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Abstract— In this paper, time series regression
modelling of transformer failure rate for Aba
district electricity distribution network is
presented. The case study data on transformer
failure covered a period of five years (2016 to
2020) as observed or recorded in the operational
log book from the respective injection substations
in the Aba electricity distribution network, which
were obtained from the Enugu Electricity
Distribution Company (EEDC). From the data, the
customer hours, customer frequency due to
transformer fault and the feeder wise transformer
failure percentage, as well as the yearly total of
the relevant power distribution network
parameters that pertain to transformer failure were
computed. Then, quadratic regression time series
model with one period lagged dependent variable
was used to model the yearly total of the relevant
power distribution network parameters. The
modelled parameters are; the total number of
transformer or total number of transformers
installed, the total number of customers, the total
outage due to transformer fault or total number of
failed transformers, the total outage duration due
to transformer fault and the transformer failure
percentage. The time series regression models
were also used forecast the modelled parameter
value up to the year 2023. The results show that
in 2023 the total number of transformer or total
number of transformers installed will increase to a
value of 1094.668 which is about 32% increase
from 2016 base year value), the total number of
customers will increase to a value of 144846.174
which is about 12% increase from 2016 base year
value), the total outage due to transformer fault or
total number of failed transformers will increase to
a value of 499.1713 which is about 389 % increase
from 2016 base year value), the total outage

duration due to transformer fault will increase to a
value of 20686.31 which is about 133 % increase
from 2016 base year value) and the transformer
failure percentage will increase to value of
87.01079 which is about 465 % increase from 2016
base year value). In all, it was observed from the
forecast that the transformer failure in the network
will continue to increase significantly each year
and that is a big concern for management of
power distribution in the case study power
distribution network.
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Model, Transformer Failure Rate, Regression
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1. Introduction

In Nigeria, electric power shortage is a dominant problem
[1,2,3,4,5,6,7,8,9,10]. Large population of the Nigerian
citizens are not connected to the national grid. Also, the
growing dependence of human beings on electric-powered
technologies, devices and systems has made electric power
supply increasingly important and also made the demand to
increase perpetually [11,12,13,
14,15,16,17,18,19,20,21,22,23,24,25,26,27]. Also, the very
poor and epileptic power supply from the grid also
discourages many households and business entities from
relying on the national grid for sustainable power supply
[28,29,30,31,32,33]. Rather, many people have resorted to
alternative power supply through solar power systems,
wind energy system, diesel generators and other readily
available and affordable alternative energy supply system
[34,35, 36,37,38, 39,40,41, 42,43,44, 45,46, 47,48, 49, 50,
51].
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One of the major causes of the poor and epileptic power
supply from the national grid is the failure of transformers
in the electricity distribution network [42,53,54,55,56,57].
Also, the meagre energy generated when compared to the
energy demand leads to load shading approach in the power
supply system [58,59,60]. This also causes the epileptic
power supply. In any case, the focus of this paper is to
analyse the transformer rate in a case study electricity
distribution network. Dataset of transformer rate over a
period of time (in years) acquired from the power
distribution company is used to carry out time series
modelling of the transformer failure rate for the case study
power network. The essence of the study is to identify the
time series trend of the transformer failure and hence
extract relevant information for decision making on how to
manage the situation for improved electric power supply in
the case study area.

2. Methodology

The focus of this paper is to use the available dataset on
transformer failure for a case study power distribution to
develop time series models and apply the models for
forecasting some key parameter of the power network.
Specifically, the parameters that are modelled includes;

i. The total number of transformer or total number of
transformers installed (denoted as Ntf),
ii. The total number of customers (denoted as Ni),
iii. The total outage due to transformer fault or total

number of failed transformers (denoted as Af)

iv. The total outage duration due to transformer fault
(denoted as Df)
v. The transformer failure percentage (denoted as A).

2.1 Description and pre-analysis of the case study
dataset

The case study data on transformer failure covered a period
of five years (2016 to 2020) as observed or recorded in the
operational log book from the respective injection
substations in the Aba electricity distribution network,
which were obtained from the Enugu Electricity
Distribution Company (EEDC).

The data collected include list of all transformers rated 50
KVA - 500 KVA fed from the respective injection
substations as well as those directly fed from the 33 kV
lines in between the respective injection sub-stations,
monthly maximum loadings on the injection stations/
feeders, number of transformer units that failed, cause of
failure, the number of outages caused by transformer
failures, the outage duration, voltage level etc. covering the
period of the study.

The summary of the dataset is as contained in Table 1 for
the year 2016. The dataset in Table 1 shows that there are a
total of seventeen (17) feeder lines with two (2) operating at
33 kV voltage class while the other fifteen (15) are
operating at 11 kV levels. Also, the datesse in table 2016
shows that as at December 2016, there were a total of 830
active transformer units installed to service 129,498 active
customers within the Aba distribution network.

Table 1 Feeder Wise Transformer Outage Summary for 2016

= = = = = = = = =
g g g g g g £ g £
RS R ER =< 2w ER- =R 2 ® 2o
(=] (=] (=] (=] (=] (=] (=] (=] (=]
Q Q Q Q Q Q @] Q @]
Outage Outage Custome
Duratio | Customer r
Voltage Sudok Nojof e n due to | Hrs due to | Frequenc
S/No Feeder Name g Trfs Custom Trf q
level (Ntf) ers (Ni) | Fault Trf Trf Fault y due to
o) Fault (Ni*Df) Trf Fault
(Df) (Ni*Af)
1 PS FDR-1 11KV 27 5,002 0 0 0 0
2 PS FDR-2 11KV 59 8,814 7 302 2,661,828 61,698
3 PS FDR-3 11KV 27 3,251 6 134 435,634 19,506
4 PS FDR-4 11KV 70 7,530 8 385 2,899,050 60,240
5 PS FDR-5 11KV 62 5,535 7 284 1,571,940 38,745
6 ECN FDR-1 11KV 21 3,300 0 0 0 0
7 ECN FDR-2 11KV 82 16,546 17 1,160 | 19,193,360 281,282
8 ECN FDR-3 11KV 33 6,204 2 150 930,600 12,408
9 ECN FDR-4 11KV 72 7,656 12 902 6,905,712 91,872
10 ECN FDR-5 11KV 28 5,940 0 0 0 0
11 7UP FDR 11KV 81 8,316 12 1,560 | 12,972,960 99,792
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12 WATERSIDE 11KV 40 7,261 2 198 1,437,678 14,522
13 IGI FDR 33KV 30 13,850 4 128 1,772,800 55,400
14 ABA/UMUAH | 33KV 104 13,150 9 806 | 10,598,900 118,350
1A

15 OVOM FDR 11KV 18 8,440 3 900 7,596,000 25,320
16 OMOBA FDR 11KV 18 4,550 0 0 0 0
17 OVUOIJI FDR 11KV 58 4,153 13 1,970 8,181,410 53,989

TOTAL 830 129,498 102 8,879 | 77,157,872 933,124

2.2 Customer hours and customer frequency due to
transformer fault

In Table 1, the values in column 1 to column 7 are primary
data items while the values in column 8 (which is customer
hours due to transformer fault) and column 9 (which is
customer frequency due to transformer fault) are computed.
Accordingly, column § content is computed as;

Customer Hours Due To Transformer Fault = Ni (Df)
Q)
. Similarly, column 9 content is computed as;

Customer frequency due to transformer fault = Ni (4f)
2

Where Ni denotes the number of customers, Df denotes the
outage duration due transformer fault and Af denotes
outage due to transformer fault.

2.3 The feeder wise transformer failure percentage

Based on the data provided in Table 1, the number of
transformers in operation, Nf is computed as follows;

Nf = Ntf- Af  (3)

Where Ntf denotes total of transformers installed and Af
denotes number of failed transformers. Then, the
percentage of failed transformer in each year is denoted as A
and is computed as follows;

A= (;—;) 100 % )

By using the analytical expressions in Equation 3 and
Equation 4, the feeder wise transformer failure percentage
is computed for each year and a summary for 2016 is
presented in Table 2. From the data generated in Table 1
and 2 for the year 2016 as well as similar data generated for
the other years (2017 to 2020) considered in the study, the
total feeder-wise transformer outage summary and feeder
wise transformer failure percentage summary for year 2016
to 2020 are obtained and presented in Table 3.

Table 2 The feeder wise transformer failure percentage summary for 2016

Ntf Af Nf =Ntf - Af K= (M /N)100%
Number of
Total of failed Number of
transformers transformers, transformers in Transformer failure
S/No Injection Substation/ Feeder installed, Ntf M operation, Nf percentage
1 ECN 236 31 205 15.1
2 Ovom 18 3 15 20.0
3 Power Station 245 28 217 12.9
4 Ogbor Hill 121 14 107 13.1
5 Omoba 76 13 63 20.6
6 33KV (IGI & Aba/Umuahia 134 13 121 10.7
Total 830 102 728 92.48801146
Average failure Rate 15.4
WWWw.jmest.org
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Table 3 Total feeder-wise transformer outage summary and feeder wise transformer failure percentage summary for

year 2016 to 2020
v o en < w o o~ =}
= = = = = = = =
£ = = = £ £ = £
E E E E E E E E
=] =] =] =] =] = =] =}
@) @) @) @) @) Q @) Q
Total Total Total Total Total
Total No Outage Transformer Customer Customer
Total No. of Outage due . .
of Duration failure Hrs due to Frequency
TOTAL | Transformer to
Customers due to percentage | Transformer due to
(Ntf) . Transformer
(Ni) Fault (\f) Transformer (%) Fault Transformer
" Fault (Df) (Ni*Df) Fault (Ni*Af)
2016 830 129,498 102 8,879 15.4 77,157,872 933,124
2017 830 130,516 101 7,798 15.0 63,306,989 859,568
2018 835 131,637 109 8,745 13.9 77,197,952 1,013,876
2019 853 134,778 123 8,889 19.6 85,156,308 1,140,322
2020 885 135,098 162 10,990 28.3 96,008,136 1,522,318

Each of the parameters in columns 2 to column 6 are
characterised using suitable time series model. The items in
column 8 and column 9 are computed from the items in
column 1 to column 5. The modelled parameters are;

1. Columns 2: the total number of transformer or
total number of transformers installed
(denoted as Ntf)

il. Columns 3: the total number of customers
(denoted as Ni)

iii. Columns 4: the total outage due to transformer
fault or total number of failed transformers
(denoted as Af)

iv. Columns 5: the total outage duration due to
transformer fault (denoted as Df)

v. Columns 6: the transformer failure percentage
(denoted as A)

2.4 The model development and evaluation

Each of the parameters is modelled using quadratic
regression with one period lagged dependent variable which
is expressed given as;

Pa(t) = a(tz) + b(t) +c + d(Pa(t—l)) (5)

Where Py is the parameter value estimated for time t and
the Py(;—1) is the parameter value estimated for time t-1
while a, b, ¢ and d are the model constants which in this
paper are determined from the available data using
Microsoft Excel Solver tool. The model prediction error,
er and the mean of the P,y for t = 1,2,3,..n are
expressed as follows;

ewy = Paey = Py (6)
o= (3) Cta(Pae))

The Mean Squared Error (MSE) and Root Mean Squared
Error (RMSE) are expressed as follows;

mSE = () (Stalew)’) ®)
RMSE = \/[(ﬁ) (2 (ew)’)] ©)

The Mean Absolute Percentage Error (MAPE)and Mean
Percentage Error (MPE are expressed as follows;

_(1 n [(Paw) ~Pp
mark = (3) (2t (252))

_ (100 n (Pa®) ~Ppw
MPE = ( n )( t=1< Pa(t) )) an

The Mean Absolute Deviation (MAD) is expressed as
follows;

(10)

MAD = (%) (Xt |Pagey — Bal)

3. Results and discussion

(12)

3.1 The results for the total number of transformer or
total number of transformers installed

The quadratic regression with one period lagged dependent
variable for the total number of transformer or total number
of transformers installed is given as;

Ntfyy = a(t?) + b(®) + ¢ + d(Ntfy-1))
(13)
Where Nt at time t is the predicted value and Ntfy, is
the actual value at time t, as shown in Table 4. The results
of the model development for the total number of
transformer or total number of transformers installed are

such that the values of the model constants are; a =
1.578026313, b= 0, ¢ =0 and d = 0.990977487. Hence,
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Nty = 1.578026313t2 + 0.990977487(Ntf,;_1))

(14

The results of the model prediction and performance
evaluation for the total number of transformer or total
number of transformers installed are given in Table 4. The

graph of the actual and predicted values of the total number
of transformers installed, Ntfa and Ntfp is shown in Figure
1. The results show that in 2023 the total number of
transformer or total number of transformers installed will
increase to a value of 1094.668 which is about 32%
increase from 2016 base year value).

Table 4 The total number of transformer or total number of transformers installed (denoted as Ntf)

v The total number a b c d
Year car of transformers Ntf, )
Index, ¢ installed, Ntf,,) 1.578026 0 0 0.990977
2016 1 830 1.578026 0 0 0.990977 830
2017 2 830 1.578026 0 0 0.990977 828.8234
2018 3 835 1.578026 0 0 0.990977 836.7136
2019 4 853 1.578026 0 0 0.990977 852.7146
2020 5 885 1.578026 0 0 0.990977 884.7545
2021 6 1.578026 0 0 0.990977 933.824
2022 7 1.578026 0 0 0.990977 1002.722
2023 8 1.578026 0 0 0.990977 1094.668
RMSE: 0.944726 MSE: 0.892507 MAD: 0.68422
MAPE: 0.000816 MPE: -4.5E-06
'g —&— Ntfa —o— Ntfp
«
g 890
z
4 880
]
=
S 870
T &
S =860
=
2
5 850
=
S
< 840
®
=
S 830
<
820
1 2 3 4 5

Year Index, t

Figure 1 The graph of the actual and predicted values of the total number of transformers installed, Ntfa and Ntfp

3.2 The results for the total number of customers

The quadratic regression with one period lagged dependent
variable for the total number of customers, is given

as;

Nipy = a(t?) + b(©) + ¢ + d(Nipe-1))

(15)

Where Nij () at time t is the predicted value and Ni ) is
the actual value at time t, as shown in Table 5. The results
of the model development for the total number of customers

JMESTN42354240
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are such that the values of the model constants are; a =

234.1543,b=0, ¢ = 129846.2 and d = 0.0001. Hence,
Niy iy = 234.1543t% + 129846.2 + 0.0001(Nip(t_1))
(16)

The results of the model prediction and performance
evaluation for the total number of customers are given in

Table 5. The graph of the actual and predicted values of the
total number of costumers, Nia and Nip is shown in Figure
2. The results show that in 2023 the total number of
customers will increase to a value of 144846.174, which is
about 12% increase from 2016 base year value).

Table 5 The total number of customers (denoted as Ni)

v The total number a b c d
Year car of customers, Ni, ()
Index, t Nig( 234.1543 0 129846.2 0.0001
2016 1 129,498 234.1543 0 129846.2 0.0001 129498
2017 2 130,516 234.1543 0 129846.2 0.0001 130795.7342
2018 3 131,637 234.1543 0 129846.2 0.0001 131966.6074
2019 4 134,778 234.1543 0 129846.2 0.0001 133605.7994
2020 5 135,098 234.1543 0 129846.2 0.0001 135713.5019
2021 6 234.1543 0 129846.2 0.0001 138289.2309
2022 7 234.1543 0 129846.2 0.0001 141333.5555
2023 8 234.1543 0 129846.2 0.0001 144846.174
RMSE: 622.8626006 MSE: 387957.8193 MAD: 479.40882
MAPE: 0.003580088 MPE: -0.00010118
_SZ_} —o—Ntfa —&— Ntfp
'g 890
©
o
Z 880
w
5
= 870
>
5
£ 860
=
2
2 850
<
£
©
= 840
=
L
Q
< 830
820
1 2 3 4 5

Year Index, t

Figure 2 The graph of the actual and predicted values of the total number of customers (Niy;) and Ni )
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3.3 The results for the total outage due to transformer
fault or total number of failed transformers

The quadratic regression with one period lagged dependent
variable for the total outage due to transformer fault or total
number of failed transformers , is given as;

£fpy = a(t?) + b(t) + ¢ + d(&fpe-1))
7

Where £f,, ;) at time t is the predicted value and £f, ;) is the
actual value at time t, as shown in Table 6. The results of
the model development for the total outage due to
transformer fault or total number of failed transformers are
such that the values of the model constants are; a =
3.506755, b= 12.72452, ¢ = 0.001195 and d = 1.11206.
Hence,

Afpy = 3.506755 2 + 129846.2t + 0.001195 +
1.11206(4f, (1) (18)

The results of the model prediction and performance
evaluation for the total outage due to transformer fault or
total number of failed transformers are given in Table 6.
The graph of the actual and predicted values of the total
outage due to transformer fault or total number of failed
transformers, Afa and Afp is shown in Figure 3. The results
show that in 2023 the total outage due to transformer fault
or total number of failed transformers will increase to a
value of 499.1713 which is about 389 % increase from
2016 base year value).

Table 6 The total outage due to transformer fault or total number of failed transformers (denoted as Ni)

The total outage a b c d
% due to transformer
Year car fault or total )
Index, t | mber of failed 3.506755 12.72452 0.001195 1.11206
transformers, Af,
2016 1 102 3.506755 12.72452 0.001195 1.11206 102
2017 2 101 3.506755 12.72452 0.001195 1.11206 102.0093
2018 3 109 3.506755 12.72452 0.001195 1.11206 105.7065
2019 4 123 3.506755 12.72452 0.001195 1.11206 126.4258
2020 5 162 3.506755 12.72452 0.001195 1.11206 160.8309
2021 6 230.0511 3.506755 12.72452 0.001195 1.11206 230.0511
2022 7 338.5912 3.506755 12.72452 0.001195 1.11206 338.5912
2023 8 499.1713 3.506755 12.72452 0.001195 1.11206 499.1713
RMSE: 2.234669067 MSE: 4.993745838 MAD: 1.77954
MAPE: 0.015055473 MPE: -8.25678E-05
—o—£fa(t) —o—Afp(t)
<
& 170
2 < 160
s T
E g 150
= £ 140
=)
g8 4 130
= 8 120
=
g 110
< 100
90
80
1 2 3 4 5

Year Index, t

Figure 3 The graph of the actual and predicted values of the total outage due to transformer fault or total number of
failed transformers (£f;) and £f,,;))
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3.4 The results for the total outage duration due to
transformer fault

The quadratic regression with one period lagged dependent
variable for the total outage duration due to transformer
fault , is given as;

Dfp(t) = a(tz) + b(t) +c + d(Dfp(t—l))
19)

Where Dfy,;) at time t is the predicted value and Dfj, is
the actual value at time t, as shown in Table 7. The results
of the model development for the total outage duration due
to transformer fault are such that the values of the model

constants are; a = 397.21, b= -1852, ¢ = 10247 and d = -
0.01. Hence,

Dfpry =
3.506755 t2 — 1852t + 10247 — 0.01(Dfy¢—1y)  (20)

The results of the model prediction and performance
evaluation for the total outage duration due to transformer
fault are given in Table 7. The graph of the actual and
predicted values of the total outage duration due to
transformer fault, Dfa and Dfp is shown in Figure 4. The
results show that in 2023 the total outage duration due to
transformer fault will increase to a value of 20686.31 which
is about 133 % increase from 2016 base year value).

Table 7 The total outage duration due to transformer fault (denoted as Df)

The total outage a

b

[ d

Year duration due to

Year

Dty (e

Index, t

transformer fault,
Dfa (t)

397.21

-1852

10247

-0.01

2016

8,879

397.21

-1852

10247

-0.01

8879

2017

7,798

397.21

-1852

10247

-0.01

8043.05

2018

8,745

397.21

-1852

10247

-0.01

8187.91

2019

8,889

397.21

-1852

10247

-0.01

9106.91

2020

10,990

397.21

-1852

10247

-0.01

10828.36

2021

397.21

-1852

10247

-0.01

13324.66

2022

397.21

-1852

10247

-0.01

16613.04

2023

@ NN (AW (N

397.21

-1852

10247

-0.01

20686.31

RMSE:

297.9969893

MSE:

88802.20566

MAD:

236.338

MAPE:

0.026870208

MPE:

0.004494491

12000

11000

10000

9000

8000

7000

Actual and predicted
values, Dfa and NDfp

6000

—e—Dfa(t)

2

3

—0—Dfp(t)

Year Index, t

Figure 4 The graph of the actual and predicted values of the total outage duration due to transformer fault (Df, and

Dfy )
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3.5 The results for the transformer failure percentage

The quadratic regression with one period lagged dependent
variable for the transformer failure percentage, is given as;

£pry = a(t®) +b(©) + ¢ + d(Kye-1))
@n

Where £, at time t is the predicted value and £, is the
actual value at time t, as shown in Table 7. The results of
the model development for the transformer failure
percentage are such that the values of the model constants

£y = 24495482 + 12.58724t + 30.18618 +
0.012(&p(e-1)) (22)

The results of the model prediction and performance
evaluation for the transformer failure percentage are given
in Table 7. The graph of the actual and predicted values of
the transformer failure percentage, £,y and £,;is shown
in Figure 5. The results show that in 2023 the transformer
failure percentage will increase to value of 87.01079 which
is about 465 % increase from 2016 base year value).

are; a = 2.449548034, b= 12.58724132, ¢ = 30.18618492 0.012
and d = 0.012. Hence,
Table 8 The transformer failure percentage (denoted as £)

Year | The transformer a b c d

Year | Index, failure )
¢ percentage, £, | 2449548 | 1258724 30.18618 0.012

2016 1 154 2.449548 12.58724 30.18618 0.012 15.4
2017 2 15 2.449548 12.58724 30.18618 0.012 14.99469
2018 3 13.9 2.449548 12.58724 30.18618 0.012 14.65039
2019 4 19.6 2.449548 12.58724 30.18618 0.012 19.19679
2020 5 28.3 2.449548 12.58724 30.18618 0.012 28.72388
2021 6 2.449548 12.58724 30.18618 0.012 43.18607
2022 7 2.449548 12.58724 30.18618 0.012 62.62158
2023 8 2.449548 12.58724 30.18618 0.012 87.01079

RMSE: 0.425526945 MSE: 0.181073181 MAD: 0.316558

MAPE: 0.017977785 MPE: - 0.009607409
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35
—o—fa(t) —e—Ap(t)

g’; 30
=
= 25
N
°sE
2= »
= :
=] = 15 @— —O=
)
5w
=T 10
=
< S
— 5
=
£
3] 0
< 1 15 2 2.5 3

Year Index, t

3.5 4 4.5 5

Figure 5 The graph of the actual and predicted values of the transformer failure percentage (£, and £p))

4. Conclusion

The paper presents the modelling of key parameters
pertaining to the transformer failure rate for a case study
Aba district electricity distribution network. Specifically,
time series quadratic regression models were developed
based on the five years (2016 to 2020) transformer failure
dataset obtained for the case study power network. The
modelled parameters are; the total number of transformer or
total number of transformers installed, the total number of
customers, the total outage due to transformer fault or total
number of failed transformers, the total outage duration due
to transformer fault and the transformer failure percentage.

The time series regression models were used forecast the
modelled parameter value up to the year 2023. In all, it was
observed from the forecast that the transformer failure in
the network will continue to increase significantly each
year and that is a big concern for management of power
distribution in the network.

References

1. Sambo, A. S., Garba, B., Zarma, I. H., & Gaji, M.
M. (2010). Electricity generation and the present
challenges in the Nigerian power sector.

2. Stephen, Bliss Utibe-Abasi, Ozuomba Simeon,
and Sam Bassey Asuquo. (2018) "Statistical
Modeling Of The Yearly Residential Energy
Demand In  Nigeria." Journal  of
Multidisciplinary Engineering Science Studies
(JMESS) Vol. 4 Issue 6, June — 2018

Asogwa, B. E. (2013). Electronic government as
a paradigm shift for efficient public services:
Opportunities and challenges for Nigerian
government. Library Hi Tech, 31(1), 141-159.

4.

10.

Effiong, Clement, Simeon Ozuomba, and Udeme
John Edet (2016). Long-Term Peak Load
Estimate and Forecast: A Case Study of Uyo
Transmission Substation, Akwa Ibom State,
Nigeria. Science Journal of Energy Engineering
4(6), 85-89.

Olaniyi, O. A., Ojekunle, Z. O., & Amujo, B. T.
(2013). Review of climate change and its effect
on Nigeria ecosystem. International Journal of
African and Asian Studies-An Open Access
International Journal, 1(1), 55-65.

Eti-Ini Robson Akpan, Ozuomba Simeon, Sam
Bassey Asuquo (2020). POWER FLOW
ANALYSIS USING INTERLINE POWER
FLOW  CONTROLLER Journal  of
Multidisciplinary ~ Engineering  Science and
Technology (JMEST) Vol. 7 Issue 5, May — 2020

Uko, Sampson Sampson, Ozuomba Simeon, and
Ikpe Joseph Daniel (2019). Adaptive neuro-fuzzy
inference system (ANFIS) model for forecasting
and predicting industrial electricity consumption
in Nigeria. Advances in Energy and Power, 6(3),
23-36.

Odumugbo, C. A. (2010). Natural gas utilisation
in Nigeria: Challenges and opportunities. Journal
of Natural Gas Science and Engineering, 2(6),
310-316.

Effiong, Clement, Ozuomba Simeon, and Fina
Otosi  Faithpraise (2020). "Modelling And
Forecasting Peak Load Demand In Uyo
Metropolis Using Artificial Neural Network
Technique." Journal of Multidisciplinary
Engineering Science and Technology (JMEST)
Vol. 7 Issue 3, March — 2020

Ozuomba, Simeon, Victor Akpaiya Udom &
Jude Ibanga. (2018). Iterative Newton-Raphson-

WWWw.jmest.org

JMESTN42354240

5039



Journal of Multidisciplinary Engineering Science and Technology (JMEST)

ISSN: 2458-9403
Vol. 9 Issue 1, January - 2022

Based Impedance Method For Fault Distance
Detection On Transmission
Line. Education, 2020. International Multilingual
Journal of Science and Technology (IMJST) Vol.
5 Issue 5, May — 2020

Algorithm for efficient Customer Segmentation: A
strategy for targeted customer services. (IJARAI)
International Journal of Advanced Research in
Artificial Intelligence, Vol. 4, No.10, 2015

20. Simeon, Ozuomba. (2018)  “Sliding Mode
11.  Chikezie, Aneke, Ezenkwu Chinedu Pascal, and Control Synthesis For Autonomous Underwater
Ozuomba Simeon. (2014). "Design and Vehicles” Science and Technology Publishing
Implementation Of A Microcontroller-Based (SCI & TECH
Keycard." International Journal of ) )
Computational Engineering Research (IJCER) 21.  Otumdi, Ogbonna Chima, Kalu Constance, and
Vol, 04 lssue, 5 May — 2014 Ozuomba Simeon (2018). "Design of the
Microcontroller Based Fish Dryer." Journal of
12.  Ozuomba, Simeon, Ekaette Ifiok Archibong, and Multidisciplinary Engineering Science Studies
Etinamabasiyaka Edet Ekott (2020). (JMESS) Vol. 4 Issue 11, November - 201
Development Of Microcontroller-Based Tricycle )
Tracking Using Gps And Gsm Modules. Journal 22.  Ozuomba, Simeon, Kalu, C., & Anthony,.l.J. M.
of Multidisciplinary Engineering Science and (2015). Map Mashup Application And Facilitated
Technology (JMEST) Vol. 7 Issue 1, January - Volgnteered W.eb-Based Information System For
2020 Business Directory In Akwa Ibom
State. European Journal of Engineering and
13. Ezenkwu C. P , Ozuomba Simeon, Kalu C. Technology Vol, 3(9).
(2013) Community informatics social network for .
facilitated community policing: A case study of 23.  Akpasam JosePh Ekanem, Simeon Ozuomba,
Nigeria Software  Engineering  2013; Afolayan J. Jimoh (2017) Development of
Vol.I(No.3): PP 22-30 Published online Students Regult Management System:_ A case
November 20, 2013 study of University of Uyo. Mathematical and
Software Engineering, Vol. 3, No. 1 (2017), 26-
14.  Anietie Bassey, Simeon Ozumba & Kufre Udofia 42.
(2015). An Effective Adaptive Media Play-out .
Algorithm For Real-time Video Streaming Over 24. Ozuomba, Simeon, Constant Kalu, and Akpasam
Packet Networks. European. Journal of Basic and Joseph. (2018). Development of Facilitated
Applied Sciences Vol, 2(4). Participatory Spatial Informatlol'l Systerp for
Selected Urban Management Services. Review of
15. Thompson, E., Simeon, O., & Olusakin, A. Computer Engineering Research, 5(2), 31-
(2020). A survey of electronic heartbeat . .
electronics body temperature and blood pressure 25.  Gordon, O., Ozuomba, Simeon. & ngaﬂe’ L
monitoring system. Journal of Multidisciplinary (2015). Dc?velppment of educqte: a social netwprk
Engineering Science Studies (JMESS) Vol. 6 Web, apphcatlon for e-learning in the tertiary
Issue 8, August — 2020 1nst1t_ut10n._European Journal of Basic and
Applied Sciences, 2 (4), 33-54.
16. Ozuomba, Simeon. (2013). Triple-win user ] ]
innovation network and facilitated all-inclusive 26.  Nicholas A. E., Simeon O., Constance K. (2013)
collective  enterprise  (TWUINFAICE): A Community  informatics soc.lal . e-learning
postdoctoral research agenda for turning the network: a case study of Nigeria Software
youth bulge in Africa into blessing. Science Engineering 2013; 1(3): 13-21
Innovation1(3), 18-33. 217. Simeon Ozuomba , Gloria A. Chukwudebe ,
17. Maduka, N. C., Simeon Ozuomba, and E. E. Felix K. Opara and Michael Ndinechi (2014)
Ekott. (2020) "Internet of Things-Based Chap‘Fer 8: Social Networking Technology: A
Revenue Collection System for Tricycle Vehicle Frontier Of (?ommunlca'tlon For Development In
Operators." 2020 International Conference in The Developing Countries Of Africa . In- Green
Mathematics, Computer  Engineering  and Technolpgy Appll'catlons for Enterprise and
Computer Science (ICMCECS). IEEE, 2020. Academic Innovation (Chapter 8). IGI Global,
Hershey, PA 17033-1240, USA
18. Ozuomba, Simeon, and Etinamabasiyaka Edet )
Ekott. (2020). "Design And Implementation Of 28. Vincent, E. N, & Yusuf, S. D. (2014).
Microcontroller And Internet Of Things-Based Integrating renewable energy and smart grid
Device Circuit And Programs For Revenue technology into the _ngerlan electricity grid
Collection  From  Commercial  Tricycle system. Smart Grid and Renewable
Operators." Science and Technology Publishing Energy, 2014.
(SCI & TECH) Vol. 4 Issue 8, August — 2020 29. Amadi, H. N. (2015). Power Outages inPort
Harcourt City: Problems and Solutions. Journal
19.  Chinedu Pascal Ezenkwu , Simeon Ozuomba , of Electrical and Electronics Engineering, 10(2),
Constance Kalu (2015) , Application of k-Means 59-66.
WWWw.jmest.org

JMESTN42354240

5040



Journal of Multidisciplinary Engineering Science and Technology (JMEST)

ISSN: 2458-9403
Vol. 9 Issue 1, January - 2022

30.

31.

32.

33.

34.

3s.

36.

37.

38.

Bisu, D. Y., Kuhe, A., & Iortyer, H. A. (2016).
Urban household cooking energy choice: an
example of Bauchi metropolis, Nigeria. Energy,
Sustainability and Society, 6(1), 1-12.

Egila, A. E., & Adindu, C. C. (2018). A Review
of the Challenges and Opportunities in Energy
Generation, Transmission and Distribution in
Nigeria. Proceedings of International Conference
of Mechanical Engineering, Energy Technology
and Management (IMEETCON-2018),
University of Ibadan, Ibadan.

Onwumere, J. C., Amaghionyeodiwe, C. A., &
Ndukwe, E. C. (2019). Effect of epileptic power
supply on the investment and performance of
bakeries in Abia State, Nigeria. Nigeria
Agricultural Journal, 50(1), 92-99.

Olaoye, T., Ajilore, T., Akinluwade, K., Omole,
F., & Adetunji, A. (2016). Energy crisis in
Nigeria:  Need for renewable  energy
mix. American  journal of electrical and
electronic engineering, 4(1), 1-8.

Deele, L. B., Ozuomba, Simeon, & Okpura, N.
(2019). Design and Parametric Analysis of a
Stand-Alone Solar-Hydro Power Plant with
Pumped Water Storage
Technology. International Journal of
Engineering & Technology, 4(1), 9-23.

Ozuomba, Simeon, Edifon, Iniobong, and
Idorenyin Markson (2019). Impact of the optimal
tilt angle on the solar photovoltaic array size and
cost for A 100 Kwh solar power system In Imo
State. International ~ Journal of  Sustainable
Energy and Environmental Research, 8(1), 29-
35.

Usah, Emmamuel Okon, Simeon Ozuomba,
Enobong Joseph Oduobuk, and Etinamabasiyaka
Edet Ekott. (2020). "Development Of Analytical
Model For Characterizing A 2500 W Wind
Turbine Power Plant Under Varying Climate
Conditions In Nigeria." Science and Technology
Publishing (SCI & TECH) Vol. 4 Issue 6, June -
2020

Simeon, Ozuomba, Kalu Constance, and Okon
Smart Essang (2020). Assessment Of The Effect
Of The Water Pump Connection Configuration
On The Electric Power Demand For A Solar
Powered Groundnut Farm Furrow Irrigation
System International Multilingual Journal of
Science and Technology (IMJST) Vol. 5 Issue 9,
September - 2020

Archibong, Ekaette Ifiok, Simeon Ozuomba, and
Etinamabasiyaka Edet Ekott. (2020). "Design
And Construction Of The Circuits For An Iot-
Based, Stand-Alone, Solar Powered Street Light
With Vandalisation Monitoring And Tracking
Mechanism." Science and Technology
Publishing (SCI & TECH) Vol. 4 Issue 7, July -
2020

39.

40.

41.

42.

43.

44.

45.

46.

47.

Idorenyin Markson, Simeon Ozuomba, Iniobong
Edifon Abasi-Obot (2019) Sizing of Solar Water
Pumping System for Irrigation of Oil Palm
Plantation in Abia State. Universal Journal of
Engineering Science 7(1): 8-19, 2019

Archibong, Ekaette Ifiok, Ozuomba, Simeon,
Etinamabasiyaka Edet Ekott (2020) "Sizing Of
Stand-Alone Solar Power For A Smart Street
Light System With Vandalisation Monitoring
And Tracking Mechanism." Journal of
Multidisciplinary  Engineering Science and
Technology (JMEST) Vol. 7 Issue 7, July - 2020

Simeon, Ozuomba.(2019) "An assessment of
solar-powered soybean farm basin irrigation
water supply system." Science and Technology
Publishing (SCI & TECH) Vol. 3 Issue 4, April -
2019

Ikpe Joseph Daniel, Ozuomba Simeon, Udofia
Kufre (2019) Google Map-Based Rooftop Solar
Energy Potential Analysis For University Of Uyo
Main Campus . Science and Technology
Publishing (SCI & TECH) Vol. 3 Issue 7, July -
2019

Usah, Emmamuel Okon, Simeon Ozuomba, and
Etinamabasiyaka Edet Ekott. (2020). "Spatial
Regression Models For Characterizing The
Distribution Of Peak Sun Hours, PV Daily
Energy Yield And Storage Battery Capacity For
Standalone Photovoltaic (PV) Installations
Across Nigeria." Delta 5, no. 5.808841: 4-53.
Journal of Multidisciplinary Engineering Science
Studies (JMESS) Vol. 6 Issue 7, July — 2020

Lemene B. Deele, Ozuomba, Simeon, Nseobong
Okpura (2020). Comparative Life Cycle Cost
Analysis Of Off-Grid 200 KW Solar-Hydro
Power Plant With Pumped Water Storage And
Solar Power Plant With Battery Storage
Mechanism  International Multilingual Journal
of Science and Technology (IMJST) Vol. 5 Issue
8, August - 2020

Usah, Emmamuel Okon, Simeon Ozuomba, and
Etinamabasiyaka Edet Ekott. (2020). "Design
And Construction Of Circuits For An Integrated
Solar-Wind Energy System With Remote
Monitoring And Control Mechanism." Journal of
Multidisciplinary  Engineering  Science and
Technology (JMEST) Vol. 7 Issue 6, June - 2020

Umoette, A. T., Ozuomba, Simeon, & Okpura, N.
I. (2017). Comparative Analysis of the Solar
Potential of Offshore and Onshore Photovoltaic
Power System. Mathematical and Software
Engineering, 3(1), 124-138

Archibong, E. I., Ozuomba, Simeon, & Ekott, E.
E. (2020). Life Cycle Cost And Carbon Credit
Analysis For Solar Photovoltaic Powered Internet
Of Things-Based Smart Street Light In

WWWw.jmest.org

JMESTN42354240

5041



Journal of Multidisciplinary Engineering Science and Technology (JMEST)

ISSN: 2458-9403
Vol. 9 Issue 1, January - 2022

Uyo. International Multilingual Journal of 53.  Jibril, Y., & Ekundayo, K. R. (2013). Reliability
Science and Technology (IMJST) Vol. 5 Issue 1, assessment of 33kV  Kaduna electricity
January - 2020 distribution feeders, Northern Region, Nigeria.
. In Proceedings of the World Congress on
48. Lemene B. Deele, Ozuomba, Simeon, Okon . . .
Smart Essang (2020) SIZING OF AN OFF-GRID 583;”?;”2_9)_;2;’ Computer Science (Vol. 1, No.
PHOTOVOLTAIC POWER SUPPLY SYSTEM P ’
WITH BATTERY STORAGE Journal of 54. Kalu, C. Ezenugu, I. A. & Ozuomba, Simeon.
Multidisciplinary ~ Engineering ~ Science and (2015). Development of matlab-based software
Technology (JMEST) Vol. 7 Issue 8, August - for peak load estimation and forecasting: a case
2020 study of faculty of engineering, Imo State
. University Owerri, Imo state, Nigeria. European
49. Usah, Emmamuel Okon, Simeon Ozuomba, . -
Enobong Joseph Oduobuk (2020).  "Pvsyst ;gggal of Engineering and Technology, 3 (8),
Software-Based Comparative Techno-Economic ’
Analysis Of PV Power Plant For Two Installation 55. Modukpe, G., Idoniboyeobu, D. C. &
Sites With Different Climatic Conditions." Uhunmwangho, R. (2018). Failure Analysis of
International Multilingual Journal of Science and Distribution Transformers A Case Study of
Technology (IMJST) Vol. 5 Issue 7, July - 2020 Ughelli Business Unit. CiiT International Journal
50. Victor Etop Sunday, Ozuomba Simeon and gf t Proggagn mii%el%DeVIce, Circuitsand
Umoren Mfonobong Anthony (2016). Multiple ystems, 10(9), 172-176. ) )
Linear Regression Photovoltaic Cell Temperature S6. Sule, . A H. (2010),' Major fact(')rs‘ affecting
Model for PVSyst Simulation Software, el.ect.r1c1t.y ‘gen‘eratl.on, trar}smlssmn and
International Journal of Theoretical and Applied dlStI'.lbutl(.)n in Nigeria. Inte_zrnatlonal. Journal of
Mathematics, 2(2): pp. 140-143 Iliggl?ggrmg and Mathematical Intelligence, 1(1),
51. Archibong, Ekaette Ifiok, Simeon Ozuomba, and 57. Ozuomba Simeon , S.T Wara, C. Kalu and S.O
Etinamabasiyaka Ekott. (2020) "Internet of things Oboma (2006) ; Computer Aided design of the
(IoT)-based, solar powered street light system magnetic circuit of a three phase power
with  anti-vandalisation =~ mechanism." 2020 transformer, Ife Journal of Technology Vol.15,
International  Conference in  Mathematics, No. 2 , November 2006, PP 99 — 108
Computer Engineering and Computer Science 58. Oluwasuji, O., Malik, O., Zhang, J, &
(ICMCECS). IEEE, 2020. Ramchurn, S. (2018). Algorithms for fair load
52.  Amadi, H. N, & Izuegbunam, F. L. (2016). shedding in developing countries.
Analysis of transformer loadings and failure rate 59.  Franklin, O., & Gabriel, A. (2014). Reliability
in Onitsha Electricity Distribution analysis of power distribution system in Nigeria:
Network. American Journal of Electrical and a case study of ekpoma network, edo state. vol, 2,
Electronic Engineering, 4(6), 157-163. 177-184.
60. Fabiyi, S. D., Abdulmalik, A. O., & Tiamiu, H.
A. (2016). Dwindling electrical power supply in
Nigeria: Causes and possible
solutions. International Journal of Science and
Research, 5(5), 635-639.
www.jmest.org

JMESTN42354240

5042



