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ABSTRACT 

The battery-powered two-wheelers are environmentally friendly but cannot compete with gasoline-powered vehicles 

due to slight drawbacks.Therefore, this project aims to fabricate a scooter from a used IC scooter that combines up 

the advantages of both electric and IC scooters. IC scooter was converted into the hybrid scooter by integrating 

Brushless Direct Current (BLDC) hub motor in the front wheel of the IC scooter. The main propulsion units consist 

of a four-stroke internal combustion engine and a hub motor attached to the front wheel of the scooter.The scooter 

has two modes  namely engine mode and hybrid mode. In hybrid mode, the scooter was operated by the battery at a 

speed slower than 30 km/h and toggles the drive control to the engine mode at a speed higher than 30 km/h. During 

engine mode, the scooter was propelled by the engine only. Considering the economical range of the engine speed, 

30 km/h was taken as a threshold value to switch the propulsion system from the battery to fuel power in battery 

modeto achieve better fuel economy and reduce harmful pollutants. The technical and economic analysis showed 

that the converted model could provide better performance and cost-effective service than a conventional IC scooter.  
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INTRODUCTION 

A hybrid vehicle refers to one in which multiple sources of energy can be used to generate the power required to 

propel the automobile.The concept of a hybrid vehicle is globally broadening due to the effect of automobile 

emission on ecology and the growing scarcity of fossil fuel [1].Various researchers studied four-wheeled vehicles to 

reduce emissions and fuel dependencies but the limited number of researches have been carried out for two-wheeled 

small engine size vehicles [2]. The emission of hazardous gases from the automobile is one of the leading causes of 

air pollution in Kathmandu, the capital city of Nepal [3]. Among them, two-wheeler vehicles, like motorcycles and 

scooters are the major contributors to air pollution (21.85%) after buses and minibusses (22.5%) in Kathmandu 

valley [4]. Similarly, Nepal has been allotting a significant amount of buget in importing fuel. The development of 

massive and chaotic roadnetworks and rapid rise in the number of substandard quality vehicles not only increases 

the air pollution butalso decreases fuel efficiency, which eventually causes the running cost to be expensive. Even 

though some steps such as strict exhausts standard for a gasoline vehicle, subsidy in purchasing electric scooter has 

been implemented by Nepal government, the goals of replacing traditional gasoline scooter have not been successful 

[5]. 

To reduce the pollution caused by conventional scooter, the solutions such as using the electronic fuel injection 

engines, catalytic oxidation of the exhaust gases, developing the four-stroke engine, and making electric or zero-

emission scooters have all been proposed [6]. Hybrid electric vehicle, powered by an internal combustion engine 
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and electric motor using batteries as an energy storage devices not only allows reduced vehicle emission but also 

gives improved fuel economy during many driving patterns. These are the possible solutions that have been 

recommended recently[7-9].  

Due to the awkward traffic and road conditions, scooters have become the most widely accepted means of 

transportation in the Kathmandu Valley. So it is always the  most challenging task to dump the used IC scooter. The 

reflection of this scenario has been an encouragement to come up with the vision of working on a hybrid 

scooters.Observing this present scenario of the Kathmandu Valley and, energy and effect of IC emission globally, 

the „gasoline-electric hybrid vehicle‟ is an alternative which overcomes the problem of electric scooter and 

minimizes toxic emissions of an internal combustion engine.It has great advantages over the previously used small 

engine scooter that is driven solely from gasoline.This hybrid combination makes the vehicle dynamic in nature and 

provides its owner a better fuel economy and causes lesser environmental impact over conventional automobiles 

[10, 11]. Also, in a hilly country like Nepal, the torque developed by electric scooters may not be enough for riding 

scooterson high-grade slope roads [12]. Keeping in mind that the problem of lower torque, this work emphasised on 

bridging the development from IC-operated vehicles to hybrid electric revolution. The thousands of owners who are 

riding on IC scooters in such regions may get benefit from this achievement. 

The environmental impact caused by the IC vehicle must be reduced but jumping directly from carbon fuel-powered 

vehicle to electric vehicle is a big step. One must be considered the adverse effect during the process. The main 

problem isthe management of waste that is produced by dumping existing IC vehicles. Also, the electric vehicle has 

a charging issue that could be a hindrance for long-distance travel. The hybrid system can be an intermediate step 

toward an environment-friendly transportation system. Instead of dumping the IC vehicles, one can convert them to 

a hybrid vehicle that creates low pollution than a normal IC vehicle. Unlike electric vehicle owners, the hybrid 

vehicle owner does not need to worry about the battery percentage during the long journey as they can easily switch 

from hybrid mode to IC mode if they ran out the battery charge. Hybrid vehicle conversion is the perfect option for 

those who are concerned about the pollution caused by the IC vehicle but can‟t afford an expensive electric vehicle 

with high motor power.  

Giving serious thought to these, the project purposed single throttle operating the hybrid scooter, in which electric 

motor mode drives the scooter in a lower speed range and IC engine mode at higher speed. The proposed hybrid 

scooter accelerates both the engine and electric motor with a single electric throttle. During electric mode, the signal 

from the electric throttle passes to the electric motor controller to operate the electric motor, whereas, during engine 

mode, the signal from the electric throttle passes to the Arduino which operates the servo motor to accelerates the 

engine. This modified hybrid scooter operates through a BLDC motor during starting and at lower speed ranges. 

Thus, the developed hybrid scooter is almost nonpolluting at a lower speed range.  Taking into account the 

economic speed range of the scooter, 30km/hr is taken as the threshold speed to convert electric to ICengine 

mode.Theharmful emission exhausted by IC scooters at economic speed rage isobviously lower in comparison to 

lower and idle speed.  As a result, the conversion of IC scooters into hybrid scooters seems to overcome the 

drawback of both types of gasoline as well as electric scooters. The present study helps to evaluate the functional, 

environmental, and economic benefits of the hybrid scooter over a normal IC scooter.  

METHOD AND MATERIALS  

Product Layout And Working 

The operating conditions for the hybrid scooter i.e.: IC model and Hybrid mode are controlled by a programmable 

speed sensor and controller, where the signal generated by the sensor is transmitted to the controller. In IC mode, the 

scooter operates as an ordinary petrol scooter.When the speed received from the signal is lower than the rated speed, 

the controller allows the hub motor to operate, which is fixed in front-wheel, by activating the battery. 

Consequently, the speed of the scooter exceeds the rated speed defined in the controller; it stops the power supply 

from the battery and shifts the command to the starter motor to start the engine. Thus, in hybrid mode, the scooter 

first usesan electric motor for starting and lower speed range, i.e. up to 30 km/hr. With a speed above 30km/hr, the 
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powersupply to the motor is cut off and the starter motor of the IC engine operatesto run the engine ata higher speed. 

As the speed gets lower, throttle operated by a servo motor that actuates engine is the original zero position to stop 

the engine, and power is supplied to BLDC motor. 

 

Figure 1. Schematic diagram of hybrid vehicle 

 

Figure 2. Different view of the designed scooter 
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Electronics Operation 

Mode Shifting 

 

 

Figure 3. Flow chart representation of source shifting under-speed condition. 

When the ignition switch is ON, the battery percentage will appear on the display panel. The rider can choose to go 

in IC mode or hybrid mode depending upon the battery percentage and geographical condition by switching the 

toggle switch. In the hybrid model, the scooter is propelled by the electric motor until the speed reaches 30km/h 

which is detected by Arduino by analyzing data obtained from the speed cable coming out of the hub motor. After 

crossing the threshold value i.e. 30 km/h, the starter motor is operated through a relay controlled by Arduino, and the 

power supply in the motor is cut off. Once operated by the engine, the electric hub motor is again supplied power 

only when the speed of the scooter reaches 15km/h. Here, a 15km/h speed limit is selected for switching to the 

electrical system to prevent frequency mode shifting when the scooter is propelling near the 30km/h speed.  
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Figure 4. Electronic control circuit for throttling 

 

Figure 5. Switching and throttling circuit 
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A 48V Battery                                          G Throttle 

B DC convertor (48V to 12V)                H Servo Motor 

C Arduino      I Relay Module 

D Breadboard                                         J Hub Motor circuit 

E Toggle switch                                      K Starter Motor circuit 

F Buck convertor                                   L  Speed sensor regulator 

Comparison Between Existing And Modified Starter Motor Circuit 

 

Figure 6. Existing starter motor circuit diagram 

 

Figure 7. Modified starter motor circuit diagram 
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RESULTS AND DISCUSSION 

Technical analysis and environmental analysis of the scooterwere done in order to determine the effectivenessof the 

hybrid scooter. 

Technical Analysis 

Various parameterswere determined at different load conditions. First, the rpm of the wheel and speed attainted at 

various load condition was determined. The testing of rpm was divided into the engine and electric mode.  

Electric Mode 

The angle of the throttle was varied from 0 to 80 degreesandcorrespondingly, current and rpm attained by the motor 

were determined. The experiment was carried on no-load, 1850N load, and 2500N load conditions.At no-load 

condition, the hub wheel of the scooter was lifted from the ground with the help of a double stand. Rpm of thewheel 

and current in the system weredetermined at different throttle angles. Similarly,the speed attained in electric mode at 

different load conditionswas evaluated. Figure 8 shows that the rpm of the hub motor increases with increasing 

throttle angle at all load conditions. The proportion of increment in rpm at single load condition is less than that in 

the no-load condition and it is even less in double load condition. Here, theproportionality nature of the rpm at 

various load conditions is due to the requirement of greater power at a higher load. 

 

Figure 8. RPM of hub motor wheel at different throttle angles at different load 

Figure 9 reveals the current and throttle angle relation at different load conditions. The figure illustrates that the 

proportion of the current at different throttle angles at a single load is greater than that of the no-load condition and 

even greater at a double load condition. This behavior of current is due to the requirement of more torque at greater 

load conditions to propel the scooter. When the throttle angle of the scooter increased, more power would draw to 

increase the speed of the scooter, hence current increases. Power and torque Variation in different RPM at different 

load conditions were also calculated and shown in Figures 10 and 11. 
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Figure 10. Change in current with throttle angle at different loads. 

 

Figure 11. Power produced at different hub motor wheel rpm at different load conditions 

 

Figure 12. Torque produced at different hub motor wheel rpm at different load conditions 

The electric motor does not produce a fixed amount of power to rotate a certain system. When the load in the motor 

increases the spin of the motor will reduce and producesa certain amount of torque and power. More power is 

produced by the motor to increase the speed of the system.  At the no-load condition, the motor draws less current to 

control the winding loss and friction. The motor requires less torque at no-load conditions. When the load is applied 

in the system, the motor draws more current to withstand the load and other frictional forces to propel the vehicle. 



Technical - Economic Analysis for the Conversion of Conventional IC Scooter into Electric Hybrid Scooter 

 

336 
 

The larger the value of the load, the more is the current is drawn from the battery. The torque value decreases with 

increasing speed as less amount of the current is drawn in the circuit.  

Engine Mode 

A similar experiment was conducted to check the performance of the scooter when operated by the engine only.In 

this case, the throttle angle was varied from 0⁰ to 100⁰. The corresponding RPM of the wheel at different throttle 

angel was evaluated at various load conditions. Figure 13 shows that the RPM of the wheel increases with increasing 

throttle angle. Also, at the same throttle angle, rpm attained by the wheel is more at no load condition than that of 

loaded condition. 

 

Figure 13. RPM of the engine at different throttle angles at different load 

The speed gained by the scooter at a different time and corresponding current is drawnwere also determined.Figure 

14 shows the relation of RPM and current at different times. Speed reading was taken from a speedometer installed 

in a scooter. The load condition during the experiment was 1000N.In this case;the scooter was propelled by motor 

only. A high current of 23.28A is drawn from the battery by the hub motor at the initial condition of propagation 

because more torque is required to start the vehicle. Once the scooter starts the current drops abruptly and the 

current increases with increasing rpm. 

 

Figure 14. RPM and Current at different time 



Technical - Economic Analysis for the Conversion of Conventional IC Scooter into Electric Hybrid Scooter 

 

337 
 

An experiment was done to know the maximum speed attained by the hybrid scooter when run by the engine only at 

different riding conditions. The experiment was conducted with an external load of 1000N with and without a 

battery. A stopwatch was used to check the exact point of time, and a speedometer of the scooter was utilized to 

check scooter speed. Sufficient throttling was done to gain the maximum speed of the scooter inthe shortest possible 

time. Figure 15 reveals the time and RPM with and without battery.  

 

Figure 15. Time and RPM with and without battery 

It is observed that the performance of the scooter is compromised with the addition of battery load in the scooter.  

Environmental Analysis 

Plug-in electric vehicles propelled by stored electrical energy do not directly emit greenhouse gas emissions during 

operation.But, the petrol engine emits numerous ranges of gases due to the variation in combustion under the 

different speeds of the scooter. The gases emitted from the hybrid scooter were measured by inserting the probe of 

the gas into Horiba MEXA – 584L automatic emission analyzer in the exhaust of the scooter. Figure 16 shows the 

relation between RPM and the amount of various gases emitted from the scooter operated on IC mode. The data has 

been used to conclude the effect of change of speed upon emission of Carbon Monoxide (CO), Hydrocarbon (HC), 

and Carbon dioxide (CO2) using three gas analyzers. The graph clearly shows that the emission of these gases is 

higher in magnitude at lower RPM. The emission of CO, which is the most harmful gas among these, is lower at a 

higher speed. Similarly, the peaks of hydrocarbon emission indicate the incomplete combustion of petrol.  Thus, 

these measurements justify that the selection of threshold value of speed as 30km/hr to shift from battery mode to IC  

enginemode.  
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Figure 16. RPM and amount of different gases emitted on IC mode 

Economical Analysis 

Cost reflection of hybrid scooter 

Modification cost 

Table 1. Bill of Components 

S.N. Components Rate Quantity Amount(NRs) 

1 Hub Motor wheel 15000 1 15000 

2 Battery 5000 4 20000 

3 Hub Motor controller 5000 1 5000 

4 Battery charger 2000 1 2000 

5 Display 1500 1 1500 

6 Servo Motor 1500 1 1500 

7 Electric throttle 1000 1 1000 

8 Arduino 900 1 900 

9 Triple Pole Relay 850 1 850 

10 Connecting Wire 500 1 500 

11 Buck converter 360 1 360 

12 Relay Module 260 1 260 

13 Wire Connectors 150 5 750 

14 Fuse with casing 85 1 85 

15 Shrink Tube 30 1 30 

16 Toggle switch 15 1 15 

17 DC to DC converter 1000 1 1000 

18 Miscellaneous 1000 1 1000 

 Total   51750 

 

Labor cost = NRs 8,000 
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Table 2. Cash Flow Statement 

Details IC scooter Hybrid scooter 

Operating Activities 

Operation/Maintenance cost (NRs) 7,890 5,905 

Fuel cost (NRs) 54,432 19,842 

Investment Activities 

Initial Investment (NRs) 0 59,750 

The fuel cost in the hybrid scooter is less than the regular IC scooter due to the integration of the electric motor 

which minimizes the operation cost of the hybrid scooter. the conversion cost for the hybrid scooter was also not 

more. 

CONCLUSIONS 

The conventional IC scooter was successfully converted into a gasoline-electric hybrid scooter in which a BLDC 

hub motor was used to drive the scooter at a lower speed and the IC engine at a higher speed.  

Based on various tests of the converted scooter, the following specificationswere obtained; 

Table 3. Specification of converted scooter 

S.N Parameter Specification 

1 Type Plug-in series hybrid 

2 Fuel Electricity and Gasoline 

3 Shifting between sources Automatic and Manual 

4 Kerb/Wet weight 125 kg 

5 Mileage 25 Km in electric mode and 25 km per l in IC mode 

6 Automatic shifting speed 30 km/h 

7 Speed 37 km/h in electric mode and 70 km per l 

The technical and environmental analysis verified that the converted scooter was practicable to accomplish fuel 

economy and reduce harmful pollutants. The environmental testing showed that the emission of CO, the most 

harmful emitted gas, from the scoter is lower at a higher speed.The emission result obtained from the scooter 

justified that the selection of 30km/h as the threshold value for conversion mode.Moreover, economics analysis 

confirmed that the hybrid scooter was economical in terms of conversion cost and operating cost. 

RECOMMENDATION FOR FURTHER RESEARCH 

 Technical analysis of the scoter can be done in different grades of road and analyze hybrids scooter 

performance. 

 Matlab simulation and analysis of the electric and electronic system integrated into the scooter during the 

conversion process can be done and later the simulation result can be compared with the actual test result.  

 The impact on the fuel efficiency of the scooter after the addition of load can be analyzed in the scooter. 

 Attempts can be made to integrate a regenerative braking system in the scooter. 

 System of charging batteries can be integrated into the scooter while the scooter is propelling through the 

engine.  
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