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Outline

* Tampering study
* Environmental impact of tampering of new generation
vehicles

* Tampering installation costs and savings
 Roadworthiness directives
* PTI (Periodic Technical Inspection) update




Experimental

 \Vehicles: two passenger cars, two trucks, one tractor (all latest technology)
* Test cycles: in [aboratory or on road (mostly legislation compliant tests)

* Measurement equipment: laboratory grade or PEMS

* Tampering approaches: ECU flashing, SCR emulators, DPF removal
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NRMM Tractor (Stage V)

DEF emulator

e Steady point at 50% max power
* NOx exceed >10 times the NOx limit

* NOx reached levels between Stage Il and Il

ECU flashing

* 15% increase in power and torque

* Consequences to emissions, safety, durability, drivability
were not investigated
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Heavy-Duty N3 Truck (Euro VI step C)

NOx emulator

* No impact on NOx

* Increase of NH,

SCR emulator(s)

* CO, decrease (but DPF was
removed)

* NOx increased

e NOx levels reached between Euro |l
and Euro Il limits

* NH; was zero (no urea injection)
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Passenger car (Euro 6d-Temp)

Tampered EGR
* 3-9% CO, reduction

Tampered SCR _

* No CO, impact

Tampered SCR+DPF i i I
* 8-15% CO, reduction

Urban Rural Motorway

200

I
u
o

(I
o
o

CO, emissions (g/km)

(]

o

Regeneration (original) 1600
e 20-45% CO, penalty (2.4-3% over regen. Distance) o

1200

1000

80

o

In all tampering cases NOx emissions exceeded 10 times the
Euro 6 limit, and reached the Euro 1 limit 0
NOx increased during regeneration but remained below the -
Euro 6 limit

60

o

NO, emissions (mg/km)

o

o

o

Urban Rural Motorway



Passenger car (Euro 6d-Temp)
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Summary

 Tampering resulted in orders of magnitude increase of NOx emissions
e Similarly for PN

Category Description Target Approach CO, NOy
LD (Euro 6d-Temp) Passenger car EGR ECU flashing 1 3-9% 1.1-1.5 g/km
SCR (DEF) ECU flashing 3-9% 0.9-1.2 g/km
SCR + DPF ECU flashing 8-15% 2 1.1-1.5 g/km
LD (Euro 6b) Passenger car EGR + SCR ECU flashing 3 <5% 0.2-0.9 g/km
HD (Euro VI D) N2 truck SCR (DEF) DEF emulator no impact 1.0-1.7 g/kKWh
HD (Euro VI C) N3 truck NOy sensor NO, emulator 2-11% No impact 4
SCR + DPF SCR emulator X3 2-11% 5-6 ¢/kWh
NRMM (Stage 1V) Agrigultural tractor SCR DEF emulator no impact 4.8 g/kWh
Power ECU flashing +15% power n/a

1 The EGR tampering affected the SCR negatively and resulted in high NO, emissions; 2 plus 2.4-3.0% benefit
from the regeneration; 3 the SCR tampering was probably not successful and resulted in relatively low increases of
NO,: * ammonia slip was measured. DEF = Diesel exhaust fluid; DPF = Diesel particulate filter; ECU = electronic
control unit; EGR = exhaust gas recirculation; HD = heavy duty; LD = light duty; NRMM = non-road mobile
machinery; SCR = selective catalytic reduction.



Tampering motives

Translating CO, reductions in fuel savings from tampering resulted in:
e 30-100 Euros per year from EGR or DEF deactivation. For trucks the values could be up to 10
times higher. The cost of tampering EGR or DEF (SCR) was around 300-600 Euros

* 100-180 Euros per year from DPF removal. For trucks the values could be up to 10 times higher.
The cost of DPF removal was around >1500 Euros.

For light-duty vehicles tampering is likely to appear in:
 vehicles requiring repair or replacement of exhaust aftertreatment components, thus already
some years in the market, or in
» professional or commercial vehicles performing a significant number of kilometres annually

For heavy-duty vehicles DEF and fuel savings could be a motive even early in the
vehicles’ life



Tampering motives

* The regulatory framework is not so strict

* Finding a workshop willing to tamper the vehicle is not uncommon

* There are many sites and forums available if one wants to install the tampering
device independently

* There are no robust procedures to detect tampering: the periodical technical

inspection (typically every two years after four years from the purchase) does
not include NOx testing or PN



EU legislative framework: Roadworthiness package

DASFINAG

Directive 2014/45/EU Directive 2014/46/EU Directive 2014/47/EU

Periodic roadworthiness amending Directive 1999/37/EC Technical roadside

tests for motor vehicles Registration documents inspection of the
and their trailers of vehicles roadworthiness of

7 - -y 2 E
(“PTI Directive”) commercial vehicles

circulating in the EU
(“RSI Directive”)
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Revision of the roadworthiness package

ROAD SAFETY _ INTRODUCE

Testing the function of safety-

relevant electronic components and

ADAS

Extend scope of application, where

meaningful (PTI, RSI)

Mandatory cargo securing

provisions

e-PTI?

Testing of hybrid/electric vehicles?
» Safety of users (electric, ...)
 Batteries testing
» Relevant parts to be tested

Recalls of vehicles?

EVALUATE
CURRENT PROVISIONS

NEW PROVISIONS

GREEN &
SUSTAINABLE
MOBILITY

New PTIl-methods to measure emissions (PN, NOx....)

New RSI-methods to identify highly-polluting vehicles on
EU roads
Performance/software testing in HEVs/EVs?

DATA EXCHANGE

& HANDLING

Prevent tampering & fraud (odometer, vehicle
accidents,...)
Digitalisation of documents
Provide for electronic storage & exchange of up-
to-date RW-relevant data at EU level
Harmonise RW-relevant documents
Improve administrative processes
» Re-registration of vehicles
« Handling prohibitions/suspensions
+ Treating End-of-life vehicles

- European
Commission



Time planning

Aug 2021
Inception
Impact
assessment

June 2023
Draft impact
assessment

report

2023
Inter-service
consultation

Jan 2023

evaluation

Oct 2021
Public
consultation on
A

Feb 2022
RWEG 1st
discussion on
scoping paper

Q4 2022
Targeted

consultations

2023

Adoption of the
legislative proposal

June 2022
Selection of
tender & start of
evaluation study

Q3 2022
Public
consultation
(evaluation/IA)



Emission measurements

* Measurement of PN emissions
* Notifications under Directive (EU) 2015/1535 received from NL, DE

Introduction of PN tests at PTI from July 2022 (BE), Jan 2023 (NL), Jan or July 2023 (DE)

Introduction of PN tests at PTI from Jan 2023 (CH)

 Commission guidance on PN is planned by end of 2022

Focus on Diesel vehicles with DPF

* Measurement of NOx emissions
e Large variety of after-treatment system principles
* Various approaches (with different focus)
* Focus on Diesel vehicles with SCR
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Guidance for PN measurements at PTI

* Work by JRC and DG-MOVE in consultation with the Roadworthiness Expert Group
(Member States and industry representatives)

* Scope:
e Gasoline vehicles are out of the scope at this stage due to lack of experimental data to support a
robust measurement procedure

* Application of the method to vehicles that during type approval did not have a solid PN limit,
might be too strict for vehicle owners with DPF

* Technical requirements:

Tailpipe Sampling
* Based on current PTl procedures S | - Pre-conditioning unit _
— ¢ > ! PNDL Heated ' | Particle
¢ lelt X [ section| T PNP2 |7 detector
* Applicable to any limit \
_ Sampling PN-PTI instrument
e with focus 250 — 1000k #/cm?3 orobe

With dash lines the optional parts



Thank you



