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fragmented insights into plant health. The CAA framework, by contrast, 
integrates thermodynamic and reliability parameters, enabling comprehensive 
system evaluation and facilitating optimized maintenance scheduling, a method 
particularly applicable to Nigeria's thermal stations where both mechanical 
degradation and operational inefficiency are prevalent.
Predictive analytics has also been introduced into reliability evaluation. 
Dechgummarn et al. (2023) developed a Weibull + polynomial regression model 
that captures seasonal and operational effects on failure rates, resulting in a 
predictive metric known as the Total Factor Deterioration Index (TFDI). This 
model supports pre-emptive maintenance planning and reliability forecasting 
across the system life cycle, transforming reliability evaluation from a reactive to 
a proactive discipline.
Component-level studies reinforce these insights. Sunitha et al. (2025) examined 
the Reliability, Availability, and Maintainability (RAM) of a thermal boiler 
system and found that mechanical wear, corrosion, and maintenance delays 
significantly reduce reliability. They recommended condition-based 
maintenance and scheduling optimization. Similarly, Okeke et al. (2024) 
assessed power transformer reliability using statistical models and emphasized 
that transformer health is central to sustaining network reliability across 
generation and transmission systems.
Within Nigeria, reliability research has largely concentrated on distribution 
infrastructure rather than generation units. Eyenubo and Ebisine (2022) analyzed 
loaded distribution transformers under the Benin Electricity Distribution 
Company network, identifying overloading and insulation breakdown as key 
causes of failure and advocating for power-quality-based monitoring to ensure 
dependability. Extending this work, Eyenubo et al. (2025) conducted a 
quantitative reliability assessment of the Oria-Abraka 33/11 kV substation in 
Delta State using Fault Tree Analysis and power-flow modeling. Their findings 
revealed excessive restoration times and transformer overloading, and they 
proposed predictive maintenance and smart-grid integration as key strategies for 
improving reliability at the substation level.
Despite these advances, generation-level reliability assessments in Nigeria 
remain limited. Considering that thermal plants contribute over 80 percent of the 
nation's installed generation capacity (Shopeju & Oyedepo, 2021), their 
dependability is central to achieving sustainable power supply. Existing studies 
emphasize distribution-side reliability, leaving a gap in comprehensive 
generation analysis that accounts for plant-specific operational conditions, fuel 
variability, and maintenance frequency.
Accordingly, this study evaluates the reliability of a thermal power station in 
the southern region of Nigeria using probabilistic reliability indices and 
performance-based modeling. By integrating insights from previous works, 
this research contributes a holistic framework that links reliability modeling 
with operational data for improved generation planning.

Nigeria's power generation sector faces persistent reliability challenges arising from frequent equipment failures, poor maintenance practices, and aging infrastructure. 
Thermal power plants, which supply the majority of Nigeria's electricity, continue to operate below international reliability benchmarks, leading to reduced efficiency 
and unstable power delivery. This study evaluated the reliability performance of Power Station located in the southern region of Nigeria, to quantify its operational 
dependability and identify major causes of unreliability. Five years of operational data (2017–2021) covering energy generation, fuel consumption, and outage records 
were analyzed using probabilistic reliability indices, including Mean Time to Failure (MTTF), Failure Rate (λ), Capacity Factor, and Thermal Efficiency. The analysis 
revealed that plant reliability fluctuated between 41.77% and 74.24%, with an average value consistently below the international standard of 90%. The highest 
reliability was recorded in February 2018 (74.24%), corresponding to improved maintenance activity, while the lowest occurred in February 2020 (41.77%), coinciding 
with increased downtime and equipment faults. The mean annual capacity factor ranged from 36.9% to 73.9%, and thermal efficiency values remained below optimal 
levels, indicating significant operational losses. These results highlight that reliability is largely influenced by maintenance consistency, equipment age, and operational 
planning. The study recommends adopting predictive and condition-based maintenance strategies, upgrading aging units, and improving operational scheduling to 
enhance system dependability. 
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For a reliability evaluation of a thermal power station in the South region of 
Nigeria, it is important to recognize that plant reliability is still heavily 
constrained by practical, on-ground issues particularly frequent equipment 
breakdowns, weak maintenance culture, and aging infrastructure which reduce 
availability and worsen forced outages in gas-dominated generation portfolios 
(Shopeju & Oyedepo, 2021; Efenedo & Edegbo, 2023).
At the same time, reliability assessment is no longer only an “engineering 
performance” issue; it also sits within the wider energy-security and transition 
context. Evidence from Nigerian-focused sustainability synthesis shows that 
effective energy transition pathways require integrated, context-specific policy 
frameworks and stronger institutional coordination because fragmented 
approaches can weaken resilience and ultimately affect system performance and 
socioeconomic stability (Obuseh et al., 2025).
Operationally, sustaining reliability also depends on better planning and dispatch 
decisions that reflect actual demand conditions and uncertainty. Recent Nigerian 
power-system studies show that improving short-term load forecasting and 
operational planning can support more stable scheduling and resource allocation, 
which indirectly strengthens reliability outcomes for generation and grid 
operations (Efenedo & Akalagbaro, 2012; Eyenubo et al., 2025).
Thermal power stations are intricate systems composed of boilers, turbines, 
generators, and auxiliary units, whose combined performance determines total 
output efficiency. Failure in any of these components often triggers cascading 
outages that compromise overall plant reliability. Reliability, in this context, is 
defined as the probability that a system or component performs its intended 
function without failure under specified conditions (IEEE,1990). Metrics such as 
the Mean Time to Failure (MTTF), Mean Time to Repair (MTTR), Forced 
Outage Rate (FOR), and Availability Factor (AF) are traditionally used to 
quantify this performance. Yet, deterministic models that rely solely on fixed 
operating conditions have proven inadequate for capturing the stochastic and 
dynamic behavior of power system components (Shopeju & Oyedepo, 2021).
Consequently, researchers have increasingly adopted probabilistic and stochastic 
reliability models to improve predictive accuracy. Shopeju and Oyedepo (2021) 
demonstrated that probabilistic indices and Markov modeling better represent 
plant degradation and downtime variability than deterministic methods. 
Similarly, (Kumar 2024) employed Boolean Function Expansion and Mean Time 
to Failure analysis to enhance reliability prediction in thermal power plants, 
showing that integrating probabilistic and analytical techniques produces a more 
realistic estimation of system dependability.
Building on these foundations, Bassey and Odesola (2024) proposed the 
Combined Assessment Approach (CAA), which unifies reliability, availability, 
and exergy efficiency into a single evaluative metric. Their approach highlighted 
that traditional methods analyzing reliability or efficiency independently provide 



30

2.2 Data Collection and Sources
The data used for the reliability and performance evaluation were obtained from 
the Operations Department of the power station and covered a five-year 
operating period (2017–2021). Records were extracted primarily from the 
operational logbooks for Delta III and Delta IV, which document the station's 
daily/monthly operation, generation outputs, disruptions, and unit status. The 
dataset captured core operational variables needed for reliability assessment, 
including energy generated, fuel usage, unit trip events, outage durations, and the 
documented reasons for outages. In addition, installed capacity and available 
capacity records were collected to support capacity-based indices and to 
distinguish between nameplate capability and what was technically available for 
dispatch during the study period. For transparency and traceability, sample 
logbook structures used in extraction are shown in Table 1 and Table 2, while the 
compiled monthly/annual summaries used in analysis are presented in Tables 3-
5.
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2. Materials and Methods
2.1 Description of the Study Power Station
This study was carried out on a gas-fired thermal power station located at 
Eruemukohwarien-Ughelli, Delta State, Nigeria (5.541314°N, 5.915909°E). 
The station is made up of multiple generating units grouped under Delta III and 
Delta IV, with an overall installed (nameplate) capacity reported as 972MWh. 
Delta III comprises several gas turbine units (GT-6 to GT-14), each rated at 25 
MW and connected to 81 MVA transformers, while Delta IV comprises higher-
capacity units (GT-15 to GT-20) with unit ratings ranging from 100–115 MW and 
transformer ratings of 120–150 MVA. The station configuration and unit ratings 
were obtained from the operational records, and sample entries for Delta III and 
Delta IV. Tables 1 and Table 2 show the sample logbooks obtained for these two 
units respectively.

2.3 Performance and Reliability Parameters
The analysis was based on a set of performance and reliability parameters 
extracted from the station's operational records. The key output variable was total 
energy generated (MWh), compiled monthly and annually across the five-year 
period to describe the station's delivered electrical energy. Fuel input was 
captured through gas consumption (SCF), which was further processed into mass 
of fuel consumed (kg) to enable consistent fuel-to-output evaluation over time, 
with the compiled fuel mass values presented in Table 3. Reliability-related 
events were characterized using unit trip records and outage information, 
including the frequency of trips, outage durations, and the documented causes of 
the outages, since these disruptions directly affect unit availability and 
generation continuity. In addition, installed capacity and available capacity 

(MW) were used to represent the station's maximum rated capability and the 
portion actually available for operation over each period. Finally, the study 
considered total power loss (MWh) as an indicator of lost generation attributable 
to interruptions, constraints, and inefficiencies, with the compiled loss values 
presented in Table 5, while the corresponding generated energy values are shown 
in Table 4.
2.4 Reliability and Performance Evaluation Methods
Reliability and performance evaluation was conducted by organizing the 
extracted operational data by year (2017–2021) and computing standard indices 
that relate actual generation to plant capability and operational interruptions. A 
primary measure used was the Capacity Factor (CF), which indicates the extent 
to which the station utilized its installed capacity to produce electrical energy 
over a given period. Capacity factor was determined as the ratio of total energy 
generated to the theoretical maximum energy that could have been produced if 
the plant operated continuously at its nameplate rating, expressed as:

where Cn is the nameplate capacity of the plant in MW, and Egen is the total 
energy generated in MWh over the period considered.  Beyond capacity 
utilization, reliability matrices were developed by analyzing the operational log 
data to quantify how unit trips and outage events shaped station performance 
over time. This involved evaluating outage durations and outage causes 
alongside the generation record, and relating these disruption patterns to 
observed changes in yearly output and total power loss. Fuel consumption data 
(gas usage and derived fuel mass) were also assessed together with generated 
energy to support an input-output perspective of operational effectiveness across 
the study years, while annual power loss records provided an additional basis for 
interpreting the magnitude of unrealized generation associated with station 
interruptions and constraints.



31

3. Results and Discussion

3.1 Analysis of Annual Metrics
To address the study objective of evaluating the reliability and operational 
performance of the Ughelli thermal power station (Delta State) over the period 
2017–2021, Table 6 summarizes the annual operating ranges 
(minimum–maximum values) of key indicators, including total energy 
generated, plant reliability, capacity factor, lost power, fuel consumption, 
thermal efficiency, failure rate, and mean time to failure (MTTF). These 
indicators collectively show how consistently the plant converted installed 
capacity into usable electricity, how frequently it failed, and the magnitude of 
energy lost due to outages and operational constraints.

Table 6 reveals a plant that was operational but persistently underperforming 
relative to what would be expected from a well-maintained, mature thermal 
generation facility. First, the total power generated shows that peak monthly 
outputs were highest in 2018 (maximum value of 346,128 MWh), while other 
years recorded lower peaks (e.g., 263,585 MWh in 2019 and 281,162 MWh in 
2020). This variability implies that the station's generation capability was not 
stable year-to-year, which is a direct reliability concern because a reliable base-
load thermal plant should show more consistent dispatch readiness and output 
performance. A key implication for the South-region grid is that fluctuating 
generation from a major thermal station can worsen supply volatility, reduce 
reserve margins, and increase dependence on load shedding or alternative 
generation.
The plant reliability remained far below the 90% benchmark stated in the study 
across all five years, with annual ranges roughly between the low 40s and mid-
70s. This is not a minor deviation; it indicates a plant environment where forced 
outages, prolonged downtimes, and recurrent trips were a dominant operational 
feature rather than an occasional event. The capacity factor shows the same 
structural challenge: although 2018 attained a maximum of about 82%, the other 
years show lower peaks and wide spreads, indicating that the station did not 
sustain high utilization consistently across months and years. The lost power 
(MWh) is consistently high, with maximum annual losses above 240,000 MWh 
in several years. This strengthens the reliability interpretation: large losses of this 
scale typically reflect forced outages, prolonged repairs, partial deratings, and 
operational unavailability. These losses have both technical and economic 
meaning: technically, they indicate lower system adequacy; economically, they 
translate into lost revenue, higher cost of energy, and reduced ability to meet 
industrial and domestic load reliably. The failure rate and MTTF values jointly 
confirm an unstable reliability environment. Higher failure rates coincide with 
lower MTTF, showing that unit interruptions were not rare events but frequent 
enough to reduce the average operating time between failures. Finally, the 
thermal efficiency values reported in Table 6 show very small numerical 
magnitudes, but the key interpretive point for this Results section is the variation 
over time rather than the absolute magnitude. The year-to-year and month-to-
month spread suggests that the plant's conversion effectiveness fluctuated, which 
is typical where units operate at partial loads, experience unstable combustion 
conditions, or face operational constraints that reduce efficient dispatch. This 
supports your broader objective on performance evaluation: reliability problems 
and dispatch instability often propagate into efficiency instability.
Table 7 compares the reliability and utilization performance of the Ughelli 
thermal power station with closely related Nigerian case studies. The comparison 
shows that Ughelli's plant reliability remained well below international 
expectations (roughly 41.77–74.24% across 2017–2021) and its capacity factor 

was highly variable (36.93–82.01%), a pattern consistent with national evidence 
of constrained generation due to unit unavailability and operational limitations, 
as reflected by the wide unit-level availability/reliability spreads reported for 
Egbin and the low overall reliability and capacity factor reported using the 
Nigerian Plant case

3.2 Plant Reliability Trends
To meet the study objective of examining reliability behavior over time, Figures 
1–5 present the monthly trend of plant reliability for each year from 2017 to 2021, 
extracted from the annual reliability ranges in Table 6. These figures show not 
only whether reliability was high or low, but also whether reliability improved 
steadily, fluctuated seasonally, or declined patterns that are essential for linking 
reliability outcomes to maintenance practice and operational strategy.
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4. Conclusion
While there were periods of good performance, the overall reliability of Ughelli 
Power Station remains below what is needed for dependable grid support. The 
findings show that, although there were some improvements in power generation 
across the study period, persistent challenges related to reliability and aging 
infrastructure continued to hinder the station's overall performance. The 
reliability of the power station averaged 56.64% for the period under review, 
which is significantly below the typical global benchmark of 85–95%, indicating 
frequent breakdowns and recurring system failures. The main issues identified 
include aging equipment, inadequate maintenance practices, technical 
inefficiencies, and suboptimal operational strategies. These factors contribute to 
repeated outages, increased downtime, higher power losses, and reduced energy 
supply to the national grid thereby limiting the station's ability to meet demand 
consistently. To improve performance, the plant requires better and more 
structured maintenance schedules, a more consistent year-round operational 
strategy, targeted workforce training, adoption of advanced energy management 
systems (EMS), and phased upgrades or rehabilitation of critical aging 
components.
Implementing these measures would enhance operational stability, reduce 
avoidable losses, and improve reliability and availability. Ultimately, by 
investing in appropriate technologies and a stronger operational plan, Ughelli 
Power Station can improve its reliability, reduce power losses, and contribute 
more effectively to meeting Nigeria's growing electricity demand and 
strengthening the national grid.

In Figure 1, reliability fluctuates between a low value around 44.25% and a peak 
around 70.45%. The implication is that even when the station achieved relatively 
better months, it could not sustain those gains consistently through the year. This 
type of fluctuation is typical of plants where corrective maintenance dominates 
over predictive/preventive strategies, so performance temporarily improves after 
repairs but drops again when new failures occur.

Figure 2 shows the strongest year among the five, with reliability reaching about 
74.24% at peak and maintaining a higher minimum than several other years. 
Practically, this suggests that operational conditions such as better unit 
availability, more effective maintenance execution, or fewer severe failures were 
relatively improved in 2018. However, even this “best year” remained below the 
benchmark stated in the study, indicating that the plant still operated under 
reliability limitations.

In Figure 3, the reliability peak drops compared with 2018 and the year ends at a 
lower minimum. This pattern implies that the station experienced either 
increased failure incidence, longer repair durations, or more frequent unit 
deratings. 

Figure 4 shows the worst minimum reliability (41.77%) across the entire study 
period. From a reliability-engineering standpoint, this reflects a year in which 
forced outages and/or prolonged downtimes were more severe. The implication 
is significant: when reliability drops into this range, the plant becomes less 
dependable as a grid-supporting asset, forcing the system operator to rely on load 
shedding, alternative generation, or reduced supply quality. 

In Figure 5, reliability improves compared with the worst period in 2020 but still 
remains capped below 60% at peak in your annual range. This indicates that 
while some recovery may have occurred, the plant did not achieve a sustained 
improvement trajectory.
Taken together, the Figures 1–5 show that reliability improvement was not 
progressive or sustained across the five years; rather, the plant exhibited year-
specific fluctuations and a persistent ceiling well below the benchmark stated in 
the study. This directly supports your study objective on reliability evaluation: 
the plant's performance challenge is systemic and requires interventions that 
reduce failure frequency (lower failure rate), shorten repair time (improve 
MTTF/MTTR dynamics), and improve dispatch availability. 
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