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One way to solve the shortage in power supply and the rapid load growth is by operating 

power systems that could improve power supply reliability. The study aims to carry out a 

holistic evaluation by identifying the several reliability variables that could influence the 

micro-grid power system's reliability which is vital in electricity generation. Thirty-three 

reliability variable factors that are commonly observed to influence power systems 

reliability were chosen for the micro-grid power systems study and examined using the 

principal component analysis (PCA). The system reliability key variables were evaluated 

using the StatistiXL software. A structured questionnaire was crafted considering thirty-

three reliability variables, harvested from literature, and administered to respondents in the 

micro-grid power system industry. The respondent size was determined at a level of 

confidence of 95% and an error margin of 5% was deployed to corroborate an adequate 

population size representation which validated the study data. StatistiXL software was 

deployed to analyze the (mxn) data matrix, collated from the respondents’ scores. The 

matrix was used as the input variable for the model deployed for the factor analysis. Nine 

factors with eigenvalues (λ˃1) were mined and labeled for the analysis, but all the trivial 

variables were discarded. The PCA result holistically pinpointed the key reliability 

variables that influence the micro-grid reliability, revealing that system availability 

represented by factor 1 (F1) loaded 24% of the total variables studied, with reliability 

cluster including Mean Time Between Failures (MTBF) = - 0.844, Mean Time to Repair 

(MTTR) = - 0.737, Demand Response (DR) technique = 0.752, Failure Rate = 0.647 

among others. The failure rate and the frequency of outages in F1, were an indication that 

system availability would be influenced, thereby affecting the micro-grid performance. 

The study also extracted some weak factor loading, F8 and F9 indicting them as reliability 

variables whose influences do not impact negatively on the micro-grid reliability but 

should not be discarded in the study of the reliability of micro-grid power systems. Hence 

an attempt to improve the system's reliability, concentrating on the key variables factors, 

the weak variables should not be neglected. 
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1. INTRODUCTION

The electric power system is a very complex infrastructure 

that is usually operated as a large-scale network. The energy 

infrastructure's reliability indicates the whole infrastructure's 

capacity to meet the customers' demand for energy [1]. All 

human activities depend on it; hence the power system 

network should be reliable. Reliability assessment is vital in 

micro-grids to ensure satisfying electricity needs sustainably. 

The study aims to examine the reliability of the micro-grid 

power system by determining the principal reliability variable 

factors that affect the micro-grid network performance using 

PCA. The study focused on the adequacy aspect of reliability 

that is associated with the system's ability to satisfy power 

supply demand [2]. The reliability studies involve assessing 

the systems' performance in terms of 'adequate' reliability 

indices to design systems that meet regulatory standards [3]. 

The electric power reliability measures the overall system's 

ability to satisfy electrical energy demand [4, 5]. The 

reliability of the power network is expected to function 

satisfactorily under stated planned actions and make electrical 

energy supply adequately available to customers for a specific 

period [6, 7]. 

The objective of a reliable power system network is to 

ensure the network's load requirements are satisfied at any 

point in time by the power system [8, 9]. Studies of the micro-

grid system's reliability are carried out to assess the system's 

capability to meet the electricity demands of connected 
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customers. Among other reliability analysis methods such as 

analytical analysis, and fault tree analysis, PCA was chosen 

for this study because PCA is the only method that could bring 

out the key reliability factors needed to achieve the aim of the 

paper. Various factors affect power system reliability and 

influence its performance, however, the challenge has been 

identifying key variables factors among the numerous factors 

in the literature, hence, this study considered some reliability 

variable factors of micro-grid power systems. Most 

researchers in micro-grid power system reliability assessment 

focused on cost using different models to measure the system's 

reliability without considering various factors that could 

influence micro-grid reliability, thereby affecting power 

supply sustainability. Akinyele et al. [10] assessed the solar 

photovoltaic micro-grid technology's performance for 

evaluating the output power. The studies [11, 12] proposed 

that micro-grid reliability can be measured by modelling the 

total life-cycle costs. Vedachalam and Atmanand [13] carried 

out an assessed energy storage technology for the Indian 

electricity sector and noted that the Indian power sector needs 

a cumulative energy capacity of a battery of 270GW by 2047 

for the achievement of better grid reliability and energy quality. 

The findings noted that battery storage is vital in determining 

the electricity transformation to realize a reliable power 

system in India [14]. Jafari et al. [15] proposed a practical 

energy market strategy to reduce energy not supplied and 

increase the reliability of the micro-grid. Also, Ibrahim et al. 

[16] evaluated the reliability of a micro-grid prioritizing loads,

applying a hybrid analytical simulation method. It is seen that

previous research did not scientifically pinpoint the key

variables that affect the micro-grid reliability. Hence, this

study focused on these reliability variable factors that will help

in pinpointing the principal factors that majorly affect micro-

grid power systems. These reliability factors could affect a

reliable continuous power supply, which is the gap that has

been addressed in this study. Variable factors affecting micro-

grid reliability were formerly fragmented in literature.

Micro-grid concept 

Micro-grid definition is still not standardized, as there are 

many definitions of the micro-grid. Micro-grid power system 

is an assembly of electric power generation, backup batteries, 

and various kinds of loads that could operate either connected 

to the traditional grid [17]. Micro-grid can also be explained 

as integrating various energy generating sources to handle all 

loads within its locality [18]. Micro-grids can make electricity 

supply potent and economical [19]. Micro-grid can operate 

seamlessly and independently when the energy sources are 

properly selected and controlled, thereby resulting in a high 

reliability system [20, 21]. Electric power system, availability, 

and reliability are critical to satisfying the power consumption 

needs more reliably. 

The micro-grid overall performance can be enhanced by 

improving on the micro-grid reliability, hence there is a need 

to holistically identify these reliability variable factors and 

analyse these factors. Table 1 presents references to reliability 

variable factors. From the literature reviewed, studies show 

that although reliability variable factors have been studied, 

there is still the under-explored issue that few studies are 

focusing on the comprehensive evaluation of the various 

reliability factors that can affect micro-grid performance. 

Table 1. References of reliability variables factors of micro-

grid power system 

S/N Variables Affecting Micro-Grid Reliability Reference 

1 Protection device [22] 

2 Number of interruptions on the system [23] 

3 Energy storage technologies [24] 

4 Emissions [25] 

5 Cost of energy [25] 

6 Load [26] 

7 Expected Energy not Supplied (ENNS) [27] 

8 Loss of power supply probability LPSP [28] 

9 Loss of load probability [28] 

10 Generating sources [29] 

11 Failure rate [30] 

12 Demand Response (DR) techniques [2] 

13 Average outage duration [30] 

14 
Average annual unavailability or average 

annual outage time 
[30] 

15 
System Average Interruption Duration Index 

(SAIDI) 
[31] 

16 
System Average Interruption Frequency 

Index (SAIFI) 
[30] 

17 
Customer Average Inter-ruption Duration 

Index (CAIDI) 
[32] 

18 
Average annual power outage frequency λ 

(time/year) 
[33] 

19 System brake down [15] 

20 Interruption COST (ECOST) indices [29] 

21 Repairate (r) [32] 

22 Availability (A) [26] 

23 Mean Time To Repair (MTTR) [34] 

24 Mean Time Between Failures (MTBF) [34] 

25 Number of affected consumers [35] 

26 Outage duration [31] 

27 Unavailability [23] 

28 ASAI [36] 

29 Frequency of outages [34] 

30 Total operating time [31] 

31 Mean TIME To Failure (MTTF) [34] 

32 Diesel fuel price fluctuations [25] 

33 Total Number of Interruptions (TNI) [36] 

2. RESEARCH METHODOLOGY

2.1 Principal component analysis 

From literature, it was noted that reliability variables could 

influence micro-grid reliability. PCA was chosen for the study 

because it is a type of variable reduction tool that helps to 

concentrate variables. PCA helps to know the variable to focus 

on, which is critical based on the factor loadings of the various 

variable factors [37]. 

2.2 Eigenvalues theoretical framework 

Eigenvalues helped to retain principal component during 

varimax rotation in the PCA technique that was deployed for 

the study. The variance in the data and the decision-making 

process for the number of retained principal component of the 

reliability variable factors were measured using the 

eigenvalues in the PCA [38]. In the principal component 

analysis, the eigenvalues helped to determine only the number 

of principal component to be retained. Eq. (1) was applied to 

solve the unit matric: 

𝐴𝑥 = 𝜆𝑥 (1) 
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𝐴 = 𝑢𝑛𝑘𝑛𝑜𝑤𝑛 𝑣𝑒𝑐𝑡𝑜𝑟, 𝜆 = 𝑢𝑛𝑘𝑛𝑜𝑤𝑛 𝑠𝑐𝑎𝑙𝑎𝑟 

The study used 𝑥 ≠ 0 = non-trivial solution, for any value of 

𝜆. 

𝑥 = 0  is a trivial solution 𝜆  because the factor does not 

contribute to explaining the variance. But, the interesting study 

is searching for “non-trivial” solutions in a way that 𝑥 is not 

equal to 0 for any value of 𝜆, which is also the eigenvalue of 

𝐴. Eq. (1) was expressed as Eq. (2). 

𝐴𝑥 − 𝜆𝑥 = 0 (2) 

Multiplying 𝜆𝑥 by 𝐼, Eq. (2) gives Eq. (3). 

(𝐴 − 𝜆𝐼)𝑥 = 0 (3) 

Since I  is an identity matrix, then Eq. (3) is expressed as 

Eq. (4). 

|𝐴 − 𝜆𝐼| =

|

(𝑎11 − 𝜆) 𝑎12 … … … … … . . … 𝑎1𝑛

𝑎21 (𝑎22 −𝜆) … … … … . . . 𝑎2𝑛

⋅ ⋅ ⋅
⋅ ⋅ ⋅

𝑎𝐼𝑛 . 𝑎𝐼𝑛 (𝑎𝐼𝑛 − 𝜆)

| = 0 
(4) 

The determinant of 𝐴  = |𝐴 − 𝜆𝐼|  while the characteristic 

equation is |𝐴 − 𝜆𝐼| = 0. Hence expanding the determinant 

generates a polynomial degree of eigenvalues while the 

eigenvalues are given by the characteristic equation which also 

equals values. A structured questionnaire was created with 33 

variables identified and used for the study. Renish Likert’s 5-

point attitudinal scale with dimensions including strongly 

disagree, disagree, agree, strongly disagree, and undecided, 

were used. The questionnaires were administered to the 

respondents in the powersystems. Eq. (5) was deployed to 

determine the respresentative population size of the power 

system population, selected for the research and that justified 

an adequate population size for the paper [38]. The sample size 

is vital and directly impacts on the accuracy to which a study 

generalizes findings to the larger poputaltion. Hence the 

sample size of considering 33 variables was taken to be large 

enough and adequate for the PCA study, to ensure that the 

sample covaraince matrix is a good approximate of the 

population covaraince matrix [38]. 

Sample Size =

𝑍
(1−𝛼)2

2
 × 𝑃(1−𝑝)

𝑑2
(5) 

where, 
𝑍(1−𝛼)2

2
=Standard normal variate at 5% error 

𝑍=Standard normal distribution 

𝛼=Significant level 

𝑝=Expected proportion in the population and 

𝑑=Absolute error or precision [39] 

StatistiXL software was used to solve Eq. (4) for the 

eigenvalues. The reliability factors that are vital to the research 

were determined from eigenvalues. 

2.3 Representative population size for the study 

The respresentative population size used for the study was 

obtained after the sample size was determined using using Eq. 

(5) by choosing a confidence level of 95% and an error margin

of 5% to corroborate adequate population size representation 

which validates the study data that was used. PCA technique 

was deployed beause the reliability data contains vast number 

of variables that are really correlated with each other, and of 

which PCA can simply reduce the dataset and also identify the 

key system of the data. 

Confidence level of 95% and an error margin of 5% were 

chosen for the PCA study as seen in Eq. (5), because these are 

the values commonly used in statistical studies, to accurately 

determine results. The 95% condidence level was chosen to 

show that the survey result will accuraltely represent the 

studied population. 

2.4 Data collected 

Data used for the study was collected based on the retrieval 

and collation of the administered questionnaires to the 

respondents population in the Micro-grid power system. 

StatistiXL software was deployed to analyse the (mxn) data 

matrix, collated from the respondents’ scores. The matrix was 

used as the input variable for the model deployed for the factor 

analysis done in the study. Figure 1 presents the various steps 

applied to the PCA analysis study. 

Figure 1. Micro-grid reliability variable analysis method 

3. RESULTS AND DISCUSSION

The (𝑚 × 𝑛) data matrix generated was employed as an 

input variable into the PCA model and the matrix was assessed 

using the StatistiXL software. 

The justification for selecting the nine factors with 

Eigenvalues greater than 1 was because the factors contributed 

to the variance of the variables studied based on their factor 

loadings. Among the 33 variables affecting the micro-grid 

power system reliability that were studied, 29 of the variables 

affect the micro-grid reliability performance according to the 

values of their respective factor loadings. However, the 
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remaining four variables do not contribute reasonably to the 

explanation of the performance of the micro-grid, on account 

of their respective factor loading, which is between 0.00-0.045. 

The scree plot depicted in Figure 2 represents the variable 

factors that were selected, which indicates some key factors 

obtained from the PCA and were given interpretation. 

Figure 2. Reliability variable scree plot 

The twenty-nine factors extraced from the PCA, loaded the 

nine clusters of the factor variables with their respective factor 

loadings, which were creatively labeled and explained as 

follows: All the nine cluster variables had the same impact on 

the microgrid reliability power system and so share a common 

correlation. Table 2 depicts the system availability factor 

representing F1(7), which is the principal factor and loaded 

24% of the reliability variable factor studied. In this cluster 

MTBF wielded the highest factor loadings of 0.884 followed 

by Demand Response (DR) with a value of 0.752. Failure rate 

and availability had factor loadings of 0.64 and 0.638 

respectively showing their relative significance in system 

availability. However, all reliability variables under the factor 

loadings significantly contribute to the performance of the 

micro-grid power system. All other variables in each factor 

loading group affect the performance of the micro-grid power 

system to a degree indicated by the magnitude of their factor 

loadings. 

Table 2. System availability factor 

F1(7) 
Reliability Variables Affecting MG 

Power System 

Factor 

Loading 

11 Failure rate 0.647 

12 Demand Response (DR) techniques 0.752 

19 System Components Brake down 0.558 

22 Availability 0.638 

23 Mean Time to Repair (MTTR) 0.737 

24 Mean Time Between Failures (MTBF) 0.844 

29 Frequency of outages 0.657 

Table 3. System interruption factor 

F2(5) 
Reliability Variables Affecting MG 

Power System 

Factor 

Loading 

20 Outage cost (OC) 0.514 

21 Repair rate 0.616 

25 Number of affected consumers 0.624 

26 Outage duration 0.700 

33 Total number of interruptions 0.899 

Table 3 shows system interruption, loading a cluster of five 

variables. The total number of interruptions and outage 

duration gave high factor loadings of 0.899 and 0.700, 

respectively. In contrast, the remaining variable in that same 

cluster indicated various degrees of factor loading relating to 

the microgrid reliability performance. 

Table 4 shows factor loading depicts power supply 

probability which loaded a cluster of four variables. The 

cluster outlined the Customer Average Interruption Duration 

Index (CAIDI) and Loss of power supply probability (LPSP) 

to have high loading factor loadings of 0.863 and 0.735, 

respectively. 

Factor F4, given in Table 5, also depicts system load 

variability as a bipolar factor, with three positive and negative 

factor loadings in the cluster. The System interruption variable 

displayed a higher loading factor of 0.796, while load =0561. 

System interruption could result in breakdowns of some 

sensitive equipment such as protection devices and loss of 

consumers, hence it should be treated with utmost concern in 

the reliability performance of micro-grid power systems. 

Factor F4, als has one negative factor loadings of -0.653, 

indicating how negatively the variables affect the reliability of 

the micro-grid power system. The Factor loading of -0.653, in 

the model demonstrates that variable cost of components is a 

critical variable. 

Table 4. Power supply probability factor 

F3(4) 
Reliability Variables Affecting MG 

Power System 

Factor 

Loading 

8 Loss of power supply probability LPSP 0.735 

10 Generating sources 0.590 

16 
System Average Interruption Frequency 

Index (SAIFI) 
0.631 

17 
Customer Average Interruption 

Duration Index 
0.863 

Table 5. System load variability factor 

F4(3) 
Reliability Variables Affecting MG 

Power System 

Factor 

Loading 

2 System interruption 0.796 

6 Load 0.561 

13 Variable cost of components -0.653

The Mean time to failure in reliability is essential, and it is 

presented in Table 6. The maintenance index estimates the 

average time a non-repairable component or system can 

function before it fails. MTTF invariably gives the lifespan of 

the equipment. The factor loading of 0.737 denotes an 

immense variance of MTTF and its importance in the power 

system. Hence, if MTTF is not checked, it can affect the 

reliability of a system, thereby affecting power supply 

sustainability, especially in isolated communities. 

Factor F6 is a duplex factor indicating that the system 

operation time of a micro-grid is of paramount importance by 

the laudable factor loading of 0.825, as seen in Table 7. The 

variable factors range from 0.676 to 0.825. The unavailability 

variable wields 0.676 factor loading indicating that 

unavailability issues in micro-grid reliability must be 

considered at all times to ensure a reliable power supply in 

micro-grid power systems. 

Factor loading F7 is also a duplex factor with energy storage 

technology and diesel fuel price fluctuations, as given in Table 

8. The factor has a factor loading ranging from 0.668 to 0.761,
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depicting that diesel fuel price influences reliability. 

Fluctuation and constant changes in the price rate of diesel can 

have significant effects on micro-grid reliability. The energy 

storage component had a factor loading of 0.668, indicating 

that this component could affect the system's reliability. 

The system unavailability time factor is a bipolar factor, 

with positive and negative factor loadings in the cluster, 

depicting protection devices and average annual outage time, 

as shown in Table 9. The average annual outage time wielding 

a factor loading of 0.795 and the protective device indicates an 

average factor loading of -0.538. This factor suggests that the 

protection devices must be considered for a micro-grid to run 

smoothly. Hence the system unavailability time factor must be 

of utmost concern in micro-grid reliability management. 

Factor (F9) is also a duplex factor and consists of Emissions 

and Expected Energy Not Supplied (EENS), with loading 

factors of -0.645 and 0.810, respectively, as shown in Table 

10. EENS factor loading indicates that it is a reliability

variable that must be considered in micro-grid power systems

so that the reliability performance can be improved. The

emssion variable had -0.645 factor loading also making that

factor loading to be critical facor that must not ne neglected.

Table 6. Mean Time to Failure factor 

F5(1) 
Reliability Variables Affecting MG 

Power System 

Factor 

Loading 

31 Mean time to failure(MTTF) 0.736 

Table 7. System operation time factor 

F6(2) 
Reliability Variables Affecting MG 

Power System 
Factor Loading 

27 Unavailability 0.676 

30 Total operating time 0.825 

Table 8. Energy storage capability factor 

F7(2) 
Variables Affecting MG Power 

System 
Factor Loading 

3 Energy storage technology 0.668 

32 Diesel fuel price fluctuations 0.761 

Table 9. System unavailability time factor 

F8(2) 
Reliability Variables Affecting MG 

Power System 
Factor Loading 

1 Protection devices -0.538

14 Average annual unavailability 0.795

Table 10. Unmet demand factor 

F9(2) 
Reliability Variables Affecting MG 

Power System 

Factor 

Loading 

4 Emissions -0.645

7 Expected Energy not Supplied (EENS) 0.810

Extensive researchers in the field of reliability of power 

system issues have focused on using some reliability methods 

such as the analytical method [40], without considering 

reliability variable factors that would influence the reliability 

performance of a micro-grid system. 

Also, Amaral et al. [41] deployed a simulation method but 

still did not holistically consider reliability variables that could 

impact power system reliability, hence this study focused on 

identifying the fragmented reliability variable in literature and 

analyzing them. 

4. CONCLUSIONS

The study holistically pinpointed the key reliability 

variables affecting micro-grid reliability which were not 

annexed in research. The result showed that the system 

availability reliability factor, represented by factor 1 (F1) 

loaded 24% of the studied variables thereby serving as the 

principal reliability factor. System availability reliability 

clusters include Mean Time Between Failures (MTBF) =-

0.884, Mean Time To Repair (MTTR) =-0.737, Demand 

Response (DR) technique =0.752, and Failure Rate =0.647 

among others. All other variables in each factor group (F2 to 

F9) also affect the performance of the micro-grid power system 

to a degree indicated by the magnitude of their factor loadings. 

The PCA study also sharpens focus on the micro-grid 

reliability variables to improve micro-grid power system 

performance based on the respective factor loadings of the 

variables investigated. The system availability reliability 

factor influences the micro-grid reliability performance among 

other variables factors studied. Hence an attempt to improve 

the system reliability, more attention needs to be on the system 

availability cluster variables. The factors studies can be 

optimized by including micro-energy storage into the power 

system to als enhace the reliability. The findings from the 

study will assist engineers, researchers, and investors in 

designing a reliable microgrid for any location, especially in 

developing countries. Based on the findings, future 

ivestigation could be done on a biohybrid robots as emerging 

technologies that could enhance micro-grid reliability. 

However, PCA has a limitaion that, the technique can lead 

to information loss if the right number of principal components 

that would explain disparity in the dataset is not selected. 
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