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Innovation Outlook

Sustaining innovation for
Net-Zero Carbon
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enabled by a

Digital
Ecosystem
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Decarbonization Solutions

,r Decarbonization
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Nuclear Small Modular Reactors

Hull Resistance Hull Optimization & ESD Options Air Lubrication
Electrification Hybrid & Electric Propulsion Batteries & Fuel Cells
Technology Emission Controls Carbon Capture g

Improvements . ]
Energy Capture Wind Solar o
Contractual New Charter Arrangements
Routing Speed Optimization, Weather Routing Just in Time Shipping
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The Future Fuel Mix
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What is the Expected Impact from CII?

a : :
: O\ Increased awareness for ship performance (owners, charterers, operations and
financial institutions)

'\_ Compliance expected with low OPEX and CAPEX solutions: speed reduction,
scheduling of vessels, energy management

o High CAPEX and OPEX solutions are not employed due to regulatory uncertainty
Ce]a® .nd how market will use ClI

@rei®  Cllis the current common language for carbon intensity.

*i Non-IMO-regulated players impact CIl but are not directly regulated by it: ports,
‘ channels and canals, charterers, brokers and markets in general

YABS
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Cll Impact
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Biofuel’s Effect on CII

Fossil vs Biofuel annual cost increment
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Dual-Fuel Orderbook

What is the Dual-Fuel share ? What is the Alternative Fuel Mix?

* Mostly LNG ... 81% of the orderbook ... 86% exc. LNG/LPG
* Followed by Methanol with 6%... 10% exc. LNG/LPG

Orderbook excluding

Orderbook LNGC/LPGC

100% LNG

95% PCC

LPG
Cruise

Crude Tankers m Biofuel

Containerships W Biofuel, Methanol

Ro-Ro W Ethane
Hydrogen
Chemical Tankers
® Hydrogen, LNG
Product Tankers

mLNG
0Oth Non Cargo mLPG
by # by GT by # by GT .
Ferries m Methanol
Dredgers Nuclear
Bulkers
MPP

General Cargo

* LNGCs and LPGCs readiness for dual-fuel

» Focus on deep sea larger vessels, Short sea/Coastal
vessels and Passenger

Tugs
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Dual-Fuel Orderbook

Where are Dual-Fuel Vessels built? Dual-Fuel Ready... Which alternative fuel?

86 mGT

418
75% by GT

64% by #

36% by GT
21% by #

AmmoniaAmmonia LNG Ammonia
Ready, Ready, Ready, Ready,
LNG AmmoniaMethanol LNG MethanolHydrogen LPG Methanol LPG
Ready Ready Ready Ready Ready Ready Ready Ready Ready

China P.R. South Korea Japan Other

. Conventional . Dual Fuel . Existing Fleet . Orderbook

« Excluding Gas Carriers, in terms of GT:
= 53% of Korea orderbook is dual-fuel
= 29% of China orderbook is dual-fuel

* Dominated by LNG Ready
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Alternative Fuel Ready

LNG Ready.... Which vessel types? Other Alternative Fuel Ready trends....

75

' Ammonia Ready

IJ.J Ammonia Ready, LNG Ready

. Ammonia Ready, LPG Ready

. Ammonia Ready, Methanol Ready
. Hydrogen Ready

. LNG Ready, Methanol Ready

LPG Ready
: Methanol Ready

28
19 17
8 T a
...... 14 e 9 8
Container Bulk Product Crude Chemical _.._“ ‘- 6 3 2
Carriers Carriers Tankers Tankers Tankers Ferries MPP | 4 [ S I e o
Container Crude Bulk Chemical Product
. Existing Fleet . Orderbook Carriers Tankers Carriers LPG PCC MPP Tankers Tankers Ferries

+ Alternative Fuel Ready of choice is LNG... with emerging
alternative fuels... Ammonia and Methanol (container
carriers)

+ Dominated by Container Carriers followed by Bulk Carriers
(Chinese built ore carriers).... Crude/Product Tanker rising
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Carrying Low/Zero Carbon Fuels as Cargo

Q Why?

@ Large sized

carriers

Ammonia

* 29% of the existing fleet of
LPGCs capable of carrying
ammonia

* 33% of the new orders are
ammonia carriers

Existing Fleet

[ Foot | ammonia | % |
597 69

< 5,000 cbm 12%
5,000 — 29,999 cbm 474 227 48%
30,000 — 64,999 cbm 133 124 93%
> 65,000 cbm 353 31 9%

Total 1557 451

v

Challenges

Hydrogen

» Reaching the required temperature of

-253°C is a technical challenge

* Requires high amount of energy for

liquefaction

» Any degrading of insulation results in rapid

* Trend shifting to cryo-compressed hydrogen

* Cryogenic temperatures required but less so
(~-190°C)

* High pressure (250-350 bar) allowed offers
flexibility with handling boil-off

pressure rise, boil-off and required venting

v

Big picture

Cco,
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* LCO, must be carried within
a temperature and pressure
range that will prevent
formation of solid CO,

CAPTURE USE
Capturing CO, from fossil- Using captured CO, as an
or biomass-fueled power input or feedstock to create

stations, industrial facilities preducts or services.
or directly from the air.

TRANSPORT J STORAGE
o, i

Moving compressed CO, ntly storing
by pipeline or ship from
the point of capture to the
point of use or storage,



Multi-Gas Carriers

A multi-gas options strategy would
need to effectively address all the
individual risks that might arise from
having two or more gases on a vessel.
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Potential design of such a carrier will be
analyzed taking into consideration:

Applicability of international regulations and codes and
potential conflicts among cargoes

Material availability and compatibility with all potential
cargoes (adequate properties)

Individual gas characteristics (flammability, toxicity,
corrosivity, etc.)

Constraints due to gas characteristics

Increase in overall cost due to engineering design
constraints (for instance LCO, is carried only in Type C
tanks)

Technology development and readiness to handle
various cargoes (reliquefaction plants, cargo pumps
and compressors)

Hazardous areas and ventilation requirements

ZABS



SCYAELCEVENS

1| Asia Leading New Orders

2| China the Major New Construction Area

3| In the Coming Years Expect Increased Number
of New Orders with New Technology Ships

4 | Which Fuels in the Next Decade?
= Big Ships:
— Conversional Fuels
— LNG
— Methanol
— Ammonia

= Small Ships: All Fuels, Batteries, Fuel Cells
Hybrid, Hydrogen

14 | Regional CommitteeMeeting 2023

Emerging of Carbon Capture and LCO, Carriers

Emerging of New Fuels as Cargoes
( Methanol, Ammonia, Hydrogen and CO,)

Dual-Fuel Ships

= Almost half of the orderbook is dual-fuel
ships and 81% of this is LNG

= Most of the dual-fuel ships are built in
Korea — 53%

Not Possible to Replace the Global Fleet Until
2050. Retrofit to Play a Significant Role.

Increasing Regulatory and Compliance Risk
(Compliance Cost)
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