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Abstract

The growing interest in electric vehicles has encouraged the conversion of conventional internal-combustion motorcycles into
battery-electric motorcycles as a way to extend the service life of existing vehicles while reducing dependence on fossil fuel. This
study converts a Yamaha 5TL motorcycle, originally equipped with a continuously variable transmission (CVT) and a gasoline
engine, into an electric motorcycle driven by a Brushless Direct Current (BLDC) motor. The objectives were to identify the
components and mechanical adjustments required for the conversion, to characterize the performance of the converted vehicle,
and to compare its energy consumption and operating cost with the original gasoline-powered configuration. The conversion
involved the design and fabrication of a motor-mounting bracket, modification of the fan cover, roller housing, transmission
bushings and rear pulley, and installation of an electrical system consisting of a lithium battery, a miniature circuit breaker
(MCB), a Juken 10 controller, and a hand throttle. Performance was evaluated through no-load bench testing and on-road testing
with a 69 kg rider load over a 5.08 km distance, while energy consumption was assessed by comparing battery-capacity depletion
with fuel consumption under the same test conditions. The BLDC motor was successfully integrated with the Yamaha 5TL
chassis and CVT drivetrain through the fabricated bracket and the modified transmission components. Under no-load
conditions, the system reached a battery voltage of 64.6 V, 100% throttle position, a 95% duty cycle, an electrical power of 788.8
W, and a maximum motor speed of about 3,243 rpm (16,215 eRPM), with controller and motor temperatures of 32.4 °C and 34
°C, respectively. On the road, the converted motorcycle attained a maximum speed of approximately 35 km/h. Energy
consumption tests indicated approximately 0.0272 kWh/km for the electric configuration and approximately 0.0394 L/km for
the gasoline configuration. At an electricity tariff of IDR 1,393.70/kWh and a Pertalite price of IDR 10,000/L, the corresponding
energy costs were about IDR 39.25/km and IDR 400/km, respectively, indicating that the electric configuration achieved an
energy-cost saving of about 90.03% under the tested conditions.

Keywords: BLDC motor; CVT transmission; Electric motorcycle conversion; Energy consumption; Yamaha 5TL

1. Introduction

Electric vehicle (EV) technology has attracted increasing attention in recent years as a promising alternative to
conventional transportation, offering opportunities to reduce environmental pollution, lower dependence on fossil
fuels, and improve energy efficiency. This growing interest reflects a broader shift towards sustainable mobility,
particularly in the transportation sector, where fossil-fuel-powered vehicles remain a major source of carbon
emissions [1]. The transition to electric mobility is therefore becoming increasingly important, especially in
countries where conventional motorised vehicles play a central role in everyday life.

This challenge is particularly relevant in Indonesia, where motorcycles account for nearly 70% of the national
transport mode share and play an important role in everyday mobility. Their widespread use, combined with the
continued dependence of road transportation on fossil fuels, makes the electrification of two-wheelers an important
pathway towards more sustainable mobility. The urgency of this transition is further underscored by the scale of

Scientific Experiences in Applied Technology, Vol.1 No.1 (2027) V127e16-1



https://doi.org/10.68252/seat.16
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/

Farras Lutfi Adi et al.

Indonesia’s transport emissions, which reached approximately 202 million tonnes of CO: in 2024 [2]. Replacing
conventional gasoline-powered motorcycles with electric alternatives could therefore contribute to reducing fuel
consumption and transport-related emissions while maintaining the accessibility and flexibility that make
motorcycles essential to Indonesian society.

Recognising this need, the Indonesian government has introduced policies to accelerate the adoption of electric
vehicles. Presidential Regulation No. 55 of 2019 on the Acceleration of the Battery Electric Vehicle Program for
Road Transportation provides a framework for promoting research, technological development, innovation, and
collaboration among government institutions, industry, universities, and research organisations. These policy
measures create opportunities not only for the development of new electric vehicles but also for the conversion of
existing gasoline-powered motorcycles into electric alternatives. Previous research has demonstrated the feasibility
of converting conventional motorcycles to electric propulsion, including the use of brushless DC (BLDC) motors
and direct-coupling conversion methods [1], [3]. Such approaches offer a potential route towards expanding electric
motorcycle adoption by making use of existing vehicles and supporting the development of more accessible
electrification solutions.

Beyond the development of new electric vehicles, converting existing gasoline-powered motorcycles into electric
motorcycles offers a practical way to accelerate electrification while retaining vehicle components that remain
serviceable. The feasibility of such conversions, however, depends partly on selecting a suitable traction motor.
Brushless direct current (BLDC) motors are commonly considered for this application because electronic
commutation eliminates brushes and a mechanical commutator, potentially reducing maintenance requirements
and mechanical wear. Their other advantages include good efficiency, low-speed torque capability, and relatively
quiet operation, while motor speed can be regulated through an electronic controller. Consequently, motor selection
for electric vehicle applications generally involves balancing efficiency, power density, controllability, reliability,
and cost [4].

Selecting an appropriate motor is only one part of the conversion process. The motor must also be securely
mounted to the motorcycle frame and integrated with the existing drivetrain, while the electrical system must
accommodate a battery, motor controller, throttle, and appropriate protection devices. These requirements become
particularly important for motorcycles equipped with a continuously variable transmission (CVT), in which the
motor position, shaft coupling, pulley arrangement, and other transmission components must be adapted to ensure
effective power transfer. Retaining the original CVT may simplify the use of existing drivetrain components, but its
compatibility with the torque and speed characteristics of the electric motor must be considered.

Previous studies have demonstrated several approaches to motorcycle electrification, including conversions that
retain or modify the original transmission. Permana et al. [3] designed a motor mount and a coupling shaft that
connect a BLDC motor to the original CVT of a 110 cc motorcycle, allowing the existing transmission to be
retained. Yohanes et al. [5] coupled the motor to the CVT drive-pulley shaft and tuned the roller mass and return
spring for electric operation, an arrangement whose efficiency penalty relative to other drivetrain layouts has also
been quantified [6]. Similarly, Vyshakh ez al. [1] discussed the conversion of an internal-combustion motorcycle to
BLDC-powered propulsion, involving modifications to accommodate the motor, controller, and throttle.
Collectively, these studies illustrate that successful conversion requires more than replacing the original engine; the
motor installation and drivetrain configuration must also be adapted to the characteristics of the selected vehicle
and propulsion system.

Further studies have examined the effects of motor configuration and transmission design on the performance
of converted motorcycles. Firmansyah et al. [7] converted a motorcycle with an automatic transmission using a 2
kW, 72 V mid-drive BLDC motor and reported improved performance alongside substantially lower electricity
costs than gasoline costs. Prasetya er al. [8] investigated the influence of gear ratio on a 2 kW mid-drive BLDC
conversion, highlighting the importance of reduction-ratio selection for achieving the desired speed and torque.
Related studies have explored the retention and adaptation of belt-and-pulley CVT systems, including the effects of
pulley, roller, and clutch configurations on drivetrain compatibility [9], [10], [11]. Other investigations have
examined how CVT slip and clamping-force behaviour affect transmission efficiency [12], [13]. In addition to
drivetrain integration, the motor-mounting bracket must withstand operational loads and vibration; finite-element
analysis has therefore been applied to evaluate bracket design in electrified two-wheelers [14]. More recent
Indonesian studies have provided further evidence from converted motorcycles. Aji et al. [15] combined
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dynamometer and road testing of an underbone motorcycle equipped with a 2 kW, 72 V BLDC motorand a 72 V,
20 Ah battery, reporting energy consumption of 26-33 Wh/km. Rusli ef al. [6], meanwhile, compared hub-motor,
CVT, and single-gear-ratio configurations on a converted Honda Vario 125 and reported the weakest performance
for the CVT configuration among the three alternatives examined. These findings indicate that the resulting
performance depends not only on the motor itself but also on how the motor is integrated with the vehicle drivetrain.

The implications of motorcycle electrification extend beyond technical performance to operating costs,
emissions, and sustainability. Techno-economic assessments suggest that converted electric motorcycles may
become cost-competitive with gasoline-powered alternatives as annual or cumulative travel distance increases [16],
[17] At the policy level, national-scale analyses indicate that existing subsidies and incentives may be insufficient to
achieve Indonesia's electric motorcycle adoption targets without stronger interventions [18], [19], [20]. Comparative
studies of electric and gasoline motorcycles have also reported lower energy costs and CO: emissions for electric
configurations under the conditions examined [21], [22]. From a broader sustainability perspective, Habibie et al.
[23] identified conversion as the most sustainable option among the alternatives they evaluated for replacing
internal-combustion-engine motorcycles, while Santoso et al. [24] assessed Indonesia's conversion programme as
fairly sustainable and identified institutional support as its weakest dimension. Together, these findings establish
the potential benefits of motorcycle conversion while indicating that its technical feasibility and practical advantages
need to be assessed for specific vehicle configurations.

Despite these advances, the findings of previous studies cannot automatically be generalised to every motorcycle
model or conversion arrangement. The selection of motor mounting, drivetrain adaptation, and transmission
configuration may influence the resulting vehicle performance and energy consumption. Accordingly, this study
investigates the conversion of a Yamaha 5TL motorcycle from gasoline-powered propulsion to electric propulsion
using a BLDC motor. Specifically, it aims to (1) identify the components and modifications required for the
conversion, (2) characterise the performance of the converted motorcycle, and (3) compare its energy consumption
with that of the same motorcycle operating with its original gasoline-powered system. By examining both
configurations of the same vehicle, the study provides a practical basis for evaluating the technical outcomes and
energy-use implications of the conversion.

2. Materials and Methods

The conversion, assembly, component adjustment, and preliminary testing were carried out between March and
August 2026 at the Automotive Workshop of Universitas Muhammadiyah Magelang. The object of the study was
a Yamaha 5TL motorcycle converted from a gasoline-fuelled propulsion system into an electric propulsion system
using a BLDC motor of the permanent-magnet inner-rotor type with a Hall sensor. While the original chassis and
CVT transmission were retained, several components were modified, including the fabrication of a BLDC motor
bracket, modification of the fan cover and roller housing, fabrication of a replacement bushing, adjustment of the
roller-housing bushing, and modification of the rear pulley, so that the rotation of the BLDC motor could be
transmitted through the CVT to the rear wheel.

2.1. BLDC motor specification

The electric motor used was a QS Motor permanent-magnet inner-rotor BLDC motor with a Hall sensor (model
TF113BH), designed for single-axle applications such as scooters and motorcycles. The manufacturer's data sheet
specifies a continuous power of 2,000 W, a nominal voltage of 72 V, a magnet height of 70 mm with 40 magnets
arranged as 5 pole pairs, and a stator diameter of 120 mm. The no-load speed is approximately 2,900 rpm without
flux weakening and up to about 4,500 rpm with flux weakening. At the default reduction ratio of 1:4.7, the listed
maximum torque is 187.9 N-m, and the maximum efficiency is 89.2% [25]. This efficiency level is consistent with
permanent-magnet motor designs reported for other light electric two-wheelers, where optimised rotor geometries
have been shown to reach efficiencies in a similar range [26]. The complete specification is summarised in Table 1.

2.2. Tools and materials

The conversion used three groups of items: the propulsion components, the parts made or modified to fit the
motor to the CVT, and the instruments used during testing. The propulsion system comprises the TF113BH BLDC
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motor, a Juken 10 controller, and a 60 V, 23 Ah lithium-ion battery with its own battery management system (BMS).
A BMS of this kind monitors cell voltages and temperature, estimates the state of charge, and protects the pack
against abnormal charging and discharging, functions that are central to the safe operation of lithium-ion batteries
in electric vehicles [27], [28]. A 10 A MCB and the original ignition switch provide circuit protection and isolation,
while the custom bracket, the modified bushings, and the modified rear pulley form the mechanical interface
between the motor and the transmission. During testing, the Juken 10 monitoring software recorded the electrical
and thermal parameters of the motor and controller, the front-wheel speedometer and the Strava application
recorded speed and distance, and a graduated cylinder was used to measure the fuel consumed by the gasoline
configuration. All items, together with their specifications and functions, are listed in Table 2.

Table 1. Specifications of the BLDC motor used in this study

Motor type Permanent-magnet inner-rotor BLDC motor with Hall sensor
Brand QS Motor

Motor design Single axle

Matched wheel 12-inch wheel (default)

Magnet configuration 70 mm height, 40 magnets, 5 pole pairs
Stator diameter 120 mm

Rated power 2,000 W (peak power pending)

Rated voltage 72 V (default)

No-load speed 70 km/h with 12-inch wheel
Maximum torque 187.9 N-m (reduction ratio 1:4.7)
Reduction ratio 1:4.7 (default)

Maximum efficiency 89.2%

Continuous / peak battery current 35A /60Aat72V

Suggested peak phase current 250 A
Hall-sensor phasing angle 120°
Waterproof rating 1P54

Net / gross weight 7.8kg/9.1kg

Table 2. Tools and materials used in the conversion process

No. Item Specification Function
1 Yamaha 5STL motorcycle Converted vehicle Research object
2 BLDC electric motor TF113BH, permanent-magnet Main propulsion source
inner rotor with Hall sensor

3 Controller / ECU Juken 10 Regulates power supply and BLDC motor
operation

4 Lithium-ion battery 60 V nominal, 23 Ah (= 1.38 Electrical energy source

kWh), Viar BMS

5 Hand throttle / TPS Electronic throttle Sends control signal to the controller

6 BLDC motor bracket Custom-designed and fabricated Mount and link between motor and
transmission

7 DC-to-DC converter Supporting electrical component Adjusts voltage for the electrical system

MCB 10:00 AM Protection against excess current

9 Ignition switch Vehicle switch system Connects / disconnects the electrical system

10  Bushings Modified Adjusts position and dimension of
transmission components

11  Rear pulley Modified Transfers rotation through the transmission

12 Juken 10 monitoring device Real-time monitoring Measures voltage, current, speed, duty cycle,
power, and temperature

13 Speedometer Connected to the front wheel Measures vehicle speed

14  Strava application Trip-logging application Cross-checks speed and distance data

15  Fuel-volume measuring device =~ Graduated cylinder Measures Pertalite consumption of the

gasoline motorcycle
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2.3. Conversion stages

The study followed the sequence shown in Figure 1. After the vehicle and components had been prepared, the
motorcycle was converted mechanically and the electric propulsion system was installed. The converted vehicle
was then checked for correct operation; any fault found at this stage was corrected and the check repeated before
testing began. Testing comprised a no-load test of the motor and controller, a road test, and energy-consumption
tests on the converted vehicle and on the same motorcycle in its original gasoline configuration, followed by a
comparison of energy costs and analysis of the data.

i )
Mechanical Installation and Performance Energy Analysis and

Preparation conversion verification testing evaluation conclusion

Installation of the
BLDC motor and
electrical system

{ Electric-vehicle
energy
Design and Inspection and consumption test
fabrication of =l preliminary
the BLDC system testing No-load ¢ -
motor bracket performance Data analysis
Vehicle and test

Gasoline-vehicle
ener

component
preparation L
consumption test Conclusion

Transmission
Does the system Road test
™ system ™ function properly?. ¢
modification

Energy cost
analysis

Repair and
adjustment

Figure 1. Research flow diagram

2.4. Mechanical conversion

The conversion retained the original Yamaha 5TL frame and CVT and replaced only the power source, so that
the BLDC motor drives the rear wheel through the existing belt-and-pulley transmission. Components of the
gasoline system that were no longer required were first removed, and the frame, transmission, wheels, and
remaining parts were inspected before any new component was fitted. The mounting pattern of the BLDC motor
differs from that of the original engine, so the motor could not be attached to the standard engine mount. A
dedicated bracket was therefore designed to support the motor and connect it to the transmission housing (Figure 2).
The governing requirement was shaft alignment: the motor shaft had to be in line with the CVT drive pulley, while
the bracket also had to fit the transmission housing and hold the motor in a suitable position on the frame. The
bracket was fabricated once the design had been finalised and was then fitted to the vehicle.

Several CVT components were then adapted to the new drive arrangement. The fan cover and roller housing
were modified around the motor shaft to provide clearance and allow the motor to drive the pulley. Because the
new arrangement changed the axial position of the transmission components, two bushings were shortened on a
lathe. A replacement starter-gear bushing was made 8 mm shorter than the original (Figure 3), and the roller-housing
bushing was shortened by the same amount. The final modification concerned the centrifugal clutch of the rear
pulley. The clutch was disabled by welding the clutch housing to the clutch bell, so that the rear pulley remains
permanently engaged with the final drive (Figure 4). In the original engine, this clutch disconnects the wheel at idle
and engages as engine speed rises. A BLDC motor has no idle speed and develops torque from standstill, so the
clutch was no longer required.

Figure 2. Bracket connecting the BLDC Figure 3. Replacement bushing for the Figure 4. Modified rear pulley
motor to the transmission housing starter gear
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2.5. Electrical system
The electrical propulsion system consisted of the battery, a miniature circuit breaker (MCB), the Juken 10
controller, the BLDC motor, a hand throttle with a throttle position sensor (TPS), an ignition switch, and the
. associated wiring. The wiring diagram is presented in Figure 5

\ and the configuration of the electric propulsion system and

mechanical drive train is presented in Figure 6. Power flows from
the battery through the MCB to the controller, which supplies
ﬂ the BLDC motor according to the throttle signal. The MCB is
placed on the battery supply line to protect the circuit against

BATTERY

CONTROLER JUKEN 10

" overcurrent and short circuits, and the ignition switch is used to

1vioh

TPS l

Figure 5. Wiring diagram of the converted electric
propulsion system

energise or isolate the system. After installation, all connections
were inspected and the system was function-tested before the
performance and road tests were carried out.

CVT TRANSMISSION
SYSTEM

WHEEL

BATTERY MCB (rear wheel)

BB

CONTROLLER BLDC MOTOR

\/ 1) X
* Source of * Receives rotation

from the

e Delivers and
transmits rotation

e Overcurrent and e Converts electrical

short-circuit

¢ Regulates power

electrical energy.

e Stores energy in
electrical form
(lithium-ion
battery pack).

protection.

e Cuts off current if
a fault occurs.

flow from battery
to motor.

e Controls speed,
torque, and
direction of the
BLDC motor.

energy into

mechanical energy.

¢ Produces rotation
(torque) to drive
the transmission
system.

from the motor to
the rear wheel.

* Automatically
changes ratio based
on load and speed.

transmission
system.
Produces motive
force to move the
vehicle.

Figure 6. Configuration of the electric propulsion system and mechanical drive train

2.6. No-load performance testing

After the mechanical and electrical systems had been installed and checked, no-load testing was performed with
the motorcycle stationary and without a rider load. The Juken 10 controller monitoring software was used to record
the operating parameters in real time, including battery voltage, battery current, motor current, motor speed (rpm),
electrical speed (eRPM), throttle position (TPS), duty cycle, electrical power, controller temperature, and motor
temperature. During the test, the throttle was progressively opened to its maximum position while the motor
response and recorded parameters were monitored. Data collection continued until the observed operating
conditions stabilised.

2.7. Road testing

Following successful functional and stationary checks, road testing was conducted to evaluate the converted
motorcycle under operating conditions with a rider weighing 69 kg. Vehicle speed and travel distance were recorded
using the motorcycle's speedometer, which was driven by the front wheel. The recorded trip data were cross-checked
against the Strava trip-logging application to provide a secondary reference for the measured speed and distance.
These measurements were subsequently used to characterise the motorcycle's on-road performance.

2.8. Energy-consumption testing and analysis

Energy consumption of the electric configuration was determined from the reduction in battery state of charge
after a fixed test distance of 5.08 km with a 69 kg rider load, following a full charge; this capacity-depletion approach
is a common practical proxy for state-of-charge-based range and consumption estimation in battery electric vehicles
[29]. Because this approach relies on the state-of-charge reading, its accuracy is bounded by the estimation method
used in the battery management system [30]. Under the same load and distance, the fuel consumption of the same
motorcycle running on its original gasoline system was measured using a graduated cylinder. Energy consumption
per kilometre, estimated travel range, and energy cost were then calculated using Egs. (1)-(5).

Scientific Experiences in Applied Technology, Vol.1 No.1 (2027)
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where R is the estimated driving range (km), Cy,,; is the battery capacity at full charge (Ah or kWh), C.q, is the
battery capacity consumed during the test (Ah or kWh), and d;., is the test distance (km). E,;,. denotes the
electrical energy consumed (kWh), and e, represents the specific electrical energy consumption (kWh/km). Vpye
is the volume of fuel consumed (L), while f;,,.; denotes the specific fuel consumption (L/km). Furthermore, Cepnergy
represents the energy cost per kilometer (currency/km), €.yergy is the energy consumption per kilometer (energy
unit/km), and Pepergy is the unit price of energy (currency/energy unit). The symbols cf,¢; and c, e denote the fuel

cost and electricity cost per kilometer, respectively (currency/km), while S, represents the cost savings (%).

3. Results and Discussion

3.1. Conversion result

The completed installation is presented in Figure 7. All components of the electric propulsion system could be
accommodated on the standard Yamaha 5TL frame. The BLDC motor sits at the centre of the frame on the
fabricated bracket, and the battery is placed in the central part of the frame. Apart from the bracket, the conversion
required changes to only four CVT parts: the fan cover and roller housing, the two bushings, and the rear pulley.

The preliminary function test confirmed that the controller responded to the throttle signal and drove the motor as
intended, so the vehicle could proceed to performance testing.

s / . .~ B
— t “an

Figure 7. Photographic view of the electric-motor installation on the Yamaha 5TL frame (1. Yamaha 5TL frame, 2. BLDC motor, 3. Bracket,
4. ECU, 5. Hand throttle, 6. Battery, 7. MCB, 8. Ignition switch)

3.2. No-load performance test results

Figure 8 shows the Juken 10 monitoring display recorded with the vehicle stationary and the rear wheel off the
ground. Because the rear-pulley clutch had been locked, the motor drove the complete CVT and rear wheel during
this test, so the measured power reflects the losses of the drivetrain rather than those of the motor alone. At full
throttle (100%) the controller operated at a duty cycle of 95%, with a battery voltage of 64.6 V, close to the full-
charge voltage of the 60 V nominal battery. Under steady-state conditions the battery current was 12.2 A and the
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electrical power 788.8 W. The motor reached about 3,243 rpm, which the monitoring software reports as 16,215
eRPM for the configured five pole pairs. This speed is higher than the 2,900 rpm that the manufacturer specifies for
no-load operation without flux weakening at 72 V, even though the test voltage was lower, which suggests that the
controller was operating in the flux-weakening region.

During acceleration, the motor current rose to about 75 A before settling at about 56 A, whereas the battery
current peaked at about 26 A and settled at about 12 A. The initial peak in both currents corresponds to the torque
needed to accelerate the rotor and drivetrain. The large difference between the steady-state motor and battery
currents at a 95% duty cycle cannot be explained by PWM averaging alone. It is consistent with flux-weakening
operation, in which the controller supplies a substantial field-weakening current component that raises the phase
current without a corresponding increase in power drawn from the battery. The speed trace rose quickly and then
remained steady without significant fluctuation, indicating stable operation of the motor and controller. The
controller and motor temperatures at the end of the test were 32.4 °C and 34 °C, well below the protection limits of
75 °C and 150 °C, although the short test duration means these values do not represent thermal behaviour under
sustained road use.

LIVE SETTINGS

. Volt Battery 64.6V Duty 95% | Battery 12.2 A TECU 324°C
Over Volt Limit ? 90.0 FV
er Voltage Lim! = RPM 3243 ERPM 16215 IMotor 562A T Motor 34°C
Under Voltage Limit ? 480 3V Power 788.8W TPS 100 % Status  No Error
Battery Upper Limit 7 650 Ay Battery SOC 0% Battery Temp 0°C
® Starter ® Side Stand ® Charger ® Mundur Ready @ Battery Low Mode 2
Battery Lower Limit ? 58.0 sV
Controller Temp Limit ? 75 $°C 78 16237
== Current Motor
Controller Temp Fault ? 100 3 °C ~— Current Battery
66.5 14207.4
= Motor eRPM
Motor Temp Limit ? 150 $°C
Motor Temp Fault ? 160 §°C 57 12177.8
BMS Soc Limit ? 5 5%
475 D148.
BMS Soc Fault ? 0%% 101481
BMS Temp Limit ? 45 2°C 5 =
z 38 81185 &
BMS Temp Fault ? 65 %°C = i
Motor Poles ? 10 % 285 6088.88
Short Circuit Protection Limit 7 400 $A
T - 9 059.25
Speed Calibration ? 3.00 5 ! N
Temperature Sensor 7 [v]
Phase Calibration ? [v] 95 2029.63
Regenerative Brake 7 v
0 0

Figure 8. No-load performance test on the Juken 10 monitoring display

3.3. Road test results

Road testing was performed with the battery fully charged and a rider load of 69 kg, since no-load testing alone
cannot represent the performance of the vehicle under an actual operating load; on the road, the motor must
generate sufficient torque to move the vehicle, the rider, and to overcome rolling and aerodynamic resistance.
Vehicle speed was measured with the front-wheel speedometer and cross-checked using the Strava application
(Figure 9).

Under these conditions and over the 5.08 km test distance also used for the energy-consumption test, the
converted motorcycle reached a maximum speed of approximately 35 km/h (Strava record: 5.08 km, maximum
34.8 km/h, average 17.0 km/h), showing that the electric propulsion system was able to drive the Yamaha 5TL
under the tested conditions. To provide a benchmark, the same test conditions (load and distance) were repeated
using the Yamaha 5TL in its original gasoline configuration, allowing a direct comparison of energy consumption
and operating cost, as discussed in the following section.

3.4. Energy-consumption analysis
Energy consumption was compared between the converted electric configuration and the original gasoline
configuration under matched conditions of test distance (5.08 km) and rider load (69 kg). Electric configuration.
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I¢ R § The 1.38 kWh lithium-ion battery (60 V
nominal, 23 Ah) was charged to full capacity, a
process that took approximately 3 hours, and
the vehicle was then operated over the 5.08 km
test route. Battery state of charge decreased by

approximately 10% over this distance, with a
maximum recorded speed of about 35 km/h.

) Using Eq. (1), a 10% depletion over 5.08 km

— corresponds to an estimated full-charge range of
B s approximately 51 km, somewhat below the
Aktivitas Sore manufacturer's stated range of about 60 km,
5,08 km “28m and, using Eq. (2), the electrical energy
"18:00 ‘10kmij consumption was calculated as approximately
comna Pryper 0.0272 kWh/km (10% x 1.38 kWh = 0.138

@ dengankiistanto0 kWh over 5.08 km). This capacity-based

Figure 9. Road testing of the converted electric motorcycle (Strava monitoring ~ €stimate is broadly consistent with driving-data-
interface in Indonesian) based range-prediction approaches reported for
electric motorcycles in the literature [31]. The resulting value of about 27.2 Wh/km lies within the 26-33 Wh/km
reported by Aji et al. [15] for a converted underbone motorcycle and is comparable to the 37.0 km/kWh (about 27
‘Wh/km) obtained with the most efficient layout tested by Rusli ef al. [6]. Gasoline configuration. The fuel tank of
the Yamaha 5TL, still using its gasoline propulsion system, was filled to full capacity before the same 5.08 km test
was repeated with the same 69 kg rider load and a comparable maximum speed of about 35 km/h. The measured
fuel consumption was approximately 0.2 L (200 mL) over the 5.08 km distance, corresponding, by Eq. (3), to

approximately 0.0394 L/km (39.4 mL/km).

3.5. Comparison of energy cost

Energy cost per kilometre was calculated using Eq. (4), based on a domestic electricity tariff of IDR
1,444.70/kWh and a Pertalite price of IDR 10,000/L (price at the time of data collection). For the electric
configuration, an energy consumption of 0.0272 kWh/km gives an energy cost of approximately IDR 39.25/km.
For the gasoline configuration, a consumption of 0.0394 L/km at IDR 10,000/L gives an energy cost of
approximately IDR 393.70/km. Because the electrical energy was estimated from battery-side state-of-charge
depletion, charger losses are not included; assuming a charger efficiency of 85-90% would raise the electricity cost
to about IDR 44-46/km. Using Eq. (5), the percentage saving is [(393.70 — 39.25)]/393.70 x 100% =~ 90.03%

These results are summarised in Table 3. Under the tested conditions, the energy cost of the converted motorcycle
was about 90% lower than that of the gasoline configuration, or roughly one-tenth of the fuel cost per kilometre.
This is close to the ninefold reduction reported by Firmansyah et al. [7] for a converted automatic motorcycle and
comparable to the 82% cost saving reported by Yuwono et al. [22] for a battery electric motorcycle tested under
UNECE Regulation No. 40. A similar picture emerges for energy use: taking the lower heating value of Pertalite
as 44.26 MJ/kg and its density as 0.733 kg/L [32], the fuel contains about 9.0 kWh/L, so the gasoline configuration

Table 3. Comparison of energy consumption and energy cost between the electric and gasoline configurations

Parameter Electric configuration Gasoline configuration
Test distance 5.08 km 5.08 km

Rider load 69 kg 69 kg

Maximum speed ~ 35 km/h ~ 35 km/h

Energy source 1.38 kWh lithium-ion battery (60 V, 23 Ah) Pertalite gasoline
Energy consumption ~ 0.0272 kWh/km ~ 0.0394 L/km
Estimated full-charge/full-tank range ~ 51 km —

Unit energy price IDR 1,444.70/kWh IDR 10,000/L

Energy cost per km ~IDR 39.25/km ~ IDR 393.70/km

Cost saving of electric vs. gasoline ~ 90.03% —
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consumed about 0.35 kWh/km and the electric configuration used roughly 92% less energy, in line with the 88%
reduction reported by Yuwono et al. [22]. These figures compare energy costs only. They do not include battery
degradation and replacement, the cost of the conversion itself, or the effect of subsidised fuel prices, all of which
determine whether conversion is economically worthwhile over the vehicle’s life [16], [17]. They are also based on
a single 5.08 km test and a coarse state-of-charge reading, so they should be treated as indicative. The corresponding
reduction in CO: emissions is less certain, because well-to-wheel analyses for Southeast Asian countries, including
Indonesia, show that the climate benefit of electric motorcycles depends on how clean the electricity mix is [33].

4. Conclusion

The conversion of the Yamaha 5TL from a gasoline powered motorcycle to an electric motorcycle using a BLDC
motor was successfully completed. The motor was integrated with the vehicle frame using a fabricated mounting
bracket, and the electrical system, comprising a battery, an MCB, a Juken 10 controller, a hand throttle, and an
ignition switch, functioned properly as an integrated propulsion system. Several transmission modifications were
also required, including adjustments to the motor mounting bracket, fan cover, and roller housing, fabrication of a
replacement bushing, adjustment of the roller housing bushing, and modification of the rear pulley. During no-load
testing, the motor reached approximately 3,243 rpm (16,215 eRPM) at a battery voltage of 64.6 V and full throttle.
The motor and controller temperatures were 34 °C and 32.4 °C, respectively. During road testing with a 69 kg rider,
the converted motorcycle achieved a maximum speed of approximately 35 km/h. Energy consumption was
compared between the electric and gasoline configurations over the same 5.08 km test distance with the same 69 kg
rider. The electric configuration consumed approximately 0.0272 kWh/km, whereas the gasoline configuration
consumed approximately 0.0394 L/km. Based on the nominal battery capacity of 1.38 kWh (60 V, 23 Ah), the
estimated driving range was approximately 51 km per full charge, assuming the nominal battery energy was fully
usable. Using an electricity tariff of IDR 1,444.70/kWh and a Pertalite price of IDR 10,000/L (price at the time of
data collection), the estimated energy cost was IDR 39.25/km for the electric configuration and IDR 393.70/km
for the gasoline configuration, representing an energy cost reduction of approximately 90.03% under the tested
conditions. These results demonstrate the potential of the conversion to reduce operating energy costs, although the
comparison does not include battery replacement, maintenance, or initial conversion costs.

Further studies should evaluate the converted motorcycle under a wider range of operating conditions, including
different rider loads, speeds, road grades, and travel distances, to establish more comprehensive performance and
energy consumption characteristics. More precise instrumentation should be used to improve the accuracy of energy
measurements. Reliability and safety assessments should also examine the mounting bracket, transmission, battery,
controller, and electrical system, particularly their resistance to water and moisture and their protection against
overcurrent and elevated temperatures. Finite element analysis of the mounting bracket under static and dynamic
loads could provide further evidence of structural integrity, as demonstrated in studies of other electrified vehicle
mounting brackets. Future investigations could also examine transmission ratio optimisation, acceleration, hill
climbing performance, and the economic feasibility of the conversion, including battery service life and replacement
costs, drawing on techno economic approaches used in other converted motorcycle studies.
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