Evolution of
Advanced Emissions Control System
to meet NOx and Particulates Regulations
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Association for Emissions Control by Catalyst (AECC aissL)

AECC members : European Emissions Control companies
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© Exhaust emissions control technologies for original equipment, retrofit and aftermarket
for all new cars, commercial vehicles, motorcycles, and non-road mobile machinery
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EU Air Quality has improved over the years

But further efforts are needed
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50-70% of powertrains still expected to include an ICE in 2030

Predictions of pure electric vehicles market share by 2030
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ING — Breakthrough of electric vehicle threatens European car industry, July 2017
Roland Berger — Fuels and vehicles roadmap 2030+, April 2016
McKinsey&Company — Boost! Powertrain KIP, January 2011
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EMISSIONS CONTROL

TECHNOLOGIES
SIGNIFICANTLY REDUCE
Fuel, lubricant and POLLUTANT EMISSIONS Sensors and Control
reductant quality AS PARTOFE AN
INTEGRATED

APPROACH

Engine and combustion Emissions Control Technology
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© Overview of emission control technologies
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Core emissions control technologies

Acronym Petrol Diesel Diesel S, Mostly | Mostly petrol
Petrol diesel

Oxidation catalyst OoC Ps PS
Diesel Oxidation Catalyst DOC P P ®
3-Way Catalyst TWC P ® ®
Diesel Particulate Filter DPF P P > P

Vi

4
NOx Adsorber LNT P /Y ®
Selective Catalytic Reduction SCR ; ® ® > ©®
Gasoline Particulate Filter GPF .‘
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EU RDE legislation

Aims to close the emissions gap between lab and real-world
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Source: Gasoline Particulate Filters Market and Technology Trends and their
Impact on Calibration, FEV, SIA powertrain 2017
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PEMS equipment used to measure emissions on the road
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Low NOx

emission diesel cars: a reality

Bosch demonstrated urban NOx Real-Driving Emission (RDE) consistently below 80 mg/km
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Figure 9: On-road measurements "Stuttgart — urban”

Source: Kufferath (Bosch), the path to a negligible NO, immission contribution from the diesel powertrain, Vienna Motor Symposium, April 2018
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Light-duty diesel emissions control technology evolution

Towards combination of technologies in a compact design for RDE compliance
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Source: Peugeot — 308 press release 2017
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Light-duty diesel emissions control technology evolution

Potential for future improvements to cover a wide range of driving conditions

© SCR in different locations to cover urban and motorway driving
© Dual urea injection to provide more flexible dosing

© Optimising thermal management for urban driving

System AVL-EAS with Dual Urea Dosing

: 1st UREA 2nd UREA
) Dosing Dosing

| TP
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Source: AVL — Highly Efficient Exhaust Gas Aftertreatment for Future Diesel Applications —
10™ International Exhaust Gas and Particulate Emissions Forum February 2018
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Light-duty gasoline emissions control technology evolution

Introduction of particulate filters on cars with direct injection for RDE compliance
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Source: Peugeot — 308 press release 2017
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RDE-compliant cars (Euro 6d-TEMP) are available on the market

o LlSt at www.adac.de/infotestrat/umwelt-und-innovation/abgas/modelle mit euro 6d temp/default.aspx

Marke Modell Motorart Hubraum  Leistung  Abgasnorm  Marki-
in ccm in KW eginfiihrung ab Vohva V50 D3 Diesel 1080 10 EurcSd-TEMP  Jul. 12
o 5 6 9 m O d e | S Audi A5 50 TDI Diesal 2087 210 EurcGd-TEMP  Jun. 18 Vohva V50 D4 Diesel 1080 140 EurcSd-TEMP  Jul. 12
Audi AT Sportback 50 TDI Diesel 2067 210 EurcGd-TEMP  Feo. 12 Vohvo 200 T4 Otio 1089 140 EurcBd-TEMP ~ Mrz 13
BMW i3 (94Ah) (ind. REX) Elektro 547 125 EurcSd-TEMP  Apr 18 Voo 500 T5 Otto 1989 124 EurcBd-TEMP Mz 13
( O n 1 2 . O 6 . 1 8 ) BMW i35 (Bdah) (inkl. REX) Elekiro 547 125 EurcGd-TEMP  Apr. 18 Voo 500 T8 Otio 1082 223 EurcBd-TEMP  Mrz 13
=35 218i Active Tourer Cito 1480 a0 EurcSd-TEMP Mrz 18 ol S00 T8 Twin Engine Hybrid 1862 288 EurcSd-TEMP Mrz 18
BMW 218i Active Tourer Ctio 1400 103 EurcGd-TEMP Mz 12 Vova 200 D3 Diesel 1989 110 EurcBd-TEMP Mz 13
o I n Cl . 2 24 d i eS e I BRI Z25%e iPerformance Active Tourer Hybrid 1409 185 Eurcd-TEMP Mrz. 18 Volvo S80 D4 D?esel 1069 lj[:- EurcSd-TEMP Mrz 18
BMW 216d Active Tourer Diesel 1406 25 EurcGd-TEMP Mz 12 Vohva S00 D5 Diesal 1082 173 EurcBd-TEMP  Mrz 18
=10 213d Active Tourer Diesal 1995 110 EurcBd-TEMP  Mrz 13 \ohio VBO T4 Ctto 1988 140 EurcBd-TEMP  Mrz 18
m O d e | S BMW 220d Active Tourer Diesel 1005 140 EurcSd-TEMP Mz 13 Vohia VB T5 Otio 1989 134 EuroBd-TEMP Mz 18
=10 216i Gran Tourer Citio 1408 30 EurcBd-TEMP  Mrz 13 \ohio VB0 T8 1988 28 EurcBd-TEMP  Mrz 18
BMW 218i Gran Tourer Ot 1489 103 EurcBd-TEMP  Mrz 18 \elva /B0 T8 Twin Engine 1980 228 EuroSd-TEMP Mz 18
BMW 218d GranTourer Diesel 1406 a5 EurcSd-TEMP  Mrz 18 \elva Va0 o3 1988 10 EurcBd-TEMF Mz 18
BMW 213d GranTourer Diesal 1985 10 EurcBd-TEMP Mz 13 Vehva Van D4 1089 140 Eurcd-TEMP  Mrz 18
BMW 220d Gran Tourer Diesel 1905 140 EurcSd-TEMP  Mrz 18 Vehva Varos 1089 173 EurcBd-TEMP Mz 13
MW 420 Coupé Otto 1og8 135 EucRdTEMP Mz 18 Vohva VB0 Cross Country TS 1080 184 EurcSd-TEMP Mz 13
BMW 430i Coupé Ctte 1008 135 CurcAATENMPE M 12 Vohva VB0 Cross Country TG 1080 23 EurcSd-TEMP Mz 13
BN i8 Coupe Hybrid 1499 275 Eurcd-TEMP  Mai. 18 Volhvo 80 Cross Country D4 1088 140 EurcBd-TEMP  Mrz 12
EMW i8 Roadster Hybrid 1489 275 EurcSd-TEMP  Mai. 18 Valvo /80 Cress Country DS 1968 173 EurcSd-TEMP Mz 18
BMW X1 sDrive18 Ctio 1489 103 EurcGd-TEMP Mz 13 R AC40T3 1482 114 EuroBd-TEMP  Fen. 18
BN %1 sDrive13d Diesel 1895 10 EurcSd-TEMP Mz 18 Vohva KC40TE Ot 1968 140 EurcBd-TEMP  Feb. 18
BA ®1 xDrive12d Diesel 1985 10 EurcGd-TEMP  Mrz 18 R AC40TS Ctta 1988 182 EurcBd-TEMF  Feh. 18
BMW X1 xDrive20d Diesel 1985 140 EuroBd-TEMP  Mrz 13 R AC4003 Dig=el 1988 110 EurcSd-TEMP  Feb. 18
EMW %2 sDrive 18 Otto 1409 103 EurcBd-TEMP  Mrz 18 B PRy Diesel 1969 140 EurcSd-TEMP  Feb. 18
BMW %2 =Drive12d Diezsl 1905 10 EurcSd-TEMP  Mrz 18 S SEELTE Otto 1982 184 EuroSd-TEMP  Feb. 18
BMW X2 xDrive18d Diessl 1085 10 Eurc6d-TEMP  Mrz 18 i HIERDTIE Eip 188 228 EurcBd-TEMP  Feb. 18
e %3 ¥ Drwaz0d — =TT o EESET M= E Vohia X(CB0 T8 Twin Engine Hybrid 1089 283 EurcSd-TEMP  Fen. 18
MW W3 Dl ot 1008 o EmHTET =T Vohia X(C50 D3 Diesel 1089 10 EurcSd-TEMP  Fen. 18
MW %3 el o 1008 T EmHTET  Dm Vohia XCB0 D4 Diesel 1089 140 EurcBd-TEMP  Mow. 17
MW Yl D ot 1008 o CUeBETEMP  Amr 18 Vohva X050 D5 Diesel 1080 173 EurcSd-TEMP  Mow. 17
MW Yl Driadls o 1008 T CurcRATEME  Amr 18 Vohva XCO0 T5 Otio 1080 184 EurcSd-TEMP Mz 13
Citroen 03 PureTech 88 Olin T = EIEE [ Vohva XCO0 T8 Otio 1080 23 EurcSd-TEMP Mz 13
Citroan 3 PureTach 52 Otin T = EOSETE [ Vohva XCD0 T8 Twin Engine Hybrid 1080 283 EurcSd-TEMP Mz 13
Citroen 03 PureTech 110 Olin T o EETeET e[ Vohva XCO0 D5 Diesel 1080 173 EurcSd-TEMP  Mow. 17
Citrosn €3 BiueHDi 100 Diesel 1807 75 EurcBd-TEMP  Mai 18 v rEul EiD = g EuroGd-TEMP  Jan. 18
Citrozn C4 Soacetourer SlusHDi 180 Diessl 1087 120 EurcSd-TEMP  Mai 18 vy Teusreg 3.0 VETDI SCR e ZEET =1 EmTEE oIl

Integer Emissions Summit Europe 2018 a nd ma ny more ... 15

ASSOCIATION FOR EMISSIONS CONTROL BY CATALYST


http://www.adac.de/infotestrat/umwelt-und-innovation/abgas/modelle_mit_euro_6d_temp/default.aspx

Emissions performance of latest diesel and gasoline vehicles

Declared values of Euro 6d-Temp vehicles well within standards
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Source: PEMS results and maximum declared values from ACEA RDE database consulted on 26 April 2018
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© Plug-In Hybrid vehicle emissions towards the boundaries of RDE
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2017 PHEV test programme set-up

© Objective: measure the real-world behaviour of a market-representative
Plug-in Hybrid Electric Vehicle (PHEV)

© Vehicle: C-segment, 1.5l class GDI engine, Euro 6b, E5 market fuel

© Test Matrix
© All 4 driving modes: Electric, Hybrid, Charge and Sport
© Variation in initial battery State of Charge (SOC)
© RDE on-road and on the chassis dyno

© 2 tests repeated with a coated Gasoline Particulate Filter (GPF)
replacing the second (underfloor) Three-Way Catalyst (TWC)

© Emissions are compared to similar GDI vehicle tested in 2016 AECC test programme?*

* Real-World Emissions Measurements of a GDI Vehicle without and with a GPF, Demuynck, et al., SAE 2017-01-0985

m Integer Emissions Summit Europe 2018 18
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8 combinations of mode and initial battery SOC tested
Change in battery SOC (State of Charge) during on-road RDE tests

—Hybrid - 100%

100
m Hybrid m S 80 \{ —Electric - 100%
0, -
100% 1x 1x 1x 8 60 - ——Electric - 55%
85% 1x v %‘W .
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25% 1x = \ Ch 22%
o .\ A ——Charge - 22%
25% 1x 1x 1x o 20 = S
—Sport - 100%
0 —Sport - 35%
0 2000 4000 6000 8000
© Comparison to WLTP definitions Time (s)

© Charge depleting: Electric — 100%
© Charge sustaining: Hybrid — 85% and
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Most urban PN emissions higher than GDI with GPF

Results presented at Integer Emissions Summit 2017 (Dresden)
Urban RDE

E 1 E+12 Euro 6d NTE limit (CF=1+0.5)
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Electric\2016 Electric Sport Hybrid Hybrid Sport Electric 2016 Charge
GDI 55% 100% 100% 85% 35% 27% GDI 22%
w GPF no GPF

© Electric mode — full battery: urban part entirely run electric = zero urban tailpipe PN emissions
© Charge mode — empty battery: high power demand on ICE = highest PN emissions

ICE: Internal Combustion Engine
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All total RDE PN emissions higher than GDI with GPF

Results presented at Integer Emissions Summit 2017 (Dresden)

Total RDE

g 1 E+12 Euro 6d NTE limit (CF=1+0.5)
=
— 6.E+11
=
o
)
Q.
=
E U

1.E+11

2016 Electric Hybrid Hybrid Sport Electric Sport Electric 2016 Charge
GDI 55% 100% 85% 100% 100% 35% 27% GDI 22%
w GPF no GPF

© Electric mode — full battery: ICE operates for 2/3 of trip, but PN emissions as high as other modes
© Charge mode — empty battery: high power demand on ICE = highest PN emissions

ICE: Internal Combustion Engine
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Investigate going to the boundaries of RDE
Severitized RDE (SRDE) methodology developed on chassis dyno
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Severitized RDE (SRDE) shows need for GPF to meet NTE PN limit

6.6412 Total RDE
E
S ~ RDE SRDE o
‘é’ 1E+12 1 A Euro 6d NTE limit (CF=1+0.5)
6.E+11 ! \
2 ! N\
= }l - N
[\ P
- Togm==n P i
1.E+11 |:| data - :L___i &
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& 6.E+11
{Q Ol
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_Q lllll :
= P R P
1.E+11 Rt data I+ .t
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included where applicable 100% 25% GDI 100% 25% GDI
AEC. w GPF w GPF w GPF no GPF
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Conclusions

© A new era for vehicle emissions control started 1/9/2017
with RDE and WLTP introduction.

© Emissions control technologies evolved for RDE
compliance up to boundary conditions.

© On-road emissions performance of latest diesel and
gasoline vehicles are well within standards.
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THANK YOU!

Cécile Favre WWW.aecc.eu
cecile.favre@aecc.eu dieselinformation.aecc.eu

FJ @AECC_eu
m AECC (Association for Emissions Control by Catalyst)

n @aeccbrussels


https://twitter.com/AECC_eu
https://twitter.com/AECC_eu
https://www.facebook.com/aeccbrussels/
https://www.facebook.com/aeccbrussels/
https://www.linkedin.com/company/aecc-association-for-emissions-control-by-catalyst-/
https://www.linkedin.com/company/aecc-association-for-emissions-control-by-catalyst-/
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