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Part A Tasks

Task Title

1.0 Review, comparison and lessons learned from other emission regulations

2.1 Evaluation of the effectiveness of current European emission standards

2.2 Development of new and improved array of tests

2.3 Testing of various technologies and fuels with new array of tests

2.4 Development of text of draft new and improved tests
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Part A Timeplan

Plan Jan '20 Feb '20 Mar '20 Apr '20 May '20 Jun '20 Jul '20 Aug '20 Sep '20 Oct '20 Nov '20 Dec '20

Initial

M10 M11 M12 M13 M14 M15 M16 M17 M18 M19 M20 M21
D1.0 Final
D2.1 Draft

D2.2 Draft2
D2.3 Draft
D2.4 Draft

D1.0 Final
D2.1 Final
D2.2 Final
D2.3 Final
D2.4 Final

Revised

M10 M11 M12 M13 M14 M15 M16 M17 M18 M19 M20 M21
D1.0 Final
D2.1 Draft

D2.2 Draft2
D2.3 Draft
D2.4 Draft

Interim 
update

D1.0, D2.1, 
D2.2, D2.3, 

D2.4

D1.0 Final
D2.1 Final
D2.2 Final
D2.3 Final
D2.4 Final

• Final report: December 2020
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Part B Tasks

Task Title

1 Techno-economic feasibility of new pollutant emission limits for motor 
vehicles

2 Potentials for simplification of vehicle emission standards

3.1 Public stakeholder consultation

3.2 Retrospective assessment of Euro 6/VI vehicle emission standards

3.3 Assessment and comparison of post-Euro 6/VI impact assessment options
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Plan Jan '20 Feb '20 Mar '20 Apr '20 May '20 Jun '20 Jul '20 Aug '20 Sep '20 Oct '20 Nov '20 Dec '20 Jan '21 Feb '21 Mar '21 Apr '21 May '21 Jun '21 Jul '21

Initial

M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11 M12 M13 M14 M15 M16 M17 M18 M19

KoM
Inception 

report

D1 Draft
D2 Draft

D3.2 Draft

D1 Final
D2 Final

D3.1 Draft
D3.2 Final
D3.3 Draft

D3.3 Final
D3.2, D3.3 

Final 
update

Revised

M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11 M12 M13 M14 M15 M16 M17 M18 M19

KoM
Inception 

report

D1 Draft
D2 Draft

D3.2 Draft

D1 Final
D2 Final

D3.1 Draft
D3.2 Final
D3.3 Draft

D3.3 Final
D3.2, D3.3 

Final 
update
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Part B Timeplan

• Public consultation: 6 July to 9 November
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Euro 7 approach directions

• (Almost) No boundaries on
test conditions in terms of:
o Trip characteristics (e.g. driving 

dynamics – v x a, average
speed, trip duration and 
distance)

o High vehicle mileage/age
o Ambient temperature
o Altitude
o Others

• Simplification
• Reduce risk of emission

performance optimization.
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CLOVE approach

1. Emission performance analysis of 
latest technology vehicles (Euro 6d 

and d-temp)

“Euro 7/VII” database under construction
Wide range of test conditions in and beyond the current test regime: 

urban short trips, Stop&Go, idling, low and high ambient temp., 
regeneration events, new pollutants etc.

Methodology steps Comments

2. Selection of the best available
technologies (BAT) as benchmark 
for the future emission standards

3. Analysis of emissions reduction 
potential of  new emission control 

technologies on BAT

 Potential side effects (e.g. technology implications, CO2 emissions, cost 
etc.) should be identified and further discussed

4. Proposal of options for further 
analysis and the impact assessment

Input from “Euro 7/VII” database
BAT investigation both within and beyond the current test regime (special 

focus on RDE)
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• Target: Emission performance analysis of latest technology vehicles Euro 6d and 
d-temp as well as Euro VIc and Euro VId
 Determination of BAT and emissions reduction potential of each technology
 Identification and quantification of Euro 6/VI improvement and extension needs

• 45 LDVs with > 500 tests
8 HDVs with ~100 tests

currently available (work in progress),
from 9 partners/sources (CLOVE, JRC, H2020 projects, stakeholders) 

• Update early September 2020

11

Emissions database for “Euro 7/VII” analysis
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Vehicle list included in LDV database

Fuel
Vehicle data Emission test available data

Engine/
Powertrain EU std ATS Current RDE/Non-

compliant
Info on specific variations
(RDE and/or Chassis dyno)

Non-reg. 
pollutants

Ga
so

lin
e

GDI 6d/d-temp TWC | TWC+GPF ✓/✓ Cold/hot start ✓

mHEV-GDI 6d-temp TWC+GPF ✓/✓

PFI 6d/d-temp TWC ✓/✓ Cold/hot start ✓

PHEV-GDI 6d/d-temp TWC+GPF ✓/✓ Battery SoC levels, hybrid and driving 
modes, cold/hot start ✓

HEV-PFI 6d/d-temp TWC ✓/✓ Hybrid and driving modes, cold/hot start ✓

HCCI 6d TWC+GPF ✓/✓ ✓

Di
es

el DI 6d/d-temp EGR+DOC+SCR+DPF+ASC|
EGR+DOC+SCR+DPF+LNT ✓/✓ DPF regen., cold/hot start ✓

mHEV-DI 6d-temp EGR+DOC+sDPF ✓/✓

CN
G

PFI 6d-temp TWC ✓/✓ Cold/hot start ✓

LP
G PFI 6d-temp TWC ✓/✓
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Vehicle list included in HDV database

Fuel
Vehicle data Emission test available data

Engine/
Powertrain EU std ATS Current RDE/Non-

compliant
Info on specific variations
(RDE and/or Chassis dyno)

Non-reg. 
pollutants

Di
es

el

DI VIc/d EGR+DOC+DPF+SCR+ASC ✓/✓ Cold/hot  start, DPF regen. ✓

HEV-DI VIc DOC+DPF+SCR+ASC ✓/✓ Cold/hot  start ✓

CN
G

PFI VId EGR+TWC ✓/✓ Cold/hot  start ✓
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LDV Emission data included in the following analysis
 On-road tests (cold-start*) only, evaluated in two parts:

• Current RDE (RDE-compliant routes, moderate driving conditions in most cases)

• Non-compliant (high v*a and hilly routes with high positive elevation gain, urban short trips are also
included)

 For each test: data for Total test and Urban/Rural/Motorway
 14 vehicles (EU6d & EU6d-temp) with the following technologies:

• GDI
• GDI (w/o GPF)
• mHEV-GDI
• PHEV-GDI
• PFI
• HEV-PFI
• Diesel
• CNG

*Emissions in the following slides are presented 
in graphs with average speed. Thus, the urban 

part is always affected by the cold-start.
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Average Speed and v*a variations over non-compliant and RDE tests

15

 No important differences in average speed

 Higher v*a in non-compliant tests compared to current RDE.

Update Sept. 8th
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NOx emissions – Current RDE
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TotalUrban Rural Motorway  Most vehicles already at low levels, well below 
60 mg/km.

 High variations in some technologies e.g. dieselAll tests

Vehicle-average data
(divided in total, U ,R, M)30 mg/km

96% of points

Update Sept. 8th



Study on post-EURO 6/VI emission standards in Europe

NOx emissions – Non-compliant tests
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 Higher emission levels outside the current RDE, 
especially in diesel.

All tests

TotalUrban Rural Motorway

Vehicle-average data
(divided in total, U ,R, M) 30 mg/km

55% of points

DPF regen.

Zoom-out

Update Sept. 8th
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All tests

TotalUrban Rural Motorway

CO emissions – Current RDE
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Vehicle-average data
(divided in total, U ,R, M)

500 mg/km
96% of points

 Most vehicles already at low levels, well below 
1000 mg/km.

Update Sept. 8th
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CO emissions – Non-compliant tests
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TotalUrban Rural Motorway

Vehicle-average data
(divided in total, U ,R, M) 500 mg/km

58% of points

 Significant CO increase compared to current RDE.
 High variations in PHEV-GDI
 Diesel and CNG remain low

All tests

Zoom-out

Update Sept. 8th
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SPN23 emissions – Current RDE

20

 Most vehicles already at low levels, well below 
6*1011 p/km.

 High variations in PHEV-GDI
 Diesel at the lowest end

All tests

Update Sept. 8th

TotalUrban Rural Motorway

Currently no emission standard*

6*1011 p/km
90% of points

Vehicle-average data
(divided in total, U ,R, M)

*GDI (w/o GPF): CNG-gasoline vehicle registered as mono-fuel CNG (PFI)
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Currently no emission standard*

SPN23 emissions – Non-compliant tests
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All tests
6*1011 p/km

63% of points

TotalUrban Rural Motorway

Vehicle-average data
(divided in total, U ,R, M)

 Shift of emissions to higher levels compared to 
current RDE tests.

 High variations in PHEV-GDI
 Diesel and CNG remain low

Update Sept. 8th

*GDI (w/o GPF): CNG-gasoline vehicle registered as mono-fuel CNG (PFI)
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HDV Emission data included in the following analysis
 On-road (cold-start*) and chassis dyno tests:

• On-road:

• Current ISC tests (ISC-compliant routes, moderate driving conditions in most cases)

• Non-compliant (hilly routes with high positive elevation gain and urban short trips are also included)

• Chassis dyno:

• WHVC tests (contain cold and hot start phase)

• Non-compliant tests: Urban (including Stop&Go), rural and motorway cycles

 For each test: data for total test
 6 Euro VId vehicles and 2 Euro VIc vehicles with the following technologies:

• Diesel
• CNG
• HEV

*Emissions in the following slides are presented in average speed 
graphs. Thus, the urban part is always affected by the cold-start.

22

Update Sept. 8th
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NOx emissions – WHVC and ISC tests

 All Euro VId vehicles 
are below the limit 
(CNG and Diesel)

 Euro VIc vehicles 
are near or over the 
limit

ISC tests are not evaluated 
with EMROAD. The graph 
shows average emission 
values.

Update Sept. 8th
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NOx emissions – Non-compliant tests

 Higher emission 
levels especially in 
cold started low 
load tests

 Euro VId: already 
very low emissions 
under optimal 
thermal conditions 

Update Sept. 8th
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SPN23 emissions – WHVC and ISC tests

25

 Diesel vehicles 
already at low 
levels, well below 
6*1011 #/kWh

 CNG vehicles are
clearly above the
limit

Update Sept. 8th
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SPN23 emissions – Non-compliant tests
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 DPF regeneration
phases can lead to
very high particle
emissions compared
to standard operation

Update Sept. 8th

DPF regeneration
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Next steps (following CLOVE’s approach) 

• Final update of the emissions database with additional vehicles 
(JRC, H2020 projects)

• Finalisation of the 
• assessment of emissions reduction potential of new and optimised

emission control technologies
• work on the determination of options for emission limits and related

testing reasonably covering all driving conditions.

• Consolidation of the input for the impact assessment

27
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OBM target is to establish a reliable tailpipe emission monitoring:

OBM objectives and challenges

Compliance under all driving situations
Beyond current durability or ISC requirements
For all vehicle conditions (malfunctions, tampering, tuning etc.)

OBM challenges/requirements:
Reliable and accurate sensor technologies for all pollutants
Tamper-proof OBM components
Proper integration of OBM provisions in the regulations
Simplification of OBD (fault detection of components for maintenance purposes)
Robust strategies for MIL activation

29
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Target: Evaluate the technical feasibility of exhaust sensors and sensing 

technologies for OBM applications based on:

CLOVE’s sensor activity

Test results and data for currently available sensors

Roadmaps and information for improved sensors and for 

alternative technologies 

Dedicated test campaigns from CLOVE:

NOx, PM/PN and NH3 sensors

>20 different sensors and technologies (work in progress)

Different protocols for state-of-the-art sensors and 

prototypes

30
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Design target for OBM sensors

Concentration 
Range

Lifetime

Accuracy 
(& readiness)

Current OBD sensors
Compromise between 

accuracy, range, lifetime

Future OBD sensors
• Higher durability (improved 

sensing elements)
• Dew point (end) free

OBM sensors
• Highly accurate
• Focus on low emissions

Extended lifetime:
Current focus (due to OBD needs)

Significantly affected by readiness i.e. low 
dew-point temperature for cold-start 
measurements can reduce lifetime 

Reduced concentration range:
Different engine-out (for NOx control) and 
tailpipe sensors (OBM) for increased 
accuracy

Improved accuracy:
In the low range, high accuracy is expected 
for advanced OBM sensors

Correction functions and models can 
improve accuracy

31
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Test campaigns for sensors (work in progress)

We are collecting test 
results for:

NOx, NH3, PN/PM sensors

LDV and HDV

Diesel, Gasoline, CNG

Steady-state and transient

Comparison with laboratory 
equipment, PEMS, portable 
analyzers, mini-PEMS, aged 
sensors

9 suppliers (CLEPA and non-
CLEPA members) provide 
support with sensors 
and/or data

32
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Summary of the current findings and next steps

Current focus of sensors’ suppliers
high durability of sensors

increased accuracy 

dew-point free sensors

multi-gas sensors

advanced PN/PM and NH3 sensors

Diesel engines have the sensor (and largely the models) ready for NOx OBM
Currently no plans for development of CO, HC, CH4, N2O sensors

Next steps:
Completion of test campaigns for NOx, NH3 and PN/PM state-of-the-art 
sensors/technologies (on-going)
Test campaign for prototypes (preparations completed)
Additional input from suppliers and final evaluation of sensors for OBM 
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On behalf of the CLOVE consortium: Thank you!
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