or no in-depth analysis has been performed on the performance
of the electricity transmission and distribution systems and to determine their impact on the availability of electricity
for consumers. This paper explores the effect of transmission and distribution losses on the availability of electricity
in Nigeria. The Nigerian National Electricity Grid was able to provide an average of 9.99 ± 0.54 hrs of electricity to
the 13 LGAs of Ebonyi State for each day in July 2020. For the case where there were no transmission losses, each
LGA in Ebonyi State would have received 10.79 ± 0.58 hrs of electricity each day in July 2020. Where no
distribution losses were present, each LGA in Ebonyi State would have received 23.23 ± 1.25 hrs of electricity each
day in July 2020. Where there were no transmission or distribution losses, each LGA in Ebonyi State would have
received 25.09 ± 1.35 hrs of electricity each day in July 2020. These results indicate that elimination of the
distribution losses presently experienced by the electricity distribution companies could ensure constant electricity
supply for the 13 LGAs in Ebonyi State. Based on this, the power distribution sector, and not the power generation
sector, is the major reason for the electricity shortage in Ebonyi State, and possibly for other states in Nigeria. It is
recommended that more emphasis should be on distribution infrastructure now before focusing on improving the
country's power generation capacity.
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electricity required to meet the demands of
her citizens. Some of the challenges
affecting power generation include power
plant maintenance, obsolete facilities,
pipeline vandalism, inadequate funding, and
lack of energy mix (Ikuobase, et al., 2018,
Ikuobase and Olusegun, 2017; Sule 2010;
Idigbe & Igbinovia, 2010; Sambo et al.,
2020). Generated power is transmitted to
various parts of the country by the
Transmission Company of Nigeria (TCN)
(TCN, 2019). The transmission losses
incurred during this process is reported to be
7.7% (Nigeria Electricity System Operation,
2020; Ikuobase & Olusegun, 2017).
However, its effect on the availability of
electricity to consumers has not been
explored
or
quantified.
Generated power is passed on to distribution
networks within towns and cities.
Electricity distribution is split into 11 zones,
as shown in Figure 1. Within each

1.Introduction
In order to effectively address the electric
power crisis currently existing in Nigeria,
three major sectors of the Power Industry
must be effectively executed: First, adequate
power must be generated within the country.
Secondly, generated power must be
effectively transmitted to all parts of the
country. Finally, the transmitted power must
be efficiently distributed to the consumers
(Ikuobase,
et
al.,
2018).
Presently, Nigeria has 28 power generating
stations that produced a combined electricity
generation of 90,233.85 ± 4846.4 MWH
daily in July 2020 (Nigeria Electricity
System Operation, 2020). However, it has
been reported that the country requires a
daily generation of 470,000 MWH (or
19,583 MWH/H) to provide constant
electricity to its 36 states and its capital city
(Ofualagba & O’tega, 2020). This means the
country is generating only 17% of the
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distribution region or zone, an electricity
distribution
company
handles
the
distribution of power received from the
Transmission Company of Nigeria to its
constituent states (consisting of 3-5 states).
Each distribution company is allocated a

certain percentage of the total electricity
generated by the 23 generating stations in
the nation's electricity grid. Distribution
losses reported by the 11 distribution
companies range from 31-77% (NERC,
2020).

Figure 1. Electricity distribution regions in Nigeria
Emphasis has been placed on the need to
2.Materials and Methods
increase the country's power generation in
A Power Optimization Software for Nigeria,
order to address the electricity deficit in
owned by RACETT NIGERIA LTD., was
Nigeria. However, little or no in-depth
used to study the effect of transmission and
analysis has been performed on the
distribution losses in electricity distribution
performance of the electricity transmission
in Ebonyi State, Nigeria (RACE, 2020). The
and distribution systems and to determine
software is shown in Figure 2. It allows
their impact on the availability of electricity
users to input the daily power generated by
for consumers. This purpose of this paper is
each of the 28 functioning generating
to investigate the effect of the transmission
stations in Nigeria. From this, the power
and distribution losses in Nigeria's National
received by each distribution region is
Electricity Grid on the availability and
calculated, as well as the power received by
supply of electricity within the country. In
each state in the country. The software also
depth analysis on the generation,
provides electricity distribution data within
transmission and distribution of electricity
each state in Nigeria. Based on the daily
within Ebonyi State, will be performed to
power generated, the number of hours each
determine which sector in the Power
Local Government Area (LGA) receives
Industry (generation, transmission, or
electricity from the National Grid is
distribution) has the greatest impact on the
provided.
availability of electricity within the region.
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Figure 2. (a). Power optimization software used in studying transmission and distribution
losses in the national electricity grid.
For each day in July 2020, the power
generation data for each of the 28 generating
stations in Nigeria was entered into the
software tool. From this, the software
automatically
calculated
the
power
distributed to the 11 distribution companies
in the country, as well as to the individual’s
states and the Federal Capital Territory
(FCT). The daily power to each LGA in the
country was also provided by the software.
The Distribution Company responsible for
supplying electricity to Ebonyi State is the
Enugu Electricity Distribution Company
(EEDC). EEDC is allocated 9% of the
electricity in the National Grid. Of this grid
allocation, Ebonyi State receives 13% of
EEDC's available electricity, based on the
state's population. The Power Optimization
Software utilizes a Region Classification
Algorithm for automatic distribution of
electricity to the LGAs of a state. Using the
Region Classification Algorithm, LGAs
classified as commercial regions, due to
their population and level of industrial
development,
receive
their
allotted
electricity primarily during the daytime,
while LGAs classified as residential regions

receive their allotted electricity during the
night (Ofualagba and O’tega, 2020b;
Ofualagba & Onyeshi 2020).
Using the software, the number of
hours Ebonyi State supplied electricity to its
thirteen (13) LGAs (Abakaliki, Afikpo
North, Afikpo South, Ebonyi, Ezza North,
Ezza South, Ikwo, Ishielu, Ivo, Izzi,
Ohaozora, Ohaukwu, & Onicha) for each
day in July 2020 was obtained. This took
into account the current transmission losses
incurred by TCN, as well as the current
distribution losses incurred by EEDC. Next,
the number of hours of electricity Ebonyi
State could supply to its LGAs, assuming
TCN incurred no transmission losses, was
then obtained. Subsequently, the number of
hours of electricity Ebonyi State could
supply to its LGAs, assuming EEDC
incurred no distribution losses was obtained.
Finally, the number of hours of electricity
Ebonyi State could supply to its LGAs,
assuming TCN incurred no transmission
losses and EEDC incurred no distribution
losses was computed.
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Results and discussion
In July 2020, the 28 power generating
stations in Nigeria sent out an average of
90,233.85 ± 4846.4 MWH to the National
Electricity
Grid.
Considering
the
transmission losses of TCN (TCN, 2019),
EEDC received an average daily power of
7520.09 ± 403.9 MWH. Taking into account
the distribution losses incurred by EEDC
(NERC, 2020), only 3233.64 ± 173.7 MWH
was available to distribute to its constituent
states (Abia, Anambra, Ebonyi, Enugu, and
Imo states). This is shown in Figure 3a.
Using state population, EEDC allocated
420.37 ± 22.6 MWH for disbursement to
Ebonyi State. Based on the electricity
demand required by Ebonyi State, the power

supplied by the National Electricity Grid
was able to provide an average of 9.99 ±
0.54 hrs of electricity to the 13 LGAs of
Ebonyi State for each day in July 2020,
which is rounded down to 9 hrs. Using the
Regional
Classification
Algorithm,
commercial LGAs in Ebonyi State
(Abakaliki, Ikwo, Izzi, Ohaukwu, & Onicha)
received electricity from 7a.m. - 4 p.m.
every day in July 2020. This is shown in
Figure 3b. Residential LGAs in Ebonyi State
(Afikpo North, Afikpo South, Ebonyi, Ezza
North, Ezza South, Ishielu, Ivo, &
Ohaozora) received electricity from 12 a.m.
- 3 a.m. and 6 p.m. - 12 a.m. each day in
July 2020. This is shown in Figure 3c.

(a)
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(b)

(c)
Figure 3. (a). Average Daily Electricity
Received by EEDC (3233.64 ± 173.7
MWH) from the National Electricity Grid
for July 2020. (b). Commercial Regions of
Ebonyi State received electricity from the
National Grid from 7 a.m. - 4 p.m. in July
2020. (b). Residential Regions of Ebonyi

State received electricity from the National
Grid from 12 a.m. - 3 a.m. and 6 p.m. - 12
a.m. in July 2020.
This is the current performance of
the electricity transmission and distribution
system supplying electricity to Ebonyi State.
For July 2020, Figure 4 shows the system
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performance if
TCN incurred no
transmission losses in supplying EEDC with
electricity. It also shows the system by
performance if EEDC incurred no
distribution losses in supplying Abia,

Anambra, Ebonyi, Enugu, and Imo states
with electricity. Additionally, it shows the
system by performance if both TCN and
EEDC incurred no transmission and
distribution
losses.

Figure 4. Electricity grid system performance analysis showing the effect of transmission
and distribution losses on daily electricity supply in July 2020.
For the case where TCN incurs no
transmission losses, each LGA in Ebonyi
State would have received 10.79 ± 0.58 hrs
of electricity each day in July 2020. Where
EEDC incurs no distribution losses, each
LGA in Ebonyi State would have received
23.23 ± 1.25 hrs of electricity each day in
July 2020. Where both TCN and EEDC
incur no transmission or distribution losses
respectively, each LGA in Ebonyi State
would have received 25.09 ± 1.35 hrs of
electricity each day in July 2020. These
results indicate that elimination of the
distribution losses presently experienced by
EEDC could ensure constant electricity
supply for the 13 LGAs in Ebonyi State.
Discussion
Analysis of Nigeria's current National
Electricity Grid shows that the system is
only able to supply about 9 hours of

electricity to Ebonyi State daily. This means
that each day, the region is experiencing 15
hours of black outs presently. The initial
recommendation, based on this data, would
be to increase the power generation
capabilities of the 23 existing generating
stations in Nigeria, or to build new ones. If
new generating stations are to be installed in
the country, they should ideally be located
as close as possible to the distribution
centers to minimize technical losses (Bawa
et al., 2019). To address the power deficit on
Ebonyi State, ideally, the new power
generating stations should be located in
Enugu State, where EEDC is located.
It has been reported that for the
Enugu Distribution Region, a 1135 MW
hydro power plant, an 844 MW natural gas
power plant, a 3,495 oil power plant, or a
900 MW coal fired plant, is required to
address the electricity shortages of Abia,
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Anambra, Ebonyi, Enugu, and Imo states
(Ofualagba and O’tega, 2020c). The 1,050
MW Onitsha hydro power project currently
in progress in Anambra state may prove
suitable to improve the electricity supply to
the region. However, the installation of 900
MW coal fired plant would increase the
energy mix of the country's power
generation, as this has been flagged as one
of the challenges in the country's power
generating sector.
This approach to solving the
electricity deficit in Ebonyi State may be the
only option, if power generation was truly
the only cause if the national electricity
shortage in the country. However, the data
obtained in the Results section shows that in
July 2020, Ebonyi State would have
received an additional 0.78 hrs of electricity
each day if TCN incurred no transmission
losses. Furthermore, Ebonyi State would
have received an additional 13.24 hrs of
electricity each day if EEDC incurred no
distribution losses, and an additional 15.10
hrs of electricity each day if both TCN and
EEDC incurred no transmission and
distribution losses respectively. The impact
of the transmission losses of TCN is
certainly not negligible and needs to be
tackled (Etukudor et al., 2015). However,
it's effect on power availability in Ebonyi
State is insignificant compared to the
distribution losses reported by EEDC. If the
distribution losses of EEDC are addressed
and eliminated, then the 13 LGAs in Ebonyi
State would be able to receive constant 24hr electricity supply with the current
national power generation output of
90,233.85 ± 4846.4 MWH in July 2020.
This means that Nigeria is currently
generating sufficient power to provide
constant uninterrupted power supply to
Ebonyi State, if EEDC's distribution losses
are eliminated. One can therefore conclude
that power distribution is the sector that
currently has the greatest impact on the
availability of electricity in Ebonyi State.

The differences in amount of power
delivered to Ebonyi State when compared to
generated quantity of power received by
EEDC is large and is due to technical
distribution losses. Some of the current
challenges facing the electricity distribution
system in Nigeria include the following:
i. Weak and Inadequate Network
Coverage;
ii. Overloaded Transformers and bad
Feeder Pillars resulting in very low
voltages;
iii. Substandard distribution lines;
iv. Unwholesome practices by staff and
very poor customer relations;
v. Inadequate logistic facilities such as
tools and working vehicles;
vi. Poor and obsolete communication
equipment;
vii. Low staff morale and lack of regular
training;
viii. Insufficient funds for maintenance
activities;
ix. Illegal manipulation of installed
meters; and
x. Vandalization of equipment (Abanihi
et al., 20,2018).
Addressing these challenges in order
to reduce the distribution losses of EEDC
may be quicker, cheaper, and more easily
implemented than installing a new power
generation plant in the National Electricity
Grid. It has been reported that more
emphasis should be on distribution
infrastructure now and then after ensuring
that the equipment on ground can
comfortably distribute the power currently
being generated and the amount of power
the generating companies intend to generate
in the near future, then emphasis will then
shift to power generation (Ohajianya, et al.
2014). The conducted depth analysis on the
generation, transmission and distribution of
electricity within Ebonyi State is in
agreement with this assessment and has
demonstrated that it is the distribution sector
that presently has the greatest impact on the
availability of electricity within the region.
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Conclusion
It has been reported that Nigeria requires a
daily generation of 470,000 MWH (or
19,583 MWH/H) to provide constant
electricity to its 36 states and its capital city
and is currently generating only 17% of the
electricity required to meet the demands of
her citizens. The effect of transmission and
distribution losses on the availability of
electricity in Nigeria was explored. The
Nigerian National Electricity Grid was able
to provide an average of 9.99 ± 0.54 hrs of
electricity to the 13 LGAs of Ebonyi State
for each day in July 2020. For the case
where there are no transmission losses, each
LGA in Ebonyi State would have received
10.79 ± 0.58 hrs of electricity each day in
July 2020. Where no distribution losses are
present, each LGA in Ebonyi State would
have received 23.23 ± 1.25 hrs of electricity
each day in July 2020. Where there are no
transmission or distribution losses, each
LGA in Ebonyi State would have received
25.09 ± 1.35 hrs of electricity each day in
July 2020. These results indicate that
elimination of the distribution losses
presently experienced by distribution
companies could ensure constant electricity
supply for the 13 LGAs in Ebonyi State.
Based on this, the power distribution sector,
and not the power generation sector, is the
major reason for the electricity shortage in
Ebonyi State, and possibly for other states in
Nigeria.
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