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ABSTRACT -- Due to the benefit of the vital nature of electric 

power, both to our economic, personal well-being and other 

purposes, a power system is expected to supply electrical energy as 

economical as possible and with a high degree of quality and 

reliability.  A reliable power station is one which would supply the 

required power within its installed capacity at any time within the 

specified voltage and frequency limits. Essential for this evaluation 

are the station's installed capacity and available generation. This 

work is to assess the past data for performance of some power 

stations in Nigeria from 2006 to 2017 to determine if they are 

supplying electric energy within their installed capacities in line 

with energy global best practices. The combined installed capacity 

of these power plant is 37% of the twenty-one thermal power 

plants connected to the national power grid. A historical 

operational data of these selected plants over a period of twelve 

years was obtained and evaluated based on power plant 

performance indices analytical techniques. Results obtained from 

these analysis shows that, the equivalent availability factor which 

is accepted as the relative index of equipment reliability in this 

study, for Afam I-V, Afam VI, Delta and Egbin are (17.13, 78.57, 

34.42, & 70.17) percent accordingly. It also shows that Afam VI 

and Egbin power stations have a good workable preventive 

maintenance programmes that upholds availability of their 

generators whereas, Afam I-V and Delta power stations were 

always faced with corrective maintenance. 

 

Index Terms: Reliability, Operational Assessment, Fossil Energy, 

Driven Power Statins, Availability Factor, Performance Indices, 

Reliability. 

 
I. INTRODUCTION 

 

he high rate of electricity demand requires stable and 

continuous supply of electrical power to consumers. Hence 

improvement of the operational performance of a nation’s 

electric supply is vital for its economic and social 

developments. Because electricity is used for the twenty four 

(24) hours of the day, it has come to play an important role in 

all aspects of our life. It has been observed that the energy 

generated by the major hydro-electric power stations in Nigeria 

does not meet up with the demand [1, 2]. 
 Bulk Electric power supply system comprises three functional 

subunits that could be separately analyzed. These three subunits 

are the power generation, power transmission and power 

distribution [1, 3]. The work focus mainly on the determination 

of the reliability of generation system.  
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Gas turbine power generators produces over 81.5% of energy 

on the national power grid [1, 3]. This brings into focus the 

importance and reliance on thermal power plants in Nigeria 

power sector. The economics of fossil fueled turbine generating 

plants in Nigeria is very attractive due to the abundance of 

natural gas reserves. 

The selected power plants are Afam I-V, Afam VI, Delta, and 

Egbin power plants. The years of these power plants covers old 

generation fossil fuel operated power plants, middle generation 

and new generation power. This represents three generations of 

thermal power projects in Nigeria. Afam I-V fossil fuel power 

station falls under the old generation power plant in Nigeria 

power sector. Afam I-V had an initial installed capacity of 972.8 

MW which as at present is about 351MW with twenty power 

generator units (GT1 – GT20). [3, 5]. Ughelli Power Station 

(formerly called Delta power station) had an initial installed 

capacity of 912MW. It also have twenty simple cycle gas 

turbines generator units (GT1-GT20) initially, the first two 

generator units were out of service since 2002. The current 

installed capacity of is 900MW. Also, Egbin Power Station has 

six fossil energy fired steam turbines generator units (from ST1 

to ST6), with a total installed capacity of 1320 MW. Each 

generator set is designed to operate on dual fuel (that is, gas and 

high pour fuel oil) and have a single reheat and six stages of 

regenerative feed heating steam generators [6].  

Afam VI Power Station belongs to Shell Petroleum 

Development Company of Nigeria Limited (SPDC), and has 

three combined cycle gas turbines (labeled GT11 – GT13), each 

rated 150MW and one 200MW steam turbine generator (ST1). 

This gives a total installed capacity in Afam VI power plant as 

650MW [1, 5]. 
 

A.  Purpose of Power Station/Plant Reliability Evaluation 
 

Power system reliability studies can be conducted for two 

purposes: 

1. Long-term reliability evaluations may be performed to assist 

in long-range system planning, 

2. Short-term reliability predictions may be sought to assist in 

day-to-day operating decisions. 

 

II. RELIABILITY CONCEPTS OF POWER GENERATING 

PLANT/STATION 
 

   The power sector is undergoing an era of transition. Cheap 

natural gas, lower cost renewable power and increased use of 

energy efficiency and distributed generation are leading to a 

transformation. As more of these generators have retired in 

recent years and been replaced with new sources of power and 
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energy efficiency, there have been questions about how to 

sustain the current level of reliability. 

In analyzing the power generation indices, the analytical 

technique of forced outages is adopted in the assessment of the 

four major chosen thermal power generating plants in the 

Nigerian power sector. The emphasis on assessing the 

performance of thermal power plants is due to the fact that, 

fossil energy power plants constitute 82.7 percent of the total 

installed power generation capacity on the national electrical 

power network. The challenges of extreme electricity shortage 

over the years has been facing the Nigeria citizens especially 

those in academic. System components are categorized into 

different sensitive critical levels such that when failures occur, 

shutdown or just an alarm is triggered. A thermal power 

generator arrangement consist of several systems, subsystems 

and auxiliaries that are designed and programed to operate in 

unison. As a result, component failure rate affects the 

availability, reliability and capacity utilization of the plant. 

Reliability assessment on power station are usually tackled 

from two perspectives; either power plant competence and or 

power plant security. Power Plant competence is interpreted as 

having sufficient facilities to generate the required power 

demand from consumers under static conditions. On the other 

hand, power plant security hinges on the capability of the plant 

to absorb both dynamic and transient disturbances prevalent in 

bulk power supply systems [4, 8]. 

Reliability assessments are aimed at investigating the 

performances of existing facilities with a view to planning for 

either operational adequacy requirements of the power supply 

in the future or applying corrective actions to enhance the 

reliability of the existing equipment. Reliability of an 

equipment is the probability that the equipment will sustain 

operations in accordance with its designed specifications at a 

given period. Power generation reliability evaluations have 

been dominated by deterministic and probabilistic methods of 

modeling [9, 11, 12]. To achieve a standard degree of reliability 

at the customer level, each of these systems must provide an 

even higher degree of reliability. However as systems grew 

larger and more complex, the need for rigorous analysis in the 

form of formal concepts and methods of reliability theory have 

been applied to almost every aspect of power system reliability 

evaluations.  

The popular probabilistic indices are: i) LOLP: This 

describes the probability of the system load exceeding the 

available generation under the assumption that the peak load of 

each day lasts all day. It is expressed in units of day/year. ii) 

LOLE: This describes the expected number of days in a year  

when loss of load occur [12]. 

The probabilistic modelling method depend on either statistical 

analysis of data gathered to identify events and the performance 

of power system components Though probabilistic approach 

queries the operational data accumulated over the years on the 

facility, to tackle system failures [12, 13]. Probabilistic indices 

such as, Loss-of-Load Expectation (LOLE), Forced Outage 

Rates, Loss-of-Load Probabilistic (LOLP), Mean Time 

between Failure, and Failure Rate, are very popular for 

evaluating equipment reliability indices. As a result, Equivalent 

Availability Factor (EAF) will be used as the reliability index 

in computing the operational reliability of the thermal and 

hydroelectric power plants because, it is impossible to separate 

the load models for the two different systems that are 

synchronized onto a common power grid. The research 

instrument is the Generating Availability Data System (GADS) 

gathered and compiled in the National Control Centre (NCC) 

[2, 5, 14]. 

III.  METHODOLOGY 

The analytical technique of forced outages is adopted in the 

assessment of generation indices of the four major chosen 

thermal power generating plants in the power sector. The 

number of generator units that were included in the assessment 

for annual rating of the respective plant are (i) Afam I-V, (ii) 

Afam VI, (iii) Delta, and (iv) Egbin generator units. 

Out of twenty generator units in Afam I-V power station, seven 

had been scrapped off. Afam VI had four generator units, Egbin 

had six generator units and Delta out of twenty generator units 

two are scuffled. Equivalent Availability Factor (EAF) will be 

used as the reliability index in computing the operational 

reliability of the thermal and hydroelectric power plants. 

 

A. Presentation of Data  

Generating Availability Data System (GADS) is recognized 

as a valuable source of reliable information for total unit and 

major equipment groups and is widely used by industry analysts 

in a variety of applications. The parameters acquired from 

GADS-NCC was used for the evaluation of performance 

indices in the chosen power plants. The parameters are: (i) 

generator availability; (ii) summaries of the maximum 

capacities and the average loads of the four chosen power 

stations. (iii) number of generator trips per year. The summaries 

of the maximum capacities of the chosen power plants and the 

average load of each are presented in Table I. The data collected 

are presented in Tables II to V for 2007 to 2017. 

 

 

 

 

 

TABLE I 
MAXIMUM CAPACITY AND ANNUAL AVERAGE LOAD SUMMARY OF THE 

POWER STATIONS (MW) 
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B. Reliability Indices of Power System Plants 

Evaluation of the reliability and availability of generator 

units in the chosen power stations are carried out using the 

GADS of NCC from 2007 to 2017. Each equipment has 

designed in-built availability (AI) which is defined as: 

 MTTRMTBF

MTBF
Ar




                    (1) 

Where: MTBF is Main Time Between failure and MTTR is 

Main Time to Repair expressed as: 
 

FailureEquipmentofNumberTotal

DaysUptimeEquipmentTotal
MTBF

)(


     (2) 

FailureEquipmentofNumberTotal

DaysDowntimeEquipmentTotal
MTTR

)(


     (3) 

Unavailability or downtime complements availability or 

uptime. Also, total time is equal to uptime plus downtime. Total 

Time (1 year) = Uptime + Downtime (Unplanned +Planned) 

Uptime = Total Time – Downtime (Unplanned +Planned)       (4) 

Note; Total time applied in this paper is either 365days (or 

366days if it’s a leap year). With the annual trip data collected, 

the MTBF’s and MTTR’s were calculated. GT6 had 8 trips in 

2006 whereas, GT7 had 0 trip and operated for 226days and 0 

day. Therefore, the MTBF and the MTTR of GT6 and GT7 in 

2006 are calculated using Eqs. (2 & 3) as follows: 

days
Days

GT 28
8

)(226
6forMTBF  , and 

days
Days

GTforMTTR 0
0

))(226365(
6 


  

  days
Days

GTforMTBF 0
0

)(0
7  , and  

days
Days

GTforMTTR 0
0

)(0365
7 


  

The calculated MTBFs are as shown in Tables VI-VII, and 

Tables VIII-VIX represent the generators’ MTTRs for Afam I-

V, Afam VI, Delta and Egbin power stations respectively. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

TABLE II 

AFAM I-V POWER STATION GENERATOR UPTIME (IN DAYS) 

 

TABLE III 

AFAM VI POWER STATION GENERATOR UPTIME (IN DAYS) WITH UNIT CAPACITY OF 200MW 

 
TABLE IV 

DELTA POWER STATION GENERATOR UPTIME (IN DAYS) 

 

TABLE V 

GENERATOR UPTIME (DAYS) IN EGBIN POWER TATION 

 

TABLE VI 

AFAM I-V POWER STATION GENERATOR UNIT YEARLY TRIPS 
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C. Plant Energy Availability Factor (PEAF) 
 

 

Station Plant Equivalent/Energy Availability Factor over one 

year period – ‘f ’ is the ratio of energy H that the available 

capacity (h) could have produce during one year to the energy 

G that the maximum capacity (g) could have produced in that 

same year: 
 

G

H
fEAF : (expressed in percentage of the energy G)  (5) 

  

The energies G and H are expressed mathematically as: 
 

dthH . or ,.thhH  and  

tggGordtgG .,..     (6) 

Where: th  = duration of available capacity h and tg = duration 

of maximum capacity g as in (5),   
 

Yeargiventhatin

MWPMCPlanttheofCapacityMaximumPlant

YearagiveninMWPALLoadAveragePlant

PEAF

)(

)(



(7) 

Calculation of PEAF is carried out using Eq. (7). From Table I. 

Afam I-V PEAF for 2012 is calculated thus 

272.0
00.351

32.95


MW

MW
VIAfamforPEAF ,   

 

 

274.0
00.900

23.246


MW

MW
DeltaforPEAF , 

The yearly data in Table I and V have been used to calculate the 

yearly PEAF for the four chosen power plants. The results of 

the yearly PEAF of four chosen plants in   under review are 

presented in Table X. Thus, this index gives the true measure of 

the probability of the power station performing its intended 

function. Energy Available Factor (EAF) illustrates the 

reliability of the plant in general, taking in to account all 

complete and partial outages [1, 8]. Generator Equivalent 

Availability Factor (GEAF) is expressed as:  
 

Yeargiventhatin

MWGMCCapacityMaximumGenerator

Yeargivenain

MWGALLoadAverageGenerator

GEAF

)(

)(



       (8) 

 

D. Model for Calculation of Generator Average Load 

(GAL) for the given year 
 

On the generators operational Uptime Table for the given 

plant, separate and add up the total Uptime for the generators 

with similar installed capacities within the year as presented at 

the extreme right of the uptime tables in Tables 2. For Afam I-

V plants, summation of the generator units with the same 

nameplate and capacities that contributed to the annual 

maximum rating of the plant were carried out. Eq. (9) is the 

developed model for determining the Generator Average Load 

(GAL) from the weighted Plant Average Load (PAL) as 

presented in Table III. 
 

)(

)(

)(

)()(

DaysUnitsSimilarofUptimeTotal

DaysUnittheofUptime

MWPMC

MWTCSUMWPAL

GAL






 (9) 

Where: TCSU = Total Capacity of Similar Units (MW) 

operated in the year & PMC = Plant 

Rated (maximum) Capacity of the year. 

Total Uptime of similar Units (in days) are shown at the 

extreme right columns after generators in Table II. The 

weighted average Load of Afam I-V in the year 2007 & 2008 

are 228.11MW & plant rating of 931.6MW, 82.12MW & plant 

rate of 931.6MW as shown in the Table. Using Eq. (9), the 

Average Loads carried by each generator unit are calculated 

TABLE VII 

AFAM VI POWER STATION GENERATOR  
UNITS YEARLY TRIPS 

 

TABLE VIX 
AFAM VI POWER STATION GENERATOR MTTR 

 

 

TABLE VIII 

AFAM I-V POWER STATION GENERATOR MTTR 
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thus: For 2007, we have GT5, GT17, GT18, GT19 and GT20 

respectively. 

MW
Days

Days

MW

MWMW

GTforGAL

70.11
)(61

)(61

60.931

8.4711.228

5





 

 

MW
Days

Days

MW

MWMW

GTforGAL

77.35
)(115

)(112

60.931

15011.228

18





 

The Generator Average Load (GAL) for all the generator units 

in the four power stations are calculated and some are as 

presented in Tables XI-XII for the four chosen power plants 

from 2007 to 2017. 

 

 
 

 

 

 

 

 

After computing GAL for Afam I-V’s GT6, GT10, GT17 and 

GT20 in the above examples, Values of the Generator Average 

Load (GAL) obtained from Eq. (9) are substitute into Eq. (8) to  

get the value of equivalent availability factor of each generator 

unit. For 2015 & 2016:  
 

;45.0
9.23

69.10
7 

MW

MW
GEAFGT  

;39.0
75

50.29
16 

MW

MW
GEAFGT  

;61.0)
75

40.45
(17  MWGEAFGT  

 

Some of these (GAL) are presented in Tables XIII to XIV for 

the chosen generator units, which is Afam I-V, Afam VI, Delta 

and Egbin power station accordingly.  

 

 

 

 

 

 

 

 
 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
  

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

TABLE X 

ENERGY/EQUIVALENT AVAILABILITY FACTORS FOR THE FOUR POWER STATIONS 

 

TABLE XI 

GENERATORS ‘CAPACITIES AND AVERAGE LOADS (MW) SUMMARY IN AFAM I-V POWER STATION

 

 

 

 

TABLE XIII 

GENERATORS EQUIVALENT AVAILABILITY FACTOR OF AFAM I-V POWER STATION 
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IV. RESULTS AND ANALYSIS 

The results of the study for some of the chosen stations are 

presented thus; ccalculated Reliability Indices in Afam I-V 

Power Station Presented in Fig.1 & 2. 

 

 

 

 

 

 

 

 

The yearly average MTBF of Afam I-V generator units varies 

from 2day in 2010 to 29days in 2007. In contrast with MTTR 

which varies from185days in 2012 to 339days in the year 2016. 

The graphs in Fig.2 shows that within the period (12 years) of 

the study, more time was spent in breakdown maintenance on 

generator units. Using the evaluated equivalent availability data 

in Table XIII to access the average availability of generator 

units in Afam I-V power station as shown in Fig.3.  

 

 
 

 

 

 

 

 

 

 

From Fig.3, it is shown that GT17 was most reliable in the 

eleven years operation of the plant. Followed by GT18 with 

11.72% reliability. 
 

A. Reliability Indices Analysis of Afam VI Power 

Station. 

Using the calculated reliability indices of Afam VI 

generators presented in Tables III, VII and VIX, Fig.4 is 

generated.  
 

 
 

 

 
 

The chart shows that, an effective preventive maintenance 

programme of the generator units were in place, and carefully 

implemented. Fig.4 also reveals abundant availability of all the 

generator units. The graph on the average annual performance 

rating for all the generator units of Afam VI plant are calculated 

and as shown in Fig.5. The performance styles of Afam VI 

reliability indices in Fig.5, are in harmony with the performance 

of generator units.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.5 also shows a good condition-based maintenance is 

effectively implemented on the system.  

 Fig.6 represents the calculated average equivalent available 

energy graph of generator units in Afam VI power station using 

the data presented in Table XIV.  

 

 

 

 

 

 

Fig. 1.  Average Performance on Reliability Indices 

by Generators in Afam I-V Power Plant (for 11 

years) 

 

 

Fig. 4.  Average Performance on Reliability Indices by Generators in  

Afam VI Power Plant (for 8 years) 

 

 

 

 

 

bnnn 

 

Fig. 3.  Average Equivalent Availability of Generator Units in 

Afam I-V Power Station 

 

 

 

Fig. 5.  Reliability Indices Variation of Afam VI Power Plant with 

Year. It shows that a good condition-based maintenance is being 

effectively implemented on the system. 

 

 

 

 

 

 

 

Fig. 2.  Reliability Indices Variation of Afam I-V Power Plant with Year. 

 

TABLE XIV 

GENERATORS EQUIVALENT AVAILABILITY FACTOR 

OF AFAM VI POWER STATION
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B. Reliability Indices Analysis of Egbin Power Station 
 

Furthermore in the analysis, using the calculated reliability 

indices of Egbin power station the graph shown in Fig. 7 is 

generated. 

 

 

 

 

 

 

 

 

 

 

 

 
Reliability indices for generators in Egbin power plant 

presented in Fig. 7 clearly shows that preventive maintenance 

programme is being implemented each year. It also shows that 

the generator units are available most of the time in each year 

for operations, rather than constant repair. The main time to 

repair surpassed both the availability and the main time between 

failures thus, this unit unavailability adversely effected the 

reliability of Egbin power station during the period. 

 

C. Reliability Analysis of the Chosen Power Stations 
 

With the evaluated data information presented in Table X, the 

graph in Fig. 8 is produced. Fig. 8 presents the percentage 

equivalent availability of the four power stations for the eleven 

years period of the study (from 2007 to 2017). Having 

implemented the Equivalent Availability as the relative index 

of quality reliability in this study, the reliability of the four 

thermal power plants varies from (4.18 to 27.44)% for Afam I-

V, (17.10 to 93.03)%  Afam VI, (24 to 55.84)% Delta and 

(52.65 to 77.49)% Egbin power plants respectively. 

 

 

 

 

 

 
 

Fig. 8 represent the Plant Energy Availability Factor (PEAF) 

for eleven years period of study of the chosen power stations. 

Their average reliability factors are (17.13, 78.57, 34.42, & 

70.17) percent accordingly. The World Energy Council 

Availability Factor (WECAF) accepted for used as a 

benchmark value for good performance in Nigeria is 83.50%. 

This value is juxtaposed into Fig. 8 to compare the performance 

of the four power plants. It was observed that each of the four 

power plants needs some improvement on their daily 

availability [15]. We noticed short falls from the operational 

equivalent availability of 66.37 percent by Afam I-VI, 49.08 

percent by Delta power station, 4.93 percent by Afam VI and 

16.67 percent by Egbin power station respectively.  By this 

analysis, certain basic functions are not fully implemented; i) 

shortage and obsolete machines/equipment, ii) lack of 

proficient and trained workers conversant fault location and 

troubleshooting through the Human-Machine-Interface of the 

turbine packages. iii) Low operational availability of power 

plants caused by lack of strategic planning of maintenance 

activities and poor maintenance practices. 
 

 

V. CONCLUSION 

Average reliability of Afam I-V, AfamVI, Delta and Egbin 

are (17.13, 78.57, 34.42, & 70.17) percent respectively. These 

values are lower than the WEC factor recommended average 

energy availability of fossil energy turbine generators. From the 

chart, the performance of Afam VI and Egbin Power stations 

could be rated as fair while the performance of Afam I-V and 

Delta power stations are so low. Utility companies and 

operators of power stations have duty to manage electrical 

assets in a manner that would guarantee uninterrupted 

electricity supply and the maintenance of the as built technical 

reliability of the equipment throughout its life span 

 

A. RECOMMENDATIONS 

1. Root cause failure analysis (RCFA) should be carried out for 

all major equipment failures to dissect underlying causes of 

defects thereby helping to implement corrective actions to 

avoid reoccurrence. RCFA functions are to determine the cause 

of a problem and implement corrective and curative actions 

efficiently in cost effective manner, to rectify, identified 

problem and to provide data that can be used for rectifying 

similar problems in the future. 

2. A positive work environment that encourages the personnel 

to perform to the best of their abilities should be created. Also 

periodic performance appraisals and reward to good 

performance should be motivate personnel and monitored with 

apt seriousness. [Note: Some tables are not included in this edition because of limited pages] 
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