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Mooenuposanue snepeonompebdieHusi MOMOYUKIO8 NPUGLeKaem 3Ha-
yumenbHoe GHUMAHUe ucciedosamenell 61azo0aps e2o 8adNCHOU po.u
6 NPOEKMUPOBAHUU OBYXKOIECHBIX MPAHCNOPIHBIX CPeOCms, OYeHKe UX
IKCHIYAMAYUOHHBIX XAPAKMEPUCMUK, O0XpaHe OKpyJicarwel cpeobl
U pazpabomke UHMELIEKMYAIbHLIX cucmem. B dannou pabome npeo-
cmaeiena Mooenb 015 pacyema nompeoaseMoll 3Hepauet MOmoYyuKios,
VUUMbIBAIOWAST PESUOHATIbHBIE 0CODEHHOCMU OOPONCHO20 OBUICEHUSL.
Mooenv pazpabomana kax 015 MOMOYUKIO8 C 08U2AmMeNeM 6HYMPEHHe20
ceopanus, max u Onsl JNeKMPUYECKUX MOMOYUKL08. A0eKeamnHocmy paz-
pabomannol Mooenu onpeoensemcs nymem CpAGHeHUs pacCUumanio2o
9HepeonompedIeHUs ¢ OQHHbIMU, NPEOOCMABIEHHBIMU NPOUIBOOUMENAMU
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npu 0gudiceruy 8 cmanoapmuom e3006om yurkie WMTC onst 08yx mode-
neu: Honda Icon e u Honda Vision. Ilonyuennvle pe3yiomamsl 0eMOH-
cmpupytom omkioneHuss menee 10 %, umo noomeepcoaem viCOKYIO
MOYHOCTb NPEOTIOANCEHHOU MOOETU.

Energy consumption modeling for motorcycles has been extensively
studied due to its importance in two-wheeled vehicle design, performance
evaluation, environmental protection, and intelligent system development.
This paper proposes an energy consumption model for motorcycles that
incorporates regional traffic characteristic parameters. The model is de-
veloped for both internal combustion engine motorcycles and electric mo-
torcycles. Validation is performed by comparing the model’s calculated
energy consumption with manufacturer-reported data under the WMTC
standard driving cycle for two vehicle models: Honda Icon e and Honda
Vision. Results show deviations of less than 10 %, confirming the model’s
accuracy.

Knwuesvie cnosa: modenuposanue, nompeobusemas dHepeus mMomo-
YUKIA, INEKMPUHeCKUti MOMOYUKI, XAPAKMeEPHble Napamempvl pecuo-
HAbHO20 00POAHCHO20 OBUINICEHUS.

Keywords: modeling, motorcycle energy consumption, electric motor-
cycle, regional traffic characteristic parameters.

INTRODUCTION

Vietnam stands out as one of the most motorcycle-dependent coun-
tries in the world. According to the International Council on Clean Trans-
portation (ICCT), Vietnam ranks second globally in terms of the number
of motorcycles, just after India, despite having a significantly smaller pop-
ulation [1]. In fact, the motorcycle ownership rate in Vietnam is among
the highest in the world, with over 70 million units in circulation as of
recent years [2]. This density is evident in Hanoi, where motorcycles dom-
inate the streets, accounting for the majority of daily commutes.

The widespread use of ICE motorcycles in Hanoi contributes substan-
tially to urban air pollution and greenhouse gas emissions [3]. Recogniz-
ing these environmental concerns, the Hanoi municipal government has
proposed a ban on gasoline-powered motorcycles by 2030, aiming to im-
prove air quality and promote cleaner modes of transportation [4]. This
planned transition toward electrification creates an urgent need for robust
and region-specific vehicle energy consumption models to assess energy
consumption and environmental impact.
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While energy consumption models have been developed for various
vehicle types — such as passenger cars, vans, trucks, and buses-comparable
models for motorcycles remain lacking [5]. Existing motorcycle energy
consumption models often rely on standardized cycles or real-time meas-
urements, which are time-consuming, experimentally demanding, and
poorly reflect local traffic conditions [6—8]. As a result, these models may
yield inaccurate fuel and energy estimates, reducing their effectiveness for
policy analysis and urban planning.

This study addresses these gaps by developing and validating an en-
ergy consumption model for motorcycles that integrates regional traffic
characteristic parameters (RTCPs). The model is applicable to both elec-
tric and ICE motorcycles and is verified against real-world performance
data under the WMTC driving cycle.

1. MOTORCYCLE ENERGY CONSUMPTION MODEL

1.1 Assumptions.

The model is built based on the following assumptions:

— for each completed driving cycle, the vehicle's velocity and position
at the start and end are the same. Therefore, the negative inertia equals the
positive inertia, and the braking power can be considered positive based
on the vehicle's inertia;

— the vehicle moves on a road surface with good traction, in an envi-
ronment without natural wind;

—neglect the additional losses caused by turning, as the time spent turn-
ing and steering is minimal compared to the total duration of the driving
cycle;

—rapid acceleration or hard braking can cause wheel slip, affecting en-
ergy consumption calculations. However, since such events are rare on
high-traction roads and occupy an insignificant portion of the overall jour-
ney time, wheel slip can be neglected in this model.

1.2. Regional traffic characteristic parameters (RTCP).

This study adopts three characteristic parameters proposed by [9] to
quantify driving behavior, vehicle speed, acceleration, and energy con-
sumption per trip within a defined area. Their definitions and calculation
formulas are summarized in tab. 1.

1.3. Motorcycle model for fuel/energy consumption calculation.

The model was developed regarding (Le Van Nghia, Dam Hoang Phuc,
Duong Ngoc Khanh, Trinh Minh Hoang, Ho Huu Hai, 2022; Le Van
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Nghia, Le Hue Tai Minh, Dam Hoang Phuc, Duong Ngoc Khanh, Bui The
Dat, 2023), but was adjusted to suit motorcycles, as shown in fig. 1.

Table 1 — Regional traffic characteristic parameters (Simpson, 2005)

Energy
Parameter Formula Characteristic features correla-
tion
T The rate at which the ve- .
Average 1 ) X Rolling re-
. Vavg = | v-dt hicle completes the jour- | .
velocity T Jo sistance
ney
Root-mean- The range of vehicle | Aerody-
1 T
cubed ve- Vime =3 = Vv edt speed variation through- | namic re-
locity TJo out the trip sistance
Character- 2 2 uantitative assessment L
e - 1 2O final” = Vinitial”) Q e Vehicle in-
istic accel- a :E. : of speed variation over ertia
eration Vavg T the course of the journey
ICE/E motorcycle (" Driving cycle Ralilg s | arvee Required energy (E)/
specification s \ Lag power (P) Total road » Fuel consumption (B)
= - — . Aerodynamic "Sls"nfe J N Anxl]:;ryl)ww!l‘ 4
‘Qﬁé% 1 e , g ®) | (e - pE——
i‘e ! - =" Inertial power Mechanical power (F/Potor)
\_Speed versus Time _a J" 7 H W'::rk(i;!) -
—— : Calculation sequence h

Figure 1 — Modeling sequence for ICE/Electric motorcycle

The model is derived from the wheel power balance equation, compris-
ing resistance power (rolling and aerodynamic resistance) and inertial
power. The average total resistance power is calculated as follows:

= = = 1
Pe=P,+P,=m-g-y-v,, +E-p-CW-A-vfmc.

The inertial power is averaged as follows:

P=m-6-v

q i avg ’ & ’
where }_’f — is the average rolling resistance power (), I_’W is the average

aerodynamic resistance power (W), m is the total vehicle mass and a driv-
ing person (kg), g is the gravitational acceleration (9,81 m/s?), y is the
rolling resistance coefficient, C,, is the aerodynamic resistance coefficient,
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A is the vehicle’s frontal area (m?), p is the air density (kg/m?), §; is the
rotational inertia coefficient of the drivetrain.

During deceleration, vehicle inertia is counteracted by rolling re-
sistance and aerodynamic drag. If inertia exceeds these forces, braking is
required. The average mechanical braking power is thus calculated as:

T
J-()(Pq + Pc) (Pq+P(,<O), (v—v,.<0)
mb — T ’

where: T is the total duration of the driving cycle (s), and v and v, are the
current and previous step velocities, respectively (m/s).

The transmission system output must meet the combined demands of
total resistance power and mechanical braking power:

Ptransi(mt = Pc +Pmb .

The transmission input power is averaged as follows:

Ptransiin = Ptransiout +P

trans _loss

= Pe+ Py + N (Pe+Py),
ntrans

where: P, is the average power loss in the transmission system,

rans _loss
Nyans 18 the transmission system efficiency.

Accordingly, the required power of the ICE/electric motor can be:
Fe = Fz‘ransiin + Faux or ﬁmotur = ;tmnsiin + Fawr ’

where P.. — indicates the average auxiliary power consumption, esti-
mated to be around 100 W. The energy required for the ICE/electric mo-
torcycle to complete the driving cycle is determined as follows:

Pe‘T OrE:Pmnmr'T’

ne nmotor

E=
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where: mn. — is the internal combustion engine efficiency; NMmowr — 1S the
motor efficiency.

The ICE motorcycle’s fuel consumption is thus calculated as follows:

~ E
3,610 A-v T’

avg

where A — is the conversion factor from gasoline (liters) to energy (kWh/l)
(U.S. Department of Energy, Alternative Fuels Data Center, 2024).

2. MODEL VERIFICATION RESULTS

The model is validated by comparing its results with manufacturer
data on energy/fuel consumption, using the Honda Icon e and Honda Vi-
sion as representative electric and combustion motorcycles. The Vision,
representing the 100—150 cc class, is chosen for its prevalence in Vietnam
(ITST, CIEM & VAMM, 2024), while the Icon ¢ is selected for its tech-
nical similarity. Specifications are provided in tab. 2. WMTC cycle

(fig. 2), is used for validation.

Table 2 — Honda Icon e and Honda Vision specifications

Vehicle specification Honda Icon e Honda Vision
Total vehicle weight (kg) 162 (Vietnam) 169 (Vietnam)
Aerodynamic resistance coefficient 0,65 (Yuji Araki, 0,7 (Yuji Araki,
Kazuhiro Gotou, Kazuhiro Gotou,
2001) 2001)
Frontal area (m?) 0,6 (Yuji Araki, 0,8 (Yuji Araki,
Kazuhiro Gotou, Kazuhiro Gotou,
2001) 2001)
Air density (kg/m?) 1,167 (Shelquist, | 1,167 (Shelquist,
2023) 2023)
Coefficient accounting for rotational inertia 1,05 1,08
of the transmission system (Krishnamurty, (Krishnamurty,
2024) 2024)
The conversion factor from gasoline vol- 9 (US.
ume to energy (kWh/1) Department of
Energy,
- Alternative Fuels
Data Center,
2024)
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End of the table 2

Rolling resistance coefficient

0,02 (Cossalter,
2005)

0,02 (Cossalter,
2005)

Transmission system efficiency

0,88 (Vietnam)

0,88 (Vietnam)

Motor efficiency

0,95 (Vietnam)
ICE efficiency -

0,3 (Vietnam)

The calculation results for the two
sented in tab. 3.

selected vehicle models are pre-

Table 3 — Model calculation results

Calculated parameters Honda Icon e |Honda Vision
Average rolling resistance power ( ﬁf ) 206 W 219w
Average acrodynamic resistance power ( P,,) 325W 347 W
Average resistance power (P,) 531 W 566 W
Average mechanical braking power ( B, ) 149 W 157 W
Average auxiliary power (P, ) 120 W 100 W
Average transmission output power ( }_’,mnt out ) 680 W 723 W
Average transmission loss power ( 1_’tmm_ loss ) 240 W 345 W
Average transmission input power ( Emns_ in) 920 W 1067 W
Average ICE/motor power ( P,/ B, ) 1040 W 1167 W
Energy consumption ( £) 34,1 Wh/km -
Energy consumption (provided by manufacturer) 36 Wh/km -
Fuel consumption ( B) - 1.89 /100 km
Fuel consumption (provided by manufacturer) — 1.82 1/100 km
Deviation 53 % 3,7%

The model shows less than 10 % deviation from manufacturer data
[14, 15], confirming its accuracy.

CONCLUSION

An energy consumption model for motorcycles using regional traffic
characteristic parameters was developed with an error margin below 10 %
compared to manufacturer data. The model enables analysis of power dis-
tribution across individual components, providing a basis for optimizing
their performance. It can be extended to assess the transition from internal
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combustion to electric motorcycles in specific regions, offering valuable
data for energy policy planning.
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