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5 years have passed since the Planning & Design Center for Greener Ships (GSC)
was established in October 2020. GSC was started with the aim of "Consolidating
shipbuilding technology in Japan to develop and commercialize ships with
advanced environmental performance, thereby contributing to the future develop-
ment of the shipbuilding industry in Japan." Major shipbuilding companies that
agreed with this aim became members. Currently, GSC employs 27 experts, includ-
ing seconded employees from member companies. Specifically, GSC has
established the following 3 groups and is working on various themes.

1. Research and Planning Group
2. Planning and Design Group
3. Technology Development Group (including supply chain development)

The results of each theme are submitted to member companies, contributing to
their efforts to quickly reflect the results and implement advancements. In addition,
the number of member companies has increased from 10 at the beginning to over
40, including marine equipment, shipping, and trading companies.

Facing new alternative fuels, the shipbuilding industry in Japan is competing
internationally with China and South Korea, which are also making national efforts
to address them.The industry must take advantage of the expertise of the maritime
industry, which primarily focuses on shippers, shipping, shipbuilding, marine
equipment, and outfitting, and work in partnership with external research institutes
and universities. GSC is committed to serving as a key hub in this effort, contribut-
ing to the development of the shipbuilding industry in Japan.
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Facilitating Progress in Planning Next-Generation Greener Ships
— Expanding and Strengthening GSC's Integrator Function—

GSC &, RDBEBESEETRICE DR ERBEMMOETRREICEIT GSC promotes the proactive development of next-generation greener
BUAHEEDDEEDIC, Fili - 5t 148 - B EOBSCA VF T L—5F— ships based on shipbuilding demand outlooks, while expanding and

strengthening its role as an integrator linking technology, design,
supply, and operations.

HEBEDILTE - MEICRWIHBATNET,

ZDBET. INFTEO>TERMDFEHRMZRATEIEEDIC, #as- In doing so, GSC applies advanced design expertise and develops the
MEEOENY FSAFI—VEREE, MNEEEERET 3 HDEE enabling conditions for shipbuilding, including domestic supply chains
for equipment and systems.
BFZEEDTVET,
GSC also incorporates feedback from operators into ship designs and
e, BRYARDASOFEEREHC T —RNwI U, ABEHREDOR communicates the outcomes of its research to relevant stakeholders.
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These initiatives are advanced from the early stages of consideration
toward practical realization, based on the following four pillars.
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ass Support for the planning/design and realization of new-fuel ships
IW=ILAXALF VI ~ADES o FTARHINICEI T BETEERST - Planning and design of new-fuel ships
Engagement in Rule-Making o (11F - EREBDIESE i - Promoting the standardization of

specifications and arrangements

o FARHBICEE DB EENIRIL—ILERNDES ) igﬂﬁljgg“?f@%ﬁ%f’\ﬂ) - Feedback from operators into design
. R HEICHT READBE SRR

o FREBEUICET 2RIRSRME DEIE

- Engagement in international rule-making related
to new-fuel ships
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Ship Machinery &
Equipment Manufacturer

- Participation in discussions on standards and
regulatory/institutional frameworks

- Clarifying assumptions underlying future outlooks BEEIRZIEP THiE»

Efforts to increase the use of
domestically produced components
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- Structuring supply frameworks for components and
equipment related to new-fuel ships
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Shipping Company

[

Trading House

- Examining supply chains that include domestic industries

- Supporting the establishment of frameworks geared
toward implementation
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Providing decision-making information Development / Initial Design of
for assessing demand for new-fuel ships Next-Generation Greener Ships
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and demand for new fuels
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Solutions of Technical
Issues

- Use of the GX Fleet Simulator for future fleet Data Collection, X
composition planning Research & Analysis

- Concept design for new-fuel ships
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Movement of international shipping toward 2050 net zero emissions

EEE/HEE (IMO) ICBWVT. 2050 FBF TICEEBEDRBEMRAR The International Maritime Organization (IMO) has adopted levels of
(GHG) HIH By BOICT B EVSBONEBREENFIRENELRE (T ambition for achieving net zero GHG emissions from the international
shipping sector by or around 2050 (see figure below, solid blue line).
H. EXR) . COERERICAITT, 2030 FXTICRIE 20%. 2040 F
FTICRIE 70% EWVWSHED GHG BEHEIREEERESIN. EEEER To achieve this ambitious level, IMO has also set indicative

checkpoints of at least 20% by 2030 and 70% by 2040, and the interna-

2050 FROF Y POZEBLTREBHIL / ERZUBEELTVFT, tional shipping sector needs to adjust rapidly to reach net zero by 2050.

2050 FEOXVNOBEERIRTDHICIF. FTRODKLSIC GHG Bt Achieving the level of net zero by 2050 will require a rapid and
EEEHNDOKIBICHFT D EHNRET. — 70 GHG HEHBREI A DERiR significant reduction in GHG emissions, as shown in the figure below,
AROENTVET as well as a swift transition to near-zero GHG emission fuels.
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WiT (Well to Tank) BFHE MBI AMICHIGIN DI TORME (£E. FFE. WXBE) TRET D GHG HHE
S5 TtW (Tank to Wake) HHHE : it ETHREIDHBEINZRIETHRET S GHG HiHE
Terms WtW (Well to Wake) HEthE : WtT SEHE LS TtW BHHEZSE U, MBOSA THY A J)VRFTRET S GHG HiHE

WLT. TtW 8&T WEtW DA A=Y
Illustration of WtT, TtW, and WtW

Near Zero-GHG emission fuel: Fuel that
generates near zero WtW emissions

WHT (Well to Tank) emissions: GHG emissions Well to Wake (WtW)

generated during stages (e.g., production, Well to Tank (WtT) Tank to Wake (TtW)
storage, transportation) before the fuel is
supplied to the ship

TtW (Tank to Wake) emissions: GHG emissions
generated when fuel is consumed on board

WtW (Well to Wake) emissions: GHG emissions
generated during the entire life cycle of the fuel
(e.g., the sum of WtT and TtW emissions)
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Outlook for new fuels suitable for ships
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There are various types of near zero GHG emission fuels such as hydrogen,
ammonia, and synthesized fuels, but in case of marine fuels, it is
important to select the optimum fuel according to the ship type and route
considering the volume of the fuel tanks and the ease of handling on
board. Especially in international shipping that sails long distances, the
volume of fuel has a great influence on the design and loading capacity.
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Comparison of fuel properties and storage conditions
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General integral tank

insulation tank

RIEXT Y
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( LNG

BEINBI VIR Estimated tank type

#YARABIVIBRE (BIH) 24 X—T
The size is based on the image of tank volume (approximate)
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IMO Type A/B/C tank

( VLSFO

NLAF =B
As for the price (the fuel production cost) and the outlook for expansion of -7 @ e i\‘/IZtﬁa;éII’ Biodiesel
supply volume of near zero GHG emission fuels, ammonia is relatively 00 Liquefied Ammonia
inexpensive and easy to scale up in terms of manufacturing technology, 0.0 0.2 0.4 0.6 0.8 1.0

so it is expected to be the main fuel for international shipping. In addition,

methanol is also gaining traction as a marine fuel.

{ERIFHE (GJ/t)

Low calorific value

HESUIAEL

Volume per calorific value

(vs. VLSFO)

39.8~41.7

46.5~50.4

BEEHEUIRIVFE—BE (VLSFO L) Energy density per weight (VLSFO basis)

FEBEWIRIVF—FBE (VLSFO LE) Energy density per volume (VLSFO basis)

Z7¥0 GHG HiE#AF

Near Zero GHG emission fuel

( EE® Green 7KZFRHFE. TE& Blue KZRER ) (Upper Green Hydrogen-based , Lower Blue Hydrogen-based)

il e s

Liquefied Hydrogen
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Liquefied Ammonia
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Methanol
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Boiling point (°C)
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Future prospects
and challenges

= The period of time that
fossil-based VLSFO will
be available for use
depends on the costs
of capturing and
disposing of the
emitted GHG via
Carbon Capture, Usage
and Storage (CCUS), or
the level of surcharges,
which are expected to
increase incrementally.

* Heavy oil production
will continue to
diminish.

= The period of time that

fossil-based LNG will
be available for use
depends on the costs of
capturing and
disposing of the
emitted GHG through
the process of CCUS, or
the level of surcharges,
which are expected to
increase incrementally.

* Methane leakage,

which has a significant
effect on global
warming, must be
prevented.

= Hydrogen is a raw
material for all
synthetic fuels other
than biofuels, so the
volume of production
is expected to increase
on a global scale.

= Liquefaction requires a
great deal of energy as
well as infrastructure
development.

= Improving on-board
storage efficiency is an
issue.

= Few sectors are in competition
for direct use of ammonia, and
itis expected to have the
highest potential supply volume
as a ship fuel.

= Asitis a deleterious substance,
additional safety costs are
incurred, and consideration
must be given to residents
living near the port to prevent
odor in the event of a leakage.

* Measures are necessary to
prevent N20 emissions, which
have a significant effect on
global warming.

= The additional costs
for equipment used
onboard are less than
that of other
alternative fuel ships.

= Biomethanol is limited
in supply volume and
production locations.
Synthetic methanol is
expected to have a
higher supply
capacity. Both require
complicated GHG
intensity certification.

= Itcan be used for
existing LNG-fueled
ships.

= Biomethane is
limited in supply
volume and
production locations.
Synthetic methane
also incurs high
additional costs for
liquefaction, and the
scale of supply is
limited compared to
gas supply.

#1: 2030 EF TICHARFEDEERMZEEL GSC TIRESTE, Default BEUEW ActuallETH B, *2: REHPEMTECE ST WIT HiHE, JZXMRCKEEBIEL S,

TTTIF, Green KFHR (LER) $&U Blue KFEER (TER) ZAHRIC GSC MBS, *3 1 LNG O WIW [JRIEEFDOXY VRENE VW ARBZFHRC GSC 1RB5HH.

*4 1 RFBRIFEENA T I AEKBEIFORIE COZEM. *5: VLSFO B&UV LNG ffi#&(d. Argus Media Ltd., “Argus Marine Fuels” (2025 &1 ), Singapore /\>7

UV J1iitg (dob) [CBD<. ZOMISHRETEDEERMEBELICEEIRNE GSC HMBEH.

*1: GSC uniquely determined these values, assuming marginal technologies for production and storage expected around 2030. Those WtWs may represent actual
values, which are likely lower than their default values, which IMO may establish. *2: Both WtT and production cost vary significantly depending on feedstock and
production pathways. In this table, GSC assumed higher values for the green-hydrogen pathways (upper rows) and lower values for the blue-hydrogen pathways
(lower rows). *3: GSC determined the WtW value for LNG on the assumption of gas fields with relatively high methane leakage. *4: The carbon source is assumed to
be by-product CO2 from the fermentation of waste biomass. *5: VLSFO and LNG prices are based on Argus Media Ltd., “Argus Marine Fuels” (2025 annual average,
Singapore bunker prices, dob). For the other fuels, GSC determined their production costs based on the marginal production technologies expected.
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CCUS : Carbon Capture, Usage and
Storage. HHHEESNZH/RED CO%&
BEEL. FIcBEMCHIFT BEIM.

CCUS: Carbon Capture, Usage and Storage.

Technology that immobilizes or effectively
utilizes high concentrations of emitted CO2 .
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International Developments in Ammonia as a Marine Fuel
— An Indicative Outlook on the Bunkering Environment toward 2030 —

B - 7IT - PRO—EERBETE. BFEOTFVES Potential Ports under Consideration toward 2027
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In selected major ports across Europe, Asia, and the Middle
East, preparations for supplying ammonia as a marine fuel
are progressing in a phased manner, building on existing
experience in ammonia handling.

At some ports, the level of preparedness is being assessed

using frameworks such as the Port Readiness Level (PRL),

which evaluate infrastructure, safety, and operational
maturity.

Based on pilot projects and risk assessments, limited
ammonia bunkering under specific conditions is being
considered at certain ports, with around 2027 as a reference
timeframe.

By around 2030, assuming ammonia-fueled vessels with a
cruising range of approximately 12,000 nautical miles, the
expansion of ammonia-ready ports is expected to enable

Netherlands —
— I

Port: Rotterdam
Annual volume handled
:1 million tons

| Saudi Arabia
Port: Oxagon

Annual volume handled
:1.2 million tons

Singapore /
Port: Singapore

Annual volume handled

:Unknown

Additional Ports under Consideration toward 2030

= —
M e | JaEan ™Y
Port:Jacksonville, - ? { . ) n Port: Tokuyama
Savannah, Brunswick B Brazil Annual volume handled
Annual volume handled A S
“Unknown Port:Pecém 1.3 million tons
Annual volume handled .

:400,000 tons

Namibia 7 l
Port:Walvis Bay ‘

Annual volume handled
500,000 tons

Mexico “
Port:Salina Cruz

Coatzacoalcos
Annual volume handled
900,000 tons

South Africa S= e

Australia ?‘

operations along major international shipping routes with Zortingqulra handled Port:Dampier
N nnual volume handle Annual volume handled
planned bunkering. :0.8-1.2 million tons 1650,000 tons

Indicative Coverage of Major International Shipping Routes
(Assuming a Cruising Range of Approximately 12,000 n.m. and Potential Ammonia Bunkering Ports toward 2030)

[ ssla
Norway, - =

5 500 nm = :

J\ 7500nm

(GERE) AR—VIBRRBLERIBOTHY . REDELSHBIFHPHIERUZRIIIZODOTRESHUFEA.

Note: This page contains forward-looking information and does not guarantee actual port operations or bunkering conditions.
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Panamax bulk carrier with Onboard Carbon Capture and Storage system

ERSEE 2050 £y NEOICAIFRITRICS1F2D CO2 HrHElRE M0

12& U T Onboard Carbon Capture and Storage system (LA~ OCCS) Treated cond f o iaf,

I ondenser
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Regenerator
Reboiler
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Flue Gas
Blower
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E'J/Jﬁ)dj%b\ SNBIEZBBLTHIET, BEECE. PEHRERT N

ERIRSOENNREE D OO0, FROBHBEICS>TIF B
IR TEZTREMNBIET

N\

|
|
|
:
|
|
|
|
|
|
|
|
|
:
|
|
|
|
|
|
Solution |
|
I
|
|
|
]
|
|
——
v

A
Non-condensing | ] Purge Gas
|
|
|
|

Gas
As one of the CO2 abatement technologies supporting the transition ALl

-
v
Di
period to Net-Zero by 2050, GSC conducted a feasibility study on applying ! er I ﬂ
an Onboard Carbon Capture and Storage (OCCS) system to a Panamax
bulk carrier from technical, environmental, and economic perspectives. o

.
|
|
|
|

COoz CO2
Compressor

( J i | Liquefier | *~*
The OCCS can allow the use of conventional fuel oil and could achieve Refrigerant | G G I
|

Condenser
a sufficient CO2 reduction level during the transition period.
Refrigerator

| Compressor
GSC anticipated the configuration of the system; first, separate and L

capture CO2 from exhaust gas by the amine absorption method, and L )
secondly, liquefy the captured CO2, and finally, temporarily store it on
board. We assume that the captured CO2 would be unloaded at a port, CO2 Storage

transported to a geological sequestration site, and permanently stored. Manifold A

Utilizing the design ammonia-fueled Panamax bulk carrier already developed,
GSC arranged the CO2 capture plant and temporary storage tank just
forward of the accommodation area, which is located at the aft end.

Based on the results of the environmental and economic assessment, it
is confirmed that significant net CO2 reduction can be achieved even
taking into account the increased fuel consumption due to OCCS

operation. Despite the challenges posed by the increase in CAPEX and \ LCOz Pump J

OPEX, the total system has the potential to achieve competitiveness Source: Mitsubishi Shipbuilding Co., Ltd.

depending on the future regulatory frameworks for GHG reduction. *11 In addition to cooling, the quencher performs particulate removal and
desulfurization to meet the requirements of the CO2 capture system.
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Engine room 3D design for ammonia-fueled Panamax bulk carrier

GSC [CTHEULEZ YEZZREINFIvIZNIVIF+UTZICDOVT, &
EREXEEICHITDHEES LU FPR DEBHRIIMOERE. 7VEZT
IRFIBER B DEBEMERZER T DIeOICHBEES KU FPRO 3D %5
ZEEELE L.

AR TR, WREMEES KLV FPR OF7 VEZ7EERE (O 250A
DEDFERSE - HARE - PV EZT7RIEHSE) SLTHY., £ERS
UNRIVDFHMEERFNERELCOERAD, PHEREOEB®RETELTE
FERICBVLANIL OB DRI CELEBELTBIET,

SO0 3D REHICKY. PYEZTRHEECHAREREETRREDEE
ERETDIENTE, SHO7VEZT7HRMRSTOBKEICAIZER
BRERIESNE LI,

FUVEZFZREINFTIYI AN T F+UTHEIE 3D 5t OB

Overview of engine room 3D design for ammonia-fueled Panamax bulk carrier

HERI=E 3D SREH TSIV (HERAE , HEHRE)

Engine room 3D model (longitudinal & cross sections)

G se —RXBAEEA
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Planning and Design Center
for Greener Ships

For the ammonia-fueled Panamax bulk carrier developed by GSC, a
3D design study was carried out for the engine room and Fuel Prepara-
tion Room (FPR) to verify the feasibility of their arrangement in the
aft-accommodation layout and to prepare layout requirement
documents for ammonia-related equipment.

The study focused on ammonia-related systems within the engine
room and FPR, including major pipes with diameters of 250A or larger,
exhaust piping, and associated equipment. Although detailed produc-
tion-level piping design was not performed, the study achieved a high
degree of completeness as an early-stage layout examination.

This 3D design work enabled the determination of major piping
routes for the ammonia fuel and exhaust systems, yielding valuable
results that will contribute to the practical design development of
ammonia-fueled vessels in the future.
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Ammonia dual-fuel container ship concept with consideration for safety and efficiency

ARSI :

Design features:
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- REIBCRET BT VESFHAEEYRED SRR

- Place the accommodation at the bow

- Isolation from ammonia fuel facilities while also increasing
container loading capacity

*Ammonia fuel tanks shall be located near the engine room.
‘The bunker stations shall be located directly above the ammonia

fuel tanks.
- Shortening the length of the fuel supply pipes

- FPR shall be located in front of the engine room

- Minimizing the length of pipe that needs to be purged

‘The exhaust from the TCS, FPR and double pipes will also be

led to the upper part of the ship in consideration of ammonia
leakage.

- Isolation of gases generated in the event of a leak from the
cargo area

TUVEZ7 ZMBRERBOBDYIC. BEBREFRIE
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+ Equipped with a shaft generator and NH3 re-liquefaction (RL)

plant in place of ammonia dual fuel (DF) generator engines
(ammonia-DF generator engines also available as an option)

- Simplifying the fuel supply system and reducing GHG emissions
from oil-fueled generator engines

+ Independent prismatic tank Type-B for ammonia fuel tank adopted

- Ensures tank volumetric efficiency and reliability

Ammonia fuel Tanks
Independent Tank Type-B
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Ammonia fuel tank (IMO Tank Type B) for Panamax bulk carrier
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A Panamax bulk carrier has been newly developed featuring an IMO Type B
independent ammonia fuel tank mounted on the exposed aft deck of the
vessel.

The IMO Type B independent tank, widely recognized for its enhanced
structural integrity through rigorous fatigue analysis, offers significantly
reduced design leakage risks compared to the more commonly used Type A
tanks found in LPG carriers and other vessels. This results in a more reliable
containment system for alternative fuels.

The prismatic Type B tank, specifically designed for deck installation,
provides superior volumetric efficiency compared to conventional cylindrical
Type C tanks typically used for ammonia fuel storage. Furthermore, unlike
Type C tanks, the Type B tank does not require dedicated manufacturing
facilities, thereby mitigating supply chain risks associated with specialized
tank production.

This configuration enables the safe and efficient carriage of ammonia - a
promising alternative fuel for reducing the environmental footprint of
maritime operations - while expanding design options to better meet the
operational needs of shipowners and operators.

The newly developed Panamax bulk carrier, equipped with a prismaticType B
ammonia fuel tank on the exposed aft deck, is designed to comply with the
key requirements of the IMO Interim Guidelines for the Safety of Ships Using
Ammonia as Fuel (MSC.1/Circ.1687).
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Overview of Panamax bulk carrier equipped with a prismatic Type B ammonia fuel tank
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Structure of the prismatic Type B ammonia fuel tank (Longitudinal profile)
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