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Portable on- board FTIR analyzers Goal: Practical,
(NO, NO2, NH3, ..., CO2, CH4, N20) affordable

Midac | - series, 30 kg measurement.
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Portable NDIR and FTIR for NO, NO,, CO, CO,, qualitative PM, PN, HC @%
. calculated exhaust flow, 9-15 kg, 3 hrruntime e,
real-world emissions tests -
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This work in general: Moped, motorcycle (L-cat vehicle) emissions
* measurement o OW: see poster P-27 *
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VOJTISEK-LOM, Michal, et al. Atmospheric Measurement Techniques, 2020, 13.11.: 5827-5843.
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Goal of this work: z
Remote sensing of g | |
_-category vehicle S— . S
particle emissions

City Air Remote Emissions Sensing i CARES T project
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http://www.cares-project.eu/

The issue of high emitters @

A The higher the emissions benefits due to advanced technologies, the higher is
the potential for emissions increase due to tampering, malfunction, wear

A Small fraction of high emitters = large fraction of total fleet emissions

A DPF 99% efficient, 1% DPF broken => broken DPF double the fleet emissions

A

DPF 99% efficient, 1% DPF removed due to excess (10x) engine-out PM emissions =>
broken DPF increase fleet emissions 10x

A TNO roadside study: 5% DPF on EU cars defective
What pollutants (out of regulated):

Diesel: DPF,SCRidef eat s o
A PM (DPF, injection system) (removal, emul at i ;
A NOx (EGR, LNT, SCR) (Organized crime against health???)
Positive ignition: Do we mandate the installation of [EESEE
A HC, CO (TWC, air-fuel) DPF through PN emissions limits, [l
Aléolil (TV\{V;ZN,ESESESI;\;) but then eﬁf;:rt;voe\glgolerate DPF

Noise mitigation Solutions C A R E S ]
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Czech Republic periodic emissions inspection failure rates

All CZ LDV inspections on Top 10 inspection stations with lowest fail rates CARES
record in year 2018 City or county | Number of vehicles  Mean |
2.27% CZ average fail rate | Wherethe station | passed  failed age failed

. is located [years] (%)

(Germany: 6.7%) _
ﬁ 1 [Mlada Boleslav 5628 3 14,3 0,05 %
- 2 |Praha 10418 15 11,7 0,14 %
| 3 |Praha 5786 9 14,1 0,16 %
4 (Karlovy Vary 11281 24 12,2 0,21 %
5 |Praha 8711 21 11,3 0,24 %
- E 6 |Praha 11610 29 12,0 0,25 %
7 |Kladno 8681 25 12,7 0,29 %
f IR € = o 8 |Benesov 7578 23 14,2 0,30 %
SCR emulator found on a truck during | 9_| Pardubice 5990 20 155 | 033%
remote sensing campaign and confiscated 10 |Usti nad Orlici 5409 21 13,9 0,39 %

by the police, Sept 14, 2022

Source: Data from Ministry of Transport database analyzed by the Czech Association of Emissions Technicians (ASEM)
http://www.asem.cz/uploads/3/9/3/1/39314181/pr%eCC%8Ci%CC%81loha 3 - statistika_istp_sme.pdf
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Czech Republic periodic emissions inspection data example
VW AGR diesel engine data, sorted by technician and accel time
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Source: Data from Ministry of Transport database analyzed by the Czech Association of Emissions Technicians (ASEM)
http://www.asem.cz/uploads/3/9/3/1/39314181/pr%eCC%8Ci%CC%81loha 3 - statistika_istp_sme.pdf



Traditional remote sensing of vehicle emissions: %@

open-path transmission / absorption spectroscopy
(NDIR T HC,CO,CO,; NDUV i- NO,NO,,NH;; hvo-pia & black/carbon)

e 'mowadays oteunabl ecdicodepliaserc-and ot her
= ’ Interaction of particles
with light becomes
extremely small for
particles << wavelength
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Y
light absorption,
> | Sy light scattering,

| photoluminescence, etc.
do not work for
nanoparticles.
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Point sampling overview
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Sampl iongaclap pircocarcrheeis« NMeasur emen
(Bishop et al., Environ. Sci. Technol. 2015, 49, 163971 1645)

Measurement of individual
vehicles by sampling approach 1
many other groups:
Tunnel studies

(Univ. California)

Ship plumes

(several groups)

Bus plumes
(Hallquist, Sweden)

- ] Bus chasing
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— * | | Particle concentration

? li to CO, concentration ratio
Active sampiing -> emissions factor

gas measurement & particle countmb particles per kg fuel
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Deriving emission factor

I/ N L-vehicles Emissions and
Noise mitigation Solutions

Peak maximum
[pOIIUtant]maximum I [pOIIUtant]background

EF e — e ——————— X const.

[COZ]maximum ! [Coz]background

Peak area
sum { [pollutant] i [pollutant]y,cground }

EF = -~ e X const.

sum { [COZ]maximum I [COZ]background}

Linear regression, robust regression
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6
L=~ . 140 —C02 g
=(0.0349x } 0.0794 —NO
5 y=0.0349x30. S 120 x
R2=0.9997 o’ 100 4._
4 £ 80 3§
E. . o =
z . = 22
3 : ~
= - O 40
o o 1
=
, . 20
1 | 33338 &REE
L ~ (] m =t u u w P~ (= 1]
=] [=] =] o =] |=] o |=] =]
0 N N & o o o o o o
M [ay] m M o o o) o m
0 50 100 150 200 e e e
CO, (ppm) Time (seconds)
Alden Fred Arul Raj, diploma thesis, Czech Tech University, 2020



Deriving emission factor (shown on NOXx)

10 ——NO [ppm] — CO2 [ppm x 200] 9 g/kWh NO
% case A: confirmed high NOx
» 8 + - —icase B: confirmed low NOx | - - —=============——=
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Evaluation of vehicle technical condition in Prague
Particulate matter measurement CARES iy the}

NanoMet3:
Number of non-volatile

particles (PN)
Rotating disc diluter

Evaporation tube
(volatile particle remover)

Diffusion charger
Electrometers

CO, & other gases:
FTIR (5 Hz, 0.5 cm™)
Bruker Optik, 5 m cell

MicroSoot Sensor:
Photoacoustic detector of
soot mass concentration

Engine Exhaust Particle Sizer:

Mobility diameter resolved number concentrations
Diffusion charging, Classification based on electric mobility diameter, |
Detection of charged particles by electrometers ‘



Roadside measurement, Trutnov, CZ, May 28, 2018
~ 3 hours, ~ 700 vehicles, ~ 360 CO, signals, ~ 150 measurable PM

1% of vehicles ~ 20-30% of particulates (BC, PN)
10% of vehicles ~ 65-75% of particulates (BC, PN)
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