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Introduction

« The next 10 years will be revolutionary for Marine
« Remote Operations and autonomous functions

Shipping & Greenhouse Gases Reduction

Future Marine Fuels

Artificial Intelligence

Robots and Maintenance
People & Skills
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What do we mean

« Move roles from the ship to the
shore.

* Remove humans from risky
scenarios.

» Design ships differently and gain
more degrees of freedom.

 Capture and automate best
operational practice.

* Remove some human element risks.

* Opportunity to exploit knowledge,
technology, best practice and
human factors from other sectors.




Situational
Awareness

Height of laden containers limited by
minimum visibility requirements in SOLAS

——— A

2 ship lengths or 500m

Situational awareness package and
augmented reality package

All for less then $1m
10-20% more containers
Payback is measured in a couple of voyages.

Better utilization of container vessel - lower
emissions per container shipped.

@ Rolls-Royca

Image credits: Mermaid Consultants and Rolls-Royce plc
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Positioning & H o ‘ Management Systeni
Maneuvering System ‘

Tugs ——t
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Digital Twin
-

* Svitzer Hermod, Copenhagen

+ PSA Marine, Singapore

* Keppel, Singapore

* ST Engineering, POSH, Singapore
* Robert Allan Ltd., Abu Dhabi Ports

* Why remote for Tugs?
* Enhances safety.
* Crew flexibity (less crew or no crew onboard).

* Close to shore operation means excellent and
diverse communications.

* Makes operational costs lower,
but capex higher?

Image credits: Keppel Singapore / Kongsberg Maritime / Svitzer/Robert Allan



Recent Project Announced
in last 3 months

Norway : ASKO Maritime AS, Norway (2 x ferries)
Japan: Mitsui OSK Lines (containerships / RoRo)

Japan: Designing the Future of Full Autonomous Ship Project
(DFFAS Project)

Japan: Mitsubishi Shipbuilding / Shin Nihonkai Ferry (Ferries)
South Korea : (Oceangoing remote con. ships)

EU: AUTOSHIP (short sea shipping / Inland waterways)

EU: AEGIS (autonomous shipping lanes)

EU: Autonomous Guard Vessel (AGV)

France: SeaOwl, VN Rebel Trials

Netherland: Kotug, Rotortug & Captain Al to navigation tests
on RT Borkum training tug in Rotterdam

USA: Sea Machines, Metal Shark Boats, U.S. Coast Guard R&D
Centre, test vessel for evaluating autonomous tech




I ...and China?

* Thetius research analysts predict China
would be the leader in Autonomous Ships
within five years. Thetius researchers
unearthed almost 3,000 patents relating to
autonomous shipping technology

worldwide, of which 96% were registered
in China

« Established 770 km?2 autonomous
shipping testbed in Guangdong,.

* Yunzhou Tech

* Navigation Brilliance



R Fleet Overviewy

Futuré‘ -

Market
Analyst Year Estimate

Reportlinker.com

BlueWeave Consulting

Data Bridge Market Research
Fiormarkets

Nextmsc

Allied Market Research



I Pathway to autonomy over
next 10 years

* High Probability  « Low Probability

* Inland waterways « Containerships

 Coastal cargo e Bulkers

* TUQ? e Cruise

’ Csmke; « Qil Tankers

orkboats e Chemical tanker

 Ro-Ro .

 Gas Carriers
—+Naval

T

www.imarest org \




Autonomy
Challenges

* Remote operations - human v machine
* Trustin autonomy

* New emergent hazards

* Costs (R&D investment, CAPEX)

» Who has access to the technology

\ Credit: Getty Images/iStockphoto \ Ty x +O ‘l X -X
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Shipping &
Greenhouse Gases
Reduction




1997 2003

Resolution on “IMO

Policies and Practices
related to the Reduction in carbon
of Greenhouse Gas
Emissions from Ships™ ship

Resolution on “CO,
emissions from
ships” establishes
IMO mandate on
GHG emission
control

2013

New regulatory tools to improve the
energy efficiency of international
ships:
= Mandatory design requirements
(EEDI) for new ships, which
set increasingly strict carbon
intensity standards
Mandatory Ship Energy
Efficiency Management Plan
(SEEMP) for operators to
improve the energy efficiency
of all ships

WWW imarest.org

EEDI phase 1:
10% reduction

intensity of the

2016

Mandatory IMO Data
collection system:

Ships of 5,000 gross
tonnage and above
(~85% of emissions from
international shipping) are
required to collect fuel

oil consumption data for
annual reporting to IMO,
from 1st January 2019

IMO Timetable

Timetable of IMO action to reduce GHG emissions from ships

Resolution on the
Initial IMO Strategy
on reduction of GHG
emissions from ships

Adoption of a procedure to assess
the impacts on States of
candidate measures.

Strengthening of the EEDI
requirements for some ship types

Resolution on ports and shipping
cooperation

Establishment of a GHG Technical
cooperation Trust Fund within IMO

2023

Complete short-term
measures and revise the
Initial Strategy

EEDI phase 2: up o
20% reduction in carbon
intensity of the ship

2023-2030

Mid-term measures to
reduce carbon intensity
of the fleet by at least
40%

2025

EEDI phase 3: up to
30% reduction in carbon
intensity of the ship.
Note: early entry into
effect (2022) for several
ship types with up fo
50% carbon intensity
reduction for largest
containerships

At least 50% reduction
of total annual GHG
emissions (requires
approximately 85% CO,
reduction per ship)

2030-2050

Long-term measures to
reduce carbon intensity of
the fleet by at least 70%

Source: IMO
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mmmmm Design and technical measures (EEDI) MARINE
5000 operational measures (SEEMP) Engineering, Science & Technalogy
WS Emissions gap to fill using innovative
2500 measures, fuels and technologies
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A wide variety of design, operational and economic solutions
INSTITUTE OF

Achieving the goals of the Initial IMO GHG MARI N E

Strategy will require a mix of technical, Engineering, Stience & Technology
operational and innovative solutions

applicable to ships. Some of them, along
with indication on their approximate GHG

reduction potential, are highlighted below. 5-50% —
Fleet 0 up tg )
L, management, 1-10% 2-50% Exten_swe speed
logistics and Concept, optimization
‘ , 9 - Voyage speed and
—— Incentives optimization capability

5-15%
Power and
propulsion
systems 1 e e N & e
80-100% 2-20%
35% 90% Hydrogen and Hull and
50-90% Bio-LNG/LPG Biofuel 3rd other synthetic 1-10% superstructure
Full electric generation fuels Energy
management

Www imarest.org Source: IMO




Technologies & Development e N
MARINE

Technology In Use Marinized Engineering, Science & Technalogy
Solar power No Yes TRL9
Lithium ion batteries Yes Yes TRLS
Hydrogen Fuel Cells No Yes TRLS
Wind Propulsion No Yes TRLY9
Passive Foil Yes Yes TRL9 IMAREST Annual Conference 10t July
Wave Propulsion No Yes TRLS9 Absolute Zero - FI'OIT! N!a"ne .

Renewables to Zero Emissions Ship

Re-gen Props No Yes TRLS Design
iFr!‘oII damping energy take- i TR 7 Madadh Maclaine
Water Electrolysis No Yes TRLY

T "'--.___
{_i-":_____.-"" M""\a—._\
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FUTURE
MARINE
FUELS

PATHWAYS TO
DECARBONIZATION

IMO has developed

the ambitious target of a
minimum 50% reduction
in greenhouse gas (GHG)
emissions by 2050.

Shipowners have
alternative fuel options
to help them meet IMO’s
ambitions, each with

its own advantages

and challenges.

O Advantages
O challenges

wwuruL L Ly

Liquefied Natural Gas
(LNG)

& Q&

Established  Long-ferm  Global fuel
infrastnucture  solution availability

QO

Safe to Increased
handle CAPEX
+ e
Clean fuel, Methane
rapidly developing slip
infrastructure

Liquefied Petroleum Gas

(LPG)
e 9

availability  handle

€» CO; emissions

Methanol | Ethanol
< ®
Increased High
CAPEX fuel cost
] @
Easy-to-handle, Refueling

well developed challenges,
terminal network flammable

CARBON

NEUTRAL

Biofuels / Biomethane

© ®

safe to High
handle fuel cost

Lt =
Increasingly Sustainable

used as marine scaling up
fuel, can be used needed

as drop-in fuel

Synthetic methane [ SNG

© ®

safe to High

handie fuel cost
L+ =
Easily Large-scale
adapted to LNG production
infrastructure, challenges,
can be used as requires
drop-in fuel renewable
energy source

ZERO
CARBON

Hydrogen

Q& 6

Long-term  Increased High
Solution CAPEX fuel cost

L+ =
Low energy Storage
density per challenges,
volume and flammable
favorable specific
density by mass

Ammonia

Q& 6

Long-term  Increased High
solution CAPEX fuel cost

LH =
Solution for Limited
internal combustion  bunkering,
engines and toxic effects
fuel cells on human
health

©2020 Bureau Veritas Marine & Offshore

VEHRITAS

INSTITUTE OF

MARINE

Engineering, Science & Technalogy

Source: BV




Power-to-Heat

I Power to “X” “

Power-to-Gas
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* power-to-ammonia * power-to-methane @ z - o
o Bl Bl B

* power-to-chemicals* power-to-mobility B B o s
® O > £
= L =

« power-to-fuel « power to food ® ®
@

* power-to-gas * power-to-power =

* power-to-heat * power-to-syngas e

- power-to-hydrogen, il ;

»

* power-to-liquid

Power-to-Mobilit




World's Largest Green
Ammonia Plant Planned

* Plans to construct a $5bn world-scale green hydrogen-
based ammonia production facility in Saudi Arabia.

* Unveiled 7t July 2020 and on stream by 2025.

* 650 tonnes/day of green hydrogen from sun, wind and
water.

* Hydrogen is extracted from water, nitrogen from air and
combined into NH3 Ammonia.

* Ammoniais used for export and converting back to
hydrogen on import. Ammonia is easier to transport
than hydrogen.

* Ammonia can be used as a fuel, generate fertiliser ad
manufacture cleaning products.
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I Hydrogen - Nation State Initiatives

 Nation state strategies that have been produced
include Germany Netherlands, Norway, Portugal,

Japan, South Korea, Australia and New Zealand SR
» Western Australia - solar to hydrogen r
» EU - Clean hydrogen economy strategy over next 10

years g" =
» Scotland - hydrogen strategy - take advantage of ————
renewables Ay

Soure BeomhsnilEs

« Germany - national hydrogen strategy (green hydrogen
with Fossil-based hydrogen with carbon capture as a
transition.

WWW imarest.org



e Not new butwait.........

* Multi-megawatt?

 Seriously suitable for large scale series production?
Fuel Cells e

* Learning from other sectors?

« Manage the hydrogen fuel risk?

Image credits: Rolls-Royce Power Systems AS and ABB



Hydrotug, the world'’s
first hydrogen fueled

tug

The Port of Antwerp
Behydro Hydrogen medium speed recip engine

Delivery 20217

Challenges to overcome

LH2 boils at 20°K

350-700bar storage pressure

Material embrittlement

Ventilation and gas detection too slow

Wide flammability, low ignition energy, high reactivity
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Artificial Intelligence




Intelligence -
fintelligent
s to work and
e humans - it
dy part of our
ves!




WHEN JOB\TASKS WILL BE TAKEN OVER BY MACHINES

2016 2026 2036 2046 2056 2066 2076

’J Beat humans in new levels of Angry Birds
@ Master poker enough to win World Series of Poker
" Fold laundry
&8O Transcribe speech
() Assemble any LEGO
° Outperform Atari game testers on all games
l Read text aloud
»  Wrte a high school essay
BN, Drive a truck
/¥ Generate a Top 40 pop song
&2 Beat the fastest human in a 5K race
6 Translate a new language with Rosetta Stone

,’, Retail salesperson
Ehe Nework Times  Write a NYTimes Best Seller
B Perform surgery
'8 Research math A
All human tasks ml;: |

Inspired by Businassinsider




I Al in Marine

* Vessel design * Port optimization

*  Fleet optimisation * Climate modelling

*  Machinery asset *  Weather forecasting
management + Tide and current

* Navigation prediction

» Autonomous ships *+  Wave modelling

* Deep Sea Mining * Species identification
Robots

* Ecosystem interactions

* Sjtuational Awareness
* Enforcement of

*  Tracking marine fisheries and protection

mammals . .
* Pollutiontracking

*  Mapping marine

X *  Sub-surface flows, air-
environments

sea currents, and

+ Demand forecasting energy transport
*  Dynamic pricing * Qil spill mapping and
detection

* Knowledge capture and
decision making * Habitat modelling

*  Cyber-security * Coastal water quality




Al Challenges

* |T and communications infrastructure
« Certification

» Trust (bias, explainability, testing.....)

. o>2C
A0 It emj '”"";{t’

~ Big
« Software tools and frameworks

| -
VL . )w,.,,_
* Investment . ' ISStrivinaean T
- ] 7.

» Legal concerns, privacy, compliance ————A L (1

and regulations F . e . | g entiStSa . trYi —-—

« Data quality

» Developing new expertise and methods
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Let’s avoid these types
of Headlines
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Robots and
Maintenance




INSTITUTE OF

MARINE

Engineering, Science & Technalogy

N A robot called “Spot”! Cognite & Aker BP.

WWW imarest.org




Maintainers
replaced by
robots?

Once trained no mistakes.

24/7 hour on call.

Never tires or complains.







Skills

 Maritime needs to attract innovators

* Remote Operating Centres allow
more access to talent and diversity

* Multi-sector approaches - share
talent air, land and sea.

» Capture knowledge and concentrate
talent.
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Nautical

‘ 7&[/_‘ Institute
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The Nautical Institute provides 10 terrific
facts about the future of maritime
technology*

. Stay current

Plan ahead

. SWQOT up on your tech

Be critical...but not cynical
Don't get lost in the data
Garbage collection
Feedback matters

Need and want

. Mentoring: Learn from everyone

= 0 ® N O UA W N =

0.Version control

*The Navigator June 2020 Edition
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