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ABSTRACT 
Retbiliry indices ore considered to be remonabk md logic wuys to judge the 
perfirmame of rm electric power tystem ReliabiIi~ indices which m proposed by the 
IEEE are used ra evaluate the perfmmce of selected distribution.~stem on the natlonai 
grid. Ten yems of outage data (1998 - 200 7) from seven selected disi?ibwtl'on systems on 
the national grid were wed as case studies in this resewch work. A generalized model is 
developed for a qsrantimive evalucrti~n of relative indices of the nationd grid ?stem. nte 
development of the model stated with identffcation of the system reliabiliv indices and 
estimuting the contributions ojsystem indicd to the failure rate of the selected distribution 
system on the national gri'd. The computed qvstem reliability indices we used as input 
paranietms for the generalized modd ReIative CADI inda is computed by simulation 
using ,'KATM 7.7 which automatically generates the graph of &k reidbe CAWI against 
names of feeders. The percenmge averuge relafive CAIDIs fir Ibudun, Port-Hmcowt and 
Benin distribution system are 71.86%, 52.79% and 75.79% rsspectively, thus, merage 
rztiabiliry levels. Rorin, Lkeja Kaduna and Kano dhkibution system have percentuge 
average relative CADIS of 11.93'%, 39.76%, 440.1 7% and 41 -08% respechirely with poor 
reliabiIitJl levels. With the ald of curve jtting ( c j  mls, hue distinct model equations were 
developedfrorn which a genwalid model is formulafgd for a qarantitutive evaluati~n of 
reliability indices of the na t iod  grid ~ X E  generalked model is a potynomia!faac~on 
w b s e  order depends majorly on t ? ~  lwei of indwhiaIizafrafron af the distribution systems 
ancf the number of distribution feeders. 
Keywords: Bdat i~e  CQLDI, reliability indices, system #arqge reiiability hdrx (SAXDO, 
syskm average interruption freqwncy index (SAIFQ, customer overqge kterruption 
duration index (CALDJ. 

PiiTRODZTCTION 
The function of an electric power system is to satisfy the system toad requirement with a reasonable 
msurance of continuity and quality. The ability of the system to provide an adequate supply of electtical 
enew is usudly designated by the' tern of reliability. (Roberts et al 1999, Andefion and Bose 2003. 
Bitlinton 7000). Distribution system is concerned with the cqnveyance of power to consumers by means of 
lower vobge nerwork. The design of distribution network is such that normal operation is reasonably close 
ta balance three phase working and often *study of the electrical conditions in one phase is sufficient to give 
a complete analysis. (Wmg et al 2000). The electric utility industry is moving towards a deregulated. 
competitive environment where utilities must have accurate information about system pedormance to ensure 
that maintenance c a  are spent wisely and that customers expectations are met. {Sacket et al, 2007). To 
measure system performance, the electric utility industry has developed several performance measures of 
reiiabiliy. There reliability indices include measures of outage duration, frequenp of outages. system 
availabilip and response time. (Sakis et al. 2006). Sysrem reliability is not the same as power quality. 
S~srem yliability pertains to sustained intemptions and momentaty interruptions. Pouer quality involves 
voluge fluctuation, abnormal wav~forms and hmonic  distortions. An interruption of greater than five 
minutes is generally considered a reliability issue, and intemptions of less than five minutes are a power 
qualiv concern. (Singh and Mith 2006). .With the,advent of performance based rates. utilities are taking a 
closw look at their reliability data and working to improve their indices. Studie's have shown that reliabili~ 
is  _geatly mted by lightning, circuit length, circuit density, and system voltage. There is an almost direct 
correction beween Iightning and reliability (the more lightning flashes, the lower the reliability), as well as 
circuit length, with longer circuits have more interruptions. Some data %[so suggests that utilities with higher 
system voltages tend to have more outages, but this may be related to the length of the circuit more than the 
voltage. [Billinton and Peng. 2007). - 
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Model Development 
The development of the model started with identifications of system reliability indices and estimating the 
contributions of the system hdices to the failure rate of the selected dishbution system on the Nigerian 
national grid systems. The computed system reliabiliry indices are used s input parameters far the model. 

These indices are the system average interruption duration index (SAIDI), system average interruption 
frequency index (SAIFI). and customers average interruption duration index (CAIDT). . 

Relaxj~?e C A D I  = 
mean SAIDl 
mean SAIFI 

SAIDI = 
Customer Interruption Duration Index (CID) ..-...... (2) 
Total Number of Customers Served ( l X C S )  

SAIFI = 
Total Number of Cusiomer fnterruption ( W C I )  ...... (3) 

Total Number of Customers Senled (TICS)  

CAIDI = 
Cummer Interruption Duartion (b) ........... 

Total Number of Customer Interuption (EVCI) 
(4) 

Seven distribution sygems & used as case studies in this research work. For the seven distribution systems, 
the relative CADI is computed by simulation using MATLAB 7.7 which automatically generates the graphs 
of relative CAiDIs against names of feeders. With the aid of curve fitting (c9 tools, two distinct model 
equations are formulated for the seven distribution systems for the quantitative evaluation of reliability 
indices of the national grid. Ibadan; Ikeja, Kaduna, Port-Harcourt and Ilorin distribution systems have the 
same mathematical model which is given by: 

RC = qx6 + p,x5 + p3x4 + 4x3 + p5xZ + 0 + P 7............ ( 5 )  
Where RC = relative CAlDl 

X = number of feeders.. 
PI, PI, P3, P4, Ps, Ps, P7 are the coefficients. 
The values of these coefficients are obtained from the results of the "simul~ion" for each of the 
distribution systems. 
The model equation for these distribution systems is.a polynomial equation of order 6. 
For Kano and Benin distribution systems, the model equation developed is: 
RC = Qy4 + Q2y3 + Q~~' -I- Q4y + Q5. ............... (6) 
Where RC = relative CAIDI . 

y = number of feeders 
QI, Q?, Q3, Q4, and QS are the coefficients. 
The values of these coefficients are obtained from the simulation results of the distilbution systems. The 
model equation for these Wo distribution systems is a polynomial of order 4. 
Now, from 
RC +42 +<x2 -tPgX-t8 ............ ( 5 )  

RC = aY4 +Q2y3 + Q ~ ~ ~  +Q4y+Q5 ................. ( 6 )  - 
Where RC = relative CAIDI, 
Ph P2, P3, P4, P5, P6, PI and Q,, Qz, Q3, Q4, QS am the coefficients of the'distrihution system. 
x and y represent the numb& of feeders for the distribution systems. Therefore, the generalized model 
equation is: 

R 

RC = CA+,,B~ 
n=O 

(7) 

Where RC = relative CAIDI 
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A = coeficients of the distribution systemwhkh are determined h k  the results of the simulation work. 
These coeficien~ can also be determined using Lagrange mehod, Newton method or Chebyshev 
method. 
3 = number of feeders 
n = running variable. 
K = order of the polynomial 

RESUITS AND'DISCUSSIONS 
Electricity requirement of the seven distributidn systems used as ease &dies in this research paper fall into 
categories which can be classified as: 

(i) small scale level 
(ii) . medium seale level 
(iii) large scale level 
(iv) very large scale Iwel 

The five cities Obadan; Ikeja, Kadunq Port-Harcourt and Ilorin) that obeyed the same model quation faII 
into one of these categories, most probably, medium scale. This is bearing in mind, the level of industria1 
activities in these cities compared with other industrialized citia in the worfd. Ilorin will be in the small 
scale level. For the, five cities to k described by the medium scale level has a range ,in ~ r m s  of power 
requiremeit which could be true for other classifications. The five cities are more industrialized than Kano 
and Benin. The more indusQiaIixed a city is, the higher the order of the polynomial, The order of the 
polyncmia! goes up for cities where industries in them are fully operational. The relative CAlDIs for the 
distribution systems are as displayed in tables 
1 .O to 7.0, while the simulation results are also displayed in figures 1.0 to 7.0 
The percentaged average relative CMDIs for Ibadan, Port-Harcourt and Benin distribution systems are 

- 71,86%, 52.790h and 75.79% respectively, thus they have average reliability levels while Ilorin, Ikeja - 
Kaduna and Kano distribution systems have percentage average relative CADIS of 11.95%. 39.76%. 
40.17% and 41 -08% respectively making them to have poor reliability levels, 

Table 1.0: R&!ive CAlDI for Ibadan~Distribution Systems 

Table 2.0: Relative CAIDI for Xlorin Distribution Systems 
EN Dames of Feeden belative C D I  

baorna h.1743 . 

r - . . .  

water Works b.0717 1 
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Table 3.0: Relative CAIDI for lkeja Distribution systems 

Table 5.0: Relsltive C D Z  for Kadnna Distribution Systems 

I 
2 
3 

6 
7 
8 

M Dames of Feeders blative CAIDI 
F D R ~  10.5490 

'Names of Feedem hektive CA3DZ 
Olo\lu 10.5333 
Opebi D.5336 
Dopemu b.4906 - 

Mafoluku 10.3696 
Oba Akinjobi b.3225 
Gen Horn h.3 120 

Table 6.0: Relative C A D I  for*Knno Distribution Systems 

0.4365 

5 
6 
7 
8 
9 
10 

kujama 10.4146 
Dawaki 0.3867 
Tundun wsda -0.2772 
St Gorald 
Junction road 
Constitution Rd 

0.2667 
0.2884 
0.2886 
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RELATIVE CAIDl OF ILORlN DISTRIBUTION SYSTEM 
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Figure 2.0: SirnnIation Graph of relative C D I  for Uorin 
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Relative * i 
CADI 
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NAME OF FEEDERS 

Figwe 3.0: Simulation Graph: of dat ive CAIDr for lkeja 
CUE Stu@ 3: &ju Dishibufion Systm 
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Relative CAIDI of Portharconrt ~istributio'n Systems 

' RELATIVE CAI91 OF PORTHARCOURT DISTRIBUTION SYSTEM 
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NAME OF FEEDERS. 
Miwe 4.O: Sirfl ulatian Graph of relative CAIDf for Portharcourt 

St* 4: Poyrbarcowt Distribution Qstems . . 
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RELATIVE CAIDI OF -KADUNA D~STR~BUTIONSYSTEM 
0.65 I I .  ! I 1 I -1 
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F i ~ e  3.0: Simulation Graph of relative CAW1 for Kaduna 

Ccrsc Sti+ 5: Kndwio Distribution Sysrenrs 
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RELATIVE CAlDl OF KANO ~ISTR~BUTION SYSTEM 
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Figure 6.0: Simulation Graph of relative CALDI for Kano 
Case Study 6: Kano Diswibufim Systems 
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RELATIVE CADI OF BENIN DISTRIBUTION SYSTEM 

NAME QF FEEDERS 

Figure 7.0: Simulation graph of relative CADI for Benin distribution system 
Ccrse Stir& 7: Benin Distribzition Sysfems 
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CONCLUSION 
A generalized model for quAtitative evaluation of reliability indices for the national grid has been 
developed, The generalized model is a polynomial function whose order depends majorly on the level of 
industrialization of the distribution system and invariably, on the numher-of distribution feeders. 
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