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Test programme set-up g
™ Fi n
« Objective: investigate NOx & PN RDE k" ,’;m
without and with GPF R o

* At Ricardo in cooperation with Concawe

* Vehicle
— C-segment, 1.4l engine

— Market representative GDI technology . ndemmwiew
targeting Euro 6¢ - only Euro 6b available

— Original configuration w/o GPF
— Add coated GPF demonstrator underfloor

HORIBA PEMS equipment
— Gaseous PEMS (CO,, CO, NOx)
— PEMS-PN demo unit
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Test programme set-up

 |dentified parameters to evaluate
— fuel type & quality
— cold-start PN
— driving dynamics (RDE on dyno)
— cold ambient temperature

— <23nm PN
 Test matrix Exhaust | Fuel NEDC + | RDE on | RDE on
WLTC road dyno

Original | Ref ES 1x - -
(without i
GPF) Ref E10 1x 3x

Market E5 1x 3X 6X
With Ref E10 1x 3x -
coated
GPF Market E5 1x 3X 6X
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Content

Emissions on regulatory test cycles (NEDC and WLTC)
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NEDC + WLTC results w/o GPF
on ES5 ref fuel are below Euro 6c¢ limit

 Data demonstrates that the vehicle is a state of the art GDI

PN (#/km) CO, (g/km)
1.E+12 160
7.47E+11
5 88F+11 NOx (mg/km) THC (mg/km) CO (mg/km) -
- 100 1000
5 L 90 900
' 140
; 80 800
70 700
— 60 600 130
50 500
- 40 400 120
30 % 300
. 20 / 200 110
1.E+11 s e 0 ot 0 s e 100
TA NEDC WLTC TAdata NEDC WLTC TAdata NEDC WLTC TA data NEDC WLTC TA data NEDC WLTC
data E5ref E5 ref E5 ref E5 ref E5 ref ES ref ES ref E5 ref E5 ref  E5ref

—  Euro 6¢ limit
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PN results w/o GPF go above
Euro 6¢ limit on other dyno tests

PN

(#/km) NEDC
w/o GPF

3.E+12

2.E+12

1.E+12

6.E+11

=

1.E+11 ——————

ES5 ES E10
ref market ref

e

Euro 6¢ limit

PN

(#/km) WLTC
w/o GPF
3.E+12
2.E+12
1.E+12
6.E+11 = —

%
"

1E+11 ——————
ES ES  E10

=

ref market ref

T Measurement range if repeated

] m Association for Emissions Control by Catalyst arseL




PN results with GPF are below
Euro 6¢ limit on all dyno tests

PN PN

(#/km) NEDC !“'JEDC (#/km) WLTC 'iu"\.FLTC
w/o GPF with GPF w/o GPF with GPF

3.E+12 3.E+12

2.E+12 2.E+12

1.E+12 1.E+12

6.E+11

6.E+11

_ SRS

%

1

3.E+11

3.E+11 /

2.E+11 - / 2.E+11 /
/ R 1E+11 /

ES5 ES E10 ES E10 E5 ES E10 ES E10
ref market ref market ref ref market ref market ref

/

.

1.E+11

Euro 6¢ limit T Measurement range if repeated
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Other pollutants are below
Euro 6¢ limit on all dyno tests
w/o and with GPF

NOx NOx

R
60.0 60.0
50.0 50.0
40.0 40.0
30.0 30.0

ES E5 E10 ES E10 ES E5 E10 E5 EI10
ref market ref market ref ref market ref market ref
Euro 6¢ limit T Measurement range if repeated
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No CO, penalty was measured for
the GPF on NEDC and WLTC

co co,

2 NEDC NEDC WLTC WLTC
k k
(g/km) w/o GPF w GPF (g/km) w/o GPF w GPF
190.0 190.0
180.0 180.0
170.0 170.0 " Start
' ' & Stop
SeTroLonoaos *
1500 e
140.0 5”7 B g 140.0 /
130.0 HEHHY 130.0 / HEHHY
120.0

Hoo I I o

IDD_D Delelalelsl Delilelelsls 1[}[}_[}
ES E5 E10 E5 E10 ES E5 E10 ES E10
ref market ref market ref ref market ref market ref

T Measurement range if repeated
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Content

* Real-Driving Emissions (RDE)
— On the road
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Veh speed (km/h)

120
90
60
30

RDE route is within the requirements

RDE Cycle Route from GPS
-"* 90 120

Oreha
Commaon

Trip duration (min) [l

Distance share (%)

(>16 km)
29 44
urban (<60km/h) I —
23 43
rural (>60 & <90km/h) * (IR
23 43

- motorway (>90km/h) (IR

A Urban requirements
[ 15 40
Average speed (km/h) I
I _ 6 30
0 1000 2000 3000 4000 5000 6000 Time share of stops (%) Ll

Time (s)

B Allowable tolerance [ AECC tests
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Measured data is within moderate
environmental boundary conditions

1400 —— covered w/o GPF
I===rQF====r/====7r====rm== |
1200 : |
I : ——covered with GPF
1000 ! ,
E ! :
g 800 : : e trip average w/o GPF
= ! I
= 600 1 I
=y : I ) _ _
400 | : O trip average with GPF
: I
200 | I
. : Jﬂ ,: —— moderate boundary
-10 0 10 20 30 40

Ambient temperature (°C) - - —extended boundary
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Measured data is within
the dynamic boundary conditions

Excess or absence of driving dynamics Altitude accumulation
35 700
an 600
© 25 ESDD
i —
) 400
ol 20 2
o S 300
Q. 15 ® £
& = 200
2 10 $ <
. o w/o GPF 100 Pron N‘NW\
0 __‘MA-F - | - |
o S o with GPF 1000 1200m/100km
| £
0.20 ——RDE limit E 200
= o~
= 600 'JJ
= =
3]
© 400 ,_,Jf’!
o8]
-g ‘,.r'"
£ 200 w
< AI_I'/—
0
0 40 80 120 0 20 40 60 80
Avg veh speed (km/h) Distance (km)
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PN results w/o GPF further increase
above Euro 6¢ limit on the road

PN PN

total RDE urban RDE
#/km #/km
(#/km) w/o GPF (#/km) w/o GPF
3.E+12 3.E+12
2.E+12 2.E+12
1.E+12 1.E+12

* Raw data,
no exclusion/
normalisation

6.E+11 6.E+11

3.E+11 3.E+11

2.E+11 2.E+11

1.E+11 1.E+11
ES E10 ES E10
market ref market ref
Euro 6¢ limit T Measurement range 3x RDE
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PN results with GPF are well below
Euro 6¢ limit on the road

PN total RDE total RDE PN urban RDE  urban RDE
(#/km) . (#/km) )
w/o GPF with GPF w/o GPF with GPF
3.E+12 3.E+12
2. E+12 2.E+12
1.E+12 1.E+12
* Raw data,
6.E+11 6.E+11 no exclusion/
normalisation
3.E+11 3.E+11
2. E+11 2.E+11
1.E+11 1.E+11 :
ES5 E10 E5 E10 ES E10 ES E10
market ref market ref market ref market ref
Euro 6¢ limit T Measurement range 3x RDE
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PN
(#/km)

3.E+12

2.E+12

1.E+12

6.E+11

3.E+11

2.E+11

1.E+11

RDE normalisation tools have
a different impact

total RDE
w/o GPF

total RDE
with GPF

raw EM CLEAR
data ROAD

raw EM CLEAR
data ROAD

Euro 6¢ limit

PN

(#/km) urban RDE urban RDE

w/o GPF with GPF
3.E+12

2.E+12

1.E+12

* data on
E5 market

6.E+11

3.E+11

2.E+11

1.E+11
raw EM CLEAR raw EM CLEAR
data ROAD data ROAD

T Measurement range 3x RDE
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No CO, penalty was measured for
the GPF on the road

{gﬁfz} total RDE  total RDE {g‘;‘si} urban RDE  urban RDE
m m
w/o GPF w GPF w/o GPF w GPF
190.0 190.0
180.0 180.0 T
170.0 170.0
160.0 160.0
150.0 150.0
140.0 140.0
130.0 130.0
120.0 120.0
110.0 110.0
100.0 — = 100.0 .
ES E10 ES E10 ES E10 E5 E10
market ref market ref market ref market ref

T Measurement range 3x RDE

; m Association for Emissions Control by Catalyst arseL 18



Content

Real-Driving Emissions (RDE)

— On the dyno: impact of boundary conditions
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Altitude {m)

1400
1200
1000
800
600
400
200

35
30
25
20
15
10

v X apos_95%

RDE on dyno to investigate
impact of going towards RDE boundary

1. Change accelerations

¢ onroad w/o GPF
; O on road with GPF
i ® RDEondyno
] 1 * % — RDElimit
0 40 80 120

Avg veh speed (km/h)

3. Change ambient temperature

-10

¢ onroadw/o GPF

O on road with GPF

® RDE on dyno

moderate boundary

= = = —extended boundary
0 10 20 30 a0

Ambient temperature (°C)

MAW CO2 Emissions [g/km]

1000

600

Altitude accumulation (m)

2. Change dyno load

8

400 -+
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PN results w/o GPF further increase above
Euro 6¢ limit towards RDE boundary

PN PN

(#/km) total RDE (#/km) urban RDE
wj/o GPF w/o GPF

3.E+12 3.E+12

2.E+12 2.E+12

1E+12

1.E+12

6.E+11 6.E+11

3.E+11 3.E+11

2.E+11 2.E+11

1.E+11 1.E+11
1. 2a. 2b. 1. 2a. 2b.
RDE RDE RDE RDE RDE RDE RDE RDE RDE RDE
road dyno dyno dyno dyno road dyno dyno dyno dyno
ref ref accel load+ load++ ref ref accel load+ load++
——  Euro 6c¢ limit T Measurement range 3x RDE
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PN
(#/km)

3.E+12

2.E+12

1.E+12

6.E+11

3.E+11

2.E+11

1.E+11

PN results with GPF remain below
Euro 6¢ limit on all tests

total RDE total RDE (#;ITm) urban RDE urban RDE
w/o GPF with GPF w/o GPF with GPF
3.E+12
2.E+12
1.E+12
6.E+11
3.E+11
2.E+11
1.E+11
1. 2a.  2b. 1 2a. 2b. 3. 1. 2a. 2b. 1. 2a. 2b. 3.
RDE RDE RDE RDE RDE RDE RDE RDE RDE RDE RDE RDE RDE RDE RDE RDE RDE RDE RDE RDE
road dyno dyno dyno dyno road dyno dyno dyno dyno road dyno dyno dyno dyno road dyno dyno dyno dyno
ref ref accel load+ load++ ref accel load+ load++ 0°C ref ref accel load+ load++ ref accel load+ load++ 0°C
——  Euro 6c¢ limit T Measurement range 3x RDE
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Content

Conclusion
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Conclusion

« The programme demonstrated that a GPF enables GDI PN
emissions below Euro 6¢ limit under all driving conditions

w/o GPF with GPF

_ NEDC + WLTC A’ A@ Euro 6c¢ limit
oG'

— RDE on road

o
o

— towards RDE boundary
(on chassis dyno)

Note: style based on ICCT graphic
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WORKING IN PARTNERSHIP
FOR CLEANER AIR

Who are AECC and what do we do ? What are the emission

Ai Health
L Ef;aetu:my S et control technologies?
® Emissions Legislation Exhaust gas containg carbon
monaxide (CO)J,
@ Engine & Vehicle hydrocarbons (HC), nitrogen
Emissions oxides (MOx) and particulate

matter (PM). The main
@® Technology technologies used to treat
exhaust to remove harmful

The members of AECC are companies operating
® Applications worldwide in the research, development, testing and gases and particles are:
® Conservation manufacture of key technologies for emigsions
control. = gutocatal
® Newsletter m adsorbers (traps)
© publications Ry iF et s ot waniia T
(zubstrates with catahvtic materials incorporated or There are more detailz on
coated);, adzsorbers; fiter-based technologies to the technology pages.

control particulate emizsions from diesel and other
lean burn engines; and specialty materials
incorporated into the catalytic converter or fiter.

Catalyst-equipped cars were first introduced in the
USA in 1974 but enty appeared on European roads in
1985 and in 1993 leqgislation forced their use on cars.
Mow more than 275 milien of the world's S00 milion
cars and over 85% of all new cars produced
wordwide are ecyipped with autocatabests Catahdi ot

Thank you for your attention

retrofit
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