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VELA 7 
Heavy-duty vehicles 

and buses 

VELA 2 
Light and medium-

duty vehicles 

VELA 1 
2-Wheels and light-

duty vehicles 
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FTIR raw volume 
concentration 

1-5 Hz frequency 

A/ Missing values linear 
interpolation 

B/ 1 Hz data conversion 

VELA data 
1Hz frequency 

Tables merged, 
synchronized using 

[CO]VELA,t as reference 
value 

OBD data 
1 Hz frequency 

Tables merged, 
synchronized using VVELA,t 

as reference value 

FVELA,t synchronized using 
FOBD,t as reference value 

Limit of quantification 
correction 

FTIR pump data 
5 Hz frequency 

Averaged FFTIR pump 
estimation FVELA corr,t=FVELA,t+FFTIR pump 

External fuel 
cons. data 

1 Hz frequency 

Tables merged, 
synchronized using VVELA,t 

as reference value 

External lambda 
sensor data 

1 Hz frequency 

Tables merged, 
synchronized using λVELA,t 

as reference value 

MX,t calculated using [X]FTIR,t and 
FVELA corr,t 

EFX calculated by intrating MX,t over 
the phase or cycle If external sensors available 

Only with the MKS portable FTIR 
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FID (HC) 

CLD (NOx) 

NDIR 
(CO/CO2) 

Dilution air 

Cyclone 
(for mopeds only) 

Diluted 
exhaust 
bags 

CVS 

Venturi 

Diluted exhaust 

Calibration gas 

PM filters 
Heated filter 

Fan 

HR-FTIR 

REMPI-ToF-MS 

Heated filter 

Calibration gas 
Air bags 

HR-ToF-AMS 

Ejector Diluter (1 or 2) 

MAAP 

FMPS 

CPC 

NDIR (CO2) 
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��� �� ������������ ����� ��� ������� ��������� ������������� ��� ���

���������� �� ��� ��� ������������ �� ��� ������� ���������� �� �������� ��������

��������� �� ���	 �� ��� ��� ����� ���� ���������� ������ �������	 ���� ��� ���

������� 	���������� ���� ��� � !" # �� � ��������� ������� ��� ��������� ��� ������

�� ��� ����������� �� ��� ������������ "���� ��� ������� �����	� ������ ���� ���$

���� ���� ������� ������� ��� %&'� 	��$��� ������ (!&)$%���� ��	 *+),%����-�

��	 	��������� �� ����� ����������� ����� ����������� ���� ������� ����������

�	�������� �� ����� �� �������	 ��	 ).) ���������� *����������� ��� �/���������

�� ����� �������� ������ ���������� ��� ��/� ���� �� ���� ���0���� +�� ����������� 	�$

�����	 �� ����� ��� ).) ��������� ���� �����$	��� ������ ���� �����	� ��������

����������� ��������� ���������� �
������ ����������� ����� ��� ������� �� ���� ���

�������� ��� ��� ������ *12 ��������� ��	������ (234-� 5� ����	 �� ����� �� ���	 ����

� ��� ����������� ��	������� ���� ��� ��� ���� � ���������� ������ �� ��� �����

*12 �������� �����	����� ��� 	������� 	����� �� ����� ������� ��	 ����� ������� ���

������������ *12 ��������� ���� �����$	��� ������� ��� ��������	 �� ������� ���

267 �� ��� ���� *12 ��������� ���������	 �� ���	 ��������� �� 2848 ��  9� ����� ���

	������������ �� ����� ������ ��� �����	� ������ ����� ��� ��������� ��� ������ ����	

�� ).)� ��������� ���� ��� ��������� �������

������������ � ������ �� ������� ��������� �� � � �����!��� ��"����

������# ���������

"������� �������� ���� ���� ������ ��  ����:� ������ ��	 ��� ������� "� ���$

	����	 �� ��� �������� �� ����	� �������	 �� ������� ;� ������ �� �/����� ����������$

���� �������� ������	 �� ����� ���� ��� ����� �������� ����	��	� �����	 ��� ����� ��

��� ������������ ���� �� 	����� ���������� " ������������� ���������� �� ��� ��� ��$

���� �� �������� �������� ����	 ��� �� �����	 ��� �� ��� ����� �� 	����� ����������

��� ��� �� ��� �������� �� ����� ��������� �� ��� ����������� 5�	��	� �� ��� ����

��� �� ��� 13 ��������� ������ ������� ��� ��������� �� ��� 13 ���������� ����������

��� ������ ��������� �������� ����	 �� �������	 ������� ��� ������� ����������

���������� ��� 	���� ���������� �� ���������� �� � �����	����� �������� �� ��� &<

��������� �� ��� ����������� 5� �		������ ��$�������� ��� ����� �������� ��� ���

	������ ���������	 �� 	���� ����������� �� ������ 	����� �������� �� ����������� �� ���

����$������ ���� �� ��� ������� ������� ������ ������	� ��� �����$�/�	����� �� ���

����$������ ������� �������	� ��� ����� ���� 1. ��	����� ������ ��	 +13 ��	����
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Abstract 

 
Transport sector plays a key role in climate change and air pollution. Among the anthropogenic sectors, on-road transport
is recognized as the first contributor to global warming, mainly due to its emission of carbon dioxide, ozone precursors
and carbonaceous aerosols. In addition, on-road transport contributes to the deterioration of air quality by releasing
nitrogen oxides, hydrocarbons, carbonyls, ammonia, and aerosols. However, the current 
European legislation of vehicles emissions focusses on a limited number of pollutants, namely hydrocarbons, carbon
monoxide, nitrogen oxides, and particulate matter. 
The aim of this work was to improve the knowledge about the emission factors of gas phase and particle-associated
emissions from vehicle exhaust. The impacts of aftertreatment devices and fuel quality on regulated and unregulated
species were studied. Several sampling campaigns with different types of vehicles were conducted in the vehicle emission
laboratory (VELA) at the European Commission Joint Research Centre (EC-JRC) Ispra, Italy. The vehicles chosen were
representative of some categories circulating in Europe (heavy duty vehicles, light duty vehicles, two-stroke mopeds), and
either standard fuel or some alternative fuels (ethanol and liquefied petroleum gas) were used. The gas phase was
monitored by a Fourier transform infrared spectrometer (carbonyls, nitrogen-containing species, small hydrocarbons), and
a resonance-enhanced multiphoton ionization time-of-flight mass spectrometer (mono and polycyclic aromatic
hydrocarbons). The particulate phase was analyzed by a high-resolution time-of-flight aerosol mass spectrometer (organic
aerosol, chloride, nitrate), and a multiangle absorption photometer (black carbon). 
The mopeds were found to have the higher emission factors of primary organic aerosol and polycyclic aromatic
hydrocarbons. While efficient to reduce the regulated emissions, the aftertreatment used to comply with the moped Euro 2
emission standard might be responsible of large emission of unregulated organic aerosols. Most of the emission linked to
the gasoline light duty vehicles were released before the light-off of the catalyst. Whereas alternative fuels studied helped
to reduce ozone precursor emissions, the pollutants associated to the cold start of the vehicle reduced this beneficial
effect. Finally, the heavy duty diesel vehicles featured the highest 
nitrogen oxides and black carbon emissions. Despite efficient retrofit and aftertreatment systems (for particles and
nitrogen oxides), these vehicles could release significant amount of ammonia. These results provided valuable insights for
the drafting of legislation related to the achievement of sustainable transport in Europe. 
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As the Commission’s in-house science service, the Joint Research Centre’s mission is to provide
EU policies with independent, evidence-based scientific and technical support throughout the 
whole policy cycle. 
 
Working in close cooperation with policy Directorates-General, the JRC addresses key societal 
challenges while stimulating innovation through developing new standards, methods and tools,
and sharing and transferring its know-how to the Member States and international community. 
 
Key policy areas include: environment and climate change; energy and transport; agriculture 
and food security; health and consumer protection; information society and digital agenda;
safety and security including nuclear; all supported through a cross-cutting and multi-
disciplinary approach. 
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