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EU RDE legislation to close the gap between lab and real-world emissions
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EU RDE legislation to close the gap between lab and real-world emissions

* Not To Exceed limit (NTE) = Euro 6 limit x Conformity Factor (CF)
— CF defined for NOx and PN
— CF applies to urban part and total trip
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al|Q2 Q3 04|01 G2 Q3 04|01 Q2| Q3 G4(al Q2 Q3 o4 02/ Q3 04|Ql Q2 Q3 04|al Q2 a3 04|01l G2 a3 a4
RDE monitoring phase Txfﬁ
MNOx CF requirements o INT Euro 6-dTEMP
PN CF requirements

 RDE boundary conditions define normal driving
— Route specifications
— Ambient conditions
— Driving dynamics

 RDE legislation being finalised

NTE: Not To Exceed NT: New Type Approval
CF: Conformity Factor  All: All new vehicles
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The GDI particle RDE issue
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 CO, legislation promotes fuel-efficient
Gasoline Direct Injection (GDI) in the EU
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« Gasoline Particulate Filters (GPF) are an GESESE [POTETELS
effective route to reduce the number of Source: PMP Inter-Laboratory Correlation Exercise Final Report
ultrafine particles under all driving conditions I = PN = e oos
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Source: AECC member
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Test programme set-up

Particulate emissions on regulatory test cycles (NEDC and WLTC)

Real-Driving Particulate Emissions (RDE)
— On the road
— On the chassis dyno: impact of boundary conditions

Conclusion
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Test programme set-up

Vehicle

— C-segment, 1.4] engine

— Market representative GDI technology; Euro 6b certified
— Original configuration w/o GPF

— Add coated GPF demonstrator underfloor

HORIBA PEMS equipment
— Gaseous PEMS (CO,, CO, NOx)
— PEMS-PN demo unit

Location
for GPF

/|
{

™ i
i ¢

Existing
TWC

Underfloor view

Parameters to evaluate

_ Exhaust | Fuel NEDC + | RDE on | RDE on

— fuel type & quality WLTC | road dyno

— driving dynamics (RDE on dyno) Original | Ref ES 1x - -
: without

— cold ambient temperature (RDE on dyno) (GPF) Ref E10 1x 3x -
— sub-23nm PN Market ES 1x 3X 6x
, With Ref E10 1x 3x -
GPF Market ES 1x 3x 6x
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« Particulate emissions on regulatory test cycles (NEDC and WLTC)
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PN results w/o GPF are below Euro 6¢ limit on NEDC and WLTC with E5 ref fuel,

but go above limit with other fuels

PN PN

(#/km) NEDC (#/km) WLTC
w/o GPF w/o GPF

3.E+12 3.E+12

2.E+12 2.E+12

1.E+12 1.E+12

6.E+411 = B
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T Measurement range if repeated




PN results with GPF stay below Euro 6¢ Ilimit on NEDC and WLTC

PN

(#/km) NEDC NEDC

w/o GPF with GPF
3.E+12

2.E+12

1.E+12

ES5 E10
ref market ref market ref

ES ES E10

Euro 6c limit

PN

(#/km) WLTC WLTC

w/o GPF with GPF
3.E+12

2.E+12

1.E+12

6.E+11 =

ES ES E10 ES E10

ref market ref market ref

T Measurement range if repeated

AAAAAAAAAAAAAAAA

000000000000000



PM emissions are well below Euro 6¢ limit on NEDC and WLTC,

no measurable difference between two vehicle configurations

PM NEDC NEDC M WLTC WLTC
(mg/km) (mg/km)
w/o GPF w GPF w/o GPF w GPF
4.5 4.5
4.0 4.0
3.5 3.5
3.0 3.0
2.5 2.5
2.0 2.0
1.5 1.5
1.0 1.0

E5 E5 E10 ES E10 ES E5 E10 E5 E10

ref market ref market ref ref market ref market ref
Euro 6c limit T Measurement range if repeated
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» Real-Driving Particulate Emissions (RDE)
— On the road
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Measured data are within the RDE boundary conditions
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PN results w/o GPF increase towards Euro 6d NTE Iimit on the road

PN PN

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

Euro 6¢ limit 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 6d NTE limit T Measurement range 3x RDE
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PN results with GPF are well below Euro 6d NTE 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

Euro 6¢ limit 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 ES E10 ES E10
market ref market ref market ref market ref
— — - Euro 6d NTE limit T Measurement range 3x RDE
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No CO, penalty was measured for the GPF on the road

(;Er;} total RDE  total RDE {;Erzn} urban RDE  urban RDE
w/o GPF w GPF w/o GPF w GPF
190.0 190.0
180.0 180.0 -
170.0 170.0
160.0 160.0
150.0 150.0
140.0 140.0
1320.0 130.0
120.0 120.0
110.0 110.0
100.0 100.0

ES E10 ES E10
market ref market ref

T Measurement range 3x RDE
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» Real-Driving Particulate Emissions (RDE)

— On the chassis dyno: impact of boundary conditions
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RDE on dyno to investigate impact of going towards RDE boundary conditions

1. Change accelerations 2. Change dyno load
35 — 1000
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c
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© © 400
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400
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PN results w/o GPF increase above Euro 6d NTE limit

towards RDE boundary conditions

total RDE

(#/km)
w/o GPF

3.E+12

2.E+12

1.E+12

6.E+11
Euro 6¢
limit

3.E+11

2.E+11

1.E+11

RDE RDE
road boundary
dyno

= =+ Euro 6d NTE limit

(#/km) urban RDE
w/o GPF

3.E+12

2.E+12

1.E+12

6.E+11

3.E+11

2.E+11

1.E+11
RDE RDE
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dyno

T Measurement range if repeated
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PN results with GPF remain below Euro 6d NTE limit

towards RDE boundary conditions

PN PN
(#/km) total RDE to_tal RDE (#/km) urban RDE url:_Jan RDE
wj/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

Euro 6¢

limit

3.E+11 3.E+11

2.E+11 2.E+11

1.E+11 1.E+11
RDE RDE RDE RDE RDE RDE RDE RDE
road boundary road boundary road boundary road boundary

dyno dyna dyno dyna
— — . Euro 6d NTE limit T Measurement range if repeated
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All PM results remain significantly below 4.5 mg/km

towards RDE boundary conditions

1. Change accelerations PM total RDE total RDE
20 (mg/km) w/o GPF with GPF
Ene 25 ¢ onroad w/o GPF
il 20 O on road with GPF 4.5
8 15 ® RDE on dyno
: 10 —RDE limit 40
5
0
0 40 80 120 3.5
Avg veh speed (km/h)
2. Change dyno load 30
400
ﬂ’: ) 2.5
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2w 15
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3. Change ambient temperature
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- 1200 ¢ [ ~°°°"°°7°7°% : ® onroad w/o GPF
€ 1000 ! I _ :
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e Conclusion
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Conclusion

RDE PN emissions from a Euro 6b GDI vehicle were measured with and without a GPF

w/o GPF with GPF

NEDC + WLTC

RDE on road

towards RDE boundary conditions
on the chassis dyno

— Euro 6c¢ limit — — . Euro 6d NTE limit
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Thank you for your attention!
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