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About Global Centre for Green Fuels S GREENFUELS

The Global Centre for Green Fuels (GCGF) is a not-for-profit think tank dedicated to
empowering policymakers, regulators and industry stakeholders worldwide in developing
and charting sustainable energy policies and road maps.

Based in Singapore, GCGF facilitates in-depth research, produces comprehensive reports,
and delivers data-driven policy recommendations, helping our stakeholders navigate the
complexities of decarbonization and adopt cost-effective, feasible, and sustainable solutions
tailored to their unique needs.

By convening global experts, sharing best practices, and offering strategic guidance, GCGF
collaborates with governments and industry stakeholders to shape and implement
sustainable energy and fuel policies and roadmaps aligned with international goals. This
unified approach helps translate decarbonization efforts into tangible benefits for
economies, communities and the environment, ensuing a cleaner and more resilient future
for generations to come.






Ethyl Alcohol is Supported by IMO & Class

INTERIM IMO GUIDELINES FOR THE SAFETY OF SHIPS:

USING METHYL/ETHYL ALCOHOL AS FUEL

“These guidelines are provided .

ClassNK -

primarily concerning methanol
as fuel but may also be applied
to ships using ethanol as fuel
with changes as applicable.”

Annex, |
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INTERIM GUIDELINES FOR THE SAFETY OF SHIPS
USING METHYLUETHYL ALCOHOL AS FUEL

1 The Mariime Safety Commitiee, at &5 ninoty-fith by

MSC 392(95). nter ala, amendments 10 chaplers Il-1, 112 and Te appendix 1o the asnex of
the International Coavention for the Safety of Ufe at Sea (SOLAS) 1974, to make the
pr of the Inter Code of Safety for Ships using Gases or other Low-flashpoint
Fuels (IGF Code) (resolution MSC 391(95)) mandatory under the Corvention
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IMO submission for SME (Sustainable Marine Ethanol)

- GCGF joined IBIA (International Bunker Industry
Association) as a member in November 2024

« With support from GCGF, IBIA and the Flag State
of Brazil made a joint submission at IMO’s ISWG
19 ahead of MEPC 83 for the purpose of:

MEPC 83

1. Ensuring inclusion of Ethanol in the GESAMP
LCAWG

2.  Request IMO to invite ISO to develop a

standard for Ethanol as a Marine Fuel (C
S IBIA

3. Revise IGF Code to highlight the differences

between Methanol and Ethanol with an H
additional submission for MSC 110 /), Clobal Centre for
<~ GREENFUELS

Sources: GCGF . 6



Marine Fuels Today and in the Future

Fuel selection will impact vessel design, CAPEX, OPEX and revenue generation potential of individual vessels

Fuel t Low Sulphur Liquified Natural Ethanol Methanol Ammonia Liquid Compressed
uettype Fuel Oil Gas @ 20°C @ 20°C @ -33°C Hydrogen Hydrogen
@ 20°C @ -162°C @ -253°C @350bar
» Standard tank = Cryogenic system = Lower toxicity = Mildly toxic = Toxic = Highly » High pressure
arrangement compared to = Flexible tank : = Corrosive flammable = Multiple tanks
Key considerations methanol arrangement » Cryogenic arrangement
= Flexible tank system = Highly
arrangement flammable
Regulation / / x
readiness
Volumetric energy 1X 1,6X 1.7X 2.3X 2,9X X 11.7X
equivalent ’ 7 3 9 43 7
Tank hold space
compartment 1X 1.7X — 2.4x " 1.3X 1.7X 3.9% 7.3% 19.5X
volume [ .

Gross tank estimations based on Wartsila experience considering inspection spaces needed around the tanks. Cylindrical tanks only considered for LNG, if stored in prismatic tank then LNG gross

tank size factor is better for LNG than for methanol.

" 1.7x membrane tanks, 24x type C tanks

Source: Wartsila




Methanol Fleet & Future Fuel Mix

A diversified fuel mix is required. Ethanol offers a complementary pathway alongside methanol, ammonia, e-fuels, and biofuels.

Methanol DF Main Engines
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Every fuel has its unique development pathway

Methanol DF Auxiliary engines

300 est
In Operation

2000+
On Order

* Ship Types
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O

Containers

Bulk carriers
Chemical Tankers
VLCC

Cruise, Ferries
Dredge

oSV

Harbour craft, tugs
Pure Car Carriers




Methanol Fleet NB Order Book

New Build Order Book
Oct 2025

Alt Fuel Uptake by Number of Vessels

Alt Fuel Fleet % Fleet Order Book % Order Book
Methanol 81.0 0.1% 338.0 4.6%
Mew Build

419

Vessels

Source: Clarksons, GCGF

Engine Model

Engine Designers

Vessel Type

/ 14070 MeaCH

HGAOME-BR.3-L...

AES0ME-CP.6...
ADI0 MeOH
FXF20F-. ..
RF2DF-...

TG PAME-. ..
SEA0ME-...
257 5ME-...

419
P No. Vessels

Everlence
Warlsila 4-stroke

Unkorscwan

Mo, Vessels

WinGD

Offshore

Cruise

Vehicle Carmrler
“‘ 419

No. Vessels

MPP

\{:::r"uim:lﬁhip

Unknown \

BGFSME-C...

SGH0ME-...

PEYHMEC...

SGH0ME-C 105
SXB2DF-M-1.0

Everdlence B. & W.
il & Products Tanker

Chemical Par...

Bulk Corrier

/

Top Owner

Evergreen Marine
ONE

Maersk

CMA CGM

COSCO Shipping Lines
Q0OCL

Shandong Shipping
X-Press Feeders
Guohang Ccean
HMM

Grimaldi Group
Wallenius Wilhelmsen
COSCO Shpg Energy
CMES Shipping
Wuhan Chuangxin
Proman Stena Bulk
Oceonix Services Ltd
Nissen Kaiun

Erik Thun AB
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Methanol Fleet - Retrofits

Retrofit | MeOH-EtOH Ready

MeOH | EtOH
Ready

Oct 2025

Alt FuelUptake by Number of Vessels

Fleet % Fleet Order Book

240 0.2% 701.0

% Order Book
95%

Source: Clarksons, GCGF

Engine Model

Engine Designers

/ 35720 4¢F SCSOME-C9.5 \
4X52-52.0

FGHSMEC...

AXT2B Unkriown
RDIC 741
s No. Vessels
&L32
e LS SE0ME-C...
7GHSME-...
SGBOME-CT... ESA0NAE-C9.5

a3 0ME-CR.6
SGAHME-C10.5

2530ME-C2.7
A530ME-CR.7

fATLY

Everlence

Wartsila 4-stroka

WinGD
741

Urknawm . Vessels

Everllence B. & W.
- ) Oil & Froducts Tanker
Vehicle Camier
ther Dry Car...

IPP 941

No. Vessels

onftainership

Vessel Tvbe

Chamical .}

\ Bulk Carrier /

Top Owner
COSCO Shipping Dev I
MSC

Danaos Corp

Wan Hai Lines

SC Shipping
Seaspan Corporation
OME

CITIC Leasing
Schoeller Holdings
Asiatic Lloyd

Union Maritime
Seacon Shipping
Wonderful Perfection
MNavios MLP

GEFO

Carsten Rehder
COSCO Shpg Energy
Seatrade Groningen
RFOcean

RCL

Cyprus Green World

Athenian Carriers

o

[y
=}

]
(=]
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Bunkering Ports

MeOH | EtOH Storage & Bunkering Infrastructure: 100% Compatibility

Bunker, Storage and Storage + Bunkering Facilities

- Over 125 ports identified globally
which store methanol at volumes
of at least 25,000 — 50,000mt and
where ethanol can also be stored

- Same bunkering infrastructure 7 S
can be used for ethanol (This has . e .. e
been verified with leading tankage & g‘% A
companies) -~ ; e sﬁ .
v ? @‘ % oy
@
4 @
@
€ L4

@@

Source: hitps// athanolinstituteRM-Ports/PartsDashboard, OOCL, GCGF




Renewable Methanol Supply

50 . Renewable methanol capacity scenarios, Mt

45 439
—All Projects - Announced COD

40 Higher probability projects - Estimated COD

35 Advanced projects - Estimated COD

30 —After FID projects - Estimated COD

25
20
15 14.0 .
- N S
10
49 4.5
o
4.3
0 »
2023 2024 20235 2026 2027 2028 2029 2030
Source, GEMA Solulions, www genasolulions com. Mote As of Seplember 2028 Advanced projects - operalional facdities, projects under constrachion and in enginesnng.

After FID projects - operational faciliies and projects under construction. Higher probability projects - profects with higher probabiity to sfartup by GENA asfimate.

» Based on ~20,000 mtpa per df vessel, 1200 vessels in service by 2030 would consume ~24M mtpa

sourcer GENA, GCGF

Summary:

High production costs
compared with mainly fossil-
fuel-based alternatives, lack of
off-take  agreements, and
regulatory uncertainty are
among the key factors limiting
the probability of renewable
methanol  projects  entering
operation.

...................................................................

Renewable methanol capacity :
scenarios show that global
capacity could reach 4.5-14 Mt
by 2030. Considering GENA
Solutions’ demand scenarios (7-
13 Mt by 2030), we believe
capacity is likely to reach 8-14
Mt by the end of the decade.

...................................................................

This corresponds to about 18-
32% of the current project
pipeline.



Renewable Methanol Projects
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Source: GENA Solutions, www.genasolutions.com. Note: As of September 2025. Based on announced startup dates.

Sources: GENA, GCGF

439

2030

Renewable methanol projects are based on several
key feedstocks:

o The renewable methanol project pipeline expanded
by 2.0 Mt in September 2025, rising from 41.9 Mt in
August to 43.9 Mt. With this update, the combined
renewable and low-carbon methanol pipeline
reached 53.9 Mt. Six new projects were added during
the month, while one was removed.

o As of September 2025, GENA is tracking 133 e-
methanol projects totaling 23.4 Mt of planned
capacity by 2030, 110 biomethanol projects totaling
20.5 Mt, and 17 low-carbon methanol facilities with a
combined capacity of 10.1 Mt.

o One 100 kta e-methanol project reached FID last
month. The total post-FID capacity of renewable
methanol increased to 4.5 Mt.

o GENA estimates that renewable methanol capacity
will reach 8-14 Mt by 2030 (18-32% of the project

pipeline).

o All methanol projects together could utilize up to 34
Mt of CO2, 27 Mt of residual biomass and waste, 6 Mt
of hydrogen, and 1.7 billion nm?® of biomethane.
Actual feedstock consumption will be several times
lower, depending on which capacity and demand
scenario plays out.



Global Supply Dynamics 2024 - 2030

MIn Tons
Global Ethanol Forecast to 2030

e | ares 2030 Base Case: Announced policies and
? v  projects push global supply to 145-150
% s0f 39.45 % billion litres (114.5 - 118.5 million tons)
i:é, a0t 31.56 g «  Brazil's corn-ethanol (+8.7 mil tons)
g 30} 23.67 g « US EI5 Potential (+7.9 mil tons)
i 20} 15.78 R India’s E20 drive (+5.9 mil tons)

10} o « Asia mandates (+5.5 mil tons)

0 «  Maritime use in dual-fuelled alcohol

engines (+3.5 mil tons)

- EtJ growth against other  SAF

2024 snapshot: World fuel-grade ethanol output stands at roughly 118 billion litres teChnOl,og'eS such as HEFA, PTL and FT
(93.2 million tons), led by the United States (52%), Brazil (28%) and a long tail of (+1.0 mil tons)
smaller producers; only the EU is already near its production ceiling.

Source: GCGF



US & Brazil Exports

Total ethanol exports (billion litres)

9

8
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6
5
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3
2

o

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

H US N Brazil

EIA & UNICA

J/www.spglobal.com/commodity-insights/en/news-research/latest-news/refined-produ 012425-feature-traders-weigh-

Compiled by: GCGF
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Chemical Properties | Physical Availability

« Ethanol (C,HsOH) is a polar solvent
with a high octane rating (113),
making it resistant to engine knocking

- Energy density of 26.8 MJ/kg is:

- 34% lower than marine gas oil
(MGO)

- 30% higher than methanol

- Its oxygenated structure promotes
cleaner combustion, reducing
particulate matter (PM) and sulfur
oxide (SO,) emissions by up to 30%
compared to heavy fuel oil (HFO).

« Ethanol is relatively safer and benign
compared to other fuels.

- Widely available



Sustainable and Environmental Performance

WtW (gC02e/MJ)

B HFO BVLFSO mMGO BLNG @mBiomethanol

B Blue Ammonia

WIW = WLT + TtW

o Bio-methanol has low Well-
to-Tank  (WtT) carbon
intensity, which leads to the
low overall WtW value.

o It is unsurprising that bio-
methanol is one of the top
choices based on CIl values
alone.

o Bioethanol has similar WtT
' values

VLFSO

Biomethanol

Blue Ammonia






Methanol/Ethanol as a Fuel

Methanol/Ethanol as Cargo

International Code of Safety for Ship
Using Gases or Other Low-flashpoint
Fuels (IGF Code)

Interim Guidelines for the safety of
ships using methyl/ethyl alcohol as a
fuel (IMO MSC.1/Circ.1621)

MARPOL Annex Il - Regulations for the
Control of Pollution by Noxious Liquid
Substances in Bulk International
Code for the Construction and
Equipment of Ships carrying
Dangerous Chemicals in Bulk (IBC
Code)




Bunkering Methods

Using a road tanker, truck-to-ship Pipe or hose connection from a land

bunkering | Ship-to-Ship bunkering storage tank-to-ship bunkering
Barge .
Truck Terminal
Truck to Ship : Barge to Ship ' Terminal to Ship

+ Bunkering directly at berth or anchor

- Low bunkering rates
- Low volumes

- Fixed location
- High investment

: : + High flexibility
: E;\;‘/ﬁi:gftﬂ;iiﬂy L6 Lot | + High bunkering rates + High tank capacity
. . + High bunkering volume + Fast bunkering
+ Experience in place

| - High investment




Specialised Training on MeOH | EtOH DF Vessels

Bunkering Compatibility Assessment

Local and Site requirements

Mooring

Equipment

Manifold

r )

Bunkering and safety measures

- {
People
“'%
s )

Incident response

Communications

Connection

h=’



Specialised Training on MeOH | EtOH DF Vessels

Joint Plan of Bunker Operations

{ General ]‘[ Transfer system J*l{ Roles and Responsibilities ]

Bunker preparation ]

{ Bunker operation Vessels details

Emergencies




Manifold Station

The bunker stations can be:
Open / Closed [ Semi closed

However it appears, there are
certain elements that must be
checked:

1. all communications methods,
including ship shore link (SSL),
if fitted.

2. operation of fixed fire
detection equipment.

3. operation of portable gas
detection equipment.

4. readiness of fixed and
portable fire-fighting systems
and appliances.

5. operation of remote-
controlled valves.

6. inspection of hoses and
couplings.




Work Flow

Planning [/ Preparation — Before Mooring During Transfer

At completion of Transfer — After Hose Disconnection

After Mooring — Before Pre-bunkering Meeting

During Pre-bunkering Meeting

After Pre-bunkering Meet — Before Start of Transfer After Hose Disconnection — Before Unmooring




Schematics
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Managing:
« Temperature
* Pressure
* Vapours



Automatic Shutdown of Bunkering Valve

High-Level Fuel
Tank

l

<

<

High-High Level
Fuel Tank

7

of the double
walled
bunkering line

~_

Loss of
ventilation in
the annular
space in the
bunkering line

.\"-\.
H\"'-\.
e

Liquid Vapour
methyl/ethyl detection in
alcohol cofferdams
Manual detection in the surrounding
shutdown annular space fuel tanks. Two

C

detectors
giving 40% of
LEL

&

Gas detection
in the annular
space in the
bunkering line
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Comparisons in terms of safety and hazardous fuels
.

ETHAMOL

METHANOL

BIOFUELS

AMMONIA

HYDROGEN

Hazard
Pictograms (CPL)

Signal Word (CPL)

Hazard
Statements (CPL)

Precautionary
Statements (CPL)

Danger Danger Danger Danger Danger Danger Danger
HZI5 HIg HZ2I5 Highly Harmrmable Eoquid HZZE = Flarmmaksle liquid and H22E- Flarmmabile [iguid o HI20 Extrarmaly Narmrrble gos Flesrrirnakshe geos. MZI0: Extrarmaly farm e goe
Highly Barnrmabile liguid and and vepaur WEpOUr VIO HIAD Containeg gos undar Moy farrm explosine mibiures HZBI: Cantaing gos undear
VOPOUF COLSEE Samiols aye K30 Touic IF swallowed. H304 = hiery be Tabal it ay be fatal if swallowed and pressure; moy explode it heated — with air. pressure; may explods it
irritertien HAN Texie In cartact with skin, swallowed and anbars airwsys enters gifvas Caritains gos und er preassure; eated.
M3 Tende W Inkbaled, EUHDEE = Rapeated axpasure HIIE: Causas skin (ritotion rrvety explode [ heated. by
HITD Couses darmoge o ongans may couse skin dryness ar HAGE Sugpected of cousing digploce axygen and couse
eraeking carsar reapid suftacation Harrmiul it
1373, Way causs darsge o Tribeilesdl.
Ofgans n pralanged or Cougas senare gkin bums and
] ENpOSUIne. ey damage.
HATE Tenie ba acquatic lite with ey texie Bo aguatic lite.
larg b sting eftact

P10 e away Trom heat, het
surlaces, sparks, apen flames
aind ativer ignition sources. No
srmaking

P233 Keep containar gty
closes

PN Keap away frarm heat, et
surfaces, sparks, open larmas
and ather ignitien sources. Na
arnoking.

P260 Do rct Breath e
dustturme g os fmistvopours) s
proy-

P2ED Wear pratective

gloees| profective clothing ey
protection/Tace protectan,
P301+P310 IF SWALLOSVED:
Irmmediataly call @ POISON
CENTER/dector,

FA0E+PI IF exposed o
cancanned: Call a POISON
CENTER/doctor,

PATO+FIATE In cose ol fire: Uss
sand, carbon diaxide or possdear
extinguisher b extinguish.
PA03+P2ED Stare in a well=
wantilated plocs. Kesp
cantainer tightly closed.
PA03+P2E6 Store in a well=
wantilated plocs. Keep cool

P2E0 = Do not bredth

dust) urnesgasmistvapaurs/
apreny PIB0 = Waor protective
glowes

Mex aibiver heerds

Ctetin special instructions
beafore Lse

Da net breathe

dustfurne gasfmistfvapours(s
prey.

Liea persond protective
equipment oz required.

IF SWALLCAWWED: Irnrmedicitaly coll
a POISON CENTER ar

deeton] physicion

DO NOT induce sarmitting.

Aoaid relesse o the
enviranment

PI02 Eeap aut aof reach of
ehildran

P20 Keap enweny rorm Reat, bt
surfoces, sparks, open Bames
v ather Enibon sourses. Mo
ermaiking.

P43 Take precautionary
measures ogainst static
dsenarge.

P20 Kaap awey Train heal, hat
surfoces, sparks, apen Narmes
and othar ignition sources. Ne
srmaking.

P2E0 D nol bradthe
dustfurme/goe/mist/wapoursfs
ey

P2B0 Wear protective

glenves] pratective clathingays
pratection hoce
pratection/earing protectian

PE03+P36]1«P3E3 IF OM SKIM {-nr
htir]: Taake et Irrrmecdiatehy all
contarminated chothing. Rinse
akin with water of &haeser.
P306+PE51+PI3E IF IN EYES:
Rine coutiousy with water lor
several rrirutes. Rermove
contoet lanses, if present and
eagy o do. Continue fnsing.
PEND Immediotely call a POISON
CEMTER[dacter.

PETT Leaking gas fire: Do nat
extinguizh, unless leak con be
stopped sabely. PADI+PI3E
Store in o well=ventilated ploce.
Keap cartainar Hohtly slosed.

P210; Keeps enwviery Irar eat, hat
surlaces, sparks, apen llomes
and ather igniticn sources. Na
srmaking.

PATT- Leaking ges fires Do nat
axtinguUish, Uniess lsak eon be
stepped sabely. PAEL: In cose af
leckage, sfirminate al ignition
SOLPCEE,

PA0G: Store in o well=vartilabed
place.

Sources: GCGF, VARIOUS SMD
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Ethanol Safety, Fire, Storage, Bunkering

« Although a low flash-point fuel, ethanol flames
are not invisible.

- Fire Detection System less complex.

« Leakage detection has the same proven design
with methanol.

o Not classified as MARPOL Annex Il cargo

o Ongoing IMO workstream on ethanol fuel classification (via
CCC & MSC)

o Low flash point — requires similar safety measures as
methanol

o Tank cleaning and segregation methods established

o Compatible with existing chemical/product tankers for
bunkering

Sources: GCGF

Methanol

29



Methyl/Ethyl Fuel Supply System

Sources: ALFA LAVAL, GREEN MARINE,. GCGF

'

» r

.

| N
' [“ rf”f
§ - -

ALFA LAVAL, SunRui, Headway
— Low Flash Point Supply System
is suitable for ethanol.

ELTRONIC - Fuel Valve Train and
Supply System.

On-Board Nitrogen Generators
are compatible to ethanol as
this has been the case for
ethanol as a chemical cargo.

Everllence — Have developed
their own supply system for
dual fuel applications.

Wartsila — Package includes
supply, FVT and nitrogen
systems.

WindGD - producing 82 bore
methanol engines will look to
provide the same in ethanol
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Methanol/Ethanol Bunkering Infrastructure

- Allinfrastructure
for Methanol can be
utilized for Ethanol

- Essential EQuipment
Ready

v Quick connect /
Disconnect
Coupling

v Safety Break-
away coupling

v' Emergency
Shutdown Devices

« Bunkering
guidelines are the
same under
development

Sources: GREEN MARINE, GCGF



Launch of MEMA (2025)

The Maritime Ethanol & Methanol Alliance

« Launched in October 2025 under GCGF to unify the global alcohol fuel ecosystem with potential Members:
o Producers, shipowners, charterers, OEMs, ports, class, traders

* Purpose:
o Bridge between policy, technical, and operational stakeholders
o This bridge role is becoming increasingly obvious across shipping
« Initial WG | Task Force focus: < GREENFUELS
o Polic
> YMO Consultative Status (projected) JOIN US icannnone asourHowro:
> ISO|LCA|ILUC , -
> Feed & Fuel Integration m
o Technical
> EtOH compatibility & blending oot oy ol
» Material compatibility and FSS DEon REeH I KKt
> Tank innovation & testing/pilots
o Safe Handling & Bunkering

Accelerate 1 Build

> Training . ‘
» Bunkering procedures & eBDN i ) ‘ ; Eoyse i et
» Sampling standards & port pilots ' standards ..
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@ Global Centre for
<2 GREENFUELS

Level 39, 10 Marina Blvd, Tower 2,
Marina Bay Financial Centre, Singapore 018983

+65 6818 6384
green-fuels.org



http://www.green-fuels.org/
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