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Introduction

▪Euro 6d compliant vehicles:

Diesel:

Gasoline:

Biogas & CNG:
(compressed
natural gas)

Background:

▪ Diesel vehicles require extensive exhaust after-
treatment to fulfill emission regulations.

▪ Latest EURO6d emission standard has led to the use
of particle filters (GPF) also in gasoline vehicles.

▪ Low particle emissions (solid, Dp >23 nm) reported for 
CNG and biogas vehicles even when not equipped with
particle filters.

Research questions:

▪ How ultrafine particle emissions differ between
different powertrains, including also particles beyond
the regulation range? (down to 1 nm particles)

▪ What are the secondary aerosol formation potentials
of the emissions?

▪ How gaseous emissions differ between powertrains
and how they explain the measured secondary aerosol
potential?
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Vehicle name Fuel Engine

displacement

(L)

Model year Mileage (km) Emission class After-treatment Total number

of 1-hour 

cycles

Gasoline 95E10 gasoline 1.0 (GDI) 2023 20 000 Euro 6d-ISC-FCM 3-way catalyst, GPF 41
CNG Compressed natural gas 1.0 2019 50 000 Euro 6d-TEMP-EVAP-ISC 3-way catalyst 30
Diesel Winter diesel 1.6 2019 40 000 Euro 6d-TEMP DOC, DPF, SCR 30

▪ Euro 6d compliant vehicles:

Diesel: Gasoline:

CNG:
(compressed
natural gas)
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Vehicle name Fuel Engine

displacement

(L)

Model year Mileage (km) Emission class After-treatment Total number

of 1-hour 

cycles

Gasoline 95E10 gasoline 1.0 (GDI) 2023 20 000 Euro 6d-ISC-FCM 3-way catalyst, GPF 41
CNG Compressed natural gas 1.0 2019 50 000 Euro 6d-TEMP-EVAP-ISC 3-way catalyst 30
Diesel Winter diesel 1.6 2019 40 000 Euro 6d-TEMP DOC, DPF, SCR 30

Driving cycle:

▪ 1 experiment consists of 4 
consecutive 60 min driving
cycles

▪ >1500 km of driving with
each vehicle

▪ 3 DPF regenerations
observed



Methods
Air-liquid cell
exposure

In Vivo exposure

PEAR oxidation flow reactor
(Ihalainen et al., 2018, AST)

• Photochemical age 1-4 days



UEF// University of Eastern Finland

Results – fresh particulate emissions
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Tailpipe particle number concentrations:
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Results – Diesel particulate

emissions during

regeneration

8

▪ DPF regeneration occurred roughly
with the interval of 500 km

▪ Primary particle mass emitted
during DPF regeneration: 4-152 mg



UEF// University of Eastern Finland

Results – fresh particulate emissions

8.6.2026 9

EFs of 60-minute cycles:

▪ Regulation limits:

– 6x1011 #/km (PN; 
solid, Dp > 23 nm)

– 4.5 mg/km (PM)

▪ CNG fresh emissions
typically highest

▪ Diesel regenerations
have a drastic effect
on particle number
emission

DPF regenerations

Number: Mass:
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Results – fresh gas emissions
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Emission factors of 60-minute cycles:

▪ High CH4-slip from CNG car

▪ High NH3 emissions from CNG 
and gasoline cars (formed as a 
byproduct in the TWC 
catalysts) 

▪ Large differences in VOC 
compositions



Results – secondary aerosol formation
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▪ Up to ~1000-times increase in particle mass due to aging

▪ Ammonium nitrate important secondary aerosol constituent
with cars equipped with a 3-way catalyst (gasoline and CNG)

▪ Low SOA with CNG

▪ High SOA with gasoline and diesel at high engine loads

Aged aerosol time series
Secondary aerosol and SOA emission factors



Results – volatile organic emissions
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Emission factors of VOCs• H₃O⁺ and NO⁺ reagent ion modes 
were used in PTR to measure VOC 
with varying proton affinities

• ~ 100 molecular formula 
assigned and quantified

• Gasoline:

• Highest aromatic 
hydrocarbon emissions

• Diesel: 

• Alkenes & carbonyls

• alkanes identified at NO+

mode

• CNG: cleanest in terms of 
NMVOCs

H₃O⁺
NO⁺
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Results – secondary aerosol formation
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SOA predicted vs SOA measured

▪ Aromatic VOC:s identified as the main precursor group for SOA in gasoline and CNG

▪ Long-chain aliphatics the main identified SOA precursor for diesel 
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▪ Low primary particle emission factors on all metrics
(when compared to other transportation sources)

▪ Large fraction of particle number emissions outside 
of the regulation range (<23 nm) for CNG and 
gasoline cars

▪ Byproducts from the exhaust gas after-treatment
systems strongly influence emissions of EURO6 cars

– Diesel: Considerable particle number emissions from DPF 
regeneration

– CNG & gasoline: Ammonia emissions

▪ Secondary aerosol formation increases particle mass 2-3 
orders of magnitudes for passenger cars
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Primary particle morphologies
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Gasoline Primary (full cycle)CNG Primary (full cycle)
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Results – fresh particulate emissions
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CNG particle size distributions:

Particle number EFs for each driving phase:
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