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ABSTRACT 

 

The acute shortage of power generation in Nigeria often leads to a lot of temporally operational arrangement 

to avoid total system failure. However, this temporally measure to prevent system from collapsing further pose 

technical – economic crisis for both utility and stakeholders of power system operation. This paper is mainly 

focused on extensive assessment of 33 KV feeders’ reliability using various methods and causes of outages on 

the various feeders being studied. The cost implication of the outages to power producers and consumers using 

data collected from Power Holding Company of Nigeria (PHCN) were been calculated and analyzed and the 

result shown in table 2.4. The significant of this research is that it presents an approach that considered wide 

range of outage parameters (duration, load interruption, cause of outage frequency and customer population) 

as input to a complimenting collection of reliability assessments (Pareto analysis, frequency and duration 

method reliability analysis, distribution system reliability analysis and outage cost analysis) to obtain a variety 

of reliability information of the feeders being investigated.  
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1. INTRODUCTION 

 

The total electric power generation in Nigerian 

according to The Nigerian Electricity Regulatory 

Commission, 2010, was less than 4,000 MW, while 

the minimum total demand was estimated to be 

10,000 MW for fairly constant power supply in the 

country (NERC, 2010). The limited electric power 

available is usually rationed among the regions 

because of its inadequacy. The rationed period is still 

not guaranteed up to the consumer points due to 

outages of the 33 kV feeders. The 33 kV distribution 

feeders have the predominant outages compared to 

other components upstream of the power system to 
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the generation points. The various feeders have 

peculiar causes and types of outage occurrence 

through the seasons of a year. While some of the 

outages on the 33 kV feeders originate from various 

sources connected to transmission and generation 

components of the power system, a good number of 

the outages are directly linked to the 33 kV feeders. 

The research focuses on the substation network 

which starts after the termination of the transmission 

network but within the distribution system. 

In the presence of inadequate power generation, 

there is  need to minimize the outage of the 33 kV 

feeders in order to  maximize the utilization of the 

available power generation, improve efficiency and 

enable cost effective management. This could be 

achieved by carrying out qualitative reliability 

assessment and cost outages analysis of the 33 kV 

feeders in the metropolis. 

 

 

2. METHODOLOGY OF THE ASSESSMENT 

 

A general procedure was formed that takes in as 

input, a wide range of the 33 kV feeders outage 

parameters comprising of duration of outage, load 

interruption, cause of outage, customers‟ population, 

frequency of outage. The input parameters were 

collected and entered in to an outage parameter data 

bank in Excel spreadsheet application package. The 

outage parameters are then used in different 

combination sets of parameters as inputs to 

complementing assessments as indicated in Figure 1.  
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Figure 1: General methodology of the assessment 

 

2.1 Data Presentation 

2.1.1 Pareto Analysis: Pareto analysis is based on 

the principle that out of the various causes of a given 

effect there are some few significant causes that 

bring about the majority of the total effect. Pareto 

analysis focuses on 20% of factors causing 80% (the 

percentage is not an absolute value) of the problems 

instead of the 80% of factors causing only 20% of 

the problems. This means that by doing 20% of a 

task you can generate 80% of the advantage of doing 

the entire work (Duncan, 2002).  Pareto data of this 

analysis are been illustrated in Table 1. For each of 

the feeders, the 80% (not an absolute value) 

cumulative frequency mark on the right vertical axis 

of the Pareto chart was traced horizontally to the 

point of interception with the cumulative frequency 

curve. All the fault events to the left of the point of 

interception are considered as the significant few 

fault events that need priority attention for major 

achievement of performance (Billiton and Allan, 

1984). The Pareto charts drawn shows that the major 

causes of outage for all the feeders is load shedding 

and transient faults. 

. 

Table 1:  Pareto data of the 33 KV feeders average parameters 

 

S/N Cause of outage Average Frequency Relative frequency 

(%) 

Cumulative frequency 

(%) 

1 Load shedding 283.64 74.89 74.89 

2 Transient fault 57.45 15.17 90.06 

3 Maintenance 23.91 6.31 96.37 

4 11 KV feeders inter-trip 7.45 1.97 98.34 

5 Cut conductor 4.18 1.10 99.44 

6 Broken cross-arm 0.91 0.24 99.68 

7 Shattered insulator 0.73 0.19 99.87 

8 J and P fuses 0.45 0.12 100.00 

 Total 378.72   

 

2.1.2 Frequency and Duration Method Reliability 

Analysis: The data used for the calculation of the 

Frequency and Duration Method indices was 

obtained from the Power Holding Company of 

Nigeria - Mando Transmission Company‟s outage 

summary log book. Using the Excel application 

spreadsheet package, outage data of the 33 kV 

feeders in the Kaduna Metropolis comprising of date 

of occurrence, time-out, time-in, duration of outage, 

relay indication, load interrupted and weather 
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condition of the various feeders were extracted and 

entered into the excel spreadsheet format. The 

„emergency‟ and „forced‟ outage types for the 

various feeders were sorted and grouped. Also under 

the forced outages, the adverse and normal weather 

outages were sorted and regrouped for each feeder. 

From the subgroups of the data the frequencies and 

durations of outage were calculated and made 

available for subsequent chart plotting and reliability 

indices calculations (Tables 2 and 3).  

  

Table 2: Frequency and Duration method Reliability Indices data 

 

33KV Feeder 

Mean Time To 

Failure (Hours) 

Mean Time To 

Repair (Hours) 

Availability 

(%) 

Unavailability 

(%) 

Feeder1 21.21 0.62 97.14 2.86 

Feeder4 21.28 0.09 99.57 0.43 

Feeder5 14.79 0.8 94.88 5.12 

Arewa 31.41 0.35 98.88 1.12 

Rural 15.57 1.1 93.42 6.58 

UNTL 17.99 1.45 92.55 7.45 

 

Table 3:  Distribution System Reliability indices of some selected feeders 

 

33KV Feeders SAIFI 

(Interruption/custo

mer-year) 

SAIDI 

(Hours/customer-

year 

ASCI (KWH/customer-

year) 

Feeder 1 384 643.90 481.76 

Feeder 4 394 417.87 297.48 

Feeder 5 534 907.73 579.89 

Feeder 6 260 559.47 19.75 

Arewa 234 354.13 264.60 

Rural 506 712.12 599.84 

UNTL 442 571.80 405.93 

 

2.1.3: Model of the operating states of the 33kV 

feeders: The 33 KV feeders‟ failure process is a 

continuing operation, not a mission-oriented type 

operation which can be modeled as a two- state 

Markov process. Preventive maintenance and normal 

repair is done to restore service and return the 

feeders to operation after outages. The first step in 

the description of the reliability and availability of a 

continuing type of operation is to provide a model of 

the run-fail-repair-run-process. The Markov process 
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assumes that the occurrences of such failures are 

independent of all past states except the immediate 

preceding one and that the stochastic processes of 

failure and repair are the same for each failure-repair 

cycle (time homogeneous). Suppose a feeder is 

observed for an interval of time in which 𝑁-cycles of 

failure and repair are noted. Let 𝑚𝑖  and 𝑟𝑖   be the 

observed times-to-failure and repair respectively for 

the 𝑖𝑡ℎ  cycle. 

 

The run-repair cycles must be statistically 

independent and the distribution of durations is 

stationary in time. It is also necessary that the 

expected values of mean-time-to-failure 𝑚  and 

mean-time-to-repair 𝑟 exist such that they may be 

reasonably estimated by equations 1 and 2 

respectively: 

 

 𝑚  =
1 

𝑁
 𝑚𝑖
𝑁
1  .......................................  (1) 

 

and 

 

 𝑟  =
1 

𝑁
 𝑟𝑖
𝑁
1  …………………….... (2)

     

 

The average cycle of the failure-repair process 

known as mean-time-between-failure 𝑇, is given by 

the sum of the mean-time-to-failure 𝑚 and mean-

time-to-repair 𝑟, equation 3: 

 

𝑇  =  𝑚  + 𝑟    .............................         (3) 

 

The fraction of the time the line is in or available for 

service, is given by the ratio of average uptime or 

mean-time-to-failure 𝑚, to mean-time-between-

failure  𝑇 and is termed the Availability, 𝐴, equation 

4:    

 

𝐴 =  
𝑚

𝑇
 =  

𝑚

𝑚  + 𝑟
 ……………………… (4) 

 

The complement, or unavailability,  𝐴  = 1 − 𝐴, is 

given by the ratio of the mean-time-to-repair 𝑟 to the 

mean-time-between-failure 𝑇, equation 5: 

 

𝐴  =  
𝑟  

𝑇
 =  

𝑟  

𝑚  + 𝑟
..…..........................… (5) 

 

The fault frequency is the reciprocal of the mean-

time-between-failure, equation 6 (Loh et al., 2005).   

                   

𝑓 =  
1

𝑚  + 𝑟
......................................... …. (6)  

 

           

2.1.4 Calculation of Frequency and Duration 

Method Indices: Based on the model explained in 

section 2.1.3 above the following data were 

extracted and used for the calculation of the 

Frequency and Duration Method Indices for each 33 

kV feeder. From the above data the following 

indices are computed: 

i. Planned Outage Rate (POR); 

 

POR=
𝑁𝑃𝑂

𝑆𝑇
…………………………  (7) 

 

Where: NPO is the number of planned outage; and 

ST is service time. 
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ii. Forced Outage Rate (FOR); 

 

FOR=
𝐹𝑂𝑇

𝑆𝑇+𝐹𝑂𝑇
………………………  (8) 

 

Where: FOT is forced outage time; 

 

iii. Normal Weather Outage Rate (NWOR); 

 

NWOR =
𝑁𝑂𝐷𝑁𝑊

𝑁𝑊𝑆𝑇
 ………………..…. (9) 

 

Where: NODNW is number of outages during 

normal weather and NWST is normal weather 

service time 

 

iv. Adverse Weather Outage Rate (AWOR); 

 

v. AWOR =  
𝑁𝑂𝐷𝐴𝑊

𝐴𝑊𝑆𝑇
……… (10) 

 

Where: NODW is number of utages during adverse 

weather and AWST is adverse weather service time. 

 

vi. Mean Time To Failure (MTTF) 

 

MTTF = 
𝑆𝑇

𝑁𝑂
…………… (11) 

 

Where: ST is service time and NO is number of 

outages. 

 

vii. Mean Time To Repair(MTTR) 

 

MTTR = 
𝐹𝑂𝑇

𝑁𝑂
…………. (12) 

 

viii. Mean Time Between Failure  

 

(MTBF) = MTTF + MTTR 

 

ix.         𝐹𝑎𝑖𝑙𝑢𝑟𝑒 𝑅𝑎𝑡𝑒 (𝜆) =
1

𝑀𝑇𝑇𝐹
 .(13) 

                       

x.          𝑅𝑒𝑝𝑎𝑖𝑟 𝑅𝑎𝑡𝑒 (𝜇) =
1

𝑀𝑇𝑇𝑅
 .(14)  

                             

xi.       Α𝑣𝑎𝑖𝑙𝑎𝑏𝑖𝑙𝑖𝑡𝑦 =
𝜇

𝜇+𝜆
………(15) 

 

xii.        𝑈𝑛𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑖𝑙𝑖𝑡𝑦 =
𝜆

𝜇+𝜆
……(16) 

 

2.1.5 Calculation of System Reliability Indices: 

The following are the Distribution System Indices: 

 

(i) System Average Interruption Frequency Index 

(SAIFI); 

   𝑆𝐴𝐼𝐹𝐼 =
 𝑁𝑖

𝑁𝑇
 ……………........... (17)  

 

Where: 𝑁𝑖  is the number of interrupted customers for 

each interruption event during the reporting period 

and 𝑁𝑇 is the total number of customers served in 

the area. 

                

(ii) System Average Interruption Duration Index 

(SAIDI);  

                                      

 𝑆𝐴𝐼𝐷𝐼 =
 𝑟𝑖𝑁𝑖
𝑁𝑇

............................ (18) 

 

Where: 𝑁𝑖  is the number of interrupted customers for 

each interruption event during the reporting period; 

𝑁𝑇  is the total number of customers served in the 
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area and 𝑟𝑖  is the outage time for each interruption 

event.  

 

This represents the average duration of outage 

experienced by a customer in the area within the 

period of consideration. 

 

(iii) Average Service Availability Index (ASAI);  

 

 𝐴𝑆𝐴𝐼 =
𝐶𝑢𝑠𝑡𝑜𝑚𝑒𝑟  𝐻𝑜𝑢𝑟𝑠  𝑜𝑓  𝑆𝑒𝑟𝑣𝑖𝑐𝑒  𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑖𝑙𝑖𝑡𝑦

𝐶𝑢𝑠𝑡𝑜𝑚𝑒𝑟  𝐻𝑜𝑢𝑟𝑠  𝑜𝑓  𝑆𝑒𝑟𝑣𝑖𝑐𝑒  𝐷𝑒𝑚𝑎𝑛𝑑
    

                             

This index gives the fraction of time the customer 

has power during the reporting time. Higher ASAI 

values reflect higher levels of reliability.  For a given 

area,   

 

𝐴𝑆𝐴𝐼 =
(𝑁𝑇×8760)− (𝑟𝑖×𝑁𝑖 )

𝑁𝑇×8760     ………… (19) 

Where: 𝑁𝑖  is the number of interrupted customers for 

each interruption event during the reporting period; 

𝑁𝑇 is the total number of customers served in the 

area and 𝑟𝑖  is the outage time for each interruption 

event.  

 

(iv) Average Load Interruption Index (ALII); 

                                

For a given area,  𝐴𝐿𝐼𝐼 =
 𝐿𝑖

𝐿𝑇
 ……… (20) 

 

Where: 𝐿𝑖  is the load interrupted due to each outage 

while 𝐿𝑇 is the total load connected to the network 

under consideration. It is the average kW of 

connected load interrupted per year per unit of 

connected load served.  

 

(v) Average System Curtailment Index (ASCI);   

 

𝐴𝑆𝐶𝐼 =
 𝐿𝑖×𝑟𝑖
𝑖
1

𝑁𝑇
 ……………. (21) 

 

Where: Li is the load interrupted due to each outage; 

𝑁𝑇  is the total number of customers served in the 

area; and 𝑟𝑖  is the outage time for each interruption 

event. It is the kiloWatt hour of connected load 

interruption per customer served.    

 

 

3. MATERIALS AND METHODS 

 

3.1 Outage cost analysis 

The outage cost is the monetary value of the 

electrical power energy that is not served to the 

consumers due to power supply outages. The 

outages can be basically categorized in to Forced 

Outages and Emergency Outages. While the Forced 

Outages are caused by automatic tripping of the 

feeders due to fault on the line, the Emergency 

Outages are due to manual opening of the feeders for 

load shedding or maintenance work. The Forced 

Outage Cost and Emergency Outage Cost are the 

monetary value of the electrical power energy that is 

not served to the consumers due to Forced outages 

and Emergency outages respectively. The occurrence 

of forced outages is mostly caused by lack of proper 

maintenance culture. Thus, the value of outage cost 

of a feeder gives an insight to the relative amount 
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worthy of allocating for the maintenance of the 

feeder (Billiton and Allan, 1984; William, 1995). 

The different costs used alternatively in power 

system cost analysis include the following: 

 The cost of energy loss or load demand not 

served due to the outages of a feeder. 

 The cost of loss in stored perishable goods or 

production expenses for industries. 

 The cost of provision of alternative power 

supply such as standby generators to various 

consumer types (Teoma et al., 2007). 

 

3.2 Calculation of outage cost of feeder 

The Outage Cost (Table 4), OC, of a feeder for a 

study period is computed as follows:  

 

𝑂𝐶 = 𝑂𝐸 × 𝐼𝐸𝐴𝑅  ………………… (22)  

 

Where: OE is the Outage Energy in MWh, IEAR is 

the Interruption Energy Assessment Rate (Naira). 

 

The OE is calculated as: 

 

𝑂𝐸 = 𝑇 × 𝐿………………………..... (23) 

 

Where T - is the length of time in hours that the load 

is interrupted on a feeder, and L - is the interrupted 

load in MW (Teoma et al., 2007).  

 

 

Table 4: Outage Cost Analysis data of some selected feeders of the metropolis 

 

33KV Feeders Total Energy Lost(MWH) Total Outage Cost (Million Naira) 

Feeder 1 3857.42 49.76 

Feeder 4 5213.93 67.26 

Feeder 5 7290.92 94.05 

Feeder 6 842.25 10.86 

Arewa 3496.70 45.11 

Rural 6931.18 89.41 

UNTL 5206.88 67.17 

Total 32839.28 423.65 

 

The Outage Cost for the various 33KV feeders is 

useful for the following reasons: 

 It gives the management the relative 

monetary value of losses caused by the 

outage of each of the 33KV feeders.  

 It gives a reasonable justification for the 

relative resources to be allocated to the 

various feeders for maintenance costs. 

4 .1 Discussion of the results 

The information obtained from the results of the 

Pareto analysis showed that load shedding followed 

by transient faults are the most significant cause of 

outage common to all the 33kV feeders been 

analyzed as indicated in Figure.2. Transient faults 

are temporary faults that occur due to bridging 

between the phases or the phase(s) to the ground by 
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either creeping animals or trees/plants or weather 

forces like wind and haze that cause fault current to 

flow across and then cause the feeder to trip but 

when trial closure is made the feeder stays okay. The 

five 33KV feeders all happen to be the ones passing 

through bushes to remote areas.  Regular clearing of 

the feeders from creeping plants, trimming of tree 

branches to avoid touching the lines, re-stringing of 

sagged lines, erecting of bent poles, fumigating the 

lines from insects like bees‟ activities , maintaining 

the right of way of the lines, use of robust cross arms 

and insulators and replacement of weak ones will 

help in solving this problem. 

The Pareto principle here means that if the PHCN 

can solve these two major causes of outages, it will 

help in achieving the majority of the overall outage 

problems of the feeders rather than attending to all 

the several other causes of outages. 

The availability indices obtained from the frequency 

and duration method reliability analysis can be guide 

for PHCN management a basis for relative 

preferential maintenance attention in order of their 

availability index.   

The result obtained from the outage cost calculation 

as shown in Table 4 indicated that 33 kV UNTL 

feeder have the higher outage cost value while feeder 

6 is having the lowest even though both feeders are 

having very close value of average duration of 

outage experienced by their respective customers 

(SAIDI). From Table 4, it can be seen that a total of 

four hundred and twenty three million six hundred 

and fifty thousand naira (N 423, 650,000) is the 

amount of money lost in a year as a result of outages 

of  the 33 kV feeders been assessed.  

 

 

 

 

4. CONCLUSION 

 

In this paper, a general procedure which gives 

considerations of variety of feeders as justification 

for making the best possible management decision 

that will help in reducing outages problem and 

improving the reliability status of the 33kV feeders‟ 

network of metropolis in Kaduna state. The result 

obtained from the outage cost calculation showed 

that about four hundred and twenty three million six 

hundred and fifty thousand naira (N423,650,000) 

was lost in a year due to outages of the 33kV feeder 

being investigated. This study gives a guide in terms 

of optimal maintenance schedule of the 33kV 

feeders in order to minimize the outages cost to both 

utility providers and the consumers.  
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