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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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https://single-market-economy.ec.europa.eu/publications/euro-7-standard-proposal_en

< 3.5 t
160 tis. km
60 mg/km
4.5 mg/km

600 miliard/km
20 mg/km

> 3.5 t , 300-700 K km
studen®/tepl®

0.35/0.09 g/kWh
12/8 mg/kWh

500/200 mld./kWh
65 mg/kWh

0.5/0.3 g/kWh
0.16/0.10 g/kWh

0.03 g/kWh

NOx

PM
PN
NH3

CH4

N2O
Formaldehyd
PM brzdy: 7 mg/km

Navrhovan® emisn² limity Euro 7

> 3.5 t studen®/tepl®
692 tis. km

0.027 g/kWh NOx
Kalifornie 2027
(US EPA 2010: 

0.27 g/kWh NOx)

USA

Homologace CARB:
2000 Honda

0.01 g/mi Nox (192 tis.km)
2023 Cadillac

13 mg/km NOx

Proļ: #1 dŢvod emisn²ch limitŢ:
Ochrana lidsk®ho zdrav²

Đmrt² v EU v roce 2018ïPM, NOx, O3:
venkovn² ovzduġ² cca 400 tis (odhad)

dopravn² nehody cca 25 tis.

PŚehled emis² a technologi²

Z motoru: HC, CO, NOx, ļ§stice

Za motorem: katalyz§tory

- tŚ²cestn® / oxidaļn² / SCR

& filtr y ļ§stic& kombinace

-> ¼ļinnost 90-99,99 %

-> tvorba CH4, N2O, NH 3, NO2

V atmosf®Śe: ozon, sekund§rn² PM

Emise z§vis² na kvalitŊ:

* konstrukce * *v Ĩroby* 

*seŚ²zen²* * ¼drģby* * obsluhy *

Auto roku ï7.2.2023

Prof. Michal Vojt²ġek, FS ĻVUT

michal.vojtisek@fs.cvut.cz

+420 774 262 854
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PŠenosn® FTIR pro mŐŠen² za provozu

Miniaturn ² a n²zkon§kladov§

pŠenosn§ zaŠ²zen² pro

mŐŠen² emis² za provozu

Mini - PEMS & Poor manõs PEMS

PŠenosnĲ syst®m s plnoprŨtoľnĲm 
Šedic²m tunelem a vysokobjemovĲm 
vzorkov§n²m ľ§stic pro mal® motory

NO, NO 2

CO, CO 2

orientaľn²PM
orientaľn²PN
orientaľn²HC
vĲpoľet toku 
vĲfuk. plynŨ

9 kg
3 hr vĲdrĤ

tĤàÜĦĭÈłàċõ ĦĂĲğóċŉʙ `ãĤàċõ àĊóĦõ ŎÈ ğĢĒłĒŎĲ

TU v Liberci & /·§¢& /àĦĂÉ ŎàĊãÜãĄĦĂÉ Ĳċółerzita & ¨7` · /w
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Midac I - series, 30 kg
6 m cell length,
2.5 s resolution

(TU Liberec , 
www.medetox.cz)

Nicolet Antaris IGS, 70 kg
5 m cell length, 1 s resolution

PŠenosn® FTIR pro mŐŠen² za provozu

Mobiln² FTIR analyz§tory
Pro mŐŠen² emis² za provozu
Sklen²kov® plyny CO2, CH 4, N 2O

Reaktivn² slouľeniny dus²ku NO, NO2, NH 3, ...

... a dalĢ² l§tky absorbuj²c² ve stŠedn² oblasti 
infraľerven®ho spektra

Nicolet Antaris IGS

5 m optick§ dr§ha

0.5 cm - 1 / 1 Hz

tĤàÜĦĭÈłàċõ ĦĂĲğóċŉʙ `ãĤàċõ àĊóĦõ ŎÈ ğĢĒłĒŎĲ

TU v Liberci & /·§¢& /àĦĂÉ ŎàĊãÜãĄĦĂÉ Ĳċółerzita & ¨7` · /w

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.

·ĒĀĭõĨàĂ-Lom, et al. (2018), Science of the Total Environment , 616 , 774-784.
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Mobiln² FTIR analyz§tory pro mŐŠen² emis² za provozu
Sklen²kov® plyny CO2, CH 4, N 2O, reaktivn² slouľeniny dus²ku NO, NO2, NH 3,

... a dalĢ² l§tky absorbuj²c² ve stŠedn² oblasti infraľerven®ho spektra

·ĒĀĭõĨàĂ-Lom, et al. (20 20), Atmosphere, 11, 582.

tĤàÜĦĭÈłàċõ ĦĂĲğóċŉʙ `ãĤàċõ àĊóĦõ ŎÈ ğĢĒłĒŎĲ

TU v Liberci & /·§¢& /àĦĂÉ ŎàĊãÜãĄĦĂÉ Ĳċółerzita & ¨7` · /w

MŐŠen² emis² dr§Ĥn²ch vozidel za provozu
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tĤàÜĦĭÈłàċõ ĦĂĲğóċŉʙ `ãĤàċõ àĊóĦõ ŎÈ ğĢĒłĒŎĲ

3ÉĄĂĒłá ĊãĤàċõ àĊóĦõ łĒŎóÜàĄ(a dalĨõÖð ŎÜĢĒĀŀʬ

·ĒĀĭõĨàĂ-Lom, et al. (2020), Science of the Total Environment , 738, 139753.
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tĤàÜĦĭÈłàċõ ĦĂĲğóċŉʙ `ãĤàċõ àĊóĦõ ŎÈ ğĢĒłĒŎĲ

`ãĤàċõ ØÉĦĭóÖ Ŏ ĒĭãĢŀ ĭĤàÖõÖð ÕĢŎÜʮĄÈÕĒĢÈĭĒĤ ·}, ¢§ gĦĭĢÈłÈ

·ĒĀĭõĨàĂ-Lom, et al. (20 21), Science of the Total Environment , 788, 147779 .
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tĤàÜĦĭÈłàċõ ĦĂĲğóċŉʙ `ãĤàċõ àĊóĦõ ŎÈ ğĢĒłĒŎĲ

-ðÈĢÈĂĭàĢóŎÈÖà àĊóĦõ Ŏà ĦğÈĄĒłÉċõ ÈĄĭàĢċÈĭółċõÖð ğÈĄół ł ĄÈÕĒĢÈĭĒĤó È ŎÈ ğĢĒłĒŎĲ

Vojtisek -Lom, et al. (2015). SAE Intl. Journal of Engines , 8(5), 2338-2350.

·ĒĀĭõĨàĂ-Lom, et al. (2018), Science of the Total Environment , 616 , 774-784.
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Expozice ÕĲċãØċŊÖð ĂĲĄĭĲĢ łŊêĲĂĒłŊĊ ğĄŉċŀĊ

(air -liquid interface)

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. 
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PŠenosn® FTIR pro mŐŠen² za provozu

Outreach & citizen science: 

Nanoparticles in the air & small engine emissions
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Stolcpartova, J., et al. (2015). 

Atmosphere , 6(11), 1714 -1735.
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PŠenosn® FTIR pro mŐŠen² za provozu

`ãĤàċõ ĂĒċÖàċĭĢÈÖõ ċÈċĒØÉĦĭóÖ ł ĊãĦĭĦĂŊÖð ĲĄóÖõÖð È Ĳ ĨĂĒĄ
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Stolcpartova, J., et al. (2015). 

Atmosphere , 6(11), 1714 -1735.
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Dlouhodob§ expozice ļ§stic²m (PM2.5), oxidŢm dus²ku (NOx) 

a pŚ²zemn²mu ozonu ve venkovn²m ovzduġ² je pŚ²ļinou 

pŚedļasn®ho ¼mrt² Ś§dovŊ jednoho promile populace roļnŊ
(Evropa/EU: PM2.5 - 463/412 tis., NOx ï166/136 tis., O3 ï124/107 tis.; EEA Air Quality Report 2022)

https://www.eea.europa.eu/publications/air-quality-in-europe-2022/health-impacts-of-air-pollution

dopravn² nehody v EU v roce 2020 Ăjenñ 18 tis²c(EU Annual Accident Report)

`ĒĭółÈÖàʙ tĢĒØ ĊãĤõĊà È ĦċóŐĲĀàĊà àĊóĦà
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{łãĭĒłÉ ÕÈċĂÈ ĒÜðÈÜĲĀà àĂĒċĒĊóÖĂá ĨĂĒÜŉ ł 7§

ŎğŀĦĒÕàċá ŎċàØóĨĭãċõĊ łàċĂĒłċõðĒ ĒłŎÜĲĨõ ċÈ ȭ ˔ G3tʟ

`ĒĭółÈÖàʙ tĢĒØ ĊãĤõĊà È ĦċóŐĲĀàĊà àĊóĦà

Dlouhodob§ expozice ļ§stic²m (PM2.5), oxidŢm dus²ku a 

pŚ²zemn²mu ozonu ve venkovn²m ovzduġ² byla pŚ²ļinou 

cca 518 tis²c pŚedļasnĨch ¼mrt² v EvropŊ v roce 2020
(Evropa/EU: PM2.5 - 463/412 tis., NOx ï166/136 tis., O3 ï124/107 tis.; EEA Air Quality Report 2022)

https://www.eea.europa.eu/publications/air-quality-in-europe-2022/health-impacts-of-air-pollution

dopravn² nehody v EU v roce 2020 Ăjenñ 18 tis²c(EU Annual Accident Report)
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PŠehled rizikovĲch l§tek ve vĲfukovĲch plynech
ÅĽ§sticeςprim§rn² (emitovan®) a sekund§rn² (vytvoŠen® v atmosf®Še)

Å NO x - oxidy dus²ku NO a NO2, kl²ľov® pro tvorbu pŠ²zemn²ho ozonu

Å Emise CO a slouľenin s²ry a olova byly vĲznamnŐ sn²Ĥeny zlepĢen²m kvality paliva a technologi²

Nov® problematick® a legislativou dosud neoĢetŠen® l§tky:

ZdravotnŐ rizikov®:

Åġkodlivost ľ§stic ςvelikost, tvar, sloĤen², biodostupnost, toxicita

Å NO2    - tvorba v oxidaľn²ch katalyz§torech

Å NH 3 - tvorba v redukľn²ch katalyz§torech NOx (LNT, SCR)

Å - tvorba v tŠ²cestnĲch katalyz§torech pŠi nedostatku kysl²ku

Å Aldehydy ðkysl²kat§ paliva (napŠ. etanol, bionafta)

Sklen²kov® plyny:

Å N2O- tvorba v katalyz§torech pro redukci NOx (SCR, LNT)

Å CH4 - motory poh§nŐn® metanem (CNG, bioplyn), regenerace LNT a DPF

Å CO2 ðu biopaliv ăkompenzov§nò ănegativn²miò emisemi CO2 pŠi rŨstu biomasy
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aÈċĒØÉĦĭóÖà Ŏ łŉĦĒĂĒĭàğĄĒĭċõÖð ğĢĒÖàĦŀʙ

·àĄĂá ŎÈĦĭĒĲğàċõ ØÉĦĭóÖ Ē ğĢŀĊãĢĲ ĤÉÜĒłã ȩȨ ċĊʮĲ ŎÜĢĒĀà ó ł ĒłŎÜĲĨõ
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Zachycovac² ¼ľinnost dĲchac²ho 
syst®mu

(Oberdoerster)

Motory produkuj² velmi mal® ľ§stice, ty se 
bohuĤel s vysokou ¼ľinnost² zachycuj² v 
plic²ch a pronikaj² do krevn²ho obŐhu...
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aàĀłŉĨĨõ ĂĒċÖàċĭĢÈÖà ĢóŎóĂĒłŊÖð ĄÉĭàĂ ĀĦĒĲ ċàĀÕĄõŐà ŎÜĢĒĀŀĊ àĊóĦõ

`ĒÕóĄċõ ŎÜĢĒĀàʚ ĦłÈĤĒłÉċõʚ ğĢŀĊŉĦĄĒłá ğĢĒłĒŎŉ ʟʟʟ ċàĊÈĀõ łŉĦĒĂá ĂĒĊõċŉ

50.1933

50.1943

50.1953

50.1963

50.1973

50.1983

50.1993

50.2003

50.2013

50.2023

50.2033

15.840 15.845 15.850 15.855 15.860

do 10 tis.

10-20 tis.

20-50 tis.

nad 50 tis.
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¢àÖðċĒĄĒëóÖĂá ĊĒŐċĒĦĭó ĦċóŐĒłÉċõ àĊóĦõ
PM > 90 %, PN > 99 %, NOx > 90-99 %, CO > 99 %

,àċŎõċĒłá ĊĒĭĒĢŉ
tĤàĦċá ĤõŎàċõğĒĊãĢĲ ğÈĄółĒ-vzduch

¢ĤõÖàĦĭċŊ ĂÈĭÈĄŉŎÉĭĒĢ

GPF ʮêóĄĭĢ ØÉĦĭóÖ ğĢĒ ÕàċŎõċĒłá ĊĒĭĒĢŉ

aÈêĭĒłá ĊĒĭĒĢŉ
tĤàĦċá ĤõŎàċõ ØÈĦĒłÉċõ łĦĭĤóĂĲ È ÜÉłĂŉ ğÈĄółÈ

gňóÜÈØċõ ĂÈĭÈĄŉŎÉĭĒĢ

DPF ʮêóĄĭĢ ØÉĦĭóÖ ğĢĒ ċÈêĭĒłá ĊĒĭĒĢŉ

SCR ʮĦàĄàĂĭółċõ ĂÈĭÈĄŉĭóÖĂÉ ĢàÜĲĂÖà

AOC ʮĒňóÜÈØċõ ĂÈĭÈĄŉŎÉĭĒĢ ŎÕŉĭĂĒłáðĒ ÈĊĒċóÈĂĲ
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Filtry Ņ§stic  - ¼Ņinnost 90aģ 99,9 9 %

Vstupn² stranaVĨstupn² strana
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Filtr Ņ§stic

A. Liati, P. Dimopoulos Eggenschwiler / Combustion and Flame 157 (2010) 1658 ï1670
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Potenci§l technologie filtru ľ§stic: <1011 ľ§stic / kWh
PŠi 5- 10 m 3/kWh to odpov²d§ < 10-20 tis²c ľ§stic na cm3.

To je m®nŐ neĤ pod®l silnic v ovzduĢ².
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Ot§zka spr§vn® funkce DPF 
je ot§zkou technologick® k§znŐ

TypickĲ 
stavebn² 

stroj, 
ġvĲcarsko

ľesk§
ărealitaò?

Dodateľn§ mont§Ĥ DPF

Vozidlo nepln² EU legislativu 
(jin® neĤ schv§len® proveden²)

Probl®m s DPF je zpravidla 
dŨsledkem jinĲch probl®mŨ s 

motorem

???
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Vznikaj² pŠi vysokĲch teplot§ch z dus²ku a kysl²ku ve vzduchu (pŠev§ĤnŐ NO)

Z§Ĥehov® (benzinov®) motory: ¼ľinn§ redukce NOx v tŠ²cestn®m katalyz§toru

Katalyz§tor mus² bĲt funkľn² a ohŠ§tĲ, nesm² bĲt pŠebytek vzduchu

VznŐtov® (naftov®) motory:

V motoru vznik§ NO

NO 2 se ăvyr§b²ò v oxidaľn²m katalyz§toru pro usnadnŐn² spalov§n² ľ§stic (saz²) ve 
filtru ľ§stic, ľervenohnŐdĲ plyn leptaj²c² sliznice

U starĲch motorŨ se jednotky procent NO pŠemŐnily na NO2

U novĲch motorŨ s katalyz§tory to jsou des²tky procent

Selektivn² redukľn² katalyz§tor (SCR): do vĲfuku d§vkov§n roztok moľoviny, ta se 
rozkl§d§ na amoniak (NH3), NH 3 reaguje s NO a NO 2, vznik§ dus²k, ¼ľinnost aĤ 
99%, nutn® pŠesn® Š²zen²; nezvyĢuje spotŠebu paliva

Nov® automobilov® motory produkuj² v²ce NO2 neĤ by mŐly NOx (NO+NO2), mnoh® 
motory produkuj² na km j²zdy v²ce NOx neĤ nov® kamiony v Kalifornii

Oxidy dus²ku (NOx)
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Redukľn² katalyz§tory pro NOx
Lean NOx trap (LNT) / NOx storage and reduction (NSRC)

MAE,  Emissions 40

StŠ²daj²c² se norm§ln² provoz s pŠebytkem vzduchu (1-2 min) a
nŐkolikasekundov§ regenerace s pŠebytkem paliva

Akumulaľn² f§ze:

Ukl§d§n² NOx (napŠ.BaCO3 -> Ba(NO3)2)

Regenerace:

VytŐsnŐn² NOx a jejich redukce obdobnŐ jako v tŠ²cestn®m katalyz§toru

NevĲhody:

đľinnost z§vis² na teplotŐ

NavĲĢen² spotŠeby paliva bŐhem regenerace

Produkce NH 3 a N2O pŠi regeneraci



41

Selektivn² a neselektivn² redukce NOx

MAE,  Emissions 41

Neselektivn² (NSCR): pomoc²H2, HC, CO (viz. tŠ²cestnĲ katalyz§tor)

Selektivn²(SCR): 

vyĤaduje d§vkov§n² redukľn²ho ľinidla do vĲfukovĲch plynŨ

Moľovina NH 2-CO-NH 2 se rozkl§d§ (via HCNO) na CO2 + NH3

òstandardn²ó SCR reakce: 4 NH 3 + 4 NO + O2 -> 4 N2 + 6 H2O

òrychl§ó reakce: 2 NO + 2 NO2 + 4 NH 3 -> 4 N2 + 6 H2O

òpomal§ó reakce: NO + NH 3 -> N2 + O2 + H2O

đľinnost (i rozklad moľoviny) z§vis² na teplotŐ

VedlejĢ² produkty: NH 3, tvorba N2O za niĤĢ²ch teplot

P. Forzatti, L. Lietti, E. Tronconi, Encyclopedia of catalysis, in: I.T.Horvath (Ed.), Nitrogen Oxides Removal ðE (Industrial), J. Wiley,New York, 2002.

A. Kato, S. Matsuda, T. Kamo, F. Nakajima, H. Kuroda, T. Narita, J. Phys.Chem. 85 (1981) 4099.

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

Nova, I., Ciardelli, C., Tronconi, E., Chatterjee, D., & Bandl -Konrad, B. (2006). NH 3 ðNO/NO 2 chemistry over V -based catalysts and its role in the 
mechanism of the fast SCR reaction. Catalysis Today , 114(1), 3-12.
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Euro 6 HDV limit: 5 mg/kWh ~ 0,6 mg/m3

Emisn² limity v ĢirĢ² perspektivŐ: 
Modern² spalovac² motory patŠ² mezi nejľistĢ² spalovac² zaŠ²zen².

Nemaj² vĢak kom²n, ani nejsou daleko za mŐstem.
VypouĢtŐj² exhalace uprostŠed ulic, kde je dĲch§me.

Limit pro lok§ln² topeniġtŊ do 

300 kW
(201/2012 Sb., pŚ²loha 10)

125-150 mg/m3 od 1.1.2014

60-75 mg/m3 od 1.1.2018

Euro 6 autobus 1 km j²zdy ~ 1 mg ļ§stic ~ 1 cigareta

VĨfuk 
lokomotivy
na zemn² 

plyn 
(CNG)

Kom²n 
lok§ln²ho 
topeniġtɾ

Spalov§n² odpadkŢ ~ 500 mg/m3
Christian et al., Atmos. Chem. Phys., 10, 565ï584, 2010
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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 ʮLelystad, NL trip ʮ> 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

Instrumentation: On -board FTIR (Bruker Matrix, with in -house modifications)

No connection to the engine control unit, 

no sensors, only a simple tailpipe probe 

to prevent detection of the test

ʵJĭ ŃĒĲĄÜ Õà È ŃÈĦĭà ĀĲĦĭ

to transport an FTIR 

without using it to get 

ĦĒĊà óċĭàĢàĦĭóċë ÜÈĭÈʟʶ

·ĒĀĭõĨàĂ, Pechout : Investigation of the dynamics of the NOx aftertreatment of a light -duty 

commercial vehicle with an on -board FTIR analyzer during motorway operation ʮKOKA 
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Results ʮtest route

Mostly motorway (open speed limit in Germany)

Prague to NL: moderate to low traffic

NL to Prague: moderate to heavy traffic, overnight stopover

·ĒĀĭõĨàĂ, Pechout : Investigation of the dynamics of the NOx aftertreatment of a light -duty 

commercial vehicle with an on -board FTIR analyzer during motorway operation ʮKOKA 
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Results ʮEcodriving , low to moderate traffic

·ĒĀĭõĨàĂ, Pechout : Investigation of the dynamics of the NOx aftertreatment of a light -duty 

commercial vehicle with an on -board FTIR analyzer during motorway operation ʮKOKA 
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SCR and three -way catalysts: 
~ 99% NOx removal efficiency when everything perfect 

~ 90% overall NOx removal efficiency when done right

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 NOx

Realistic Euro V diesel car NOx: 700 -1000 mg/km
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Limit pro automobily (nafta): 180 mg/km Euro 5, 80 mg/km Euro 6

PrŢmŊrn® hodnoty Braunschweig cycle: 195 mg/km NOx.
PŚi 37 litrŢ na 100 km, 220 g/kWh: 162 mg/kWh (Euro 6: 460 mg/kWh)

PrŢmŊrn® re§ln® emise automobilu (nafta), Euro 3-5: 1000 mg/km

Jedno Euro 5 naftov® auto = 1000 mg/km = pŊt novĨch autobusŢ

Ale pŊt autobusŢ uveze stovky cestuj²c²ch !!!

N²zk® emise oxidŨ dus²ku (NOx) jsou re§lnŐ dosaĤiteln®
NaftovĲ autobus SOR CN12 Euro 6 ðletiĢtŐ Hradľany

MŐŠen² ĽVUT & TUL pŠi testech Centra dopravn²ho vĲzkumu a TUV- SUD

Limit pro automobily (nafta): 180 mg/km Euro 5, 80 mg/km Euro 6


