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GCGF Introduction
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Global Centre for

GREEN FUELS

Expertise in Biofuels

We bring decades of experience in advising
governments worldwide on biofuel policies,
technology, and market trends.
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Strategic Partnerships

We connect governments, industries, and
institutions to scale the adoption of low-
carbon fuels.

Global Impact

We drive policies that accelerate biofuel
adoption and contribute to a sustainable
energy future.

Commitment to Sustainability

We support clean energy transitions that
benefit both the environment and
the economy.

Innovative Solutions

Through cutting-edge research and
collaboration, we advance the efficiency
and sustainability of biofuels.
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Tailored Support

We provide market insights, policy guidance,
and strategic solutions to empower
stakeholders in the biofuels sector.
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OUR TEAM

GCGF is led by a team of
seasoned professionals,

Industry experts, and thought
leaders committed to driving
meaningful change
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STEPHANIE NG

Finance & Admin Manager

CLARENCE WOO LIYIN KE

Managing Director Communications Manager

KENNETH LIM

Program and Partnerships Manager

CHRIS CHATTERTON GABRIEL HO

Maritime Advisor Technical Advisor



MEMA Vision & Mission

Policy
IMO, EU, LCA

Product Stewardship Safety | Training
Crew, best practice, safe handling & bunkering

Technology & OEM Validation

Engine test, trials, retrofits, innovation, ISO standard
& specification

Fuel | Logistics | Availability
Procurement, bunkering, SMOPSBBN
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most trusted, scalable
and commercially viable
clean fuels for global
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Agenda

Demand

Supply

Market Development
Pricing

Standards

Safe Handling

In- Service







Alcohols are Supported by IMO & Class

INTERIM IMO GUIDELINES FOR THE SAFETY OF SHIPS

USING METHYL/ETHYL ALCOHOL AS FUEL

A T h eguigelines are provided
primarily concerning methanol
as fuel but may also be applied
to ships using ethanol as fuel
with changes as applicable.o

INTERRATIONAL E
MANTIE
OROANZATION

4 ALDERT EMBANKMVENT

LONDON SE1 7SR
Telephone: +44 (020 T735 7611 Fac 44 (0)20 7587 3210

MSC.1/Circ. 1621
7 December 2020

INTERIM GUIDELINES FOR THE SAFETY OF SHIPS
USING METHYL/ETHYL ALCOHOL AS FUEL

1 The Maritime Safety Commitioo, at its ninety-fith session, adopled, by resolution
MSC.392(95), inter alia, amendments to chapters II-1, uzwmm»mmma
thmlCmmlo'tMSahydubutSu(sotAS) 1974, o0 make the

of the | Code of Safety for Ships using Gases or other Low-flashpoint
Fuon (IGF Oodo) (rwolwon MSC.391(95)) mandatory under the Convention.
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RECUIREMENTS FOR

METHANOL AND ETHANOL FUELED VESSELS
JULY 2024
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CR CLASSIFICATION SOCIETY

GUIDELINES FOR SHIPS USING METHANOL(METHYL
ALCOHOL) AND ETHANOL(ETHYL ALCOHOL) FUELS

CR CLASSIFICATION SOCIETY

July 2022

Guidelines on
Methanol Fueled Vessels

Revision 3

December 2021

METHANOL AND
ETHANOL-FUELLED
SHIPS

NRE70 - JULY 2024

Sources: IMO, ABS, CLASS NK, IR CLASS, BV, CR CLASS, GCGF




IMO submission for Ethanol

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

A With support from GCGF, IBIA and the Flag State
of Brazil made a joint submission at *= _ WG

—_

19ahead of MEPC 83 for the purpose of:

MEPC 83

1. Ensuring inclusion of Ethanol in the GESAMP
LCAWG ISWG 19

HEE BRHEIGE plinnn

2. Request IMO to invite ISO to develop a
standard for Ethanol as a Marine Fuel

e 150 b et o gt of an 1800 St v bt 1 8
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3. Revise IGF Code to highlight the differences

between Methanol and Ethanol with an VS
additional submission for MSC 110 Global Centre for

<2 GREEN FUELS

Sources: GCGF [ 8



Marine Fuels Today and in the Future

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

Fuel tvpe Low Sulphur Liquified Natural Ethanol Methanol Ammonia Liquid Compressed
yp Fuel Oil Gas : @ 20°C @ 20°C : @-33°C Hydrogen Hydrogen
@ 20°C @-162°C : : @-253°C @350bar
AStandard tank ACryogenic system i ALower toxicity AMildly toxic ! AToxic AHighly AHigh pressure
arrangement : compared to AFlexible tank : ACorrosive flammable AMultiple tanks
Key considerations : methanol arrangement ; ACryogenic arrangement
: AFlexible tank 5 system AHighly
: arrangement : flammable
Regulation | / / x
readiness : :
volumetric energy 1x 1,6x 1.7x 23x 2,9% 4.3x 11.7x
equivalent : :
Tank hold space : ;
compartment 1x 1.7x§ 2.4x 3 ., 1.3x 1.7x 3.9x 7.3 19.5X
volume IR A
Gross tank estimations based on Wartsila experience considering inspection spaces needed around the tanks. Cylindrical tanks o nly 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, 2.4x type C tanks

Source: Wartsila



Net Zero Targets | Fuel Oil,, by Type

Percentage of vessel capacity covered by
corporate net -zero targets
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Source: BloombergNEF. Maersk Mc-Kinney Moller Centre for Zero Carbon
Shipping, Clarksons, GCGF. Note: DWT refers to deadweight tonnage.

Volume of heavy fuel oll

consumption by vessel type

Million metric tons of fuel

80

-equivalent fuel

60
20 .

Container

Source: BloombergNEF,

Bulk carrier
Tanker

Internati onal

Genera
cargo

Mari ti me

Other

Organizationé

10



Methanol Fleet & Future Fuel Mix

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

Methanol DF Auxiliary engines

;- Ethanol coming 300 est 2000+

Conservative Estimate of for H
In Operation On Order

1,200 vessels consuming Fuel Oil LNG LPG Methanol Ammonia H2 Battery Nuclear
20,000mt pa of MeOH is |
24M mtpa
) 7 * Ship Types
Projection b Methanol Fuelled Fleet 22% | wOk Fusted Fiset o Containers
LNG Fueltied Feeot

000 BLPG Fyeled Feet .
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Methanol Fleet
New Suilld Order Book e csgsggmﬁfbs-tqclﬁ
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Methanol | Ethanol Fleet
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Renewable Methanol: Project Pipeline

0

Renewable and low-carbon methanol project pipeline, Mt

Low-carbon methanol

m Biomethanol

m E-methanol
0.8 0.9 1.2
2023 2024 2025 2026 2027 2028

Source: GENA Solutions, www.genasolutions com. Note: As of December 2025. Based on announced startup dates.

Sources: GENA

46.4

2029

Gena

56.5

2030

A By the end of December 2025, Project Navigator
Methanol tracked 273 renewable and Ilow-carbon
methanol  projects totaing 56.5 Mt by 2030,
including 233 Mt of e-methanol, 22.1 Mt of bio-
methanol, and 112 Mt of low - carbon methanol

AIn 2025, 94 projects were added and 34 halted

projects were removed , bringing the renewable
methanol project pipeline to 124 Mt above
December 2024 levels , while low-carbon methanol
capacity rose by 3 Mt.

A 2025 saw multiple first - of- a-kind industrial - scale
facilities start operations , including a 42 kta e-
methanol plant in Denmark and two 50 kta bio -
methanol plants in China : one based on biomass
gasification and one hybrid facility combining
biomass gasification with electrolysis .

A Eight commercial -scale renewable methanol

projects started construction or reached FID during
2025, while another twelve projects entered the FEED
stage .

A By the end of 2026, renewable

methanol capacity

may reach around 2 Mt. Longer-term growth will
largely depend on regulatory developments and
rising demand across maritime, chemical, aviation,

and road transport
estimated at 6b13Mt.

sectors, with 2030 capacity



Renewable Methanol: Supply Scenarios

50 ,
45
40
35
30
25
20
15

10

Source: GENA Solutions, www.genasolutions.com. Note: As of December 2025. Advanced projects - operational facilities, projects under construction and in engineering.

Renewable methanol capacity scenarios, Mt

——All Projects - Announced COD
Higher probability projects - Estimated COD
Advanced projects - Estimated COD

—After FID projects - Estimated COD

\4

2023 2024 2025 2026 2027 2028 2029 2030

After FID projects - operational facilities and projects under construction. Higher probability projects - projects with higher probability to startup by GENA estimate.

Sources: GENA

renewable  methanol
2 MtSa more
to 2025

AIn 2026, we expect
capacity could reach about
than two -fold increase compared
At the same time, there will
slowdown in project  pipeline growth
compared to 2024 b2025, partially due to an
increase in the number of frozen projects .

A Further growth of renewable  methanol
capacity will depend  substantially on
regulatory developments 3Oespecially the

fate of the IMO Net-Zero Framework 3as well
as demand growth in maritime, chemicals,
aviation, and road fuels.

A In particular, the development of methanol -
to-jet and methanol -to-olefins projects
could create substantial new markets for e-
methanol and bio - methanol

that renewable methanol
range from 6 to 13 Mt by

A GENA estimates
capacity could
2030.

likely be a

16



Renewable Methanol: Regional Project Pipeline

Renewable methanol project pipeline by region, Mt
30 4

45 Rest of the world
40 | mEurope
35 | mChina

30 m North America
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Source: GENA Solutions, www.genasolutions.com. Note: As of December 2025. Based on announced startup dates.

Sources: GENA

38.2
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Gena

454

2030

A China, Europe, and North America are
expected to be the three main centers of
renewable and low - carbon methanol
production

A These regions account for 95% of bio -
methanol, 87% of e- methanol, and 100% of
low - carbon methanol projects .

A China holds the largest share of both the
bio - methanol (78%) and e- methanol (43%)
pipelines . Europe follows with 33% of e-
methanol and 1% of bio-methanol . North
America leads in low-carbon methanol, with
a 96 %share .

A China is advancing faster in renewable
methanol development than other regions .
The country accounts for more than 90% of
all renewable methanol capacity currently
under construction

A Low production costs and CAPEX,availability
of biomass and renewable electricity, and
shorter project development periods are
among the major factors driving faster
project development in China .

17



Bunkering Ports

MeOH | EtOH Storage & Bunkering Infrastructure: 100% Compatibility
Bunkering & Storage Capacity

- 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 ‘@Q &’ ‘o
can be used for ethanol (This has . Oy e
been verified with leading tankage @ &% $ e
companies) Py e s 3& ®
% P9 @ )
@ S @ 9
@
Q@
@
g @OO
@ ®
@
" s
B Storage + Bunber~g

Source: hitps//publictableauc i iz linstituteRM-Ports/PortsDashboard, OOCL, GCGF




Chemical Properties | Physical Availability

A Ethanol (C,H;OH) is a polar solvent
with  a high octane rating (113,
making it resistant to engine knocking

A Energy density of 26.8 MJ/kg is:

. 34% Ilower than marine gas olil
(MGO)

. 30% higher than methanol

A 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).

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

A Widely available

Sources: GCGF 19



G I 0 bq I Lq n d U S e p = Habitable =« Barren - Glaciers

Land is limited : Only ~29% of Earth is land, and over
half of habitable land is already agricultural 3 % Land
expansion drives land - use change

A The issue is efficiency, not food vs fuel: ~77% of S | 0 25 50 75 100
agricultural  land serves livestock and feed , making '
productivity gains more impactful than new land

A Feed and fuel scale together : Integrated systems %%%%% QQQQ &
increase output per hectare using existing land,
without forest conversion 500/0 uso/c; zo/o

A Trade matters : Feed exports enable local protein | Agriculfure Forest Urban
production in land - constrained markets  more A
efficiently than exporting finished protein

Global land use for food production e & H\ '

Earth's surface 29% Land 71% Ocean
7 ; Q

Lanc a 71% Habitable land 10% Glacers 119% Barren land
= 106 Million km? 28 Million ki
.
G land is vsed for
Habitable land 46% Agriculture 38% Forests
48 Million km? 40 Million km

e “0@ o fv)m\{@mm

(( fFarmbrite




Global Supply Dynamics 2024 - 2030

~27% increase
9 3 ............................ ....................... ) 'I 'I 8
MIn Tons n Tons

Global Ethanol Production, 2024 Global Ethanol Forecast to 2030

GoF = 47.34 2030 Base Case: Announced policies and
—~ o projects push global supply to 145b150
g so 4 & pillion litres (1145 b 1185 million tons)
gao- 31.56 % A ¢ _s‘torndethanol (+8.7 mil tons)
§ 30 23.67 é A USEL5Potential (+ 7.9 mil tons)
i 20} 15.78 A India A E20 drive (+5.9 mil tons)

10t 789 A Asia mandates (+5.5 mil tons)

0 A Maritime  use in dual -fuelled alcohol

engines (+ 3.5 mil tons)

A EtJ  growth against other SAF

2024 snapshot :World fuel-grade ethanol output stands at roughly 118billion litres technolggles such as HEFA,PTLand FT
(93.2 million tons) , led by the United States (52%), Brazil (28%) and a long tail of (+10 mil tons)
smaller producers ;only the EUis already near its production ceiling .

Source: GCGF



US & Brazil Exports

Total ethanol exports (billion litres ) (million metric tons)
9 7.1
8 6.3
- 2.5
6 4.7
3) 4.0
4 3.1
? 2.3
2 1.5
1

78
0
2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

B US M Brazil

https://www. spglobal.com/commadi - insights/en/new - research/late - news/refined - produ 0124 - feature - traders - weigh -

EIA & UNICA
Compiled by: GCGF


https://grains.org/markets-tools-data/tools/top-u-s-export-customers/
https://grains.org/markets-tools-data/tools/top-u-s-export-customers/
https://grains.org/markets-tools-data/tools/top-u-s-export-customers/
https://grains.org/markets-tools-data/tools/top-u-s-export-customers/
https://grains.org/markets-tools-data/tools/top-u-s-export-customers/
https://grains.org/markets-tools-data/tools/top-u-s-export-customers/
https://grains.org/markets-tools-data/tools/top-u-s-export-customers/
https://grains.org/markets-tools-data/tools/top-u-s-export-customers/
https://grains.org/markets-tools-data/tools/top-u-s-export-customers/
https://grains.org/markets-tools-data/tools/top-u-s-export-customers/
https://grains.org/markets-tools-data/tools/top-u-s-export-customers/
https://grains.org/markets-tools-data/tools/top-u-s-export-customers/
https://grains.org/markets-tools-data/tools/top-u-s-export-customers/
https://www.spglobal.com/commodity-insights/en/news-research/latest-news/refined-products/012425-feature-traders-weigh-potential-increase-in-brazil-eu-ethanol-flows-in-2025
https://www.spglobal.com/commodity-insights/en/news-research/latest-news/refined-products/012425-feature-traders-weigh-potential-increase-in-brazil-eu-ethanol-flows-in-2025
https://www.spglobal.com/commodity-insights/en/news-research/latest-news/refined-products/012425-feature-traders-weigh-potential-increase-in-brazil-eu-ethanol-flows-in-2025
https://www.spglobal.com/commodity-insights/en/news-research/latest-news/refined-products/012425-feature-traders-weigh-potential-increase-in-brazil-eu-ethanol-flows-in-2025
https://www.spglobal.com/commodity-insights/en/news-research/latest-news/refined-products/012425-feature-traders-weigh-potential-increase-in-brazil-eu-ethanol-flows-in-2025
https://www.spglobal.com/commodity-insights/en/news-research/latest-news/refined-products/012425-feature-traders-weigh-potential-increase-in-brazil-eu-ethanol-flows-in-2025
https://www.spglobal.com/commodity-insights/en/news-research/latest-news/refined-products/012425-feature-traders-weigh-potential-increase-in-brazil-eu-ethanol-flows-in-2025
https://www.spglobal.com/commodity-insights/en/news-research/latest-news/refined-products/012425-feature-traders-weigh-potential-increase-in-brazil-eu-ethanol-flows-in-2025
https://www.spglobal.com/commodity-insights/en/news-research/latest-news/refined-products/012425-feature-traders-weigh-potential-increase-in-brazil-eu-ethanol-flows-in-2025
https://www.spglobal.com/commodity-insights/en/news-research/latest-news/refined-products/012425-feature-traders-weigh-potential-increase-in-brazil-eu-ethanol-flows-in-2025
https://www.spglobal.com/commodity-insights/en/news-research/latest-news/refined-products/012425-feature-traders-weigh-potential-increase-in-brazil-eu-ethanol-flows-in-2025
https://www.spglobal.com/commodity-insights/en/news-research/latest-news/refined-products/012425-feature-traders-weigh-potential-increase-in-brazil-eu-ethanol-flows-in-2025
https://www.spglobal.com/commodity-insights/en/news-research/latest-news/refined-products/012425-feature-traders-weigh-potential-increase-in-brazil-eu-ethanol-flows-in-2025
https://www.spglobal.com/commodity-insights/en/news-research/latest-news/refined-products/012425-feature-traders-weigh-potential-increase-in-brazil-eu-ethanol-flows-in-2025
https://www.spglobal.com/commodity-insights/en/news-research/latest-news/refined-products/012425-feature-traders-weigh-potential-increase-in-brazil-eu-ethanol-flows-in-2025
https://www.spglobal.com/commodity-insights/en/news-research/latest-news/refined-products/012425-feature-traders-weigh-potential-increase-in-brazil-eu-ethanol-flows-in-2025
https://www.spglobal.com/commodity-insights/en/news-research/latest-news/refined-products/012425-feature-traders-weigh-potential-increase-in-brazil-eu-ethanol-flows-in-2025
https://www.spglobal.com/commodity-insights/en/news-research/latest-news/refined-products/012425-feature-traders-weigh-potential-increase-in-brazil-eu-ethanol-flows-in-2025
https://www.spglobal.com/commodity-insights/en/news-research/latest-news/refined-products/012425-feature-traders-weigh-potential-increase-in-brazil-eu-ethanol-flows-in-2025
https://www.spglobal.com/commodity-insights/en/news-research/latest-news/refined-products/012425-feature-traders-weigh-potential-increase-in-brazil-eu-ethanol-flows-in-2025
https://www.spglobal.com/commodity-insights/en/news-research/latest-news/refined-products/012425-feature-traders-weigh-potential-increase-in-brazil-eu-ethanol-flows-in-2025
https://www.spglobal.com/commodity-insights/en/news-research/latest-news/refined-products/012425-feature-traders-weigh-potential-increase-in-brazil-eu-ethanol-flows-in-2025
https://www.spglobal.com/commodity-insights/en/news-research/latest-news/refined-products/012425-feature-traders-weigh-potential-increase-in-brazil-eu-ethanol-flows-in-2025
https://www.spglobal.com/commodity-insights/en/news-research/latest-news/refined-products/012425-feature-traders-weigh-potential-increase-in-brazil-eu-ethanol-flows-in-2025
https://www.spglobal.com/commodity-insights/en/news-research/latest-news/refined-products/012425-feature-traders-weigh-potential-increase-in-brazil-eu-ethanol-flows-in-2025
https://www.spglobal.com/commodity-insights/en/news-research/latest-news/refined-products/012425-feature-traders-weigh-potential-increase-in-brazil-eu-ethanol-flows-in-2025
https://www.spglobal.com/commodity-insights/en/news-research/latest-news/refined-products/012425-feature-traders-weigh-potential-increase-in-brazil-eu-ethanol-flows-in-2025
https://www.spglobal.com/commodity-insights/en/news-research/latest-news/refined-products/012425-feature-traders-weigh-potential-increase-in-brazil-eu-ethanol-flows-in-2025
https://www.spglobal.com/commodity-insights/en/news-research/latest-news/refined-products/012425-feature-traders-weigh-potential-increase-in-brazil-eu-ethanol-flows-in-2025
https://www.spglobal.com/commodity-insights/en/news-research/latest-news/refined-products/012425-feature-traders-weigh-potential-increase-in-brazil-eu-ethanol-flows-in-2025
https://www.spglobal.com/commodity-insights/en/news-research/latest-news/refined-products/012425-feature-traders-weigh-potential-increase-in-brazil-eu-ethanol-flows-in-2025
https://www.spglobal.com/commodity-insights/en/news-research/latest-news/refined-products/012425-feature-traders-weigh-potential-increase-in-brazil-eu-ethanol-flows-in-2025
https://www.spglobal.com/commodity-insights/en/news-research/latest-news/refined-products/012425-feature-traders-weigh-potential-increase-in-brazil-eu-ethanol-flows-in-2025

US Feed Grain Equivalent Factors
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PREVIOUS MARKET YEAR
(SEP-NOV 2024/2025)

CURRENT MARKET YEAR
(SEP-NOV 2025/2026)

517,469,204 544,765,610 T 5.3%
$1,112,741,929 $1.238.658,365
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10.50M

10.00M

2020/2021 2022/2023 2024/2025

PREVIOUS MARKET YEAR
(SEP-NOV 2024/2025)

CURRENT MARKET YEAR
(SEP-NOV 2025/2026)

3,088,309 3,059,660 v -0.9%

$751,542,718 $721,652,821

A Yields drive growth, not land
expansion : US corn yields have risen
steadily ( #25 Y ~185 bushels/acre since
the mid-1990s), delivering more output per
hectare without expanding farmland.

Total farmland is stable (o]
declining : US land in farms has fallen
over the long term, while average farm
size has increased 0 indicating
consolidation and efficiency, not land-use
change.

A Production scales  despite  fewer

farms : The number of farms has declined,
yet total agricultural output continues to
rise, showing structural productivity gains.

A Feed output grows alongside
fuel: DDGS and feed grain equivalents
remain stable to rising, demonstrating that
ethanol production adds feed supply
rather than displacing it.

A At-scale decoupling achieved : The US
system shows output growth fully
decoupled from land expansion ,
validating feed-and-fuel scale without land-
use change.




90% Certified Production via Brazil’s RenovaBio

o5

Brazil ensures no deforestation from

ethanol production thanks to RenovaBio " Ay Ethanol combines productivity with
+90% of ethanol plants are certified under RenovaBio an extremely IOW Carbon fOOtprint

) The Brazilian Biofuels Policy CA)
(RenovaBio) establishes: il 1 7

Current
Future

» The non-suppression of native vegetation after the publication date of the Resolution that regulates
the certification process

* Rural Environmental Registry (CAR) must be regularized

Aviation thano thano an. iesel iesel atural | Biomethane
eeeeeeee

ZERO DEFORESTATION

arbon intensity by fuel type gCO,eq/MJ

Source: Copersucar , RenovaBio , ANP



Brazilian Agri-Clusters Located Near Ports

o T I Do

Main Corn Production States

Brazil: Sugarcane ethanol 345
is far from the forest Ethanol mills

The sugar-energy sector represents
1,4% of the total area in Brazil

Pasture / Degraded land

® Port of Santos

g @ Port of Paranagua
Brazil’s total area:

852 million hectares 66%
of native vegetation; 4% cities.

@ Sugarcane Mills

MY to MY can swing by 5 - 7% between crops depending on climate, cropping conditions, etc

Crop switching occurring on degraded pasture land to soya due to profitability and liquidity

Many corn ethanol plants are co - located with sugarcane ethanol plants

Corn ethanol only uses the starch for ethanol production b the remaining proteins and fibers are converted to DDG (animal feed)

Sources: UNICA, USDA, GCGF
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Interplay in Decarbonization & Energy Security

1. Ethanolis blended into gasoline at concentrations ranging from 5% to 85% for land transport applications
globally, and it is recognized as a key decarbonization solution

2. Ethanol is emerging as an important feedstock for sustainable aviation fuel, with more than 5 million tons of
supply coming online by 2030

1 ﬂ ~ = - t =
- +

-_ i e -_

A Brazil: Sugarcane and corn ethanol offsets 40% of gasoline demand, thereby enhancing trade balance resilience.

- N 3 [ -

A India: Achieving a 20% ethanol blending target by 2025 is projected to reduce crude oil imports by approximately
$1.7 billion annually.

A United States: In 2021, U.S. ethanol production reached around 15.8 billion gallons, primarily blended as E10, E15, or
E85. This blending strategy reduces crude oil imports by offsetting roughly 1.5 million barrels per day, saving an
estimated $6 b8 billion annually.

A Europe: L eading countries such as France and Germany are increasingly incorporating ethanol into their fuel mix
as part of EU renewable energy initiatives. These efforts aim to reduce fossil fuel imports, with projected annual
. ... ... . " . . b2nbilion M S

\\\\\\
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https://www.energy.gov/eere/bioenergy/synthetic-aviation-fuel-grand-challenge
https://www.energy.gov/eere/bioenergy/synthetic-aviation-fuel-grand-challenge
https://www.energy.gov/eere/bioenergy/synthetic-aviation-fuel-grand-challenge
https://www.energy.gov/eere/bioenergy/synthetic-aviation-fuel-grand-challenge
https://www.energy.gov/eere/bioenergy/synthetic-aviation-fuel-grand-challenge
https://www.energy.gov/eere/bioenergy/synthetic-aviation-fuel-grand-challenge
https://www.energy.gov/eere/bioenergy/synthetic-aviation-fuel-grand-challenge
https://www.energy.gov/eere/bioenergy/synthetic-aviation-fuel-grand-challenge
https://www.energy.gov/eere/bioenergy/synthetic-aviation-fuel-grand-challenge
https://www.eia.gov/
http://www.unica.com.br/
https://www.petroleum.nic.in/

Ethanol in Japan - Land, Air & Sea Case Study

Okinawa AtJ Plant Launch

Taiyo Oil's ethanol -to- jet plant in
Okinawa begins operation

10% SAF Target

Aviation sector targets 10%
sustainable aviation fuel blend

E20 Gasoline Goal

Japan plans to increase ethanol in
gasoline to 20%

Source: GCGF

Baseline Ethanol Use

Japan uses ~0.82 billion liters
in road fuel

E10 Gasoline Goal

Japan aims for 10% ethanol in
gasoline nationwide
- 3.5 b 4.0 hillion liters

Ethanol Demand for SAF

Forecasted ~0.9 b1.3 billion liters
needed for SAF

Japan may pursue ethanol as a synergistic
strategy b building a harmonised supply chain
to fuel cars, planes, and ships together,
multiplying climate benefits across all

transport modes.

Synergies include:
A Shared blending, logistics, and import
terminals

A Single LCA and certification platform for
multi - sector deployment

A Harmonised standards across maritime,
aviation, and automotive fuels

A Lower transition costs by leveraging
ethanol -ready infrastructure

A Resilience through diversified demand
across sectors
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Green Corridors

The Clydebank Declaration was launched at COP26 to
facilitate rapid decarbonization of the shipping industry
Its signatories support  establishing "green  shipping
corridors b zero-emission maritime routes between two
(or more) ports" with an intent to establish at least six
corridors by 2025 and "many more" by 2030.

Once operational, green corridors will:
A Contribute to the development
offtake, and lead to reduced cost

of alternative fuel supply chains,

A Unite individual first mover actions across the value chain,
identifying cost-gaps and developing measures to overcome
these gaps and accelerate decarbonization processes in a

specific geographical area

A Ethanol may play a key role in the green corridors where methanol
DFvessels already voyage or have a presence, to include :

o Shanghai b SIN
0 SINb ARA Fuel production Port logistics and bunkering Vessels Cargo End consumers
0 India b SINb Japan
o SIN- Japan G H) @) (E' qH O\
o0 Korea b Seattle eope ?E"*c"u 5 ./ — -
Feedstock A _
o SINb Long Beach - Local Port Bunkering Alternative  Emission
i ; | storage storage fuel engines reduction
o Brazil b China ogistcs and onboard technologies
o C40s Fuel storage  and energy B
production efficiency
evers

Feedstock B
Sources: MMMCACS, GCGF

Financing and regulation

Market Debt
marker provider
Regulatory

measures
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Green Corridors sl

‘ Port of Rotterdam | Singapore Green and Digital Corridor {}&@“s”éfi“ﬁé

_~— Gateterminal

0 In 2028 GC shipping partners are expected to have >200 vessels capable of RPsA "-:s:: éLﬁe

nnnnnnnnnn

sailing on sustainable fuels, mainly either methanol or bio - methane G o (e

o Potential demand of >2.5M mtpa across both fuels

[l

THE OPPORTUNITY

In 2028, the GC partners will
have >200 vessels, larger

than 8,000 TEU, capable of . .
S vessel capacity could sail
sailing on methane or on sustainable fuels in Potential bio-/e-methane demand from the order

methanol globally 5030 m book is estimated between 1.5 —2.1 million tonnes This is ~2% of
p.a. in 2030. Including existing demand, estimated
the annual fuel

total potential demand is 3 million per annum. h
consumption of

~25% of the GC partner

Sustainable Fuel Fleet Capacity GC Partners
Cumulative TEU capacity order book

gftomaneryees o0 i 1t Potential bio-/e-methanol demand is estimated vessels >5,000
2,716,370 ==l petween 2.2 - 3 million tonnes p.a. in 2030. Including fleee Wil
2580946 existing demand, the estimated total potential (IMO 2022)
e CMACGM L demand sums up to 2.6 million per annum
Hapag Loyd LNG I
T These vessels are all DUAL FUEL
= These vessel can switch between fuels
J33 S S - Makir?ng the c.lem.a.nd highly uncert.ain .
e 4 ' @ " Ensuring availability of affordable is sustainable
- . O IE Metrancl Sources: IHS Seaweb, Clarksons, fuels is essential
5004 2005 2006 2007 2008 GC partner input

Source: Port of Rotterdam
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Alternate marine fuels price comparison

Fuel Energy Energy VLSFO- eq Break - even Cl Range

(bunker S?Stsg?t;:e density multiplier price Mu\l/tgef:gf spot price (gCO ,eq/M Keg/v;tlzke '
grade) (MJ/kg) vs VLSFO (US$H) (US$H) J) y
VLSFO 485 40.5 1.00x 485 1.0 485 90 po4  Fossi
Baseline
Lower CO ,,
LNG 650 50.0 0.81x 527 1.09x 598 ~70 b 85* methane
risk
Lowest - cost
Ethanol 650 26.8 15% 082 2.02x 321 ~15b 55 ﬁ;i:gb'e’
renewable
Green Strong Cl,
methanol 1,000 19.9 2.04 x 2,035 4.20 x 239 ~5b 20 High cost,
scalable
Green Best Cl,
: 1,000 18.6 2.18 2,177 4.49 x 223 0b 10 Worst
ammonia .
Economics

Source: GCGF *LNG CI highly sensitive to methane slip (engine and upstream)
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Ethanol as a marine fuel

A An industry standard for ethanol as a marine fuel is required
and involves a comprehensive technical, safety, and
environmental assessment b currently carried out by ISO

A 1t is likely similar to 1SO 6583:2024 (methanol as a marine
fuel), but with ethanol - specific considerations

A Key differences between methyl/ethyl alcohol :

Aspect Methanol Ethanol

Energy Density ~19.7 MJ/kg ~26 MJ/kg

Flash Point 12C 13°C
Hygroscopic Nature High Moderate
: Higher risk (Al Lower but still
Storage Corrosiveness
and Cu) present
To be
Emissions (NOx, SOx) Low

determined

Sources: GCGF



