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Abstract – The article examines the structure, electric 

energy management, and application of a solar-

powered vehicle. Some calculations related to the 

design of the solar-powered vehicle are provided. 

The solar panel collects energy from the sun 

throughout the day and stores it in a lead-acid 

battery via an energy regulator to power the vehicle's 

motor. An energy control circuit is employed to 

provide the battery with the maximum possible 

charge while protecting it from overloading from the 

solar panels or power source and preventing the 

motor from complete discharge. Compared to other 

renewable energy sources, solar energy is the most 

effective power supply for electric vehicles. Other 

renewable energy sources cannot be used in electric 

vehicles. The body of the vehicle can serve as a solar 

panel capable of supplying the vehicle with its overall 

power requirements. 

Keywords – Solar panels, energy charger, battery, 

controller. 

 

 
I. INTRODUCTİON 

     The sun is a non-renewable energy source. Oil and 

gas supplies are depleting rapidly, and efficient 

utilization of solar energy can meet the growing demand 

for electricity by ensuring an uninterrupted power 

supply. Compared to other renewable energy sources, 

solar energy is the most effective power supply for 

electric vehicles. The vehicle's body frame can be 

utilized as a solar panel to supply the overall energy 

required for the vehicle. Considering that Azerbaijan 

experiences 300 sunny days annually, the prospects for 

utilizing solar energy in the country are promising. 

 

 

II. DESCRIPTION OF THE SYSTEM 

     The project describes the development of schematics 

for a solar-powered vehicle system. The solar panel 

collects energy from the sun during the day and stores it 

in a battery via an energy controller to power the 

vehicle's motor. A charge controller circuit is employed 

to provide the battery with the maximum possible 

charge while protecting it from overcharging by the 

solar panels or power source and preventing the motor 

from excessive discharge. The functionality of both the 

driver circuit and the charge controller circuit is 

managed by the PIC16F876A microcontroller. 

      For the energy controller circuit, the PIC 

microcontroller detects the battery's current and voltage 

and, depending on the battery's state, supplies a Pulse-

Width Modulated (PWM) charging current from the 

panel to the battery. The driver circuit for controlling the 

speed of the DC motor is implemented both theoretically 

and practically. In the theoretical part, an equation is 

derived from the relationship between voltage, current, 

and torque to control the speed of the DC motor. 

Practically, the DC motor's speed is managed using the 

Analog-to-Digital Converter method combined with the 

Pulse Width Modulation technique to implement the 

driver circuit for the PIC16F876A. 

      In the absence of sunlight during rainy days or 

nighttime, the battery will be charged from an electrical 

source using an AC-DC converter. A rectifier circuit 

converts AC current to DC current to charge the battery. 
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Figure 1. Schematic diagram. 

 

     The scope of this project includes building a 

prototype of the driver circuit for a solar-powered 

vehicle. A 12V lead-acid battery provides energy 

collected from the solar panel to the motor. The various 

components involved in the design of this project 

include an AC-DC converter, a charge controller circuit, 

and a controller circuit, all managed through 

microcontroller programming.      The PIC 16F876A 

microcontroller helps regulate the amount of charge 

flowing from the panel to the battery and the current 

supplied to the motor. 

 

III. SOLUTIONS 

     The electric control system of the solar-powered 

vehicle comprises components such as the Solar Panel, 

Battery, Battery Charger, Motor, Motor Controller, AC-

to-DC Converter, and connecting wires. 

    There are different ways to generate electricity. 

However, using solar panels for electricity generation 

offers certain advantages, which are briefly explained 

below: 

 Free Fuel: The primary fuel for solar-powered 

systems is sunlight, a free and globally 

available resource. Since there are no harmful 

byproducts, the environmental impact is 

minimal. 

 

 Independent Electricity Generation: 
Electricity is generated independently without 

relying on fossil fuels or conventional power 

distribution lines. 

 Low Maintenance: Since photovoltaic systems 

do not have rotating parts like engines, 

maintenance is very simple. 

 Easily Expandable: Photovoltaic systems can 

be expanded by adding solar modules as 

needed. This is simpler and cheaper compared 

to conventional energy systems. 

 Maximum Reliability: As long as sunlight is 

available, the system will continue to provide 

uninterrupted electricity, reducing the risk of 

power outages significantly. 

      The primary feature of photovoltaic cells is their 

ability to directly generate electricity when exposed to 

sunlight. The efficiency of this conversion mainly 

depends on the type of solar panel used. There are three 

types of commercially available solar panels used in 

both standalone and grid-tied systems. All three are 

silicon-based and can be classified into one of the 

following types: 

1. Polycrystalline Solar Panels 

2. Monocrystalline Solar Panels 

3. Amorphous Silicon “Thin Film” Modules 
 

 

Figure 2. Solar-Powered Vehicle Panel. 

 

 



Power Evaluation of the Motor 
The power required to drive the vehicle can be 

calculated as follows: 

𝑃 = 𝐹 × 𝑣                                   (1) 

Here: 

 v - the speed of the vehicle 

 F - the force required to overcome the frictional 

resistance between the road and the tires 

𝐹 = 𝑚 × 𝑔 × 𝐶r.r.                    (2) 

Here: 

 m - the mass of the vehicle 

 g - the acceleration due to gravity 

 Cr.r. - the coefficient of rolling resistance (the 

resistance between the vehicle tires and the 

road when the vehicle is rolling). 

     The rolling resistance depends on factors such as the 

type of tires, the load, road type, pressure, etc. For the 

solar vehicle, the tires used are typical bicycle tires, 

which have a rolling resistance of 0.0055 on 

asphalt/concrete roads. 

     For a vehicle speed of v = 60 km/h, a mass of m = 

500 kg (this is an approximate value and includes the 

mass of two passengers), and g = 9.81 m/s², the power 

required to drive the vehicle is calculated as follows: 

𝑃 = 𝐹 ∙ 𝑣 = 𝑚 ∙ 𝑔 ∙ 𝐶𝑟.𝑟. ∙ 𝑣

= 500 𝑘𝑔 ∙ 9,81 𝑚/𝑠𝑒𝑐2 ∙ 0,0055

∙
60 ∙ 103

60 ∙ 60 𝑠𝑒𝑐
= 449,625 𝑊 

 

     Considering the higher friction on city roads due to 

their uneven quality, a motor with a power rating of 1 

kW, which is twice the value calculated above, will be 

used. For durability, a DC motor is planned for use. 

     Additionally, calculations were carried out for the 

battery capacity, the dimensions of the solar panels, and 

the charging devices. 

 

 

IV. CONCLUSION 

     The control system of a solar-powered vehicle is 

energy-efficient in many ways. Firstly, using solar 

energy as a power source instead of oil saves a 

significant amount of energy, as the former is free, 

inexhaustible, and renewable. The solar car operates on 

an electric motor, unlike gasoline/diesel cars. While 

gasoline cars generate loud noise and pollute the air, 

electric cars are smooth and silent, producing no 

pollution during operation. 

      The concept of a solar-powered vehicle is 

innovative. The components of a solar car include DC 

electric motors, an electric controller, batteries, 12V 

lead-acid batteries, a battery charger, and multiple 

motors to control smaller parts. 

From this project, we can draw several observations, 

which are listed below: 

      Management of a 3-stage charger based on PWM to 

charge the battery. 

     The converter provides the required voltage and 

current to the battery through an energy regulator. 

      A motor driver circuit to control the speed. From 

these observations, we gain a clear understanding of 

how a driver system for a vehicle that operates 

successfully on solar power can be implemented. 
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