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The standalone photovoltaic (SAPV) system is one of the most widely used 

applications of the PV system. However, the main drawbacks of this system are the 

high capital investment and low energy efficiency mainly due to the simple PV model 

and the ineffective sizing method of SAPV system. Therefore, precisely modeling 

method to determine the unknown parameters of the PV module is essential to give a 

realistic evaluation for the extracted energy of the PV array. Moreover, optimization 

of the standalone PV system is necessary to maximum the reliability and minimize the 

total cost of the system in both urban and rural areas. 

 

 

The research presented in this thesis is divided into two phases, namely, modeling of 

the PV module, and optimal sizing of the entire system to obtain reliable and cost-

effectiveness SAPV system. Due to the effective attraction-repulsion mechanism of 

electromagnetic-like (EM) algorithm and reliable exploration and exploitation phases 

of differential evolution (DE), these two methods were used to determine parameters 

of the single diode PV model and finding optimal sizing of the SAPV system. Firstly, 

an improved EM (IEM) algorithm is presented to estimate the five parameters of the 

single PV-module system. The IEM algorithm uses the attraction-repulsion 

mechanism to change the positions of solutions towards the optimality. The key to 

improvement is performed by adding a nonlinear equation to adjust the length of the 

particle. Moreover, the total force formula is simplified to speed up the exploration 

for an optimal solution. Six statistical tools are used to show the superiority of the 

proposed PV model as compared to other models proposed in the literature. Secondly, 

the modeling method of the proposed PV module is validated by experimental data. 

In the sizing of the SAPV system, the mutation adaptive DE (MADE) algorithm based 

multi-objective functions minimizes three constraint objective functions. A new 

mutation vector inspired by the two-opposite path (2-Opt) algorithm with adaptive 
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mutation scalar (𝐹) and crossover rate (𝐶𝑅) control parameters were employed to 

enhance the exploration and exploitation phases of the proposed algorithm. The 

objective functions are loss of load probability (LLP) and life cycle cost (LCC) and 

levelized cost of energy (LCE). In the current sizing optimization problem, the three 

individual objectives are normalized, weighted, and then aggregated by a single 

function which is minimized to select the optimal configuration of the SAPV system. 

Moreover, the performance of the SAPV system is carried out based on three types of 

storage batteries which are lead-acid battery, crown battery, and lithium-ion battery 

using hourly meteorological data for one year. 

 

 

Performance results show that the MADE algorithm based on lead-acid battery has a 

high level of LLP and minimum cost among other types of storage batteries. The LLP 

value of lead-acid is 0.0019 which describes the availability of the proposed SAPV 

system. Moreover, the LCC and LCE values are 54895.68 USD, and 1.5803 USD, 

respectively. Finally, the proposed sizing method is compared with a numerical sizing 

method to show the accuracy and efficiency of the proposed method. The results of 

the comparison indicated that the MADE method has an excellent level of accuracy 

and outperforms the iterative method in terms of CPU-execution time.  
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Sistem fotovolta berdiri sendiri (SAPV) adalah salah satu sistem aplikasi PV yang 
paling banyak digunakan. Walau bagaimanapun, kelemahan utama sistem ini adalah 
pelaburan modal yang tinggi dan kecekapan tenaga yang rendah terutamanya 
disebabkan oleh model PV sederhana dan kaedah ukuran sistem SAPV yang tidak 
berkesan. Oleh itu, kaedah pemodelan tepat untuk menentukan parameter modul PV 
yang tidak diketahui adalah penting untuk memberikan penilaian yang realistik untuk 
tenaga yang diekstrak dari susunatur PV. Lebih-lebih lagi, pengoptimuman sistem PV 
mandiri diperlukan untuk memaksimumkan kebolehpercayaan dan meminimumkan 
jumlah kos bagi sistem di kawasan bandar dan luar bandar. 
 
 
Penyelidikan yang dibentangkan dalam tesis ini terbahagi kepada dua fasa iaitu, 
pemodelan modul PV, dan ukuran optimum dari keseluruhan sistem untuk 
mendapatkan sistem SAPV yang dapat dipercayai dan menjimatkan kos. Oleh kerana 
mekanisme tarikan-tolakan yang berkesan dari algoritma seperti elektromagnetik 
(EM) dan fasa eksplorasi dan eksploitasi yang boleh dipercayai dari evolusi kebezaan 
(EK), kedua kaedah ini digunakan untuk menentukan parameter model PV dioda 
tunggal dan mencari ukuran SAPV yang optimum sistem. Pertama, algoritma EM 
yang diperbaiki (IEM) dibentangkan untuk menganggarkan lima parameter modul 
sistem-PV tunggal. Algoritma IEM menggunakan mekanisme tarikan-tolakan untuk 
mengubah kedudukan penyelesaian ke arah optimum. Kunci penambahbaikan 
dilakukan dengan menambahkan persamaan tak setara untuk menyesuaikan panjang 
zarah. Tambahan lagi, formula kekuatan keseluruhan dipermudah bagi 
mempercepatkan penerokaan untuk mendapatkan penyelesaian yang optimum. Enam 
alat statistik digunakan untuk menunjukkan keunggulan model PV yang dicadangkan 
berbanding dengan model lain yang dicadangkan dalam literatur. Kedua, kaedah 
pemodelan modul PV yang dicadangkan telah disahkan oleh data ujikaji. Dalam 
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ukuran sistem SAPV, fungsi multi-objektif berasaskan algoritma mutasi adaptif DE 
(MADE) meminimumkan tiga fungsi objektif kekangan. Vektor mutasi baru yang 
diilhamkan oleh algoritma dua-laluan bertentangan (2-Opt) dengan parameter 
kawalan skalar mutasi adaptif (F) dan kadar crossover (CR) yamg digunakan untuk 
meningkatkan tahap eksplorasi dan eksploitasi algoritma seperti yang dicadangkan. 
Fungsi objektif adalah kehilangan kebarangkalian beban (LLP) dan kos kitaran hayat 
(LCC) dan levelized kos tenaga (LCE). Dalam masalah pengoptimuman ukuran 
sekarang, tiga objektif individu telah dinormalisasi, ditimbang, dan kemudian 
digabungkan oleh satu fungsi yang diminimumkan untuk memilih konfigurasi 
optimum sistem SAPV. Selain itu, prestasi sistem SAPV dijalankan berdasarkan tiga 
jenis bateri simpanan iaitu bateri asid-plumbum, bateri crown dan bateri lithium-ion 
menggunakan data meteorologi setiap jam selama setahun. 
 
 
Keputusam prestasi menunjukkan bahawa algoritma MADE berdasarkan pada bateri 
asid-plumbum mempunyai tahap LLP yang tinggi dan kos yang minimum berbanding 
kalangan jenis bateri simpanan yang lain. Nilai LLP asid-plumbum adalah 0.0019 
yang menerangkan ketersediaan sistem SAPV yang dicadangkan. Tambahan pula, 
nilai LCC dan LCE masing-masing adalah 54895.68 USD, dan 1.5803 USD. Kaedah 
ukuran yang dicadangkan akhirnya dibandingkan dengan kaedah ukuran berangka 
untuk menunjukkan ketepatan dan kecekapan kaedah yang dicadangkan. Hasil 
perbandingan menunjukkan bahawa kaedah MADE memiliki tingkat ketepatan yang 
sangat baik dan mengungguli kaedah berulang dari segi masa pelaksanaan CPU. 
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1 

CHAPTER 1 

1 INTRODUCTION 

1.1 Research background  

The electrical energy demand is rapidly increasing due to the growth in population. 

Along time ago, conventional energy sources such as crude oil, natural gas, and coal 

are considered the main sources for supplying electricity. However, these 

conventional energy resources have negative impacts on the environment, which 

substantially contribute to global warming [1]. Moreover, the conventional energy 

resources are going to depletion as well as the oil prices are fluctuating. These reasons 

stimulate many researchers in the world to focus on clean and friendly environment 

energy sources such as photovoltaic systems, wind turbines, and fuel cells. The 

development of these technologies gives a good opportunity to increase efficiency and 

reduces system costs. In the meanwhile, the deployment of new capacity storage 

techniques leads to a boost in battery storages growth in 2016 by (150%) [2]. As a 

result of that, researchers cooperate with governments and companies to improve the 

requirements of renewable energy and decrease 𝐶𝑂2 emission. Furthermore,  energy 

technology perspectives are expected to increase all share of the electricity of the 

energy demand across all sectors from 18% to 26% by 2060 [2]. Stern [3] has 

mentioned that the hazards of climate change can be mitigated if the greenhouse gas 

(GHG) levels in the atmosphere are limited between 450 and 550 ppm-𝐶𝑂2. In general, 

RESs are suffering from two key limitations which are the variability and low 

availability. These reasons result in low capacity utilization with a high capital cost of 

the system and intermittent energy sources such as solar radiation, wind, biomass, etc.  

Solar energy is one of the promising emerging technology, sustainable, and eco-

friendly energy sources [4]. The standalone PV (SAPV) system is an attractive and 

effective source of electricity in both the remote and resident areas [5]. Furthermore, 

the SAPV system is a clean, environmentally friendly, and secure energy source. 

Moreover, the long lifetime of the PV system and low (replacement and maintenance) 

of subsystems carried out the governments and researchers to spend more concerns on 

the SAPV system [6].  

1.2 Problem statement  

An accurate model and design method give more value to increasing SAPV system 

reliability [7]. Standalone PV systems have been designed and conducted by many 

research works in rural and remote areas, but they remain serious problems and need 

for improving [8]. Low energy conversion and high initial cost are the main obstacles 

to the spread of SAPV systems [9]. 
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The parameters of the equivalent electric circuit of the PV system directly affect on 

the output power and I-V characteristic curve [10]. Thus, the PV module’s parameters 

take essential impacts on modeling and designing a SAPV system which can influence 

the availability of the system [11]. The methods were utilized for modeling a PV array 

in the SAPV systems are inaccurate and simple [12]. Several conventional methods 

have been employed to estimate the parameters of PV modules such as numerical, 

analytical, and artificial neural networks. However, evolutionary methods (EMs) have 

been proven their ability in extraction the parameters of the PV module in terms of 

efficiency, fast convergences, reducing the time of execution. The values of the 

parameters and I-V characteristics curve are determined under different weather 

conditions [13]. Consequently, inefficient modeling of the PV system can lead to 

undesirable performance and design of the SAPV system which means that the system 

will be not only unreliable but also costly [14].   

Another challenge is the current sizing methods of a SAPV system. The intuitive 

method is simple and imprecise, which is not taking into consideration the relationship 

between the components of the subsystem and using the average monthly 

meteorological data [15]. Therefore, this method is suitable to give an initial 

estimation and a rough approximation of a SAPV system [16]. In meanwhile, the 

numerical method is the most common in the sizing of SAPV system: it uses the 

meteorological data and electrical load demand to describe the performance of the 

system over a large set of configurations. However, the numerical method takes very 

long execution time as it explores all possible configurations of the SAPV system in 

a search space. Moreover, the numerical method gives a single configuration selected 

from the search space  [8,17]. In the analytical method, the SAPV system’s 

components are calculated by computational mathematical models to describe the 

reliability of the system. The advantage of analytical methods is the simplicity in 

sizing calculation while the main obstacle in estimating coefficients of these equations 

which are local dependent [18, 19]. Several studies have conducted in the sizing of a 

SAPV system using artificial intelligence methods. These methods can successfully 

fix the unavailability of the meteorological data because they use a population-based 

search algorithm to find the optimal solutions. However, the complexity of these 

methods is in designing the components of a SAPV [20].  

Therefore, an appropriate modeling method to identify the unknown parameters of the 

PV module is necessary to obtain an efficient SAPV model. Optimization of a SAPV 

system is required to increase system reliability and minimizing the capital cost.  
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1.3 Objectives 

This research study was carried out under to achieve the following specific objectives:  

1. To develop an accurate method of parameters extraction of the PV module’s 

model based on improved electromagnetic-like (IEM) algorithm. 

2. To optimize the size of the SAPV system using mutation adaptive differential 

evolution (MADE) algorithm based on multi-objective optimization for 

various types of storage batteries.  

3. To validate the MADE method for sizing of the SAPV system by using 

numerical method based on techno-economic criteria.  

 

 

1.4 Significance and contribution of the study 

Based on the previous objectives, the significant contributions of this thesis are 

described in the following: 

1. Proposing improved electromagnetic-like (IEM) algorithm to identify the five 

parameters of the single PV-module system. Six statistical tools are utilized to 

show the superiority of the proposed model which are root mean square error 

(RMSE), deviation of RMSE of each solar radiation level (𝑑𝑖), standard test 

deviation of RMSE (STD), absolute error (AE), mean bias error (MBE), and 

test statistic (TS).   

2. Proposing mutation adaptive differential evolution (MADE) algorithm using 

techno-economic criteria for determining optimal sizing of the SAPV system 

considering three types of storage batteries.  

3. Proposing a new flow chart energy management for a SAPV based on a 

numerical approach considering multi-objective optimization.  

 

 

1.5 Scope and limitations of work  

Nowadays, the global electricity demand is increased due to the rapid developing in 

the industry, increasing population, and the rising cost of bills [21]. However, most of 

the rural and remote areas are without electricity. Therefore, this research focuses on 

providing the right solutions for predetermined problems. The scopes and limitations 

of this thesis work are: 

1. An accurate PV model is obtained by estimating the five parameters of a single 

PV-module system using improved electromagnetic-like (IEM) algorithm to 

achieve lower root mean square error (RMSE), lower deviation of RMSE of 

each solar radiation level (𝑑𝑖), lower standard test deviation of RMSE (STD), 

lower absolute error (AE), and lower mean bias error (MBE). The solar 
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radiation and ambient temperature are obtained as inputs for the proposed 

model.  

2. The MADE algorithm is proposed to optimize the SAPV system size based on 

techno-economic criteria.  

3. A new flowchart for a SAPV system based on a numerical approach to find a 

set of optimal configurations considering techno-economic perspectives.  

4. The IEM algorithm is time-consuming. This phenomenon occurs because 

exploration is performed for all particles. 

5. The proposed MADE algorithm has the main obstacle which is: The results of 

optimization are strongly dependent on the weights and the individual 

objectives are represented by a single-objective function. 

6. The actual data of load demand are not available in this research. Therefore, 

the performance of the SAPV system was evaluated by using a typical load 

demand for one day and then duplicated for one year.  

 

 

1.6 Thesis outline  

This thesis consists of five chapters, where chapter 1 shows the overview of the thesis 

and contains the introduction, problem statement, objectives, significance, and 

contribution of the study, and scope.  

Chapter 2 outlines the literature review, which contains methods for estimating the 

parameters of PV modules. Then, the components of the SAPV system are explained. 

Furthermore, it also includes the mathematical model of the output power prediction 

of PV mode. In addition to that, the types of methods used for sizing a SAPV system 

are discussed. Finally, the limitations and challenges of a SAPV system’s performance 

are summarized.  

The methodology of this research work is presented in Chapter 3.  The proposed 

improved electromagnetism-like (IEM) model to identify unknown parameters of a 

single-diode (SD) PV module is explained. The criteria used for evaluation of the 

accuracy of the proposed IEM model is presented. Furthermore, the proposed mutation 

adaptive differential evolution (MADE) algorithm using multi-objective optimization 

to find the optimal configuration of a SAPV system is explained. Loss of load 

probability (LLP), life cycle cost (LCC), and levelized cost of energy (LCE) are 

obtained as objectives of the MADE algorithm. Finally, the flow chart energy 

management of a SAPV system based on the numerical method is presented. A new 

flow chart energy management based on the numerical approach is proposed and used 

for validation of the proposed MADE method. 

In chapter 4, the results of the proposed methods to extract the five parameters of the 

PV module’s model and prediction of I-V and P-V data curves are presented. The 

proposed PV modeling model is compared with the different methods available in the 

literature. The IEM method is verified by using experimental data and the various 

statistical criteria. The optimization results based on the MADE algorithm are 
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explained. The analysis of the MADE algorithm is performed based on hourly 

meteorological data for one year. The optimal configurations based on the numerical 

approach and their relationships with the techno-economic criteria for the sizing of a 

SAPV system are presented. The results and discussions of findings are explained with 

figures, and tables in this chapter.  

Chapter 5 focuses on the conclusion and shows how the objectives of this study are 

fulfilled. Finally, research contributions, limitations, and a direction for future work 

are presented.   



© C
OPYRIG

HT U
PM

 

101 

6 REFERENCES 

[1] Global, B.P., "BP statistical review of world energy June 2017," Available 

online: https://www.bp.com/en/global/corporate/energy-economics/statistical-

review-of-world-energy.html, 2017.  

[2] EA, "Energy Technology Perspectives 2017," IEA, Paris, Available online: 

https://www.iea.org/reports/energy-technology-perspectives-2017. 

[3] Zenghelis, D., "Stern Review: The economics of climate change," London, 

England: HM Treasury, pp.686-702, 2006. 

[4] Khalilpour, R. and Vassallo, A., "Leaving the grid: An ambition or a real 

choice?," Energy Policy, vol. 82, pp.207-221, 2015.   

[5] Said, Z. and Mehmood, A., "Standalone photovoltaic system assessment for 

major cities of United Arab Emirates based on simulated results," Journal of 

Cleaner Production, vol. 142, pp.2722-2729, 2017. 

[6] Meral, M.E. and Dincer, F., "A review of the factors affecting operation and 

efficiency of photovoltaic based electricity generation systems," Renewable 

and Sustainable Energy Reviews, vol. 15, no. 5, pp.2176-2184, 2011. 

[7] Khatib, T., Sopian, K. and Kazem, H.A., "Actual performance and 

characteristic of a grid connected photovoltaic power system in the tropics: A 

short term evaluation," Energy Conversion and Management, vol. 71, pp.115-

119, 2013. 

[8] Kazem, H.A., Khatib, T. and Sopian, K., "Sizing of a standalone 

photovoltaic/battery system at minimum cost for remote housing electrification 

in Sohar, Oman," Energy and Buildings, vol. 61, pp.108-115, 2013. 

[9] Chauhan, A. and Saini, R.P., "A review on Integrated Renewable Energy 

System based power generation for stand-alone applications: Configurations, 

storage options, sizing methodologies and control," Renewable and Sustainable 

Energy Reviews, vol. 38, pp.99-120, 2014. 

[10] Nunes, H.G.G., Pombo, J.A.N., Mariano, S.J.P.S., Calado, M.R.A. and De 

Souza, J.F., "A new high performance method for determining the parameters 

of PV cells and modules based on guaranteed convergence particle swarm 

optimization," Applied energy, vol. 211, pp.774-791, 2018. 

[11] Chaibi, Y., Salhi, M., El-Jouni, A. and Essadki, A., "A new method to extract 

the equivalent circuit parameters of a photovoltaic panel," Solar Energy, vol. 

163, pp.376-386, 2018. 

[12] Khanna, V., Das, B.K., Bisht, D. and Singh, P.K., "A three diode model for 

industrial solar cells and estimation of solar cell parameters using PSO 

algorithm," Renewable Energy, vol. 78, pp.105-113, 2015. 

 

 



© C
OPYRIG

HT U
PM

 

102 

[13] Farhoodnea, M., Mohamed, A., Khatib, T. and Elmenreich, W., "Performance 

evaluation and characterization of a 3-kWp grid-connected photovoltaic system 

based on tropical field experimental results: new results and comparative 

study," Renewable and Sustainable Energy Reviews, vol. 42, pp.1047-1054, 

2015. 

[14] Monteiro, R.V., Guimarães, G.C., Moura, F.A., Albertini, M.R. and Albertini, 

M.K., "Estimating photovoltaic power generation: performance analysis of 

artificial neural networks, Support Vector Machine and Kalman filter," Electric 

Power Systems Research, vol. 143, pp.643-656, 2017. 

[15] Khatib, T., Ibrahim, I.A. and Mohamed, A., "A review on sizing methodologies 

of photovoltaic array and storage battery in a standalone photovoltaic 

system," Energy Conversion and Management, vol. 120, pp.430-448, 2016. 

[16] Chel, A., Tiwari, G.N. and Chandra, A., "Simplified method of sizing and life 

cycle cost assessment of building integrated photovoltaic system," Energy and 

Buildings, vol. 41, no. 11, pp.1172-1180, 2009. 

[17] Ibrahim, I.A., Khatib, T. and Mohamed, A., "Optimal sizing of a standalone 

photovoltaic system for remote housing electrification using numerical 

algorithm and improved system models," Energy, vol. 126, pp.392-403, 2017. 

[18] Khatib, T., Mohamed, A., Sopian, K. and Mahmoud, M., "A new approach for 

optimal sizing of standalone photovoltaic systems," International Journal of 

Photoenergy, 2012., 2012. 

[19] Panguloori, R.B. and Mishra, P., "March. Analysis on system sizing and 

secondary benefits of centralized PV street lighting system," In 2014 POWER 

AND ENERGY SYSTEMS: TOWARDS SUSTAINABLE ENERGY (pp. 1-6). 

IEEE, 2014. 

[20] Mohamed, A.F., Elarini, M.M. and Othman, A.M., "A new technique based on 

Artificial Bee Colony Algorithm for optimal sizing of stand-alone photovoltaic 

system," Journal of advanced research, vol. 5, no. 3, pp.397-408, 2014. 

[21] Habib, A.H., Disfani, V.R., Kleissl, J. and de Callafon, R.A., "Optimal 

switchable load sizing and scheduling for standalone renewable energy 

systems," Solar Energy, vol. 144, pp.707-720, 2017. 

[22] Dincer, I. and Acar, C., "A review on clean energy solutions for better 

sustainability," International Journal of Energy Research, vol. 39, no. 5, 

pp.585-606, 2015. 

[23] Al-Falahi, M.D., Jayasinghe, S.D.G. and Enshaei, H.J.E.C., "A review on 

recent size optimization methodologies for standalone solar and wind hybrid 

renewable energy system," Energy Conversion and Management, vol. 143, 

pp.252-274, 2017. 

[24] Pillai, D.S. and Rajasekar, N., "Metaheuristic algorithms for PV parameter 

identification: A comprehensive review with an application to threshold setting 

for fault detection in PV systems," Renewable and Sustainable Energy Reviews, 

vol. 82, pp.3503-3525, 2018. 



© C
OPYRIG

HT U
PM

 

103 

[25] Suskis, P. and Galkin, I., "November. Enhanced photovoltaic panel model for 

MATLAB-simulink environment considering solar cell junction capacitance," 

In IECON 2013-39th Annual Conference of the IEEE Industrial Electronics 

Society (pp. 1613-1618). IEEE, 2013. 

[26] Lumb, M.P., Bailey, C.G., Adams, J.G., Hillier, G., Tuminello, F., Elarde, V.C. 

and Walters, R.J., "Analytical drift-diffusion modeling of GaAs solar cells 

incorporating a back mirror," In 2013 IEEE 39th Photovoltaic Specialists 

Conference (PVSC) (pp. 1063-1068). IEEE, 2013. 

[27] Soon, J.J., Low, K.S. and Goh, S.T., "Multi-dimension diode photovoltaic (PV) 

model for different PV cell technologies," In 2014 IEEE 23rd International 

Symposium on Industrial Electronics (ISIE) (pp. 2496-2501). IEEE¸ 2014. 

[28] Humada, A.M., Hojabri, M., Mekhilef, S. and Hamada, H.M., "Solar cell 

parameters extraction based on single and double-diode models: A 

review," Renewable and Sustainable Energy Reviews, vol. 56, pp.494-509, 

2016. 

[29] Jordehi, A.R., "Parameter estimation of solar photovoltaic (PV) cells: A 

review," Renewable and Sustainable Energy Reviews, vol. 61, pp.354-371, 

2016.  

[30] Jena, D. and Ramana, V.V., "Modeling of photovoltaic system for uniform and 

non-uniform irradiance: A critical review," Renewable and Sustainable Energy 

Reviews, vol. 52, pp.400-417, 2015. 

[31] Muhsen, D.H., Ghazali, A.B., Khatib, T. and Abed, I.A., "Parameters extraction 

of double diode photovoltaic module’s model based on hybrid evolutionary 

algorithm," Energy Conversion and Management, vol. 105, pp.552-561, 2015.  

[32] Khatib, T., Ghareeb, A., Tamimi, M., Jaber, M. and Jaradat, S., "A new offline 

method for extracting IV characteristic curve for photovoltaic modules using 

artificial neural networks," Solar Energy, vol. 173, pp.462-469, 2018. 

[33] Lim, L.H.I., Ye, Z., Ye, J., Yang, D. and Du, H., "A linear identification of 

diode models from single $ I $–$ V $ characteristics of PV panels," IEEE 

Transactions on Industrial Electronics, vol. 62, no. 7, pp.4181-4193, 2015. 

[34] Lopez-Guede, J.M., Ramos-Hernanz, J.A., Estevez, J., Garmendia, A., Torre, 

L. and Graña, M., "Electrical Behavior Modeling of Solar Panels Using 

Extreme Learning Machines," In International Conference on Hybrid Artificial 

Intelligence Systems (pp. 730-740). Springer, Cham, 2018. 

[35] Navabi, R., Abedi, S., Hosseinian, S.H. and Pal, R., "On the fast convergence 

modeling and accurate calculation of PV output energy for operation and 

planning studies," Energy conversion and management, vol. 89, pp.497-506, 

2015. 

[36] Barukčić, M., Hederić, Ž. and Špoljarić, Ž., "The estimation of I–V curves of 

PV panel using manufacturers’ I–V curves and evolutionary strategy," Energy 

conversion and management, vol. 88, pp.447-458, 2014. 

 



© C
OPYRIG

HT U
PM

 

104 

[37] Easwarakhanthan, T., Bottin, J., Bouhouch, I. and Boutrit, C., "Nonlinear 

minimization algorithm for determining the solar cell parameters with 

microcomputers," International journal of solar energy, vol. 4, no. 1, pp.1-12, 

1986. 

[38] Tossa, A.K., Soro, Y.M., Azoumah, Y. and Yamegueu, D., "A new approach 

to estimate the performance and energy productivity of photovoltaic modules 

in real operating conditions," Solar energy, vol. 110, pp.543-560, 2014. 

[39] Bai, J., Liu, S., Hao, Y., Zhang, Z., Jiang, M. and Zhang, Y., "Development of 

a new compound method to extract the five parameters of PV modules," Energy 

Conversion and Management, vol. 79, pp.294-303, 2014. 

[40] Appelbaum, J. and Peled, A., "Parameters extraction of solar cells–A 

comparative examination of three methods," Solar energy materials and solar 

cells, vol. 122, pp.164-173, 2014. 

[41] Ishaque, K. and Salam, Z., "A comprehensive MATLAB Simulink PV system 

simulator with partial shading capability based on two-diode model," Solar 

energy, vol. 85, no. 9, pp.2217-2227, 2011. 

[42] Ishaque, K., Salam, Z. and Taheri, H., "Simple, fast and accurate two-diode 

model for photovoltaic modules," Solar energy materials and solar cells, vol. 

95, no. 2, pp.586-594, 2011. 

[43] Brano, V.L. and Ciulla, G., "An efficient analytical approach for obtaining a 

five parameters model of photovoltaic modules using only reference 

data," Applied Energy, vol. 111, pp.894-903, 2013. 

[44] King, D.L., Kratochvil, J.A. and Boyson, W.E., "Photovoltaic array 

performance mode,"l (pp. 1-43). United States. Department of Energy, 2004. 

[45] Rhouma, M.B., Gastli, A., Brahim, L.B., Touati, F. and Benammar, M., "A 

simple method for extracting the parameters of the PV cell single-diode 

model," Renewable Energy, vol. 113, pp.885-894, 2017. 

[46] Batzelis, E.I. and Papathanassiou, S.A., "A method for the analytical extraction 

of the single-diode PV model parameters," IEEE Transactions on Sustainable 

Energy, vol. 7, no. 2, pp.504-512, 2015. 

[47] Chouder, A., Silvestre, S., Sadaoui, N. and Rahmani, L., "Modeling and 

simulation of a grid connected PV system based on the evaluation of main PV 

module parameters," Simulation Modelling Practice and Theory, vol. 20, no. 1, 

pp.46-58, 2012. 

[48] Ishaque, K., Salam, Z. and Taheri, H., "Modeling and simulation of 

photovoltaic (PV) system during partial shading based on a two-diode 

model," Simulation Modelling Practice and Theory, vol. 19, no. 7, pp.1613-

1626, 2011. 

[49] Gao, X., Cui, Y., Hu, J., Xu, G. and Yu, Y., "Lambert W-function based exact 

representation for double diode model of solar cells: Comparison on fitness and 

parameter extraction," Energy conversion and management, vol. 127, pp.443-

460, 2016. 



© C
OPYRIG

HT U
PM

 

105 

[50] Şentürk, A., "New method for computing single diode model parameters of 

photovoltaic modules," Renewable Energy, vol. 128, pp.30-36, 2018. 

[51] Toledo, F.J. and Blanes, J.M., "Analytical and quasi-explicit four arbitrary point 

method for extraction of solar cell single-diode model parameters," Renewable 

Energy, vol. 92, pp.346-356, 2016. 

[52] Lineykin, S., Averbukh, M. and Kuperman, A., "An improved approach to 

extract the single-diode equivalent circuit parameters of a photovoltaic 

cell/panel," Renewable and Sustainable Energy Reviews, vol. 30, pp.282-289, 

2014. 

[53] Ma, T., Yang, H. and Lu, L., "Development of a model to simulate the 

performance characteristics of crystalline silicon photovoltaic 

modules/strings/arrays," Solar Energy, vol. 100, pp.31-41, 2014. 

[54] Ibrahim, H. and Anani, N., "Evaluation of analytical methods for parameter 

extraction of PV modules," Energy Procedia, vol. 134, pp.69-78, 2017. 

[55] Cubas, J., Pindado, S. and Victoria, M., "On the analytical approach for 

modeling photovoltaic systems behavior," Journal of power sources, vol. 247, 

pp.467-474, 2014. 

[56] Cubas, J., Pindado, S. and De Manuel, C., "Explicit expressions for solar panel 

equivalent circuit parameters based on analytical formulation and the Lambert 

W-function," Energies, vol. 7, no. 7, pp.4098-4115, 2014. 

[57] Laudani, A., Lozito, G.M., Mancilla-David, F., Riganti-Fulginei, F. and 

Salvini, A., "An improved method for SRC parameter estimation for the CEC 

PV module model," Solar Energy, vol. 120, pp.525-535, 2015. 

[58] Lopez-Guede, J.M., Ramos-Hernanz, J.A., Zulueta, E., Fernadez-Gamiz, U. 

and Oterino, F., "Systematic modeling of photovoltaic modules based on 

artificial neural networks," International Journal of Hydrogen Energy, vol. 41, 

no. 29, pp.12672-12687, 2016. 

[59] Karatepe, E., Boztepe, M. and Colak, M., "Neural network based solar cell 

model," Energy conversion and management, vol. 47, no. 9-10, pp.1159-1178, 

2006. 

[60] Celik, A.N. and Acikgoz, N., "Modelling and experimental verification of the 

operating current of mono-crystalline photovoltaic modules using four-and 

five-parameter models," Applied energy, vol. 84, no. 1, pp.1-15, 2007. 

[61] Bonanno, F., Capizzi, G., Graditi, G., Napoli, C. and Tina, G.M., "A radial basis 

function neural network based approach for the electrical characteristics 

estimation of a photovoltaic module," Applied Energy, vol. 97, pp.956-961, 

2012. 

[62] Karamirad, M., Omid, M., Alimardani, R., Mousazadeh, H. and Heidari, S.N., 

"ANN based simulation and experimental verification of analytical four-and 

five-parameters models of PV modules," Simulation Modelling Practice and 

Theory, vol. 34, pp.86-98, 2013. 



© C
OPYRIG

HT U
PM

 

106 

[63] Patra, J.C. and Maskell, D.L., "Modeling of multi-junction solar cells for 

estimation of EQE under influence of charged particles using artificial neural 

networks," Renewable energy, vol. 44, pp.7-16, 2012. 

[64] Chellaswamy, C. and Ramesh, R., "Parameter extraction of solar cell models 

based on adaptive differential evolution algorithm," Renewable energy, vol. 97, 

pp.823-837, 2016. 

[65] Kichou, S., Silvestre, S., Guglielminotti, L., Mora-López, L. and Muñoz-Cerón, 

E., "Comparison of two PV array models for the simulation of PV systems using 

five different algorithms for the parameters identification," Renewable 

energy, vol. 99, pp.270-279, 2016. 

[66] Ishaque, K., Salam, Z., Taheri, H. and Shamsudin, A., "A critical evaluation of 

EA computational methods for Photovoltaic cell parameter extraction based on 

two diode model," Solar Energy, vol. 85, no. 9, pp.1768-1779, 2011. 

[67] AlRashidi, M.R., AlHajri, M.F., El-Naggar, K.M. and Al-Othman, A.K., "A 

new estimation approach for determining the I–V characteristics of solar 

cells," Solar Energy, vol. 85, no. 7, pp.1543-1550, 2011. 

[68] K Bouzidi, K., Chegaar, M. and Nehaoua, N., "November. New method to 

extract the parameters of solar cells from their illuminated IV curve," In 4th 

International Conference on Computer Integrated Manufacturing, Setif, 

Algeria (pp. 1-4), 2007. 

[69] Bastidas-Rodriguez, J.D., Petrone, G., Ramos-Paja, C.A. and Spagnuolo, G., 

"A genetic algorithm for identifying the single diode model parameters of a 

photovoltaic panel," Mathematics and Computers in Simulation, vol. 131, 

pp.38-5, 2017. 

[70] Oliva, D., Cuevas, E. and Pajares, G., "Parameter identification of solar cells 

using artificial bee colony optimization," Energy, vol. 72, pp.93-102, 2014. 

[71] Niu, Q., Zhang, H. and Li, K., "An improved TLBO with elite strategy for 

parameters identification of PEM fuel cell and solar cell models," International 

journal of hydrogen energy, vol. 39, no. 8, pp.3837-3854, 2014. 

[72] Ishaque, K., Salam, Z., Mekhilef, S. and Shamsudin, A., "Parameter extraction 

of solar photovoltaic modules using penalty-based differential 

evolution," Applied Energy, vol. 99, pp.297-308, 2012. 

[73] Jiang, L.L., Maskell, D.L. and Patra, J.C., "Parameter estimation of solar cells 

and modules using an improved adaptive differential evolution 

algorithm," Applied Energy, vol. 112, pp.185-193, 2013. 

[74] Gong, W. and Cai, Z., "Parameter extraction of solar cell models using repaired 

adaptive differential evolution," Solar Energy, vol. 94, pp.209-220, 2013.  

[75] Askarzadeh, A. and Rezazadeh, A., "Artificial bee swarm optimization 

algorithm for parameters identification of solar cell models," Applied 

Energy, vol. 102, pp.943-949, 2013. 

 



© C
OPYRIG

HT U
PM

 

107 

[76] AlHajri, M.F., El-Naggar, K.M., AlRashidi, M.R. and Al-Othman, A.K., 

"Optimal extraction of solar cell parameters using pattern search," Renewable 

Energy, vol. 44, pp.238-245, 2012. 

[77] Askarzadeh, A. and Rezazadeh, A., "Parameter identification for solar cell 

models using harmony search-based algorithms," Solar Energy, vol. 86, no. 11, 

pp.3241-3249, 2012. 

[78] Alam, D.F., Yousri, D.A. and Eteiba, M.B., "Flower pollination algorithm 

based solar PV parameter estimation," Energy Conversion and 

Management, vol. 101, pp.410-422, 2015. 

[79] Yu, K., Chen, X., Wang, X. and Wang, Z., "Parameters identification of 

photovoltaic models using self-adaptive teaching-learning-based 

optimization," Energy Conversion and Management, vol. 145, pp.233-246, 

2017. 

[80] El-Naggar, K.M., AlRashidi, M.R., AlHajri, M.F. and Al-Othman, A.K., 

"Simulated annealing algorithm for photovoltaic parameters 

identification," Solar Energy, vol. 86, no. 1, pp.266-274, 2012. 

[81] Jacob, B., Balasubramanian, K., Azharuddin, S.M. and Rajasekar, N., "Solar 

PV modelling and parameter extraction using artificial immune 

system," Energy Procedia, vol. 75, pp.331-336, 2015. 

[82] Kumari, P.A. and Geethanjali, P., "Adaptive genetic algorithm based multi-

objective optimization for photovoltaic cell design parameter 

extraction," Energy Procedia, vol. 117, pp.432-441, 2017. 

[83] Peng, W., Zeng, Y., Gong, H., Leng, Y.Q., Yan, Y.H. and Hu, W., 

"Evolutionary algorithm and parameters extraction for dye-sensitised solar cells 

one-diode equivalent circuit model," Micro & Nano Letters, vol. 8, no. 2, pp.86-

89, 2013. 

[84] Muhsen, D.H., Ghazali, A.B., Khatib, T. and Abed, I.A., "A comparative study 

of evolutionary algorithms and adapting control parameters for estimating the 

parameters of a single-diode photovoltaic module's model," Renewable 

energy, vol. 96, pp.377-389, 2016. 

[85] Siddiqui, M.U. and Abido, M., "Parameter estimation for five-and seven-

parameter photovoltaic electrical models using evolutionary 

algorithms," Applied soft computing, vol. 13, no. 12, pp.4608-4621, 2013. 

[86] Yu, K., Liang, J.J., Qu, B.Y., Cheng, Z. and Wang, H., "Multiple learning 

backtracking search algorithm for estimating parameters of photovoltaic 

models," Applied energy, vol. 226, pp.408-422, 2018. 

[87] Attivissimo, F., Di Nisio, A., Savino, M. and Spadavecchia, M., "Uncertainty 

analysis in photovoltaic cell parameter estimation," IEEE Transactions on 

Instrumentation and Measurement, vol. 61, no. 5, pp.1334-1342, 2012. 

[88] Chin, V.J., Salam, Z. and Ishaque, K., "An accurate modelling of the two-diode 

model of PV module using a hybrid solution based on differential 

evolution," Energy Conversion and Management, vol. 124, pp.42-50, 2016. 



© C
OPYRIG

HT U
PM

 

108 

[89] Hosseini, S.H. and Keymanesh, A.A., "Design and construction of photovoltaic 

simulator based on dual-diode model," Solar Energy, vol. 137, pp.594-607, 

2016. 

[90] Xu, S. and Wang, Y., "Parameter estimation of photovoltaic modules using a 

hybrid flower pollination algorithm," Energy Conversion and 

Management, vol. 144, pp.53-68, 2017. 

[91] Ram, J.P., Babu, T.S., Dragicevic, T. and Rajasekar, N., "A new hybrid bee 

pollinator flower pollination algorithm for solar PV parameter 

estimation," Energy conversion and management, vol. 135, pp.463-476, 2017. 

[92] Yuan, X., Xiang, Y. and He, Y., "Parameter extraction of solar cell models 

using mutative-scale parallel chaos optimization algorithm," Solar Energy, vol. 

108, pp.238-251, 2014. 

[93] Elbaset, A.A., Ali, H. and Abd-El Sattar, M., "Novel seven-parameter model 

for photovoltaic modules," Solar energy materials and Solar cells, vol. 130, 

pp.442-455, 2014. 

[94] Villalva, M.G., Gazoli, J.R. and Ruppert Filho, E., "Comprehensive approach 

to modeling and simulation of photovoltaic arrays," IEEE Transactions on 

power electronics, vol. 24(5), pp.1198-1208, 2009. 

[95] Muhsen, D.H., Ghazali, A.B., Khatib, T. and Abed, I.A., "Extraction of 

photovoltaic module model’s parameters using an improved hybrid differential 

evolution/electromagnetism-like algorithm," Solar Energy, vol. 119, pp.286-

297, 2015. 

[96] Peng, L., Sun, Y. and Meng, Z., "An improved model and parameters extraction 

for photovoltaic cells using only three state points at standard test 

condition," Journal of power Sources, vol. 248, pp.621-631, 2014. 

[97] Mondol, J.D., Yohanis, Y.G. and Norton, B., "Comparison of measured and 

predicted long term performance of grid a connected photovoltaic 

system," Energy Conversion and Management, vol. 48, no. 4, pp.1065-1080, 

2007. 

[98] El Hassouni, B., Haddi, A. and Amrani, A.G., "Modeling and simulation of an 

autonomous PV Generator dedicated to supply an agricultural pumping 

station," Energy Procedia, vol. 139, pp.153-160, 2017. 

[99] Park, J.Y. and Choi, S.J., "A novel simulation model for PV panels based on 

datasheet parameter tuning," Solar Energy, vol. 145, pp.90-98, 2017. 

[100] Salman, A., Williams, A., Amjad, H., Bhatti, M.K.L. and Saad, M., "October. 

Simplified modeling of a PV panel by using PSIM and its comparison with 

laboratory test results," In 2015 IEEE Global Humanitarian Technology 

Conference (GHTC) (pp. 360-364). IEEE, 2015. 

[101] Belhaouas, A.N., Cheikh, M.A. and Larbes, C., "Suitable Matlab-Simulink 

simulator for PV system based on a two-diode model under shading 

conditions," In 3rd International Conference on Systems and Control (pp. 72-

76). IEEE, 2013. 



© C
OPYRIG

HT U
PM

 

109 

[102] Illanes, R., De Francisco, A., Núñez, F., De Blas, M., García, A. and Torres, 

J.L., "Dynamic simulation and modelling of stand-alone PV systems by using 

state equations and numerical integration methods," Applied energy, vol. 135, 

pp.440-449, 2014. 

[103] Khatibi, A., Razi Astaraei, F. and Ahmadi, M.H., "Generation and combination 

of the solar cells: A current model review," Energy Science & Engineering, vol. 

7, no. 2, pp.305-322, 2019. 

[104] Chin, V.J., Salam, Z. and Ishaque, K., "Cell modelling and model parameters 

estimation techniques for photovoltaic simulator application: A 

review.," Applied Energy, vol. 154, pp.500-519, 2015. 

[105] Steingrube, S., Breitenstein, O., Ramspeck, K., Glunz, S., Schenk, A. and 

Altermatt, P.P., "Explanation of commonly observed shunt currents in c-Si 

solar cells by means of recombination statistics beyond the Shockley-Read-Hall 

approximation," Journal of Applied Physics, vol. 110, no. 1, p.014515, 2011. 

[106] Patel, M.R., Wind and solar power systems, 2009. 

[107] Masters, G.M., "Renewable and efficient electric power system.," John Wiley 

& Sons, 2013. 

[108] Kandemir, E., Cetin, N.S. and Borekci, S., "A comprehensive overview of 

maximum power extraction methods for PV systems," Renewable and 

Sustainable Energy Reviews, vol. 78, pp.93-112, 2017. 

[109] Qahouq, J.A.A. and Jiang, Y., "Distributed photovoltaic solar system 

architecture with single-power inductor single-power converter and single-

sensor single maximum power point tracking controller," IET Power 

Electronics, vol. 7, no. 10, pp.2600-2609, 2014. 

[110] Dufo-López, R., Lujano-Rojas, J.M. and Bernal-Agustín, J.L., "Comparison of 

different lead–acid battery lifetime prediction models for use in simulation of 

stand-alone photovoltaic systems," Applied Energy, vol. 115, pp.242-253, 

2014. 

[111] Salam, Z., Ahmed, J. and Merugu, B.S., "The application of soft computing 

methods for MPPT of PV system: A technological and status review," Applied 

Energy, vol. 107, pp.135-148, 2013. 

[112] Eldahab, Y.E.A., Saad, N.H. and Zekry, A., "Enhancing the design of battery 

charging controllers for photovoltaic systems," Renewable and Sustainable 

Energy Reviews, vol. 58, pp.646-655, 2016. 

[113] Nikhil, P.G. and Subhakar, D., "Approaches for developing a regression model 

for sizing a stand-alone photovoltaic system," IEEE Journal of 

Photovoltaics, vol. 5, no. 1, pp.250-257, 2014. 

[114] Muhsen, D.H., Khatib, T. and Haider, H.T.," A feasibility and load sensitivity 

analysis of photovoltaic water pumping system with battery and diesel 

generator," Energy conversion and management, vol. 148, pp.287-304, 2017. 

 



© C
OPYRIG

HT U
PM

 

110 

[115] Khan, H.A. and Pervaiz, S., "Technological review on solar PV in Pakistan: 

Scope, practices and recommendations for optimized system 

design," Renewable and Sustainable Energy Reviews, vol. 23, pp.147-154, 

2013. 

[116] Barzegarkhoo, R., Moradzadeh, M., Zamiri, E., Kojabadi, H.M. and Blaabjerg, 

F., "A new boost switched-capacitor multilevel converter with reduced circuit 

devices," IEEE Transactions on Power Electronics, vol. 33, no. 8, pp.6738-

6754, 2017. 

[117] Ecodirect, Comparison: MPPT vs PWM charge controllers, Available from 

https://www.ecodirect.com/Charge-Controller-Comparison-s/251.htm, 2018. 

[118] Hansen, A.D., Sørensen, P.E., Hansen, L.H. and Bindner, H.W., "Models for a 

stand-alone PV system,", 2001. 

[119] Chatzivasileiadi, A., Ampatzi, E. and Knight, I., "Characteristics of electrical 

energy storage technologies and their applications in buildings," Renewable 

and Sustainable Energy Reviews, vol. 25, pp.814-830, 2013. 

[120] Zhang, Y., Lundblad, A., Campana, P.E. and Yan, J., "Employing battery 

storage to increase photovoltaic self-sufficiency in a residential building of 

Sweden," Energy Procedia, vol. 88, pp.455-461, 2016. 

[121] Spanos, C., Turney, D.E. and Fthenakis, V., "Life-cycle analysis of flow-

assisted nickel zinc-, manganese dioxide-, and valve-regulated lead-acid 

batteries designed for demand-charge reduction," Renewable and Sustainable 

Energy Reviews, vol. 43, pp.478-494, 2015. 

[122] Schuhmacher, J., "INSEL–Interactive Simulation of Renewable Electrical 

Energy Supply Systems-, Reference Manual," University of Oldenburg, 

Renewable Energy Group, Dept. of Physics, PO Box, 2503, 1993. 

[123] Manwell, J.F. and McGowan, J.G., "Lead acid battery storage model for hybrid 

energy systems," Solar energy, vol. 50, no. 5, pp.399-405, 1993. 

[124] Copetti, J.B. and Chenlo, F., "Lead/acid batteries for photovoltaic applications. 

Test results and modeling," Journal of power sources, vol. 47, no. 1-2, pp.109-

118, 1994. 

[125] Copetti, J.B., Lorenzo, E. and Chenlo, F., "A general battery model for PV 

system simulation," Progress in Photovoltaics: research and applications, vol. 

1, no. 4, pp.283-292, 1993. 

[126] Schiffer, J., Sauer, D.U., Bindner, H., Cronin, T., Lundsager, P. and Kaiser, R., 

"Model prediction for ranking lead-acid batteries according to expected lifetime 

in renewable energy systems and autonomous power-supply systems," Journal 

of Power sources, vol. 168, no. 1, pp.66-78, 2007. 

[127] Bernal-Agustín, J.L. and Dufo-Lopez, R., "Simulation and optimization of 

stand-alone hybrid renewable energy systems," Renewable and Sustainable 

Energy Reviews, vol. 13, no. 8, pp.2111-2118, 2009. 

 



© C
OPYRIG

HT U
PM

 

111 

[128] Downing, S.D. and Socie, D.F., "Simple rainflow counting 

algorithms," International journal of fatigue, vol. 4, no. 1, pp.31-40, 1982. 

[129] Ibrahim, I.A., Khatib, T. and Mohamed, A., "Impact of Battery’s Model 

Accuracy on Size Optimization Process of a Standalone Photovoltaic System," 

Sustainability, vol.  8, no. 9, p.894, 2016. 

[130] Lupangu, C. and Bansal, R.C., "A review of technical issues on the 

development of solar photovoltaic systems," Renewable and Sustainable 

Energy Reviews, vol. 73, pp.950-965, 2017. 

[131] Masters, G.M., "Renewable and efficient electric power systems," John Wiley 

& Sons, 2013. 

[132] Ghafoor, A. and Munir, A., "Design and economics analysis of an off-grid PV 

system for household electrification," Renewable and Sustainable Energy 

Reviews, vol. 42, pp.496-502, 2015. 

[133] Rahman, M.M., Islam, A.S., Salehin, S. and Al-Matin, M.A., "Development of 

a model for techno-economic assessment of a stand-alone off-grid solar 

photovoltaic system in Bangladesh," International Journal of Renewable 

Energy Research (IJRER), vol. 6, no. 1, pp.140-149, 2016. 

[134] Cabral, C.V.T., Oliveira Filho, D., Diniz, A.S.A.C., Martins, J.H., Toledo, O.M. 

and Lauro de Vilhena, B., "A stochastic method for stand-alone photovoltaic 

system sizing," Solar Energy, vol. 84, no. 9, pp.1628-1636, 2010. 

[135] Chen, S.G., "An efficient sizing method for a stand-alone PV system in terms 

of the observed block extremes," Applied energy, vol. 91, no. 1, pp.375-384, 

2012. 

[136] Bataineh, K. and Dalalah, D., "Optimal configuration for design of stand-alone 

PV system," Smart Grid and Renewable Energy, vol. 3, no. 02, p.139, 2012. 

[137] Spertino, F., Di Leo, P., Cocina, V. and Tina, G.M., "Storage sizing procedure 

and experimental verification of stand-alone photovoltaic systems. In 2012 

IEEE International Energy Conference and Exhibition (ENERGYCON) (pp. 

464-468). IEEE, 2012. 

[138] Semaoui, S., Arab, A.H., Bacha, S. and Azoui, B., "Optimal sizing of a stand-

alone photovoltaic system with energy management in isolated areas," Energy 

Procedia, vol. 36, pp.358-368, 2013. 

[139] Faxas-Guzmán, J., García-Valverde, R., Serrano-Luján, L. and Urbina, A., 

"Priority load control algorithm for optimal energy management in stand-alone 

photovoltaic systems," Renewable energy, vol. 68, pp.156-162, 2014. 

[140] Lee, M., Soto, D. and Modi, V., "Cost versus reliability sizing strategy for 

isolated photovoltaic micro-grids in the developing world," Renewable 

Energy, vol. 69, pp.16-24, 2014. 

[141] Bouabdallah, A., Olivier, J.C., Bourguet, S., Machmoum, M. and Schaeffer, E., 

"Safe sizing methodology applied to a standalone photovoltaic 

system," Renewable Energy, vol. 80, pp.266-274, 2015. 



© C
OPYRIG

HT U
PM

 

112 

[142] Mandelli, S., Brivio, C., Colombo, E. and Merlo, M., "A sizing methodology 

based on Levelized Cost of Supplied and Lost Energy for off-grid rural 

electrification systems," Renewable Energy, vol. 89, pp.475-488, 2016. 

[143] Nordin, N.D. and Rahman, H.A., "A novel optimization method for designing 

stand alone photovoltaic system," Renewable Energy, vol. 89, pp.706-715, 

2016. 

[144] Ibrahim, I.A., Mohamed, A. and Khatib, T. "December. Optimal modeling and 

sizing of a practical standalone PV/battery generation system using numerical 

algorithm," In 2015 IEEE Student Conference on Research and Development 

(SCOReD), pp. 43-48. IEEE, 2015. 

[145] C.O. Okoye, O. Solyalı, Optimal sizing of stand-alone photovoltaic systems in 

residential buildings, Energy. 126 (2017) 573–584. 

doi:10.1016/j.energy.2017.03.032. 

[146] Habib, A.H., Disfani, V.R., Kleissl, J. and de Callafon, R.A., "September. 

Quasi-dynamic load and battery sizing and scheduling for stand-alone solar 

system using mixed-integer linear programming," In 2016 IEEE Conference on 

Control Applications (CCA) (pp. 1476-1481). IEEE, 2016. 

[147] Sarhan, A., Hizam, H., Mariun, N. and Ya'acob, M.E., "An improved numerical 

optimization algorithm for sizing and configuration of standalone photo-voltaic 

system components in Yemen," Renewable Energy, vol. 134, pp.1434-1446, 

2019. 

[148] Egido, M. and Lorenzo, E., "The sizing of stand alone PV-system: A review 

and a proposed new method," Solar energy materials and solar cells, vol. 26, 

no. 1-2, pp.51-69, 1992. 

[149] Jakhrani, A.Q., Othman, A.K., Rigit, A.R.H., Samo, S.R. and Kamboh, S.A., 

"A novel analytical model for optimal sizing of standalone photovoltaic 

systems," Energy, vol. 46, no. 1, pp.675-682, 2012. 

[150] Riza, D.F.A.L., Gilani, S.I.U.H. and Aris, M.S., "Standalone photovoltaic 

systems sizing optimization using design space approach: case study for 

residential lighting load," Journal of Engineering Science and Technology, vol. 

10, no. 7, pp.943-957, 2015. 

[151] Huang, B.J., Hou, T.F., Hsu, P.C., Lin, T.H., Chen, Y.T., Chen, C.W., Li, K. 

and Lee, K.Y., "Design of direct solar PV driven air conditioner," Renewable 

energy, vol. 88, pp.95-101, 2016. 

[152] Khatib, T. and Elmenreich, W., "An improved method for sizing standalone 

photovoltaic systems using generalized regression neural 

network," International Journal of Photoenergy, 2014, 2014. 

[153] Salah, C.B., Lamamra, K. and Fatnassi, A., "New optimally technical sizing 

procedure of domestic photovoltaic panel/battery system," Journal of 

Renewable and Sustainable Energy, vol. 7, no. 1, p.013134, 2015. 

 



© C
OPYRIG

HT U
PM

 

113 

[154] AZIZ, A., IZZATI, N., SULAIMAN, S.I., SHAARI, S. and MUSIRIN, I., 

"NEW TECHNIQUE FOR SIZING OPTIMIZATION OF A STAND-ALONE 

PHOTOVOLTAIC SYSTEM," Journal of Theoretical & Applied Information 

Technology, vol. 67, no. 2, 2014. 

[155] Othman, Z., Sulaiman, S.I., Musirin, I., Omar, A.M. and Shaari, S., "Optimal 

design of stand alone photovoltaic system using evolutionary programming," 

In 2016 IEEE Conference on Systems, Process and Control (ICSPC) (pp. 196-

201). IEEE, 2016. 

[156] Aziz, N.I.A., Sulaiman, S.I., Shaari, S., Musirin, I. and Sopian, K., "Optimal 

sizing of stand-alone photovoltaic system by minimizing the loss of power 

supply probability," Solar Energy, vol. 150, pp.220-228, 2017. 

[157] Connolly, D., Lund, H., Mathiesen, B.V. and Leahy, M., "A review of computer 

tools for analysing the integration of renewable energy into various energy 

systems," Applied energy, vol. 87, no. 4, pp.1059-1082, 2010. 

[158] Khatib, T., Mohamed, A. and Sopian, K., "A software tool for optimal sizing 

of PV systems in Malaysia," Modelling and Simulation in Engineering, 2012, 

2012. 

[159] Janko, S.A., Arnold, M.R. and Johnson, N.G., "Implications of high-penetration 

renewables for ratepayers and utilities in the residential solar photovoltaic (PV) 

market," Applied Energy, vol. 180, pp.37-51, 2016. 

[160] Türkay, B.E. and Telli, A.Y., "Economic analysis of standalone and grid 

connected hybrid energy systems," Renewable energy, vol. 36, no. 7, pp.1931-

1943, 2011. 

[161] Al-Karaghouli, A. and Kazmerski, L.L., "Optimization and life-cycle cost of 

health clinic PV system for a rural area in southern Iraq using HOMER 

software," Solar Energy, vol. 84, no. 4, pp.710-714, 2010. 

[162] Halabi, L.M., Mekhilef, S., Olatomiwa, L. and Hazelton, J., "Performance 

analysis of hybrid PV/diesel/battery system using HOMER: A case study 

Sabah, Malaysia," Energy Conversion and Management, vol. 144, pp.322-339, 

2017. 

[163] Lopez, Y., & Macías, H.A. "Methodology to Design and Validate a Sustainable 

Isolated Solar Photovoltaic System," International Conference on Renewable 

Energies and Power Quality (ICREPQ’17), vol. 1, no. 15, 2017. 

[164] Carroquino, J., Dufo-López, R. and Bernal-Agustín, J.L., "Sizing of off-grid 

renewable energy systems for drip irrigation in Mediterranean 

crops," Renewable energy, vol. 76, pp.566-574, 2015. 

[165] Zubi, G., Dufo-López, R., Pasaoglu, G. and Pardo, N., "Techno-economic 

assessment of an off-grid PV system for developing regions to provide 

electricity for basic domestic needs: A 2020–2040 scenario," Applied 

energy, vol. 176, pp.309-319, 2016. 

 



© C
OPYRIG

HT U
PM

 

114 

[166] Zandi, M., Bahrami, M., Eslami, S., Gavagsaz-Ghoachani, R., Payman, A., 

Phattanasak, M., Nahid-Mobarakeh, B. and Pierfederici, S., "Evaluation and 

comparison of economic policies to increase distributed generation capacity in 

the Iranian household consumption sector using photovoltaic systems and 

RETScreen software," Renewable energy, vol. 107, pp.215-222., 2017. 

[167] Weida, S., Kumar, S. and Madlener, R., "Financial viability of grid-connected 

solar PV and wind power systems in Germany," Energy Procedia, vol. 106, 

pp.35-45, 2016. 

[168] Zeiner, I., Suul, J.A., Marcos, A. and Molinas, M., "System design and load 

profile shaping for a Reverse Osmosis desalination plant powered by a stand-

alone PV system in Pozo Colorado, Paraguay," In 2014 Ninth International 

Conference on Ecological Vehicles and Renewable Energies (EVER) (pp. 1-8). 

IEEE, 2014. 

[169] Makhloufi, S., "Comparative study between classical methods and genetic 

algorithms for sizing remote PV systems," International Journal of Energy and 

Environmental Engineering, vol. 6, no. 3, pp.221-231, 2015. 

[170] Upadhyay, S. and Sharma, M.P., "A review on configurations, control and 

sizing methodologies of hybrid energy systems," Renewable and Sustainable 

Energy Reviews, vol. 38, pp.47-63, 2014. 

[171] Mellit, A. and Kalogirou, S.A., "ANFIS-based modelling for photovoltaic 

power supply system: A case study. Renewable energy, vol. 36, no. 1, pp.250-

258, 2011. 

[172] Mellit, A., Kalogirou, S.A. and Drif, M., "Application of neural networks and 

genetic algorithms for sizing of photovoltaic systems," Renewable Energy, vol. 

35, no. 12, pp.2881-2893, 2010. 

[173] Nikhil, P.G. and Subhakar, D., "Sizing and parametric analysis of a stand-alone 

photovoltaic power plant," IEEE journal of photovoltaics, vol. 3, no. 2, pp.776-

784, 2013. 

[174] Norbu, S. and Bandyopadhyay, S., "Power Pinch Analysis for optimal sizing of 

renewable-based isolated system with uncertainties," Energy, vol. 135, pp.466-

475, 2017. 

[175] Makhalfih, A., Braik, A., Barakat, D. and Kahtib, T., "PVOpt: A user-friendly 

software for optimally sizing standalone photovoltaic power systems for 

Palestine," In 2017 14th International Conference on Smart Cities: Improving 

Quality of Life Using ICT & IoT (HONET-ICT) (pp. 40-44). IEEE, 2017. 

[176] Sadio, A., Mbodji, S. and Fall, I., "New numerical sizing approach of a 

standalone photovoltaic power at Ngoundiane, Senegal," EAI Endorsed 

Transactions on Energy Web, vol. 5, no. 16, 2018. 

[177] Muhsen, D.H., Nabil, M., Haider, H.T. and Khatib, T., "A novel method for 

sizing of standalone photovoltaic system using multi-objective differential 

evolution algorithm and hybrid multi-criteria decision making 

methods," Energy, 174, pp.1158-1175, 2019. 



© C
OPYRIG

HT U
PM

 

115 

[178] Mellit, A., "ANN-based GA for generating the sizing curve of stand-alone 

photovoltaic systems," Advances in Engineering Software, vol. 41, no. 5, 

pp.687-693, 2010. 

[179] Ibrahim, I.A. and Khatib, T., "A novel hybrid model for hourly global solar 

radiation prediction using random forests technique and firefly 

algorithm," Energy Conversion and Management, vol. 138, pp.413-425, 2017. 

[180] Khatib, T. and Elmenreich, W., "Novel simplified hourly energy flow models 

for photovoltaic power systems," Energy conversion and management, vol 79, 

pp.441-448, 2014. 

[181] Birbil, Ş.İ. and Fang, S.C., "An electromagnetism-like mechanism for global 

optimization. Journal of global optimization," vol.  25, no. 3, pp.263-282, 2003. 

[182] Naderi, B., Tavakkoli-Moghaddam, R. and Khalili, M., "Electromagnetism-like 

mechanism and simulated annealing algorithms for flowshop scheduling 

problems minimizing the total weighted tardiness and makespan," Knowledge-

Based Systems, vol. 23, no. 2, pp.77-85, 2010. 

 [183] Wang, K.J., Adrian, A.M., Chen, K.H. and Wang, K.M., "An improved 

electromagnetism-like mechanism algorithm and its application to the 

prediction of diabetes mellitus," Journal of biomedical informatics, vol. 54, 

pp.220-229, 2015. 

[184] Su, C.T. and Lin, H.C., "Applying electromagnetism-like mechanism for 

feature selection," Information Sciences, vol. 181, no. 5, pp.972-986, 2011. 

[185] Tan, J.D., Dahari, M., Koh, S.P., Koay, Y.Y. and Abed, I.A., "A new 

experiential learning electromagnetism-like mechanism for numerical 

optimization," Expert Systems with Applications, vol. 86, pp.321-333, 2017. 

[186] Birbil, Ş.İ., Fang, S.C. and Sheu, R.L., "On the convergence of a population-

based global optimization algorithm," Journal of global optimization, vol. 30, 

no. 2-3, pp.301-318, 2004. 

[187] Zhang, C., Li, X., Gao, L. and Wu, Q., "An improved electromagnetism-like 

mechanism algorithm for constrained optimization," Expert Systems with 

Applications, vol. 40, no. 14, pp.5621-5634, 2013. 

[188] Lee, C.H., Chang, F.K., Kuo, C.T. and Chang, H.H., "A hybrid of 

electromagnetism-like mechanism and back-propagation algorithms for 

recurrent neural fuzzy systems design," International Journal of Systems 

Science, vol. 43, 2, pp.231-247, 2012. 

[189] Cuevas, E., Oliva, D., Zaldivar, D., Pérez-Cisneros, M. and Sossa, H., "Circle 

detection using electro-magnetism optimization. Information Sciences, vol. 

182, no. 1, pp.40-55, 2012. 

[190] Ismail, M.S., Moghavvemi, M. and Mahlia, T.M.I., "Techno-economic analysis 

of an optimized photovoltaic and diesel generator hybrid power system for 

remote houses in a tropical climate," Energy conversion and management, vol. 

69, pp.163-173, 2013. 



© C
OPYRIG

HT U
PM

 

116 

[191] Storn, R. and Price, K., "Differential evolution–a simple and efficient heuristic 

for global optimization over continuous spaces," Journal of global 

optimization, vol. 11, no. 4, pp.341-359, 1997. 

[192] Coello, C.A.C., Lamont, G.B. and Van Veldhuizen, D.A., "Evolutionary 

algorithms for solving multi-objective problems," Vol. 5, pp. 79-104. New 

York: Springer, 2007. 

[193] Muhsen, D.H., Ghazali, A.B. and Khatib, T., "Multiobjective differential 

evolution algorithm-based sizing of a standalone photovoltaic water pumping 

system," Energy Conversion and Management, vol. 118, pp.32-43, 2016. 

[194] Groumpos, P.P. and Papageorgiou, G., "An optimal sizing method for stand-

alone photovoltaic power systems," Solar Energy, vol. 38, no. 5, pp.341-351, 

1987. 

[195] Lazou, A.A. and Papatsoris, A.D., "The economics of photovoltaic stand-alone 

residential households: a case study for various European and Mediterranean 

locations," Solar Energy Materials and Solar Cells, vol. 62, no. 4, pp.411-427, 

2000. 

[196] Yang, H., Lu, L. and Zhou, W., "A novel optimization sizing model for hybrid 

solar-wind power generation system," Solar energy, vol. 81, no. 1, pp.76-84, 

2007. 

[197] Bäck, T., Fogel, D.B. and Michalewicz, Z. eds., "Evolutionary computation 1: 

Basic algorithms and operators," CRC press, 2018.  

[198] Coello, C.A.C.C., "A short tutorial on evolutionary multiobjective 

optimization," In International Conference on evolutionary multi-criterion 

optimization (pp. 21-40). Springer, Berlin, Heidelberg, 2001. 

[199] Kaelo, P. and Ali, M.M., "Differential evolution algorithms using hybrid 

mutation," Computational Optimization and Applications, vol. 37, no. 2, 

pp.231-246, 2007. 

[200] Price, K., Storn, R.M. and Lampinen, J.A., "Differential evolution: a practical 

approach to global optimization," Springer Science & Business Media, 2006.  

[201] Talbi, E.G., "Metaheuristics: from design to implementation," vol. 74. John 

Wiley & Son, 2009. 

[202] Chiang, C.W., Lee, W.P. and Heh, J.S., "A 2-Opt based differential evolution 

for global optimization," Applied Soft Computing, vol. 10, no. 4, pp.1200-1207, 

2010. 

[203] Croes, G.A., "A method for solving traveling-salesman problems," Operations 

research, vol. 6, no. 6, pp.791-812, 1958. 

[204] Muhsen, D.H., Ghazali, A.B., Khatib, T., Abed, I.A. and Natsheh, E.M., "Sizing 

of a standalone photovoltaic water pumping system using a multi-objective 

evolutionary algorithm," Energy, vol. 109, pp.961-973, 2016. 

 



© C
OPYRIG

HT U
PM

 

117 

[205] Wang, M., Kuroda, M., Sakakihara, M. and Geng, Z., "Acceleration of the EM 

algorithm using the vector epsilon algorithm," Computational Statistics, vol. 

23, no. 3, pp.469-486, 2008. 

[206] Borhanazad, H., Mekhilef, S., Ganapathy, V.G., Modiri-Delshad, M. and 

Mirtaheri, A., "Optimization of micro-grid system using MOPSO," Renewable 

Energy, vol. 71, pp.295-306, 2014. 

[207] Wholesale Solar. Available online: https://www.wholesalesolar.com/deep-

cycle-solar-batteries. 

[208] NORTHERN ARIZONA WIND & SUN. Available online: https://www.solar-

electric.com/centennial-gc2200p-flooded-deep-cycle-battery.html, 2019. 

[209] Muhsen, D.H., Khatib, T. and Abdulabbas, T.E., "Sizing of a standalone 

photovoltaic water pumping system using hybrid multi-criteria decision making 

methods," Solar Energy, vol. 159, pp.1003-1015, 2018. 

[210] Vitaliy, F., "Differential evolution–in search of solutions," 2006. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

 

118 

7 BIODATA OF STUDENT 

Hussein Mohammed Ridha: received the B.S. degree in Department of Computer 

Engineering, University of Al-Mustansiriyah in 2012. He is recently finished his 

M.S.E degree in 2020 in electrical power engineering at Universiti Putra Malaysia 

(UPM), Serdang, Selangor, Malaysia. His research interests include renewable energy, 

modeling of the PV cells, Optimization of the PV system, and Multi-criteria decision 

making. He has several ISI published papers.  

E-mail: hussain_mhammad@yahoo.com. 


	Blank Page
	Blank Page



