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ABSTRACT: Electrical

territorially, into national, district, local grids with each

networks can be classified,

section of the electric power system (EPS) possessing its

unique voltage transfer capabilities and protection
schemes. A peculiarity with the safety scheme of a typical
district network is the inclusion of alternatives power
transfer laterals and protective elements as backup in
event of a failure occurrence or the need for routine
maintenance to be conducted on the primary distribution
network. This publication reveals the design of an
alternative route for feeding Akure district distribution
network from the existing national electric power grid. A
separate Osogbo-Akure 132 kV transmission lateral and
tee-off from the Osogbo-Benin 330 kV transmission line
were closely examined as potential alternative routes for
Akure distribution network. Thereafter, a proposed
substation was designed and the required circuit elements
a Bill of

Measurement and Evaluation (BEME) was prepared for

were sized. Subsequently, Engineering
alternative laterals examined. The latter of the options was
selected as a most viable based on the projected
construction cost of N 1,283,442,796 executable within a
The

alternative route will enhance the optimization of the

duration of 6 months. implementation of this

power transfer capability of the national EPS and will also

improve the economic landscape of South-Western Nigeria.

Keywords: Electric power system (EPS), voltage transfer,

protection scheme, transmission laterals, distribution
network, Bill of Engineering Measurement and Evaluation

(BEME)

l. INTRODUCTION
In 1964, a western electric power network was created along

Lagos-lbadan-llorin with extensions at Abeokuta, Osogbo,
Akure, Benin and Sapele. The Osogbo-Akure 132 kV annex of
the western network spans 93 kilometres in route length. It
passes through Kajola, ldominasi and llesha towns in Osun
State. The transmission line continues through Igbara-Oke in
Ondo State and eventually terminates in Akure [1] [2] [3]. The
conductor type is Aluminium Conductor Steel Reinforced
(ACSR) and the entire length is paired, in conformity to
regulation that recommends duplication of transmission lines
for the purpose of ensuring continuity of electric power supply
. It is a single circuit radial line that is supported by 366 steel
towers. This network provides bulk electric power to domestic
commercial and industrial load points in Akure metropolis.
Over the years, the population size of Akure has expanded
from 324,000 [4]to 1,800,000 [5] Immigration of inhabitants
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has given rise for an increase in cottage industries, production
lines and residential buildings, resulting in a significant rise in
the load demand in Akure to approximately 80 MVA [1] [4].
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Figure 1: Technical-Economical Model of Prevailing Grid
Scenarios of Power Transmission Capacity Reinforcement for

a Sub-regional Load.

Sub-transmission systems are those circuits that supply
ditribution substations [6] [7]. Distribution circuits are
occasionally supplied by high-voltage transmission line. Such
high voltages make for expensive high-side equipment in a
substation [8] [9]. Sub-transmission circuits are normally
supplied by bulk transmission lines at sub-transmission
substations [9] [10]. For some utilities, one transmission
system serves as both the sub-transmission function (feeding
distribution substations) and the transmission function
(distributing power from bulk generators) [11] [12]. There is
much crossover in functionality and voltage [13]. One utility
may have a 132 kV sub-transmission system supplying 11 kV
distribution substation [14] [15] . Another utility may have a
33 kV distribution system fed by a 330 kV sub-transmission
system [16] [17]. And within utilities, one can find a variety of
different voltage combinations [18] [19]. Of all of the sub-
transmission circuit arrangements, a radial configuration is the

simplest and least expensive [20] [21]. Scenario 1, a single
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transmission line, provides a more unreliable supply compared
to Scenario 2 - double source radial circuit. A fault occurrence
either at the bulk power source of a single-source radial circuit,
or along its length can force an interruption of several
distribution substations or service to many customers [12] [22]
[21].

. METHODOLOGY
Two alternative sources of electric power supply were
considered for Akure district distribution network. One was an
Osogbo-Benin 330 kV transmission line while the other was a
separate Osogbo-Akure 132 kV transmission line. These
options selected were examined based on their proximity to

Akure metropolis and their present load capacity [23] [13] [7]-

2.1 Tee-off from the Osogbo-Benin 330 kV transmission
line

Osogbo-Benin 330 kV transmission line passes through Akure
town and is approximately 95 meters from the existing 132 kV
substation. The summary of the present average load supplied
to Benin 330 kV switching substation every month is
152,552,000 kWh while the average amount of electric energy
it dispatches is 83,142,000 kwWh [1] [3]. This implies that it has
a surplus of 69,410,000 kWh. This quantity of electrical
energy is about four times the average monthly load
requirement at the Akure distribution network [14] [24]. The
cost and items required to tee-off from Osogbo-Benin
transmission line and run a short length connection to the
existing substation is listed in Table 1. This can be executed
within a period of 6 months. A similar connection was
executed in Aba in 2008 within this period [2] [20] [25].

2.2 A Separate Osogbo-Akure 132 kV Transmission Line
Another viable option of an alternative source of electric
power supply to Akure is another 132 kV transmission line
erected from Osogbo. Its source is about 93 km from Akure [4]
[5] [26]. There are two transformers currently serving Akure
feeder are transformers 4T6-150 MVA and 4T2-90 MVA with
loading capacities of 97.08% and 96.67% respectively [2] [3].
A third transformer 4T1-150 MV A was recently replaced after
an explosion incidence and its presently serving as redundancy

[3]. The three transformers can be engaged in parallel for the

source radial circuit like the Osogbo-Akure 132 kv  Purpose of sustaining an increased load demand on Akure
district distribution system through another 132 kV
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transmission line [27] [1] [8]. The cost and items required to
install another Osogbo-Akure 132 kV transmission line is
listed in Table 2. This option can be executed within 20
months duration. The following considerations were upheld for
the design of the proposed 330/132 kV substation transformer:

a) Two transformers shall be installed in parallel to
service the substation by reliability requirement.
b) Each of these transformers shall share equally the
designed substation connected load current at
normal steady-state operating mode.

c) Each transformer shall be capable of carrying the
load demand of the demand centre in case of the
failure of one- (n-1 contingency) [20] [14] [23]

The proposed transformer selection was made from the
design capacity computation. The transformer capacity Sy
was selected using Eq. 1 [28].

Smax2 _ v Pmaxz T Qmaxz _ 7893

Sp = = =
=12 1.2 1.2

= 65.78 MVA 1

Where S,,.x» IS maximum apparent power transmitted;
Pax2 IS maximum active power component transmitted;
Qmax 2 IS Maximum reactive power component transmitted
and 1.2 is permissible overload coefficient by thermal
requirement. The values 0f Ppaxoand  Quax2 Were
obtained from Table 4.1. [1]; Ppaxz = 68.86, Qnaxz =
38.58. The expression in Eg. 1 shows that each
transformer’s capacity should be greater or equal to
83.33% of the maximum load. Considering long term load
growth projection and available market transformer ratings,
Sy =90 MVA is proposed. The transformer loading
coefficient LC; for the two transformers was computed

from the terms in Eq. 2.

Smaxz  78.93MVA
LCr = = =0.44
r=3x Sr 2 x 90 0

< 0.8333 2

where n is numbers of transformers connected in
parallel
The result obtained from Eq. 2 implies that the LC; of the
two transformers will not exceed 44%. In other words,

56% of the total capacity of each of the two transformers
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will be available in event of an increased load demand in

Akure metropolis.

In n-1 case contingency,

Lo Smaz _78.93MVA _
Tl T o x Sy 1% 90

<12 3

Result obtained in Equation 3 is less than the permissible
overload coefficient by thermal requirement. The proposed
330/132 kV substation was designed as illustrated in Fig.2.
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Figure 2 Design of Proposed 330/132 kV Substation

2.3.2  Sizing of Circuit Breaker (CB)

A circuit breaker ampacity factor is 2.5 (maximum
permissible current) of the circuit or apparatus it is installed
to protect. the fuse
permissible current) for time delay (NEC 430-152, 2008)

[29]. Lower multiplication factor was adopted to allow the

Similarly, is 1.75 (maximum

breaker or fuse to be closer to starting and operating
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characteristics, thereby allowing the over current device to
trip or melt at lower levels of current. Fuses and circuits
breakers were selected based on the nominal current
permissible under normal working condition and the
amount of current to be interrupted. The circuit breaking

capacity was determined by Eq. 4

LS 60x10°
VT V3 xU, V3 x330x 103
=3.499 A 5

where I, is nominal current; and Uy is primary

nominal voltage (330 kV)
Circuit breaker and isolators are installed in series. Hence,
both are expected to permit the same magnitude of current
under normal and abnormal conditions. For this reason, the
same capacity of circuit breaker was selected [13]. The
Payback Period (PBP), a formula used to determine the
length of time it will take to recoup the initial amount
invested on the proposed project or investment [30] is

represented mathematically by Eq. 5.

Initial Investment

Payback Period = Anmual Cash Flow — 8.4 years 5
M. RESULT
3.1 The Bill of Engineering Measurement and Evaluation
(BEME)

BEME was prepared for each of the two options considered as
alternative electric power supply sources for Akure district

distribution network.
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TABLE 1. BEME for Proposed Tee-off from the Existing 330 kV Transmission Line
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. . Quan Unit Cumm.

SIN Spec/Brand of Substation Equipment tity Cost N Cost N
1 330/132 kV 150 MVA Transformer (Siemens) 2 484,000,000 968,000,000
2 75 MV A Reactor 1 3,442,450 3,442,450
3 330 kV Interposing Voltage Transformer 3 1,452,000 4,356,000
4 Ratio:1500/750/1A, 1600/800/1A Current Transformer 12 3,442,450 41,309,400
5 330 kV Circuit Breaker 6 29,841,504 179,049,024
6 330 kV lIsolator with Earth Switch Set 5 4,869,781 24,348,905
7 Control/Relay Panel 1 5,653,725 5,653,725
8 110 V D.C 400AH Lead Acid Battery Bank 3 4,178,380 12,535,140
9 110 V D.C 415V 3-phase Battery Charger 1 1,915,739 1,915,739
10 330 kV Capacitor Voltage Transformer (CVT) 1 1,971,695 1,971,695
11 330 kV Lightning Arrester 6 1,188,220 7,129,320
12 | Base radio (V.H.F) 1 2,662,000 2,662,000
13 Transceivers 5 96,800 484,000
14 | H.F Radio 2 2,420,000 4,840,000
15 | Pabx 3 6,050,000 18,150,000
16 330 kV ANSI 25, Case 4 Synchronizing Check Relay 2 1,107,392 2,214,784
17 27 kVA 3-phase Stand-by Generator 1 2,537,114 2,537,114
18 350 mm* Mic-Com Cable Aluminium Conductor 1 2,843,500 2,843,500

TOTAL 1,283,442,796
TABLE 2. BEME for Proposed 132 kV Transmission Line and Substation Equipment
Quan Unit Cumm.
SIN Spec/Brand tity Cost=N Cost N

1 90 MVA 132/33 kV Transformer (Siemens) 2 429,000,000 858,000,000
2 30 MVA Reactor 1 1,576,592 1,576,592
3 132 kV Interposing Voltage Transformer 3 1,056,000 3,168,000
4 132 kV Current Transformer 12 1,576,592 18,919,104
5 133 kV Circuit Breaker 6 7,020,288 42,121,728
6 132 kV Pantograph/Centre Break Isolators and Earth Switch Set 5 1,760,000 8,800,000
7 132 kV Control/Relay Panel 1 2,937,000 2,937,000
8 48/50V D.C 200AH Battery Bank 1 1,210,000 1,210,000
9 48/50V D.C 3-phase Battery Charger 1 1,045,000 1,045,000
10 | 132 kV Capacitor Voltage Transformer (CVT) 1 1,098,845 1,098,845
11 | 132 kV Lightning Arrester 6 418,000 2,508,000
12 | Base Radio (V.H.F) 1 2,420,000 2,420,000
13 | Transceivers 3 88,000 264,000
14 | H.F Radio 2 2,200,000 4,400,000
15 | Pabx 3 5,500,000 16,500,000
12 | VAJH 31 DFA 4C Transformer Differential Relay 2 709,500 1,419,000
13 | 132 kV Steel Towers and Accessories 366 4,345,495 1,590,451,170
14 | 93 km by 60 metres Right-of-Way 2046 275,000 562,650,000
15 | 250mm Aluminium Conductor 94 1,938,750 182,242,500
TOTAL 3,301,730,939
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(\VA DISCUSSION
Two options were closely considered as alternative sources
of electric power supply to Akure district distribution
network. The consideration was based on factors such as
proximity to load centres, present load capacity of the
sources under consideration, cost of implementation and
time schedule of installation. The evaluation conducted
revealed a tee-off from the Osogbo-Benin 330 kV
transmission line as a preferred choice. This is because there
is a surplus of 69,410,000 kWh on the line from which
152,552,000 kWh- an average monthly load demand for
Akure metropolis-can be conveniently sourced [1].
Moreover, a total sum of N 1,283,442,796 will be sufficient
to execute the connection within a period of 6 months. With
a cumulative annual cash flow of N 120,000,000 presently
recorded by the Nigerian Distribution Companies [31] the
initial amount invested on the proposed project will be
recouped within a Payback Period (PBP) of 8.4 years. This
option is cheap compared to the N 3,301,730,939 required
to connect Akure district distribution network to Osogbo in

20 months duration.

V. CONCLUSION

The most feasible and reliable alternative electric power
source for Akure district distribution system was identified
as a tee-off from the Osogbo-Benin 330 kV transmission
line. Assessment reveals that Akure can be connected to this
source for the cost of N 1,283,442,796 in 6 months. This
will serve as an optional source of electricity in an event of a
fault occurrence at the Osoghbo-Akure 132 kV section of the

National Control Centre, Osogbo.
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