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to secure global technology leader position for
the Finnish powertrain industry by creating
common vision and sustainable business
solutions.

Powertrain
development
In Finland

Finland 1#

in the EU in the quality of export
products; European Commission

Finland 7#

In innovation capabilities and
results; Global Innovation Index

Finland 9#

in Cleantech; Global
Cleantech innovations

®
PROVENTIA

[ %
WARTSILA
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Powertrain
development
In Finland

Proventia

Leading exhaust
system integrator for
NRMM market

Dinex

Expert in catalytic
aftertreatments

to secure global technology leader position for
the Finnish powertrain industry by creating systems since 1980s
common vision and sustainable business
solutions.
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to secure global technology leader position for
the Finnish powertrain industry by creating
common vision and sustainable business
solutions.

Powertrain
development
In Finland

AGCO Power

Clean and dependable
power for working
machines with

80 years of experience

(4
WARTSILA

-

Clean Propulsion
Technologies



to secure global technology leader position for
the Finnish powertrain industry by creating
common vision and sustainable business
solutions.

Powertrain
development
In Finland

Wwartsila

Global leader In
smart technologies
and complete
lifecycle solutions for
the marine and
energy markets
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to secure global technology leader position for
the Finnish powertrain industry by creating
common vision and sustainable business
solutions.

Powertrain
development
In Finland

NAPA

95 % of newbuilds
yearly built by NAPA
customers

Meyer Turku

One of the market
leaders in future-
extrapolated cruise
ships and other
floating solutions
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Premise

Drivers

Challenges for
marine & off-road

High energy density required for marine transport and

agricultural machinery

GHG Reduction targets
2030/2050

GHG Sulphur Cap 2020

Tightening Emission Norms
2016-2030

4 1|

CO,, CH,, N0,
Black Carbon reduction

Diversifies the fuel market

Euro Stage V—-VI

China II

Zero-emissivity for urban areas

The Goal of CPT is realized :

On a short term, by moving the most promising innovative (TRL3)
powertrain technologies to TRL56.

On a long term, by maturing the common technological roadmap for the
join marine and offroad sector

Challenges for Finnish industry

Transition is happening
in shipping and off-road
sectors!!!

Will affect the whole value
chain + energy suppliers +
land infrastructure + policy

There is no clear roapmap
on how to stisfy all the
challenges simultaneously
on long term!!!

Look at the dates!!!

Already Short term
solutions are required that
simultaneously:

» Promote fuel flexibility

e Reduce emissions
(GHG +PM + NO,)

If we do not provide, Finland
loses the frontrunner
position in powertrain solu-
tions

g Clean Propulsion
W& Technologies



Clean Propulsion Technologies in numbers

copulsion 7,
Company Q'b’(\? 906/70
Projects O\

() .
¢ 3 L) Consortium Partners Work Packages
WARTSILA :
R Supporting : . .
Py o Project Project timeline:
A
= Vagsan yliopisto S 2021-2023
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0 Public research project
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Way of working and high level objectives

Real-time (online)
algorithms

Future emission WP2

legislation monitoring Virtual sensors

requirements and control Virtual emission sensors
WP1 WP3 WP5
) Future fuel Novel Near-zero Full scale
Roadmapping flexibility combustion emission ICE hybrid
ar]ld bL'E'Ilr']ess requirements and advanced (RCCI/H2) technology
easibility aftertreatment demo
Available WP4 Electro-hybrid concepts
power source Multiple power reported, two selected
technology source for demonstration
propulsion

I 1 I

WPOQ Project management and common dissemination

Business
case

Clean propulsion
technologies

TRL 5/6

Road
map

Objective 1: Establisha TechnologyRoadmapto direct
current and future R&D efforts within a sustainable
propulsion ecosystem

Objective 2: Develop new intelligent machine learning
algorithms for virtual sensors,digital twins and control
designof new combustiontechnologies

Objective 3: By combined engine/aftertreatment
measures demonstrate min 30% GHGreduction with
ultra-low NOxand PMemissions

Objective 4: Designand implement an optimal control
architecture for a hybrid system accounting for
characteristics of different energy/power sources(GHG
-20%)

Objective 5: Build hybrid full-scale demonstrators of
propulsion systems, show their functionality and
preliminary performance and verify multi-engine and
energy consumer models.

Clean Propulsion
~ Technologies
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WL Scope

WP1
o, :
,//A C . MEYERTURKU Define and narrow down the
powER WARTSILA ‘Q,' o
market needs driving the
call for clean propulsion.
Build a vision for needed
@ [ | products and services to
T 7T meet the market drivers.
= T1.3 . .
© T1.2 T11 || Lfecyle T1.4 Jointly define and narrow
g ONWEREToY Delphi =D Technology - assessment =) Cost-benefit d n th | t f n bln
-_g studies roadmapping enE/%EoAn)niggtal analysis ow e .|S OT enabling .
c costing (LCC) technologies for developing
:‘:3 1 the needed products and
o - services.
s £ s = @ Establish Technology
g B & W = Roadmap and R&D
o1

direction for a sustainable
propulsion ecosystem.

Connection to other WPs

Clean Propulsion
Technologies



Title: Reviewed consolidated version of TRM
Mapping teams:[ Ship ] [ Fuel ] [ Off-road ] [Reviewer]

Reading instruction: the width of the text boxes refers to the
time frame of different concecpts.

Year 2020 2025 2030
. Local regulations
2 RegUIathe GSC Euro for ports, regions, Q‘?EEEEE’S [ ne?\:rgrk Stricter GHG/CO2 emissign regulations: stage 5+ off-road NOx, CO2
g drivers 2020 stageV marét;lf_acturers:in regulations utilization reduction, black carbon regulation, etc.
ina, e.g.
-E New incentives, e.g. climate Fuel Market Decaying based on different factors: I Il
. . funds, ortotal cost o - local Lot | Overa
= Economic drivers ownership demand from ity Eicton e (el g bt environme
Q customers * Better vehicle efficiency | 0
=2 s ntal effect
re 1 I Emissio
0| social [ o= Safety I GHG emission limitations ] == e =i o a rlk n Ports GHG +
E -0 er:w:slongoods, bio-fuel, | pollutant
d ri\fers . - Realdriviag emissions, er -
Noise - 0 emission journeys P2X I lifetime
I [
Batteries+ . . New types of fuels: Methane, blended power, Nextgen multifuel b chvanced propulsic
. Efficient NG energy Vehicle with l_r|1proved e.g. engines Fuel Cell SEE
Main products ) Tt sensors, engipes and
I sysgterr;s hardwa [ Improved engine: waste heat recovery, hybrids, electric, renéwable energy, orwith fuel flexibility J
1
: ]
o — Aﬂertreatmentsyst_emdevelopment. I 15t gen. of P2X complements, e.g. H2 2™ gen. of P2X complemer‘f; Carbon
+ | complements SCR, filter e.g.methanol, MGO Improve capture
8 P ;ec;t)::! ] - ! . Liquified Bio-fuel d battery and
= Y- Gas tank e ol ytane an I|0835 atiery SYNTH fuels I storage
© ~
(o] [ Government ][ Fuel producers: e.g. Bio-fuel refineries and producers } | el cell
a. | Involved actors . || Fueles
Engine Ports Shi d Battery Consumers, ship owners producers
OEM's Ipyarcs producers pSully |
Cost/tech optimization ] |
2 e Electric Fuel ] 1
Infrastructure ) infra. availabili 3
LNG infrastructure Hydrogen infra
|
Biogas ! High (P2X) fuel ] Cost efficient
Fuel technology techrf)lo | SR technologies | Sz
EY | electrolysis e [J Multifuel blends |] production
1 1
L]
a . [ RCCI i NG/MethanOI ] [ RCCl— NG-H2/ fuel mixtures Iternatwe
) Novel Combustion njectionand
Heatrelease shaping Splitcycle engine and LDW englne i l‘llon S
3 for opti. efficiency siiETEET TR ETE out NOx & Y
c ! 3 1. Grids
% Digital tools/ [ g | +DCpower p":]‘:rrtg?'" kmission
ificati i onitorin
& Electrification [‘ﬁ,ﬂ‘fg;ﬁ;ﬂ;ﬂ‘,{ Advanced control systems: for energy, thermal, battery (BMS), or fuel mgmt ] managementj t e
' — -
Meth idatio
Novel propu Ision/ Aftertreatmentdevelopment: Advanced [ = ::t:a,:ﬂ = New Catalvtlc
prop three-way catalysts (TWC), for alternative solutions:
after treatment fuels, CH4-slipabatement [Nano coating E 2—stage SCR

Highlights

The 15t version of the
common roadmap is
already there.

Vi si on ARNenwlaok
on maritime propulsion
roadmap i Exploring co-
development with the off-
road sectoro ; wi | |
presented in 2022.

CIMAC22

CONGRESS

BUSAN, JUNE 13-17, 2022
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Technologies

-2



Virtual

Clean Propulsion
Technologies




WP2 Scope

j o, e
£ BN MEYER TURKU
WARTSILA Yo'

WP2

Real-time NOx estimation for

R small flow rates correction of
AAU SCR system.
T2.1 T2.3 s TRy - -

dh) Estimation of ¢ » | Virtual sensor o virtual sensing and the
£ otv e A i =) related algorithms in soft
] = A alto (=) .
o e = sensors and sensor fusion
e Aalto [JUVAN AAu 1T 1 1 T2.6 QQ
© R ) . = . _
: 2.5 |* i &% HE optimal controllers for multi-
= Contrel Of RCC! | g | forrobustand | V¥ 2 g injection in RCCI
= v + ¥ efﬁciencyan% E = . . .
E AAU Aalto ——myw route planning o ::-D' route planning algorithms in
= T2.2 T2.4 = operation conditions with

Estimation 5 fusi ..

ofNOxcon- | ¢ B o machine WP3 large uncertainties

e i e

Clean Propulsion
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Soot Blowing Unit
NOR reactor
Mixing & injection unit

Power distribution unit

Image courtesy of Wartsila

Problem

A Flow-rate measurements are inaccurate at low flow rates.

A The position of control valves are uncertain
A Backlash, hysteresis etc.
A Valve failure not detected

Highlights

T2.171 Delivered! : Virtual sensor for ammonia
dosing pressure and flow rate control

63.5
Dosing flow (true)
= 63f Dosing flow (estimate)
= 1.
Q T
© 62.5
2
Ke) lj
L 62r
61 5 | 1 1 I}
150 200 250 300 350
Time (s)
6.4
Dosing pressure (true)
ey Dosing pressure (estimate)
©
0 6.2F
o
=)
?
° 6
o
. I -
58 | T 1 | |
150 200 250 300 350
Time (s)
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Novel combustion .
and advanced aftertreatment

7

’ _ <y e
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Maciej Mikulski, University of Vaasa




WP3 Scope

WP3 s
wmgﬁ;\ PRCVENTA Complete model-based
design methodology used for
the first time for
= T3.3 powertrain development.

Mid-speed RCCI engine demo

AAU

LNG/diesel RCCI

model coupling -,

Advanced high-speed engine

=)
S = .
RC(-III-:c;o.r%rol- ! mT: B 2. demonstrated on a mid-speed
B el T35 6 & engine across full operating
— Engine-.after- p—p o Q envelope (TRL 5
pato U A0 treatment s, 3 P )
=
O
(2]

19310 0} uoil}dauuo)

P
(<)
c
e
S
(5]
Qo
©
c
(=)
.;
(4]
=
S
(<)}
e
c
|

framewark for RCCI -H: mi* wes concepts developed; including
=> A.dl:lgr;(id — Adva:lr:?ehzwigh- H2 fueling (TRL S)
aftertreatment speed engine Advanced aftertreatment
systems developed for high
N divex and medium-speed engines

(TRL 6)

Company projects
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e RCCI Control
Foct losedLoop Combustion development in
WP3 and WP2

T2.5 Reduction mechanisms T3.3 HIlc_i delrrgjonstration
towards real time WP2 and validation
application ommmmm—=) bbb =

PP e Virtual sensors and ‘:
: control development v

top WP3
S Novel combustion

3 RT Target
i 'ﬁ i .- andadvanced EAT [« m?g;%qg:rnd
= A & Sy pressure in

—# wall heat transfer ) a I.I. Cyl.

—3 interzonal mixing:

1 w
! ]
1 : 1
[N side *
N !
heat and mass 1 1
N .
11

T2.5 Physics-based combustion *“a
model for Low temperature
combustion concepts

T3.3 State of the art Dual-
Fuel Platform realizing
Low Temperature RCCI

(DF RCCI)
OQ
NS
o 3.1
A0 Detail 3D-CFD Simulations
.. 10¢ and optical engine studies
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T3.4

Advanced
after-
treatment

L]

T3.6 Multi-objective
optimization & super-
computer simulations

- - -,

» T3.3 Validation of optimal
parameters and outlook on
RCCI with aftertreatment

\
1
1
1
i

v

WP3

Novel combustion
»* and advanced EAT

Aau

— wall heat transfer

—3 interzonal mizing:
heat and mass

side

g'ﬁ e i !
1478 E[ . i_T:” !
\;mr r.;mb{: r.i.. q;:ui;n CEE ——tee
Ry RS ‘:-x ¥ m
QAP b
_ &
E': - %
-~
T3.5 I
1D Engine/ s
Aftertreatment model Vemmno
Q
000
oM
Q
.. 1o deve*®

T3.2

Physics-based RCCI
combustion model

e
]
1 T3.3
e State of the art Dual-Fuel
4-- 7 Platform realizing Low

= Temperature RCCI

o)

30

2,
%
%
C?/e

RCCI
model-based

calibration
In WP3
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Computational Fluid Multi-Zone Model

Dynamics (CFD) (MZM)
Time: Around 30 hours for Time: <30 minutes for single,
single parallel simulation serial simulation (<10% error

relative to CFD)

e vy

250

Cylinder Pressure (bar) - Load points 100-25 %

200 -
150 |
100 -

50 -

1]
-100

Measurad
—— Simulated |

50 100 150

Brake Efficiency (%) / Brake Mean Effective Pressure (bar)

100

75

50

T3.2 RCCI
control oriented-
model vs CFD;

L. Ideological
outline;

R. initial results:

Top. In-cylinder
pressure (MZM
vs RCCI
Experiment);

Bottom.
Simulated in-
cylinder
temperature by
zone number;

T3.5

L. Detail GTi
Suite model of
the test engine
before the
retrofit

R. Selected
Validation
results;

Highlights

Engine Modeling Packages

T3.2 Results: Submitted to:

Progress in Energy and © Impact Factor 7
Combustion Science e
An International Review Journal 29' 394
Thermo-kinetic multi-zone modelling of low temperature
combustionengines

SSN: 0360-1285

T3.5 Results; Submitted to:

9th INTERNATIONAL CONGRESS ON COMBUSTION ENGINES
POLISH SCIENTIFIC SOCIETY OF COMBUSTION ENGINES PTNSS-2021-xxx
27" — 28" September 2021 Lublin, POLAND

Towards a digital twin of a mid-speed marine engine: from detailed
1D engine model to real-time implementation on a target platform

. Clean Propulsion
Technologies



H | g h I | g htS RCCI Hardware Platform

Wartsila 4L20 in VEBIC Engl ‘. Stage 11 gas/diesel RCCI Cyclops

Laboratory (UnlverSIty of Vaa a)| B LNG (bulk) +
i Cyl_4 converted to DF with separate gas/diesel control

Boost via independent load control of Cyl_1-3;
Thermal Management / IEGR via
intake/exhaust port pressure measurement
exhaust emission sampling system
for detail exhaust composition

Stage 2 - Full RCCI Retrofit T based on model-based design;

o - THC, NOx, €O, 02, FTIR moved to the
Mair T, b PM etc... individual port,
preferably record
: & : : : I with CA triggering
1 1 T -ideal solution
] T 1 |/‘ [ would be to have a
11
11
T D port or in exh pipe

dual way sampling
line with valve to
(@) T sample either in

|

i

1 ,CO, 02,
o S .. (FTIR), PM

o
s
g o — Mies Lf_]?“UI
'-"";q'" EHVA...
VEBIC-4L20- Rpm, a )
NG-RCCl- semi- Maiesel -

cyclops concept

- new air- path elements
(LP EGR,air-WG, CAH)
--EHVA

Clean Propulsion
Technologies
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Scope

1)

2)

3)

Model-based system
engineering (MBSE),
methodology for powertrain
hybridization

Demonstrator 1 diesel-
electric-hydraulic wheel-
loader.

Integrated power-
management system and
advanced control

© Clean Propulsion
~ Technologies



