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ABSTRACT 
In Nigeria, sasfisfncto'y degree ofreliabiii~ has not been attded in our power sysfetns 
in recerrt times. The average duration of intwuptions that customers aperience is qliite 
high und the degree varies Porn place to place. This is evdent all around the nation, 
musf eqecially in urban cominerctal cities. Previous researchers have focused on 
rrssessmeni of power system reliability indicar using dzfirent models. h~ [his work, a 
computationally eflcientinodi$ed linear con~ibution factor model (ZCFM is deveIoped 
The mode! can be uredfor appreciable improvement of all the major sysrenz reliability 
mdicas of prmticui di8tribufion +em mli@ the conventional LCF model which cart 
only inprove some of the system reliubiliry mdice.. ofpi-acticuldi~lrib~~ion systems. Data 
colleciim and data analysis were carried out to develop the LCF model used on the three 
selected distribution systems on the Nigerim National Grid lRe resuia4of this work 
indicate [hut part af the reliabiliry indices ccompuiedfir the dhiribartion systems SAIFI is 
more sensitive to the LCF model than SAID1 imd CAX.1 bui that the semitivify is lm* for 
SAIDI index compared to W D I .  This is due to the quantization ofthe annual nu~nbar of 
customer intermptions cazwd by the type and placement of protective devices on the 
distribzrtion system of the National Grid With the Else of the rnodged LCF mo&l. the 
averoge percentage improvement in fhe y t e m  reliability indices beconk 97.72%. 
98.55% and 98.63% far Xbadan, norin and &ju dhtribution system resectively as 
ngoinsr an average percentage hprovemcnt of 36.08% 11.36% and 24.36% in the 
?\stern reliabiIip+idicar for Badan, florin and Ik& disiribution system resectively with 
rke use of conventional LCF model The resuIl of this research work confirm the 
efficiency ofthe modfled LCF model. 
Kaywords: Disirib u fion System, Lfneur Contribution Fff ciur, RRelbiIiry indices, 
System Average Inferuplion Durntion Index, System Average Interruption Frequency 
Index, Cusionter Average fnferrupu'an Durnhurnhon Index 

INTRODUCTION 
'[he primary role of a power system is  to provide reIiable and continuous supply of energy to satisfy system 
load. Power system reliability, in a broad sense, can be defined as the ability of the system to provide an 
adequate supply of electric power with a satisfactory quality. Power systems have three main components: 
generation, transmission and distribution systems. The generation systems generate electricity, rransrnisoion 
system delivers the generated electricity to distribution systems for supplying load. The generation systems 
together with transmission systems are called the composite system or the bulk power system (Meliopoulos 
ef al, 2001, Singh and Billinton, 2005).The reliability of a composite power system is comprised of both 
adequacy and security assessment as shown in Figure 1.0. Adequacy assessment relates to the ability of the 
system to supply energy requirements of customers in a satisfactory manner. Since adequacy aQessrnent 
deals with static condition, it does not include the evaluation of the system response to transient 
disturbances. Security assessment deals with the ability of the electric system to survive sudden disturbances 
such as electric short circuits or unanticipated loss of system elements. This includes the response of the 
system continuously by the loss of generation and transmission lines (George el al., 2001, Lauby and 
Bi llinton, 2004). Definition of reliability illdices The reliability of a System is quantified by stating certain 
2arnnie ten of its performance. These performance parameters are very important and are k n o w  as indices, 
i : : L l i ~ ~ t t ~ r ~  or measures of reliability. They are the foci or objectives of system reliability indices. Notable 
reliability indices include: failure mate, mean time between failure, mean time to repair, availability factor, 
system average intemption duration index (SAIDI), system average interruption frequency index (SAIFI), 
and customer average interruption duration index (CAIDI). Most of the electrical distribution utilities 
measure their reliability performance using reliability indices such as SAIDI, SAIFI and CMDI. (Buzacott, 
XOOj, Meliopoulos et al, 2004 and Neto et al, 2004). The reliability of a system can be improved by reducing 
the frequency of faults and by reducing thc repair titne by means of various design and maintenance 
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s:rategia.Two sets of reliability indices, customer load point indices and system indices have been- 
established to access the reliability performance of distribution systems. Load point indices measure the' 
expected number of outages and their duration for individual customers. (Khan E. and B il linton R, 2002). 

METH0DOI;OGY OF DATA COTLECTXON AND ANALYSIS 
In this research paper, ten years of outage information from Ibadan distribution systems, 1 lorin distribution 
systems, and Ikeja distribution systems were collected and analysed, Making use of the proposed method of 
data collection scheme, a highly compressed version of such comprehensive database that retained only the 
essential information is used in this analysis. A relevant observation that emerged from data collection 
exercise is that a11 outages appear to be full, impIying that partial outages were either not e~iu~uraged or not 
recorded by the system operator. 

DEVELOPMENT OF A MODIFIED LINEAR C O ~ U T X O N  FACTOR MODEL (LCFM) FOR 
IMPRQWMENT OF REWABILJm INDICES 
dteps in the analysis of outage data for L€FM development 
The folIowing steps are employed in the development of a modified linear contribution factor model to 
improve the reIiability indices of practical distribution systems: 
1 .  Identification of the mrn reliability indices for the distribution system under study. 
2.. Computrrtion of the failure rate for the selected feeders in the distribution systems. 
3. Computation of the system reliability indices. 

SAID1 = customer interruption duration ................................. -1 
Total number of castomers served 

........................... SAIFI = total number of customer interruptions 2 
*rota1 number of cummers served 

CAIDl = customer intemption duration ............................ -3 
Total number of customer interruption 

4. Compuktions of the contributions to each ofthe s y s t m  reliability indices from the selected feeders, 
SAIDI = z (SAW) ............................................................ -4 
S A I ~  = E (SAIC) ........................................................ .5 

.................... ............................. .CADI = Z; (CATDI~) .. d 

Where SAIDI' = contributions to SAIDI from the feeders 
Whwe S A ~ F ~  =contributions to SAIFl from the feeders 
Where CAID~' = contributions to CAIDI from the feeders 

5. Perform sensitivity analysis for the system reliabiliv. 
6. Compute the pacentage improvement in the reliability indices of the distribution systems under study 

using the modified linear contribution factor model (LCFM). 

Percentage improvement = (A, 4,) x 100% .............. 7 
A0 

W h e d a  = mean value of reliability indices without the LCF model. 
A,, reliability index with the LCF model 

RESULTS AND DISCUSSION 
The percentage improvements in the reliability indices for Ibadan distribution system, IIorin distribution 
system and Ikeja distribution system using the cobventional and modified LCFM model are as displayed in 
tables I - 6 whil6 the graphical representations are also displaied in figures 1-6. The graphical 
representation of percentage improvement of Ibadan, llorin and lkeja distribution systems with the 
conventional LCF model and the modified LCF mode? are also displayed in figure 7. It is evident that part of 
the reliability indices computed for the distribution system SAIFI is more sensitive to the LCF model than 
SAID1 and CAIDI but however the sensitivity is low for SAIDI index compared to CAIDI. This is as a 
result of the quantization of the annual number of customer interruptions caused by the type and placement 
of  protective devices on the distribution system. 
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Table 3: Percanlag8 Impmr.mmt in thc kliabilii Indices for Ilorin 

. , 

INS-2007 

IWS2007 Dopcmu 

1998-2007 ARW 

1998-2007 Medical 

6 1998-2007 MaToluka 

Tabtt 5: P m m q y  Impwmnn in the Rcliabiliy I d i  for Ikja W b u t k a  
syatcma Using Cmmtioml LCF M&l 
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Tabtc 6: Pcrcerttap Impmmmt in rhe RelMitity t n d i  for I!#& Distribution 

I0 1 1998-2W7 ( Atqbolt 1 97.8800 1 97.8800 97.88QO 

Figare 1: Bar chart For Percentage Imprmment in Reliability ~ndices for Ibadan Distribution 
Systems with the Conventional LCF Model - 
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Pigare 2: Bar chart Fpr Percentage Improvement in Reliability Indices for I badan 
Distribution Systems with the Modified LCF Model 

. = .  ' P . ,  i 

Ffgure 3: Bar chart ~ a r  ~ m h i  lmprwment in Reliability Indices 
fbr lfOiin Qiswibtrtion System with the Conventional LCF Model 
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Figure 4: Bar chart For Percentage Improvement in Reliab tbility Indices for 
Ilorin Distribution Sy&erns with the Conventional LCF Model 

Figure 5: Bar chart For Percentage Irn&&ient in Reliability Indices for Ikeja 
Distribution Systems with the Conventional LCF Model 

.. - + 

Figure 6: Bar chart For Percenmge Improvement in Reliability Indices for 
Ikeja Distribution Systems with the Conventional LCF Model 
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Fire 7: Graph of percentage inipmvement in reliability indices of Ebadan, 
IIorin, and Ikejs distribution systems with the conventional LCF model and 
the modified LCF model. 

c'orrmus~o~ 
A modified eomputatiomlly efficient l inm contribution W r  model (LCFM) technique for practical 
distribution systems has been presented in this work The results of the modified LCF model indicates an 
average percenuge improvement of 97.72%, 98.55%, and 98.63% in the system reliability indices for 
Ibadan, Ilorin and 1 keja distribution systems respectively as against an average percenbge improvement of 
36.08%, 11.36%, and 24.36% in the system reliabiiity indices for Ibadan, Ilorin and Ikeja distribution 
systems when the conventional LCF model was initially employed. This has confirmed the eficiency of the 
modified linear contribution factor model for irnpmvernent of reliability indices of practical distribution 
systems. A new measure of reliability called 'threshold CAIDI" is proposed in this paper. This ''threshold 
CAIDI" helps to identify the feeders that need imlfirovement on the distribution systems of the Nigerian 
National Grid. 
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