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Objectives

= Demonstrate a new generation of gasoline direct injection
engines achieving a > 15% reduction in CO, emissions through the
optimal combination of advanced engine and robust
aftertreatment technologies

= These vehicles will comply with upcoming Euro 6 RDE limits with
particle number emissions measured to a 10nm size threshold

= Modelling and simulation software will be verified that can
imﬁrolve the design and the control capability of subsequent
vehicles
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Project Approach

Research understanding Innovation & Demonstration PaREGEnN

Development of Miller Cycle stoichiometric combustionengine
* Improved bore:strokeratio (and downsizing) N

* H,0 injection and improved fuel injection g7
*SVL onintake & exhaust C—
* Variable charge mode and new turbocharger

All technologies,
engines, components,
SW and controls at
TRL6 orTRL7

* Implementation 0 to 3D modelling software, vGPS, advances
in control strategy Optimised engines and ATS
In depth understanding of the * Implementation of aftertreatment (TWC-GPF) integrated into powertrains
relationships between combustion and demonstrator vehicles
process, engine design, engine Impact Assessment

Target setting, tracking and assessment Capability to create future

formationCverths entxeanphe HAp | " ® °11105 COMP|ing

operation, emissionsand particle

with EU6 RDE and with very
low particle emissions

=> 0to 3D modellingsoftware
=> Virtual Gasoline Particle Sensor
=> GDlengine control strategy

Independent testing of EU6 RDE & CO, improvement

Know-howand capability to
test & assess particle emissions
downto 10 nm under RDE
conditionsin 2020

Know-how for designing optimal
aftertreatment systems Development of lean Miller Cycle combustion engine

* High compression ratio Miller Cycle engine
* Lean combustionwith ‘dry’ air dilution
* Continuous variable valve lift

« Low pressure EGR Significant contribution to

lower CO,levels andimproved
* Implementation 0 to 3D modelling software, vGPS, advances air quality
in control strategy
* Implementation of aftertreatment (lean NO, reduction & GPF)
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Modelling and simulation software, that can
improve the design and the control capability of
subsequent vehicles, will be verified

» Fuel wall films as one major source
for particle formation

= Optical diagnostic methods, using
on calibrated laser based
techniques, may enable thickness
quantification of in-cylinder fuel
films

mixture

inhomogenities
and

wall films
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Modelling and simulation software, that can
improve the design and the control capability of
subsequent vehicles, will be verified
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Modelling and simulation software, that can
improve the design and the control capability of

subsequent vehicles, will be verified
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Modelling and simulation software, that can
improve the design and the control capability of
subsequent vehicles, will be verified

= Evolution of liquid film distribution in motored conditions
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Measurement Simulation
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Modelling and simulation software, that can
improve the design and the control capability of
subsequent vehicles, will be verified

» Development of the real time models for the vGPS on-going

modeFRONTIER and SRM coupling Emission Look-up Tables for MVEM
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Demonstrate a new generation of gasoline DI engines
achieving a 2 15% reduction in CO, ... Stoichiometric
small TC-VVA-DI water injection engine (WP3)
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Demonstrate a new generation of gasoline DI engines
achieving a 2 15% reduction in CO, ... Stoichiometric
small TC-VVA-DI water injection engine (WP3)

B = Engine on test and demonstrator
vehicle being built
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Demonstrate a new generation of gasoline DI engines
achieving a 2 15% reduction in CO, ...
Dry Dilute Combustion Demonstrator (WP4)

Baseline o e
WLTC CO, —

benefits /\

Validation via
simulation &/or
e test bench

Total -11.7%

>
e L
e L

< O
Q T
< =
5 3 JE— o
o O (2] :
Yo o _ |
28 S - g Target-15.0% A I
o ‘
c S o = ;=1 ; /\
v O —H = e}
= < =M n 3 o >
o 0. < z 3 o o
S5 o o 4 O 3 o o —
> o o 5 = c = o
2 3 o I ® = O 2
Dilution with 2.3 S o 3
EGR and lean > 5
operation ae
10
Jaguar XE '
XE demo.
-1.7% -7.0% -1.0% -2.0% -1.8% -0.5% -1.0%
MY2015
e This project has received funding from the European . . .
Union’s Horizon 2020 research and innovation Validation on the vehicle
all rights reserved, see Disclaimer  September 6, 2019 12

programme under grant agreement No. 723954



Demonstrate a new generation of gasoline DI engines
achieving a 2 15% reduction in CO, ...
Dry Dilute Combustion Demonstrator (WP4)

VNT — eCompressor » Engine with new componentry on test (air
P | handling system shown) and demonstrator
vehicle being readied for evaluation

System Layout
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... Yehicles will comply with upcoming Euro 6 RDE
limits with particle number emissions measured to a

10nm size threshold

* New aftertreatment systems including GPFs under test & development
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... Yehicles will comply with upcoming Euro 6 RDE

limits with particle number emissions measured to a
10nm size threshold

; 3. TSIEngine Exhaust
Particle Sizer (EEPS)

= Baseline vehicles tested for

fuel economy and emissions,
including PN

spaed [km/h]

spead [kn/h]

6. Raw Secondbysecond 5. Raw Second bysecond (pre
: . (post catalyst) exhaust and post-catalyst) exhaust

emissions emissions
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. Vehicles will comply with upcommg Euro 6 RDE
llmltS with particle number emissions measured to a
10nm size threshold

» Example measurements of particle size & number (on the colour scale)
over a transient test

aN/dlogDp (Wem?)

EX 204 dod Ged Bed 105 1205
[

Particle Size

——— — = - : >

Time during the test cycle
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... Yehicles will comply with upcoming Euro 6 RDE
limits with particle number emissions measured to a

10nm size threshold

= PaREGEnN baseline vehicle
measurements made over the NEDC,
WLTP (high and low), and RDE (on-
road and on-dyno) with AIRMODUS
and EEPS instruments

= Over the wide range of tests the
baseline vehicles were well below
the relevant legislative PN levels

= The relationship between the PN23
and PN(10 measurements is consistent
with the other measurements made
within the DownToTen project

This project has received funding from the European
Union’s Horizon 2020 research and innovation
programme under grant agreement No. 723954
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‘ Impact

Previous, on-going R&D and
background
* Previousresearch and

developments, e.g.
ECOCHAMPS, HyBoost,
LeanBoost

Proprietary know-how,
expertise and best available
technologies of the
consortium partners

Baseline 2015

Best reference vehicles available
on the market, e.g. Mercedes
C180, and BMW 318i

PaREGEn major outcomes:
Advanced gasoline engines, engine
components, aftertreatment systems and
controls
New models for combustion simulation
AllHW and SW at TRL6 or TRL7 and
evaluated on the test beds and/orin the
demonstrator vehicles
Proof of the reduction of WLTP CO,
emissions by > 15% for GDI engines
compared to the baseline
Capability to comply with EU6 RDE with
PN emissions down to 10 nm in size
Methodology to assess vehicle
performance and emissions under real
driving conditions
Proof of the above by independent testing

Expected or potential impact (long-term)

Market introduction

Market introduction in new
Mercedes and Jaguar vehicle
modelsin Europe

Further optimizing of
engines, engine components,
aftertreatment systems,
control systems and vehicles
Ramp-up of the production
of vehicles, components and
systems and lowering of the
COGS

Vehicle application
development

Software and validation
tools and techniques

Targeted impact

Medium to premium
passenger cars with an
improved fuel economy
(= 15%) improvement
compared to the 2015
baseline (= bestin class
reference vehicles)
Compliance with Euro 6
emissions limits under
real driving conditions
with PN emissions down
to 10 nmin size
Significantly lower CO,
emissions and lower
polluting emissions
Improved (urban) air
quality

Strengthening of the
European automotive
sector, including new
modelling and simulation
tools and techniques

Time

2007 - 2016

2016 -2019

2020 - 2022

2023 -2025

Today
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Expected or potential impact (long-term)

» The project PaREGEn will give developers the opportunity to complement current work
with new combinations of advanced technologies through cooperative effort committed
to achieve a 15% CO, reduction along with real driving emissions targets

= Other socially important impacts of the PaREGEn project are

= Through the improvement in engine fuel efficiency, achieving the PaREGEn project
goals will contribute to a lowering of the dependence on oil imports

= |t will lead to technology leadership and economic growth at the European vehicle
OEMs, suppliers of engines and powertrain components, aftertreatment systems,

automotive engineering and software supply companies and automotive research
institutes

= |t will lead to benefits for the European economy, jobs, economic growth and
society as a whole, e.g. improvement of the local environment and air quality

This project has received funding from the European
Union’s Horizon 2020 research and innovation
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Conclusions and Future Work

* |[n PaREGEN, further development of gasoline engines used in mid to premium sized
passenger cars is being made

= The project is currently two years into its three-year plan and the technology
developments are showing progress towards achieving the overall project objectives and
expected impact
= The development engines are running on the test beds
= And the demonstrator vehicles are being readied for calibration

= Qver the next 12 months the component, engine & aftertreatment technologies will be
tested in the two demonstrator vehicles, ready for independent evaluation

= The simulation tools are being validated through experiment & the learning will be applied
to the demonstrator vehicles

= The step thereafter is market introduction: a roadmap to implementation of the
technologies has been devised & is supported by more detailed plans

This project has received funding from the European
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Thank you for your attention

=1 PaREGEn

Partide Reduced, Eficient Gasoling Englnes
———————— ——
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Disclaimer

* Copyright ©, allrights reserved. This document or any part thereof may not be made public or disclosed, copied or otherwise reproduced or used in any form or by
any means, without prior permission in writing from the PaREGEn Consortium. All the material included in this document is based on: 1) data/information gathered
from wvarious sources, 2) certain assumptions and 3) forward-looking information and statements that are subject to risks and uncertainties. Although, due care and
diligence has been taken to compile this document, the contained information may vary due to any change in any of the concerned factors and the actual results
may differ substantially from the presented information. Further, there can be no assurances that results will prove accurate and, therefore, readers are advised to
rely on their own evaluation of such uncertainties. Readers are encouraged to carry out their own due diligence and gather any information to be considered
necessary for making an informed decision.

* Neither the PaREGEn Consortium nor any of its members, their officers, employees or agents shall be liable or responsible, in negligence or otherwise, for any loss,
damage or expense whatever sustained by any person as a result of the use, in any manner or form, of any knowledge, information or data contained in this
document, or due to any inaccuracy, omission or error therein contained.

* All Intellectual Property Rights, know-how and information provided by and/or arising from this document, such as designs, documentation, as well as preparatory
material in that regard, is and shall remain the exclusive property of the PaREGEn Consortium and any of its members or its licensors. Nothing contained in this
document shallgive, or shall be construed as giving, any right, title, ownership, interest, license or any other right in or to any IP, know-how and information.

* This project hasreceived funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No. 723954, The
information and views set out in this publication do not necessarily reflect the official opinion of the European Commission. Neither the European Union institutions
and bodies nor any person acting on their behalf, may be held responsible for the use which may be made of the information contained therein.
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