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Emissions Compliance in the EU:
Understanding the Fundamentals

Information Event on European Type Approval Systematic,
Emissions and Fuel Consumption of Light- and Heavy-Duty
Vehicle within the EU
(high-level overview)
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|. European Type Approval Systematic

Guiding Questions

a. How to get an approval according to the new framework
regulation?

b. Whatis the information folder?

c. Who are the actors and participants involved in the process of
getting an approval?

d. What kinds of approval do exist?

e. Which kind of legal requirement are part of the framework
regulation?

f.  What are Conformity of Production arrangements?

g. What are the obligations for approved vehicles which are not in
conformity or that present a serious risk?

h. Whatis Market surveillance in the EU?
I.  Whatis the compliance verification by the EU-Commission?
|.  Are there penalties in the EU?

TUVRheinland®
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|.  European Type Approval Systematic

General Information on the Framework Regulation

What are we able to get approved within the requirements of the Regulation (EU) 2018/858?
= Motor vehicles (category M1, M2, M3, N1, N2, N3)
= Trailers (O1, 02, O3, 0O4)
= Systems, components and separate technical units intended for such vehicles

M2 / M3

4 : - N\

(> e 2
Passenger car
\ Light commercial vehicle / N 3
0,0,0 omg
K Truck and trailer )
Light Duty Vehicles Heavy Duty Vehicles

TUVRheinland®
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|.  European Type Approval Systematic

General Information on the Framework Regulation - What is the Regulation (EU) 2018/858 about?

j RDW

o £

Manufacturer

Technical Service

KBA

J

snch

Type Approval Authority / Market Surveillance Authority

Applicability .
Item Subject Regulatory act reference STU or "
M._ M: Nl N: N] 04 COMPOnNEN
f 1A Sound level Regulation (EU) No 540/2014 of | X X X X X X
the European Parliament and of the
Council (*)
N
< 2A | Emissions (Euro 5 and Euro 6) light | Regulation (EC) No 715/2007 XM X 01 X X
0((\ 6% duty vehiclesfaccess to information
O s ) |
S
. 0(\ (LQ 3A | Prevention of fire risks (liquid fuel | Regulation (EC) No 661/2009 X X X X X X
X \ tanks) . N
((\@ ®> UN Regulation No 34
& o8
\ @ 3B Rear underrun protective devices | Regulation (EC) No 661/2009 X X X X X X X
& p 2 |
(RUPDs) and their installation; rear . . o5
\0 underrun protection (RUP) UN Regulation No 58
- . @
TUVRheinland
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|.  European Type Approval Systematic

Which kinds of legal requirement are part of the framework regulation?
UNECE contracting parties

to the 1958 agreement

TUVRheinland®
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|. European Type Approval Systematic

The European (EU) type approval systematic allows different kinds of approvals based on European or national
requirements:

= EU Whole Venhicle Type Approval (WVTA) in different approaches like single-step, step-by-step or mixed type approval,

and multi-stage approval for incomplete or completed vehicles

EU type-approval of vehicles produced in small series

EU individual vehicle approvals

National type-approval of vehicles produced in small series

National individual vehicle approvals

e24*2018/858%00004*02 e12*IV18/858*ST0001 el 2*NIV18/858*W00001
e13*KS18/858*00001*00 e4*NKS18/858*00001*00

TUVRheinland®
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11

European Type Approval Systematic — Getting an Approval

4
o A
Manufacturer Technical Service

Prepare request letter and
information document
l — Initial Assessment
First request?
—

Product Testing

Receive test report € ——— Create test report

Gather all the necessary
documents:
A Application letter, information
AN
AR document, test report
. A

Approve.x!.';/»' “/ <
N\~

February 4, 2021 Bartosz Mrozek

Type Approval
Authority

KBA \)
R snch

RDW

Receive documents

Grant approval
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|. European Type Approval Systematic — Having an Approval

4
e A Type Approval

Manufacturer Technical Service Authority

Start of production

CoP-P Assignment of a technical service to

Sampling at the manufacturer perform product conformity testing (or
perform themselves

Test report _
Store documentation

Test procedures q Conformity
for periodi - confirmed? \
or periodic Documentation : -‘f.

inspections

including ARR
Store documentation

Testing during
production

Documentation

~Auditing Assignment of a technical service for
el LY 4 CoP-Q including documents for the inspection of conformity-relevant
ARR quality documentation (on annual base)

TUVRheinland®
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|.  European Type Approval Systematic

= Not in conformity:

— Manufacturer shall immediately take the corrective measures necessary to bring that vehicle [...] into conformity, to
withdraw it from the market or to recall it, as appropriate

— The manufacturer shall immediately inform the approval authority that granted the type-approval in detail of the non-
conformity and of any measures taken

PRESORTED
STANDARD
U3 POSTAGE

PAID

FIRST-CLASS MAIL

Recall Customer Name
and Address Inserted Here SAFETY RECALL NOTICE

IMPORTANT SAFETY RECALL INFORMATION

9 lssued in Accordance I
- . With Federal Law "HTS‘!'

TUVRheinland®
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|. European Type Approval Systematic

Market surveillance in the EU
Activities carried out and measures taken by the new Market Surveillance Authorities independently and impartially

= Minimum check of one for every 40.000 new motor vehicles registered in that Member State
(preceding year)

= Minimum 20 % emission related tests
= Control/supervision of national authorities by the EU-Commission

On the basis of the reports submitted by Member States, the Commission shall make a summary report on market
surveillance activities publicly available on a two-yearly basis.

TUVRheinland®
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|.  European Type Approval Systematic

What is Market surveillance in the EU?

- 2019: 4.23 million new vehicles and trailers registered in Germany
—> at least 106 checks need to be performed by the German Market Surveillance Authority

2019: 17.81 million new vehicles registered in the EU-Member States
—> at least 446 checks need to be performed by all MSA together

TUVRheinland®
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|.  European Type Approval Systematic

Market Surveillance Activities in Germany

Fundamental Field
Affairs Monitoring

85 tests on vehicles and

385 inquiries related to vehicle applications

freedom of information (~ 58 % on diesel
rights engines)

24,156 inquiries +

16 tests on
software
upgrades

verification

57 as field tests

16 February 4, 2021 Bartosz Mrozek

349 CoP-P
checks
completed

Emissions
(pollutants,
noise and
CO,)

Safety
(brakes and
steering)

Parts and
components

Product
Safety and
Recalls

1065
investigations
carried out in

2019

59 % tests
led to recalls

Offences
and
Sanctions

1211 control
reports
issued

TUVRheinland®
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|.  European Type Approval Systematic

Penalties in the EU

Member States shall lay down the rules on penalties applicable to infringements.

The EU-Commission may impose administrative fines. These fines shall not be in addition to the penalties imposed by the
Member States.

The administrative fines imposed by the Commission shall not exceed:

EUR 30 000

per non-compliant vehicle, system, component or separate technical unit.

TUVRheinland®
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Emissions Compliance in the EU: Understanding the Fundamentals
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Il. Emissions of Light Passenger and Commercial Vehicles

Technical Requirements for Type-Approval and Requirements after Bringing into Market

a. Timeframe of latest changes from NEDC to WLTC/ WLTP
b. New test cycle WLTC and the European procedure WLTP
c. Conformity of Production
d. In service conformity

TUVRheinland®
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Il. Emissions of Light Passenger and Commercial Vehicles

Emissions Regulations Overview - Change in Regulatory Complexity

~ 1270 pages

Euro-6
WLTP + RDE 1+2
~650 pages

1970 2005 2017
Pre-Euro Euro-4 Euro-6d
20 February 4, 2021 Bartosz Mrozek
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II. Emissions of Light Passenger and Commercial Vehicles

NEDC

New European Drive Cycle (NEDC) versus Duration: 20 minutes Duration: 30 minutes

Emissions Regulations Overview — Changes from NEDC to WLTC

WLTP

new test from
September 2017

Worldwide Harmonized Light Vehicle Test Cycle (WLTC) Distance: 65 miles Distance: 14.4 miles
Speeds: Speeds:
21 mph average 28.9 mph average
75 mph maximum 81.3 mph maximum
§ Fixed gear shift ifferent gear shift points
Pl points depending on vehicle
3 20-30°C test 14-23°C test
2 temperatures temperatures
%]
100,0
CO: and Fuel consumption
Consumption measurements will now
be closer to what drivers experience on
Test Cycle - ) ¥ he road
Moving from a single Road Type ¢ p N
50,0 1St zycle,;!LﬁTP wilk Going from 2 phases with P
introduce 3 different test (e o o WLTP test Benefits of real-world [l
cycles dependingonthe L pove 4 phases to emissions testing '
power=to-weight class represent: urban, city, A road
of the vehicles. The il matori
appropriate cycle will Y The Real-world
emissions test is
0,0 > :;Zr;i:? ::si‘il?r e Influence of optional ~ supplementary to WLTP.
0 250 500 750 1000 1250 1500 1750 time in s equipment 5 g
CO: values will now take into Testing will be able to take conditions
. NEDC: === WLTF: account the weight and into consideration: o Traffic
effects on aerodynamics of & et
optional equipment such as
air conditioning, tyres etc. .

A TUVRheinland®

21 February 4, 2021 Bartosz Mrozek Precisely Right.



Il. Emissions of Light Passenger and Commercial Vehicles

Emissions Regulations Overview

Tests required to obtain an emission approval:

= Type 1 Test - Gaseous pollutants, PM, PN, CO, emissions, electrical energy consumption, electrical range
= ATCT - ambient temperature correction test (at 14°C)

= RDE - gaseous pollutants and particle number in real driving conditions
= Type 2 test - idling emissions

= Exhaust opacity (Cl engines only)

= Type 3 Test - Crankcase emissions

= Type 4 Test - Evaporative emissions

= Type 5 Test - Durability

= Type 6 Test - Low temperature emissions

= On-board diagnostic systems (OBD)

= Engine power

TUVRheinland®
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Il. Emissions of Light Passenger and Commercial Vehicles

Emissions Regulations Overview — CoP vs. ISC

Conformity of Production In-service conformity (ISC)
= approval authority shall verify and agree with = Vehicles to be properly maintained and used
arrangements and control plans and perform audits and = 15.000 km or 6 month — 100.000 km or 5 years
conduct emission and OBD tests whichever occurs sooner for tailpipe emissions

= 30.000 km or 12 month — 100.000 km or 5 years,
whichever occurs sooner for evaporative emissions

Tests to be performed:

Type 1 Test - Gaseous pollutants Type 1 Test - Gaseous pollutants (incl. low temperature)
emission of CO, (or electric energy consumption)
Type 3 Test - Crankcase emissions
Type 4 Test - Evaporative emissions Type 4 Test - Evaporative emissions
On-board diagnostic systems (OBD)

TUVRheinland®
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Il. Emissions of Light Passenger and Commercial Vehicles

Emissions Regulations Overview — CoP by the Manufacturer

= Frequency based on a risk assessment methodology (consistent with ISO 31000:2018)

= For type 1 tests a minimum of one verification per 5.000 vehicles produced or once per year, whichever comes first
- In Europe the VW Golf was the best selling car in 2019 with roughly 460.000 units
- ~ 92 verifications needed (depending on the structure of the CoP families)

= A sample of three vehicles shall be selected

TUVRheinland®
Precisely Right.
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Emissions of Light Passenger and Commercial Vehicles

Emissions Regulations Overview — CoP by the Granting Type Approval Authority (GTAA)

25

has to verify the manufacturers arrangements and

documented control plans with a minimum frequency of

one audit per year

may at any time verify the conformity control methods
(in each production facility)

not satisfied - physical test shall be carried out directly

normal frequency of physical test verifications is based
on the results of the auditing, but minimum one
verification per three years

February 4, 2021 Bartosz Mrozek

Surveillance of the production process

The RDW supervises approvals granted by it by means of:

» document assessment, RDW
+ audits and
» a product assessment if necessary.

How often supervision takes place (frequency) depends on any provisions in respect thereof
in the legislation as well as a risk analysis carried out by the RDW.

The risk factors may consist, among other things, of the following:

» the absence of an IS0 certificate,

» results from previous assessments,

» the nature of the product,

» the moment of the most recent audit,
» complaints and

» information concerning product deviations known to the RDW.

The RDW carries out the audits itself, but also has these carried out by RDW partners or
technical services (category C) designated for this purpose by the RDW. This means that
manufacturers may also be visited by these organisations instead of the RDW.

TUVRheinland®
Precisely Right.



Il. Emissions of Light Passenger and Commercial Vehicles

Emissions Regulations Overview — ISC by the Manufacturer

= Shall perform ISC testing in form of at least Type 1 tests
= May perform RDE, Type 4 and Type 6 test
= Shall report all results (using the Electronic Platform)

= Period between starting two ISC checks for a given
family shall not exceed 24 month

= Number of sample lots for ISC testing with Type 1 tests

=  Sample size: minimum 3 — maximum 10

EU Registrations per Number of sample lots (for
calendar year of vehicles in Type 1 tests)
the sampling period
up to 100.000 1
100.001 to 200.000 2
above 200.000 3

TUVRheinland®
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Il. Emissions of Light Passenger and Commercial Vehicles

Emissions Regulations Overview — ISC by the Granting Type Approval Authority

= Shall check an appropriate number each year

= Shall perform Type 1 and RDE tests on a minimum of
5% of the ISC families per manufacturer per year or at
least two ISC families

= Type 4 or Type 6 ISC test have no minimum frequency
requirements

Luftbild Teststrecke Leck Quelle: KBA, Stand: 05/2020

TUVRheinland®
Precisely Right.
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Il. Emissions of Light Passenger and Commercial Vehicles

Emissions Regulations Overview — Conformity Conclusion — Minimum Test Effort

Manufacturer Authority
CoP CoP
tailpipe emissions audit
emission of CO, (or electric energy consumption) physical test verification (at least ever three years)

crankcase emissions

evaporative emissions

OBD
ISC ISC
tailpipe emissions (including low temperature) tailpipe emissions (including low temperature)

RDE

TUVRheinland®
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Emissions Regulations Overview — Conformity Conclusion

29

Emissions of Light Passenger and Commercial Vehicles

KBA list of vehicles including defeat devices (2020-08-11) — in the responsibility of KBA
134 vehicle types (29 engine codes) + 285 VW group models (47 engine codes)
Production years 2008 — 2018

All vehicles are subject to recall

KBA list of vehicles including defeat devices (2020-08-11) — not in the responsibility of KBA
18 vehicle types (16 engine types)

February 4, 2021
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II. Emissions of Light Passenger and Commercial Vehicles

Emissions Regulations Overview — Emission Targets in the EU

= [ntroduce “post Euro 6” standards
* Currently a high level concept
« Stake holder discussion ongoing

* Potential changes: increase of mileage for ISC and MSA, increase of durability, introduction on wide on-road testing
(more than RDE) to cover conditions not controlled in Euro 6, technology and fuel-neutral lower limits

* New technologies: pre-heated catalyst and full map lambda = 1

= Reduction of greenhouse gasses compared to 1990
« Target changed from 40 % to 55 % reduction in 2030 (December 2020)

= Green Deal
» Greenhouse gas neutral in 2050
+  EU-COM defined 50 measures required for this purpose

TUVRheinland®
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Emissions Compliance in the EU: Understanding the Fundamentals
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Ill. Emissions of Heavy Duty Vehicles

Emissions Regulations Overview

1. Regulation (EC) No. 595/2009

on type-approval of motor vehicles and engines with respect to emissions from heavy duty vehicles (Euro VI)...

2. Regulation (EU) No. 582/2011

implementing and amending Reg. (EC) No 595/2009 [...] with respect to emissions from heavy duty vehicles...

3. UN-Regulation No. 49

[...] gaseous and particulate pollutants from Cl engines and Pl engines for use in vehicles

4. Vehicle Energy Consumption Calculation Tool (VECTO) & Regulation (EU) No. 2017/2400

implementing [...] as regards the determination of the CO, emissions and fuel consumption of HDV

TUVRheinland®
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Ill. Emissions of Heavy Duty Venhicles

Emissions Regulations Overview

= Technical requirements for type approval of:
*  Motor vehicles
* Engines
* Replacement parts
«  Durability of pollution control devices
« OBD systems
= Definition of:
* Emission Limits
*  Fuel consumption / CO,
*  Conformity of Production

* In-service conformity

33 February 4, 2021 Bartosz Mrozek
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Ill. Emissions of Heavy Duty Venhicles

Emissions Regulations Overview

34

Article 5

Requirements and tests

1.  Manufacturers shall ensure compliance with the emission limits set
out in Annex L

2. Manufacturers shall equip wvehicles and engmes so that the
components likely to affect emissions are designed, constructed and
assembled so as to enable the vehicle or engine, in normal use. to
comply with this Regulation and its implementing measures.

3. The use of defeat strategies that reduce the effectiveness of
emission control equipment shall be prohibited.

February 4, 2021 Bartosz Mrozek

ANNEX I

Euro VI Emission Limits

Limit values
cO THC NMHC CH, NOx (D) NH; PM mass PM number
(mg/kWh) | (mg/kWh) | (mg/kWh) | (mg/kWh) | (mg/kwh) | (ppm) | (mgkWh) |  (#kWh)
WHSC (CI) 1 500 130 400 10 10 8.0 x 10!
WHTC (CI) 4000 160 460 10 10 6.0 x 10!
WHTC (PI) 4000 160 500 460 10 10 @ 6.0 % 10!
Note:

PI = Positive Ignition.

CI = Compression Ignition.

(1) The admissible level of NO, component in the NO, limit value may be determined at a later stage.

(*) The limit value shall apply as from the dates set out in row B of Table 1 of Appendix 9 of Annex I to Regulation (EU) No 582/2011.

TUVRheinland®
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Ill. Emissions of Heavy Duty Venhicles

Emissions Regulations Overview — CoP and ISC

CoP ISC
= Referring to framework regulation = Report schedule and sampling plan at the time of initial TA
= Engines taken randomly from series production = Minimum of three engines to be tested (three vehicles)
= Three engines shall be taken for testing = Testing on the road over normal driving patterns, conditions and

« Newly manufactured engines payloads - prove the choice towards TAA

« May have run-in up to 125 hours = Defined payload, ambient conditions, vehicle conditions
= Trip requirements defined for different vehicle classes

— N2, M2, M3 - 45 % urban, 25 % rural, 30 % motorway

— N3 - 30 % urban, 25 % rural; 45 % motorway
= Emission evaluation is allowed to include conformity factor of 1,5

= Send report to GTAA

For the testing procedure the Regulation refers to UN-R 49

TUVRheinland®
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Ill. Emissions of Heavy Duty Venhicles

Emissions Regulations Overview

Remedial Measures:
= Submit remedial actions within 60 days to GTAA and receive confirmation within another 30 days
= Submit to GTAA within the plan:

— Each affected engine type

— Details of modifications, corrections, repairs, adjustments to be done

— Copy of manufacturers information to vehicle owners

— Copy of instructions to persons who will perform the repair

= Report regularly to GTAA

TUVRheinland®
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Emissions Compliance in the EU: Understanding the Fundamentals

Table of Contents

|.  European Type Approval Systematic
II.  Emissions of Light Passenger and Commercial Vehicles
IIl. Emissions of Heavy Duty Vehicles

V. CO, Emissions and Fuel Consumption of Heavy Duty Vehicles
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V. CO, Emissions and Fuel Consumption of Heavy Duty Vehicles

Emissions Regulations Overview

Due to multiple combinations of axle types, number of driven axles, gear boxes, engines and cabins, the number
of variations within one HDV model range can exceed 1000. Therefore measuring every possible configuration on
a chassis dynamometer or with PEMS would be a very burdensome approach.

TUVRheinland®
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V. CO, Emissions and Fuel Consumption of Heavy Duty Vehicles

Emissions Regulations Overview

40

Every vehicle gets an individual VECTO result
All data shall be handled in electronic form
Data integrity measures installed (,hashing®)
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V. CO, Emissions and Fuel Consumption of Heavy Duty Vehicles

Emissions Regulations Overview

Verification Test Procedure (VTP)

On-road test to verify CO, Emissions
Carried out by manufacturer and verified by GTAA
Pass/Fail check: specific fuel consumption from VTP to be lower than VECTO simulation results +7,5 % tolerance

41
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V. CO, Emissions and Fuel Consumption of Heavy Duty Vehicles

Conformity of CO, Emissions and Fuel Consumption Related Properties

Engine Transmission Axle Air drag

= 0,05 % of all engines = Number of tests depending = Number of tests depending = Number of tests depending
produced in the past on production of on production of axles on production of vehicles
production year but a transmissions e.g. for single reduction e.g.:
minimum number of 30 e.g.: (SR) axles: <50.000 => 3
(=Ncoppase) >10.000-30.000 => 2 50.001-60.000 => 3 <75.000 =4

- first two COZ -families shall >30.000 => 3 60.001-70.000 =>4 < 100.001 =6
be those with the highest >100.000 =>4 70.001 and more => 5 = first two air drag-families
production volumes = Above a production of = first two axle-families shall shall be those with the

10.000 the transmission be those with the highest highest production volumes

= Sample size per family : : ) _
4<n<19 with highest production production volumes = Additional requirements
volume needs to be tested = Margin of 1,5 % for SR like ambient temperature

= Margin of up to 3 % axles and torque loss within a range of £ 5 °C
depending on the type of measurements and high speed test within
transmission a range of £ 2 km/h of

certification tests

= Margin of 7,5 %

= Margin of 4 % for a single
test £ i

TUVRheinland®
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V. CO, Emissions and Fuel Consumption of Heavy Duty Vehicles

TS OEM GTAA
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V. CO, Emissions and Fuel Consumption of Heavy Duty Vehicles

Emissions Regulations Overview — Emission Targets in the EU

= Regulation (EU) 2019/1242 reduction of the CO, level of 2005 by:
* 15 9% by 2025
* 30 % by 2030
* Emissions premium 4.250 €/gCO./tkm from 2025
* Emissions premium 6.800 €/gCO,/tkm from 2030

CO,

TUVRheinland®
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Emissions Compliance in the EU: Understanding the Fundamentals

Summary

Passenger car

Light Duty Vehicles
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Key Takeaways: EU v. US

Both EU and US regulations require extensive documentation and testing for Emission Approvals
« US: Manufacturers work directly with US EPA and CARB to submit Applications for Certification
« EPAand CARB requirements are very similar but require independent approvals, for every Model Year

« EU: Manufacturers work through Technical Service to submit Applications for Type Approval
to governmental Authorities in any one of 27 different Member States

« Test cycles, documentation formats, and other regulatory requirements are generally similar
but are not identical between US and EU

Both EU and US regulations require compliance demonstrations on production vehicles

* New vehicles: Manufacturer requirements
* Production Vehicle Evaluation Testing, In-Use Verification Program testing in US
» Conformity of Production testing in EU
* In-Service vehicles: Agency enforcement
» Separate In-Use Compliance programs at US EPA and CARB, in place for 40+ years
* Member State activity increasing in recent years

P
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Disclaimer

This presentation has been prepared by TUV Rheinland Kraftfahrt GmbH in partnership with
Sidley Austin LLP and Garrett and Associates, Inc. for informational purpose and is not legal advice. This
Information is not intended to create, and receipt of it does not constitute, a lawyer-client relationship. All
views and opinions expressed in this presentation are our own, and you should not act upon this information
without seeking advice. We are not responsible or any errors or omissions in the content of this presentation
or for damages arising from the use or performance of this presentation under any circumstances.

Do not send Sidley confidential information until you speak with one of Sidley’s lawyers and receive their
authorization to send that information to them. Providing information to Sidley will not create an attorney-client
relationship in the absence of an express agreement by Sidley to create such a relationship, and will not
prevent Sidley from representing someone else in connection with the matter in question or a related matter.
Sidley makes no warranties, representations or claims of any kind concerning the information presented on or
through this presentation. Attorney Advertising - Sidley Austin LLP, One South Dearborn, Chicago, IL 60603,
+1 312 853 7000. Prior results do not guarantee a similar outcome. Photos may include Sidley alumni or
other individuals who are not Sidley lawyers. Photos may be stock photographs.
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hank you for your attention.

Bartosz Mrozek
Technology Centre Traffic Safety
Cars, Trucks & Buses

+49 221 806-1940
+49 171 9176815

| E | bartosz.mrozek@de.tuv.com

LEGAL DISCLAIMER
This document remains the property of TUV Rheinland. It is supplied in confidence solely for information purposes for the recipient. Neither this

document nor any information or data contained therein may be used for any other purposes, or duplicated or disclosed in whole or in part, to any . ) ®
third party, without the prior written authorization by TUV Rheinland. This document is not complete without a verbal explanation (presentation) TUVRhelnland
of the content. . .
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