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ABSTRACT 

The limitations of the electric vehicles are weight, size, limited range, charging time 

and high price tag. Thus, the development of a renewable energy-boosting system for 

EVs is significant. This research proposes the development of the automotive body 

panels which are capable to generate electrical energy from solar energy and store the 

energy not only as structural capacitor but also as solar panel. A solar supercapacitor 

prototype is developed by utilizing Carbon Fiber Reinforced Polymer (CFRP), nano 

Zinc Oxide (ZnO) and Copper Oxide (CuO) fillers as the positive and negative 

electrodes and a dielectric layer sandwiched between the electrodes. SSC samples are 

prepared using the solution casting method and characterization is conducted using 

SEM, XRD and UV-Vis methods in the laboratory Different weight percentage 

compositions of nano CuO/ZnO filled epoxy reinforced Carbon Fiber and different 

combinations of separators are investigated experimentally for optimal efficiency. 

Samples with higher nanoparticle composition can boost both the energy generation 

and storage performance. Simulation study is conducted on solar supercapacitor 

concept which is hybrid energy storage system, modelled as the supplementary 

renewable energy source of electric vehicle. Experiment data from the laboratory scale 

organic solar supercapacitor using CuO/ZnO doped polymer and carbon fiber are 

considered as input reference data to design solar supercapacitor HESS in Simulink to 

generate electricity from solar energy and provide storage. A summary and 

comparison of the previous and on-going solar supercapacitor researches are discussed 

and essential experiment data are utilized for simulation of solar supercapacitor in 

Simulink & ANFIS for validation.  Performance of the PI controllers and Fuzzy Logic 

controllers has been investigated to compare the output of the converters. Sensors and 

logic system has been proposed to make SSC system IoT based. The proposed hybrid 

energy storage system meets the power and energy requirements of the EV accessories 

load and provides accurate power distribution between multiple storage systems. With 

optimal experiment procedures and better nanoparticles synthesis, solar supercapacitor 

can have solar energy conversion efficiency about 19-22%, power generation of 

2800W/day, power density 33 kW/kg, energy density 130 Wh/kg and capacitance 

11.17 μF/cm
2 
at the temperature range of 25 to 30℃ and solar irradiance (Isolar) 1000 

W/m
2
. However, the performance of solar supercapacitor system heavily depends 

upon the development of supervisory control logic and power efficiency of converters. 

Moreover, the efficiency and effectiveness of the SSC system is mainly dependent on 

the irradiance of the sun. 
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 ملخص البحث

ذردهً حذود انًشكثاخ انكهشتائُح فٍ انىصٌ وانحدى وانًحذود ويذج انشحٍ تالإضافح 

إنً غلاء انغؼش، وػهُه، فإٌ ذطىَش َظاو ذؼضَض انطالح انًردذدج نهًشكثاخ 

انكهشتائُح أيش يهى. َمرشذ هزا انثحث ذطىَش أنىاذ خغى انغُاسج انمادسج ػهً ذىنُذ 

يٍ انطالح انشًغُح ونُظ ذخضٍَ انطالح كًكثف هُكهٍ فحغة، تم انطالح انكهشتائُح 

كهىحح شًغُح أَضا. ذى ذطىَش ًَىرج أونٍ نهًكثف انفائك نهطالح انشًغُح يٍ خلال 

 ، وحشىاخ أكغُذ انضَك انُاَىٌ (CFRP) اعرخذاو انثىنًُش انًمىي تأنُاف انكشتىٌ

(ZnO) وأكغُذ انُحاط (CuO)  وطثمح ػاصنح يحصىسج تٍُ كألطاب يىخثح وعانثح

تاعرخذاو طشَمح انصة تانًحهىل كًا  SSC الألطاب انكهشتائُح. َرى ذحضُش ػُُاخ

فٍ انًخرثش. ًَكٍ  UV-Vis و XRD و SEM َرى إخشاء انرىصُف تاعرخذاو َهح

نهؼُُاخ راخ انرشكُة انؼانٍ نهدغًُاخ انُاَىَح أٌ ذؼضص أداء ذىنُذ انطالح وذخضَُها. 

عح انًحاكاج ػهً يفهىو انًكثف انشًغٍ انفائك وهى َظاو ذخضٍَ انطالح ذى إخشاء دسا

انهدٍُ، ػهً غشاس يصذس انطالح انًردذدج انركًُهٍ نهًشكثاخ انكهشتائُح. ذؼرثش 

تُاَاخ انردشتح يٍ انًكثف انشًغٍ انؼضىٌ ػهً َطاق انًخرثش تاعرخذاو انثىنًُش 

ُح نلإدخال نرصًُى انًكثف وأنُاف انكشتىٌ تُاَاخ يشخؼ CuO / ZnO انًخذس

نرىنُذ انكهشتاء يٍ انطالح انشًغُح وذىفُش  Simulink فٍ HESS انشًغٍ انفائك

انرخضٍَ. ذًد يُالشح يهخصاخ ويماسَاخ انذساعاخ انغاتمح وانحانُح انًرؼهمح 

تانًكثفاخ انشًغُح انفائمح. وفٍ َفظ انىلد ذى اعرخذاو تُاَاخ انردشتح الأعاعُح 

نهرحمك يٍ صحرها. ذى  ANFIS و Simulink ثفاخ انشًغُح انفائمح فٍنًحاكاج انًك

نًماسَح يخشخاخ  Fuzzy Logic ووحذاخ انرحكى PI فحص أداء وحذاخ انرحكى

لائًا ػهً  SSC انًحىلاخ. ذى الرشاذ أخهضج الاعرشؼاس وَظاو انًُطك ندؼم َظاو

ذ يرطهثاخ انطالح نحًم إَرشَد الأشُاء. ذرىفش فٍ َظاو ذخضٍَ انطالح انهدٍُ انًمرش

يهحماخ انًشكثاخ انكهشتائُح وَىفش انرىصَغ انكافٍ وانذلُك نهطالح تٍُ أَظًح 

انرخضٍَ انًرؼذدج. يٍ خلال إخشاءاخ انردشتح انؼانُح وذىنُف اندغًُاخ انُاَىَح 

الأفضم ًَكٍ أٌ َكىٌ نهًكثف انفائك نهطالح انشًغُح كفاءج ذحىَم نهطالح انشًغُح 

 33(، وكثافح طالح W/dayواط / َىو ) 2000٪ ، وذىنُذ طالح 22-11 ذثهغ حىانٍ

ػُذ  2عى  / μF 11.11واط / كدى ، وعؼح  130كُهى واخ / كدى ، وكثافح طالح 

1000 W / m (Isolar) والإشؼاع انشًغٍ 30إنً  22َطاق دسخح انحشاسج يٍ 
2
. 

كثُش ػهً ذطىَش يُطك  ويغ رنك، فإٌ أداء َظاو انطالح انشًغُح انفائمح َؼرًذ تشكم

 انرحكى الإششافٍ وكفاءج انطالح نهًحىلاخ. َضاف إنً رنك، فإٌ كفاءج وفؼانُح َظاو

SSC ذؼرًذ تشكم أعاعٍ ػهً إشؼاع انشًظ. 
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CHAPTER ONE 

INTRODUCTION 

 

 

1.1 INTRODUCTION 

 

The development of commercialized electric vehicles has yet to be accelerated due to 

the lack of electrification. EV energy deficit could be supported by integrating 

different renewable energies through the improvements of the storage devices and the 

cost reduction of power system. Energy independent vehicles are promoting the new 

technologies which might speed up the trends of EVs introduction. It makes them 

more scalable as they are less dependent on electric infrastructure. Electric 

transportations are considered as the green technology for the future to reduce 

greenhouse gas emission, cost and weight and the use of the renewable energy in the 

power system. The battery pack is one of the crucial parts of the electric vehicle 

nowadays. It may become less important if the EV makes energy independent. In 

some extent, no battery may be required at all if multimode energy harvesting 

technology, efficient power train and light-weight electric vehicles are introduced. The 

new multimode renewable energy technologies can be electromagnetic shock absorber 

generator, radio wave generator, regenerative deceleration mode (RDM) and smart 

nano-filler epoxy composite body panel. The composite body may serve as structural 

battery or capacitor and solar energy harvester, which might be 30% energy 

contributor of EV energy independent. However, the smart body panel is lacking in 

laboratory-based research. VOLVO, James Dyson Foundation and International 

Islamic University Malaysia EV/Energy research team have been focusing their 

research on the development of smart body panel for the EV. Furthermore, harvesting 

both electrical and solar energies from a single hybrid system is highly desirable and 

representing a new trend of all-in-one multiple energy harvesting technology (Min 

et.al, 2012; Lee et.al, 2010). 

 The energy independent EV is a great transportation technology which 

enhances the EV‟s travelling range. EV could be made independent by developing 

panel type composite body with high conductive metal oxides (Graphene Oxide, 

Copper Oxide, Zinc Oxide etc.) Nano-micro filler epoxy resin sandwiched by Carbon 
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Fibre and Lithium thin plate, suspension generator and RDM system. The Nano-micro 

filler epoxy resin could play a crucial role on the clean energy technology by reducing 

weight and functioning as a battery or capacitor which can store the energy of RDM 

system from the deceleration of vehicle‟s motor speed range, 3000~2500rpm.While, 

the suspension generator has the potential to generate 250~300W by converting the 

sprung mass movement. The researchers, Rahman et.al (Rahman et.al, 2015a; Rahman 

et.al, 2015b), VOLVO (2013) and the James Dyson Foundation have proposed panel 

type vehicle body for the structural battery or capacitor mentioned above. The panel 

type battery has multifunctional characteristics, weight saving, energy 

storing/supplying on demand and protecting vehicle‟s body from external heat as an 

insulator. Based on their investigation, it can be summarized that downsizing of 

battery pack and capacitor replacement can be made by using light and efficient 

composite body panel. 

 

 

1.2 PROBLEM STATEMENT  

 

Climate change is regarded as one of the greatest environmental threats facing the 

world today. EV commercialization has been supported by governments in recent 

years because it has the potential to reduce the impact of the IC engine vehicle which 

accounts for almost 90% of the national greenhouse gas (GHG) emissions. Electricity 

is a potential clean energy substitute for vehicles in the future which can eliminate 

usage of fuel and GHG emission. One of the biggest setbacks is the lack of fast 

charging stations for EV. Electric charging stations are still in the development stages. 

Moreover, EVs are limited by range and speed. Most of the EVs have mileage range 

about 50 to 100 and low speed. EV‟s battery has longer charging time. While it only 

takes a couple of minutes to fill up the fuel tank of IC vehicle, EVs take about 4 to 6 

hours to get fully charged. Depending on the type and usage, batteries of all EVs must 

be replaced every 3 to 10 years. Besides, main traction batteries of EV are overloaded 

by car accessories, radios, air conditioning and electrical system. These applications 

drain the battery more quickly and charging takes more time. Batteries of EV are 

considerably heavy. A battery pack of average EV weighs about 1000 pounds or 450 

kg. This heavy weight puts more pressure on batteries and energy drains out faster. 




