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_____________________________________________________________________________________ 

 

Abstract: University Kuala Lumpur Malaysia France Institute (UniKL MFI) have made a feasibility 

study of providing localised renewable energy system for Lubuk Batu Village, Kemaman, Terengganu with 

the assistance of Tenaga Nasional Berhad (TNB) engineer on guiding the team to the village. The system 

proposed will be a micro grid PV standalone system having a capacity of 20kW. The system is sufficient to 

support a maximum 10 housholds villagers. The work presented in this paper considers the possibility of 

using Pearson curves density function approximation in the reliability evaluation of probabilistic system 

performance model. Probabilistic performance model of micro grid PV Standalone system was developed 

using the system’s power production as random performance indices. Considering the stochastic properties 

of the power production, the evolution of the probability distribution of the estimated power production was 

evaluated using Monte Carlo simulation. Applying the Pearson system, density function of the simulated 

performance model was obtained by considering the first to fourth statistical moments. The reliability of the 

system performance model was evaluated based on the Pearson system frequency curve. Other than 

capability to take on variety shapes of distribution, application of Pearson density curves has advantages in 

terms of finite range which makes it particularly applicable to the modeling of system performance 

characterized by random input and output parameters. 

Keywords: Pearson Curves, Density Function Approximation, Micro Grid PV Standalone System, 

Monte Carlo Simulation 
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INTRODUCTION 

Deciding on which distribution to use for operation 

and performance modeling is a common issue in 

system reliability evaluation and risk assessments. 

Currently there exists a considerable amount of 

literature on density forecast models but being able to 

decide on a suitable distribution even for preliminary 

analysis has remained a substantial problem. 

Conventional modeling techniques are largely relies 

on the mean-variance analysis but it has been well 

suggested by numbers of research that the observed 

performance distributions are not always fully 

captured by the first two moments of the distribution 

[1]. The motivation for modeling skewness and 

kurtosis, especially in power PV system has followed 

from attempts to understand the system performance 

based on various statistical moments. Cheng et al. [2], 

among others, have proposed that performance of a 

wind turbine is related to dynamic changes of 

skewness and kurtosis coefficients of the turbine’s 

output parameters distribution. The evidence for 

various relationships between statistical higher 

moments of observed parameter distribution and the 

system performance has consequently stimulated a 

line of research attempting to incorporate skewness 

and kurtosis in the power system reliability 

evaluation [3]. Given the needs in handling variety 

shapes of random samples, it has become interesting 

to propose frameworks that are flexible enough to 

accommodate distributions with broad range of 

properties. This paper is aimed to provide further 

insight into the system performance reliability 

evaluation based on distribution selected from the 

Pearson family. 

The Pearson system is a parametric family of 

continuous probability distributions capable to model 

a wide scale of distributions with various skewness 

and kurtosis [4]. Firstly introduced by Karl Pearson 

in 1895 as an effort to model visibly skewed 

distribution, the Pearson family of distribution is 



 

 

amendable to both theoretical and empirical 

problems where density function must be explicitly 

expressed.  

In this study, probabilistic performance model of a 

micro grid PV standalone system was developed 

using the system’s generated power as random 

variable. Probability density of the system 

performance model was estimated using the Pearson 

system employing the first to fourth statistical 

moments of random variable. The reliability of the 

system performance model was then evaluated based 

on the Pearson system frequency curve. 

THE PEARSON SYSTEM 

The Pearson system is a parametric family of 

distributions used to model a broad scale of 

distributions with various third and fourth moments. 

This method of moments is a statistical technique to 

estimate probability distributions by equating their 

theoretical moments with the moments of empirical 

distributions. Pearson distributions are defined by a 

separable first order differential equation of 
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where f is a density function and a, b0, b1 and b2 are 

the parameters of the distribution. An important 

characteristic of the Pearson system is the direct 

correspondence between the parameters and the first 

four moments (µ1, ..., µ4) of the distribution [5].  

The expressions for the moments are obtained by 

solving Equation 1 using integration by part. The 

expressions for the parameters a, b0, b1 and b2 in 

terms of the first four moments can be obtained from 

the set of Equation (2). 
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where the two moment ratios  
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respectively denote skewness and kurtosis. The 

scaling parameters A and A’are obtained from 
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Classification and selection of the distribution are 

achieved by finding the roots of the denominator of 

quadratic Equation 1 and the Pearson’s coefficient 

given by 
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Depending on the values of these parameters, 

different types of Pearson curves can be obtained 

such that 

 

1. If K < 0, roots are real and of opposite signs. 

This corresponds to beta distribution or type-I 

distribution in the Pearson system. 

2. If K > 1, roots are real and have the same sign. 

This corresponds to beta prime distribution or 

type-VI distribution. 

3. If 0 < K < 1, roots are complex. This 

corresponds to inverse gamma distribution or 

type V-distribution. 

 

Pearson proposed further class distinctions by taking 

into account certain distributions and boundaries 

between classes and classified the solutions into 

types numbered 1 to 12 [1]. These were extended in 

an article by Johnson et al. [6] and the new tables of 

classification are reproduced in Pearson and Hartley 

[7], together with examples of their use. 

PROBABILISTIC PERFORMANCE 

MODEL 

Random Performance Index 

Performance statistic model of an electrical power 

Solar PV system has important applications in 

conjunction with production costing and reliability 

evaluation. In this study probabilistic performance 

model of a 20kW was developed by considering the 

power PV as random performance variable. A set of 

708 historical data representing the first 2 month 

power PV was selected in developing the 

probabilistic performance model of the system. The 

analysis has been structured on the basis of the results 

obtained from the hourly observation of the power 

produced by the solar photovoltaic of 167 panels, 

7am to 6pm. The scatter plot of the performance data 

is shown in Figure 1. 
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Figure 1 - First 2 Months Power PV 

 

The parameter of mean and variance for the first 2 

months power PV production are shown in Table 1. 

Table 1 – Parameter for the First 2 Months Power PV 

Production 

Parameters  Estimates 

Mean 7.5280 

Standard 

Deviation 

5.3953 

 

 

Four statistical moments which is the mean, standard 

deviation, skewness and kurtosis of the actual power 

of 6 months production were selected as the first to 

fourth statistical moments as presented in Table 2. 

Table 2 – First to Fourth Statistical Moments 

 

Mean 7.4803 

Standard deviation 5.0053 

Skewness 0.2796 

Kurtosis 1.8890 

 

Figure 2 illustrates the CDF of the PV power 

production and CDF’s of various probability 

distributions with the same average value and 

standard deviation for 6 months power PV 

production.  
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Figure 2 –CDF’s of Power PV Production and CDF’s 

of Various Distributions 

Figure 3 shows the histogram of the power 

production and its various fitted distributions of 6 

months power PV production. 
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Figure 3 - Histogram of the PV Power Production 

and Its Various Fitted Distributions 

 

RELIABILITY OF THE SYSTEM 

PERFORMANCE 

Evolution of the Probabilistic Distribution 

Performances of a power PV system such as the 

mean power production are typically expressed as 

single numerical values. These numerical indices 

provide the expected values of the distributions that 

fully describe the particular indicator being 

expressed. The expected value of a distribution is one 

of its several parameters, which provide a complete 

mathematical description of the distribution function. 

This mean value alone does not, however, provide 

any information on the variability of the index being 

described. Therefore, a reliability index of the system 

performance is best represented as a probability 

distribution, or probability density function [8]. 



 

 

In this study, performance of the micro grid solar PV 

system has been evaluated using limited numbers of 

random variable representing the first 2 months 

power production of the system. Considering the 

stochastic properties of the power production, the 

evolution of the probability distribution of the 

estimated power production were evaluated using 

Monte Carlo simulation and the Pearson curve 

density function approximation. Applying the two 

moments in Table 1, a set of 2172 run of Monte Carlo 

simulation was executed. The forecast result of pdf 

and cdf for 6 months PV power production are shown 

in Figure 5 and Figure 7. 

 

Density Function Approximation 

 

The Pearson system which is a parametric family of 

distributions was utilized due to the capability of the 

system to model a broad scale of distributions with 

excellent accuracy [9]. Based on the first through 

fourth statistical moments, the type of the Pearson 

system was determined by Equation 4 and the 

quadratic roots which represent the Pearson’s 

criterion for fixing the distribution family as shown 

in Table 3. 

Table 3 – Pearson’s Coefficient And QuadraticRoots 

Pearson’s 

Coefficient 

Roots Family of 

Distribution 

-0.0260 -1.4704, 

2.0269 

Type 1 

 

Considering the Pearson’s coefficient K < 0 and the 

roots are real and opposite sign the distribution is 

classified as Type 1. The frequency curve for the type 

1 Pearson’s family of distribution for the power 

production is shown in Figure 4 and represented by: 

 

511.2676.18

21

643.11
1

643.11
1

11)(

21

xx
k

a

x

a

x
kxf

mm

 

 

where k is the normalization constant. 

Conventional modeling techniques are largely relies 

on the mean-variance analysis assuming a symmetric 

distribution. However it has been well suggested by 

numbers of research that the observed performance 

distributions are not always fully captured by the first 

two moments of the distribution [1]. Figure 4 show 

the probability density function curve of the actual 

power production approximated by the Pearson 

system and Figure 5 show the probability density 

function obtained using the Monte Carlo analysis 

relative to simulated power production. 

 

 

Figure 4 – Frequency Curve of the PV Power 

Production Distribution 

 

 

Figure 5 – Frequency Curve of the Simulated 6 

Months PV Power Production Distribution 

The Pearson’s type 1 density curve is described by 

four parameters providing flexibility to take on a 

variety of different shapes. Characterized by a finite 

range the density curve particularly advantageous in 

modeling the micro grid PV standalone system 

performance index where the highest possible value 

of the power production is 18.97kW as shown in 

Figure 4. 

The use of four statistical moments in approximating 

the density curve also capable in providing accurate 

values of percentage points in the tails of distribution 

[7] represented by the cumulative density function 

shown in Figure 6 and Figure 7 show the cumulative 

density function obtained using the Monte Carlo 

analysis relative to simulated power production. 

 



 

 

 

Figure 6 - Cumulative Density Function of the Actual 

Power Production 

 

Figure 7 - Cumulative Density Function of the 

Simulated Power Production 

Referring to cumulative density function of the 

Pearson’s type 1 in Figure 6 and Monte Carlo in 

Figure 7, the reliability of the micro grid PV 

standalone system in producing power in the range of 

1 kW to 18 kW is totally different between Pearson 

and Monte Carlo. The reliability estimates provided 

by the Pearson curve density function approximation 

is capable to produce more than 90% of accuracy.    

CONCLUSION 

In this study the reliability of a micro grid PV 

standalone system performance is evaluated by 

considering the power production as random 

performance index. The evolution of the 

performance probability distribution as a result of 

invariability in power production was evaluated 

using the Monte Carlo simulation and the Pearson 

curve density function approximation was applied to 

acquire the suitable distribution of the forecasted 

performance index.  

Comparison between the power production 

reliability estimated using the proposed technique 

and the actual reliability obtained from the record of 

six months operation reveals an accuracy of more 

than 90%.  The use of the Pearson curve in 

approximating the probability distribution of random 

variables has the advantages in terms of capability to 

take on variety shapes of distribution. Considering 

the finite range capability offered by the Pearson’s 

type 1 frequency curve, the methodology described 

in this paper provides an effective means in modeling 

system performance characterized by acceptable 

limits of random input and output parameters. 
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