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WHAT DOES RDE MEANS EfItEC

....INDEPENDENT FROM DRIVER
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WHAT DOES RDE MEANS EITitEC
..... ON ALL STREETS AND CONDITIONS

vilesco

5 Rolf Briick, © Vitesco Technologies TECHNOLOGIES



REAL DRIVING EMISSIONS

CAN BE MEASURED
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EXHAUST GAS AFTERTREATMENT

EU7 Assump. 2023 - 2025

Cycle WLTP
PN 610" (reduce size 10nm)
PM 4.5 (mg/km)
THC 50 (mg/km)
NOXx 35 (mg/km)
CcO 500 (mg/km)
CO, 15% reduction rel to 2020
(Fleet average) 30% (in 2030)
CF=1,0(+0,2)
RDE Temp.: 0~30°C; Altit.: 0~900m
Ext:: -7~35°C; 0~1300m
New Pollut. NHs; N,O; CH, ?
-7C Emiss.|| Part of RDE extend (city)
OBD

Tighter limits & tougher

procedures expected

MAIN CHALLENGES FOR EU7 (ASSUMPTION; MORE INFO MOST LIKELY NOT BEFORE AUTUM 2020)

Real Driving Impacts
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INDIA REAL DRIVING EMISSION (RDE) EITitEC

DISCUSSIONS IN INDIA AND EUROPE EU Conformity Factor:
Today = 1.5; Future = 1

RDE test emission = NTE,; iant = ( CFpouytant X BSVIimitygyutant )

NTE - Not To Exceed CF = Conformity factor
pollutant =2 NOx, PN(GDI) & CO(monitoring only) CF is yet to be notified. Monitoring in progress.

Temperature Range éﬁtuge— 1300 m

Ext.: -7 - 35°C
Ambient _ o~ M

boundary Moderate 10°C.< Ty, <=40°C Alt <= 700m
conditions Extended

Ambient Temperature

8°C <=T,, <10°C OR 40°C < T, <=45°C 700m < Altitude <= 1300m

The total trip duration should be between 90 min and 120 min

Speed Ranges

Urban speed: < 45km/h Rural speed: 45km/h <= Motorway speed: > 65km/h
34% of distance, min. 16 km Speed < 65km/h 33 % of distance, min. 16km
average speed between 33% of distance, min. 16km > 75km/h for at least 5m
15km/h and 30km/h

Total RDE Driving Distance:

5-12 km (in dscussion) easurements monitoring by authority
=4y ronoutor CF and hence part of Type Approval

stop periods 6% to 30%
individual stops < 300s
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SUPER CLEAN ELECTRIFIED GASOLINE VEHICLE
WLTP: HC-TAILPIPE EMISSIONS DEPENDEND ON DRIVING DISTANCE

HC Emissions [mg]
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Cutting RDE driving
distance by half for
gasoline cars means
about double the

Emission in g/km
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SOLUTIONS FOR CLEANER ELECTRIFIED ENGINES EIILEC

EMISSION LEGISLATION AND SYSTEM CONFIGURATION
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SOLUTIONS FOR CLEANER ELECTRIFIED ENGINES EMILEC

EMISSION LEGISLATION AND SYSTEM CONFIGURATION
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SOLUTIONS FOR CLEANER ELECTRIFIED ENGINES EIILEC

ELECTRICALLY HEATED CATALYST AND ACTIVE PURGE SYSTEM
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SOLUTIONS FOR CLEANER ELECTRIFIED ENGINES

CO, AND GASEOUS EMISSION REDUCTION

15
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0 O APP + BSG* + EHC* (CO2 engine) |
@ APP +BSG* + EHC*
® APP+BSG* + EHC* (CO2 system) 129
O SAIR
100
EHC off >
HC+NOXx until complete exhaust system 75
at light off [%]
oo o 50
EHC on —0.—.’—8
© °
25
EHC on + o
preheating
0
5.0 2.5 0.0 -2.5 -5.0
COZ Reduction [%] ‘ * EHC + BSG only used during first heat up (max. 60s)

HC+Nox_perc [%]

EMIEC

CO, benefit of
Emicat due to
faster light off and
shortened catalyst
heating phase

Red dots: Electrical energy not
used for driving
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UNDERFLOOR CATALYST SYSTEM FOR EU7 RDE EfTNEEC

HC-TRAP IN COMBINATION WITH ELECTRICALLY HEATED CATALYST

Control
Oxygen Sensor

7 N\

Trim / OBD
Oxygen Sensor
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SOLUTIONS FOR CLEANER ELECTRIFIED ENGINES EMILEC

HC ADSORBER
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05 UF: Gas inlet temperature WLTC simulation
' CC: Gas inlet temperature HC trap in under-
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SOLUTIONS FOR CLEANER ELECTRIFIED ENGINES

HC ADSORBER

140 7
EMICAT®
120 ! ‘ I ‘ .
Raw emissions
>: Tailpipe | EMICAT®
100 - w8
32
2 80
ke
2
5 607 | _76%
2 EMICAT® only HC adsorber
= EMICAT®
40 HC adsorber '
+ EMICAT® >: Tailpipe‘ 4
22 ' ' EMICATE
+ HC
adsorber
0 ' i l l |
0 20 40 60 80 100 120 140
Time [s]

18

ey prevey, 5 il ooy et
EnneEC

Fast EMICAT®
light-off before
HC trap
desorption.
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SOLUTIONS FOR CLEANER ELECTRIFIED ENGINES

HC ADSORBER
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improvement with
close coupled
catalyst + HC trap
+ EMICAT®.

vilesco

EEEEEEEEEEEE



RESULTS OF TESTED HC-ADSORBER SYSTEMS EfItEC

HC-EMISSIONS DEPENDING ON WLTC DRIVING DISTANCE

0'20‘_|[ ' T T T T T 1
0,18 - : : : > With close coupled catalyst 50% of WLTC
] HC-Limit is achieved after 13,6 km

_olsq > Pure underfloor adsorber system achieves
= ] 50% of WLTC HC-Limit after 4,1 km
X 0,14 4
[=) . > Combination of close-coupled small ,start
2 0,12 catalyst” and underfloor adsorber System
o 010 T achieves 50% of WLTC HC-Limit after 2,0 km
n 0,104
2 l > Increased adsorber volume shortens the
uEJ 0,08 - , , distance to 1,3 km
O 1 50% EU 6d temp:| :
T 0,06 20km_ :

0,02

0,00 4+——F——TF—F———F——T——T—T——T—
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Super Clean Electrified Diesel EITiEC

Technology Setup
dg’i:iii;> 48V
EMICAT*
NO, &
Sensor
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Super Clean Electrified Diesel EITiEC

Technology Setup
48V
’ EMICAT*®
Nox
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CHALLENGE OF DRIVING CYCLE AND DISTANCE ON
NOx AND CO, EMISSIONS; DIESEL; EHC OFF

NOx tailpipe / mg/km
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Vitesco Technologies Emitec GmbH
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CHALLENGE OF DRIVING CYCLE AND DISTANCE ON
NOx AND CO, EMISSIONS; DIESEL; EHC OFF

NOXx tailpipe / mg/km
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BENEFIT OF HEATED CATALYST IN DIESEL APPLICATION
IMPACT OF HEATED CATALYST ON NOx/CO, EMISSIONS

NOx tailpipe / mg/km
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TFL TRAFIC FOR LONDON CYCLE

VEHICLE VELOCITY TRACE
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STOPP AND GO TRAFFIC / RED TRAFFIC LIGHT CO-PEAK ETitEC
REAL WORLD CITY DRIVING

GE GA

100%
60%

40% without EMICAT®
0

20% J\
0%

Time

CO conversion rate
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STOPP AND GO TRAFFIC / RED TRAFFIC LIGHT CO-PEAK ETitEC
REAL WORLD CITY DRIVING; ADVANTAGE OF THE ELECTRICALLY HEATED CATALYST

GE GA
» % ' EMICAT®
prevents blow
100% out of catalytic
converter

& with EMICAT®

80%

60%

40% without EMICAT®
0

CO conversion rate

20%

0,
0% | Heating 1 kW with heating disk at position ,,GE“

Time
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SUPER CLEAN ELECTRIFIED DIESEL

SUMMARY

30

Tail pipe NO,, emissions [mg/km]

Driving Cycle Driven Distance [km] | Tail Pipe NO, Emissions [mg/km]

WLTP City at 23°C Ty, 3.1/8 41420,
WLTP City at 0°C T, 3.1/8 103 /41
WLTP at 23°C T, 23 a3
Transport for London 8.3 { 27)
Regensburg City 5 48

= RST95 i= 2Q

m Journalist Cycle City 8 (38)
Journalist Cycle Total 105 a1
FTP75 17.7 s
US06 12.1 1.2

400 -

320

240

160 -

B0

-------

EUGd limit: 80 mg/km

Continental internal target: 35 mg/km

T e e

EMICAT® + 48 V System
Accelerate catalyst warm-up
Keep efficiently EAT warm
Reduce CO, emissions
(7 g/km)

Dual SCR System

Keep high NO, conversion
efficiency by higher engine

City driving (3...5 km) Normal real driving

Cold start

load
Limit NH; slip
----- W Reduce CO, emissions
' Dynamic (3 g/km)
driving
Highway

EAT: Exhaust After-treatment System

> Low NO,: <40 mg/km in cold short city driving; Low CO,: - 10 g/km at low NOy emissions.
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EMITEC PROVIDES TECHNOLOGIES FOR ROBUST EMISSION SOLUTIONS &7wtec
SUMMARY
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