
  
             Hanaa Mohammed     قسم التوثيق الإلكتروني  مركز الشبكات وتكنولوجيا المعلومات  بسم االله الرحمن الرحيم        



  
              Safaa Mahmoud       علي هذه الأقراص المدمجة قد أعدت دون أية تغيرات  نقسم باالله العظيم أن المادة التي تم توثيقها وتسجيلها  قسم  التوثيق الإلكتروني والميكروفيلم  جامعة عين شمس        



I 
 

 
 

Ain Shams University 

Faculty Of Engineering 

Electronics and Communication Engineering Department 

 

Supercapacitors Applications in Photovoltaic 
Systems 

      
            A thesis 

 

         Submitted in Partial Fulfillment of the Requirements of the Degree of  

Master of Science in Electrical Engineering 

 

        Submitted by 

Nada Mohamed Abd El-Aleem  Abd-Elkader 

      Supervised By  

Prof. Dr. Wagdy Refaat Anis 

 Professor in the Electronics and Communications Engineering 

Department Faculty of Engineering – Ain Shams University 

 

 Prof. Dr. Sameh Assem Ibrahim  

  professor in the Electronics and Communications Engineering 

Department Faculty of Engineering – Ain Shams University 

 
Ain Shams University  

Cairo – Egypt  
January 2022 

 



II 
 

 

 
 

Ain Shams University 

Faculty Of Engineering 

Electronics and Communication Engineering Department 

 

Name: Nada Mohamed Abd El-Aleem Abd El-Kader 

 

Thesis: Supercapacitors Applications in Photovoltaic Systems 

Degree: Master of Science in Electrical Engineering 

Examiners Committee 

          

         Name and Affiliation                                                                               Signature 

 

              Prof. Dr. Ahmed Mohamed Attiya salem                       ....………………………… 

              Professor at the Electronics Research Institute                                              

 

Prof. Dr. Mohamed Abdelhamid Abouelatta 

Ain Shams University                                                                                  ……………………… 

Faculty of Engineering, 

Electronics and Communications Engineering Dept.                               

 

              Prof. Dr. Wagdy Refaat Anis 

Ain Shams University                                                                                ………………………… 

Faculty of Engineering, 

Electronics and Communications Engineering Dept.        

              

               Prof. Dr. Sameh Assem Ibrahim 

Ain Shams University                                                                                ………………………… 

Faculty of Engineering, 

Electronics and Communications Engineering Dept. 

 

Date: ........ / …….. / ………. 



III 
 

 

 

STATEMENT 

 
This thesis is submitted to Ain Shams University for the degree of Master of 

Science in Electrical Engineering. 

 

The work included in this thesis was carried out by the author at the Electronics 

and Communications Engineering Department, Faculty of Engineering, Ain Shams 

University, Cairo, Egypt. 

 

No part of this thesis has been submitted for a degree or a qualification at any 

other university or institution. 

 

 

 

 

Name : Nada Mohamed Abd-Elaleem 
 

Signature :      …………………………… 

 

 Date : …….. / …….. / ………. 

 

 

 

 

 

 

 

 



IV 
 

 

CURRICULUM VITAE 

 

 
Researcher Name : Nada Mohamed Abd El-Aleem 

Place of Birth : Cairo, Egypt 

First University Degree : B.Sc. in Electrical Engineering 

Field of Specialization : Electronics and Communications Engineering 

Date of Degree : July 2014 

Second University Degree : M.Sc. in Electrical Engineering 

Field of Specialization : Renewable Energy Resources (Solar Energy) 

Date of Degree : September 2021 

Faculty : Faculty of Engineering 

University : Ain Shams University 

Job Title 
: Teaching Assistant at international academy for               

   engineering and media science 

E-mail : eng.nada_mohamed@yahoo.com 

 

 

 

 

 

 



V 
 

 

ACKNOWLEDGEMENT 

 
First of all, I am grateful to Almighty Allah for establishing me to complete this thesis. 

 

I would like to express my sincere gratitude, appreciation and thankfulness to 

Prof. Dr. Eng. Wagdy Refaat Anis for his permanent keenness to provide advice, 

support, encouragement, assistance and guidance throughout the entire thesis. In fact, 

he provided me with his wide knowledge and experience lots of valuable ideas and many 

stimulating suggestions. Really, I will never forget the research memorizes with him. 

From the daughter and the pupil to the father and the dear professor “I shall never forget 

your help and I shall always remember your kindness”. 

 

I would like to express my sincere gratitude to Prof. Dr. Sameh Assem Ibrahim 

for his guidance and professional advices.  

 

I would also like to thank my Examiners Committee members: 
Prof. Dr. Mohamed Abd Elhamed 

Prof. Dr. Ahmed Mohamed Attea                           

    

I am so grateful to my parents for all their love, support and encouragement 

throughout my entire life. My father, Engineer Mohamed Abdel Aleem, was behind me 

throughout my extended academic career. All my successes have been the result of his 

guidance throughout my life. 

 

I wish to thank my husband Dr. Hamada El-Daly who has always been source of 

motivation and firm support for carrying out this thesis. He supported me and continually 

was my stress reliever over the years. 

 

Finally, and so important, I want to dedicate this thesis to my child, Aser, and I 

am sorry for being busy many times. 

 

 

 

 

 
 Nada Mohamed  

January 2022 



VI 
 

ABSTRACT 
 

The economics of PV systems is a very important topic. The cost of generated kwh 

obtained from PV system is always compared with the cost of generated kwh obtained 

from conventional systems. Recently, the cost of PV modules has drastically decreased 

so that the cost of generated kwh of PV systems is significantly dropped. However, the 

stand-alone systems include battery storage to guarantee power supply day and night. 

As battery storage increases, the system Reliability increases, but the increase of 

battery storage size, increases the cost of generated kwh. The decision of how storage 

size is selected depends on the required reliability. For critical loads, such as 

refrigerator used to keep drugs in remote area, the reliability should be 100% and it is 

allowed to be less than 100% for loads such as lighting, it is allowed to have reliability 

less than 100% if lower cost is required. Thus, the accepted Reliability depends on 

system design vision. This thesis presents a study on a stand-alone photovoltaic (PV) 

system to provide the required electricity for a single residential household in a remote 

area. The complete design of the suggested system is carried out, such that the site 

radiation data and the electrical load data of a typical household in the considered site 

are taken into account during the design steps. Also, the life cycle cost (LCC) analysis 

is conducted to assess the economic viability of the system. The results of the study 

encouraged the use of the PV systems to electrify in remote sites of tropical areas. This 

thesis presents a study on the design and economic analysis of a stand-alone PV 

system to provide the required electrical energy for a single residential household in 

Egypt. The Egyptian location selected is Cairo (30o N). This thesis showed 

supercapacitor can store about 50 % of the PV  array energy and this way half of the 

battery size can be replaced by a supercapacitor and this leads to a significant reduction 

in PV system cost 

           Keywords:  
 
Renewable energy resources, PV system, Reliability, Cost of kWh generated, Array 

factor (FA). State Of Charge (SOC), System economics. 

           Paper Publication: 
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Research Paper title is “Cost Versus Reliability Study For Stand-Alone PV Systems In 
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SUMMARY 

 
This thesis discusses one of the hotspot topics and one of the significant 

challenges in the Photo Voltaic (PV) systems which cause serious energy loss of the PV 

energy. 

 

Chapter 1: This chapter discusses short introduction about energy, types of energy,    

                   Different Types generations of solar cells and solar cells applications. 
 

 

Chapter 2: This chapter discusses short introduction about solar cell, history, solar PV,    

                  super capacitor for solar PV, Generations of solar cells and Hybrid     

                  batteries/supercapacitors energy storage system configuration. 

 

. 

Chapter 3: This chapter discusses solar radiation and mathematical model, Coupling 

the supercapacitor with the photovoltaic and Buck (Down) Converter.    

 

 

Chapter 4: This chapter discusses system Reliability and economy calculations in US 

dollar ($) for the system model according to market prices. 

 

 

Chapter 5: This chapter discusses simulation model and results of the system. and 

Flowchart of procedure 

 

 

Chapter 6: This chapter contains conclusion and future work for this thesis. 
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