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Introduction  

olar powered tricycle, unlike the 

traditional tricycles powered by fossil fuel 

and manual human strength (paddles), 

uses the energy of the sun as its prime mover. 

This technology uses the energy of the Sun 

(Solar), the energy is collected by photovoltaic 

(PV) cell and converted into electricity, to power 

an electric motor that drives the tricycle. The 

traditional tricycles are the paddle type, mostly 

used by the disable people and the fossil fuelled 

(petrol and diesel) engine type. The paddle 

tricycle comes along with some challenges, to 

the disable persons and needs a lot of energy to 

drive it from one point to the other. The driver 

gets exhausted within a short distance of 

paddling, speed also depends on the strength of 

paddling therefore, require much energy from 

the user. The fossil-fuel tricycles are mostly 

used, in major towns and cities of developing 

countries, as a means of transportation, they are  
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ABSTRACT 
A tricycle is a 

three (3) 

wheeled vehicle 

used as a means 

of transport 

around the 

globe, in 

developing 

countries of 

Africa and Asia, 

it serves for 

commercial 

transport in 

most of the 

cities. Most of 

these vehicle 

uses fossil-

fuelled engine as 

their prime 

mover, which 

emits carbon 

dioxide (CO2) to 

the atmosphere, 

a serious 

contributor of 

global warming. 

However, this 
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 one of the major contributors of carbon 

dioxide (CO2) emissions in the world. It 

was estimated in 2013 about 39.8billion 

tones of CO2 emission were recorded 

largely due to emissions from fossil-fuel 

transports in which china, the USA and the 

India are the worst offenders 

(Dailymal.co.uk, 2017), which is very 

harmful to the atmosphere as global 

warming poses a serious threat to the 

earth.  

Nigeria is one of the countries in Africa 

where various types of fossil-fuel tricycle 

are used as means of commercial 

transportation within the cities, towns and 

villages. The green society of Nigeria said 

these tricycles emits CO2 and other 

harmful chemicals every second of the day 

which is very dangerous to the ecosystem. 

Hence, a sustainable means of 

transportation which is environmentally 

friendly is proposed to reduce the rate of 

greenhouse gas emissions. 

The solar powered tricycle (SPT) 

proposed, is to be powered by solar 

energy which is 100% renewable, carbon 

friendly and considerably cheap. The 

energy of the sun is captured using a 

photovoltaic (PV) cells, the cells which are 

semiconductor from a solid-state physics 

point of view are Pn diode with a junction 

research presents a solar 

powered tricycle (SPT) 

which uses the energy of 

the sun (solar) as its 

prime mover. Two solar 

photovoltaic (PV) module 

250W each, placed on the 

roof of the vehicle will 

produce the power to 

drive the tricycle. 

Brushless (BLDC) motor 

with a power of 750W will 

be powered by a battery 

pack designed to drive 

the tricycle around the 

cities. It was concluded 

that SPT can serve the 

purpose of short distance 

transport but has 

limitation of passengers it 

can carry due to limited 

solar module area. It can 

only work when there is 

sun, but it is 

environmentally friendly 

with zero CO2 emissions 

during operation. Despite 

high initial cost of 

production, it is more 

economical at long run. 

 

Keywords: Tricycle; Solar; 

Battery; Photovoltaic 

(PV); Energy 
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in between the positive (p) and negative (n) terminals of the diodes 

(Neamen, 2012). Numerous cells are assembled to form a module (solar 

panel) to generate the required energy. When the sun light is incident on 

the panel, the electrons will be energies after capturing enough energy, 

it will cross the junction from the valence (n) band to the conduction (p) 

band of the semiconductor. When a conducting material is connected 

across the two terminals electric energy is produced. 

The energy produced from the solar panel, will be used to power an 

electric motor that will drive the tricycle. The power from the solar panel 

are used to power the electric motor coupled through a stored energy in 

a battery via a solar charge controller and can be used at night. The main 

objectives of the project, is to use a renewable energy of solar, to power 

an electric motor that will drive a tricycle. It is carbon friendly, and will 

reduce the physical effort of paddling. To size up a battery that can be 

charged by the solar panel to drive the electric motor. The scope of the 

research is to convert solar energy into electrical energy and then 

convert the electric energy to mechanical energy to drive a tricycle, size 

up battery pack that can drive the tricycle and select the electric motor 

to drive the tricycle.  

 

MATERIALS AND METHODS 

Project location 

The project is aimed at designing solar powered tricycle to operate in 

Nigeria, the SPT will be operating in Maiduguri Borno state, for 

commercial purposes, located at latitude 11.83oN, 13.1510OE as shown in 

figure1.0 (a). Maiduguri is the commercial nerve centre of north eastern 

Nigeria, bordering two (2) countries, Republic of Cameroon to the east 

and Republic of Niger to the north as shown in figure 1.0 (b). Majority of 

the people in the city uses petrol engine tricycle as their means of 

transport within the city centre. The petrol engine tricycle comes along 
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with some disturbances, like noise disturbances, air pollution (CO2) 

(Mukhtar et al., 2015). 

 

Fig 1.0: (a) Commercial city of Maiduguri. 

 

 

Source: Cartography lab. Dept. of Geography, University of Maiduguri, 2012 
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Fig. 1.0: (b) Borno state map 

 

 Resource data 

The solar radiation incident on the horizontal surface for the location 

were simulated using a PVsyst software. The simulation was carried out 

on assumption that, the solar panel was installed in horizontal position 

directly facing the sun and no shading to block the sun rays. Therefore, 

the solar energy at the location was measured, for a period of one year 

using a simulating software PVsyst. The result for monthly solar energy 

in the location is shown in table 1.0 and the graph showing the monthly 

solar variation is shown in figure 2.0. The specification of the solar panel 

used for the design is shown in Table 2.0.  

 

 Load data 

The load of the system is the brushless direct current (BLDC) hub electric 

motor designed to drive the tricycle, the power need of the system as 

designed is as shown in table 2.0  

 

Table 2.0: BLDC Motor data 

Parameter  Ratings  

 Power  750 W 

Voltage  36 V 

Current  20.619 A 

Efficiency  0.8 

Speed  300rpm 

 

        Table 1.0: Solar energy obtained 
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Source: PVsyst simulation 

 

 

Fig. 2.0 Montly solar energy variation.        Source: PVsyst simulation 

 

 Solar energy 

 Solar panels are primarily design to collect the solar energy, convert the 

energy into electricity. The electric energy will be stored in a battery pack 

design to power a direct current (D.C) motor, which will drive the SPT. 

However, the energy required to drive the electric motor depends on the 
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efficiency of the solar cells, availability of sun light and area of solar 

panels needed to produce the required power to drive the D.C motor. 

The solar radiation incidence on the solar panel, is the solar 

irradiance/solar insolation that reaches the solar panel at a given period 

of the day. The solar irradiance varies throughout the day from 0kW/m2 

at night to a maximum of 1kW/m2 when the sunshine is at maximum. The 

solar radiation therefore depends on the local weather of the location 

(Yao and Li, 2015). Two (2) Monocrystalline solar module each with 250W 

capacity, connected in series, will be mounted horizontally on the roof of 

the tricycle as shown in figure. 3.0, the specification of the solar panel is 

shown in table 3.0. 

 

Fig. 3.0 series connection of Monocrystalline panels.  

Source: (Solar 'N' Sat, 2017). 

 

Table 3.0: specifications of solar panel 

Parameters  Ratings  

Rated power  250 W 

Open circuit voltage  34.7 V 

Short circuit current  8.63 A 
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Efficiency 15.4% 

Operating module temperature -40oc to +85oc 

Life span 25years 

 

 MATERIALS AND METHOD 

 System design 

The solar powered tricycle uses solar panel placed on the rooftop of the 

vehicle as shown in figure 4.0 the solar panel will generate electric power 

to drive the vehicle and provide shade to the vehicle. The system is 

designed to capture the solar energy, that can drive the tricycle, using DC 

electric motor. The energy will be stored in a battery pack, to power the 

electric motor, (Randasamy et al., 2013). The challenges with solar 

energy, is the area or size of the panel needed to provide the required 

power, angle or direction of mount, shading and time of the year. These 

add to the low efficiency of solar panel. The larger the area the more 

energy will be produced, the more the panel is facing the sun throughout 

the day the higher the output power (Bali et al., 2015). 

 

Source: www.elforganicorganictransit.com 

Fig. 4.0: Tricycle with solar panel mounted on the roof 
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Monocrystalline solar panels were chosen for this project, because of the 

following advantages over other types of solar panels. 

It has the highest efficiency because they are produced from the highest 

grade of silicon. 

Monocrystalline modules are space efficient, it utilizes small area to 

generate high energy, as compere to polycrystalline module. 

Monocrystalline are more efficient in high temperate region, because the 

efficiency of solar cells decreases with increase in temperature. It has a 

longer life span of 25years. 

The solar radiation incident on the solar panel is the solar radiance and 

solar insolation at the location, at a given period. The solar radiance 

varies throughout the day from 0kW/m2 at night to a maximum of 

1KW/m2 when the sunshine is at its maximum. The solar radiation 

therefore, depends on the local weather of the location.  

The energy required to power the system was designed using a 

simulating software pvsyst as shown in table 1.0. 

 

 ELECTRIC MOTOR (DC) 

The important parameter in designing the DC motor that will drive the 

tricycle is the total weight of the components that makes up the tricycle 

and the passengers. Therefore, for the tricycle to start ambulating, it 

must produce a torque that will overcome the frictional force. The force 

required to drive the tricycle, must oppose the total gravitational weight 

of the tricycle and the frictional force  

Power (W) required to drive the tricycle can be calculated thus, 

Power (W) = Total weight × gravity × speed × coefficient of friction. 

(Randasamy et al., 2013). 

Power (W) = 300Kg × 9.81m/s × 30Km/h × 0.03 

Power (W) = 735.45W 

Therefore, 750W BLDC hub motor was selected figure 5.0 
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Source: (Ebikes.ca, 2017) 

Fig.5: BLDC Hub motor 

The electric motor selected for this project, is the brushless DC (BLDC) 

hub motor which, is fixed to the front wheel of the tricycle. It consists of 

electromagnetic stator while the rotor consists of permanent magnets. 

The BLDC motor was selected because it has the following advantages 

over the conventional electric motors (Austin Hughes, 2006). It uses high 

power transistor instead of brush, precise control can be achieved. Heat 

dissipation circuit is on the electromagnetic stator, cooling is easier. 

Higher acceleration with less noise. It does not use brush, no wear so less 

maintenance cost. (Austin Hughes, 2006). 

 

BATTERY  

Battery is one of the most important components of the solar energy, its 

storage capacity is the key determining factor of how long the tricycle 

can travel. The challenges of adopting electric vehicle, as a means of 

transportation in the world today, is the low energy capacity per unit 

volume of the battery storage (Liu and Liu, 2015). High temperature 

contributes negatively on the performance and life time of the battery. 

The batteries selected for this project is made of lithium ion (Li-ion) 

materials, it has a light weight as compare to lead acid battery, has a 

longer life time 10 times the lead acid batteries and it works with low 

resistance, can be recharge faster accordingly. However, the price of 

lithium ion batteries is much higher than, the lead acid batteries, but their 
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prices are coming down recently as the technology improves with time. 

It takes a longer time before replacement (Stroe et al., 2016). 

From table 2.0, brushless DC (BLDC) motor with rated power of 750W, 

36V was chosen. The battery load current is calculated thus, 

Battery load current = 
750𝑊

36𝑉
= 20.83𝐴 

Estimated hours of drive per day is six hours 6hrs. 

 

Table 4.0: Battery specification 

Parameters  Ratings  

LiFePO4 battery voltage 36 V 

Rated current  20.8Ah 

Charging current  10A 

 

Therefore, ten (10) 3.6V, 3Ah battery will be connected is series and 

seven (7) strings in parallel will give the required current 21Ah to drive 

the motor.  

 SOLAR CHARGE CONTROLLER 

The solar charge controller is used to provide stable current ratio from 

the solar panel to the battery. Due to the variation in solar radiation, the 

output voltage varies from time to time throughout the day. Therefore, 

maximum power point tracking (MPPT) charge controller was selected 

for this project because, it can handle higher voltages from solar panel 

unlike pulse width modulation (PWM) charge controller. 

From table 1.0 the solar panel is rated 250W, 24V. the current needed to 

charge the batter pack is therefore,  

Charging current (A) = 
250𝑊

36𝑉
= 6.9𝐴  

Assuming losses of 20%,  

Charging current = 6.9 × 1.2 = 8.33A. Therefore, 36V, 10A MPPT charge 

controller was selected.   
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Table 5 charge controller  

Parameters  Ratings  

Voltage  36V 

Current 10A 

 

 RESULTS AND DISCUSION 

The components are assembled and connected as shown in figure 8.0, 

two (2) 250W monocrystalline module are connected in series to charge 

the battery, the output current from the solar module plus additional 20% 

to take care of losses is added to give the required 10A charging current. 

These is connected to a MPPT charge controller rated 36V, 10A, to 

regulate the voltage and current needed to charge the battery. The 

MPPT has the advantage of handling higher voltages without affecting 

the battery. The output from the charge controller is connected to 

provide 36V, 20.8Ah battery pack designed to drive the tricycle. 

Therefore, ten (10) 3.6V, 3Ah battery where arrange in series and seven 

in parallel string were connected to produce 36V, 21Ah needed to drive 

the SPT.   

 

Source: (Bali et al., 2015) 

Fig 8: system connection 
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 COST ESTIMATION OF THE SYSTEM 

The components price was estimated from different sources, the costs 

were estimated from both wholesalers and retailer’s prices, based on 

their availability in the market. A maintenance cost of five percent (5%) is 

added to the total cost of the components, the cost of labour and 

miscellaneous were also assumed as shown in Table 6. 

 

Table 6: Estimate of the cost of SPT parts 

S/No. Components Numbers of 

components 

Unit Price 

($USD) 

Total cost 

1. Tricycle chassis 1 2,500 2,500 

2. Solar panel 2 275 550 

3. LiFePO4 70 1O.95 766.5 

4. Charge controller 1 288 288 

5. Electric motor 

(DC) 

1 195 195 

7. Maintenance    129 

8. Miscellaneous   180 

TOTAL                     $ 4,608.5 

 

The tricycle is expected to operate for commercial purposes, it is 

expected to payback the capital cost of installation in five (5) years. 

The only maintenance needed for the SPT during operation is cleaning 

the solar panel after every four (4) weeks and replacing the acid in the 

battery. 

 

The Conventional Tricycle in Nigeria 

The conventional tricycle mostly used in Nigeria uses petrol as its fuel 

which is not healthy to the environment and it has a lot of noise 

disturbance, the cost of the conventional tricycle for the same period of 

operation as the SPT is presented in table 7.0 
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Table 7: comparing the conventional tricycle 

S/No. Items Usage 

(daily) 

Cost/day 

($USD) 

Usage/year Total 

cost 

1. Conventional 

tricycle 

  
 

$ 

2,000.00 

2. Petrol daily 1.20 5 $ 2,190 

3. Maintenance  After 7 

days 

3.0 5 $ 795 

4. Labour  After 7 

days 

1.5 5 $ 397.5 

5. Miscellaneous     $ 200.00 

Total          $ 5,582.5 

 

Comparison Between SPT and the Conventional Tricycle 

As shown in table 5.0 and 6.0, the initial cost of SPT is almost three (3) 

times more than the cost of the conventional tricycle mostly used in 

Nigeria. But the cost of fuelling conventional tricycle and maintenance 

cost, over the same period of operation estimated as the payback period 

of SPT, has increased the total cost with about 60% of the installed capital 

cost of SPT.  

Cost comparison between SPT and Conventional tricycle.  Table 8 shows 

the cost of the two (2) different tricycle over ten (10) years period, 

despite the high capital cost of building SPT, the cost of SPT is 28% 

cheaper than the conventional tricycle. 

 

Table 8.0 Comparing the cost of SPT and Conventional Tricycle 

Parameters  SPT ($) Conventional tricycle 

($) 

Installed Capital cost 4,608.5 2,000 

Maintenance  645 3,582.5 

Total  5,253.5 5,582.5 
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The SPT is noiseless as compare, to the conventional tricycle, it doesn’t 

add to greenhouse gas emission as does the conventional tricycle 

because it uses solar energy as its fuel also the maintenance cost is 

relatively economical as compare to the conventional tricycle. 

The SPT is noiseless as compare, to the conventional tricycle, it doesn’t 

add to greenhouse gas emission as does the conventional tricycle 

because it uses solar energy as its fuel also the maintenance cost is 

relatively economical as compare to the conventional tricycle. 

 

Comparing SPT with other Renewable Energy System  

The SPT is movement technology, that uses electric power from the sun 

as the primary fuel to drive the tricycle. The other renewable energy 

powered tricycle is the biogas powered tricycle known as Poop trike, 

develop by Japanese toilet maker Toto. This trike can travel 300Km on a 

single filled tank, but it has the disadvantage of stinking while it moves, 

because it has a toilet in place of the seat where animal and human waste 

are collected as shown in Figure 9. 

 

 

Figure 9: Biogas powered tricycle  (www.wheels24.co.za). 
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 Constraints  

The initial design of SPT was to carry four (4) passengers, but the energy 

produced by the PV area is not enough to power the tricycle. Therefore, 

it was redesigned to carry two (2) passengers. The SPT has the following 

limitations. 

- It cannot carry more than two (2) passengers 

- The speed is slow compare to the conventional tricycles 

- High initial capital costs of production 

-  Battery pack used is the lithium ion batteries.  

- The lithium ion batteries have light weight but expensive. 

-  Needs large surface area on the tricycle roof solely for PV cells to 

generate electric power for the system.  

 

 Environmental Impact 

The tricycle is environmentally friendly because it uses solar energy as its 

prime mover, which has zero (0) Carbon dioxide (CO2) emissions. The 

environmental impact of the SPT, is the impact during producing the SPT 

parts from the manufacturers and disposing the battery and the tricycle 

parts after usage. 

However, the conventional system emits a lot of carbon dioxide to the 

atmosphere because it uses a petrol engine which is fossil-fuelled driven. 

The conventional tricycle will emit about 90g/km CO2 it is expected to 

operate and cover 180Km/day based on the design. Therefore, the 

conventional tricycle emits about 3.942tonnes of CO2/year (Paudel and 

Kreutzmann, 2015).  Hence, SPT will be the best and environmentally 

friendly vehicle because it will save about 3.942tonnes of CO2/year when 

adopted as the means of public shuttle in cities of the developing 

countries. 
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CONCLUSION   

The application of renewable energy to ambulate tricycle was conducted 

using solar photovoltaic (PV) system, to drive within cities in developing 

country of Africa. Seventy (70) 3.7V, 3Ah lithium ion batteries were 

connected, ten (10) in series and seven (7) in parallel string to give the 

rated 36V, 21Ah designed to store the energy to power BLDC motor. The 

SPT can serve the purpose of short distance transport, is limited to the 

passengers it can carry due to small roof for solar module area. It can 

only work when there is sun, environmentally friendly with zero CO2 

emissions during operation. Despite high initial cost of production, it is 

more economical at long run. 
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