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Proc dale sniZzovat emise z mobilnich zdroju:
Navrh Euro 7/VII a alternativni reseni

Beyond Euro 6/VI:
Why we need to continue reducing emissions from mobile sources:

The current state and the possibilities for future legislation
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venkovni ovzdusi cca 400 tis (odhad) <35t >3.51 300-700 Kkm,, 3 5 studené/teple

dopravni nehody cca 25 tis. NG 16%0 tis./ll(m 0 ;tSL}%eggé/ t?IE)\II\é/h 692 tis. km
. ., y 5 mg/km .35/0.09 g 0.027 g/kWh NOXx
Prehled emisi a technologit PM  45mg/km  12/8 mg/kWh Kalifornie 2027
Z motoru: HC, CO, NOx, castice PN 600 miliard/km 500/200 mlid./kWh (US EPA 2010:
Za motorem: katalyzatory NH; 20 mg/km 65 mg/kWh 0.27 SIJ/ kWh NOXx)
- tFicestné / oxidaéni / SCR ﬁ"'s Oollgjgliogﬂ;\livvch Homologace LARS:
& filtry castic & kombinace 2 o020 9 0.01 g/mi Nox (192 tis.km)
o o Formaldehyd 0.03 g/kWh 2023 Cadillac

-> tvorba CH,, N,O, NH, NO,
V atmosfére: ozon, sekundarni PM. &
Emise zavisi na kvalité:
*konstrukce* *vyroby*
*serizeni* *Udrzby* *obsluhy*
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Piedstaveni skupiny: Mé&Feni emisi za provozu i@}’ CTU

Prenosny systém s plnopritocnym M'"'?mm' a mflfona’kladova
redicim tunelem a vysokobjemovym | . prenosna zarizeni pro
vzorkovanim castic pro malé motory méreni emisi za provozu

Full-flow § Mini-PEMS & Poor man's PEMS

dilution

NO, NO,
; = - | | CO, CO,
| minipems (RS T DT S y - v orientacni PM

Raw or

orientacni PN
orientacéni HC
vypocet toku
vyfuk. plynt
9 kg
3 hr vydrz
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Piedstaveni skupiny: Méreni emisi za provozu
TU v Liberci & CVUT & Ceska zemédélska univerzita & UEM AV CR

Mobilni FTIR analyzatory Midac I-series, 30 kg

Pro méfeni emisi za provozu 6 m cell Ieng1:h,
Sklenikové plyny CO,, CH,, N,O Nicolet Antaris IG6S 2.5 s resolution

Reaktivni slouceniny dusiku NO, NO,, NH;, ... 5m OPﬁCké drdha i (TU Liber'ec,
. a dalsi latky absorbujici ve stredni oblasti Obcml!l/1Hz www.mede‘T OX.CZ)

infraderveného spektra ﬂ
: : \’ \
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Suarez-Bertoa, R., et al. (2017). Atmospheric Environment, 166, 488-497.
Pechout, M., et al. (2019). Science of the Total Environment, 696, 133748. '
Suarez-Bertoa, R., et al. (2020). Atmosphere, 11, 204. e Al UStaV_ S
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Piedstaveni skupiny: Méreni emisi za provozu
TU v Liberci & CVUT & Ceska zemédélska univerzita & UEM AV CR
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PFedstaveni skupiny: M&Feni emisi za provozu | g ¢ €T
Délkové méieni emisi vozidel (a dalgi’ch zdro.lﬁ)
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Piedstaveni skupiny: Méreni emisi za provozu
Mé¥eni €astic z otéra tiecich brzd - laborato¥ VSB TU Ostrava
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Piedstaveni skupiny: Méreni emisi za provozu
Charakterizace emisi ze spalovéni alternativnich paliv v laborato¥i a za provozu

Vojtisek-Lom, et al. (2015). SAE Intl. Journal of Engines, 8(5), 2338-2350.
Vojtisek-Lom, et al. (2018), Science of the Total Environment, 616,774-78&
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Expozice bun&énych kultur vyfukovym plynim |cTU
(air-liquid interface) i

-

Vojtisek-Lom, M., et al. (2019). SAE International Journal of Advances and Current Practices in Mobility, 2(2019-24-0050), 520-534.
Rossner, P., et al. (2019). International journal of molecular sciences, 20(22),5710.

Rossner, P., et al. (2021). Chemosphere, 281, 130833. @ Ustav
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Outreach & citizen science: CTU

Nanoparticles in the air & small engine emissions
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Stolcpartova, )., ¢t al. (2015).

Atmosphere, 6(11),1714-1735."
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MérFeni koncentraci nanocastic v méstskych ulicich a u skol

O Métitko
O ¢tvrtek bez aut

Full-flow
dilution

" Transfer

line - : : e Stolcpartova, ). €t al. (2015).
3G ] R : 2 Atmosphere, 6(11),1714-1735.




Motivace: Pro€ mé¥fime a sniZujeme emise

-
Dlouhodoba expozice ¢asticim (PM, ), oxidum dusiku (NOx)
a prizemnimu ozonu ve venkovnim ovzdusi je pricinou

predcasného umrti radove jednoho promile populace rocne

(Evropa/EU: PM2.5 - 463/412 tis., NOx — 166/136 tis., O3 — 124/107 tis.; EEA Air Quality Report 2022)
https://www.eea.europa.eu/publications/air-quality-in-europe-2022/health-impacts-of-air-pollution

dopravni nehody v EU v roce 2020 ,,jen“ 18 tisic (EU Annual Accident Report)
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Motivace: Pro€ mérime a sniZujeme emise

FIGURE ES.1 Welfare Losses Due to Air Pollution by Region, 2013

Dlouhodoba expozice ¢asticim (PM, ), oxidim dusiku a
prizemnimu ozonu ve venkovnim ovzdusi byla pri¢inou

cca 518 tisic predéasnych umrti v Evropé v roce 2020
(Evropa/EU: PM2.5 - 463/412 tis., NOx — 166/136 tis., O3 — 124/107 tis.; EEA Air Quality Report 2022)
https://lwww.eea.europa.eu/publications/air-quality-in-europe-2022/health-impacts-of-air-pollution

dopravni nehody v EU v roce 2020 ,,jen* 18 tisic (EU Annual Accident Report)
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Svétova banka odhaduje ekonomické skody v EU
zpusobené znecisténim veénkovniho ovzdusi na 5 % HDP.
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Prehled rizikovych latek ve vyfukovych plynech

. Cdstice - primdrni (emitované) a sekunddrni (vytvorené v atmosfére)

« NO, - oxidy dusiku NO a NO,, klicové pro tvorbu prizemniho ozonu
Emise CO a sloucenin siry a olova byly vyznamné snizeny zlepsenim kvality paliva a technologii

Nové problematické a legislativou dosud neosetrené latky:
Zdravotné rizikové:

. Skodlivost &dstic — velikost, tvar, sloZeni. biodostupnost, toxicita
« NO, - tvorbav oxidacnich katalyzatorech

« NH; - tvorbav redukénich katalyzatorech NOx (LNT, SCR)

o - tvorba v tricestnych katalyzdtorech pri nedostatku kysliku

£

 Aldehydy - kyslikata paliva (hapr. etanol, bionafta)

Sklenikové plyny:

* N,O- tvorba v katalyzdtorech pro redukci NO, (SCR, LNT)

* CH, - motory pohdnéné metanem (CNG, bioplyn), regenerace LNT a DPF

« CO, - u biopaliv .kompenzovdn" .negativnimi* emisemi CO, pri ristu biomasy

SIPCH TECHMICAL
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Nanodastice z vysokoteplotnich procesu:

Velké zastoupeni €astic o priuméru fadové 10 nm - u zdroje i v ovzdusi

Particles per stop (EEPS) —#—175-100kph @ Smy/s2 0.12
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Motory produkuji velmi malé castice, ty se

bohuzel s vysokou d¢innosti zachycuji v
plicich a pronikaji do krevniho obéhu...

Zachycovaci Gcinnost dychaciho
systému
(Oberdoerster)

Figiqe conviery af J Hanwina

n§
-
-

%
it

o

o
&
10

Dp (nm)

Naftovy
motor

100 Ronkko a kol, EST

2013

10
; _ Nasal, Phabynge. Laryngeal
as \ '
Y
San \ I
-
= |
%OJ \ |
>
= [
®az \ I
) N5, o .
C0M1 084 Om 03 4 R
Clametar |
0
|
5
18 |
|
s |
= |
814 Teacheobronc i
z . |
® '
-_’,.! . l
? -
orcor oAt 0ol B 1 1" 313
Dlarneles gunj

= -l
o o

o
~
e
e
']

% Regisnal Daposition
£
5
/

o

|\\
a0 ¢ ! e
oM UON  0f1 01 1 0 wm
Dianseter fimg

o2 — Sporilov, prumér 40 lokalit
VojtiSek a kol., NanoCon 2014

o
-
o

0.08

| Median

0.06

0.04 [

normalized particle number concentration

@hhthL;;:

>
&
)
2
A
?7
R4S
o

D00 A D 5V DA DDA D OB )
VB D PP DGV SOYPLP AP L PSPPI

particle electric mobility diameter [nm]




Nejvyssi koncentrace rizikovych latek jsou nejbliZe zdrojum emisi

Mobilni zdroje, svafovani, primyslové provozy ... nemaji vysoké kominy

> | {®do 10 tis. [

\[ =2 | | ®10-20tis. |
| 2050tis. ||

* | |® nad 50 tis.

fotovaltaicka . - - |\ L jl=4
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Technologické moznosti snizovani emisi
PM > 90 %, PN > 99 %, NOXx > 90-99 %, CO > 99 %

Benzinové motory
Presné rizeni pomeéru palivo-vzduch
Tricestny katalyzator
GPF — filtr ¢astic pro benzinové motory

Naftové motory
Presné rizeni casovani vstriku a davky paliva
Oxidacni katalyzator
DPF — filtr ¢astic pro naftové motory
SCR - selektivni katalyticka redukce
AOC - oxidacni katalyzator zbytkového amoniaku

£
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Filtry éastic - atinnost 90 a2 99,99%
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Filtr éastic
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Potencial technologie filtru castic: < 10!! castic / kWh .
Pri 5-10 m3/kWh to odpovida < 10-20 tisic c¢astic na cm3. .
To je méné nez podél silnic v ovzdusi. B

EURO 5 - DOC, DPF (particle filter), no SCR
2012 Iveco Daily, 3.0-liter Iveco engine

Emissions of particulate matter very low even during
1-hour idle and generally well below 1 mg/m3

g/




Otazka spravné funkce DPF Problém s DPF je zpravidia
v | dusledkem jinych problému s

Jje otzkou technologické kazné Sotorem
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m Zazehové (benzinové) motory: dcinna redukce NO, v tricestném katalyzé’rc.

= Vznétové (naftové) motory:

Oxidy dusiku (NOx)

» Vznikaji pri vysokych teplotdch z dusiku a kysliku ve vzduchu (prevdazné NO)

Katalyzator musi byt funkéni a ohrdaty, nesmi byt prebytek vzduchu

V motoru vznikdé NO
NO, se ,vyrdbi" v oxida¢nim katalyzdtoru pro usnadnéni spalovdni castic (sazi) v
filtru castic, cervenohnédy plyn leptayjici sliznice

U starych motord se jednotky procent NO preménily na NO2
U novych motoru s katalyzatory to jsou desitky procent

Selektivni redukcni katalyzator (SCR): do vyfuku davkovan roztok mocoviny, ta
rozkldda na amoniak (NH;), NH; reaguje s NO a NO,, vznika dusik, GCinnost az
99%, nutné presné rizeni; nezvysSuje spotrebu paliva

Nové automobilové motory produkuji vice NO2 nez by mély NOx (NO+NO2), mn
motory produkuji na km jizdy vice NOx nez nové kamiony v Kalifornii

STPCH TS
!!!!!
NNNNNN



Redukéni katalyzatory pro NOx
Lean NOx trap (LNT) / NOx storage and reduction (NSRC)

Stridajici se normdlni provoz s prebytkem vzduchu (1-2 min) a
nékolikasekundova regenerace s prebytkem paliva

Akumulaéni faze:
Ukladdni NO,, (hapr. BaCO; -> Ba(NO;),)

Regenerace:

Vytésnéni NOx a jejich redukce obdobné jako v tricestném katalyzatoru

Nevyhody:
U&innost zdvisi na teploté
Navyseni spotreby paliva béhem regenerace

Produkce NH; a N,O pri regeneraci

MAE, Emissions




Selektivni a neselektivni redukce NOx
Neselektivni (NSCR): pomoci H,, HC, CO (viz. tricestny katalyzator)

Selektivni (SCR):

vyzaduje davkovdni redukéniho Cinidla do vyfukovych plynt
Mocovina NH,-CO-NH, se rozklada (via HCNO) na CO, + NH;
“standardni” SCR reakce: 4 NH; + 4 NO + O, ->4 N, + 6 H,0O
"rychld” reakce: 2 NO + 2 NO, + 4 NH; -> 4 N, + 6 H,O
“pomald” reakce: NO + NH; -> N, + O, + H,0

U&innost (i rozklad mo&oviny) zdvisi na teploté

Vedlejsi produkty: NH;, tvorba N,O za nizsich teplot

m P. Forzatti, L. Lietti, E. Tronconi, Encyclopedia of catalysis, in: I.T.Horvath (Ed.), Nitrogen Oxides Removal - E (Industrial), J. Wiley,New York, 2002.
m A. Kato, S. Matsuda, T. Kamo, F. Nakajima, H. Kuroda, T. Narita, J. Phys.Chem. 85 (1981) 4099.

m Grossale, A., Nova, I., Tronconi, E., Chatterjee, D., & Weibel, M. (2008). The chemistry of the NO/NO 2-NH 3 "fast" SCR reaction over Fe-ZSM5
investigated by transient reaction analysis. Journal of Catalysis, 256(2), 312-322.

= Nova, I, Ciar'cl\éllﬁ%., Ewg'o?\'i,oé?,SChaﬁerjee, D., & Bandl-Konrad, B. (2006). NH 3-NO/NO 2 chemistry over V-based catalysts and its role in the
mechaniem of the fact SCR reaction Catalveic Todav 114(1) -12
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Emisni limity v SirSi perspektivé:
Moderni spalovaci motory patri mezi nejcCistsi spalovaci zarizeni.
Nemaji vSak komin, ani nejsou daleko za méstem.
Vypou§1'éji exhalace upr'os'rr"ed ulic, kde je dychame.

" Spalovani odpadkt ~ 500 mg/m3

Christian et al., Atmos. Chem. Phys., 10, 565-584, 2010

Komin
lokalniho

- topemste

Limit pro Iokalnl topeniste do

300 kW
(201/2012 Sb., pfiloha 10)

125-150 mg/m3 od 1.1.2014
60- 75 mg/m3 od 1.1. 2018




Study goals & overview

= To evaluate real-world emissions of reactive nitrogen species from a new (2020) Euro 6d .

light duty commercial vehicle (when an opportunity arises)

The opportunity: Prague, CZ — Lelystad, NL trip — > 800 km each way - transporting emissions
monitoring instruments to a H2020 CARES experimental campaign

The vehicle: Toyota ProAce van, fully loaded with emissions monitoring instruments & tools

CZECH

s Instrumentation: On-board FTIR (Bruker Matrix, with in-house modifications) universiTy B EA

No connection to the engine control unit,
no sensors, only a simple tailpipe probe
to prevent detection of the test

. 3,
7 v
o

“t would be a waste just
to transport an FTIR
without using it to get
some interesting data.”

Voitisek Pechout: Investiaation of the dvnamics of the NOx aftertreatment of a liaht-dutv



Results — test route
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Voitisek Pechout: Investiaation of the dvnamics of the NOx aftertreatment of a liaht-dutv
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Voitisek Pechout: Investiaation of the dvnamics of the NOx aftertreatment of a liaht-dutv

Results — Ecodriving, low to moderate traffic
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SOR NB-12 diesel bus, Euro VI

Braunschweig cycle driven on a test track

Center for Transport Research & TUV-SUD study

FTIR measurements by TU Liberec

195 mg/km NOx (approx. 0.29 g/kWh @ 1.5 kWh/km)
Euro VI limit, heavy-duty engines: 0.46 g/kWh NOx
Euro V limit, diesel cars: 180 mg/km NOXx

Realistic Euro V diesel car NOx: 700-1000 mg/km

rychlost [km/h], palivo [dm3/h]
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Nizké emise oxidu dusiku (NO,) jsou redlné dosaZitelné
_Naftovy autobus SOR CN12 Euro 6 - letisté Hradcany
Méreni CVUT & TUL pri testech Centra dopravniho vyzkumu a TUV-SUD

vl A Y
l\
' . AN

Prumérné hodnoty Braunschweig cycle: 195 mg/km NO..
Pfi 37 litr na 100 km, 220 g/kWh: 162 mg/kWh (Euro 6: 460 mg/kWh)

—

L|m|t pro automoblly (nafta) 180 mg/km Euro 5, 80 mg/km Euro 6 J f

I > < L N

‘ Prumerne realné emise automobilu (nafta), Euro 3-5: 1000 mg/km P2

RS L\ Y
Jedno Euro 5 naftove auto = 1000 mg/km = pét novych autobusu
Ale pét autobusu uveze stovky cestujicich !!!




Figure ES-5: Cummins’ Assessment of GHG and NOx Reduction Opportunities

Proposed 0.02 g/bhp-h NOX with New Engine Technologies

U S federal Ilmlt (~ -~ 20-40 mg / km) + More work needed to identify a robust 0.02 g’/hp*hr diesel solution »
(currently 0_2 g/bhp_h - 0_2 7 g/kWh) 15 1. potental path to ~0.1 g/hp*hr with minimal CO, penalty
10  * New technology will help, but needs development
3% Improving Current Conventional
£ \ _ Diesel Combustion WiSCR
3 /
80
o | Now Diesel Technologies
0 -5 BTE Improvements
o « Catalysts (SCRF, NOx
=== Califernia Enviroamental Profection Agency 10 Storage)
/= AIR RESOURCES BOARD * Urea Dosing Controls
15 and Strategies
DRAFT 0 005 01 015 o2 UL IhemalManagement’
TECHNOLOGY ASSESSMENT: Tailpipe NOx Standard (g/hp*hr)
Lower NOx HEAVY-DUTY DIESEL ENGINES

(Eckerle, 2015)

Overall, the assessment finds that emissions from heavy-duty diesel engines can be -
significantly reduced utilizing a systems approach combining advanced aftertreatment w
systems with engine management strategies. Reducing NOy, emissions to the 0.02
grams per brake horsepower-hour (g/bhp-hr) level will require reducing emissions
significantly during cold start and dunng low load, low speed operations and also
maintaining high selective catalytic reduction (SCR) conversion efficiency at high speed-
high temperature operation. A variety of strategies can be used to achieve these

reductions. However, the final solution will depend on ensuring no adverse impacts on .

greenhouse gas (GHG) emissions.

https://www.arb.ca.gov/msprog/tech/techreport/diesel_tech_report.pdf




Kontrola funkce SCR tézkych vozidel na D1
Michal Vojtisek!-2, Petr Jindra3, David Macoun3, Alden Fred Arul Raj?

1 Katedra vozidel a motord, TU v Liberci
2 Centrum vozidel udrzitelné mobility, Fakulta strojni CVUT v Praze
3 Katedra vozidel pozemni dopravy, Technickd fakulta, CZU v Praze




Dalkové méreni emisi NO, u kamionu: SCR funguje!!!

D1, CZ, Euro 6r.v. 2013+ Kalifornie, USA, r.v. 2010+

o = [ i °
>40 % kamioni <1 g/km NOX 50 04 kamioni <1 g/km NOX
ojtisek a kol., ° Preble a kol., CARB Contract No. 12-315, 2019

—o—Euro M Truck emissions on motorway 100
~&—Euro V| NO/CO2 measured with FTIR in a patrol vehlcle A
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Dalkové méreni NO, na D1
rozlozZeni emisi u kamionu

Vojtisek a kol., Sci Tot Env 738 (2020) 139753

NOXx [g/kWh]

i

% celkovych emisi dané kategorie
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Rozlozeni emisi
podobné
Lorenzoveé krivce
rozlozeni
bohatstvi

Lorenz, M. O. "Methods of measuring the
concentration of wealth". Publications of the
American Statistical Association, Vol. 9, No. 70.9
(70): 209-219, (1905).
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Problem of NO2 and other reactive nitrogen species

Old diesels emitted most NOx as NO, with new catalysts, share of NO2
increased from several percent to tens of percent.

European diesel cars emit more NO2 than is the limit for NOx, and more NOx
per km driven than (2010+) U.S. trucks and buses

ADAC EcoTest: Stickoxide im WLTC 2.0 (warm)

Euro 5 und Euro 6 Diesel Pkw - getestet ab 2014 o
US EPA 2010 limit for heavy

- -
_— NOx WLTC 2.0 {warm) - “Grenzwert Eurn 5 w—Grengwert Euro & vehlcle englnes-
[}

/

Euro 5 Euro 6

[g/km)
\

Grenzwerte: /7
Euro 5: 180 mg/km /7
Euro 6: 80mg/km

NOx WATC 2.0 warm [g/km

. Proposed U.S. limit:
| > 0.02g-bhp/h
SRR ~ 30 mg/km NOXx

10,2015 ADAC eV

Voiticek Pechout: Investiaation of the dvnamics of the NOx aftertreatment of a3 liaht-dutv



Technologicky potencial SCR katalyzatoru: >>90% redukce NO, .
Navyseni emisi NOx

prechodem z nafty na 100% bionaftu: v priméru jednotky procent .

"podmeérecnou” konstrukci a obchdzenim legislativy: stovky procent

ADAC EcoTest: Stickoxide im WLTC 2.0 (warm) _ .
Euro 5 und Euro 6 Diesel Pkw - getestet ab 2014 0.2 9 bhp/h US EPA 2010 |i

~ 300 mg/km NOXx (@ ~ 1 kwh

s " _Furo 6 diesel bus, Braunschwei'le
T Euro 5 < 200 mg/km NOx
I I I
2 Euro 6: BOmg/km
| 1’ | \
llll Hl!llll] HHII! vosmmy 1| 11| 1 [ ITTTETVOPPPopee S : :‘g"'—_:' u -:'(‘
) [ I ;:.:[!I'!I.."'Hl llﬂ H I 'J‘_;'T'_'{_;"_‘_ ,.__ __.__I.__,»‘_‘._f_;"_;i“_;‘_‘r'.}ﬁ_;{"',;‘_;.:’;,_;'.._.;_‘_“'_T.__.__.'_\ Xl
H ST H AN i
i Nové (2010+) nékladni vozy v USA mohou ' ' \ Tetl :
pr'oduk?va‘r mene. NOx na krr’\ n.ez evropské ] Navr'hovane (US Califo
osobni automobily s naftovymi motory... 0.02 g-bhp/h

K diskuzi: Lze nizké navySeni NOx biopalivy kompenzovat SCR? ~ 30 mg/km NOx




Trendy v koncentracich NO, v CR vs. EU/EHK Emisni limity pro NOx

Zdroj: Znelisténi ovzdusi v CR, 2019, CHMU
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Obr. IV.3.7 Vjvoj roénich charakteristik NO, na jednotlivgch typech stanic v Ceské republice, 2009-2019
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Obr. IV.3.4 Rodni chod primérngoh mésicnioh konoentraoi NO, (prisméry pro dany typ stanloc), 2019
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104 vzorkovaél, cca 4 tydny méreni, 65 lokalit v Praze - MUDr. Suta, 2019

Koncentrace NO, v CR mérené pasivnimi vzorkovaci v Praze

Zrejma korelace mezi intenzitou dopravy a koncentracemi NO,

(Pozn.:

korigovana intenzita =

Limit 40 ug/m3 prekrocen i po odecteni tolerance -15%

NO2 ug/m3
B wn (o)} ~J [0e)
o (@] o o o

w
o

spring-fall average
% > 6 tons exclusion zone
Creference 2016-2019

20 40 60 80 100 120 140
thousands of vehicles per day

Vojtisek-Lom, M., a kol. Atmosphere, 12(5), 2021, 649.
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NOy (ng/m?)

obs/mod

data count

Weaersted a kol., Atmospheric Environment: X, Volume 13, January 2022, 100160 .
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https://www.sciencedirect.com/journal/atmospheric-environment-x
https://www.sciencedirect.com/journal/atmospheric-environment-x/vol/13/suppl/C

.Viceemise" NOx celosvétové zpusobi 38 tis.predéasnych imrti rocén
Kiinzli ETH Nanoparticles 2017 / Anenberg et al., Nature 2017

Rigorous measures of control g
and sanctions needed SwissTPH

Nature 2017

Impacts and mjtigation of excess diesel-related NO ..
emissions in 11 major vehlcle markets

Susan ( Arentt ' Ias) Mile Rav Minfares®. LiInef. Daven K. Henze? . Formest Lacen Chris topher S Malley®
Lisa Ember \a-'v',\!_'_vl-_ FI.III‘. ) ‘/'I-:,.'l'u\\ r\{ln.- mnt* & ¢ !\:1'. Hoeves

Global consequences of VW (et al)
Directors’ decision to manipulate
software:

& | ]

~38000 premature death /yr globally caused
by the excess NOZ2 (via the NOx driven
formation of PM and 0O3)

http://www.nanoparticles.ch/archive/2017_Kuenzli_PR.pdf




Dalkové méreni emisi NO, u kamioni

EU projekt CARES, zaf¥i 2022, D1

Policie CR pfivadi kamion, u kterého byly méficim
vozem zjistény vysoké emise NOX, ke kontrole ...
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Dalkové méreni emisi NO, u kamioni

EU projekt CARES, zaf¥i 2022, D1

Policie CR pfivadi kamion, u kterého byly méficim
vozem zjistény vysoké emise NOX, ke kontrole ...
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... a protokolarné odebira
z vozidla SCR emulator




Technologické moznosti snizovani emisi
PM > 90 %, PN > 99 %, NOXx > 90-99 %, CO > 99 %

. . Nové nezddouci latky
Benzinové motory

Presnée rizeni pomeéru palivo-vzduch

Tricestny katalyzator ~ NH; (pfi nedostatku kysliku)
GPF — filtr Ccastic pro benzinové motory

Naftové motory
Presné rizeni casovani vstriku a davky paliva
Oxidaéni katalyzator NO, (oxidace NO)
SR — selekciunt katalyticka reculc NH (nezreagovan)
N,O (nizké teploty)
AOC - oxidacni katalyzator zbytkového amonla KU

£
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Technologické moznosti snizovani emisi
PM > 90 %, PN > 99 %, NOXx > 90-99 %, CO > 99 %

- To je to jediné, co nam dosud zlepsilo ovzdusi
- Dale sniZovat Ize (Euro 7+), ale je to Giéelné?

Neni nyni ¢as na netechnicka opatreni?
Pfestat podvadét na homologacich (Dieselgate)
Udrzovat vozidla v radném stavu
Prestat podvadét na stanicich méreni emisi
Jezdit slusné, klidné, predvidavé
Zamyslet se nad tim, ¢im jezdime
Nepretézovat silni¢ni sit (dopravni, Gzemni planovani)
Zamyslet se nad tim, zda opravdu potrebujeme jet
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Technologické moznosti snizovani emisi
PM >90 %, PN >99 %
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Velka podil na emisich ma mala cast vozidel
- ani ne ta stara, ale ta ve spatném stavu!

S
£
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Evaluation of vehicle technical condition in Prague .
Particulate matter measurement .

I W

NanoMet3:
Number of non-volatile

particles (PN)
Rotating disc diluter

Evaporation tube
(volatile particle remover)

Diffusion charger
Electrometers

CO, & other gases:
FTIR (6 Hz, 0.5 cm-!)
Bruker Optik, 5 m cell

MicroSoot Sensor: | .
Photoacoustic detector of ' § .
soot mass concentration \ \ e

Engine Exhaust Particle Sizer:

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



Prague tourist boat 2017 gallery of shame (selection)

Motory s vysokymi emisemi maji velky podil
na celkovych - obecné vysokych - emisich.
Staré motory - méné prisné limity - témer
zadna kontrola technického stavu.
Toto v historickém centru, kde uvazujeme

o nizkoemisni zoné (?)




Zkouseni®pristroji v
arealu CZU, nicméné ... P

Tento vuz vypujcen ,z e
provozu” s platnou STK
S

Varovani: Spalovaci motory produkuji neviditelné velmi jemné
castice, které, jsou-li vdechnuty, mohou zplisobit rakovinna

onemocneéni a zvysuji pravdepodobnost vyskytu astmatu,
infarktu myokardu, Alzheimerovy choroby, a dalsSich nemoci.
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Diskuze: Proporcionalita, ucelené a systémové reseni:
Vynaklddame velké penize na Cista paliva,
a pritom tolerujeme ,technologickou nekazen'

- Pr'lklady ‘rechnologlcke nekazne:
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Pilotni studie MZP, MD, CVUT, CZU, Trutnov 2018

Krok 1: Predvybér Krok 2: Pre-test MMy :
cca 5% projizdéjicich  cca ¢tvrtminutovy rok 36';:? ;ggg}:ﬁ;'m(ga's;lssn

vozidel na zakladé test behem kontroly

méreni u silnice dokladu Policii CR - Krok 4: Mérenina S
N Ze zastavenych vozidel:
Y  Cca polovina vozidel odeslana na SME.
INEER " Cca tretina vozidel: Vysoké emise

nepostihnutelné legislativou.

Cca Sestina vozidel: emise odpovidaji
parametrim vozidla

x wad it
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Dalkové méreni, Trutnov, 28.5.2018
~ 3 h, ~ 700 vozidel, u ~ 360 platné CO,, u ~ 150 detekované Cdstice
1% vozidel ~ 20-30% castic (saze i pocet)
10% vozidel ~ 65-75% castic (saze i pocet)

B PM BC mg/km B PN23 #/km © PN5 #/km 100% I
@ PM BC mg/km = PN 90% [
= 10000 5 1E+16 s |
£ 10000 o £ 8 80% !
— B | — .g —S 70% 1
g 1000 - — PN but not BC: | 1000 1E+15 5 o _; 60% :
&% Spark ianition? | - ~|3 2 |
! * || & 8 50% i
EUI‘O 2 m = 100 77 77777 1E+14 oZ- qo- QE) 40% :
Euro3 = .§ S 30 1 *
Euro 4 _ . "g' g 4 of PN 5-560
1v § 10 =7 1E+13 £ « 20% : '.: o PN 23-560
Euro 5, - 3 Euro 6b 10% : = PM black soot
— GDI t : ° I T
1 T E 1 IL o emp O/O T T Ir
0% 20% 40% a- 0 10/ 100 Oo/ '3,\0 00\0 0°\o 0':>\o
fraction of vehi e . _ e © A N’ @3
fraction of vehicles (n=363) fraction of vehicles (n=363)

28 worst emitters were stopped and inspected by police (Skdcel et al., ETH NPC 2018)




Otazka spravné funkce DPF Problém s DPF je zpravidia
v | dusledkem jinych problému s

Jje otzkou technologické kazné Sotorem

u‘;_s“, s { ‘|
N\ . 1S
f ;
. l !

2?7

&

; ) ‘ : ] | é’eské
TYP'CkY, L realita"?
stavebni & g

{ (jiné nez schvalené provedeni)

_ stroj,
Svycarsko B WS
o ' ‘l» i:f.‘.,f v o v
7 - ’ 3 § Dodatecna montaz DPF




Pravidelna méreni emisi,
ktera maji odhalit vozidla s nadmeérnymi emisemi,
~zdaleka nedosahuji svého technického potencialu”

14.8 roku

£

TU

0.00 % 0 roku

CZ SRN

© Pomér nevyhovujicich vozidel (%) Primérné stari vozidel (roky)

Statistika z Informacniho systému technickych prohlidek pro méfeni emisi za rok 2018
Asociace emisnich technikl a opravaru
http://www.asem.cz/uploads/3/9/3/1/39314181/prs%eCC%8Ci% CC%81loha 3 - statistika istp _sme.pdf




Pravidelna
meéreni emisi,
ktera maji
odhalit vozidla s
nadmeérnymi
emisemi,
.zdaleka
nedosahuji
svého
technického
potencialu”

Pocet kontrolovanych vozidel

Statistika i Procento
nejgrﬁt_:hudnéj_éich _ .. Prum,ane T
emisnich stanic a Vyhovelo | Nevyhovelo stari ; .

okres ve kterém jsou (ks) (ks) vozidel e :“z'dEI
umisteny (roku) (%)
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 %
6 (Praha 11610 29 12,0 0,25 %
7 (Kladno 8681 25 12,7 0,29 %
8 |Benesov 7578 23 14,2 0,30 %
9 |Pardubice 5990 20 15,5 0,33 %
10 |Usti nad Orlici 5409 21 13,9 0,39 %

Statistika z Informacniho systému technickych prohlidek pro méfeni emisi za rok 2018
Asociace emisnich technikl a opravaru

http://www.asem.cz/uploads/3/9/3/1/39314181/prs%eCC%8Ci% CC%81loha 3 - statistika istp _sme.pdf
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Lesson learned from the CARES

project and prototype point sampling
and plume chasing testing

Yoann Bernard
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Commercial open-path remote sensing technology can
measure real-world emissions of thousands vehicles per day

Uses sensor and light beam to
capture snapshots of the exhaust
emissions from individual on-road
vehicles

Pollutants measured include NO,
NO,, PM, CO, HC, NH3 (OPUS)

Emissions of thousands of
vehicles a day without contact ~ F=

Combined with vehicle specific
Information (make, model, etc),
to allow a better understanding
of fleet emissions




Plume chasing and point sampling are extracting part of the
dilutes which allow the use of lab-grade analyzers

Plume chasing

Pume
capture
cevice

NOx and PN are measured

Point sampling

Prototype poin
|
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t sampling remote sensing




Open-path technologies show good agreements across
campaigns.

Diesel Petrol LPG
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Emission standard

Campaign ™ Prague2022 m Milan2021 Krakow 2021

o
I CCt LPG-compatible vehicles emitted higher NO, emissions than their petrol equivalent.
Emissions of pre-Euro 6 petrol vehicles higher in Prague

THE INTERNATIONAL COUNCIL
ON CLEAN TRANSPORTATION



Open-path technologies show good agreements across
campaigns.

Diesel Petrol LPG
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Campaign = Prague2022 m Milan2021 Krakow 2021

o
I CCt PM emissions of pre-Euro 6 petrol vehicles measured in Krakow winter conditions are higher than in
other campaigns

THE INTERNATIONAL COUNCIL
ON CLEAN TRANSPORTATION



Point sampling data shows similar trends and indicates that average BC
emissions from diesel Euro 5 and above exceed type-approval limits

BC EF mgam)

Diesel passenger cars
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Point sampling technology can screen the fleet for DPF

fallures or malfunctions

Point sampling remote sensing reroutes a
fraction of the diluted exhaust plume to lab-
grade analyzers

The technology is particularly adapted to
measure particle numbers (PN)

Diesel Particulate Filter tampering or
malfunctions can be detected

In Europe, some EU member states could
confirm high emitters during a follow up

iInspection using tailpipe PN measurements.

icct

THE INTERNATIONAL COUNCIL
ON CLEAN TRANSPORTATION
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Figure 5: Mean PN and BC concentrations emitted from the VW Caddy, grouped by particle
analyser and the state of the DPF bypass. The error bars show the 95% confidence interval
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Plume chasing technology is mature for NO, HDV
enforcement

Commercial instruments available
Already in use by the Danish Police

Can analyze emission over several
kilometers and thus limit false
positive (e.g. high emission due to
cold start cold start)

Prototype van include top-grade
analyzers
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Plume chasing to track HDV emissions on motorways

NOx; 907 HDVs , 1ol pnCounter; 446 HDVs
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Plume chasing for DPF malfunction detection

6 @ pnCounter #kWh 7 05 e pmBCT gkwh °
i ; 2:R? = s = = Linear Fit = 7.13e-14x+5.68e-03; R? = 0.
Low-cost PN counters were compared to , TSI M | . e e
. 04
reference instruments (SMPS) . 7 //
. . 4 P 4 =
A good correlation was found with the SMPS 5 . R " /,/
: £ . & | | o
A correlation between BC and PN was 8 oAl % « o
. a ./ ® L ]
established LR CIRETE .
Diesel Particulate Filter tampering or 0 f’ ¢ " * =4
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Pro¢: #1 diivod emisnich limitd: ~ Navrhované emisni limity Euro 7 10"V G0

OCh rana IidSkéhO Zd I‘aVi . COM(ZOZZ) 586 ﬂnal' _' 10.11.2022 michal.vojtisek@fs.cvut.cz
l'jmrti v EU v roce 201 8 —PM. N OX 03_ https://single-market-economy.ec.europa.eu/publications/euro-7-standard-proposal_en US A +420 774 262 854
/ 7 "

venkovni ovzdusi cca 400 tis (odhad) <35t >3.51 300-700 Kkm,, 3 5 studené/teple

dopravni nehody cca 25 tis. NG 16%0 tis./ll(m 0 ;tSL}%eggé/ t?IE)\II\é/h 692 tis. km
. ., y 5 mg/km .35/0.09 g 0.027 g/kWh NOXx
Prehled emisi a technologit PM  45mg/km  12/8 mg/kWh Kalifornie 2027
Z motoru: HC, CO, NOx, castice PN 600 miliard/km 500/200 mlid./kWh (US EPA 2010:
Za motorem: katalyzatory NH; 20 mg/km 65 mg/kWh 0.27 SIJ/ kWh NOXx)
- tFicestné / oxidaéni / SCR ﬁ"'s Oollgjgliogﬂ;\livvch Homologace LARS:
& filtry castic & kombinace 2 o020 9 0.01 g/mi Nox (192 tis.km)
o o Formaldehyd 0.03 g/kWh 2023 Cadillac

-> tvorba CH,, N,O, NH, NO,
V atmosfére: ozon, sekundarni PM. &
Emise zavisi na kvalité:
*konstrukce* *vyroby*
*serizeni* *Udrzby* *obsluhy*

-
i - o

uCARe

¥ou Can Shwires Rechon Imiskns
because you care


mailto:michal.vojtisek@fs.cvut.cz

Technologické moznosti snizovani emisi
PM > 90 %, PN > 99 %, NOXx > 90-99 %, CO > 99 %

- To je to jediné, co nam dosud zlepsilo ovzdusi
- Dale sniZovat Ize (Euro 7+), ale je to Giéelné?

Neni nyni ¢as na netechnicka opatreni?
Pfestat podvadét na homologacich (Dieselgate)
Udrzovat vozidla v radném stavu
Prestat podvadét na stanicich méreni emisi
Jezdit slusné, klidné, predvidavé
Zamyslet se nad tim, ¢im jezdime .
Nepretézovat silni¢ni sit (dopravni, Gzemni planovani) .

£

TU

Zamyslet se nad tim, zda opravdu potrebujeme jet




