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< ' Overview and Background



Explanation of L-Category Vehicles

« What do L-Category vehicles cover?

* Not only two-wheelers are eligible for L-Category

Category LV Sub Category Category LV Sub Category

L3e & L4e

Source: R(EU) 168/2013, (

L1e-B -
Two-Wheel moped

L2e-P -

3-wheel moped for passenger transport

L2e-U -

3-wheel moped for utility purposes

L3e-A1 -

Low-performance motorcycle

L3e-A2 -

Medium-performance motorcycle

L3e-A3 -

High-performance motorcycle

L 3e-AXxE -
Enduro motorcycles

)

L5e-A -
Tricycle

L5e-B -
Commercial tricycle

L6e-A -
Light on-road quad

L6e-B -
Light quadri-mobile

L7e-B1 -
All terrain quad

L7e-B2-
Side By Side Buggy

s
oo
Py
S
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https://european-union.europa.eu/index_en

Explanation of L-Category Vehicles

« L-Category classes

Source: R(EU) 168/2013, (

Category Category name

Light two-wheel
powered vehicle

Three-wheel moped

YV V VY VY

A7

YV VY VY VY

Vehicle classification criteria

Two wheels
Engine capacity < 50 cm? if Sl engine type
Both 2 and 4-Stroke engines
Maximum designed vehicle speed < 45 km/h
Maximum continuous rated or net power < 4 kW
L1e-A — Powerewd cycle
»  Cycles designed to pedal
»  Maximum designed vehicle speed < 25 km/h
»  Maximum continuous rated or net power < 1 kW
L1e-B — Two-wheel mopped
»  Any other vehicle of L1e that cannot be classified as L1e-A

Three wheels

Engine capacity < 50 cm?® if Sl engine or < 500 cm? if Cl engine
Both 2 and 4-Stroke engines

Maximum designed vehicle speed < 45 km/h

Maximum continuous rated or net power < 4 kW

Mass in running order < 270 kg

Maximum of two seating positions

LZN

L-vehicles Emissions and
Noise mitigation Solutions


https://european-union.europa.eu/index_en

Explanation of L-Category Vehicles

« L-Category classes

Category Category name Vehicle classification criteria

>
Low-performance  »
motorcycle >
>
>
>
>
Medium- >
performance >
motorcycle >
>

High-performance
motorcycle >
>

Source: R(EU) 168/2013, ( )

Two-wheels, without side-car and cannot be classified as a
category L1e vehicle

Engine capacity < 125 cm? if Sl engine type

Both 2 and 4-Stroke engines

Maximum continuous rated or net power < 11 kW

Power/weight ratio < 0.1 kW/kg

Any other L3e vehicle that cannot be classified according to the
classification criteria of a L3e-A1

No limitation in engine capacity

Both 2 and 4-Stroke engines

Maximum continuous rated or net power < 35 kW

Not derived from a vehicle equipped with an engine of more than
double its power (< 70 kW)

Power/weight ratio < 0.2 kW/kg

Any other L3e vehicle that cannot be classified according to the
classification criteria of a L3e-A1 or L3e-A2

No limitation on engine capacity neither rated power

Both 2 and 4-Stroke engines

I/ N L-vehicles Emissions and
Noise mitigation Solutions


https://european-union.europa.eu/index_en

Explanation of L-Category Vehicles

« L-Category classes

Two-wheel
motorcycle

Two-wheel
motorcycle with
side-car

Powered tricycle

Source: R(EU) 168/2013, (

Category Category name
>

>

Y

YV VV V

Y V

Vehicle classification criteria

Follow L3eA categorization (x =1, 2 or 3)

T: refers to trials
»  Massin running order < 100 kg
»  Overall gear ratio in highest gear > 7,5
»  No seating position for a passanger

E: refers to enduro
»  Massin running order < 140 kg
»  Overall gear ratio in highest gear > 6
»  No seating position for a passanger

Vehicle complying with the classification criteria for a L3e vehicle
and is equipped with one side-car

Maximum of four seating positions (including driver seating
position)

Maximum of two seating positions in the side car

Three-wheels

Mass in running order < 1000 kg

Three-wheel vehicle that cannot be classified as a category L2e
vehicle

L5eA: maximum five seating positions

L5eB: maximum two seating positions, carriage of goods

LZN

L-vehicles Emissions and
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https://european-union.europa.eu/index_en

Explanation of L-Category Vehicles

« L1, L2, L3, L4 and L5 characteristics

» Noticeable driver weight impact (~25-60%)

 Air resistance is an integral part of the human/machine
combination

* High performance/engine capacity ratio

I/ N L-vehicles Emissions and
Noise mitigation Solutions



Explanation of L-Category Vehicles

« L-Category classes

Category Category name Vehicle classification criteria

Four wheels

Maximum designed vehicle speed < 45 km/h

Both 2 and 4-Stroke engines

Maximum continuous rated or net power < 4 kW

Engine capacity < 50 cm? if Sl engine or < 500 cm? if Cl engine
Mass in running order < 425 kg

Maximum of two seating positions (including driver seating position)

Light on-road quad

Four wheels

Maximum designed vehicle speed < 45 km/h

Maximum continuous rated or net power < 6kW

Engine capacity < 50 cm? if Sl engine or < 500 cm? if Cl engine
Mass in running order < 425 kg

Engine capacity < 50 cm?® if Sl engine or < 500 cm? if Cl engine

Light quadri-mobile

VVVYVYYVYVYY VVYVYYVY VY VYV

Source: R(EU) 168/2013, ( )

I/ N L-vehicles Emissions and
Noise mitigation Solutions


https://european-union.europa.eu/index_en

Explanation of L-Category Vehicles

« L-Category classes

Category Category name Vehicle classification criteria

Four wheels

Designed for transport of passengers only

Maximum continuous rated or net power < 15 kW

Mass in running order < 450 kg for transport passengers

L7e vehicles that cannot be classified as a category L6e vehicle
Four wheels

Two straddle seating positions, equipped with handlebar
Maximum design vehicle speed < 90 km/h

Mass in running order < 450 kg for transport passengers or < 600
kg for transport of goods

L7e vehicles that cannot be classified as a category L6e vehicle
Four wheels

Two side-by-side seating positions, equipped with steering wheel
Maximum continuous rated or net power < 15 kW

Mass in running order < 450 kg for transport passengers or < 600
kg for transport of goods

L7e vehicles that cannot be classified as a category L6e vehicle

Source: R(EU) 168/2013, ( ) I/ N L-vehicles Emissions and
Noise mitigation Solutions

Heavy on-road
quad

VVVVYVY YVYY VY

All terrain quad

YV VVYY

Side-by-side buggy

Y


https://european-union.europa.eu/index_en

Explanation of L-Category Vehicles

Vs cover a wide range of vehicle characteristics and huge variability in their usage cases

Motorcycles for road trips * All-terrain on-road « Urban solely, maximum designed

vehicles vehicle speed < 45 km/h _ .
I/ N L-vehicles Emissions and
Noise mitigation Solutions



Explanation of L-Category Vehicles

« Usage of LVs vehicles in European regions

Urban mobility predominates
Young driver’'s mobility (>15 years)

Enthusiasts (touring and sports) profile
drivers (eventual usage)

South Europe regions

« Used throughout the year
* More common than in northern regions

North Europe regions

* Not usually used in cold weather season

3.5

Millions

2.5

3]

1.

o

[

0.

o

(=]

Largest nationalfleet sizesin EU27

m Mopeds <50cc
(L1&L2)

m Motorcycles 50-250cc
(L3, L4, LS)

m Motorcycles 250-750cc
(L3, L4, L5)

®| Motorcycles >750cc
(L3, L4, LS)

W Quads/Micro cars
(LB, L7)

W Battery electric
(all L subcategories)

Italy Germany Spain France Poland Greece Metherlands Finland Sweden

Source: ACEM, 2022 ( )

LZN

L-vehicles Emissions and
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http://www.acem.eu/

Explanation of L-Category Vehicles

« Tampering occurs on L-Category vehicles

« Survey for tampering evaluation

« +600 samples
« +20 EU Countries

* Assessment of undesirable effects to be
conducted:

* Noise emissions
« Pollutants emissions
* Fuel consumption

* Most common tampering methods
* Exhaust

« Air intake
- ECU

Engine

Injectors
Valves/cams
Porting
Compression

ECU
Chiptuning
Bypass limiters

Muffler
Replaced
Altered

Intake
Size/shape
Orifice

Transmission
Gear ratios

Catalyst

Removal

Source: , 2023 ( )

I/ N L-vehicles Emissions and
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https://www.lens-horizoneurope.eu/wp-content/uploads/2024/07/D5.1.pdf
https://www.lens-horizoneurope.eu/

Population of L-Vehicles & Sub-Categories

« EU road vehicle fleet: 327 million vehicles (2022 data)

2022 European % fleet share L subcategories % fleet share (2022)

12% m Mopeds <50cc (L1 & L2) 2% 1%

m Passenger Cars m Motorcycles 50-250cc (L3,
L4,L5)

®m Motorcycles 250-750cc (L3,
L4,L5)

®m Motorcycles >750cc (L3, L4,
LS}

B Quads/Micro cars (L6, L7)

® Light Commercial 9%

m Heavy Duty & Buses

m L-category

m Battery electric (allL
subcategories)

29%

I/ N L-vehicles Emissions and
Noise mitigation Solutions

Sources: 1. ACEA, 2022 ( ), 2. ACEM, 2022 ( ) Source: ACEM, 2022 ( )


http://www.acea.auto
http://www.acem.eu
http://www.acem.eu

Population related to Emission Classes

L-vehicles fleet distribution by Euro Standard (EU27, 2022)

45
- 3.5
3
2.5
2
15
Al i
| 1y ilL.. vh
; _ Il H_ - I I ]
Conventional Euro 1 Euro2 Euro3 Euro4 Eura5
B Mopeds <50cc (L1 &L2) B Motorcycles 50-250cc (L3, L4,L5)  m Motorcycles 250-750cc (L3,L4, L5)

B Motorcycles >750cc (L1, L2, L3)

Source: ACEM, 2022 ( )

B Quads/Micro cars (LG, LT)

B Battery electric (all L subcategories)

Important outcomes

Dominance of Euro 3: highest

number of L-category vehicles
are classified under Euro 3,
strong presence of 4-stroke
motorcycles

Few Euro 5 vehicles: indicating a
slow transition. Old L-cat fleet.

Battery electric vehicles remain a
minority

Mopeds have a significant decline
in newer Euro categories

I/ N L-vehicles Emissions and
Noise mitigation Solutions


http://www.acem.eu

Impact on Overall Emission

« Distribution of emission of the current fleet in road transport sector
NOx PM10

1%
25% ‘
49%

15%

Important outcomes

In 2022, L-category has significant
S9% impact on:

m Passenger Cars

m Light Commercial

O CO emissions ~13%

HC
» Heavy Duty & Buses a HC emissions ~ 20%

13%

m L-Category

I/ N L-vehicles Emissions and
Noise mitigation Solutions

Source: COPERT software



Comparison to PC & HD Vehicles

R(EU) 582/2011 Heavy-duty vehicles

—+ 100

Speed, %
T 80

60

il

0 200 400 500 800 1000 1200 1400 1600 1800

me, s

« Laboratory testing for engines

- Pollutants: THC, CO, NOx, PM, PN
and CH4

« PEMS testing applicable from 2013

Pl /= ™

Sif s

R(EU) 2017/1151 Light-duty vehicles
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Extra High

Low Medium High
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40
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Time, s

« Laboratory testing for complete vehicle
« Pollutants: THC, CO, NOx, PM and PN

- RDE testing applicable from 2017

R(EU) 168/2013 L-category vehicles

Speed [kmvh)

WMTC (phase 2) class 3-2

Part 1 = low Part 2 = high Part 3 = extra high

= el ( |

00 1000 1200 1400 1600 1800
T:mc [s)

 Laboratory testing for complete vehicle

« Pollutants: THC, CO, NOx and PM

LZN

« RDE: N/A
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Comparison to PC & HD Vehicles

R(EU) 582/2011 Heavy-duty vehicles

Heavy Duty According to Euro VI-d Standard

BN
. gkwh |

Procedure
. g/kWh
WTHC 10 0.5 4 0.19 0.16 0.46 0.01 6.010e+11

RDE 10 0.65 1.9 0.16 0.12 0.55 0.014 7.510e+11

R(EU) 2017/1151 Light-duty vehicles

Passenger Cars According to Euro 6d Standard

S e e T

WMTC Petrol 1.0 0.10 0.068 = 0.06 0.0045 6.0E+11
Diesel 0.50 = = 0.17 0.08 0.0045 6.0E+11

RDE Petrol 1 0.1 0.068 0.17 0.06 0.0045 6.0E+11
Diesel 0.5 = = 0.17 0.08 0.0045 6.0E+11

R(EU) 168/2013 L-category vehicles

PM is for DI & Cl engines only
L-Category vehicles According to Euro 5 Standard
F F

Lle-A All 01 " 0.068 0.06 ' 0.0045

Petrol 1 7 01 " oo0es " 006 0.0045
Lle-B -L7e - r r r r r
Diesel 0.5 0.1 0.068 0.09 0.0045 V" N L-vehicles Emissions and

*Euro 5 thresholds for L-category vehicles are the same as those for Euro 6 Light Duty vehicles Noise mitigation Solutions




Comparison to PC & HD Vehicles

» Power-to-weight ratio

1
0,8
3
i 0,6
&
E 0,4
(D]
=
2
Porsche 911 GT3RS B =
0,25 kW/kg ’
VW Golf TDI »
0,07 kW/kg 50

e PassengerCars e Lle-B o L3e-Al e L3e-A2

100 200 400 800
Vehicle mass in running order (kg)

Sources: 1. Sebastian Schurl, TU Graz, 2025, 2. IDIADA, 2025

o L3e-A3

e

« L-category vehicles
have much higher
power-to-weight ratio
than passenger cars.

Typical P/W Ratio for
passenger cars

%

% ©
e

L-vehicles Emissions and
Noise mitigation Solutions
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Comparison to PC & HD Vehicles

Passenger car

° Driving dynamics eWLTC ARDE ARDE*

100
= 80
?' 60

» Example of driving  dynamics 1 20 B

(v-a,pos 95™) and engine map of a 2 b

passenger car and a L3e-A3 20 .

motorcycle. 0

0 20 40 60 80 100 120 140
Mean Vehicle Speed [km/h]

Source: IDIADA, 2025

—Full load curve < RDE* RDE -« WLTC

» Much higher driving dynamics in L- 100
category vehicles than in Light-duty 9
vehicles. Limits cannot be adopted. i

Limits of on-road testing in L-
category vehicles should be defined.

Power [kW]
3

30

2500 4500 6500
Engine Speed [min']
Source: IDIADA, 2025

Motorcycle L3e-A3

e WMTC RDC A RDE ARDE*

100

(v-a,,,)% [W/kg]

©Sebastian Schurl / TU Graz

80
60

lirnit
40  passenge’ car

0 20 40 60 80 100 120 140
mean vehicle speed [km/h]

C/RDE [*

Ay

1500 3500 5500 7500 9500 s
engine speed [min]

©Sebastian Schurl / TU Graz
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