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Abstract Vehicular exhaust gas emissions and particulate matter (PM) are regarded as a major source
of environmental air pollution and are currently being addressed through various methods. Regulations
on THC, CO, NOx, and PM emissions are gradually being strengthened, and sulfur content of fuel is also
being regulated. In South Korea, the government has implemented policies to reduce air pollution, such
as installation of DPF/DOC, retrofit of old diesel engines to LPG engines, and distributing CNG buses.
Currently, several exhaust gas emissions and PM are evaluated in exhaust regulations. However, some
unregulated substances can also have adverse impacts on human health, and the current test method
makes it difficult to accurately evaluate the effect of PM emitted from vehicles on air quality. This study
evaluated regulated and unregulated exhaust gas emissions and PM from vehicles operated with gasoline,
LPG, CNG, and diesel. Experimental results showed that PM from LPG, GDI, MPI, and non-DPF diesel
vehicles exceeded the Euro 6 regulation. Without VPR, a large amount of PN was generated in gasoline
vehicles and non-DPF diesel vehicles, whereas with VPR, volatile organic particles were removed, and
the PN from gasoline vehicles was significantly reduced.
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Table 1. Specifications of test vehicles
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Spec. Fuel Displacement (cc) Model Year Odometer (km) After-treatment
LPG (1) LPG 1,998 2018 35,500 TWC
LPG (2) LPG 2,999 2020 13,215 TWC

CNG CNG bi-fuel 2,700 2009 185,000 TWC
T-GDI Gasoline 1,998 2019 23,500 TWC

GDI Gasoline 3,342 2018 33,683 TWC
MPI (1) Gasoline 1,998 2010 179,744 TWC
MPI (2) Gasoline 1,999 2019 44,288 TWC
Diesel 3 Diesel 2,199 2018 63,204 DPF/SCR
Diesel 4 Diesel 1,991 2007 161,000 DOC/EGR
Diesel 5 Diesel 2,497 2004 219,310 DOC/EGR
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Fig. 1. Schematic of the vehicle test setup designed
to measure exhaust gas using a chassis
dynamometer
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Fig. 2. THC emissions according to vehicle type
under
(a) cold-start and (b) hot-start conditions
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Fig. 3. CO emissions according to vehicle type under
(a) cold-start and (b) hot-start conditions
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Fig. 4. NOx emissions according to vehicle type

under
(a) cold-start and (b) hot-start conditions
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5. NH3 emissions according to vehicle type
under
(a) cold-start and (b) hot-start conditions
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Fig. 6. SO; emissions according to vehicle type under
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Fig. 7. HCHO emissions according to vehicle type
under
(a) cold-start and (b) hot-start conditions
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type under
(a) cold-start & VPR off, (b) hot-start & VPR off, and
(c) hot start & VPR on conditions
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