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In view of a new amendment to the European legislative
regulation on emissions from two-stroke mopeds a study was
carried out to comprehensively characterize exhaust gases
of mopeds complying current EURO-2 emission standards. Three
mopeds with different engine types (carburetor, direct
injection, and electronic carburetion system ECS) where
investigated by applying two different driving cycles, the
legislative cycle ECE47 and the worldwide motorcycle test
cycle WMTC. Thereby, particulate matter (PM), regulated
compounds, carbonyls, volatile hydrocarbons (VOC), and particle-
associated polyaromatic hydrocarbons (PAH) were analyzed
andozoneformationpotentials (OFP)aswellas toxicityequivalents
(TEQ) determined. The ECE47 emission factors for almost all
species and moped types were much higher in the nonregulated,
prior cold phase than in the hot phase, which is considered
for legislation.Greatdifferencesfor themopedscouldbeobserved
for NOx, VOC, and PM, whereas discrepancies between the
driving cycles ECE47 and WMTC were smaller. In addition, a
positive influence on exhaust composition caused by technical
modifications of the ECS engine was determined. Results
indicate that regulation of total hydrocarbons (THC) alone might
not be sufficient to regulate PM, especially for direct injection
engines. Moreover, recommendations for a revised future
test protocol are demonstrated and discussed, whereby the
cold phase and the hot phase are taken into account.

Introduction
Powered two-wheelers (PTW) play an important role in the
transport sector. In some countries mopeds with two-stroke
engines and displacements of not more than 50 cm3 represent
a large fraction of PTW particularly in southern Europe and
Asia. Across the 27 European Union (EU) countries 18.4
million registered motorcycles compared to 12.9 million
mopeds in 2006 (1). In Asia, PTW account for up to 75% of
the whole vehicle fleet, and approximately 85% of these are
powered by two-stroke engines (2). It is known that for many
exhaust constituents yields from two-stroke engines are
higher than those of four-stroke engines because of the

required mixture of gasoline and lubricant oil, which results
in a substantial fraction of unburned or incompletely
combusted oil e.g. ref 3.

Consequently, contributions of PTW to overall road
transport emissions and therefore to air pollution must be
taken into account. In the past decade, exhaust pollutants
from light and heavy duty vehicles have been reduced
significantly in the EU by continuously implementing stricter
emission regulations. However, a similar gradual reduction
for pollutants in moped exhaust has been delayed since first
legislation came into force in 1999 (4) with one amendment
being passed in 2002 (5). Supporting Information (SI) Table
S1 illustrates all legislative regulations for PTW emissions
and for comparison the three most recent permitted emission
levels for diesel and gasoline passenger cars in the EU.

While there is a lot of literature on exhaust emissions of
passenger cars and heavy duty vehicles available, compre-
hensive surveys on PTW, particularly on mopeds are rare. A
few research groups have investigated the particle fraction
of moped emissions e.g. refs 6-8. Recently, some work on
polycyclic aromatic hydrocarbons (PAH) e.g. ref 3, 9, 10.,
selected volatile organic hydrocarbons (VOC) as well as
carbonyl species (3) have been published.

In view of the preparation of a new amendment to the
European directive 97/24/EC (4) the European Commis-
sion - Joint Research Centre (EC-JRC) Ispra carried out a
comprehensive study in order to evaluate emissions of
mopeds complying with the present legislation EURO-2.
Thereby, main goal was that a wide range of exhaust
constituents in gas and particulate phase were investigated
together. Chemical analysis performed included the regulated
species total hydrocarbon (THC), nitrogen dioxide (NOx),
carbon monoxide (CO) as well as carbon dioxide (CO2), and
particulate matter (PM) mass. In addition, particle-associated
polyaromatic hydrocarbons (PAH), carbonyl compounds, and
volatile organic hydrocarbons (VOC) were studied. PAH are
known to strongly contribute to human health effects (11).
Carbonyls and VOC cause photochemical smog and ozone
formation (12). Some of them are known to be carcinogenic
(13).

Moreover, tests were carried out by applying two different
driving cycles, the European legislative driving cycle for
mopeds, ECE47, and a new proposed driving cycle for
motorbikes, WMTC.

Experimental Section
All experimental work was carried out at the Vehicle Emissions
Laboratory (VELA) of the Institute for Environment and
Sustainability (IES) at the EC-JRC Ispra, Italy.

Test Fleet. The test fleet consisted of three new mopeds
of different manufacturers with two-stroke engines, dis-
placements of 50 cm3, and oxidation catalysts. All three
complied with the latest European emission legislative
standard for mopeds, EURO-2, but had three different engine
technologies. In particular, one moped (moped-CA) was
equipped with an ordinary carburetor, one moped (moped-
DI) had direct injection technology, and the third moped
(moped-CAec) was equipped with an electronic carburetion
system (ECS). Latter one consists of an engine control unit
(ECU) and an electro-actuated carburetor, whereby the air/
fuel (A/F) ratio and the oil dosing are electronically controlled
according to several engine operating conditions.

For all tests semisynthetic oil (API TC, Jaso FC, ISO-L-
EGD) and a certified reference fuel (CEC RF-02-99 oxy
0.8-1.2; SI Table S6) were used.

* Address correspondence to either author: E-mail:
dr-thomas-adam@gmx.net (T. A.); covadonga.astorga-llorens@
jrc.ec.europa.eu (C. A.).
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