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Abstract

A system reliability index deals with the quality of overall power supply and indicates the system character
during disturbance. The performance of these indices revealed system interruption in terms of the individual
customer or organization that’s purchases electric energy at one location under schedule. However, maintaining
these reliability indices for electricity operator is very important. Thus, measurement of system reliability indices
gives response to operation personnel on reliability effects of operating and maintenance practices. This study
therefore, employed the Systems Average Interruptions Duration Index (SAIDI), Systems Average Interruptions
Frequency Index (SAIFI) and Customer Average Interruptions Duration Index (CAIDI) for assessment of
reliability indices of selected Nigerian power distribution network. Power outage data of Ten (10) were obtained
from Ibadan, Ikeja and Port-Harcourt distribution network and analyzed using curve fitting tools in MATLAB.
The reliability indices were computed and their means and standard deviations were calculated. The results
showed that the reliability indices were effective for reliability assessment of electrical distribution network.
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LIntroduction

The ability of power system to provide adequate electricity supply with satisfactory quality is refers to System
reliability. This reliability is made up of both adequacy and security assessment [1]. The formal deals with static
condition and does not include the evaluation of the system response to transient disturbances. While the latter
deals with the ability of the power system to survive sudden disturbances [13], [18].

In order to avoid excessive shortages in maintaining the desired level of adequacy in power system,
additional energy reserve must be conserved [2]. The adequacy of the system deals with the existence generation,
transmission and distribution facilities to satisfy customer energy demand. These related with the steady state
conditions and system planning for long and short terms [9].

Reliability assessment of power distribution deals with adequacy of overall system supply and indicates the
system behaviour and response at the customer end. Customer can be an organization or individual that’s
purchases electric energy at one location. Thus, the performance indices express interruption in terms of the
customers. However, the average duration of interruptions that customers experience is high but varies from
place to place [8], [12], [14], [20].

In addition, the reliability of any power system can be arbitrated on the basis of system reliability indices.
The Institute of Electrical and Electronic Engineers (IEEE) defines the reliability indices for distribution system
in its standard number P1366, “Guide for Electrical Distribution Reliability Indices” as System Average
Interruption Duration Index (SAIDI), System Average Interruption Frequency Index (SAIFI) and Customer
Average Interruption Duration Index (CAIDI) [1-2].

A.System Average Interruption Frequency Index

System Average Interruption Frequency Index (SAIFI) analyses the average frequency of sustained interruptions
per customer over a specified area [22]. The number of customers and the interruptions experienced are varying
from time to time. For instance, SAIFI indicates the average number of interruptions a customer experience on a
particular feeder. Similarly it’s reported that a substation encloses the total customers in the service area [25].

The equation for SAIFI is given by [8].
SAIF] = TotalNumberofCustomersinterruptions )
TotalNumberofCustomersServed
Data of individual sustained interruptions in a year are required to calculate this index. The number of
customers affected for each of the interruptions, comprises the customer interruptions for the particular outage.
Thus, the SAIFT is represented by [8]:

SAIFI =2 @)

T

Where:
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Ni is the number of interrupted customers for each interruption and N is the total number of customers served in
the area.

B.System Average Interruption Duration Index
An average time for a customer to experience an interruption during a time cycle is known as System Average
Interruption Duration Index (SAIDI). The index is calculated by dividing the sum of all customer interruption
durations during a year by the number of customers served and is given by [23-24].
SAIDI = Y Customerinterr uptionDurations (3)
TotalNumbero fCustomersServed

This index can be improved by reducing the duration of the interruptions. For a given service area,

SAIDI is represented as [23-24]:

SAIDI =

i N;

- @
N7
C.Customer Average Interruption Duration Index
An average interruption duration experience by customer during a year is called Customer Average Interruption
Duration Index (CAIDI). The index is the ratio of SAIDI to SAIFT as given in equations (2) and (4) respectively
and is given as [15] [21]:
¥ CustomerinterruptionDurations
CAIDI = - _ (5)
TotalNumbero fCustomerinterruption

The value of CAIDI for a given service area is given as:

CAIDI = TN
Y N;

(6)

IL.Distribution Network

Electrical distribution network is the last stage in transmitting of electric power, whose main function is to
provide power to individual consumer premises. This network is the most visible part of the supply chain and the
most observed by the utilities for investment, maintenance and operation. Distribution of electrical power to
different consumers is done with much low voltage level relatively to that of transmission [13]. Distribution
networks are built as interconnected networks concerned with the conveyance of power to consumers by means
of lower voltage network. Design of distribution network is such that normal operation is reasonably close to
balance three-phase system [5], [9], [19].

The distribution network comprises of primary and secondary feeders. The formal lower the transmission
voltage to medium voltage and transmit the electrical energy from substation to service transformers while the
latter transfers the electrical power to the various houses through the secondary conductors [11]. In addition
distribution network consists of the secondary mains, primary mains, distribution centers and the feeders as [3-4]
[61, [8], [10-11], [17]:

i.  Secondary Mains: Secondary mains are conductors which originate from the secondary winding of the
distribution transformers and are extended along the streets. The secondary mains in residential area
may be two wires, three wires or four wires system. The common secondary voltage used in Nigeria is
single phase or 415V, 3 — phase system.

ii.  Primary Mains: These are circuits which originate from the distribution centres. They are usually
connected to the main distribution feeders. The primary mains are operated at the same voltage as the
main distribution feeder circuit. In industrial areas, the primary mains are often connected into what is
known as the primary ring. In primary main loop, a number of sectionalizing switches are inserted in
the loop at the distribution transformer locations. In such a loop, power can flow around the loop in
either one or two directions. However, if there is a fault in the system, the sectionalizing switches on
one side of the loop is opened and service is maintained on the other side of the loop.

iii.  Distribution Centres: These are locations at which the feeders are connected to the primary main
switches. The switches and the automatic cut-out from control and protection of the primary mains are
grouped at the distribution centres. The voltage at the distribution centres should be maintained
practically constant from no load to full load. This is always accomplished by means of voltage feeder
regulators at the substation.

iv.  Feeders: These are conductors in a distribution system which extends the substation to the various
distribution centres. The connection of the feeder could be overhead or underground.

In addition, distribution networks are classified as ring type and the radial type [7]. The ring type
distribution network operate on the principle of circular distribution in which any substation is fed from two
different directions. A fault on the system can be disconnected without loss of power supply to other consumers
without faults. The feeders used on ring distribution depend on the nature of loading, the total length of the ring
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distributor, and the allowable voltage drops. For maintaining continuity of service, ring distribution system is
usually employed [16]. The radial type of distribution network operates such that the substation transformers are
fed only in one direction. One major disadvantage of this system of distribution is that the consumers have to
depend on one feeder only. So if there is any fault or breakdown occurs on the feeder, the supply of power is
completely taken off until the fault is rectified and the line is restored [19].

IIL.Materials and Method
This research work analyzed the assessment of system reliability indices of selected Nigerian power distribution
network which are Ibadan, Ikeja and Port-Harcourt distribution network. Ten years of outage data were
collected from the records of the network operators and analyzed. A Pseudo code was written using MATLAB
program for electrical distribution network reliability analysis using curve fitting tools. The three major
reliability indices (SAIDI, SAIFI and CAIDI) for the selected power distribution network in the study area were
identified, computed and their mean and standard deviations were calculated.
The Pseudo code for calculation of SAIDI is given as;
BEGIN
For feeder = 1 to last feeder
For year = 1 to last_year
Saidi_per feeder = interruption_duration per year/served_per year
End For
End For
END

Hence, the SAIDI were computed as;
SAIDI = ECustomermterrupt:onDurat:ons (7)
TotalNumberofCustomersServed
= e
Also, the Pseudo code for calculation of SAIFI is given as;
BEGIN

®)

For feeder = 1 to last _feeder
For year = 1 to last_year
Saifi_per feeder = interruption_per year/served_per year
End For
End For
END

Hence, the SAIFI were computed as;
TotalNumberof Customersinterruptions

SAIFI = )
TotalNumberofCustomersServed
— =
Also, the Pseudo code for calculation of CAIDI is given as;

BEGIN
For feeder = 1 to last _feeder
For year = 1 to last_year
Caidi_per_feeder = interruption_per_year/served_per_year
End For
End For
END

Hence, the CAIDI were computed as;
Y Customerin terruptionDurations

CAIDI = . an
TotalNumbero fCustomerinterruption
XN
CAIDI = —— 12
TN, (12)

IV. Results and Discussion.

The results of the system reliability indices for Ibadan, Ikeja and Port-Harcourt distribution network are
presented. These results are discussed subsequently.

A. Ibadan Distribution Network

The highest value of mean SAIDI was recorded at Ijokodo feeder with mean SAIDI of 0.2123 and standard
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deviation of 0.0568 as shown in Figures 1 and 2. This is due to the fact that customers on this feeder were
interrupted for long time while less number of customers was served. A least mean SAIDI value of 0.1446 was
recorded on Agodi feeder. Also, Cocoa feeder had the highest mean SAIFI of 0.3383 with a standard deviation
of 0.1325 from the mean. More customers were interrupted on this feeder. Agodi feeder had the least mean
SAIFI of 0.1667 with a standard deviation of 0.1339 from the mean as illustrated in Figures 3 and 4. This is
because few customers were interrupted, thus many customers were satisfactory served by the feeder.

Moniya feeder had highest mean CAIDI of 0.8147 and a standard deviation of 0.4255 from the mean.
Customers on this feeder were interrupted for a long time. Eruwa had the least mean CAIDI of 0.5955 with a
standard deviation of 0.4379 as shown in Figures 5 and 6.

Figure 7 shows the combined reliability indices of Ibadan distribution network. Moniya feeder had the
highest CAIDI index with a relatively low SAIDI index owing to the prolonged customers interruption on this
feeder. Agodi feeder had low system reliability indices compared to all other feeders. This is as a result of
customer interruptions which had reduced appreciably.
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Figure 1: Mean SAIDI for Ibadan Distribution Network.
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Figure 2: SAIDI Standard Deviation for Ibadan Distribution Network.
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Figure 3: Mean SAIFI for Ibadan Distribution Network.
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Figure 4: SAIFI Standard Deviation for Ibadan Distribution Network.
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Figure 5: Mean CAIDI for Ibadan Distribution Network.
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Figure 6: CAIDI Standard Deviation for Ibadan Distribution Network.
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Figure 7: Combined Reliability Indices for Ibadan Distribution Network.

B.Ikeja Distribution Network

Olowu feeder had highest mean SAIDI value of 0.1040 and standard deviation value of 0.0496 as shown in
Figures 8 and 9. The result showed that, the feeder handled a long period of customers’ interruption. Also, 7-Up
feeder had least mean SAIDI value of 0.0693 and a standard deviation of 0.0371 from the mean.

Alagbole feeder recorded highest mean SAIFI value of 0.2481 and a standard deviation value of 0.0279 as
shown in Figures 10 and 11. Whereas, Opebi feeder had least mean SAIFI value of 0.1887 and a standard
deviation value of 0.0168. The least mean CAIDI of 0.2825 and a standard deviation of 0.1891 were obtained on
Alagbole feeder as shown in Figures 12 and 13.

Figure 14 shows the combined reliability indices for Ikeja distribution systems. The relatively high values
of CAIDI index on Olowu and Opebi distribution feeders suggested that customers on these two feeders were
interrupted for a long period of time. General Hospital feeder had a low system reliability index since customers’
interruption on this feeder had reduced.
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SAIDI Standard Deviation

0.06 -
0.05 -
0.04 -
0.03 -
0.02 -
0.01 -

| 5 .
FELSEEF SN
® X S QY q‘,\"’\ & N

0 AN,

X0
Feeder Nafe

Figure 9: Standard Deviation of SAIDI for Ikeja Distribution Network.
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Figure 10: Mean SAIFTI for Ikeja Distribution Network.
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Figure 11: Standard Deviation of SAIFI for Ikeja Distribution Network.
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Figure 12: Mean CAIDI for Ikeja Distribution Network.
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Figure 13: Standard Deviation of CAIDI for Ikeja Distribution Network.
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Figure 14: Combined reliability indices for Ikeja Distribution Network.

C.Port-Harcourt Distribution Network

Airport feeder of the network has highest mean SAIDI value of 0.1050 and a standard deviation of 0.0471 as
shown in Figures 15 and 16. This is because customers on this feeder were not sufficiently served owing to the
prolonged time of interruption. Michelin feeder had the least mean SAIDI of 0.0695 and a standard deviation of
0.0342. A shorter period of interruptions occurs in this feeder. Also, Shell 3 feeder had highest mean SAIFI of
0.1931 and a standard deviation of 0.0686. The result showed that little customer was sufficiently served.

Airport feeder recorded least mean SAIFI value of 0.1392 and a standard deviation of 0.0198 as shown in
Figures 17 and 18. Many of the customers in this feeder were served sufficiently. The feeder also has highest
mean CAIDI value of 0.7651 and a standard deviation of 0.3989 as shown in Figures 19 and 20.

Michelin feeder had least mean CAIDI value of 0.3813 and standard deviation value of 0.2636. This is due
to the fact that, fewer customers in this feeder were interrupted for a short period. The reliability indices for Port-
Harcourt distribution network is shown in Figure 21. Customers attached to Airport and Port-Harcourt 1 feeders
were interrupted for a long time, thus, making CAIDI index values of these feeders to be relatively higher than
any other feeder in the distribution network. Airport and Port-Harcourt 1 feeders still maintained relatively
higher values of CAIDI owing to the fact that the prolonged customers’ interruptions on these two feeders still
continued.
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Figure 15: Mean SAIDI for Port-Harcourt Distribution Network.
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Figure 16: Standard Deviation of SAIDI for Port-Harcourt Distribution Network.
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Figure 18: Standard Deviation of SAIFI for Port-Harcourt Distribution Network.
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Figure 19: Mean CAIDI for Port-Harcourt Distribution Network.
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Figure 20: Standard Deviation of CAIDI for Port-Harcourt Distribution Network.
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Figure 21: Combined reliability indices for Port-Harcourt Distribution Network.
V.Conclusions.

This study has analyzed the assessment of system reliability indices of electrical power system of Ibadan, Ikeja
and Port-Harcourt distribution network. A Pseudo code was written in MATLAB environment for electrical
distribution network reliability analysis with curve fitting tools using ten years of outage data collected from the
records of the network operators. Three major system reliability indices-System Average Interruptions Duration
Index (SAIDI), System Average Interruptions Frequency Index (SAIFIT) and Customer Average Interruptions
Duration Index (CAIDI) were identified and computed. The mean and standard deviation of the system
reliability indices were computed. Observation shows that the result obtained has demonstrated the applicability
of the three system reliability indices on distribution system in terms of technical benefit that compliments the
distribution network. Thus these indices improved the reliability levels of the distribution network.
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