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Carbon dioxide levels are higher than any
time in the last 800,000 years

Atmospheric CO2 concentrations, parts per million

BR D TS RVELRDEH
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2024 set to be hottest year on record

Global average temperature by year, compared with the
pre-industrial average, 1850-1900
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Source: NOAA/Bereiter et al., 2015 [B]B] Source: ERA5, C3S/ECMWF ag
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global temperatures rise RERE
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Decarbonization slowing
down!

igh costs for building or retrofitting
vessels for carbon-neutral fuels

imited yard space and seller’s market

igh freight rates due to increased

demand, and hence limited recycling

ack of investment in alternative fuel
production and infrastructure

Stiff cross-industry competition for
limited supply of alternative fue!s‘,",;_:_r;,..;ﬂ"'
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Confidence in a Paris-aligned transition for shipping is the lowest across
sectors, but optimism has improved the past three years on policy action
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43% of business respond that their
confidence increased in government

support past 3 years

69% thought the sector was “not on
track” for a Paris aligned transition
69%MDFEREIZ L/ CURTE (S8 > BT (ICMmITT
DENBE(CEED TULVRL Y,

Source: Business Breakthrough Barometer Sector Survey (N=250)
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DNV: Energy Transition Outlook 2024 - MARITIME FORECAST TO 2050

CONTENTS FOREWORD EXECUTIVE INTRODUCTION REGULATIONS FOR SHIP TECHNOLOGIES FUEL PRODUCTION TECHNOLOGIES CASE STUDY: DECARBONIZATION
SUMMARY DECARBONIZATION AND FUELS AND DEMAND REDUCING FUEL DEMAND POOLING PATHWAYS

FOREWORD

Maritime decarbonization is the greatest challenge of our time but our industry's 2050 shows how this can help to unlock operational effi- of fuel types or technologies will accelerate by 2050. In
ingenuity and innovation can carry us forward. ciencies, while also enabling smooth and reliable emis- all scenarios, onboard carbon capture emerges as an
-
The question now is, how do we get there? os
The stage is set. Driven by regulations, the IMO's decar- el ! ¥ of
bonization goals, pressure from cargo owners, financing w
terms, and societal trends, shipping's historic voyage
towards full decarbonization is underway. ]
si . . . .. final
IMO targets are clear: full-scale decarbonization by or w Many In the Industry are St]ll Waltlng to See What happens
around 2050, a 20% emissions reduction by 2030, and a 2
70% reduction by 2040. e . . . tht
e . + but now is the time for leaders across the industry to step =
! The question now is, how do we get there? i :
1 1ok . . « o .
| Hony i the ndusyare sl waiing o see ot ospes |« U, 1 NIS Mi@ans making smart decisions now which can o
i but now is the time for leaders across the industry to step D0 — obal
! up. This means making smart decisions now which can H ., . ., .
| acceerate he mariime green ansin. . * accelerate the maritime green transition.
b ey ritime
Full decarbonization will require large-scale transition ciency measures can reduce fuel consumption by 4% to Changes to the technological and regulatory landscape ingenuity, bravery, and innovation, and a
to carbon-neutral fuels and the industry is continuing 16% by 2030. Some can be achieved quite easily through are reflected through significant updates to this year's spirit of collaboration, both within and
to embrace diverse fuel technologies like LNG, LPG, encouraging operational efficiencies which can minimize GHG Pathway Model. Examples include GHG fuel beyond the industry, we can steer
methanol, and ammonia. Production of green fuels is also fuel consumption and emissions. Achieving more requires intensity regulation requirements with or without towards our goals with confidence.
underway but large-scale supply remains elusive and a range of technological solutions: onboard carbon ship pooling, well-to-wake emission factors, FuelEU
today's reality is that 93% of the world fleet is still running capture and storage, fuel cells, wind-assisted propulsion, Maritime, onboard carbon capture, liquid organic
on conventional fossil fuels. and waste-heat recovery systems are among technol- hydrogen carriers, and nuclear propulsion. W%\

ogies already proven to deliver considerable emissions

In this latest edition of the Maritime Forecast to 2050, we reductions. We explore scenarios for achieving decarbon- Knut @rbeck-Nilssen
explore how this can be turned around through pathways ization (biofuels and onboard carbon capture, CEQ Maritime
involving operational and technological solutions. We Furthermore, energy efficiency is being significantly methanol, ammonia, and hydrogen), inves D
examine how shipowners and other stakeholders can enhanced by digitalization. The Maritime Forecast to tigating conditions under which uptake bl
aritime Forecast to 2050 2

BRI https://www.dnv.com/maritime/publications/maritime-forecast/ %77/t X 244118 ©NYK Group. All rights reserved. 13
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Nature-friendly
Ecology-friendly

@ C|imate_friend|y Environmental Impact
2 Carbon Footprint

Delivery
Transit Time

Cost

Freight

Quality
@ Safely -------------------------------------------------------------------- Appearance, CompOSItlon
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® GHG Scope 1 (BftD#HEH) & Scope 3 (fitttDHEY) DEHEX D,

BEE | ERE | O
fin - B3R - RN GHG
EliEHEH (Scope 3) EEHEH (Scope 1)

Bl . B34 20234 E Scope 3 Category 11 (HFE(CIRFCENTEHEDEITICLKDHLH)  4.318>
Shared Objective of Reduction of CFP

5 LEE (5 | B B )

Behavior Change

Logistics Service Providers Cargo Owners

Reduce Scope 1 and Scope 3 Cat. 3 Reduce Scope 3 Cat.4and 9

Direct Emissions Well to Tank Upstream/Downstream,

Transportation and Distribution
Emerging New Value
T e Nesds.
End User
IMO GHG . .
Strategy New Regulations '/ Expectations from Stakeholders

BRI HE : Progress Report 2024 Annex to the NYK Group Decarbonization Story

ESG
Reporting
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~ Life Cycle Assessment (LCA)

—— Well to Wheel —
— Tank to Wheel = Responsible Recycling
Material Transport Production (Parts, Vehicles) Use Recycle * Environment Protection

* Circular Economy
* Carbon Footprint of Product

P &
2o 2 ko € e |

LCA Comparison (ICEV vs. BEV)
A * Electricity supply based on EU stadards

* 150,000 km total distance
* Unit: kg-CO2e
Extraction Shipping Refinery Replenishment
= 0) —
t) D |
g | Use
Power Source
Generation Distribution Conditioning Charging
Production
>
L
5

& A e
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% MUFG Transition White Paper 3.0 (Oct 2024) ©ONYK Group. All rights reserved. 21
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Emissions Business Activities :%E)J =]
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*CO2e: CO2 equivalent

Efficiency

[ton-fuel / (ton-cargo x mile)]

Technical Assessment Economical Assessment
® GHG Reduction Measures ® GHG Abatement Cost

g
™
5
o
25
i



2-4. $EIHTES | BREEERT 3D EE(2/2) f
B TR FEEDOMRZR

GHGHEHHIIASR (FATEYFHE)

aaTrLE— | | (AR B5 - BT SRR E }imﬁzﬁ
| | |
| | | L | | | |
RRZRAR | | BRERZEIAR [ |RSRAIIA R Carbon Capture || (LAt ARG RSP SN BRI L
|
| |
, . Atk - TONRS ‘
- LNG I N L {  Bio-A%} L Tsx< BREYEE) fEiE ™ - I e |H wouwk
V=]
_ HWEITS > ‘
—H w6 |HT7YEZT (Y BN | mgsmave ||H s (L **)J;/ | mmmen ||H st
K=
L X5 =)L L omwMe | mEEn L =mEE | EREW
B Y DA%z B | S T =

A= T4 ZHIL - ZXAFTLXCLDIUROER, &Et. 5T




2-4, $LTER ;RN %’f

B PARERR(CHS T, EERNREIT CIPROANEEEZ# DIAA LU R OsIMED 7T 0O—F
o ROwW T UERIDEE : KENFEREDR CRERICILU TEDRIREZEMR T DI ENTED,
o REEM : MBI > ISR S UF v —DRELMMigT — £l - BRRAEDS VRN SEDED.
® IS (LT DHBEIER KRN ST RBIDER D |l RMFEC SRS

Available
fuel options now Transition period Future Fuels

: Oils

Low : Meth
Carbon LNG (CHa) Increase fuel share of drop-in LMG*? (e—e/ b?c?—e)

Fossil Oil

Mono-fueled (0.5%, 3.5%)

LPG, DME
(e-, bio-)

Low
Carbon

LPG (C3/Ca) | Increase fuel share of drop-in LPG or DME*?

Dual-

fueled

Zero
Carbon

Low
Carbon

For simplicity, the secondary fuel like MDO/MGO is omitted. *1 LMG: Liquefied renewable Methane Gas
*2 DME: Dimethyl ether
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Concept

NYK GROUP

Abatement cost W& X A EAEPRRMG(CLDEBRIRESIE, EBERICHITIHEEEHREICKHO TEFE—
RETRMA EEBROANRL —2 3> EDOF v v T EER(C, BERMICKDMNEFONE, T REERHRE,
FZAIDAF. RT—ORILF—T 25— A haBUREERDIMECHEERM.

Asset Risk Management

.

Digitalization

Simulation Sensing

Decarbonization

o Ener
Energy Efficiency Transforn%tion

Optimized Design & Operations

Front-Loading Design with 3D models
Model-Based Systems Engineering (MBSE)

Autonomous Ship Project — DFFAS
Establishment of Maritime and Ocean Digital
Engineering Cooperation Program

Remote Diagnostics Center (Expert-in-the-loop)
Cybersecurity Concept of Operation

NYK Emissions Monitor
Fleet Emission Simulator (Zero Pathfinder)

Simulation: {RAEZER TDET)LIC K DIHMTHRET / Sensing: IREH R TDEETA

- Design and Risk Assessment of Safe and Efficient Use of
Alternative Fuel and Actual Operation

- Installation of ESDs: Energy-Saving Devices,
Battery-Hybrid, Wind-Assisted, Engine Derating
Waste Heat Recovery, Shore Power Systems
Air-lubrication, etc.

- Bio-oil Trial and Assessment Program

- In-House Simulator, Gas fuel Training Course
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