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Introduction

= Euro 6d compliant vehicles:

\

., CO,HC PM,PN NOx_ NH;

Diesel: OxidationH Partile [ $2ieetve ;:iAmS’]}S”ia’
catalyst [_fer_ [ reduction [ catalyst ;
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3-way |— Particle
catalyst F— filter
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3-way /\

natural gas)

catalyst
TWC \-/

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, D, >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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Methods

Y

of 1-hour

Vehicle name Engine Model year | Mileage (km) After-treatment Total number
displacement -
((9) cycles

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

= Euro 6d compliant vehicles:

. CO,HC PM,PN  NOx NH, o
Diesel: _— 1 [Seloctve hAmoni Gasoline: NOx,CO.HC PM.PN _
° Oxidation [ Particle X i wa P
catalyst H fiter | catalytic sip | y :1 article
reduction ' catalyst | catalyst 1 filter

— -
DOC DPF SCR ASC TWC GPF

CNG:

(compressed
natural gas)

NOx, CO, HC
3-way /\
catalyst
TWC U
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Y Methods

Vehicle name Engine Model year | Mileage (km) After-treatment Total number
displacement of 1-hour
(L) cycles

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

Driving cycle:

; ; 1207
= ] experiment consists of 4
. . D Even ground
consecutive 60 min driving < I Uphil
L
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4
> Vi ' < 70t —
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Methods

— Fresh aeroso| - —————— >
" Fresh or aged aerosol ————~ Air-liquid cell
exposure

Particle size distribution:
-FMPS (1 Hz)
-SMPS (120 s scans)

Particle size distribution:
-EEPS (1 Hz)

-SMPS (120 s scans)
-nano-SMPS (120 s scans)

In Vivo exposure
Particle number

concentration:

| |
| |
> |
| |
| |
< Y |
-PSM & CPC (D, 50: 1.3 nm) g | Particle chemical composition: |
-CPC 3775 (D 50: 4 nm) T I| . -Aerosol Mass Spectrometer |
_______________ J |
Ejector || l Particle effective density: |
diluter | | -APM-SMPS method |
Total dilution T | |
ratio =17 | Volatile organic compounds: I
Porous tube ——p 9 P '
diluter | |
Wheel dynamometer Raw gas concentrations:
Black oarb —»| -FTIR: CO,, CO, CH,, etc. PEAR oxidation flow reactor
ack carbon: -FID: THC :
“Micro soot sensor 2 | € (Ihalainen et al., 2018, AST)

« Photochemical age 1-4 days




Tailpipe particle number concentrations:
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Results - fresh particulate emissions
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‘M Results - fresh particulate emissions
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EFs of 60-minute cycles: DPF regenerations
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Results - fresh gas emissions

Emission factors of 60-minute cycles:

10°
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Results

Aged aerosol time series

[0 ¢]

r e) Gasoline, aged

R S
E6f ‘o
g £
E4 =

o
A 4]
5 2 2
= %
0
0 10 20 30 40 50 60
__8r f) Diesel, aged Speed [ SO, .

O?EE; B soot NH4 _120‘3:
2 BoAa HEENO, E
4 ' 170 =

o
% QD
® 2 8
= %
0
0 10 20 30 40 50 60
__8r g) CNG, aged _

g 3}
=l 1120 '
& £
=4 | {70 =
@ 5 150 E
| | | 132

0 0

10 20 30 40 50
Time since cyle start (min)

o

(o)}
o

Aged mass EF (mg km'1)

o
1)

Secondary aerosol and SOA emission factors

257

N

-
[§)]

-
T

0
Gasoline CNG Diesel

WoA [@MNH, |
ENO, WSO,

SOA PF (mg km™)

3.5

w

Mo
()

N

-
9]

—_

o
(&)

- secondary aerosol formation

T
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120 km/h 32 km/h

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
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Results - volatile organic emissions

*+ H;0"and NO+ reagent ion modes Emission factors of VOCs
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8 Results - secondary aerosol formation
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SOA predicted vs SOA measured

M e.g; heptadecane

Gasoline Diesel

20 - 20 20 - 40 B pentadecane
—~ 18 18 —~ 18 o __ me.g;Dodecane
T O B = 1° 35 3
2 16 © 16 2 5 16 A @) 2  MUndecane
ap o oy 30
<14 - 14 X %” 14 - o %ﬂ decane
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% 8 - 8 % n g | 15 0

3 T mXylene

% 61 O - o ] @) 6 95) % 6 - o GSJ y
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s () 9 )
o 2 2 = a 9 _ . — 5 =  m®mStyrene
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50 km/h 50 km/h 70 km/h 120 km/h 32km/h  Idle 50 km/h 50 km/h 70km/h 120  32km/h Idle Benzene
uphill uphill km/h
O Measured SOA

= 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

UEF// University of Eastern Finland 13
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Y Conclusions
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= Low primary particle emission factors on all metrics
(when compared to other transportation sources)

o
~

o
o

= Large fraction of particle number emissions outside I—s A

of the regulation range (<23 nm) for CNG and ol — —
gasoline cars _ _ _

= Byproducts from the exhaust gas after-treatment
systems strongly influence emissions of EUROG6 cars

Fraction of emitted particles

- Diesel: Considerable particle number emissions from DPF
regeneration

- (NG & gasoline: Ammonia emissions

= Secondary aerosol formation increases particle mass 2-3

orders of magnitudes for passenger cars
8.6.2026 14
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YN Primary particle morphologies

CNG Primary (full cycle) Gasoline Primary (full cycle)
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Results - fresh particulate emissions

Particle number EFs for each driving phase:

1013 E T T T T T 3 . . . . . .
5 5 CNG particle size distributions:
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