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A University at the heart of the city

ARISTOTLE UNIVERSITY OF THESSALONIKI
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70.000 students
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Lab of Applied Thermodynamics:
History and milestones

International recognition as top-class automotive research provider

Fuel efficiency, CO,

Major automotive industry partnerships

2014/15
Modeling and CAE 2008 . New
The dawn of European projects era « Major facilities ~ SXPansion
2001 overhaul > 1
Shifting focus to emissions « New director: ME invested
Solar energy projects 1989 Pr Samaras
e Athens
Setting the buses
foundations and retrofit
lab infrastructure 1975 project
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Personnel
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Phd
STUDENTS
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Scientific & research areas

Exhaust gas emissions & after-treatment technology  Vehicle fuel efficiency Renewable fuels

| Extensive know-how in combustion engines and emissions measurement technology
combined with advanced CAE and modeling techniques

' ..keeping the big picture on vehicle environmental performance!

<>




Main Facilities

Chassis dyno for vehicle 3 fully equipped engine Fuel injector test rig Mobile biomass
emissions testing benches for emissions gasification unit
testing

~400+ m? test facilities supporting non-stop measurements

~250 m? office area accommodating ~ 25 researchers




Equipment

State-of-the-art equipment for emissions measurement
obtained via regular investments from research funds [est. value > 5 Meuros]
carefully maintained by LAT skilled personnel




Sponsors and Clients
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SEVENTH FRAMEWORK
PROGRAMME

ENTERPRISE AND INDUSTRY CLIMATE ACTION

;5"“””“’9* rsareuctorcmroin|  COMNCEWE 7 Exothermia  pegasor

modeling efficiency
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Long-term, trustful R&D partnerships with automotive industry
Technical consulting services supporting the European Commission
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Alliances and Collaborations
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Results
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12) EUROPEAN PATENT SPECIFICATI

fxrf'm* 1 °° "EmISIF’I

(54) GAS TREATMENT DEVICE
GASBEHANDLUNGSVORRICHTUNG
DISPOSITIF DE TRAITEMENT DE GAZ

30 PhDs completed Int’l patents 2 spin-off companies
>150 journal papers offering innovative tools and solutions to
>3000 citations the automotive industry
employing ~ 35 highly qualified
engineers

Committed to highest standards of research quality,
inspiring the passion of engineering to our students,
turning creative ideas to products




We work on E A T, exhaustively! Exothermia .,
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Why simulation?

Complex problems call
for expert solutions

ECU, DCU,
UREA, OBD

£
Exothermia

modeling efficiency

Exhaust After-Treatment is a multi-parameter
problem, exceeding the capacities of ‘conventional’
experimental methods.

Acceptable costs are only possible by employing
reliable simulation across the development process.

Sl  CASOLINE,
TWC, SCR, DFP, T DIESEL,
LNT, DOC, GPF, : s e i HYBRIDS,
ASC ... \ o m %W HCCI, CNG

MVEG, FTP,
WLTC, RDE,

CARS, TRUCKS, Us06 ...

BUSES, SHIPS,
AGRICULTURE

EATing is an art! GXI
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EMISIA and Tools

Brussels, December 4, 2013

14



¥ Emission and energy
inventories and projections

¥ Emission modelling

+ National
+ Regional
+ Street level

@ Policy assessment
+ Regulations

+» Cost-benefit analysis
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Suite of main tools

* Estimates emissions from on-road vehicle fleets
@ e Used by 22 out of 28 MS for official submission of road
ission i tories
Co El'l' emission inven
IJ  Developed for the European Environment Agency
* Free for use

* Estimates emissions from on-road vehicles in Australia
@  Developed in collaboration with Queensland Govt
e Official method in National Pollutant Inventory (NPI
coperl _ : y (NPI)
******** e Commercially available

* Includes historic and projected stock and activity data !

e Delivers alternative scenarios for energy and emissions :
; ) * Includes advanced technologies and mobility patterns L
Slhul e Commercially available L
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¢
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Key customers

: ACEA
European Environmant Agency # . HURDPEAN AUTOMONILE MANUFACTUNENE" ABBOCIATION
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The Motorcycle Industry in Europe
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Outline

» The reasons that underpin the need for action to
mitigate road transport emissions

» What has European policy done so far and what is it in
the pipeline?
» What do these mean in terms of

¢ Testing requirements
¢* Impacts on vehicle technology



WHY WILL ROAD TRANSPORT EMISSIONS
CONTINUE TO BE IMPORTANT?



Energy projection per mode

20000

Baseline for EU27:

, > Most important change:
1 Light trucks
10000 /_é\ Gasoline:Diesel for cars drops from 2.0

in 2000 to 1.15 in 2030

&i2000 C » Non-road vehicles:
= ars
s Aircraft have biggest share in
f;sooo | consumption — but here only LTO
2 emissions are counted
% L[S , : - :
£ » Mobile machines, ships, rail make up
1000 the rest
Aircraft & other NRMM
0 H
2000 2010 2020 2030 2040 2050
20 Source: Amann (ed.), 2012, Review of TSAP, lIASA ¥ Fi



Greenhouse gases (GHGs)

» Transport accounts for 1/3 of total energy consumption and 1/4 of total GHGs
» Road transport alone contributes to 20% of total manmade EU GHG

7\
/ () 2030 Target

MtL
o
]

GHG emissions from transport
have increased over
1990 base level

P
c
S
@
k%)
S
[NN]
©
I
©

Road transport GHG 2050 Target ®
evolution. Source: EEA

1980 1990 2000 2010 2020 2030 2040 2050 2060

» Binding targets to reduce GHGs from road transport:
¢ 95/147 gCO,/km by PCs/Vans by 2020
¢ 10 % of total energy consumption on renewables by 2020
¢ Tyre pressure monitors, gear-shift indicators

¢ Green procurement
.



PM,, Emission e > 40 pug/m?

NO, Emissione > 45 yg/m?

Annual Mean Air Quality in the EU (PM and NO2)
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Source: European Environmental Agency (EEA) 2012

Some European areas show high Particulate Matter (PM) + NO, emission




Exposure to PM,, in 1100 urban areas, 2003 — 2010

=~ oy, !
Annual mean PM10 (ug/m3) L P
g {20 e - ! ; '|_| S i =
20-29 [ 7 N of \ ;.
3 ‘ L] LG «® .
30-49 - .y ®:
Bo¥ (e e
¢« 5099 i -
* 100149 &
* 2150 * The mean annual concentration of fine suspended particles of less than 10 microns in diameters
Not applicable is a commen measure of air poliution. The mean is a population-weighted average for urban population
—_— in cities above 100 000 inhabitants of a country. il L0 e
-=_=—

WHO Air Quality Guideline: Annual mean PM10 = 20 pg/m3 Source: WHO, 2012
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Population exposed to high pollution

Chart — Percentage of population exposed to NO2 annual concentrations in urban areas
- - M more than 42 pg/m3
W 52-<0 ug/m3

W 26-32 1ug/m3
I [ 0-26 pg/m3

TO0%

80%

A significant fraction of the
population continues to live in
areas where acceptable AQ
levels are not respected

(4]
]
B &

Chart — Percentage of urban population resident In areas for days per year with PM10

concentration exceeding dally limit value
W nure Lhan 35 days
M 7-35 days
W 0-7 days
0 days

PM,,

50% I
40% I
&
&

Fraction of population 20% I I
above AQ limits []

0%e

24 Source: European Environment Agency -EE F
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Air pollutants

National Emissions Ambient Air Quality
Ceilings (Emissions) (Concentrations)

» The new Thematic Strategy on Air Pollution — TSAP - has the
following expectations for road transport:

* Implementation of efficiency improvements, decarbonisation, modal
shifts, ...

¢ Implementation of real driving emissions control (Euro 6/VI PEMS and
OBD impacts)

¢ Additional measures (PTW emissions, NO, control, retrofits, ...)

25 ——t



Emission levels - Diesel PC and HDV NO,

B NEDC
mCADC
COPERT

g/km

I

Limit —

i,

Conv. Eurol Euro2 Euro3 Euro4

Euro5 Eurob

25

20

(avg. loaded 40t tractor + trailer)

AEuro I

®Euo IV - 3CR

mEuro V - EGR HBEFA3.2
©Euro V - SCR HBEFA3.2

average cycle speed [km/h]

s® «Euro VI HEEFA3.2
s (4
= ADV, ABEFA
° emission factor data
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Significant exceedances of
emission limits

Euro 3: 1.6x
Euro 4: 2.3x
Euro 5: 4.7x
Euro 6b: 4.7x (estimate)

Good progress in HDV real world NOx
due to improved test method (WHTC +
PEMS in EU VI)

. A F
Source: ERMES consortium @ 147



NO, projections

= 1600

1200

:

Eura 6 =Euro 4

actor 2 range,
yet lower level

NOx emissions [kt]
g

y

NOx emissions [kt]

Passenger cars

: 200 -

2005 2010 2015 2020 2025 2030

2035 2005 2010 2015 2020

2025

Proportional
~feduction

.., Delayed

2020 2035

“Legislation”: Euro 6 = 80 mg/km from 2015. “"Delayed steps”: As Reference, but Euro 6.2 only from
2020 onwards. "Proportional reduction”: Euro 6 = 380 mg/km from 2015.
“Euro 6 = Euro 4"”: Euro 6 = 730 mg/km from 2015

27

Source: Kleefeld and Ntziachristos (2012) TSAP Review




Impact of NOx evolution on exceedances

140 120 - B0 4

# stations exceeded - IT # stations exceeded - DE # stations exceeded - FR
| 0
120 100 .
b0
100 +
—BL 80 —F] - —EL
—Eurob=4 " —Eurob=4 50 —[prpb=4
a0 ! \\ ——EUroG prop. . —Eurob prop =—Eurod prop.
Euroé legisl. Euroé legisl. Eurof legisl
60 1 . a0 - a

My

40 1
40 AN

Q 20 -
20 |
20 | _

-

0 0 0

T T T T T 1 T ] T T T T T 1
2000 2005 2010 2015 2020 2025 2030 2000 2005 2010 2015 2020 2025 2030 20000 2005 2010 2015 2020 2025 2030

Euro 6 Diesel PC effectiveness will largely determine the
evolution of air-quality in Europe
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PM, . projections
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kt PM2.5

500

400

300

200

100

M Inl. vessels + ships
M Agric. + forestry machines

@ Construction machines

M Rail - diesel only

B Other non-road machinery
M Heavy trucks - diesel

B tict ks - .
M Cars and light trucks - diesel

[ Mopeds + Motorcycles

[ Buses + all other

O Tyre, brake, abrasion

2000 2010 2020 2030 2040 2050

Source: Kleefeld and Ntziachristos (2012) TSAP Review

Baseline:

>

Reductions until 2030 vs. 2005
>90%: diesel HDV&LDV, locos, NRMM
~70% other mobile machines

Road abrasion, tyre, clutch and brake
wear increase with traffic volume,
>80% of emissions from road vehicles
in 2030



WHAT HAS EUROPEAN POLICY DONE SO FAR?



Year

2007
2008

2009

2010

2011

2012
2013

2009
2011
2012

2013

Regulations

Regulation Content

715/2007
2007/46
692/2008
79/2009
443/2009
661/2009
406/2010
510/2011
566/2011
725/2011
65/2012
459/2012
195/2013

595/2009
582/2011
64/2012

168/2013

Introduction of Euro 5 and Euro 6

New regulation on vehicle type approvals

Euro 5 & 6 implementation procedures and modalities
Extension of type approval for H, vehicles

CO, specific targets from passenger cars

Mandatory implementation of GSIs and TPMs on PCs
Certificate of conformity of H, vehicles

CO, specific targets from vans

IUPR and In-Service conformity testing for Euro 6
Certification of eco-innovations

Implementation of GSls

PN number for GDIs and Euro 6 OBD limits

Introduction of eco-innovations as part of the type approvals

Delegated regulation on introduction of Euro VI
Implementing regulation on Euro VI limits and OBD

Derogations for existing models (OBD systems)

Introduction of Euro 4 and Euro 5




Regulations under preparation

» CO, regulations
* New cycle (WLTP) introduction and WLTP/NEDC correlation also
¢ New CO, emissions targets for PCs and Vans
¢ CO, labeling for HDVs

» Regulated air pollutants
¢ Real driving emission control for PCs (RDE)
¢ Euro 6 and VI OBD (incl. PM/PN monitoring)
¢ GDI PN PMP
¢ Euro 6 PN PEMS
¢ |-category vehicles (scooters, motorcycles, ...)

» Other issues (durability, NO2, NH3, tyre and brake wear...)

32 'y
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CO, REGULATIONS



European objectives for Transport

Demanding CO, objectives despite projected strong
activity growth

CO,-eq [Mt]

Gpkm, Gtkm
1200 10000
9000
1000 “eaa, -17%
frea,, . 8000
2030 Indicative Target * 2000
800 (—20% of 2008) ‘s
2030 Framework for Climate ", -69%
and Energy Policies '.. 6000
600 %, 5000
0"
. 4000
400 2050 Target ¥ 2000
(-60% of 1990) ~ === +57%
EU28 all transport GHG (CO,—equivalent) 2000
200 Data source: European Environment Agency, 2015 update N o
1000 EU28 activity projection
Data source: IIASA, TSAP
0 0 |
15990 2000 2010 2020 2030 2040 2050 1990 2000 2010 2020 2030 2040 2050
34 N v
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Divergence of real-world CO2 emissions from
manufacturers’ type-approval CO2 emissions

35

60%

50%

" 45% (company cars)

40% 8% (all data sources)

31% (private cars

20%

10%

8%

n = approx. 0.5 million vehicles
0%

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 20N 2012 2013

Divergence ‘real-world’ vs. manufacturers’ type-approval CO,

Build year / Fleet composition year / Launch year / Test year

Source: ICCT. 2014



WLTP Implementation

» WLTP adopted by UNECE-GTR in
2014 and will replace NEDC as a
certification cycle

velocity [km/h]

mﬁ i %f‘\/v/\

D 200 400 600 800 1000 1 200

> Less relevant for emission

standards e
¢ Limit values remain the same WLTC Class 3 cycle
¢ RDE to substitute chassis dyno in %

the long run g

» Important to translate NEDC-
based CO, targets of 2015 and
2020/21 to WLTP

e —
36 |



CO, WLTP-NEDC translation procedure

Chassis dyno tests
(~30 vehs)

-"-'r‘_ - .,."‘:L

Vehicle level Technology
Simulations (~15000 sims)

| Validation " Simulation
o plan

Sensitivity

Meta-model
. analysis

Segment-level simulations:
Meta-model (Physical or
statistical approach)

n

WLTE FC

B0

&0
50
40
a0 1
20 1

10 ——

a 500 1000 1500

C S | ’
y= 00199k + 44,347
R¥ = (L3682

For average Engine power =283

WLTC Mass
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Technologies examined in WLTP-NEDC translation

Downspeeding, Downsizing

Source: AVL

Lean burn

N Source: MTZ 5/2013 Vol. 74

Mean effective pressure [bar]

=== MY 2005

< . W e 7 VCP

;: / N\ \ —— MY 2009 WT
ol |1 < X\ | — my20{opvce
RN e SRR E—&N— MY 2012+VGT

1 | /4 :'""\K:.Y"““". R o, \ _

§ % \\\‘\ \ 360 S
o 12 7 ,‘. N I ;:"_'_",_ = m?
% 10 & A EREL L 3205
8 L/\\ _\-\, "/ 0

A =

1000

HOS
homogeneous-stratified mode

1 strat

A= 15
controlled NO, sf

2000

3000 4000 5000 6000 7000
Engine speed [rpm]



Technologies examined in WLTP-NEDC translation

39

VVT
. Verstellmechanismus
(e.g. Vanos, Valvetronic) mit Exzortenwoll

Zwischenhebel

Abb. 12-18: Vollvariable kontinuierliche Ventilsteuerung EMW Valvetronic
[Bildguelle: BMW Group]

Cylinder deactivation

Source: MTZ 03/2012 vol. 73 © 1+ owet ey e e i
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Technologies examined in WLTP-NEDC translation

Technology

Start stop
Energy recuperation
Automatic/Manual transmission
2WD/4WD
EGR (gasoline and diesel)
Thermal management
DI/MPI
NSC and SCR
Road load (aero, RR, weight)
Auxiliaries
Mild/full hybrid



Alternative fuels

» Biofuels (biodiesel, bioethanol) sustainability questioned
¢ Feedstock availability
¢ Real CO, benefits obtained
¢ Not positive air-quality impacts
» Renewable diesel (catalytic hydrogenation/de-oxidation
of vegetable oils) - BTL
¢ Well-controlled specifications
¢ Paraffinic fuel

» Natural gas (CNG/LNG)

¢ Target is a 20% reduction to CO, emissions
¢ Adapted engine and vehicles to be studied in Horizon2020

# /a7



From the Ideal to Reality

42

CO2 NEDC [g/km]

120

100

80

60

40

20

Further technology deployment to
achieve 50% of the gap vs. the ideal
real engine :

=

L

!

¥

93-95 g/km can be reached without
further vehicle actions like weight
reduction / aero / rolling resistance

Realistic weight reduction can

100%

Efficiency

Carnot
Efficiency

account for about 10% CO2

o w - X L= > s c
§¢ S8 =3E 3.%58 :
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CO2 NEDC [g/km]

A Way Forward for the IC Engine

Introduce Hybrid
Technology (48-400V)

120
Mild Hybrid 48V

100 Full Hybrid 400V
80
60
 Recuperation
40
20 * FE optimized
operational
strategy

0 b [7) ) o) > >

,_>,'<}° N 35 !UE t’ég-g 5;55 +|.u +|.u

58 E&8 xg 5§ =g5 O0FEFE 3% 3 « Electric driving

3] -l Q9 © Y <) > X ; 3 [a] a

'S & = g8 DE ®=>9D + +

= = sE 2% as = ¢ . e

w = & =< = -

2 2 §'  Free shift schedule
3

(NEDC)
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Efficiency
= 100%

Carnot
Efficiency

Ideal Real
Efficiency

Efficiency as
homologated
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CO2 NEDC [g/km]
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CO2 NEDC [g/km]
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Transition to
Sustainable
Fuel
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CO, from HDVs

» CO, emissions from HDV have not been addressed yet

General Approach with 2007/46/EC — Regulations to be considered *) m@

Fi i r
G & BCL Y

¢ Vehicle type approval
complexity

¢ Articulated vehicles carry
different semi-trailers

i
EG Hesng Betlgungsennchiungen | | 2
SAEGAECESS | ITUREENG | | 0IEG | [ T FOVIVES & ECE 43

*) not showing the current status — up-date necessary "

» Energy efficiency in trucks has always been in the
forefront of vehicle / engine development

® Fuel cost is the most significant criterion in choosing a truck

¢ Energy efficiency improvements have already shifted CO,
emissions downwards and have advanced relevant technologies

e
47 2727
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Monitoring CO, emissions from HDV

» Selected option: Vehicle Simulation

¢ Simulation for whole vehicle supported by component testing
¢ Joint Commission — ACEA effort

» VECTO Simulation tool (Version 1) launched by the JRC in 10/2012

Vecto

Vehicle Energy Consumption Calculation Tool

» 2012-2014: campaign towards final regulation

¢ ACEA — JRC —Consultants experimental campaign (“Proof of Concept”)
¢ Completion of simulation tool

* Finalize regulation / harmonize with other activities (eg Heavy Duty Hybrid
powertrains)

48 Source: Fontaras (2012) JRC Presentation -7 2r



AIR POLLUTANTS REGULATIONS



DIESEL EMISSION CONTROL
TECHNOLOGY



What is now the ‘new’ problem?

No steering
Non
powered
axle is 1. Temperature
stationary is set to up
Rollers used iy 22-_28-0(:
: 2. Vehicle is
to simulate
actual road pre-
oad condltlpned
with given
profiles and
soaked to
start with a
cold-start




If the car recognizes it is being tested...

Regulated — In the lab

Defeat- On the road

Torque [Nm]

100

50 “““““ e — - ! \””””’

N
1000 1500 2000 2500 3000 1000 1500

2000 2500 3000
Speed [1/min]

Speed [1/min]

Typical NOx engine map [Regulated] :
Source: Nuesch et al., Energies 2014, 7(5), 3148-3178 Assumed NOx engine map

e
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Some history on diesel vehicle technologies

Emission
Standard

Euro 1

Euro 2

Euro 3

Euro 4

53

Year Intro Engine measures

1992

1996

2000

2005

Combustion chamber and
intake system
improvements

Direct Injection, fuel
pressure improvement

Exhaust Gas Recirculation,
Common Rail Injection

Multiple injections,
increase of injection
pressure

Exhaust aftertreatment

None

Oxidation catalyst

Pre-catalyst and main
catalyst

First diesel particle filters
Pre-catalyst and main

catalyst, more extensive
use of DPFs



Exhaust gas recirculation used since Euro 4

Coolant Control

EGR Cooler l_ Unit
«— — | <«— | EGR
. J—,_—L, Control Valve

EGR decreases combustion temperature and hence
reduces NOXx



Typical Euro 5 diesel emission control

Audi A6 3.0l V6 TDI
3

Cross-section of particulate filter
substrate [ ™

C ™
. 1

Optimized segmentation

95

Engine data

171 KW /450 Nm

System components:

1.) Close-coupled DOC [1.61 ]

2.) Particulate filter in underbody [4.0I ]

3.) Air gap-insulated pipes between
DOC and DPF

Sensors:
4.) A probe upstream of oxidation cat.

5.) Temperature sensor downstream of
oxidation cat. / upstream of DPF

6.) Differential pressure lines



Typical Euro 6 diesel emission control

condition:

-S

lrrnp"é'r’a?trure probe low-sulphur diesel fuel
<< 50 ppm
post-injection,

charger with VTG, etc.

DOC Katalysator

Grafik: VW

- Close-coupled DOC for fast reaction after cold-start (PM, HC)

- Lean NOx Trap upstream of DPF to reduce NOx emissions (50-70%)
- DPF: Diesel Particle Filter to reduce PM (>95%)

56 yrs



Latest NO, control for diesel vehicles

Abgasnachbehandlung des VISION GL 320 BLUETEC
Exhaust-gas treatment of the VISION GL 320 BLUETEC

Ouidationskaralysator
Diviciaing calaldes Comar e

BLUETEC 100

BLUETEC
\ SCR-Eatalvsator

SCR catalylic comarier

AdBlue-Dossrventl

i matering vale :
A

NOx conversion, %

Pastikefilnes
Partieulate fifkes

100 200 300 400 500 600
Temperature, °C

4NO + 4NH; + 0, - 4N, + 6H,0
2NO, +4NH; + 0, - 3N, + 6H,0

57 Sources: Mercedes-Benz, Johnson-Matthey 'y ¥4



Possible Euro 6¢ diesel emission control

EGF

(e)boOC

_F

SCR/DPF

AdBlue

HP-EGR [

e
-+

|

TH M-

e Tandem SCR-system = SCR/DPF + SCR
e Optional: Electrically heated DOC (eDOC)

- Tandem SCR-system enables high DeNO | efficiency under variety of
boundary conditions

—> High catalyst activity during cold phase (close coupled SCR/DPF) and high
load operation (under body SCR)
- eDOC to improve heat-up of catalyst and exhaust system ... if needed




Why these have not been effective?

There is a fundamental

7.
/

w/ /—f trade-off between fuel
/ ( consumption and NOXx
i emissions (all engines - not
only diesel)

12 14 18 18 ?Hmﬁ 24 b} 28
Danaiah et al. (2012), doi:
10.5923/j.scit.20120201.09

» Also because less frequent use of emission control
¢ Increased the lifetime of the system
¢ Decreased additive consumption



So, is diesel fundamentally dirty?

» Diesel NOx issues have taken advantage of loopholes in
regulations

¢ e.g. similar to CO, from ALL vehicle types

» Robust deNOx technology is currently available; can
efficiently reduce NO, within required limits

¢ 10 years ago we had the same discussion for diesel PM that was
satisfactorily addressed because of the PN limit
» New pieces of regulation are being prepared to achieve
real-drive (RDE) NOx emissions control

» Diesel NOx+PM control is expensive hence one may expect
diesel gradually be replaced by spark-ignition vehicles in
the medium and small vehicle sectors

'y ¥ 4
| 7. ¥ PS



Why OBD?

‘OBD system’ = system for emission control which has the
capability of identifying the likely area of malfunction by means of
fault codes stored in a computer memory

» ldentification of malfunction = early repair = less emissions
» Incentive to design more robust emission control systems

» Use at periodic inspections

@ e
6. 28T
H



Diesel OBD sensor candidates

Electrode

Soot Sensor Combined O,/NOx Sensor

Ammonia Sensor Urea Quality Sensor

62 Source: MECA g.‘l F



Soot sensing technologies

The need for particle sensors to comply with Light and Heavy
duty OBD requirements is currently being approached by the
sensor developers in different ways:

> Resistive: Bosch, Continental, Delphi, Electricfil,
Stoneridge, Sensata/Sensor-NITE

» Particle charge: NTK-NGK, Pegasor, Emisense/Watlow

» Secondary filter:  Innexsys

» Radio frequency: General Electric Accusolve




From measurement to diagnosis

Most sensors do not provide continuous signal
or and an index with physical units

Soot emissions highly depend on vehicle
operation

Need to correlate random operation emissions
with type-approval cycle emissions

- Need of a robust OBD algorithm

Vehicle OBD

system limit
E | rvypeliemor
g’ {ermor of omission)
= . .
<
8 -
= Legislative OBD OBD
H threshold limit algorithm
g ——
(=
o
n .
@
E
-5}
z Type | ervor

(ermor of commission)

Sensor regeneration rate [s']

64

PM emissions (over NEOC) [mg/km)

g/lkm

Type-approval
limit

Errors of Omission
Failure not indicated:
False Pass

Type |l decision error

High Emitters
Correctly Identified

Low Emitters
Correctly Identified

Errors of Commission
Failure indicated:
False Failure

Type | decision error

€ MIL OFF

MIL ON 2>

OBD g/km
decision
Vehicle OBD
system limit
Type Il error
{emor of omission)
.
Legistative OBD
threshold limit
Type | error
(eror of commission)
0OBD index [x]
F



Models need to be developed to detect OTLs

Integrated OBD modeling

Operation parameters (flow, speed, load, ...)

e.g. Ap, mileage from reg., ...

Engine —> DPF => exhaust

‘l' OBD
Texhaust soot decision
Flow,,;..st sensor model

Sensor
signals
\ 4

Sensor Soot [mg/m’]
>
model




Outlook

» GHG control will continue to be in the forefront of EU
policy and related technological advances
¢ Gradual shift to natural gas vehicles
¢ Variable degrees of hybridization
¢ Technology and infrastructure based efficiency improvements

» ICEs will continue to be the powertrains of option for the
foreseeable future. Main technology challenges:
¢ Diesel (LD) NOx
¢ OBD
¢ NRMM
¢ Power two/three and four wheelers

66 a7
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Thank you for your attention

Zissis Samaras
zisis@auth.gr
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