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Abstrac't: The Sl"ud_,}/ is 'desz:gned to evaluate the electrical distribution system reliability. It was carried out in
the entire 19 distributions feeders which consist of 33kV network in Kaduna metropolis. The reliability
evahfanon was doye on 33kV feeders to assess the performance of the present system and compare it with
[nsttrul_‘e of Electrical and Electronic Engineers (IEEE) Minimum Standard. so as to predict reliability
analys_ls'ﬁ”’ flf‘—’ S '“f””. e system, considering load growth and system expansion in Kaduna metropolis of Kaduna
Elec[rzczlty Distribution Company (KAEDCO). Descriptive Survey research design was adopted for the study.
The daily outages data of the feeders Jor the period of 12 months (March, 2017 to February, 2018) were
collected an.d Lfsed to compute the monthly reliability indices Jfor each feeder. Mogadishu, Rigasa, Kawo,
U/ Boro, Kinkinau among other Feeders recorded the highest failure rates within the period. The high forced
outages recorded are indications of unreliable performance of the system during the period under study. The
findings revealed that all the three indices under study, System Average Interruption Duration Index (SAIDI)
Customer Average Interruption Duration Index (CAIDI) and System Average Interruption Frequency Index
were not operating normal as compare to IEEE Minimum Standard. Key recommendations made include that
the number of distribution substations should be increased to reduce the incidence of transformer overloading,
and that the use of hotline communications should encouraged,
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Introduction
Electrical power is undoubtedly a key driver of the socio-economic and technological development
of every nation. Electrical power is the total energy required or generated for utilization (Gupta,
2012). The main purpose of any electric power system is to generate electrical energy as
economically as possible and to transfer this energy over transmission and distribution networks
with maximum efficiency for delivery to consumers at.acceptable voltages, frequency and
reliability (Laithwaite, 2013). Electric Power System consists of three principal segments: The
Generation, Transmission, and Distribution sub-systems. The Generation connects generating
plants to transmission lines through step-up and step-down transfor.mf:rs that increase the
generation voltage to transmission levels.(Brow.n',.2012)._The Transmwsxo_n systems transport
electricity over long distances from generating facilities to distribution substations systems to retail
customers. The Distribution sub system receives power from the transmission system gnc_l steps-
down the transmission voltages using power tran.sfo'rme'rs to supply the primary dlStrlbutIO’n
systems. The primary purpose of an electricity distribution system is to meet tl}e‘customers
demands after receiving the bulk electrical energy from transmission Ofl\?}lb t_ransmlsmlon system.
There are basically two major types of distribution substaf;zns in 1geng,trlt§1mey primary
substation and customer substation (Patrick & Fardo, _20Q9)-. € primary substation serves asha
n is referred to a distribution room normally provided for the

load center and Customer substatio m is a vital link between the bulk power

iS i distribution syste

i rtant to note that the tributio ' '
tomers. I{ is impo Electric power distribution systems constitute Fhe greatest dsk to the
aterraption of power s wever more than 90% of all customer interruptions occur due

int;r‘ruptiop of power,;ult{glg’ :;?e}; (Labo, 2010), Challenges facing the Elfectr@cql po;ve.rl sector ig
o all_ures in the dlstp utl K of proper planning of maintenance o existing facilities an
Nigeria may be attributed to lack of P blem, Funding/Finance and non availability of

. . itical pro " e e
Squipment, poor ANgEeRten: pOhcy’IP;O::(t:Ie thzrc is need for evaluation of distribution system
e

distribution reliability information.
reliability.
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js one O istri
Electricity Distributio Company KE D.CO-) n system in four states n:Utlon
1. The Kafz'una ectricity e electrical power dl?tflbutlo o | number of €i ht,th Mely,
companies that Mandge =\ = cora states respectively. It has t0d g 1g13 NOusang
Kaduna, Kebbi, Sokoto 00 g273) transformers, one hundred and thirteen (113) Injectiop
two hundred and seventy-three ( (11’247) distribution S“bStations

: dred and forty-seven S
o and el huand 08 W s pover rouine I of G0 f i
across e state y .

(2,167) of 11kv, (20 005) of 415V, and 487,264 customers across the states respec{t1ve1y_
2 R;Iiability is the probability that a system will function as designed ugder specified conditjong

for specified period (Brown, 2012).

3. Power System Reliability refers tO the ability of th

. . g ithar
requirements as economically as poss1ble ar}d V_Vlt il ;
quqaliry. In the context of the study, reliability 15 the probability of the System 10 provide an

acceptable level of continuity and quality of service to customers. The'reioiieéfiﬁ:?my has to
P i total electric interruptions - complete oss of voltage, not Jus tons of the

electric sine wave.

4. Reliability Indices are used for evaluating ¢
systems performance. These indices are S

e system to satisfy the system loag
easonable assurance of continuity ang

omponents of any Electrical power distribution
ystem Average Interruption Frequency Index

(SAIFI), System Average Interruption Duration Index (SAIDI) and Customer _Av.erage
Interruption Duration Index (CAIDI) (Layton, 2013). They prm_ndg a comprehensive indicator
of the total reliability of an Electrical distribution system. SAIFT indicates how often an average
customer is subjected to sustained interruption OVer predefined time interval. SAIDI indicates
the total duration of interruption an average Customer is subjected for a predefined time

interval. CAIDI indicates the average time required to restore the service.

5. Evaluation is the process of gathering information about the worth or quality of something as a
way of making decisions designed to increase its worth or quality (Okoro & Chikuni, 2013). In
the context of this study, therefore Evaluation is defined as a process of assessing the reliability
indices and comparing them with the IEEE minimum standards with a view to making value
judgement about the quality of distribution of Electrical power which will form the basis for
maintenance planning. The importance of power systems reliability evaluation can never be
over emphasis. However, it is very important to note that evaluating of the reliability indices 1
the electrical distribution system will enable KEDCO to plan and design strategies to improve
and maintain system performance by comparing it to IEE minimum standards.

6. Frequency and Duration Outage: Frequency and duration of outages are relevant measures for
reliability in electricity supply systems. If reliability is regarded as a technical restriction,
adequate outage 1n§1ces have to be evaluated. If outages are associated with costs, reliability
shall be included within operating costs, The estimation of outage cost mostly usec,l around 18
the customer survey a_ppr_oach..When comparing among alternatives of approximately equal
total costs, the outage indices will be helpful in selection of the best solutionlziayton 2013).

(a) SAIDI and SAIFI - When making reliability investments, reductions in SAIDI and SAIF!
aretpropomonal tof the number of affected customers. This means projects that affect many
zgztgzg: gggﬁ; r;xeac\l/etobthose that affect few customers. However, feeders with many
R s S reﬁﬁ%rﬂ;han average reliability, and feeders ,with few customer
SAIDI can drive investgment;atoxi;ty‘dThereﬂ)re, reliability investment based on SAIFI 2"
satisfactory. ards densely populated areas where reliability is 174%

(b) CAIDI - Although popular with m iliti
measure of reliability. This is bec;::fjy utilities and regulators, CAIDI is problemat

efficiency; when utili S¢, many view CA ation
ST 13; matchrz:qtaﬂtligﬁ;ﬂ;ondls more quickly after faulItDICﬁDaI m'elilsured O\fv: pf; fact,
improving in both frequenc;1 zidtgufi.l DI SiVidEd by SAI’FI That vi\;l re%icz)abi?ity lcould be
10n, but L , 4
above problem, the use of CAIDI is decreasing ir(1: ﬁ;ltir;;'zo\:};ilzeélfreaing. ?;gﬁ;e of th
. (Elusaki et a
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Aim and
The 2im of this study is to determine the reliability indices of the Electrical power distrib
r distribution

systern in Kaduna. The study will as'sess the following indices in line with IEEE P1366:

(0 'sryk;fe riysﬁgngﬁle;agted tI;r(;Ezrruptlon Duration Index (SAIDI) of the Electricity distribution
g;fe nciu;ggl};\/[ ?Jegﬁgi %‘t;(:)rruption Duration Index (CAIDI) of the Electricity distribution
51;,2(;_- IiysltlggEﬁf;agfd I:;;z;:lption Frequency Index (SAIFI) of the Electricity distribution

objectives of the study

Research questions
The following research questions are formulated to guide this study;

1. What is the SAIDI of the Electrical power distribution system in Kaduna?
2. What is the CAIDI of the Electrical power distribution system in Kaduna? .
3. What is the SAIFTI of the Electrical power distribution system in Kaduna?

Methodology
Descriptive Research design was adopted for the study. Descriptive research design involves data
dentify causal relationships between variables

collection at points in time and is more likely to i
d out at two units of Kaduna Network comprised of

(Shuttleworth, 2008). The study was carrie

Kaduna North and South respectively involving all the distribution Engineers/Technicians of the
nineteen 33kv feeders. The data collected from Engineers/ Technicians and KEDCO comprises of
information on each feeder failure event within the period of one year (March, 2017 to February,
2018). The information was recorded in daily hourly report sheet and were translated into a
statistical database. The outages were classified as forced and scheduled. Hence, data on failure
rates and repair times of component used in the distribution system Were compiled for reliability
calculations. In addition, data on statistical information consisting of outages arising from the load
shedding, system collapse, scheduled or unscheduled maintenance and hourly load shedding on
each feeder were collected. These data were used to compute the reliability indices (SAIDI, CAIDI
and SAIFI) using equations 1 to 3. The instrument was validated by the Engineers of the Kaduna
Electricity Distribution Company (KEDCO). The reliability was found to be reliable as data were
secondary source which make it authentic. The total percentage of SAIDI, CAIDI and SAIFI were
computed and compared with IEEE Min.Std. SAIFI indicates how often an average customer 1S
subjected to sustained interruption over a predefine time interval whereas SAIDI indicates the total
duration of interruption an average customer is subjected for a predefined tirr}e interval. CAIDI
indicates the average time required to restore the service. The results are shown 1n Tables 1 to 3.

Results
The data were computed using the following formula for SAIDI, CAIDI and SAIFI.

..(1)

= Total number of customers

| SAIDI=Z (ri*Ni)/NT - | |
Where: £ =Summation function. ri = Restoration time, minutes. Ni
interrupted. NT = Total number of customers served.
..(2)
"CAIDI = (ri *Ni) / X Ni) ' _ ._
Where: T = (Summaztion(function. ri = Restoration time, minutes. N1 = Total number of customers
:inten'upted . (3)
';SAIFI: I (N1) / NT - ted. N.= Total number
function. Ni = Total number of costumers Interrup "

W_here: ¥ = Summation
of customers served.
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33KVA Stations CAIDI IEEE Mi
n.Std 709

- oRA e " Yo RerxT‘arks
KAWO 2.979 “ “
KUDENDEN 2.933 « o
D AWAKI ROAD 2.808 “ “

TAL AVERAGE
TO 2.23% Below the Min.Std

Irgazlsni f;ii:g;so 1tifslf: I(;lortrg)uttecliJ ltotaluCAIDI percentage across all the 19 33 kv feeders within
a . e table, all the 19 33kv feeders have their values bel

1dt ow the IEEE
Mmlmufm1 ig/and;r.cli ofG 70%. Water works 33 kv feeder and Airport 33 kv feeder recorded the least
yalue O %» while Goningora, Kawo and Kudanden 33kv recorded high value of 35% this

however, indicates that the customers were actually affected with poor electricity supply.

Table 3: Summary of SAIFI for the Period of (March 2017- Feb 2018) on Each 33kv Feeders

33K VA Stations SAIFI IEEE Min.Std 80% Remarks

AREWA 5.755 “ Less than 80%
UNTL 5.838 “ “
NARAYI 6090 “ “

PAN 6.176 " “
MAGADISHU 6.898 “ N
INDEPENDENCE 6.781 “ "
U/BORO 6.762 o i
ABAKPA 6.854 4 L
WATER WORKS 6.714 “ i

NAF 6.710 “ i
DOKA 6.571 1 i
AIRPORT 6.738 “ “
RIGASA 6.896 4 g4
U/DOSA 6.565 “ L
KINKINAU 5.835 " “
GONIN GORA 6.141 “ “
KAWO 5.960 “ L
KUDENDEN 5.350 “ “
DAWAKIROAD 5.622 “ t
TOTAL AVERAGE 6.33% Less than 80%

3 kV feeders within kaduna metropolis. It

Table 3 shows the computed SAIFI across all the 19 3
Abakpa, Water works, NAF, Airport and

was observed that Mogadishu, Independence, U/Boro,
Rigasa 33kv feeders has the highest values of above 6% while the rest were less.

Findings of the study ‘
1. The System Average Interruption Duration Index (SAIDI) was found not to be normal in the

entire 19 33kv feeders and all the valves and Average are below the IEEE Min. Std of 80%.
(CAIDI) was found not operating normal

2. The Customer Average Interruption Duration Index
because all the values and Average arc below IEEE Min. Std of 70%.

3. The System Average Interruption Frequency Index (SAIFI) was not normal wh
indicated that all the valves and Average less than 80% of JEEE Minimum Standard.
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Discussion of the findings
The findings on System Average Interruption puratioﬂ ¥?d§xti$1s1?Llejgi)offvf‘;liﬁr:g:; t:xfaﬁlverage
interruption duration for customers served durln%vzxfl%egafe been out of service if all Custf)?nﬂ‘.e
utility to report how many minutes’ customers . &rs
wer;yout atpone e Thz finding on SAIDI revealed that [EEE Minimum Stancjard Was no;

) r values less than 80%. Howevye,

, thei
actually made in which the entire 19 33KV feeders has P ] .l
Okon'eyand Abdu (2015) carried out similar research 1n Kano metropolis in which four Indiceg

SAIDI, CAIDI, SAIFI and ASAI were evaluated. But the result of tcllm Smdi show?.th_at all the
indices values were below the IEEE Min.Std but it was not compared to make zfi’valld Ju,d.gmem
about normality of the above indices (SAIDI). Therefore, there was no any fina decision o

remark as to whether the SAIDI is operating normal or not.
14) carried out research on the five distributiong

In the same vein Franklin and Gabriel (20
Reliability indices of (SAIDI, CAIDI, SAIFI, ASAI and ASUT). The SAIDI values was found to
the result of the indices were not compared to the

be within the ranged of IEEE Min. Std and : : , !
IEEE Min.Std and therefore final decisions or remarked are not.estal_Jhshed to identify thg working
conditions of the system. The average value of SAIDI of the entire nineteen 33kv feeders is 13.67%

which is less than 80% of IEEE Min.Std, this indicated that the SAIDI system is not operating

normal. From the findings on Customer Average Interruption Duration Index (CAIDI); This is the

average length of an interruption, weighted by the number of customers affected, for customers
interrupted during a specific time period. The index enables utilities to report the average duration
of a customer outage for those customers affected. it was observed that the entire 19 33kv feeders
have their values below the IEEE Min.Std of 70%. The values ranged from 1% to 3% which is less

than 70% of IEEE Min. Std.

Franklin and Gabriel (2014) carried out similar research work in which five distribution indices
were analysed and the result shows that the value of CAIDI is below and not compared to IEEE
Min.Std, therefore the Decision or Remarks were not made to know whether the system is
operating within the limit. It only highlighted the causes of power interruption and
recommendation to those problems. However, CAIDI values were below the IEEE Min, Std.
CAIDI is customer centre system which deals with the efficiency of electrical supply. Therefore,
CAIDI provides the authority, the needs of the customers for efficiency of electrical power supply.
The entire average value of CAIDI is less than the IEEE Min.Std of 70%. It has proofed that the
CAIDI system _is not operating normal. Domi (2012) conducted a research on Reliability
Assessment of Distribution Systems on Wangdue Distribution System in Bhutan, United State ané
discovered that when CAIDI and SAIDI values are below Minimum Standard'it has great effect
on the Distribution System.

Based on the findings on System Average Interrupti is 1

_ 1ge ption Frequency Index (SAIFI); This is 1
average number of times that a customer is interrupted during a spegiﬁed timf(: perioé. The findiné
indicates that the entire 19 33kv feeders have values less than 80% of IEEE Min.Std. Howe¥"
Mogadishu, Indf:pendence,_ U/Boro, Abakpa, Water works, NAF. Airport ana Rigasa 33k
;f;:_dcgsdha'\{% their values high among others which all are less than’ 800/?2[5 compart‘a to IE E
hm'si)"/. fIt;E Qf‘f:era_ge percentage also recorded 6.33% of the entire 19 33kv feeders which 5 &
than 80% o Min. Std. This indicated that the SAF] system is not operating normal.
Jibrin and Ekandayo (2013) carried out research work on the Reliability Assessment of 33::-
study highlighted the reliability indices and L*;s
tion feeders, However, no decisions and fema:-f

std. due to the in balance of SAIDI and CA]DIOPcrating normal as compared with the IEEE o
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