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Potential to cut shipping emissions

Operational measures, Digitalization ~20%
* Route and logistics optimization

* Speed optimization

* Vessel/capacity utilization

* Reduced time at anchor and port

Energy efficienc
+ Immediate effects » Y

- Many stakeholders with conflicting interests + Retrofits are possible
- Renewal of tonnage requires time
~20% +/- Investments need to be incentivized or
mandatory

AL/ \Wind assisted propulsion ~20%
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Digitalization of shipping infrastructure and
ship design

Digital transformation contributes to the ship building and shipping industries thoroughly

* Novel systems for operation optimization, safety critical systems and predictive maintenance
+ Specification of information systems will be one crucial part of ship design process; IT-engineers consider the

vessel and related IT-infra as a collection of IT-systems
+ Particular issues: data ownership and transparency, distributed vs. centralized systems, connectivity,

regulatory, shipping related services have to be digitialized. Often challenges are something else than
technical and still quite many research topics!

Ship Marine ecosystem Impact
e + Better understanding of + Cost-effectiviness
operations Improved efficiency
_ Novel IT-  Ship Operative data as input for Ship design
Logis systems opera- ship design Operations
i Optimization of ship design Reduced emissions
and ship system design *  Fluent processes in
Ship Digital shipping services Everything
systems

System and component level Operative level Result



Example projects on
-Digitalization
-Hydrodynamic efficiency
-Alternative Fuels

21/08/2023 VTT — beyond the obvious



Al, Big Data and Digital Twin

Holistic, beyond the state-of-the-art Al-empowered framework for decision-support models,
data analytics and visualisations to build digital twins and maritime applications
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Pilot 1 - Ship modelling for global vessel traffic
monitoring and management
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Pilot 2 — Globally optimal design of ship
energy systems

Pilot 4 — Weather routing and fleet intelligence service in

shipping
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Improving safety of operations m

ECAMARIS - Enablers and Concepts for
Automated Maritime Solutions (2021-2023)

® Co-Innovation project funded
by Business Finland ’

| Increased j : Increased Reduced )
" ECAMARlS goals FRpasts | cargo capacity ' safety crew costs '
Develop autonomous systems for \ R T =t et
digital line of sight, electronic
lookout and Bridge Zero (BO) Ll L Ll L __ Ll
concepts  Relocationof  Conditionallyless- = Conditionally
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effectiveness N\
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ModProp®

HIGH-EFFICIENCY MODULAR PROPULSION CONCEPT

High-efficiency Modular Propulsion
Concept - ModProp

Simulation platform for ship energy and power systems

= Combined shiphandling and energy flow simulator platform
for different operational conditions

= Energy and power management system design and

optimization B TAY AR ,
Enhanced propulsor design Zlm?j\lr;?gpg_;_ ) ﬂﬂgglc?rw
= |mproved hydrodynamic efficiency S : '

Increased effieciency by 10 % compared
to present solutions

15% lower the CapEx of the designs with
optimal dimensioning

m ) sTEERPROP = ELOMATIC WE Tech »

CONSULTING & ENGINEERING CREATING SAVINGS



Hydrodynamic improvements

Efficient novel propulsor concept

VTT has studied a novel propulsor concept which can decrease the energy needed for
propulsion by 15 %

* Much larger swept area which reduces the propeller loading and improves efficiency
* Recovering rotational/lateral losses (similar to contrarotating effect in CRP propulsors)
* No need for rudder or other appendages, which leads to lower hull resistance

Novel propulsor concept has twice the swept
area compared to traditional propeller

Large area
propulsor Co
1.00
0.75
0.50
0.25
Vel -§I°g
oy 075
120 12
115 -1.50
110 ;
o 105
Traditional 100 )
propeller s o
85
8.0



UltraPropulsor

New propulsor and hull form innovations to significantly increase the propulsive

efficiency
= Reduction of underwater radiated noise “ I. I.
+ methods to model the underwater noise and propeller cavitation phenomena " l. l.
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ABB: Integration and concept development

Foreship: Optimal vessel concept, power
of Foil Wheel propulsor

plant design and hull geometry for Foil
Wheel propulsion

CSI Composites: Advanced
composite blade design to
enable high hydrodynamic
efficiency

COMPOSITE

SOLUTIONS & INNOVATION

ATA Gears: Optimized high efficiency
bevel gear design

DNV
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Flagships ),
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= Two hydrogen flagships wini ne uepioyeu
to illustrate the business viability and to
promote social acceptability of FC&H2

= First in the world commercial cargo

transport vessel operating on hydrogen @\e) FLAGSHIPS

* 200kW Fuel Cell module type approved

= Start operation during summer 2023 in
the river Seine in Paris

= Future proof container vessel start = : ‘ 7y ;
operating autumn 2023 in Rotterdam g : Drorrenoam.

More than 1 MW installed FC power

PARIS, ~
FRANCE

» Gaseous H2 (via electrolysis) as a fuel
= Project coordinated by VTT

- Partners: Ballard, Norled, CFT, LMG,
ABB, Westcon Power & Automation,
Persee, NCE Maritime Cleantech

vTT ol NORLEDE= o BALLARD ABB e



Battery Electric — Hybrid — Hydrogen

: Electric hybrid (e.g. Hydrogen (produced from
_ =ectre (40 renewable energy)

Reduction of GHG2

Reduction of Nox2and SOx2

Investment cost (on vessels)

Fuel cost

Availability (incl.
infrastructure)

Vessel adaptation
Infrastructure adaptation (incl.
fuel production/energy

conversion)

Market segment suitability

Importance of regularity

Very high

Very high

High

Low

Moderate

Very high

Moderate-high

Vessels — short routes (e.g.

ferries)

High

Moderate-High Very high
Moderate Very high
Moderate-High High
Moderate High
Moderate Low
Low-moderate High
Low-high Very high
All — esp. variable energy

demand Gl
Low-high Low

Source: Bach et al. 2020 — Implementing maritime battery-electric and hydrogen
solutions: A technological innovation systems analysis.
Transportation Research Part D: Transport and Environment 2020



https://www.sciencedirect.com/science/article/pii/S1361920920306799#tblfn1
https://www.sciencedirect.com/science/article/pii/S1361920920306799#tblfn1
https://www.sciencedirect.com/science/article/pii/S1361920920306799#tblfn1

Norwegian Maritime Public Procurement

= Emission standards in specifications for public procurement
contracts

= “Development Contracts”, granting extra funding for developing
new solutions in combination with winning a tender



Timeline of Battery Electric (BE) and Hydrogen
development milestones in Norway

. . Around 60 new BE
Operation start of Start of R&D Regulatory car/passenger ferries
Knowledge network world-first fully BE programs Green framework for BE under construction, 38
Maritime CleanTech was car/passenger Coastal Shipping installations in 17 BE car/passenger of them will start
established ferry M/F Ampere and PILOT-E place ferries in operation operating during 2020

r ~ -

Norway’slargest World-first battery Knowledge network Development contract for 5 concepts for BE/hydrogen
maritime knowledge installation for Maritime Battery Norway’sfirst hydrogen powered high-speed passenger
network Blue hybridisation of Forum was established powered car/passenger ferries were presented as a result
Maritime Cluster was OSV Viking Lady ferry was awarded — of a regional administration
established planned operation start development contract

2021 -

Source: Bach et al. 2020 — Implementing maritime battery-electric and hydrogen
solutions: A technological innovation systems analysis.

_ Transportation Research Part D: Transport and Environment 2020
21/08/2023  VTT — beyond the obvious



Potential to cut shipping emissions

Operational measures, Digitalization ~20%
* Route and logistics optimization

* Speed optimization

* Vessel/capacity utilization

* Reduced time at anchor and port

Energy efficienc
+ Immediate effects » Y

- Many stakeholders with conflicting interests + Retrofits are possible
- Renewal of tonnage requires time
~20% +/- Investments need to be incentivized or
mandatory

AL/ \Wind assisted propulsion ~20%
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