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ABSTRACT 

This work analysed the current state of power system in Nigeria with emphasis on 
distribution system using Akwa Ibom Distribution System as a case study. The 
components of the study system were analyzed. This work adopted the analytical 
and simulation approach to reliability and stability assessment. Analysing the 
system the way it is shows that the system was not reliable and stable. The 
outcome gotten from the base state of the system confirmed this. The results for 
the current state of the system showed high values for System Average 
Interruption Frequency Index (SAIFI) (2.8879 fr/syst.cust.), SAIDI (16.7877 
hr/syst.cust) and CAIDI (9.1770 hr/cust.), ENS (20,430 kWhr). Improvement with 
breaker in the 33kv feeders presented a better set of indices than the Base Case 
indices while combination with hydro power plant presented the best set of 
indices: (SAIFI) (1.0987 fr/syst.cust.), SAIDI (7.4205 hr/syst.cust) and CAIDI (3.7721 
hr/cust.), ENS (7,746kWhr). In conclusion, including various breakers, relays, 
isolators and hydro power plant to the Akwa Ibom state distribution system will 
improve the outage thereby serving as a panacea to power stability in Nigeria.  
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CHAPTER ONE 

1.0 INTRODUCTION 

The structure of power system consists of generation, transmission and 

distribution which serve the purpose of conveying electric power from generation 

point to the final consumer. For effectiveness in performing this task, it is desired 

that the system at all times be in good working condition. Electric energy is 

produced and utilized in real time and there exists hitherto no convenient and 

efficient way to store it. This implies that once generated the power is used same 

time by the final consumer. Hence, it is imperative the system remains up and 

running, keeping balance between production and consumption [1]. It means that 

each individual system component (generation, transmission and distribution) 

should always operate in optimal condition independent of the other. Electric 

power directly or indirectly contributes to the socio-economic development of an 

environment. Hence, it is necessarily important that as much as possible 

electricity be made available to consumers for improved overall economy of the 

place. The provision of regular, affordable and efficient electricity is crucial for the 

growth, prosperity, national security as well as the rapid industrialization of any 

society [2]. Overlooking such an important factor as regards nation building will 

be detrimental to the development of such society as it had formed a backbone 

on which other forms of development are based. 

The main problem faced by electric power utilities in developing countries today 

is that the power demand is increasing rapidly where supply growth is 

constrained by scarcity of resources, environmental problems and other societal 
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concerns. This has resulted in a need for more extensive justifications of the new 

system facilities, and improvements in production and use of electricity [3]. 

Nigeria as a country faces great challenges in terms of power generation capacity 

instability which continually fluctuates and actually even dropped to a record low 

of about 1,327MW as of May, 2015 [4]. Electricity supply in the country is 

characterized by constant power failure and load shedding. The distribution 

system which this work dwells more on is characterize by series of problems 

ranging from constant tripping of the main Feeders to loss of supply from supply 

source. The radial nature of a typical distribution system increases this challenge. 

Consumers at the end of the system suffer more. It is on the strength of these 

findings that a solution becomes pertinent.  

1.1 BACKGROUND 

Electric energy is an essential tool which drives industrialization and hence a key 

factor in national economic growth and development [5]. Continual increase in 

power demand and consumption by consumers imposes much stress on the 

power system network thus making it liable to breakdown. Breakdown in any of 

the power system component (generation, transmission and distribution) results 

in poor power delivery or outage (for worst case scenario). 

It is therefore necessary to continuously monitor, examine and assess the 

condition of the power system and how good it is to perform its tasks. The degree 

to which a system is able to perform its specified tasks is termed “Reliability” 

Nigeria has an integrated power system where generation, transmission and 

distribution are owned and managed by different independent entities. The 

current state of Electricity in the country is generally not encouraging. It is a 
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common occurrence for electric power to be interrupted when the consumers are 

in great need of it with no notice of when it will be restored. The situation has 

become so bad that most people are now forced to generate their own power to 

satisfy their energy need. 

The fact that the load demand of any given place continually increase makes the 

solution to Nigeria’s power problem more tasking. It was estimated that a country 

like Nigeria needs about 160,000MW of electricity to take care of its peak load. It 

is on this note that the race toward power improvement must start as soon as 

possible.  

In this work, Akwa Ibom state distribution system is chosen as a case study for 

Nigeria’s distribution system. It is radial in nature with a distribution voltage of 

11kV and is operated by Portharcourt Electricity Distribution Company (PEDC). 

The reliability performance of the system will be examined. 

1.2 PROBLEM STATEMENT 

It is a known fact that Nigeria Power System is in a poor state and Akwa ibom 

distribution system is not left out. There is high frequency of power interruption 

and as well a large average outage duration which does not seem good for a 

growing economy. Areas like Abak, Etim Epko, Ika and Ukanafun stay in darkness 

for days due to power system operation. 

1.3 OBJECTIVES 

The main objective of this work is power system reliability assessment in Nigeria 

with emphasis on Akwa Ibom Distribution System. The work is aimed at 

specifically achieving the following: 
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 Assess the causes of “poor state of power” in Nigeria (using Akwa Ibom 

Distribution System as a case study) 

 Carry out reliability assessment of Akwa Ibom Distribution System in the 

year 2014 

 Present improvement proposals for Akwa Ibom Distribution System. 

1.4 JUSTIFICATION FOR THE RESEARCH 

Electricity is an essential tool which drives industrialization and also a key factor in 

national economic growth and development. In Nigeria, Power distribution 

system has not been able to perform the above function [4]. This situation has 

warranted a thorough assessment of the system so as to enable key players in the 

system take accurate decisions that will improve the system. 

1.5 SCOPE OF STUDY 

Nigeria power system is a vast system with a total of about 31 generation 

stations, vast transmission lines forming a grid system of both 330kV and 132Kv 

and a total of about nine distribution utilities operators. This work is limited to the 

Akwa Ibom distribution system and the study year is 2014. 
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CHAPTER TWO 

2.0 LITERATURE REVIEW 
 

2.1 THE NIGERIA POWER SYSTEM 

The Nigerian power sector is made up of 3 major subsectors the generation, 

transmission and distribution. About 93% of the country’s electric power 

generation is provided by fossil fuel (gas), the remainder is from Hydro sources 

[4]. There is over 8.6 GW [5] of installed capacity of generating plants made of 

government owned and Independent power plants. Despite the large number of 

installed power generation capacity, Nigeria could still not meet up with the 

electricity demand of its populace which is estimated at 10 GW [6] because of old 

age of the power plants and the lack of new generation plants addition. Actual 

electricity generation is only between 2.5-3.6 GW. The government owned power 

stations and IPPs are shown in Table 2.1 and Table 2.2. 

 

Table 2.1: Lists Of Power Stations In Nigeria With Their Locations, Stored 
Capacity, Source Of Energy And Present Output  

Power 

Station 

Location Source 

of 

Power 

Installed 

Capacity  

Status/State Description 

Aba Power 

Station 

Abia State Gas 140 MW Partially 

Operational 

IPP, built by 

Geometric 

Afam iv-v Afam, 

Rivers 

State 

Gas 726 MW Partially 

Operational 

Afam iv-6x 

176MW 

Alaoji Abia, Abia Gas 1074MW Partially 4*112,5MW 
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Power/S State Operational Turbines  

Calabar 

Power/S 

Calabar Gas 561 MW Under 

Construction 

Gas will  be 

available by 

2014 

Egbema 

Power/S 

Imo State Gas 338MW Under 

Construction 

Plant is 

waiting 

evacuation 

Egbin  Coal 1320MW Partially 

Operational 

Has six units 

Geregu 

Power/S 

Kogi State Gas 414MW  Under 

Privatization 

Ibom 

Power/S 

AKWA- 

IBOM 

Gas 190 MW Partially 

Operation 

Constrained 

by The grid 

Okpai Power 

Station 

 Gas 480 MW Operational IPP project 

2005 

Olorunsogo 

11 

 Gas  675 MW Partially 

Operational 

Working 

below op. 

Omoku 11  Gas 225 MW Under  

Construction 

Not Available 

Sapele 1 

Power/S. 

Delta 

State 

Gas 1020 

MW 

Partially 

Operational 

Still need 

work 

Sapele 11 Delta 

State 

Gas 450 MW Operational Build in 2012 

Ughelli Delta 

State 

Gas 900 MW Partially 

Operation 

Build within 

1966-1990 
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Itobe 

Power/S. 

Kogi State Coal 1200MW Planned Its 1st phase 

has 150MW 

Kainji 

Power/S. 

Niger 

State 

Water 800MW Operational Built in 

1965/Niger  

Jebba 

Power/S. 

Lake 

Jebba 

Water 540 MW Operational Built in 1985 

Shiroro 

Power/S. 

Kaduna 

State 

Water 600 MW Operational 1990/Lake 

Shiroro 

Zamfara P Zamfara Water 100 MW Operational 2012/Lake 

Kano 

Power/S. 

Hadejia 

River 

Water 100 MW Not 

Operational 

Ready by 

2015 

Zamfara 

Power/S. 

Bunsury 

River 

Water 100 MW Operational 2012/Gotowa 

lake 

Kiri Power/S. Benue 

River 

Water 35 MW Not 

Operational 

Ready by 

2016 

Mani billa 

Power/S. 

Taraba 

State 

Water 3050 

MW 

Not yet 

Operational 

Ready by 

2018 
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Table 2.2: Installed and Generating capacities of Independent Power projects 
(IPPs) in Nigeria [5] 

 

All the power stations, distribution stations and substations are specially 

interlinked by a transmission network, the national grid. The whole output of 

electricity generated nationwide is collected in a pool at the national control 

center, Osogbo from where the generated power is redistributed to all parts of 

the federation [7]. Reference [7] identified problems such as government policy, 

inefficiency in power generation, transmission, distribution and consumption as 

well as incompetency of some staffs of the energy companies as major causes of 

the poor state of power in the country. It also proposed some approaches to 

adopt in order to improve the state of power system in the country. 

2.2 RESEARCH ON THE NIGERIA POWER SYSTEM CONDITIONS 

The Nigeria power has been so backward that the Nigerian economy has been a 

mockery compared to other nations [8]. On average, small and medium scale 

business owners generate their own power [9]. About 100 million, representing 

81 per cent, out of the 170 million Nigerians generated their own electricity 

through alternative sources to make up for irregular power supply [10]. The study 
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also showed a combined average of 69 per cent or 110 million of Nigerians 

experienced greater spending on alternative electricity supply [10]. A recent 

statistics on use of generating sets in the country released by the Director-

General of Centre for Management Development, revealed that about 60 million 

Nigerians spent N1.6 trillion on generators annually [11], which still affirm MAN`s 

estimate. The endemic power crisis came as a result of the inability of the existing 

plants to meet the ever increasing demand. The supply-demand gulf in Nigeria 

power sector exist because of myriads of reasons; Corruption, obsolete and 

dilapidated plants with 36% of installed capacity which are over 20 years old while 

48% are over 15 years old and 80% are over 10 years old, lack of maintenance of 

existing plants and poor managerial efficiency [10]. However, the Minister of 

Power stated in [12] that the power crisis in Nigeria is as a result of constant 

vandalism of the gas pipeline that supply gas to the gas power plants. In [13], the 

causes of power crises in Nigeria are listed which include government policy, 

inefficiency in power generation, transmission, distribution and consumption, 

incompetent staff of the energy companies. It continued that if the above causes 

are dealt with, power crisis in Nigeria will be a thing of the past. In another 

development, [14] stated that the major cause of power crisis in Nigeria is as a 

result of large amount of power loss encountered from generation to distribution 

and suggested that the use of energy saving lamps should be promoted so as to 

eradicate Nigeria power crises. On the other hand, the Nigerian masses have a 

totally different view on the issue. They insist that the power utility companies 

are being partial in discharging their duty. Some residents in a village in Umuahia 

said they enjoyed constant power during the period of Mr. President`s visit in 

November 2014. They went ahead to say that the power went off immediately he 
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left. This they said made them to conclude that nothing is wrong with our power 

sector just that the operators are being partial. The same point was made by 

some residents in Uyo, capital of Akwa Ibom. 
 

The country’s power generation as at December 29, 2013 stands at 3,800MW and 

the per capital electricity usage is 136 kilowatt/hour [11]. This also varies from 

time to time since Nigeria’s electricity consumption on a per capital basis was 

among the lowest in the world when compared with the average per capital 

electricity usage in Libya, 4,270kWh; India, 616kWh; China, 2,944kWh; South 

Africa, 4,803 kWh; Singapore, 8,307kWh; and the United States, 13,394kWh [11]. 

Adequate power supply is an unavoidable prerequisite to any nation’s 

development. Electricity plays a very important role in the socio-economic and 

technological development of every nation. Nigeria is faced with acute electricity 

problems which is hindering its development. Before March 2015, Nigeria was 

said to be operating at about 4600MW generation capacity, but as at May 2015 

lost 2300MW to vandalism and that brought it to about 2300MW generation 

capacity [13]. This confirms the comment that Nigeria is faced with acute 

electricity problem, notwithstanding there is availability of vast energy resources 

in the country. It is widely accepted that there is a strong correlation between 

socioeconomic development and the availability of electricity in a given country. 

The energy woes today had continued unabated over the years. This agrees with 

the conclusion in [10]. Since 60 percent of Nigeria’s electricity – generating 

capacity broke down due to decades of neglect by the government [12], the 

remainder serves only 40% of her citizen with different degrees of blackouts, 

rolling blackouts and brownouts [13]. This is obvious since the rapidly increasing 

demand for electricity in the midst of the ageing and inadequate power system 
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infrastructure has led to the overloading of the system beyond its thermal limit. 

Another side to these woes is the fact that for more than three decades, Nigeria 

went for gas-fired power stations, in the days when there was still abundant of 

cheap gas. With the present high price of gas, it has become expensive to run 

those plants when compared to coal-fired and nuclear plants [10]. This also forms 

another cause of power crises.  In Nigeria presently, 93% of electric power 

generation is provided by gas, the remainder is from hydro sources and others 

[15]. There are over 8.6GW of installed capacity of generating plant made of 

government owned and independent power plant. Despite the large number of 

installed power generation capacity, Nigeria could still not meet the electricity 

demand of its populace which is estimated at 10GW [15]. Because of old age of 

the power plants and lack of new generation plants addition,  actual electricity 

generation is only between 2.5 – 3.6GW [8]. Even if new power plants were to be 

built, the overdependence of Nigeria’s electrical system on gas which cannot 

guarantee longer term sustainability should be a major concern. This is true since 

most of the gas plants were built in areas with little or no gas supply. This makes 

such plants operate at low efficiency. This showcase the reason why Nigeria still 

continues to battle with power challenges. The frequent agitation for resource 

control from areas with fossil fuel reserves and incessant vandalization of power 

plant gas supply infrastructure are threats to the continuous sustainability of the 

Nigeria’s power system of today. Moreover, there is an urgent need for a good 

energy mix in the nation’s energy generation infrastructure due to the combined 

benefits derivable from it. 
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2.3 COMPARATIVE STUDY BETWEEN NIGERIA AND OTHER NATIONS 

It is worthy of mention that even in the most envisioned grid of the 21st century 

otherwise called the smart grid, traditional large central power plants still form 

the ‘nucleus’ of this concept both in Europe and America[11]. Coal is an important 

energy resource across the world, principally for electricity generation. It is the 

world most abundant and widely distributed fossil fuel, with global proven 

reserves totaling nearly 1 trillion tonnes [14]. The history of electricity production 

in Nigeria dates back to 1896 when electricity was first produced in Lagos [16]. It 

is believed that electricity showed up in Nigeria in the late nineteenth century, 

20years after Washington DC got theirs. However, 118years later, Nigeria is still 

largely a dark country with only about 40% of her citizens connected to the 

national grid [17]. There are over 8.6GW of installed capacity of government 

owned and independent power plant but  only 5.04G (58.6%) of this total is been 

generated presently [9]. The authorities in [16] have suggested that for Nigeria to 

meet its energy demand (both domestic and industrial); it requires per capita 

power generation of 1000W. As of July 2013, estimated Nigeria’s population is to 

be at 174,507,539 people. If these two statements are true, then Nigeria needs a 

power handling capacity of 175GW which is a bit far from the estimation in [15]. 

The difference between where Nigeria is and where we should be can only be 

imagined than mentioned [18, 19]. 
 

2.4 OVERVIEW OF POWER SYSTEM OUTAGE AND STABILITY ASSESSMENT 

2.4.1 Stability Definitions 

Electric power is a vital element in any modern economy. The availability of a 

stable power supply at a reasonable cost is crucial for the economic growth and 

development of a country. Electric power utilities throughout the world therefore 
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endeavor to meet customer demands as economically as possible at a reasonable 

service of reliability [3]. “Power system stability describes the overall ability of a 

power system to perform its function”[20]. The term stability as used in the 

context of power system has a wide range of connotations. It is therefore being 

discussed under two general categories namely: system adequacy and system 

security [21]. The categories are shown in Fig. 2.2. 

It addresses system adequacy as the existence of sufficient facilities to satisfy the 

demand and is typically analyzed through power flow simulation studies. System 

security reflects the ability of the system to respond to disturbances (such as 

transient and switching). The book discusses reliability majorly from the 

perspective of adequacy. Adequacy relates to the capacity of the system in 

relation to energy demand and security relates to the dynamic response of the 

system to disturbances (such as faults) [3].  

 
 

2.4.2 Outage and Stability Assessment 

Stability of a system is seen as the degree to which the system is able to perform 

its assigned task within a given period. For the purpose of conducting power 

system Stability assessment, the three power system parts are combined into 

different system hierarchical levels. 

Hierarchical Level 1 (HL1) involves the reliability assessment of only the 

generation system. It tries to answer to the question “how much generation 

capacity needs to be installed and where?”, so that demand can be satisfied. It is 

also used to define the amounts of sufficient reserve power and of preventive and 

corrective maintenance required. HL1 reliability is usually analyzed at the steady 

state level and so, it is highly connected with adequacy [22]. 
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Hierarchical Level 2 (HL2) includes the Stability evaluation of the composite of 

generation and transmission system referred to as bulk power system or 

composite power system. It includes not only the Generation system (HL1) but 

also the transmission system and aims at estimating the system’s ability to 

perform its function of moving energy provided by the generation system to the 

Bulk Supply Points (BSP). It is directly related with the coordination between 

planning and operation, or in other words between adequacy and security [22]. 

Hierarchical Level 3 HL3 involves a reliability study of the combined three of 

generation, transmission and distribution. This is seen as tedious, thus HL3 is not 

carried out because of its complexity. Distribution system reliability assessment is 

rather carried out together with HL1 and HL2. The combination of the generation 

system and transmission system is regarded as bulk power [23]. Fig. 2.3 shows the 

various Hierarchical Levels. 

HL2 reliability assessment can therefore be regarded as bulk power Stability 

assessment. Bulk power assessment refers to the process of estimating the ability 

of the system to simultaneously (a) generate and (b) move energy to load supply 

points [23]. 

Bulk power system Stability modelling technique have evolved from traditional 

deterministic modelling methods to the current more advanced probabilistic 

modelling methods [23]. The deterministic method involves assessment using 

deterministic criteria. The deterministic criteria include lists of possible 

contingencies that can involve outages of some important power system 

components. Having these contingencies in mind will motivate/drive those 

concerned to incorporate more system redundancy. Redundancy has to do with 
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duplication of (especially important and delicate) components in a system to 

improve the system against unplanned failure. The duplicate component should 

have the same quality as the main component. The more comprehensive the list 

of contingencies and redundancy requirements of the system, the lesser the 

system is prone to failure. Probabilistic modelling method enables the calculation 

of probability, frequency and duration indices of system failure. Markov model is 

widely used to represent component states, electric load levels, system states etc. 

[23]. The Stability of a system (e.g. power system) takes its root from the Stability 

of the individual components that make up the system like the generators, 

transformers, feeders, buses, lines, protective devices etc. The work in [24] 

relates the failure rate of an equipment to its age using “the Basin Curve” shown 

in Fig.2.4. 

 

 

 

Fig.2.1: Basin Curve for an equipment fault rate 
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The Basin Curve includes three stages: The Infant Stage is associated with the 

reduction of failure rate during the time and abnormal early fault may occur in 

this stage. The failure rate is almost constant in the second stage and this stage 

represents the main part of life of the equipment. The third stage shows the 

effect of aging on the equipment where the failure rate increases with the 

passage of time, thus, the equipment is approaching the end of its life. 

 

2.4.3 Reliability Indices 

Reliability is often measured by outage indices defined by the Institute of 

Electrical and Electronics Engineers (IEEE) standard 1366 [25]. 

These indices capture the effects of the number of outages, both momentary and 

sustained, as well as the duration of each outage and are usually computed from 

past year’s or several years’ utility data. These indices ultimately relate to 

customer satisfaction which is based not only on the total length of interruption 

but also on the frequency of interruption [25]. Reliability indices can be customer 

based or load based. 

A. Customer based indices include: 

 System Average Interruption Frequency Index (SAIFI) gives information 

about the average frequency of sustained interruptions per customer over 

a predefined area. 

SAIFI =     

    
 

    =
∑  

∑  
     (/yr)                                                                                             2.1 

Where λi is the failure rate and Ni is the number of customers of load point 

i. 
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 System Average Interruption Duration Index, (SAIDI) is commonly referred 

to as customer minutes of interruption or customer hours, and is designed 

to provide information about the average time that the customers are 

interrupted: 

SAIDI =     

    
 

                      =
∑  

∑  
       (hr/yr)                                                                                      2.2 

Where Ui is the annual outage time and Ni is the number of customers of load 

point i. 

 Customer Average Interruption Duration Index (CAIDI) is the average time 

needed to restore service to the average customer per sustained 

interruption:  

 

CAIDI =     

    
 

                      =
∑  

∑  
 

                      =        (hr)                                                                                             2.3 

Where λi is the failure rate, Ui is the annual outage time and Ni is the 

number of customers of load point i. 

 Customer Average Interruption Frequency Index (CAIFI) is designed to show 

trends in customers interrupted and helps to show the number of 

customers affected out of whole customer base. 

CAIFI =     

   
 

    =  
∑                                                                                                            2.4 

 Average Service Availability Index (ASAI) 
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ASAI =     

  
 

    =
∑  ∗ ∑  

∑  ∗
                                                                                        2.5 

Where 8760 is the number of hours in a calendar year. 
 

B. Load and Energy Based Indices 

Two of the oldest distribution reliability indices weight customer based on 

connected kVA instead of weighing each customer equally. From a utility 

perspective, Average System Interruption Frequency Index (ASIFI) and Average 

System Interruption Duration Index (ASIDI) represents better measure of 

reliability than SAIFI and SAIDI. Larger kVA corresponds to higher revenue and 

should be considered when making investment decisions [3]. Load and energy 

based indices include: 

 Average System Interruption Frequency Index (ASIFI):  

=
  

   
           (/year)                                        2.6 

 Average System Interruption Duration Index (ASIDI): 

 =
  ℎ  

   
                                                    2.7 

 

However, one of the important parameters required in the evaluation of load and 

energy oriented indices is the average load at each load point bus bar [3]. The 

average load La is given by; 

La = Lpf 

Where Lp = peak load demand 

f = load factor 

=
       

  
=                                              2.8 
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Where Ed is energy demand in the period of interest. 

 

 Energy Not Supplied index (ENS) 

      ENS= total energy not supplied by the system = Σ La(i)Ui                                               2.9       

Where La(i) is the average load connected to load point i, Ui is the average 

outage time. 

 Average Energy Not Supplied (AENS) or Average System Curtailment index 

(ASCI) 

      =
   

    
 

                   =
∑  

∑
                                                                                                     2.10 

 

2.4.4 Reliability and Outage Assessment Methods 

Many methods and techniques have so far been devised for reliability 

assessment. The basic steps of reliability assessment include the following: The 

first step is to define the system being analyzed and its operating policies. The 

system consists of components and therefore the models of the components and 

system need to be defined and specified. The combination of component states 

and system operating strategies describes system states [26]. Reliability 

assessment methods can generally be classified under: 

 Analytical methods, and 

 Numerical methods 

Analytical methods involves systems being represented by a mathematical 

models and the equations thus formed are solved to obtain the expected values 
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of reliability indices while in numerical methods, the random behavior of the 

system is analyzed through simulation of physical relationships.  

 

2.4.4.1 Analytical Methods 

Some Analytical methods available include: 

 State space method [27] 

 Contingency enumeration method [28] 

 Minimal cut set method [27] 

A. State Space Method 

The modelling of a component is typically based on its up and down state [27].  

 

 

 

 

 

                      

Fig. 2.2: State Space Model 

 

Assumption is that at every given time, the system is either working (up) or not 
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r represents down time or mean time to repair MTTR 

λ represents failure rate 

µ represents repair rate 
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B. Contingency Enumeration Method 

The objective of contingency enumeration is to identify the contingencies which 

may lead to unreliability [28]. For the purpose of convergence, multiple 

contingency ranking scheme are used to avoid the evaluation of the contingencies 

that are not likely to occur since thorough evaluation of all contingencies is 

impractical. 

 

C. Minimal Cut Set Method 

The minimal cut set method is a good tool to utilize when assessing the reliability 

of specific load points in the power system [27]. The method reduces 

computation time by focusing on the system contingencies which are relevant for 

the selected load points and not for the entire system. 

 

2.4.4.2 Numerical Methods 

A. Monte Carlo Simulation (MCS) Method 

Monte Carlo techniques are non-deterministic, and they fall into the category of 

statistical calculations [27]. They use random number in solving reliability 

problems. It randomly samples system states, testing them for acceptability and 

aggregating the contribution of loss of load states to the reliability till the 

coefficients of variation of these indices drop below a pre-specified tolerance 

[27]. The simulation of the randomly selected system condition is done with the 

use of load flows, dispatch algorithms, and pre-selected operating policies [27]. 

The results of the simulation are distributions of variables of interest (circuit 

flows, voltage levels, energy curtailment, etc.). These results are used in the 

computation of appropriate reliability indices [27]. 
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2.5 Summary 

The Nigerian power sector is made up of 3 major subsectors the generation, 

transmission and distribution. There is over 8.6 GW [5] of installed capacity of 

generating plants made of government owned and Independent power plants. 

Despite the large number of installed power generation capacity, Nigeria could 

still not meet up with the electricity demand of its populace which is estimated at 

10 GW [6] because of old age of the power plants and the lack of new generation 

plants addition. Actual electricity generation is only between 2.5-3.6 GW. 

Globally, the energy industry is driving towards sustainable low carbon emitting, 

renewable energy sources. However, renewable energy in Nigeria is still in their 

infant stage of commercialization and cannot help to meet Nigeria’s base load 

electricity demand deficit let alone its peak load. 

 

Owerri distribution system is radial in nature and took its origin from the Egbu 

transmission station. Power system reliability describes the overall ability of a 

power system to perform its function”[20]. Reliability is often measured by 

outage indices defined by the Institute of Electrical and Electronics Engineers 

(IEEE) standard 1366 [25]. These indices capture the effects of the number of 

outages, both momentary and sustained, as well as the duration of each outage 

and are usually computed from past year’s or several years’ utility data. These 

indices ultimately relate to customer satisfaction which is based not only on the 

total length of interruption but also on the frequency of interruption [25]. 

Reliability indices can be customer based or load based. 
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CHAPTER THREE 

3.0 METHODOLOGY 

The techniques required to analyze a distribution system depends on the type of 

system being considered and the depth of the analysis. 

Two basic tools: Analytical methods and Monte Carlo simulation have been 

extensively utilized for HL-I reliability evaluation. Similar techniques have been 

applied to HL-II evaluation and to HL-III. Reliability studies are normally performed 

assuming the generation and transmission systems points have unlimited capacity 

and 100% of reliability. 

Distribution systems are most likely radial or slightly meshed. Radial distribution 

system consists of a series of components including lines, isolators, bus-bars etc. 

Costumers are connected to any load point and such a system requires that all 

components between itself and the supply point be in order to be operating [29]. 

This work will utilize the analytical approach to reliability and Outage assessment 

of distribution system. Analytical techniques are generally used to evaluate the 

mean values of the load point and system reliability indices. The mean values are 

extremely useful and are the primary indices of system adequacy in distribution 

system reliability evaluation. The mean values have been used for many years to 

assist power system planners to make planning and operation decisions. A mean 

value, however, does not provide any information on the variability of the 

reliability index [29]. 
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3.1 SOURCES OF DATA 

 Station Visits 

The entire substations located within Akwa Ibom Municipal were visited for data 

acquisitions. They includes: 2*15MVA ABB inj. S/S along AKTC road, 2*15MVA inj. 

S/S. Ikot Ekpene transmission Station, 2*15MVA Abak inj. S/S., No. 2 Ukanaffort 

Road Akpan Akpan (PEDC Head Office Akwa Ibom). These stations helped with 

relevant information needed for the analysis in this work. 

 
 Interview 

Key players in power system of Nigeria were interviewed before, during and 

towards the completion of this work. Some of the key players include: Former 

Minister of Power Federal Republic of Nigeria in the person of Engr. Prof. Chinedu 

Nebo, Manager PC&M Portharourt Electricity Distribution Company (PEDC) Akwa 

Ibom chapter in the person of Engr. Mrs. Esther, Chief Operator 15MVA Zo2 inj. 

S/S along Abak road.  

 
 Documented Texts 

Authorities in power system reliability and assessment were of great help. The 

Roy Billinton Test System (RBTS) presented in [30, 31] helped in the system 

analysis. 

 

3.2 MODEL OBJECTIVES 

This model has two major objectives, which will serve as one of solutions to 

problems of power outage in Akwa Ibom State. These objectives include;  
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 Proposing with sources in which power can be generated sufficiently for the 

Nigeria population. 

 Mode of power generation which will be most reliable. 

 

3.3 MODEL CONSIDERATION 

In the process of designing this model, certain considerations were made in 

respect to the present power generation system. 

These considerations include; 

 The present generation capacity of the country. 

 The various sources which this power is generated from presently.  

 Other sources which can also be used in the future and its availability. 

 And also to what extend has these sources been utilized in power generation 

in the country. 

These considerations will increase the reliability of the country’s power 

generation. 

 

3.4 DIVERSIFICATIONS OF ELECTRICAL POWER SYSTEM 

With this, it will be possible to appreciate the advantage of diversification of 

power generation and its numerous effects on the reliability of power system 

network. 
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Figure 3.1: Diversification of Electrical Power Generator 

  

3.5 ADDITION OF HYDRO POWER PLANT 

The main components of a hydropower plant are illustrated in Figure 1. The 

hydropower plant is basically made of a generator, a turbine, a penstock and 

wicket gates. The water drives the turbine-generator set and the rotating 

generator produces electricity. At the initial stage, the stored water with clear 

hydraulic head possesses potential energy. As it flows through the penstock it 

gradually loses potential energy and gain kinetic energy before reaching the 

turbine. A critical look at the process of energy generation by hydropower plant 
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shows that hydropower plant models are highly influenced by the penstock-

turbine system, the electric generator and numerous control systems [29]. 

 Model of Hydropower Plant  

An ideal modeling of Hydro Power Plant located, has components, such as 

synchronous machine, turbine and its governing system. These components help 

to analysis the power system response during any disturbance on the system. 

Power system performance is affected by dynamic characteristics of hydraulic 

turbine and its governor system during any disturbance, such as presence of a 

fault, harmonics on the network, rapid change of load and loss of a line.  

The model of hydro power plant is developed using existing Simulink blocks 

contained in the Power Systems block set. In this simulation model, the reference 

speed signal is obtained from the kinetic energy of the falling water through the 

penstock. The measured synchronous machine speed is fed back to compare with 

the reference speed signal. The speed deviation produced by comparing 

reference and synchronous generator speed is used as input for PID based speed 

governor. PID is used as turbine governor because this control has simple 

structure, stability, strong robustness and non steady state error. The governor 

produces the control signal, causing a change in the gate opening. The turbine in 

turn produces the torque, driving the synchronous machine that generates the 

electrical power output. The speed governor constantly checks speed deviation to 

take action [28]. 
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Figure 3.2:  Hydro Electric Generation 

The model of hydro power plant using Matlab/Simulink is presented in Figure 8, 

the generating station consists of four generating units of 150 MW each. The 

model consists of hydraulic turbine, synchronous machine and excitation system 

blocks. The hydro power plant model is a 600 MW station with 210 MVA, 15.5kV 

three phase generator with a speed of 1500 rpm that is connected to a 330 kV 

network through a Δ-Y 210 MVA transformer. In the model, the synchronous 

generator is driven by mechanical power generated by the hydraulic turbine 

block. In addition, an excitation system is used to generate the excitation voltage 

that supplies the synchronous generator. The generated excitation voltage from 

the excitation system block and the mechanical power produced by the turbine 
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are both regulated through the PID controller employed in feedback systems. 

Each of the generating unit has an output of 150 MW as shown in figure 9, and 

each unit generator has an output voltage of 15.5 kV which is fed to a step up 

transformer that feeds 330 kV transmission line. A fault simulation block was 

developed on the network and likewise a load of 12 MW was added. The desired 

terminal voltage parameter is set to15.5 kV and the active power is 120 MW. The 

initial terminal voltage and field voltage is set to 1.2 and 1.3 per unit respectively 

for the excitation system block. 
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Figure 3.3: Model of Hydro Power Plant using Matlab 
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Figure 3.4: Model of Generating Unit using Matlab / Simulink 
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3.6 PUMP STORAGE PLANT 

 The production and consumption of electricity do not always run together 

concurrently. Both in industrial nations as well as developing countries with a 

rising need for energy, there are daily fluctuation in the electric grid. Pumped 

storage power plants are ideally suited worldwide in helping to even out this 

frequent change between electricity shortage and supply. 

Reliable and Quick 

As opposed to thermal power stations, pumped storage power supply is able to 

react in the shortage possible time to network fluctuation, by generating the 

required electricity or by absorbing any excess. Modern system need just thirty 

seconds to start the pumps or turbines up from a standstill in the event of a 

power failure, pumped storage power plant can re-establish the power supply to 

the network without an external energy supply. 

A Pioneer in Renewable Energy  

The highest installed capacity of pumped storage power plant can be found in the 

U.S.A., China, Japan and Western Europe. More and more countries around the 

globe are turning to the potential of pumped storage power plant as they prepare 

a way for increased use of renewable energy. Wind and solar are subjected to 

strong natural fluctuations. They cannot always provide electricity in the required 

amounts or at the desired time. Excess energy thus needs to be stored so that it 

can be made available at any time. With the current state of technology, there is 

only one possibility for achieving this in an economically viable, large-scale way: 

with the help of pumped storage plants. This means that the demand for pumped 

storage plants will continue to grow worldwide 
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The Operating Principle [Both Simple and Ingenious] 

The principle behind the operation of pumped storage power plants is both 

simple and ingenious at the same time. Their special feature: there are an energy 

store and a hydroelectric power plant in one. If there is a surplus of power in the 

network, the pumped storage power station switches to pumping mode: an 

electric motor drives pumped turbines, which pump water from a lower reservoir 

to a higher storage basin. If the demand for electricity in the grid rises, water is 

released from the upper basin via pressure pipeline to the bottom. The water 

causes the pump turbines to move, which now operate in turbine mode and are 

used in turn to drive the generators. Within seconds, electricity is generated and 

fed into the network.   
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Figure 3.5: Diagram showing the Working Principle of Pumped Storage Power 

Plant  
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3.7 BIOMASS POWER PLANTS 

 Biomass power plants use fuels like wood, in order to increase the power output 

and reduce the production cost of the electricity. There are various approaches to 

produce electricity form biomass. Pressurized air injects the fuel to the reactor 

through a pressure measurement and tuning unit. The required air is provided by 

a compressor which is driven by the turbine. Biomass is the fourth important 

energy source (after coal, oil and gas) of the world which is used to produce heat 

for different approaches. The main fuel source of these power plants is biomass. 

Biomass contains all living things such as jungles, plant lambs, leaves, ocean 

creatures etc. Biomass resources which are suitable for power generation are 

divided in 6 major groups as follows:  

 Wooden fuels 

 Jungle, farming, gardening and food industry trashes 

 Garbage 

 Bestial garbage 

 Sewerage trashes 

 Industrial trashes 
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Figure 3.6: Biomas Resources Suitable for Power Generation 

 

There are also various technologies to produce electricity from biomass: 

 Power plants with only biomass fuel 

 Twofold fuel power plants (coal + biomass)  

 Gas power plants which convert biomass to a medium or low quality fuel 
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 Biologic procedures such as digestion or fermentation.  

In power plants, biomass is used in different ways such as: 

 Co-firing 

 Direct combustion 

 Gas converter 

 Bio fuel 

 Bio gas 

 Vacuum purgation 

 Biomass power plants. 

We shall discuss each of the mentioned ways in the following sections:  

Figure 3.7: Conversion of Biomas to Useful Form   
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Co-Firing:  

Addition of a small percentage of biomass to the supplied fuel for the coal power 

plant (co-firing) is the simplest way to increase the usage of biomass in electricity 

production. At the time being, operation of 6 power plants in United States is co-

firing of more than 15% biomass fuel. From the other hand a 40% biomass co-

firing is a suitable replacement for coal fuel in coal combustion power plants. 

Direct Combustion 

Nowadays, the direct combustion of biomass is widely used in some particular 

industries such as lumber facilities, furniture, milling facilities and sugar 

production. Practically, in a direct combustion, biomass is usually combusted in a 

huge boiler in order to produce steam which yields to ranking cycle. This case is 

similar to the procedure used in coal power plants except for that the combustion 

equipments are different. Direct combustion power plants are usually smaller and 

their efficiency rate is about 20%.   

Gas Converter 

Converting biomass to gas is faster and more effective than direct combustion 

and is a clean way to derivate heat energy. In this procedure, biomass is warmed 

up in a medium without oxygen and is turned into organic substances. At the time 

being, a biomass purgation system is used for purgation of solid particles of 

garbage to produce 25MW electrical energy in Holland-Groningen [30]. 

Bio Fuel: 

 Bio fuel is the latest approach to convert biomass into usable energy from 

organic substances. Bio fuels are defined by DOE which contain alcohols, ethers, 

esters and other chemical substances produced from biomass. Some of bio fuels 
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are being combusted for electrical power generation but a major part is being 

used for transportation applications (especially ethanol and biodiesel). More than 

1.5 billion gallons (57 million liters) of ethanol is being derived from biomass each 

year and is being added to petrol to optimize the operation of transport machines 

and reduce the impurity. Alcohols are used in the complex of petrol with the scale 

of 10%. At the other hand, biodiesel is made from vegetable oil and animal fat. 

About 30 million gallons (1135 liters) is being produced in United States every 

year which is being used in diesel fuel complex with the scale of 20%.   

Biogas: 

 Biogas is used as a high efficiency fuel in gas turbines. Gas conversion complex 

cycle (GCC) includes a high cycle gas turbine and a low cycle steam turbine in 

order to achieve efficiency as twice as direct combustion. 

Vacuum Purgation: 

Another way of energy production from biomass is to use the vacuum purgation 

of organic substances to produce methane which can be used as a fuel. Vacuum 

purgation can be used to produce methane from urban, factory, and animal 

garbage. 
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3.8 POWER SYSTEM TRANSMISSION AND DISTRIBUTION NETWORK 

 

 

Figure 3.8: Showing the flow of power from the plant to the consumer 

 

The I.S.O (Independent System Operator) or R.T.O. (Regional Transmission 

Organization). The I.S.O and R.T.O is an entity entrusted with the responsibility of 

ensuring the reliability and security of the entire system. It is an independent 

authority. It usually does not own generating resources except for some reserved 

capacity in certain cases. In order to maintain the system security and reliability, 

the I.S.O procures various services such as supply of emergency reserves, or 

reactive power from other entities in the system.  

 The transmission and distribution section is provided with adequate protective 

device like: out-of-step relay, microprocessor relays, distance relay, over and 

under frequency relay, fuse and circuit breaker. 
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3.9 FUNCTIONAL DESCRIPTION 

The main function of this model is to ascertain the reliability of the power 

network when adopting diversification of power generation [balanced energy 

mix]. 

The model is design in such a way that the various plant generated power using 

different sources [diversified fuel usage] and the power generated by this 

different is collected by the bus. This power gets to the consumer through the 

transmission and distribution of power. 

The transmission and distribution section is provided with adequate protective 

device like: out-of-step relay, microprocessor relays, distance relay, over and 

under frequency relay, fuse and circuit breaker. 

 

3.10 LIMITATION OF THE MODEL 

Power system data are very dynamic and unreliable, so data use in this simulation 

may change in the nearest future. 
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CHAPTER FOUR 

4.0 ANALYSIS AND COMPUTATION OF RESULT 

4.1 THEORETICAL CALCULATION OF POWER SYSTEM RELIABILITY INDICES 

 

4.2 CASE 1: 

4.2.1 The base Case. (Analyzing the system as it is) 

In this case, the system was analyzed the way it is currently. The various load 

point indices are shown in table 4.1. Table 4.2 contains the parameters necessary 

for the computation of the system Reliability Indices which include System 

Average Interruption Frequency Index (SAIFI), System Average Interruption 

Duration Index (SAIDI), Customer Average Interruption Duration Index (CAIDI), 

Average System Availability Index (ASAI), Average System Unavailability Index 

(ASUI), Energy Not Served (ENS), and Average Energy Not Served (AENS) shown in 

table 4.1. 
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Table 4.1: The System Reliability Indices for Case 1. 

SAIFI (System Average Interruption Frequency Index) 2.8879(fr/syst.cust) 

SAIDI (System Average Interruption Duration Index) 16.7877 (hr/syst.cust.) 

CAIDI (Customer Average Interruption Duration 

Index) 

9.1770 (hr/cust.) 

ASAI (Average System Availability Index) 1.6879 

ASUI (Average System Unavailability Index) 0.01765 

ENS (Energy Not Served) 20,430 (kWh/yr) 

AENS (Average Energy Not Served) 9.65 (kWh/cust.yr) 

 

From table 4.1, it is clear that the system has poor reliability with high outage 

occurences. SAIFI is high, SAIDI is high, CAIDI is high, ASAI is very low, ASUI is high 

and ENS is outrageous. This is the reason why an average business man in Akwa 

Ibom must still budget for alternative power after paying for his electricity bill. 

The figures speak it all. No business that requires constant power can thrive under 

a system like Akwa Ibom Distribution System. The reasons are obvious. An 

improvement is not just needed but is pertinent. 
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SAIFI indicates how often an average customer is subjected to sustained 

interruption over a predefine time interval whereas SAIDI indicates the total 

duration of interruption an average customer is subjected to for a predefined 

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

ASAI specifies the fraction of the time that a customer has received power during 

the predefine interval of time and vice versa for ASUI [32]. 

The above results show the system reliability indices of the distribution system in 

its present state. The following results and analysis is aimed at showing the 

impact of improving the system with reliable automatic breakers in each sub-

feeder i.e. sub-feeders F2, F3, F4, F5, F6 and F7, providing alternate supply to the 

main feeder (F1) and sectionalizing the main supply sections on the system 

reliability indices. 

NOTE: With disconnect switches in the main section, reliable automatic breakers 

in the sub-feeders and alternate supply source present, in event of fault in any 

part of the system, instead of waiting for the faulty part to be repaired, it is rather 

isolated and the system re-energized, thus reducing the outage duration. Hence 

the component repair time is replaced with its switching time (which is the time 

taken to isolate the failed component) in the computation and the switching time 

far less than the repair time and will impact on the system’s reliability. 

 

4.3 CASE 2:  

4.3.1 Improving the system by adding breakers and Relays to the sub-feeders) 
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The case 2 load point indices for the general feeder are calculated using equations 

(3.4)-(3.6) and the result is shown for the selected load points in table 4.6. 

The system reliability indices for Case 2 is calculated and shown in Table 4.2 

below 

Table 4.2: The System Reliability Indices for case 2. 

SAIFI (System Average Interruption Frequency Index) 1.9879 (fr/syst.cust) 

SAIDI (System Average Interruption Duration Index) 14.7787 

(hr/syst.cust.) 

CAIDI (Customer Average Interruption Duration 

Index) 

6.3021 (hr/cust.) 

ASAI (Average System Availability Index) 0.99906 

ASUI (Average System Unavailability Index) 0.00094 

ENS (Energy Not Served) 14.431 (kWh/yr) 

AENS (Average Energy Not Served) 7.32 (kWh/cust.yr) 

 

From Table 4.2, the improvements are clear. After the introduction of circuit 

breakers strategically into the network, the Energy not Served is reduced from 

17,260(kWh/yr) to 11,899 (kWh/yr). The economic implication to this change for 

PEDC should be left for the imagination. The introduction of circuit breakers also 
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reduced the SAIDI from 11.9754(hr/syst.cust.) to 8.2209(hr/syst.cust.). CAIDI as 

well reduced to 6.3021(hr/syst.cust.) from 6.7017(hr/syst.cust.). The implication is 

that an average customer will now experience reduced outage duration. 

 

 

4.4. CASE 3:  

4.4.1 Further Improvement including hydro power plant 

Case 3 load point indices for the general feeder is computed and shown in Table 

4.3.below 

 

Table 4.3: The System Reliability Indices for Case 3. 

SAIFI (System Average Interruption Frequency Index) 1.0987 (fr/syst.cust) 

SAIDI (System Average Interruption Duration Index) 7.4205 (hr/syst.cust.) 

CAIDI (Customer Average Interruption Duration 

Index) 

3.7721 (hr/cust.) 

ASAI (Average System Availability Index) 0.99915 

ASUI (Average System Unavailability Index) 0.00085 
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ENS (Energy Not Served) 7,746 (kWh/yr) 

AENS (Average Energy Not Served) 2.12 (kWh/cust.yr) 

The effects of including hydro power plant are obvious. After introducing circuit 

breakers to strategic places in the network in case 2, the parameters changed 

from what they were in case 1 to a better value in case 2. Now that hydro power 

plant is introduced, the reliability of the system has been further improved hence 

outage duration reduced. Table 4.3 affirms it. Formerly (in case 2), ENS was 

9,000(kWhr/yr) but now we have 7300(kWhr/yr). It means average costumers on 

each of the load points now experience less number of interruption and reduced 

outage duration. 

 

4.5 COST IMPLIMENTATION 

Power system just like other engineering systems must be optimized. This is 

necessary since the concept of constraints is real in every engineering venture. In 

trying to improve the Akwa Ibom distribution system, as suggested by this work, 

constraints abound. Of all the constraints, cost is major. As proposed, if a circuit 

breaker is installed at each sub-feeder so as to reduce the tripping frequency of 

the main section, it implies that a total of 7 circuit breakers will be installed. As 

confirmed from a renowned manufacturer of circuit breakers General Electric, a 

suitable circuit breaker for such purpose cost between $300 and $4000. Using the 

current exchange rate of $1 to N400, the equivalent in naira is between 

N4600000 and N3,700,000. Multiplying this figure by 7 will result to N8,760,000 ≥ 
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CB ≤ N7,8990,000. Investing such amount into the system for such a desired 

output is not outrageous and will prove its worth in the long run.  

As also shown in Case 3 (including breakers and sectionalizing the main supply 

line) for improved reliability, the new cost will depend on the type of isolator 

employed. General Electric has in her shelf isolating switch of 700A maximum 

which is suitable for such purpose. Such switch cost $600 which is equivalent to 

N97,100. Based on the configuration of the system, two of such switch will be 

needed which is N101,200. This figure when added with the first estimation is 

reachable and good enough if implemented. 

There is also provision for alternate supply into the system. This is realizable as 

Distribution Company like Eko Distribution Company is already on it. The cost 

implication is higher than the other two already presentenced.  The rundown of 

the cost involved in setting a generation plant is beyond the scope of this work. As 

the analysis shows, the reliability of the system was further improved when the 

three measures were combined. 

 

4.6 COST OF ENERGY NOT SERVE (ENS) 

A power system unit can trip out in a rate given by its forced outage rate (FOR). It 

represents the percentage of time the unit may be unavailable due to forced 

outages. Due to FORs of the unit and based on the demand and available reserve, 

some portion of the energy demand cannot be served. The ENS cannot be made 

zero but should be minimized. 
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At base condition (the current state) of the system in the study year 2014, the 

Energy Not Served (ENS) by the system from the system reliability indices is 

17,260 kWhr. Customers are billed at N34 per kWhr which implies that the cost of 

Energy Not Served in the year becomes: 

34*17260 = N586,840 

Comparing this figure with the cost of implementation estimated at roughly 

N3,000,000.00, it can be seen that the implementation cost can actually be 

recovered over roughly 6yrs. This estimation though will have more effect and 

consequence if the prepaid meter system is generally used by all customers which 

will result to all customers paying for exactly what they consumed. The estimated 

bill system does not go well for the customers since they are forced to pay for 

even what they did not consume and the utility in their end may not need to 

worry about Energy Not Served since they will still get paid even without 

supplying Energy which is not a fair deal. 
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Table 4.4: The 11kV Akwa Ibom; Uyo Feeder outage duration and frequency  

data for 2013. 

Month Total outage 
duration (hrs) 

Total number of 
interruptions 

Total MVA 
supplied 

Average MVA 
supplied (per day) 

Jan 225 40 247.100 7.971 

Feb 38 17 393.892 14.067 

March 155 48 272.900 8.800 

April 91 26 366.720 12.220 

May 121 38 374.210 12.070 

June 91 26 366.570 12.220 

July 227 39 240.200 7.750 

August 94 25 366.570 12.220 

Sept 108 40 358.950 11.960 

Oct 130 35 359.950 11.610 
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    Nov 97 26 366.650 12.220 

Dec 225 40 247.100 7.971 

Total 1,602 400  10.923 

 

Total hours in a year= 8,760 

Feeder mean failure rate, f =
  

  
 

    =   

    = 0.0788 failure/yr 

Feeder mean outage duration, rf =   

  
 

                   =  

                                                           = 4.005 ℎ  

Table 4.5: The failure rate and repair time of the various components in 2013 

Components  (f/yr) r (hr) s (hr) 

50KVA Transformer 0.015 10 1.0 

100KVA Transformer 0.015 10 1.0 

200KVA Transformer 0.015 10 1.0 

300KVA Transformer 0.015 10 1.0 
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500KVA Transformer 0.015 10 1.0 

Breaker (B) 0.002 4 1.0 

Lines 0.065(f/yr.km) 8 1.0 

 

 

 

 

 

 

 

 

Table 4.6: The 11kV Akwa Ibom; Uyo Feeder outage duration and frequency 

data for 2014. 

Month Total outage 
duration (hrs) 

Total number of 
interruptions 

Total MVA 
supplied 

Average MVA 
supplied (per day) 

Jan 125 20 247.100 7.971 

Feb 28 17 393.892 14.067 

March 155 38 272.900 8.800 
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April 81 26 366.720 12.220 

May 121 48 374.210 12.070 

June 91 26 366.570 12.220 

July 327 39 240.200 7.750 

August 94 25 366.570 12.220 

Sept 108 40 358.950 11.960 

Oct 130 35 359.950 11.610 

    Nov 87 16 366.650 12.220 

Dec 325 50 247.100 7.971 

Total 1,672 380  10.923 
 

Total hours in a year= 8,760 

Feeder mean failure rate, f =
  

  
 

    =   

    = 0.0536 failure/yr 

Feeder mean outage duration, rf =   

  
 

                   =  

                                                           = 4.400 ℎ  

Table 4.7:  The failure rate and repair time of the various components in 2014 



54 
 

Components  (f/yr) r (hr) s (hr) 

50KVA Transformer 0.016 11 1.0 

100KVA Transformer 0.016 11 1.0 

200KVA Transformer 0.016 11 1.0 

300KVA Transformer 0.016 10 1.0 

500KVA Transformer 0.016 10 1.0 

Breaker (B) 0.003 4 1.0 

Lines 0.083(f/yr.km) 8 1.0 
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Table 4.8: The 11kV Akwa Ibom; Uyo Feeder outage duration and frequency 

data for 2014. 

Month Total outage 
duration (hrs) 

Total number of 
interruptions 

Total MVA 
supplied 

Average MVA 
supplied (per day) 

Jan 100 10 247.100 7.971 

Feb 38 17 393.892 14.067 

March 55 58 272.900 8.800 

April 91 26 366.720 12.220 

May 121 28 374.210 12.070 

June 71 26 366.570 12.220 

July 127 39 240.200 7.750 

August 95 25 366.570 12.220 

Sept 108 50 358.950 11.960 

Oct 130 35 359.950 11.610 

Nov 87 37 366.650 12.220 

Dec 225 50 247.100 7.971 

Total 1,250 380  10.923 
 

Total hours in a year= 8,760 

Feeder mean failure rate, f =
  

  
 

    =   
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    = 0.0506 failure/yr 

Feeder mean outage duration, rf =   

  
 

                   =  

                                                           = 3.290 ℎ  

Table 4.9:  The failure rate and repair time of the various components in 2015 

Components  (f/yr) r (hr) s (hr) 

50KVA Transformer 0.015 10 1.0 

100KVA Transformer 0.015 10 1.0 

200KVA Transformer 0.015 10 1.0 

300KVA Transformer 0.015 10 1.0 

500KVA Transformer 0.015 10 1.0 

Breaker (B) 0.002 4 1.0 

Lines 0.065(f/yr.km) 8 1.0 
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Table 4.10: Summary of Distribution Network Defects in Uyo, [12] 

Ikot Ekpene 

and Eket.  

Towns 

Defective 

cross arm  

(unit)  

Tie strap 

(pair)  

Sag 

conductors  

Insulator 

unit  

Poles  Unkept. 

Substation  

Stay to be 

replaced  

Undersized conductors 

(spans required)  

LT    HT 

 

 

         33KV 11KV 

Uyo  55  31  24  26  6  39  2  238  50  22  

Ikot Ekpene  17  7  -  16  1  16  2  569  -  -  

Eket  19  11  -  13  7  7  372  372  -  -  

Equivalent load = 34% x 142,560 = 48.47MVA 

Assuming a Power factor of 0.9  

∴ Equivalent load =43.6 MVA 

The installed capacity at 33kV at Uyo 132/133kV substation is 2 x 40 MVA = 

80MVA. This capacity is not for Uyo town alone as it includes supply to Abak and 

Ikot Ekpene. Hence, 

 The Total OF Capacity is 35MW 
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 If the power factor is measured to be 0.9,  

 Equivalent MVA = 35/0.9 = 38.8MVA 

 The load for Uyo would be: =11/2MW=5.5MW 

 the industrial feeder can be up to 3 x 23 MVA = 69MW 

 

4.7 LOAD ESTIMATION 

The installed capacity at 33kV at Uyo 132/133kV substation is 2 x 40 MVA = 

80MVA. This capacity is not for Uyo town alone as it includes supply to Abak and 

Ikot Ekpene. Based on the rating of 150mm2 conductor at 33kV, the capacity of 

the three 33kV feeders, Uyo feeder 1, Uyo feeder 2, and the industrial feeder can 

be up to 3 x 23 MVA = 69MVA 

The maximum load recorded on Abak feeder is 11MW. If it is assumed that both 

Abak and part of Uyo share the load equally, the load for Uyo would be: 

=11/2MW=5.5MW 

∴The Total OF 35MW 

If the power factor is measured to be 0.9,  

Equivalent MVA = 35/0.9 = 38.8MVA 

This load is about 10MVA lower than the estimated load from the survey. The gap 

could have been more if the loads measured were anywhere close to the peak 

loading. The only functional injection substations is the one at Oron Road with 2 x 

15MVA=30MVA. The two other new injection substations, one at the state 
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secretariat with 2 x 7.5MVA and another one at the industrial estate with 2 x 

7.5MVA are yet to be commissioned (Ministry of Power and Steel, Uyo, 2007). 

The total capacity of these two are commissioned and connected to the load 

would be=75MVA. If the capacities of the 1 x 2.5MVA at Uniuyo and 1 x 7.5MVA 

at Le Meridian Hotel are added, the total would be equal to 85MVA. 

 

 

 

 

 

CHAPTER FIVE 

5.0 CONCLUSION AND RECOMMENDATION 

5.1 CONCLUSION 

This work has been able to capture the causes and consequences of poor state of 

power in the Akwa Ibom Distribution System and has also presented 

improvement measures for better reliability and stability of the system. From the 

data collected and analyzed, it was shown that the system was not reliable and 

very unsteable. Reasons for the unreliability were clearly stated. Upon 

introduction of breakers to the sub-feeders of the system, the reliability of the 

system improved.  When hydro power plant was added, the outage was further 

reduced. The work has shown that the solution to poor state of power in Akwa 

Ibom state is not far-fetched and the cost is not beyond reach.  
 

5.2 RECOMMENDATIONS 
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In the light of the analysis and findings made so far in this work, the following 

recommendations are presented.  

 The utility company should sectionalize the network. This as the analysis 

revealed further enhanced the reliability of the system.  

 The utility company PEDC should enhance her data base management system. 

This will make further work on Akwa Ibom Distribution system or any other 

system in Imo State easy. 

 The utility company Akwa Ibom should install modern circuit breakers at each 

sub-feeder. Such breaker will isolate a branch that would want to send in a 

fault signal to the main section. This as the analysis revealed will improve the 

reliability of the system.  

 

5.3 FUTURE WORK PROSPECT 

1. Supervisory Control and Data Acquisition (SCADA) scheme in Real Time; 

SCADA systems are highly distributed systems used to control geographically 

dispersed assets, often  scattered over thousands of square kilometers, where 

centralized data acquisition and control are critical  to system operation. They are 

used in distribute on systems such as water distribution and wastewater  

collection systems, oil and gas pipelines, electrical power grids, and railway 

transportation systems [33]. A SCADA control center performs centralized 

monitoring and control for field sites over long-distance communications 

networks, including monitoring alarms and processing status data. Based on 

information received from remote stations, automated or operator-driven 

supervisory commands can be pushed to remote station control devices, which 

are often referred to as field devices. Field devices control local operations such 



61 
 

as opening and closing valves and breakers, collecting data from sensor systems, 

and monitoring the local environment for alarm conditions [34]. The reliability of 

Akwa Ibom distribution system will be improved when the above scheme is put in 

place. SCADA scheme in Akwa Ibom Distribution System will be set up in the 

Injection substation (2*15MVA) along Abak road. This will aid in the monitoring 

and controlling of the entire elements in the Akwa Ibom distribution system. 

Elements like transformers can be operated from that substation. This will 

drastically reduce downtime of the system. Faults can be easily detected and 

taken care within the shortest possible time. 

 

 

2. Geographic Information System (GIS):  

GIS is an information system that is able to collect, store, retrieve, analyze and 

display geographical data. GIS system combines different layers of information 

about a place for better understanding and depending on the purpose. Database 

which is the most important asset of an organization can be divided into two main 

various data types: spatial data that describe the location and the shape of 

geographic features and spatial relationship of map features. Attribute data 

known as descriptive information of the map features. GIS software and hardware 

are used in Electrical Power System as tools for storing, analyzing, interpreting, 

updating, displaying information, professional’s designs and maintaining the 

system. The Global Positioning System (GPS) is one of the main building blocks, 

helping in creation of any GIS system. For SCADA previously stated to achieve its 

intended purpose in improving the reliability of Akwa Ibom Distribution System, 
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GIS is a needed. Here, the entire elements of the system is MAPED and 

documented deploying GPS as base. 

3. Feeder Automation System (FAS); 

Currently, the feeders in use in the Akwa Ibom Distribution are not automated. 

This has led to the interruption of supply even when the fault is a transient one. 

Feeder Automation System is a system which employs sophisticated auto-reclose 

breakers that has the capacity to sustain supply provided the fault is transient. 

The operator at the control room employing SCADA can open a section causing 

permanent fault but Feeder Automation System takes care of transient faults and 

supply continues. To achieve this, Feeder Information System (FIS) will be 

employed. These and many more are future areas for better performance of the 

system. 
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