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ABSTRACT 

 

The running costs of the present vehicles are rising day by day hence common man is looking for 

an alternate mode of transport, with low fuel and maintenance cost. Solar bicycle is an attempt to 

meet these needs. It is an environmentally sustainable and zero running cost vehicle. It uses 

photovoltaic cells to absorb energy from sunlight. The absorbed energy is stored in battery. The 

hub motor mounted on the rear wheel uses this energy to run the cycle. A fully charged battery 

gives a mileage of 15-20 km. It is also provided with manual pedaling which increases the cycle’s 

mileage further. Average speed of the cycle is 15-18 kmph.  
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1. INTRODUCTION 

 

Bicycles and motorcycles are the two important form of two-wheeler transport in India. Bicycle 

has an advantage of very low running cost but has a drawback that, its range is mainly dependent 

on the physical fitness of the rider. On the other hand motorcycle has a very high range as 

compared to the bicycle but its running cost is very high. With increasing oil price the running 

cost of motorcycles will go up further in coming years. So the present need is to develop an 

alternate means of transport which has the advantages of both bicycle and motorcycle. Due to the 

increasing oil price this alternate means of transport should be powered by sources of energy like 

solar, wind etc that are freely available in nature and also free from pollution. Motorized bicycle 

powered by solar energy is an answer to all the above present needs. The work “solar bicycle” 

aims at:  

1. Developing an alternate mode of transport, which has the advantage of low running and 

long range. 

2. Developing environmentally sustainable zero emission vehicle.  

3. Effective utilization of solar power. 

4. Reaching grass root level population of India to make a common man’s daily 

commutation affordable. 
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Fig. 1 Block diagram of solar Bicycle 

 

Fig. 1 shows the methodology incorporated for the construction of solar powered bicycle as 

compared to any other motor driven vehicles. Photovoltaic cells of 12V, 10W each are mounted 

suitably in front and back end of the bicycle. The PV cells are connected in series to deliver a 

voltage of 24V. Charging of battery by PV cell is controlled by solar charge controller. This 

increases battery life, which would be otherwise less because of variation in solar radiations. The 

so generated electrical power is stored in battery. Two 12V, 12AH sealed lead acid battery is 

connected in series to produce a voltage of 24V, 12AH. The motor used is 24V/250W Hub Motor 

mounted on the rear wheel of the bicycle. This motor is powered by battery. This motor has an 

advantage of high torque to weight ratio, low supply voltage and easily mounted on the rear 

wheel. Hence it is more suitably chosen. Motor controller is provided to control the speed of the 

cycle. Connections from the battery, motor and throttle are given to the motor controller. The 

motor is switched ON using throttle. It provides a variable speed control using potentiometer. 

Solar Bicycle gives an option to run motor whenever required and also manual pedaling. 

 

2. SOLAR CHARGE CONTROLLER 

Solar charge controller function is to regulate the power flowing from a photovoltaic panel into a 

rechargeable battery. 

 

 
 

Fig. 2 solar charge controller 
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The circuit activation section uses a comparator to switch power on for the rest of the Solar 

Charge Controller. When the PV voltage is greater than the battery voltage, Comparator gives an 

output which turns on and sends power to voltage regulator. Voltage regulator produces a 

regulated power source (Vcc). This is used to power the Solar Charge Controller circuitry. The 

float voltage comparator compares the battery voltage to the reference voltage. The output of 

float voltage comparator goes high (+Vcc) when the battery voltage is below the float voltage 

setting. The output goes low when the battery voltage is above the float voltage setting. This 

provides the charge/idle signal that controls the rest of the circuit. The charge/idle signal is sent to 

a pair of D-type flip-flops. The flip-flops are clocked by the clock oscillator. The clocking causes 

the flip-flop outputs to produce a square wave charge/idle signal that is synchronized with the 

frequency of the clock oscillator. The pair of D-Flip flops operate in synchronization, first flip-

flop is used to drive the PV current switching circuitry, second flip-flop is used to drive the 

charging state indicator LED green (charging). The clocked charge/idle signal switches bipolar 

transistor on and off. This signal is used to switch power MOSFET, which switches the solar 

current on and off through the battery. Diode ZD prevents the battery from discharging through 

the solar panel at night. Fuse F1 prevents excessive battery current from flowing in the event of a 

short circuit. 

 

3. MOTOR CONTROLLER 

 

The design involves running the BLDC motor in a closed loop, with speed as set by a 

potentiometer as seen in Fig. 3. The design generates PWM voltage via PWM module to run the 

BLDC motor.  

 

 
Fig. 3 Motor controller 

 

Once the motor starts running, the state of the three Hall sensors changes based on the rotor 

position. Voltage to each of the three motor phases is switched based on the state of the sensors. 

Hall sensor interrupt are counted to measure the motor speed. The commutation sequence by 

which windings get energized is shown in the Fig. 4 Other peripheral functions are used to protect 

the system in case of overload, under-voltage and over temperature.  
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Fig.4 Commutation sequenece 

 

The three-phase MOSFET bridge as shown in Fig. 5 is used to drive the three phases of the 

BLDC motor. 

 
Fig. 5 Three phase MOSFET bridge 

 

The DC bus is maintained at 24V, which is same as voltage rating of the BLDC motor. A separate 

Hi-Low gate driver is used for each high and low-side MOSFET phase pair, making the hardware 

design simpler and robust. The high-side MOSFET is driven by charging the bootstrap capacitor. 

The DC bus voltage is monitored by reducing it to suitable value using a potential divider. The 

DC bus current is monitored by putting a shunt in the DC return path. An NTC-type temperature 

sensor is mounted on the MOSFET heat sink, providing analog voltage output proportional to 

temperature. The PWM module contains a six-channel configured to run in independent mode, 

The switching frequency is set to 10KHz because as a rule of thumb PWM frequency should be at 

least 10 times that of the maximum frequency of the motor. The output on the individual channels 

is controlled according to the inputs from the Hall sensors. The inputs from the Hall sensors 

determine the sequence in which the three-phase bridge MOSFET is switched. The Duty cycle of 

the PWM is directly proportional to the accelerator potentiometer input. The change in the duty 

cycle of the PWM within the sequence reduces the average voltage supplied to the stator which in 
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turn controls the current through the motor winding, thereby controlling motor torque and speed. 

Trapezoidal commutation is used for this application to make implementation simple. 

 

4. DESIGN CONSIDERATIONS 

 

a) Motor: Considering a payload of 120kg. The initial acceleration required be 10kmph in 

duration of 5 seconds.  

Initial Acceleration = (10 - 0) / 5 = 0.56m/sq.sec.  

Hence the force required according to Newton’s second law of motion is  

F = ma = 67.92N. 

Diameter of the rear wheel is 26 inches. Radius of the rear wheel  

r = (26/2)* 2.54 = 0.33m 

 T = F * r =22.41N-m.  

But ω = 2πn. Where n –speed (rps),  ω - Angular velocity (rad/sec).  

For a speed of 12kmph  the value of  

 n = 1.607 rad/sec.  

ω = 2*3.142*1.607 = 10.092 rad/sec.  

Power required by motor  

P = Tω  = 226.16 watts  

Hence the required output power from the motor for a payload of 120kg is 226.16 watts. The 

nearest standard output power available in BLDC hub motor is 250watt. Hence a 250W hub 

motor is chosen. 

 

b) PV module: The size was one of the major constraints while selecting the PV Module. For a 

comfortable ride and easy handling the upper limit for the solar panel was set to 400mm*400mm. 

The nearest standard size available in the market was 10Wp of size 330mm*300mm. Two solar 

panels of 10Wp connected in series, so the total power is 20W. Taking a tolerance of 5 percent, 

the output power is 0.95 * 20 = 19watts. The output voltage is 16.6*2 = 33.2volts. The charging 

current is found to be  

ICH = (19/33.2) = 0.58A.  

Hence the Charging Current Time (CCT) is  

CCT = (12/0.58) = 20hours. 

Hence the charging time is 20 hours. 

 

5. RESULTS AND DISCUSSIONS 

 

Solar powered bicycle was built and tested under practical conditions. In a level road with a pay 

load of 100kg, it was observed that: 

• Average speed=12kmph 

• Current drawn by Motor=6A 

• A 12AH battery gives a back up for 2 hours for a discharge current of 6A. 

• Range of the cycle is 24km. 

     In  an up gradient of 30% with a pay load of 100kg, it was observed that: 

• Average speed=8kmph 

• Current drawn by Motor =10A 

• A 12AH battery gives a back up for 1.2 hours for a discharge current of 10A. 

• Range of the cycle is 9.6km. 

     In a mixture of both level road and up gradient of 30% with a pay load of 100kg, it 

was observed that: 

• Average speed=10kmph 



International Journal of Electrical and Electronics Engineering Research and Development (IJEEERD), 

ISSN 2248 – 9282(Print), ISSN 2248 – 9290(Online),Volume 1, Number 1, April-June (2011) 

 

17 

 

• Current drawn by Motor=8A 

• A 12AH battery gives a back up for 1.5 hours for a discharge current of 8A. 

• Range of the cycle is 15km 

 

 

Fig 7. Hardware output 

Fig. 7 shows a single protopype working model build by the team. 

6. CONCLUSION 

 

The cost spent for the manufacturing of the solar powered bicycle was Rs 19000/-.comparing 

solar bicycle with a moped, moped generally gives a mileage of 40kmph. The cost of petrol be Rs 

60/- per litre. Hence the cost for 1km is (60/40) = Rs 1.5/-. If a person travels a distance of 16 

kms every day, the total distance traveled in one year is 

 16 * 365 = 5840kms.  

Total cost spent for fuel in one year is  

5840 * 1.5 = Rs 8760/-.  

In a period of 2.2 years cost spend will be 8760/12 * 26 = Rs 18980/-. 

This cost spent for travelling in a Moped for 2.2 years is same as that of the manufacturing cost of 

Solar Bicycle. So the payback period is just 26 months. 
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