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Exhaust Emission Measurement
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The EU-Basis for Rule Making Procedure
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Car Manufacturers Involvement in EU Emission Regulations

(MVEG)
Motor Vehicle Emission Group (MVEG)

EU Commission

voting right)
R 4 Draft Regulation
. Member States
voting right)

(to be confirmed by
Council/Parliament)

ACEA

L4
L/
L
L}
L
N
n
n
| |
u
) (
e consultant, no voting right)
.

Mercedes-Benz Development, G. Schweinle, September 2003



Implementation of Emission Regulations in the EU DAIMLERCHRYSLER
& the European Experience

The EU-Basis for Rule Making Procedure according to Environmental Aspects

The community must take into account the latest scientific advances in combating
atmospheric pollution caused by gases emitted from motor vehicles.

First step of rule making procedure

>

Commission gets a mandate from the Council to offer the COM - draft (with MVEG)

Second step of rule making procedure

>

Commission issues the COM - draft for comment by Council and EP

Third step of rule making procedure

> EP comments the COM - draft with
= acceptance
= rejection
- / recommendation of changes / proposed amendments

Mercedes-Benz Development, G. Schweinle, September 2003 5



Implementation of Emission Regulations in the EU DAIMLERCHRYSLER
& the European Experience

Time Schedule of Implementation

Positive influencial factors for smooth implementation

> MVEG
working group (MVEG) and the COM - draft
>
realistic technical compromize within realistic time frame
> three different implementation dates

Negative influencial factors for smooth implementation

>
late issue of COM - draft shortens time for development and certification

>
standards as issued are fixed and cannot be rejected any more and no waiver procedure
exist

> no phase - in procedure

> 11

translation into 11 different languages before issuing documents / regulations / drafts etc.
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Description of Council Directives

Description of Council Directives

Reference Abbreviation Type of Vehicle
1 2.5 6 §)
UAAL/EEC Euro1l Passenger cars< 6 personsand < 2,5t gross vehicle weight
1 2.5 35 7-9 35
93/59/EEC Passenger cars7-9 personsand/or >2,5t <35t and trucks< 3,5t gross
Euro1l . :
vehicle weight
2 2.5 6 §)
SAI12/EC Euro2 Passenger cars< 6 personsand < 2,5t gross vehicle weight
5 2.5 35 7-9 35
96/69/EC Passenger cars 7-9 personsand/or >25t <35t and trucks< 3,5t gross
Euro 2 ) :
vehicle weight
2.5 6 §) 2.5 35
98/69/EC - 331 - 4 . 7-9 35
uro uro Passenger cars< 2,5t gross vehicle weight and passenger cars>25t<3,5t

Mercedes-Benz Development, G. Schweinle, September 2003 7



Implementation of Emission Regulations in the EU DAIMLERCHRYSLER

& the European Experience

Application of Tests

Description
Type-approval test escriptio Reference
| Verifying the aver age emission of tailpipe emissions I
Uyfoel after a cold start Anme il
I |V
Typell Carbon monoxide emission test at idling speed Annex |V
[ \%
Typelll Verifying emissions of crankcase gases Annex V
1V L : . VI
Tvpe |V Deter mination of evapor ative emissions from Annex VI
yP vehicles with spark-ignition engines
v Ageingtest for verifying the durability of anti VI
TypeV pollution devices Annex V|
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EPEFE The EPEFE Program

EPEFE =
EPEFE = European Program on Emssions, Fuels and Engine Technologies

Advanced fuel properties

Advanced vehicle engine technologies

Exhaust emissions

Impact of vehicle emissions on air quality

Evaluation of the cost effectiveness of different strategies

40[0]0;
Enable EU-COM to propose a strategy for vehicles and fuels beyond 2000
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Taxes and Incentives

Emission
based tax
4

| ncentive Euro
4

CO,

*) Details on next page
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Tax incentives in Germany

According to the EU law, each member state may set tax incentives for
vehicles which already comply with the next step of emission regulation
(in case the next step regulation is already published).

4 Example Germany for Euro 4:
306.78 For Gasoline vehicles: max 306.78 €
613.55 For Diesel vehicles: max 613.55€
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Tax incentives in Germany

Example

H 2 3 102.20
A 2000 cc gasoline Euro 3 and upwards vehicle has to pay in Germany an
annual road tax of 102.20 €.

H 4 306.78

If the vehicle already complies with the Euro 4 standards, tax incentive
will be granted with an amount of max. 306.78 €.

S
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No tax has to be paid for almost 3 years!
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Exhaust Emission Regulations in the EU Today and in the Future
for Gasoline Passenger Cars

% 7 State of the Art 2002

ECE R15/04 * 949%

HC +NOy 1 Euro1

2 Euro2 3 Euro3
0,5 0,35 0,18

20,7
ECE R15/04 * 899,

1985 1990 1995 2000 2005

/ Standards in g/km

* ECE R15/04: 1590
* ECE R15/04: Standards for the Equivalent Inertia Weight Class = 1590 kg
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Exhaust Emission Regulations in the EU Today and in the Future
for Diesel Passenger Cars

o State of the Art
100 2002
o 81%
88/436/EEC A
0,196 _
>0 3 Euro 3

PM

5,8*

ECE R15/04

0
1985 1990 1995 2000 2005

/ Standards in g/km
* ECE R15/04: 1590
* ECE R15/04: Standards for the Equivalent Inertia Weight Class = 1590 kg
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2 3

Change of Fuel Specifications from Euro 2 to Euro 3

Diesel Gasoline
m 64kPa 60kPa
' 49-53 52-54 RVP: max. 64 kPa changed to max. 60 kPa
Cetane no. changed from 49-53 to 52-54 -
i Evaporation characteristic changed
Density reduced and tolerance tightened m 45% 289%-40%
| Aromatics reduced from max. 45% to 28-40%
Evaporation characteristic changed | 20% 10%
| 3000ppm 300ppm Olefins reduced from 20% to 10%
Sulfur reduced from 3000 ppm to 300 ppm u

Oxygen content limited
| 400ppm 100ppm
Sulfur reduced from 400 ppm to 100 ppm

3 Euro 3 4

Cleaner conventional fuel
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Introduction of Sulfur-free Fuels in the EU

100%

2wide spreafded“ availability

2005 2009 2011

10ppm
A Fiscal incentives for 10ppm in Germany

50ppm

Fiscal incentives for 50ppm in Germany
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Influence of Fuel Properties on Light-Duty Diesel Emissions

11 L !
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2 3

Comparison Euro 2 and Euro 3

Euro 2

NEDC
40
NEDC with 40 sec NEDC with

Withour measurement Measurement from engine start

Testcycle

Limits | cO 2,2 1,0 2,3 0,64
l[g/km] HC+NOXx 0,5 0,7/ 0,9* - 0,56 **
HC 0,2 -
PCs) NOX 0,15 0,5
PM 0,08/ 0,10* - 0,05**
. 1 24
Evaporation | 14 giurnal 24 h diurnal

only gasoline)|1 1
1h hot soak 1 h hot soak

Cold Emissions —7°C

HC/CO
HC/CO at =7°C in City cycle

On-board Diagnosis EOBD

only gasoline)

80000 80000
Durability requirement 80.000 km 80.000 km

15000
_ 80000
In-use surveillance Min. 15.000 km Below 80.000 km

* for DI engines no separate limit for DI engines!
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3 98/69/EC

Effective dates of Directive 98/69/EC, so-called Euro 3

N1
For new types| For all types | Modification | < 2500kg : Gr. lI/1 > 2500kg

1.1.2000 1.1.2001 3 o °
EURO 3-Limits

Evap ([
OBD Gasoline Gasoline)
1.1.2001 1.1.2002 3 o ° °
EURO 3-Limits
Evap ) [
OBD ( Gasoline Gasoling)

1.1.2002 1.1.2003 HC/CO o ®
Cold HC/CO Gasoling Gasolife)

1.1.2003 1.1.2004 HC/CO L
Cold HC/CO Gasoline)

[ )
OBD Diesel)

1.1.2005 1.1.2006 o o
OBD Diesel) Diesel)

1.1.2006 1.1.2007 L
OBD Diesel)
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Test requirements

DAIMLERCHRYSLER

1
NEDC

Typeltest:

NEDC

Exhaust emission at NEDC

NEDC = New European Driving Cycle

2 :

Type?2test :

3 :

Type3test:

4 :

Type4test .

5 :

Type5test :

6 .

Type6test :

OBD

In-use

Idle CO

Crankcase emission
Evapor ative emission
Durability test

HC/CO
L ow temperature HC/CO

Mercedes-Benz Development, G. Schweinle, September 2003

modified

2Euro 2 3Euro 3
.
®
®
®
®

New item

New item

New item
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The Modification of the Test Cycle

| NEDC 1992 2
| NEDC 1992 (up to Euro 2)

40

| Start of exhaust sampling after 40 sec idling

| NEDC 2000
| NEDC 2000 (from Euro 3)

Start of exhaust sampling with engine start Improvements on

A /\] A /L\ M /L\ N /L\ / cold-start emissions

required
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Modified Evaporative Emission Test

Loading of charcoal canister

Fuel drain and refill was performed after
soak
preconditioning (PC

soak

NEDC part 1+2

Hot soak test
1h
soak
NEDC
24
24 | 1
24h 24h diurnal test was performed before NEDC and

only 1 h
Mercedes-Benz Development, G. Schweinle, September 2003 22
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Low Temperature Emission Test

> -7 °C 12-36
soak 12-36 h at -7 °C
> NEDC 1 2
preconditioning with NEDC part 1+2
> NEDC 1
emission testing at NEDC part 1 (city cycle)
> -7 °C
ambient temperature at test cell -7 °C
> 2500 M1 | N1
15 / 1.8 /

limit values for vehicles of category M1 < 2500 kg and N1 Gr. | :
CO =15g/km and HC = 1,8 g/km
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On-board Diagnosis (OBD) for Passenger Cars

& the European Experience

Systems and Components to be monitored with Euro 3

> A
Fuel sulphur !

Efficiency of the catalyst (A-sensor before and after cat.)
> A
Failure or reduced output of the A-sensor

>
Ignition faults
>
Electric circuit of evaporative emissioin control system
>
Electric circuit of injection system
> other emission related components redarding to
L fault or misfunction (exceeding emission limits)
u electric circuit
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Roadworthiness-Tests in Europe
) (Member states may apply stricter rules)

Periodicity Control Value

99/52/EC

normal idle

accel. Idle

3

In Germany: 3 years
Gasoline

4
first time:
after first registration
then every 2 years

Diesel

Mercedes-Benz Development, G. Schweinle, September 2003

CO 3.5%
C0O=3.5 % Vol
(

vehicles w/o catalyst)

CO 0.5 % CO
C0O=0.5 % Vol C0=0.3 % Vol

2000rpm
(2000 rpm)

or manuf. Spec. A=1+0.03

or manuf. Spec.
vehicles with catalyst)

at free acceleration:
opacity = 2.5 m-1¢
opacity = 3.0 m-1

or manuf. Spec.

natural aspirated)
turbo charged)
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3 4

Comparison Euro 3 and Euro 4

3 Euro 3 4 Euro 4

NEDC

Testcycle Same

NEDC with measurement
from engine start

Limits CcO Ga;orlgine Dies(e)l 64 G]e_lscs)line Diesel
Jlokm] | HC+NOx | 0.56 _
HC 0,2 - 0,1

PCS) NOXx 0,15 0,50 0,08 0,25
PM - 0,05 ) 0.025

0,30

24

Evaporation |24 h diurnal
1

1h hot soak
Cold Emissions -7°c

only gasoline)

I i HC/CO Same
only gasoline) | yc/co at —7°c in city Cycle

EOBD Same

On-board Diagnosis

80000 100000
Durability requirement 80.000 km 100.000 km

15000 15000
80000 100000
In-use surveillance Min. 15.000 km Below 80.000 km | Min. 15.000 km Below 100.000 km
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1- 4
Emission Control Technologies necessary
to meet Euro 1 - 4 Emission Limits with Gasoline Passenger Cars

1Euro 1 2Euro 2 4Euro 4

Three-way catalyst Three-way catalyst Three-way catalyst

engine measures engine measures engine measures
improved catalyst coating improved catalyst coating
catalyst heating catalyst heating

calalyst close to engine calalyst close to engine

pecondary air injection secondary air injection

further improved catalyst
coating

gxhaust gas recirculation
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1- 4
Emission Control Technologies necessary
to meet Euro 1 - 4 Emission Limits with Diesel Passenger Cars

1Euro 1 2Euro 2 4Euro 4

engine measures oxidation catalyst oxidation catalyst post-injection
EGR engine measures engine measures throtteling

EGR
cooled EGR increased injection press

optimized swirl formation piezo injection valves

NOx absorption catalyst
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2

Conformity of Production Euro 2

—> 3 Test of three vehicles
v

Computation of the test$tatistic

- YES
- - - .
According to the appropraite Appendix does the test

statistic agree with the criteria for failling the series
for at least one pollutant?

NO y

mSeries rejected

NO T
According the appropraite
Appendix does the test statistic agree with the
criteria for passing the series for at least one

pollutant? YESl
A pass decision is reached forone or more pollutants
v YES
. —> =
Is a pass decision reached for all the pollutants? mSeries accepted
> NO y
1 Test of an additional vehicle
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COP-Comparison with Certification

CO,
CO, Measured CO

Measured CO,

- 8%

ert.-Value CO, > Average COP-Values CO,

—
—Re-Certification

Certification COP
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Contribution of Various Sources to Global Yearly CO,-Emissions

1% Burning of Biomass

Total: Oceans
Natural: 43%

Soil

Anthropogenic 28%

4%

Vegetation
28%

PowerStations

3 55

Residential Burning

15

Anthropogenic: Industry

2
Burning of Biomass

15 Other Traffic

Sea Ship Traffic

1996 Year 1996

(Source: Lenz, Cozzarini, TU Wien) Air Traffic
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1991 2003

Market Share of Diesel in the EU 1991 until 2003 (all Manufacturers)
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ACEA

Status of the ACEA Commitment on CO,
ACEA ACEA = European Car Manufacturer Association

Review

-17 %

17%

120
1995
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Fuel Cosumption Comparison Diesel vs. Gasoline

A 4 -
o 4 2000 Gasoline
/ gal
mile/gal 1 +36% | Diesel
30
25,7
20 - 2000
10 T |

10
Fuel Economy Fuel Consumption over 100 000 miles
E320
CAFE-Standard in USA E320
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Fuel Economy of Different Engine Technologies

Source: AVL List GmbH

400

350

]

300

/

CO, Emissions [g/km]

Diesel-II

250

[

200

150

| 2008 ACEA 140 /
100 o8 140 g/km ACEA's aim for 2008

50

800 (K0[0]0) 1200 1400 1600 1800

[ ] Gross Vehicle Weight [kg]
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1

Recommendations (1)

3
. Introduction of Euro 3 emission limits including the requirements of
n HC/CO low temperature HC/CO testing
| evaporative emission testing
| durability testing

| Since the fuel quality is a limiting factor, the following items should
be subject for introduction only if the requested fuel quality is available:

| No on-board diagnosis (OBD)
|

No in-use vehicle testing ; instead follow roadworthiness testing same as in the EU

The availability of cleaner fuels is of extreme importance and impacts
the whole vehicle population
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2

Recommendations (2)

. 202/0 )

An immediate reduction of CO, HC, and PM by 20% or even more can be achieved

by improved fuel gualities, which affects all passenger cars (gasoline and diesel)
and all trucks in China.

It is very simple: What goes in, will come out.

To follow the European path of exhaust emission regulation allows the Chinese
authorities a step by step approach.

‘ “1998 : “1958 s

China should join the ,1958 Agreement” since already the , 1998 Agreement” was
signed by China
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3

Recommendations (3)

Fully acceptance of existing EU emission certificates without further testing in
China for Homologation. Harmonized Homologation requirements between
SEPA and Provincial EPA's

-

Establish a project team between Chinese and European Emission Experts to
participate in the European experience
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Thank you

for your

attention
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