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ABSTRACT: This research article investigates the advantages of using solar power as a source of energy for 

potential automobiles. Solar energy is considered in this work for the seek of reducing greenhouse emissions. The 

study is carried on an electrical vehicle (EV) with a 6.1m2 solar module. This solar module gives an average power 

output of 4.8 kW h / day over 90 days under real-world conditions. Innovative statics have been studied to help 

reduce the solar module installation area on the vehicles, which is essential for passenger vehicles in practice. A 

15% increase in the vehicle's operating default time was obtained in addition to the other features of this vehicle. 

Both External appearance and efficiency for the modified vehicle are discussed in this paper. 
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INTRODUCTION 

In the last few decades, many researchers have placed a considerable amount of work to use renewable energy 

instead of fossil fuel energy. They are encouraged to do such kind of research for many reasons. It is because 

renewable energy is relatively cheap, available, and eco-friendly compared to fossil fuel energy. One of the 

necessities of living is to preserve the environment in which we live, and the COVID-19 pandemic has achieved 

in five months a lot despite the number of people killed, but the disruption of life facilities has improved the reality 

of the environment and treated nature for itself[1],[2]. On the other hand, renewable energy sources can be relied 

on to eliminate the major change in world policy-based fuel prices and conflicts among the world’s great powers. 

The COVID-19 pandemic experience gave the world a new lesson that should be taken into consideration, as far 

as possible, and not being fuel-dependent Extracted from the ground[3]. The Arabian Peninsula countries are the 

largest of petroleum producers in the world. These countries rely mainly on fossil fuels to produce energy and 

most of these countries lack the motivation of using eco-friendly energy in energy production[4]. Most countries 

tend to use environmentally friendly fuel instead of fossil fuels[5]. The usual intraurban movements are less than 

6 km, so the catalytic convertor has little effect, thus creating a high impact within cities, a negative impact on 

human health and leaving thousands victims in the relevant areas[6]. The age of fossil-fuel vehicles is an important 

factor in the accounting of the amount of pollutants emitted from them and is considered one of the causes of 

cancer and other serious diseases to human beings, according to World Health Organization reports[7]. Therefore, 

this area is the world’s largest emitters of greenhouse gases. Moreover, Iraq in this region has witnessed many 

wars in the last three decades. The wars have greatly worsened the environment in this country[8]. For these 

reasons, it is quite important to think about using a renewable source of energy rather than using fossil fuel. One 

of the available solutions is to use solar energy. Solar energy is considered to be one of the cleanest and most 

convenient forms of renewable energy[9], [10]. The annual daily average of solar radiation level is about (2000-

2500) kWh/m2[11]. This amount of energy is considered to be sufficient to be used in the energy production 

throughout the year[12]. It can also be used to operate vehicles. Electrical vehicle (EV) is one of the promising 

solutions to reduce the emission of greenhouse gases[13], [14]. EV is considered one of the best alternatives to 

fuel-powered vehicles in terms of efficiency, economy, and environmental impact[15], [16]. Researchers have 

revealed that using EV could lead to reducing pollution by 3%[17]. Thus, many countries and organizations 

encourage people to buy EV. The working principle of these vehicles is based on that the energy collected from 

solar panels are stored in batteries[18]. There are many different types of batteries differ in terms of efficiency, 

cost, principal of work, and arrangement of cells.  

The highest possible amount of solar energy can be guaranteed by using solar-tracking system. The purpose of 

this system is to orient the solar panels to face the sun continuously, and therefore a high amount of solar radiation 

is assured. Reducing air drag force must be taken into account in the designing of EV to reduce the required 
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power[19]. Many companies and research laboratories have worked on improving the design of these cars to 

obtain the optimum one. The available EV cars in the market have speed ranging from 70 km/h and travel 3000 

km when the battery is fully charged[20]. One of the most important criteria for batteries is current and voltage, 

so care must be taken in choosing the batteries because they are the main factor in determining the cost of the 

electric vehicle, as well as a relationship can be linked between the voltage, current and cost depending on the 

distance traveled and the speed of the vehicle where it was found that the cost of the batteries ranges from 20-

50% of the cost of converting EV[21], The speed of EV affects the energy consumed and speed can be considered 

a function of power but in the case of a very slow speed there is an exception as the slow speed is less than 5 km/h 

and consumes power equal to the vehicle traveling at 100 km/h due to the decrease in efficiency, Vehicle lighting 

consumes 1% of total power[22]. The price of these cars and pollutant emissions is reasonable compared to 

vehicles powered by fossil fuels[23]. The problem of the relatively small roof space of EV is one of the biggest 

challenges that faced manufacturers of this car. This issue is solved by installing additional solar panels on the 

roofs of the buildings or on the ceilings of the parking lot to equip electric vehicles with the necessary battery 

charge. This way also led to reducing the electrical charging equipment of the car by 25%[24]. Consequently, the 

power needed to operate the car is reduced as the weight of the car is minimized.  In 2017, the researchers reported 

that the emission of CO2 from hybrid vehicles; which is based on solar energy and fossil fuels; is reduced by 

63%[25]. The tested hybrid vehicles have 6.8 m2 solar module which gives 2.1 kW h/day.  

All the above problems are those of fossil fuel vehicles, the importance of preserving the environment and the 

necessity of having alternatives to the means of transportation to get the environment friendly or less harmful to 

the environment, as well as the abundance of solar energy in Iraq. In this research, the electric charging system is 

developed and supplied with a solar panels system to provide it with a second source for charging batteries and 

calculating the importance of solar energy on EV. This helps developers who want to add solar panels to electric 

or fossil fuel powered vehicles to focus on the important factors in the vehicle industry: The total vehicle weight, 

the number of passengers and the shape of the external vehicle that will be discussed later. 

METHODOLOGY 

EV uses batteries to supply electric power to operate the electric motor. The equation that governs the operation 

of electrical motor is: 

 P = I V……………. (1) 

 Where: P = power (kW), I = current (A), V= voltage (V),  

The parameters that should be considered in designing of EV are: weight, exterior design, the number of 

passengers, the maximum speed, and the traveled distance per trip. The vehicle design parameters are shown in 

Table (1). These are the basic vehicle specifications and the main factors in the vehicle design calculation. 

Table 1. Data sheet for the electrical vehicle (shuttle bus)[26] 

Battery 6V 220AH*8pcs  

Motor DC 48V 4KW 

Controller American Curtis controller 48V500A 

Charger Full automatic high frequency charger, 48V18A 

DC/DC Converter  48V/12V 300W output for all 12V accessories  

Range (loaded) (km) 80 

Max. speed (km/h) 28 

Overall dimensions (mm) 3700*1450*1950 

Max. loading weight (kgs) 1000 

Net weight (kgs) 820 

Tires  145/70R 12, aluminum rim 

Quantity per Container  5PCS / 40HQ 2PCS/20FT 

One of the most critical variable that has to be taken into account is the battery coverage per distance. This can be 

calculated depending on the number of batteries in the vehicle. The cost, weight, and life-time of batteries also 

should be considered in the designing of EV.  

Table 2. Vehicle batteries data 



 Enhancement of Charging System for Electrical Vehicle Using PV Panels 

225 
 

Rechargeable Chargeable 

Capacity 220AH 

Weight 30kg 

Dimension 260*180*245*247mm 

The vehicle that is chosen in this study contains 8 batteries (6 volts * 220 Amperes). The full charged batteries 

can run the EV for 60 minutes when the vehicle is at their best condition. The main problem of EV is that the 

charging sockets are not available everywhere. This can be resolved by adding solar panels on the roof of the EV.                                         

 

Figure 1. sketch of the new system 

Adding these solar panels should not increase the air-drag forces and therefore reducing the efficiency of the car. 

The solar panels were arranged in such a way that the final SEV width and length are acceptable 1560 mm and 

4200 mm respectively. The first three panels were tilted at the frontage to fit the exterior design and reducing air 

resistance as seen in Figure (2). 

 

Figure 2. front solar panels 

The original roof of the vehicle was removed and replaced by the solar panels. Adding the solar panels on to the 

roof of the vehicle increases the weight of the car slightly and which is reasonable. The solar energy collected 

from solar panels is stored in batteries. 

Table 3. Solar Panel Data 
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Peak Power (Pmax) 80 W 

Warranted Minimum Pmax 72 W 

Voltage (Vmp) 33.3 V 

Current (Imp) 2.4 A 

Open Circuit Voltage (Voc) 41.5 V 

Short Circuit Current (Isc) 2.6 A 

The providing power by solar panel was calculated by; 

 P = n (Is*Vs) ……………. (2) 

 Where; n = number of panels, Is =solar panel current (A), Vs = solar panel voltage (V) 

 

Figure 3. New vehicle (after modifying process) 

RESULTS AND DISCUSSIONS 

The roof of the vehicle is replaced by 10 solar panels type (GF 80C).  The total power that is supplied by solar 

panels is 800 watts. In the first design, it was found that this power covers 20% of the required power. The batteries 

then rearranged to get the best battery coverage per distance. The data that is shown in this research is collected 

every 10 minutes between (9:00 – 14:00). 

In Figure (4) shows the average solar radiation value in the recorded times.  
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Figure 4. Solar radiation 

The temperatures on the winter day are usually as shown in Figure (5). Despite high sunlight, temperatures are 

not high, so the summer outlook for the vehicle is better because of the high rate of solar radiation  

 

Figure 5. Temperature and solar energy 

Figure (6) shows the amount of electrical energy supplied by the solar panels. This energy is considered enough 

when the weather is sunny and clear.         

 

Figure 6. Power and voltage 
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The obtained results showed that the increase in the vehicle load affects the battery coverage. Figure (7) shows 

the relationship between the distance traveled when the batteries are fully charged and the load.  

 

Figure 7. Travelling Distance per load 

CONCLUSION  

The weight factor of the vehicle is very important and must be accurately calculated, so it was necessary to reduce 

the number of passengers of this vehicle to only one passenger to ensure the vehicle's workflow well and to 

preserve the life of the batteries where after the batteries has fully charged (which takes approximately 60 minutes) 

we can get 68 minutes of running, Without stopping at a speed of 28 km/h which is the maximum energy for this 

vehicle, A significant advantage was to increase the life of batteries by 12% because they did not discharge during 

the day, improve the exterior of the vehicle, and lack of attention to electrical charging stations when traveling, as 

well as reduce CO2 emits in conventional electricity production. 

ACKNOWLEDGMENT 

We would like to thank Kufa University for its material and moral support for the development of the vehicle and 

the use of the necessary equipment.  

REFERENCES 

[1] R. J. Isaifan, “Global Journal of Environmental Science and Management The dramatic impact of 

Coronavirus outbreak on air quality: Has it saved as much as it has killed so far?,” Glob. J. Environ. Sci. 

Manag., vol. 6, no. 3, pp. 275–288, 2019, doi: 10.22034/gjesm.2020.03.01. 

[2] “AIR QUALITY,” 2020. 

[3] J. Baffes, M. A. Kose, F. Ohnsorge, and M. Stocker, “The Great Plunge in Oil Prices: Causes, 

Consequences, and Policy Responses,” SSRN Electron. J., 2015, doi: 10.2139/ssrn.2624398. 

[4] F. M. Abed, Y. Al-Douri, and G. M. Y. Al-Shahery, “Review on the energy and renewable energy status 

in Iraq: The outlooks,” Renew. Sustain. Energy Rev., vol. 39, no. March 2016, pp. 816–827, 2014, doi: 

10.1016/j.rser.2014.07.026. 

[5] S. S. Bhurat, S. Pandey, V. Chintala, and P. S. Ranjit, “Experimental study on performance and emissions 

characteristics of single cylinder diesel engine with ethanol and biodiesel blended fuels with diesel,” 

Mater. Today Proc., vol. 17, no. 1, pp. 220–226, 2019, doi: 10.1016/j.matpr.2019.06.422. 

[6] B. K.-D. and J. S. Michal Krzyzanowski, Health effects of transport-related air pollution, World Heal. 

DK-2100 Copenhagen Ø, Denmark: WHO Regional Office for Europe, 2005. 

[7] E. O. Ogur and S. M. Kariuki, “Effect of car emissions on human health and the environment,” Int. J. 

Appl. Eng. Res., vol. 9, no. 21, pp. 11121–11128, 2014. 

[8] Ali A.Kazem Miqdam T.Chaichan Hussein A.Kazem, “Dust effect on photovoltaic utilization in Iraq: 



 Enhancement of Charging System for Electrical Vehicle Using PV Panels 

229 
 

Review article,” Renew. Sustain. Energy Rev., vol. 37, pp. 734–749, 2014, [Online]. Available: 

https://doi.org/10.1016/j.rser.2014.05.073. 

[9] A. Manton, “Solar Energy: A Renewable Resource with Global Importance,” vol. 13, p. 26, 2015, 

[Online]. Available: http://dc.cod.edu/essai/vol13/iss1/26. 

[10] V. H. Dong, “Potential Assessment of Solar Energy for Electricity Development in Vietnam : Prospects , 

Scenarios and Proposals,” J. Mech. Eng. Res. Dev., vol. 43, no. 3, pp. 41–49, 2020. 

[11] H. Al-Kayiem and S. Mohammad, “Potential of Renewable Energy Resources with an Emphasis on Solar 

Power in Iraq: An Outlook,” Resources, vol. 8, no. 1, p. 42, 2019, doi: 10.3390/resources8010042. 

[12] H. Istepanian, “Solar Energy i n Iraq : From Outset to Offset,” no. October, 2018. 

[13] D. Devogelaer and D. Gusbin, “Electric cars : Back to the future ?,” Nucl. Energy, 2010. 

[14] R. Mounce and J. D. Nelson, “On the potential for one-way electric vehicle car-sharing in future mobility 

systems,” Transp. Res. Part A Policy Pract., vol. 120, no. December 2017, pp. 17–30, 2019, doi: 

10.1016/j.tra.2018.12.003. 

[15] E. Helmers, “Electric cars : technical characteristics and environmental impacts,” no. July, 2014, doi: 

10.1186/2190-4715-24-14. 

[16] Z. Stevic and I. Radovanovic, “Energy Efficiency of Electric Vehicles,” New Gener. Electr. Veh., no. 

May, 2012, doi: 10.5772/55237. 

[17] C. Lodi, A. Seitsonen, E. Paffumi, M. De Gennaro, T. Huld, and S. Malfettani, “Reducing CO2 emissions 

of conventional fuel cars by vehicle photovoltaic roofs,” Transp. Res. Part D Transp. Environ., vol. 59, 

no. February 2018, pp. 313–324, 2018, doi: 10.1016/j.trd.2018.01.020. 

[18] W. C. Thomlinson, J. F. Kelly, and R. C. Richardson, “The spectral density function J1(ω) in solid 3He,” 

Phys. Lett. A, vol. 38, no. 7, pp. 531–532, 2016, doi: 10.1016/0375-9601(72)90803-1. 

[19] C. Pisanti, “Design and energetic evaluation of a mobile photovoltaic roof for cars,” Energy Procedia, 

vol. 81, pp. 182–192, 2015, doi: 10.1016/j.egypro.2015.12.073. 

[20] N. A. Nader, M. Ghoneim, and R. S. Alsayed, “Designing, Building of Solar Race Car for the World Solar 

Challenge (Phase I),” Univers. J. Mech. Eng., vol. 3, no. 4, pp. 122–130, 2015, doi: 

10.13189/ujme.2015.030402. 

[21] S. Kaleg, A. Hapid, and M. R. Kurnia, “Electric vehicle conversion based on distance, speed and cost 

requirements,” Energy Procedia, vol. 68, no. April, pp. 446–454, 2015, doi: 

10.1016/j.egypro.2015.03.276. 

[22] I. Evtimov, R. Ivanov, and M. Sapundjiev, “Energy consumption of auxiliary systems of electric cars,” 

MATEC Web Conf., vol. 133, pp. 2–6, 2017, doi: 10.1051/matecconf/201713306002. 

[23] B. Ye, J. Jiang, L. Miao, P. Yang, J. Li, and B. Shen, “Feasibility study of a solar-powered electric vehicle 

charging station model,” Energies, vol. 8, no. 11, pp. 13265–13283, 2015, doi: 10.3390/en81112368. 

[24] G. R. Chandra Mouli, P. Bauer, and M. Zeman, “System design for a solar powered electric vehicle 

charging station for workplaces,” Appl. Energy, vol. 168, no. 2016, pp. 434–443, 2016, doi: 

10.1016/j.apenergy.2016.01.110. 

[25] M. Y. Taizo Masuda, Kenji Araki , Kenichi Okumura, Shinichi Urabe, Yuki Kudo, Kazuta kaKimura, 

Takashi Nakado, Akinori Sato, “Static concentrator photovoltaics for automotive applications,” Sol. 

Energy, vol. 146, pp. 523–531, 2017, doi: https://doi.org/10.1016/j.solener.2017.03.028. 

[26] Marshell, “Marshell.” https://www.marshell.net/shuttle-bus/1048.html. 

 


