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Abstract

Solar energy is one of the important sources of renewable
energy which can be a feasible alternative to fossil fuels. There
are many works has been done in order to incorporate solar
energy to everyday transportation including tricycle. However,
most of the tricycle develops are expensive and not feasible
for developing countries. In this study, a cheaper solar tricycle
with more capability of utilizing the solar energy is designed
for developing countries. The main content of the tricycle is
Solar PV panel, Brushless PMDC motor, controller, and bat-
tery. The power transmission of the solar tricycle is also sim-
ple. It is found that tricycle serves 24% back up for running,
by the solar panel. Also, the total construction cost of the tri-
cycle is only 2408 with near about zero impact on the environ-
ment. This paper highlights the advantages of the dual mode of
charging, including the economic and environmental feasibility
of the tricycle.
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1 Introduction

From the beginning of the industrial revolution, the rate of
energy consumption has increased at an alarming rate due to
the synergistic effect of individual energy consumption and
population. This situation can be overcome with mass produc-
tion of the photovoltaic (PV) cell which uses solar energy with
low fluctuation converted into electrical energy. The electrical
energy is obtained by converting the Sun’s energy by the pho-
tovoltaic (PV) cell. By using this method, solar vehicles can
be run which reduce the pressure on the energy sector as well
as help to make the environment green. Although it is not a
popular vehicle, but for reducing CO, emission and to make the
environment pollutant free, energy systems will require a large
share of renewable energies, such as solar photovoltaic power,
which is used in the tricycle here [1].

The motive force to a shaft by an electric motor which is
run by solar energy after some important conversion in elec-
tric vehicles instead of an internal combustion engine which is
environmental pollution free is the basic working principle of a
solar assisted tricycle. The electricity produced by photovoltaic
(PV) cells using sunlight powers the electric motor directly for
driving of solar-powered vehicles (SPVs). During sun shining
the electricity is produced by PV cells otherwise, the vehicles
use consuming energy in its batteries. There are different types
of tricycles which can be classified as paddle tricycle, motor-
ized tricycle, and electric tricycle. Paddle tricycle requires a
lot of energy to paddle the tricycle which makes the user tired.
Concentrate [if the user is a student] on the lesson become very
tough when they reach their educational institution after ped-
dling a paddle tricycle. Next, the motorized tricycle is powered
by fuel but which is costly. Besides that, this tricycle will pro-
duce a bad impact on our environment by warming the earth.
Lastly, the electric tricycle is based on the battery is run by using
solar energy [2]. For dreaming a healthy city, the electric tricy-
cle is the best among three cycles. They emit fewer fumes, offer
the city dwellers to work without being sweaty and getting a car
without waste. Here, in the below Table 1 a list of solar powered
vehicles which are constructed in different areas of the world
with its construction cost, year, places and features are shown.
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Table 1 List of solar powered vehicles constructed in different places:

Year Construction area Features Cost ($) References
It consists of 15-inch “Sunmobile”, but due to its small size, the Sunmobile
1955  General Motors Powerama . 410 [3]
could not be driven by a human.
2008 Woodbridge Elementary School in The solar-powered tricycle was simulated, which was energized by a 600-watt . 4]
California motor and speeds of up to 17mph.
2009 Woodbridge Elementary School in A solar powered vehicle was constructed having a 100W solar panel, 750 W 540 5]
California DC motor, battery, and controller.
o Christu Jyothi Institute of Technology A new innovation of a solar tricycle had invented which was made with a 40W 500 (6]
& Science (CJITS), Jangaon solar panel, motor, and mechanical gears.
2011 University of Engineering and An electric reverse tricycle (two wheels at the front and one at the back) for 600 (7]
Technology, Lahore in Pakistan one person was invented which is powered by solar energy.
A hybrid solar car was introduced which consists of internal combustion
India engine (ICE) and solar panel, electric motor powered by storing battery system 1000 [8]
energized by a solar panel.
2012
A study about the design and feasibility of solar powered bicycle had given
India where the 250W motor and 2 solar panels of 20W were used and maximum 800 [9]
speed 25 km/h was found.
Three batteries and a 250 watt motor inside the vehicle was used. The motor,
2013 A group of PEC mechanical engineers which weighs approximately Skg, gets its power from solar energy. This 700 [10]
vehicle can reach speeds up to 15kmph.
. A vehicle consists of 850 W motor, 4 batteries and 4 solar panels of 100W and
India 1500 [11]
the average speed was 15-20 km/h was made.
A solar tricycle, especially for a handicapped person, was constructed by a
India 250-watt motor, the three-wheeler can reach speeds of up to 33 km/h and load 950 [12]
2014 carrying capacity are 90 kg.
A solar powered vehicle was constructed where 850 W motor, 4 batteries and 4
Group Name: “Team Solar Pedal” 1100 [13]
solar panels of 100W was used. Its average speed was 15-20 km/h.
. A scooter made of 350 W DC hub motor and 4 solar cells for charging the
Pakistan . 650 [14]
48V/20AH battery was invented.
A simulated model for charging plug-in electric vehicles from a common solar 200 [15]
panel had introduced.
A solar power assisted tricycle had evaluated which consists of 300 W motor, 2
2015 India batteries of 12V, 20 W solar panel and the maximum speed of a plain flat road 900 [16]
with zero slopes without pedaling was 9 km/h.
A solar power tricycle had invented on the basis of the 75W solar panel and
650 [17,18]

250W DC motor which load capacity is 90 kg and highest speed is 15 km/h.

Beside all of this, a prototype hybrid solar vehicle has devel-
oped to do several experimental activities. [19]. Also, a dis-
cussion about the environmental issues of solar power assisted
vehicle over conventional IC engine has performed [20].

The main concern of this tricycle is to improve efficiency
and lowering costs so that it can be feasible to all. The CO,
emission has increased from 12 billion metric tons to 32 billion
metric tons from 1965 to 2010 A.D [21]. The rate of emission
of CO, is an indication of global warming. So, this will be envi-
ronmental pollution frees too. The cost of recently invented
solar vehicle is varies between 600$-4000$. To reduce the cost
of the solar vehicle is another challenge. The cost of this vehi-
cle is targeted to reduce around 250$-3008$. Most of the solar
vehicle has been made for one person. Here, a solar tri-cycle

can carry two people. Here the target was to design and con-
struct a lightweight tricycle too.

2 Materials and methods
2.1 Main parts of Tricycle

The Solar tri-cycle is a three-wheeled vehicle, assisted by
solar energy or fully powered by solar energy. A brushless DC
motor, solar panel, battery, charge controller was used as the
component. The energy obtained from solar radiation by two
direct forms:

i) Electricity obtained from the solar cells due to excitation

of the semiconductor on PV cell.
ii) Solar collectors accumulate the heat.
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The main components of PV solar systems are i) solar panels
or solar arrays, ii) balance of system, iii) load [22]. The working
principle of solar cells is based on the photovoltaic effect, i.e. due
to electromagnetic radiation potential difference is created at the
junction of two different materials. The conversation of chemical
energy into electrical energy is done by a battery. The chemical
reactions take place in galvanic Cells will generate electricity
involving the transfer of electrons. A rechargeable battery is
likely to store energy or discharge energy in many times, storage
battery, on the other hand, a non-rechargeable or primary battery
is contained fully charged, and discarded once discharged.

The charging action is occurring by converting the positive,
active material into oxidizing and the negative material for con-
suming electrons. The electrolyte is supplied as a buffer for elec-
tron flow between the electrodes. The external circuit is operated
by the current flow with the help of constituent electron.

The DC current is converted to an AC current with the help
of a brushed DC motor which main parts are a commutator and
brushes. Due to the flowing current through the armature wind-
ings, the nearby magnets repel the EM (electromagnetic) field
for the same polarity and the attraction of magnets of opposite
polarity will rotate the magnet. Fig. 1 shows the power genera-
tion system for the tricycle.
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Fig. 1 power generation system for a tricycle.

The solar energy from the sun on solar cells will generate the
potential difference at the intersection point of two materials for
electromagnetic radiation. A galvanic cell, i.e. a battery is used
to produce electricity by transformation of an electron in elec-
trochemical reactions.A rechargeable battery is used to accumu-
late charges. These electrons constitute the current flow in the
external circuit. The mechanical energy is obtained with the help
of a DC motor which converts direct current (electrical energy).
Finally, the obtaining energy is used to transmit power from the
motor to the wheel with the help of the chain drive system.

2.2 Design and Construction

The weight of the chassis should keep minimum to improve
the acceleration and full speed. Materials for chassis should
have enough strength to withstand the load of the vehicle and
driver. Mild Steel Pipe is such kind of pipe that is compara-
tively light in weight and has enough strength to carry loads of
the driver, vehicle, and small load. The transmission of power
from the battery to the wheel is done by a chain drive which is

clearly shown in Fig. 2.

Fig. 2 Power transmission from motor to wheel

Fig. 3 and Fig. 4 represent the Conceptual view and Exper-
imental view of the tri-cycle showing all the main parts and
required dimensions.

Fig. 3 Conceptual view of the tricycle

Here, d = tricycle wheel rim diameter in the meter. r= tri-
cycle wheel rim radius in meter, ® = Angular velocity of the
tricycle in rad/s., N = Speed of tricycle wheel in RPM, v =
Speed of tricycle in km/h, the N, =Normal reaction of the road
on each tire of the tricycle in Newton. , u=Coefficient of fric-
tion = 0.3, F= Frictional force between tire and road in New-
ton, T=Torque developed on the shaft due to frictional force in
N-m, P=Power required riding the tricycle in Watt, [=Moment
of inertia in m*.
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Table 2 Required important formula used to design the tricycle

Description about the required equation Formula
Tricycle wheel rim radius, r r=d/2
The friction force acting on each tire, F F=uN,
Torque developed on the shaft due to the frictional force, T T=Fxr
Angular velocity of tricycle, ® ®=v/r
2 tNT
Power required to ride the tricycle, P P= ZO
6=WI/Z
Bending stress developed in the MS pipe used as the main material of the tricycle, © T D*—d*
33 D

Fig. 4 Experimental view of the tricycle

2.3 Investigation
2.3.1 Charging the battery

At the very first a sunny placed was selected for charging
the battery of the tricycle. Then solar panels and batteries
were made the series connection and then connected with each
other to complete the circuit. A diode was used to the flow of
current in one direction. After completing the circuit connec-
tion, tricycle was placed at the selected sunny place. Between
1-hour time interval, voltage and current were measured by
a multimeter. Voltage was measured directly, but the current
was measured with respect to 15-ohm resistor. Then the power
was calculated which showed the level of charge of the battery.
This procedure also followed to run the tri-cycle with only the
battery which was charged fully. It took 11 hours to complete
charging of the battery.

2.3.2 Discharging the battery

At the beginning, 5 km area was selected at a certain sunny
place to run the tri-cycle. After one round within that selected
area, the level of charge was measured. This procedure was
repeated until the tricycle was stopped due to discharge the bat-
tery. After 5 rounds, the tri-cycle was stopped. But the level
of charge was about 15 percent. The tri-cycle served 25 km. It
took about 2 hours and 30 minutes.

2.3.3 Charging and discharging simultaneously

At the starting, battery was charged fully with the help of
electricity. Then solar panel was connected to the battery. Then
it was run within that selected 5 km area. After one round
within that selected area, the level of charge was measured.
This procedure was repeated until the tricycle was stopped due
to discharge the battery. It was found that, after 6 rounds, the
tricycle was stopped. But the level of charge was about 15 per-
cent. The tricycle served 31 km. It took about 3 hours.

3 Results and discussions
From the experimental values, the findings that are obtained

by observation are shown in Table 3.

Table 3 Important data that are found from the experiment

Features Capacity
Maximum load carrying capacity in (kg) 150
Maximum speed in (km/hr) 26

Charging time of battery without operation in (hr) 11

Movement of fully charged battery in (hr) 2.30 (equivalent to 25 km)

Movement with charging the battery by using .
. 3.00 (equivalent to 31 km)
solar energy in (hr)

It can be said that, the tricycle construct with low cost and
light weight, which can carry a 150 kg load with 26 km/h speed
which is really a better one. It can also move a greater dis-
tance as found from the Table 3 which is equivalent to 25 km
with a full charged battery, but 31 km in the case of a battery
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which charging in the running time. So, when the solar system
is active, the storage system can get back up about 24% which
is equivalent to 6 km.

3.1 Charging the Battery

The charging of the battery is done by solar energy. As it
takes approximately 11 hours from being fully charged, but as
solar energy with high intensity is not present for the full time
of a day, for this reason charging was done in two different days
in the full sunshine. The level of increasing charges by day time
is shown in Fig. 5, in which level of charges (%) exists in the
vertical axis and time of day is on the horizontal axis. Also, the
standard deviation is shown in Fig. 5.

The experimental data were taken on six different days. For
charging the battery fully, every time two days were taken. The
experimental date for charging the battery was 3 to 8" Sep-
tember 2015. Theoretically, the charging profile should be lin-
ear, but not exact in our study because the solar intensity on the
panel varies by time of the day. After 60% level of charge, the
slope was downward because data was taken on the next day
morning. At the end of charging, the rate of charging the battery
was slow because the reaction rate of the battery was slow. Also,

as Fig. 5 shows the standard deviation too, from the graph it
was found that the maximum level of standard deviation is only
1.527 which is really small. So finally it can be said that the sim-
ilar characteristic of charging is found for all the different days.

3.2 Discharging the battery with a solar panel

The battery was connected to the motor that runs the solar
tricycle. While running the tricycle discharging was started.
Discharging the battery while running the tricycle is a linear
phenomenon. Fig. 6 shows the relation between the levels of
charges (%) with a time of the tricycle. It clearly displays the
decreasing of the storing energy due to consumption with the
increasing of time.

Discharging of the profile of the battery with solar panel is
shown in Fig. 6. On Fig. 6, the level of charge is reduced from
100% to 15%. Theoretically, the discharge curve should be lin-
ear, but on Fig. 6 it slightly deviates from the linear phenom-
ena. It took approximately 3 hours for discharging the battery.
It was found from the discharge curve that in the first half hour
battery lost its 8% storage energy. But for the next every half
hour discharge percentage was 17%, 15%, 11%, 14% and 20%
respectively.
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Fig. 8 Torque vs Velocity Curve

3.3 Charging and Discharging Simultaneously

In this portion two curves were found, one of which rep-
resents discharging the battery without connecting to the solar
panel and the second one shows the discharging characteristics
of the battery when it is connected to the solar panel. The vari-
ation of the level of charges with discharging without solar and
discharge with solar is the main outcome of Fig. 7.

Fig. 7 shows the two curves of discharging the battery.
The green line on the curve indicates discharging the battery
without solar panel and the red line indicates discharging the
battery when the solar is acting. Red line curve passed over
the green line curve because some charge was accumulated in
the battery during discharging. As a result, the red line ends at
31 km which is 6 km far from the green line end point. It shows
the performance of solar assisted tricycle. So by activating the
solar panel during discharge of the battery, solar tricycle runs
more 24% than the running without the solar panel.

3.4 The torque required for different speed

Torque is also an important factor for designing the tricycle
because torque is required to move the vehicle from a stop.
The required formula for calculating the developed torque in
the tricycle is already shown in Table 2. It is mainly import-
ant for acceleration, not for maintaining speed. In order to get

up speed and overcome the wind resistance and friction torque
is initially required. So torque is required to move the vehicle
from a stop and helps it get up steep hills. From the Table 4, it is
observed that with the decreasing of torque-velocity increases.

Table 4 Data table for torque at different speeds.

Observation no. ~ Velocity in km/h  Torque in N-m
1 1 324

2 5 64.8

3 10 38

4 15 21.6

5 20 16.2

6 26 12.5

Fig. 8 represents the relation between torque and veloc-
ity of the tricycle. From Fig. 8, it is seen that initial torque is
high. With increasing speed, torque is reduced. At maximum
speed, torque is minimized. At the beginning when the velocity
is only 1 km/hr, the torque developed was 324 N-m, but with
the increasing velocity, torque is also reduced. As in 5 km/hr
velocity developed torque is 64.8 N-m and finally, at 26 km/hr
velocity, torque is reduced to a minimum value of 12.5 N-m.
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4 Feasibility study
4.1 Costs

The main parts of the constructed solar tricycle are Solar
Panel, Battery, Motor, controller and three wheels with equip-
ment. The cost of this equipment’s with the material cost and
setting the cost of the tricycle is shown in Table 5.

Table 5 Cost with different equipment’s used in the construction of tricycle:

Description Price in BDT
Solar Panel 3000
Battery, Motor, controller 8000
Materials and equipment 3500

Three Wheels with equipment 3000

Setting cost 1500

Total 19000

Here the total cost is 19000 BDT or 243.598. This is compar-
atively lower than other solar tricycle. In previous construction,
the cost was 400$-2000$ which is already shown in Table 1.
But the constructed solar tricycle costing only around 2408$. So
the construction cost of the solar tricycle is reduced here. So in
this cost analysis, it is seen that our tricycle is economical than
other solar assisted tricycle.

4.2 Environment

The air pollution that warming the earth as a result of pollut-
ants from the automobiles, which is about 23% of the total air
pollution as shown in Fig. 9. One of the great problems faced
in urban areas throughout the world is the increase in vehi-
cles due to an imbalance between the public transport and the
increase in population which, finally results in a huge amount

of air pollution.
Cooking
7%
On-road
vehicles
23%
Other
3%— Off-road
fhiiiing X machinery
1% | 20%
Aircraft 3%
Refining 7%

Power Plants 3%

Fig. 9 Different reason of air pollution [24]

With the increasing rate of population, the number of vehi-
cles is also increasing due to the imbalance between these two
factors and finally the pollution rate is also increased [23].

Over the last two decades, many experiments have been done
to control emission from IC engine. So in this respect, this solar
tricycle may be one of the solutions because of pollutant free

property.

4.3 Payback Period

The time at which the initial cash outflow of an investment
is anticipated to be recovered from the cash inflows created by
the investment is known as Payback period. This is the simplest
investment assessment practices.

Based on the nature of cash inflow per period from the
investment such as even or uneven, there is a different formula
for calculating payback period [25]. For even cash inflow

Initial Investment

Payback Period = Cash Inflow per Period
Here, Initial Investment= 19000 tk

Cash inflow per period= X

Period= Year

Calculation of X:

If the tricycle is charged totally by using only solar energy,
then it will take almost 11 hrs, when there is sufficient avail-
ability of solar energy. From Fig. 5 it is seen that it took two
days to done the job.

But if it is completed by using electricity, then some bill
should be paid. So, here our concern is to calculate the bill of
electricity for fully charging the battery.

Given, Capacity of Battery= 28 Ah, Voltage= 24V, Resistance of
the Electric wire=13.3 , Voltage in the connection line=230 V.
In the time of charging the battery, From Kirchhoff’s Law, I=
(230-24)/13.3=1548 A

Time required for charging the battery by electricity, t= 7 hr
We know, W=V*I*t = (24*15.48%7) =2600.64 Wh=2.6 kWh=
2.6 unit

In Bangladesh, average electricity cost per unit= 7 tk

So, total expense = 7*2.6=18.2 tk/day

But, as if we use PV cell for charging the battery it will take
two days, so this bill will cover for two days as we compared
it with the PV cell.

So, total expense = 18.2/2= 9.1 tk/day

Cash inflow per period, X=3321.50 tk/year

Initial Investment

So, Payback Period = Cash Inflow per Period
1
_ 19000 _ 5.72 years
3321.50

The payback period seems a little bit higher as the manufac-
turing cost of prototype tricycle caused higher due to the retail
price of the components. This period will be reduced when the
tricycle is constructed in mass quantity.
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5 Conclusion

The objective of this study is to design and construct
of a cheaper solar assisted tricycle. The body of a tricycle,
charging system, battery and the power transmission system
are designed. After performance study, it is obtained that stor-
age system can run the tricycle about 25 km and it gets back
up about 24% power from a solar system which is equivalent
to 6 km, if the solar intensity is around 1150 w/m? at the time
of running of the tricycle. The maximum speed of the tricy-
cle has been found at 26 km/h. This ensures continuous energy
input to the tricycle without any additional cost. So, the tricycle
designed and constructed in this study can be used as a green
vehicle in developing countries due to its less expensive and
zero pollution effect nature.
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