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Abstract— Nowadays personal and efficient modes of transportation used in India include bi-cycles, mopeds and 
motorcycles. These mopeds and motorcycles tend to be more costly in terms of 1.initial buying cost, 2.ever-rising prices of 
fuels especially petrol required for driving these vehicles, 3.high maintenance cost. Also the fossil fuel deposits are getting 
depleted day by day and it’s hard to find the new ones to replace them. Again the pollution due to these fuels is jeopardizing 
the environment continuously. On the other hand, the low buying cost and zero running cost traditional bi-cycle sometimes 
tends to be inconceivable as lots of muscle power is wasted by rider propelling the pedals to rotate the driving rear wheel. 
Keeping all this in mind, engineers are left to think of a new way to cater these economically poor people as well as to 
provide a solution for environmental pollution. Thus Solar Energy turns out to be freely and abundant available energy 
source which could be harnessed easily and converted to electrical energy using a low cost mechanism and used for the 
purpose of instilling mobility. Hence, a Solar Powered Electric Bicycle is proposed over here. Our solar powered electric 
bicycle developed is driven by PMDC motor. The solar panels mounted, in a detachable mode, will charge the battery, which 
in turn drive the motor. When riding bicycle, kinetic energy is lost while applying brakes, and also, human effort during 
pedaling uphill. We also need to maintain our cycle’s efficiency level after battery discharges on cloudy days. Here we are 
planning to use mechanical kinetic energy recovery system (KERS) by means of a flywheel to store the energy. This is one 
of its kind proto-type. 
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I. INTRODUCTION 
 
World markets are filled with mopeds, bikes and cars. 
But for small distance travel mopeds and car come 
out as a good option for transportation. But they come 
with some major drawbacks like high initial buying 
cost, ever-rising prices of fuels especially petrol 
required for driving these vehicles, .high maintenance 
cost. On the other hand, the low buying cost and zero 
running cost traditional bi-cycle sometimes tends to 
be inconceivable as lots of muscle power is wasted by 
rider propelling the pedals to rotate the driving rear 
wheel. Hence we are left to find some other means to 
overcome these drawbacks and find new ways to 
cater economically challenged people and at the same 
time protect the environment. Thus Solar Energy 
turns out to be freely and abundant available energy 
source which could be harnessed easily and converted 
to electrical energy using a low cost mechanism and 
used for the purpose of instilling mobility. Hence, a 
Solar Powered Electric Bicycle is proposed over here. 
Also our main concern is to properly utilize the 
generated energy and get a good output out of the 
same. Improvising the available technology and find 
a good one to replace the old one was the main reason 
behind choosing this energy harnessing and utilizing 
project.  
 
 
 
 

II. METHODOLOGY and DESIGN  
 
This is basic Block Diagram of our project       that 
we need to follow for designing purpose and it will 
also assist the cycle for efficient running. 
 

 
Figure1. Block Diagram 

 
This project can be broken down into separate 
categories: 
  
1. PMDC Motor with gearbox attached : 
We need a low cost and a good torque motor for our 
bicycle. Permanent magnet can be used to create 
magnetic field, such a motor is referred to as 
permanent magnet direct current motor. PMDC motor 
is selected as it can provide good torque as well as it 
has low maintenance and cost. Hence a 180W PMDC 
motor with 1500 rpm is selected. 
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Table1. Our  Motor Seclection and Specification 

 
 
By analytical method we found out that our bicycle 
free-wheel can rotate at maximum 125~135 rpm with 
physical power. So we need the motor to rotate the 
driving wheel by 150~175 rpm, as rotating the wheel 
by initial-1500rpm of motor will give sluggish 
output.  
Here we decide to use a gearbox with 1:9 ratio which 
reduces the motor rpm to 166. This gearbox is 
connected to PMDC motor using nut-bolts and the 
specifically designed sprocket is attached to the 
gearbox for mounting the chain. 
 

 
Figure2. Motor with Gearbox 

 
Figure3. Motor Round Shaft 

 
Figure4. Key and Keyway 

 
Here the hub of the rear wheel which forms the main 
assembly of bicycle where the spokes are connected 
undergoes a modification. Here special threading is 
done on the other side of the hub for fixing the 
freewheel required for mounting the chain and other 
parts of our assembly. 
 

 
Figure 5. Hub Modification 

Table2. Our Motor/Gearbox Selection and 
Specification 

 
     

Table3. RPM-Gear Ratio of Gearbox 

 
                     
2. Lead Acid Battery 
Battery charging and discharging is the important part 
when it comes to impart motion to our solar bicycle. 
Out of the numerous available batteries sealed lead 
acid batteries were selected for their discharge rate 
among rechargeable batteries is lowest. Also they are 
inexpensive and environmental friendly, as they are 
sealed. For driving our 180w PMDC motor at our 
rated speed, two lead acid batteries connected in 
series are sufficient. They are also connected in 
detachable mode in the box connected on the top of 
front wheel and used wherever necessary. 
 

 
Figure6. Selected Sealed Lead Acid Battery 

 
Table 4. Our Battery Selection and Specification 

 
 
3. Solar Panel 
Our lead acid batteries used for driving the motor are 
charged mainly by the solar energy trapped by the 
solar panel. So, solar panel is the main part of our 
bicycle. Solar panel consists of  numerous solar cells 
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made of silicon. Some solar cells made out of silicon 
may also consist of some impurities. Depending on 
the amount of its purity solar panels are classified as 
mono-crystalline and polycrystalline ones. Here we 
are using mono-crystalline sonar panel which is more 
efficient polycrystalline ones as they contain pure 
silicon made solar cells. They are black in colour 
compared to bluish polycrystalline solar panels and 
they harness solar energy radiated by sun very 
efficiently giving a good output DC voltage. Placing 
and panel angle is of main concern with a view to get 
a good output voltage. Exposure is mainly defined by 
the angle that the sun hits the panel. If the solar panel 
is flat mounted and not properly facing the sun 
radiation or shadow of the driver is incident on the 
panel the output DC is always lower than the rated. 
All round the day the angle of solar radiation is 
constantly changing which made us think of such a 
position which can give us maximum output reducing 
the shadows implicated in the plot. Also the solar 
panel are quite costly in Indian markets so there is a 
danger of panels being stolen. Again they are quite 
vulnerable and get shattered pretty easily with small 
unexpected force. So the placing of solar panel 
should be done keeping in mind these possibilities. 
Hence a special arrangement is made on the carrier of 
the bicycle to place the solar panel which can be 
detached after the battery is charged when the bicycle 
is standing idle. This arrangement also marks 
harnessing the solar radiation properly at a good 
possible angle.   
  

Table5. Our Panel Selection and Specification 

 
 
4. Motor Controller 
To control the speed of a D.C. motor we need a 
variable voltage D.C. power source. However if you 
take a 24v motor and switch on the power to it, the 
motor will start to speed up: motors do not respond 
immediately so it will take a small time to reach full 
speed. If we switch the power off sometime before 
the motor reaches full speed, then the motor will start 
to slow down. If we switch the power on and off 
quickly enough, the motor will run at some speed part 
way between zero and full speed. This is exactly what 
a P.W.M. controller does: it switches the motor on in 
a series of pulses. To control the motor speed it varies 
(modulates) the width of the pulses, hence Pulse 
Width Modulation. 

 
Figure7. PWM waveform 

 
If the motor is connected with one end to the battery 
positive and the other end to battery negative via a 
switch (MOSFET, power transistor or similar) then if 
the MOSFET is on for a short period and off for a 
long one, as in A, the motor will only rotate slowly. 
At B the switch is on 50% and off 50%. At C the 
motor is on for most of the time and only off a short 
while, so the speed is near maximum. In a practical 
low voltage controller the switch opens and closes at 
20kHz (20 thousand times per second). This is far too 
fast for the motor to even realize it is being switched 
on and off: it thinks it is being fed from a pure D.C. 
voltage. It is also a frequency above the audible range 
so any noise emitted by the motor will be inaudible. It 
is also slow enough that MOSFETs can easily switch 
at this frequency.  However the motor has inductance. 
Inductance does not like changes in current.  When 
implementing the system with a microprocessor an 
RC circuit will be used it as a buffer between the 
microprocessor and the controller circuit. 
 
Table6. Our Controller Selection and Specification 

 
 
5. Flywheel 
One of the main part of system consists of kinetic 
energy recovery system. Solar energy is not available 
all day long. In this situation, battery may get 
discharged earlier when it comes to long distance 
travel and the rider may have to use the muscular 
power and also some kinetic energy imparted my 
rotating motor to driving wheel may also get lost. 
Here we rely on the mechanical battery, that is, 
flywheel, to store and utilize the generated kinetic 
energy and minimize the use of muscular power. By 
squaring the rotational speed of flywheel we can get 
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the amount of energy stored in flywheel as they are 
proportional. We have chosen approximately 5 kg 
flywheel for kinetic energy restoration.  
 
Table7. Our Flywheel Selection and Specification 

 
 
6. Accelerator 
Our bicycle is designed to run at speeds ranging from 
25~30 km/hr. The speed of bicycle should change 
while going uphill and downhill. This is possible by 
including the speed change and control of PMDC 
motor. Motor controller working on PWM technique 
is used to control the speed of the motor as mentioned 
earlier but this equipment should be handy and 
controlled at the flick of the fist. Hence,  a specific 
accelerator is used to convert the battery voltage to 
voltage of variable amplitude that drives our PMDC 
motor at variable speeds.  
 
7. Solar Powered Electric Bicycle With KERS 
Solar powered electric bicycle is a combination of all 
the above mentioned counterparts in a proper manner. 
This fully assembled solar bicycle runs at max speed 
of 25~30km/hr. This cycle is designed to work even 
when the battery discharges and can go up to some 
distance with little pedaling. 
 
Solar bicycle consists of mainly these parts :  
1) Main cycle assembly  
2) PMDC motor  
3) Lead acid batteries  
4) Motor controller  
5) Charge controller  
6) Accelerator 
7) Flywheel  
8) Protective devices 
       

 
Figure8. Our Solar powered Electric Bicycle with KERS 

Table8. Our Bicycle Specification 

 
 
III. PROTECTION 
 
 For protection of high costing solar panel we 

have implemented a detachable solar panel 
technology which can be used as per our needs. 

 For protection of battery , we have also used a 
detachable battery model which gives ample 
protection for battery from getting stolen. 

 For protection of motor controller from rain 
dust it is well connected in a plastic box. 

 For protection of PMDC motor and battery a 
over current relay is implemented, this relay 
also regulates the starting and stopping of 
battery charging by solar panel. 

 For protecting bicycle from tumbling a side 
stand with lock is implemented. 

 For protection from initial inrush current the 
cycle will be started by pedaling and later 
shifting the power to motor. 

 
IV. RESULTS-OBSERVATIONS 
 

 
 
CONCLUSIONS 
 
From the results and observations we can clearly 
conclude the goals of the design were achieved. 
These include 1) proper utilization of solar power, 2) 
protection of various counterparts of the solar bicycle, 
3) restoration of generated energy 4)max speed of 
25km/hr was achieved 5)speed control. 
Power output of solar panel my vary according to 
company prescriptions. The cycle is ready to hit the 
Indian as well as global markets  
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