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Vehicles are a major source of
atmospheric sub-3-nm particles
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Methods in emission studies
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Research question:

What is the role of sub-3-nm particles in the emissions of motor vehicles?

NCA = Nanocluster aerosol (particles 1-3 nm in diameter, sub-3-nm particles)
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Experimental methods

AIRMODUS
®0C

AIRMODUS.
]

Airmodus PSM (particle size magnifier)

» Concentration of particles larger than 1 nm

» Diethylene glycol (DEG) as a working fluid

» Used together with A20 CPC (condensation
particle counter) or CPC 3775 in different
campaigns

» Operated in fixed mode, step mode or scan
mode in different campaigns
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TSI Ultrafine CPC 3776

» Concentration of particles
larger than 3 nm

» Butanol as a working fluid

» Comparison to the
concentration measured by
the PSM -> NCA
concentration

Sample dilution

» Bridge diluter before the PSM and CPC’s

» Two-stage dilution in engine laboratory tests
mimicking real-world dilution (delayed
primary particles + primary particles)
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m LI-7000 CO/H; Anclyze¢

CO, analyzers

» Used for calculating emission
factors for the NCA

» LICOR LI-7000 or SIDOR
SICK

Measurement of larger particles

» SMPS (scanning mobility
particle sizer) or DMPS
(differential mobility particle
sizer) for the size distribution

» Airmodus A20 CPC for the
concentration of particles larger
than 7 nm
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Measurement campaigns
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, Street canyon

Atmospheric measurements
1. Semiurban roadside (Helsinki, Malmi, Ring I)
Two weeks in Oct 2012, PSM in fixed mode + CPC 3776
2. Urban street canyon (Helsinki, Makelankatu)
Three months in 2015 (Apr — Jun), PSM in step mode
3. On-road measurement through Europe
Six days in May 2015, PSM in fixed mode + CPC 3776
4. Urban street canyon (Helsinki, Makelankatu)
Four weeks in May 2017, PSM in fixed mode + CPC 3776 + A20 CPC
5. Chasing measurement on road for different buses
Carried out in February 2016, PSM in fixed mode + CPC 3776

Engine laboratory measurements
1. A modern heavy-duty diesel engine equipped with a DOC + DPF + SCR exhaust aftertreatment
system

Carried out in 2013, PSM in scan mode
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Results: Diurnal

Street canyon, May 2017
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variation and size distribution

Semiurban, roadside, October 2012
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Results: The fraction of NCA

Semiurban roadside Street canyon
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Results: NCA in different environments

Nnca (cm™3)

o Geometric mean o Mean o Median

10°

10°

10°

10°

10?

10’

581

N

104 286

N=

16 225

N

27819

N=

Route thro:gr‘é{l{' Eu

rguge E ;
{4

Tunnel |-

Motorway |-

Minor road |-

ﬁ» TAMPERE UNIVERSITY OF TECHNOLOGY

Stop |-

Van speed (m/s)

107

40

N
o

o

Total —— NCA

I
Example

| Bridge
15:00 15:15
| |
| |
15:00 15:15
Time
Ronkko et al., 2017
21.6.2018 10



Results: on the variation of the NCA emissions

Street canyon
x10°
1.0
— PSM
0.8 ——CPC ]|
TE 0.6 - NCA 7
5] fraction
2 0 4 | . -
Vehicle 1
02 Vehicle 2
0 -
14:42 14:43 1444 14:45
Time

$ TAMPERE UNIVERSITY OF TECHNOLOGY

dN/dlogd, (cm~?)

108

-
o
]

3

10?

Engine load:

Engine laboratory

100 % 5%

50%

P, .
‘_"‘1\. ¢

1 AN e |

- - == SMPS
- -

* +

¢ '

’ !

‘h.'\‘iJ

L

Previously undetected i

parucles

L

X,

e PSIM

LT L i .

fﬁ":'s T '-l"t‘fh

1 [ |

10
dp (nm)

100

Ronkko et al., 2017
21.6.2018 11



Results: Emission factor analysis
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Results: Emission factors (EF)

Street canyon
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Results: real-world NCA emissions of city buses

Exhaust Number of buses N.ot EF NCA EF
aftertreatment (1015/kgfuel) (1015/kgfuel)
EGR 12

Scania, 2013, EEV 1.1+1.4 0.30+0.70
Scania, 2015, Euro VI EGR-DPF-SCR 2 0.7+0.6 0.09+0.33
Volvo, 2015, Euro VI DPF+SCR 3 0.3+0.4 Very low
etroitied in 2015 [AREIE 1 46 265
SIENIEL 208, B2 EGR+DPF+SCR 2 0.9+1.7 Very low

retrofitted in 2016
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Conclusions

A significant amount of particles in the size

(9
. °o @ <
range of 1-3 nm in urban areas o &,
‘o @ Secondary particles
This nanocluster aerosol (NCA) was shown o e
to be directly emitted by road traffic § «& ormy s
Vehicle/engine type, fuels and lubricant

oils, exhaust after-treatment, driving
conditions and environmental conditions
may affect the emissions

In roadside environment, the NCA emission
of traffic was 0.94-1015- 2.9-10 #/K g,

Thank you for your attention!
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Results: NCA concentrations in city bus exhaust plumes
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Results

Sub-Fnm  ==== NCA === Condensation sink (a) (b)
I Foad [ Background
0.7 T T T T 0.020
06|
T
0.015 _ . £
05| . 0 E r
H L] £ =
H e o =
04| i = © 3
5 H i 2
z i Hoo10 § 3
2 =
i
c
[
2
=
0.005 °
: 0 4 8 12 16 20 24 0 4 8 12 16 20 24
Time of day (hour) Time of day (hour)
0; : . = pre ” P Figure 8: Diurnal variation of particle size distributions (a) at weekends with all wind
directions included and (b) on weekdays with wind blowing from the road.

Time of day (hour)

H TAMPERE UNIVERSITY OF TECHNOLOGY 21.6.2018 17




Results

(a) (b) (c)
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Figure 11: Emission factors of (a) nanocluster aerosol (NCA), (b) sub-7 nm and (c) all
particles as a function of CO, concentration and the number of detections in 15-minute

time periods. Note different scales in color axis.
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