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On road emissions of NH3, NO and NO2 of Cajic, Fischbacher, Lechner
Euro 6¢ and Euro 6dtemp vehicles
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Agenda virtual@vehicle
* Motivation

Fahrverbote fur Diesel? So bewahren Sie ...

System Description

e Measurements

« Results

 Discussion
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Motivation virtual@vehicle

400 000 Europaer sterben durch Luftverschmutzung

Suddeutsche Zeitung - 16 Oct 2019
’ Die Belastung durch Verkehr und Landwirtschaft ist nahezu konstant geblieben
: "Am Beispiel der Stickoxide erkennt man die Bedeutung

Gilt fur
Diesel

o Years of life lost:
Ammonium nitrate ~ 65 % of
particulate matter PM2 5! 4 200 000 Berlin: Fahrverbote fiir Dies elautos auf ..
) iegel. de

spi
V. Borsari, |V.d. Assuncao/ Transportation Research Part D 51 (2017) 53-61 N02 : 707 OOO
O, 160 000

[41]
w

+ == -+ = Damler zahlt 870 Milionen Euro Strafe wegen Dieselgate
' . & 4. .. Reuters Deutschland - 24 Sep 2019
Das Buftnald das his anfwiar Millinnen Furn Strafe aus GE‘.-"."iﬂﬂEbSChﬁlpﬂll'lg

bestel 870 M€ elastung, erklarte

Daimle. oot s g« g U

NO BLICK.CH - 24 Sep 2019
Air quality in Europe — 2018 report : Daimler zahlt Bultgeld von 870 Millionen Eura
Table 10.1  Premature deaths attributable s and t-online.de - 24 Sep 2019
the EU-28, 2015 Annual Premature - o
o mean [*) deaths®) = View all
Country Populatmen hmnual i - _'rrrmurl
{1 S mean (¥ E_E .ﬂ[": waths [
At BETE 113 30

=t L ' Mammut-Prozess gegen Volkswagen hat begonnen
330 ‘ DIE WELT - 30 Sep 277

-;-r:ssa 4325 174 - - B - 3 Allein in den USA hai el3lich Strafen mehr als 25
o T "5t 3 T o _ A 25 Mrd €

Milliarden Euro gekos *hland

0 538 0100 . § 550 £ Richter im Prozess um VYW-Sammelklage regt Vergleich an
Senmark © §&0 87 2808 05 86 2 200 30 In-Depth - Aargauer Zeitung - 30 Sep 2019

Aargauer Zeitung
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Measurement principle virtual@vehicle

Targets * Absorption spectroscopy in the deep

« Minimum detection limit: 1 ppm ultraviolet region

« Robustness _
« Simple and robust technology

* No moving parts

- Gas temperature 190°C * Very high absorption features of NH; and NO

« Low production costs * No interference to H,0O, CO, and CO
Optics Optics
Testcell Spectrometer
Light source o e ... .

14.11.2019 A3PS — Diverse Powertrain Concepts for a carbon neutral future 4



Measurement system virtual@vehicle

Components

Lightsource
Spectrometer

Optical fiber

Temperature and pressure sensors

Heating

1.
2
3
4. Test cell (path length 0.5 m)
5
6
7

Data acquisition

Sampling rate
NH3 and NO as fastas necessary
NO2: 1 Hz
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Measurement set-up virtual@vehicle

Chassis dynamometer Vehicle

14.11.2019 A3PS — Diverse Powertrain Concepts for a carbon neutral future 6



Lab- Measurements: Ammonia — comparison to FTIR

virtual @ vehicle

Comparison NH3 FTIR-Spectrometer - UV- Spectrometer

FTIR

Measurement
Regression
y_FTIR — 100285 y_uv '193

FTIR-Standard measurement systems
Engine exhaust + additional NH3
Very good agreement

Detection limit ~0.1 ppm
|

14.11.2019

UV—S)}stem
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NO — comparison to FTIR

Good agreement with FTIR
Lower Peaks @ ViF-system

14.11.2019

Concentration in ppm

virtual @ vehicle

Chassis Dyno - Comparison FTIR-Spectrometer vs. UV-Spectrometer

20
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\
10 \
# \ h'\.‘
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-10

Timeins
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Diesel Euro 6dtemp virtual@vehicle

21.05.2019 Euro 6dtemp - Highway

250
l —NO
200 * NO-peaks at acceleration phases
O * NO is the only gas detected with UV-spectroscopy in diesel exhaust gas
o
g} « Traces of N20 at coldstart
£ 150 « Short episodes of NO2
£
c
K
® 100
=
Q
=
Q
o
50

0 k k Acknowledgement:
00 900

This dataset was generated by a

Timeins GmBH and the authors want to
express their thanks.
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Gasoline Euro 6¢ - Ammonia virtual@vehicle

150 |

« High ammonia emissions of gasoline engines —— NH3 J

125;

NH3 in ppm
N) U ~ S
on o un o

©

0 50 100 150 200 250 300 350 400
Timeins
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Gasoline Euro 6¢ - NO virtual@vehicle

— NO|
400
* High NO emissions of gasoline engines during cold start phase
£ 300
o
C
0200-
=z
100
0O - ~—
0 50 100 150 200 250 300 350 400
Timeins
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Gasoline aromatic compounds virtual@vehicle

0.008
| —— Spectrum 250.6 sJ
Benzene /
0.006 —
()
O
5 0.004
_f.f : Toluene
2 %
S 0.002 | N
< .
A.Mn M !
« UV-spectrumshows features of aromatic compounds
0.000 I W V e

230 240 250 260 270 280
Wavelenagth in nm
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Assessment of emissions virtual@vehicle

Well known — diesel
engine more efficient

Notin the scope of
this study

Very high emissions of gasoline engines
@ cold start (some 10000 ppm)
Gasoline will never meet any regulation

https://en.wikipedia.org
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Comparison virtual @ vehicle

High emissions of gasoline
engines @ cold start
Slip at SCR

About the same for both fuel
types — more highwaydata
needed for gasoline

1] | 7
»

Found at Euro6c¢ but not at
Euro6dtemp vehicles NO2

https://en.wikipedia.org
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Discussion virtual@vehicle

« Euro 6dfinal good enough for NO, NO2 00 2 g
80
* No further restriction needed S, 60 - L l
o 40 24 o
. . 20
 Restriction of NH3 necessary 0 .
Eurol Euroll Eurolll EurolV EuroV EuroVI
» Selective catalytic reduction: overdosing of urea
Quelle: VDA
« Low Nox- emission - limits are met
« Ammoniaslip
 Isocyanic acid slip
* Restriction of N20 o — e,
* Problems for gasoline engines E“"
2% N20 250 ppm NO
ol

\{/ 1000 ppm N20O
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Next steps virtual @ vehicle
/ " -
' 210 x 160 x 410 mm

\

Miniaturization

Integration of N20O and HNCO
Detection limit 10 ppm
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Summary

virtual @ vehicle

« Measurement system based on absorption spectroscopy

« Deep ultraviolet region

e NH3,NO and NO2

« Diesel Euro 6¢c and Euro 6dtemp
 NO2 at Euro 6¢ but NOT at Euro 6dtemp

 Traces of NO2 and NH3
« NO main exhaust gas (besides CO2 and CO)

e Gasoline Euro 6c¢
* NO up to 400 ppm

* NH3up to 150 ppm
« High amounts of N20 ~%-Level

» Traces of benzene and aromatic compounds

14.11.2019 A3PS — Diverse Powertrain Concepts for a carbon neutral future
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virtual @ vehicle

BACK-UP
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Health effects virtual {} vehicle

N 02 Epidemiology. 2018 Jul; 29(4): 460-472. PMCID: PMC5931178
Mortality cardio vascular: 5966 + 3935 Published online 2018 Jun 1. doi: 10.1097/EDE.0000000000000847 PMID: 29746370
Asthma: 439.000 . . L .
D M- 437 000 Long-term Concentrations of Nitrogen Dioxide and Mortality
labetes. ) A Meta-analysis of Cohort Studies
= : Richard. W. Atkinson,™® Barbara. K. Butland,® H. Ross. Anderson,®P and Robert. L. Maynard®
=3 Rather large

» Author information = Article notes » Copyright and License information Disclaimer

STUDIE ZUR ERANKHEITSLAST VON NO, IN DLE AUBENLUFT

confidence intervall

Studies Health Effects NO2

80 1.1
mNO2-Mean

=l-Hazard Ratio

nnnnnnnnnnnnnnnnnnnnnnnnnnn

‘—, : 70
1.05
60
. 50 1
o
E g
Y] (]
= o
CRGEBNISSE UNSERER BERECHNUNGEN c 40 E
g
= 095 T
30 26.7
21.8 . . 21
20
0.9
10
0 0.85
Crouse Turner Beelen Carey Hart HEl  Fischer Chen Cesaroni Lipsel Abbey

Smoking HR ~ 1.93
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Qualitative risk assessment virtual@vehicle

0.333
NO 25 100 3 Precursor to NO2
N20 400 50000 125
NH3 50 100 2
Isocyanic acid 0.02 ? ?

Benzene 4 2 0.5 carcinogen
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Nox-Limits are not always met virtual @ vehicle

7 Above and beyond the legal NOx limits

16
14
12
10

[ ) S, { 3 iy WS s V1 R 4

Euro6 -
2® ax O @th 6/« I 2O S0

ff'»w*f' Ry PRI PP

how many times over the Euro & NOy limit

$ <
f Py ~)‘b . b oF q'(ﬁ &
|_ml @tameny l'::::' Sowriw Tamgett & Ut inment

https:/Mmww.trend.at/branchen/auto-mobilitaet/nox-skandal-dieselauto-modelle-schadstoff-grenzwerten-7590976
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Calibration spectra

] —— NH3: 275.0 ppm*m
2.5 - ‘ —— NO: 300.0 ppm*m
: — NO2: 300.0 ppm*m
A
2.0 - :
' ‘ \
v b \
€ 15 - A i
[ fia ‘0
s b f
2 A fh
2 A
o BRI L
Jq I
0541 NS |
0.0
200 205 210 215 220 225 230 235

Wavelength in nm
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virtual @ vehicle

Additional Gases

SO2 (already included)
Benzene
Toluene

Xylene

Focus on

* |socyanic acid

* Nitrous oxide

© VIRTUAL VEHICLE 24



Reference FTIR - ViF-System virtual@vehicle

« FTIR gets 100 ppm
« PEMS gets 90 ppm

« Raw data:

* Only error source is a unprecise calibration spectra

— Highly unlikey
Reference signal 100 Signal < 100 ppm
ppm
—— Spectrum 894.1 s
—— NO - Reference 100.1 ppm
8 0.10 —— Residuals 894.1 5
[
(v}
=
G 0.05
(7]
0
<
000_ ———— e —— — T — —
217.5 220.0 2225 225.0 227.5 230.0 232.5 235.0
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NO2 virtual \} vehicle

NO2 — Good agreement

30
ViF — less noise —No2

— NO2 - ViF
25

N
o

=
U

Concentration in ppm
=
o

Iif / |
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\ I
0 1000 200¢ 30 ! D 4000 5000 7900 8000

Timeins
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Vehicle classification in Austria virtual@vehicle

Pkw-Bestandsstatistik in Osterreich

Zugelassene Fahrzeuge nach Euro-Schadstoffklassen
Werte gerundet, Stand 31.12.2017

Euro 0-2 Euro 3 Euro 4 Euro 5 Euro 6 gesamt
(1900-2000) (2001-2005) (2006-2010) (2011-2015) (ab 2016) (alle Klassen)

Diesel
- 0 00 -
228.000 577.000 751.000 887.000 327.000 2,8 Mio.
Benzin*
o o O O -
353.000 285.000 586.000 594.000 256.000 2,1 Mio.
*exklusive flex-fuel
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