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Drivers behind fuel transition

Decarbonization pressure is expanding from GHG regulation to market-driven demand.

coZEV / ZEMBA
Cargo-owner platform & buyers alliance for 
zero-emission shipping

Clean Cargo
Carrier emissions benchmarking and 
data transparency

Poseidon Principles
Climate-alignment assessment and 
disclosure of marine insurance portfolios

NZF not

adopted

Adoption delayed

Revisions possible

Well to Wake regulation

Uncertainty remains high 

and may be higher than 

two years ago

First Movers Coalition
Early market demand for zero-emission fuels 
and shipping services

Global RoRo Community
RoRo/PCTC ecosystem collaboration 
for decarbonized vehicle logistics

Implication

Fuel transition is becoming both 
a regulatory and market-driven 
requirement.

It’s me at 2024 Posidonia



- A Little or no modification to engines, fuel systems, 

or bunkering infrastructure

- Practical near-term option

for compliance and gradual transition

- Examples: Biodiesel blends

Renewable diesel

Selected synthetic fuels

- Derived from biomass, waste, or biogas

- Key options for reducing lifecycle GHG  

emissions

- Examples: Biodiesel, HVO, pyrolysis oil,  

Bio-LNG, Bio-methanol

- Produced from renewable electricity 

and green H2

- Long-term pathway to zero or near-zero 

GHG fuels

- Examples: Green H2, E-methanol, 

E-ammonia, E-LNG / E-methane, E-diesel

- Practical strategy balancing compliance,  

cost, and availability

- Blends of fossil fuels and Bio- or E-fuels

- Examples: Biodiesel blends

LNG + Bio-/E-LNG

methanol + Bio-/E-methanol

Drop-in fuelsD Bio-based fuelsB

E-fuelsE Blended fuelsB

Diversified Fuel Portfolio
No single fuel will dominate the transition



377.90     Bunker FO 380 CST Dlvd. Singapore

394.38     Bunker FO 380 CST Dlvd. Shanghai

444.57     Marine Fuel 0.5% bunker Dlvd. Singapore

425.10     Marine Fuel 0.5% bunker Dlvd. Rotterdam

479.91     LNG bunker Singapore

542.63     LNG bunker Rotterdam

664.40     Bio-bunker B24 Singapore

769.18     Bio-bunkers B30 Rotterdam UCOME

1799.06   Green Ammonia Far East Asia 

1935.58   Sustainable methanol bunker Singapore

1448.68   Bio-LNG bunker Rotterdam

Fuel prices from conventional fuel oils to (near) zero fuels

Bio-bunkers B30 Rotterdam UCOME

Bio-LNG bunker Rotterdam

Sustainable methanol bunker Singapore

X1.3

X1.8

X3.4

X4.6

Source: S&P Global Commodity Insights, 2026

Global bunker fuel cost ($/mt VLSFOe); as of January 2026



Biofuel oil

Why it matters now
2024 Reported Marine Fuel Mix (from IMO’s 2024 GISIS)

Share based on reported consumption volume (total fuel quantity: 224 Mt)

Fuel

Mix

Biofuel growth: 0.39 Mt in 2023  →  1.23 Mt in 2024

~3× growth in one year, but still only ~0.5% of the reported fuel mix

Conventional fuel oil

207 Mt  |  ≈ 92.5%

HFO, light fuel oil, diesel/gas oil

LNG

14.95 Mt  |  ≈ 6.3%

Scaled transition fuel in marine use

Biofuel

1.23 Mt  |  ≈ 0.5%

Drop-in option with rapid early growth

🔁
Drop-in compatibility
Can be blended with conventional marine fuels and deployed through familiar bunkering logistics.

Regulatory bridge
Useful for CII, FuelEU Maritime and early IMO GHG compliance while green fuels remain scarce.

🛠️
Low retrofit burden
Attractive for existing fleets where engine conversion is costly or impractical.

Biofuel oil provides an immediate compliance lever 

while zero-carbon fuel supply chains are still scaling.

Source: MEPC 84/6/1; IMO GISIS 2024 reported consumption data

Biofuel oil Status: Small Share, Rapid Growth



LNG

Source: Clarksons Research, Sept. 2025, Fuelling Transition

Source: https://www.transportenvironment.org/articles/methane-escaping-from-green-gas-powered-ships-fuelling-climate-crisis-

investigation

penalty exposure may 

start 2031

fossil LNG may remain 

compliant until 2034

Mature technology

LNG is commercially proven and ready now.

Potential transition from LNG to bio-LNG and e-LNG

ᾛ
Bunkering readiness

LNG bunkering infrastructure is expanding in major ports

Regulatory divergence

IMO and FuelEU Maritime may create 
different compliance windows

Methane slip

Unburned methane can offset part of the 
climate benefit

CH₄

LNG: Immediate compliance, Long-term transition risk



Source: World Biogas association, May 2026, From Waste to Wake: Scaling Bio-LNG for a Net-Zero 

Maritime Sector, IMO Technical seminar on methane-based fuels

98% of organic waste is

not recycled today.

LNG

Over 105 billion tons of organic waste are 

produced globally every year.

Anaerobic digestion (AD) recycles organic waste, turning it into valuable products:

biogas / biomethane, bio-CO₂, and natural fertilizers, etc.

Source: : Nordsol · Sea-LNG · ResearchGate (anaerobic digestion + biogas liquefaction)

Bio LNG production process



Methanol

2025

2024(Jan.~Feb.)

Why methanol is facing near-term headwinds?

···
Key

message

Newbuilding orders have shifted from decarbonization to flexibility & market response. 

Methanol fueled ships are moving from the orderbook into delivery and operation, 

now running in the fleet.

2026(Jan.~Feb.)

approx. 400 two-stroke 

engine orders 

approx. 1,500 two-stroke 

engine orders 

Methanol: Green promise, Supply constraint

Fuel-type share of newbuilding orders

Regulatory uncertainty

Unclear long-term rules make a 20-year methanol bet hard to justify

Green-methanol price & weak incentives

Large green premium with little first-mover reward to offset it

Low green-methanol availability

Supply is thin; can't reliably bunker a large fleet today



ISO Standardization in progress

• ISO/TC 28/SC4/WG18

ISO/PWI 6583-2

Alcohol as a fuel for marine applications 

– General requirements and specifications 

– Part 2: Ethanol

GHG intensity

WTW GHG Fuel Intensity By Fuel Type

HFO VLSFO
Fossil

LNG

Green

Methanol

Bio-

Methanol
Ethanol

Global ethanol production

Million tons

2010 2013 2016 2019 2022 2025

Nearly

90 million tons

US & Brazil:

~90%

Key attributes of ethanol 

compared with methanol 

— Lower toxicity

— Higher energy content

— Relatively less hygroscopic

— Lower storage corrosivity (but still present)

— Smaller fuel tank requirement

(minimize cargo capacity loss)

Ethanol

Source: Mario Barbosa, Aug 2025, Next-gen OSV design for Brazil: from concept to compliance – 2025 and beyond, Riviera Maritime Media Webinar.

Source: Clarksons Research, March 2026, Fuelling Transition: Tracking the economic impact of emission reductions and fuel changes. 

.

Ethanol: Extending methanol
fuel flexibility



Ethanol

Everllence 2 stroke

Successfully operated the world’s first ethanol-fuelled two-stroke 

marine engine

WinGD

Plans to introduce the first ethanol-fuelled two-stroke engine by 

2026

HD HHI

Stable operation confirmed at all load points using existing methanol 

engine hardware

4 stroke

2 strokeEverllence

HD HHI

Hyundai-MAN B&W

LGIM (Methanol engine)

4 stroke

HD Hyundai HiMSEN DF

LM (Methanol engine)

Expanded fuel flexibility

Diesel mode Alternative fuel mode

• Conventional fuel oil

• (Neat) biodiesel

• Biodiesel blends

• Methanol

• Ethanol

• Methanol–ethanol blends

Maersk (E10 completed)

Methanol DF vessel trial

10% ethanol / 90% methanol 

blend validated

Next steps: E50, E100

Vale (order placed)

World-first ethanol-powered ocean-going vessel

Ethanol + methanol + bunker fuel concept

Fuel-flexible VLOC pathway

Laura Mæ rsk

HMM Clover
(9,000 teu methanol fueled container vessel)

E.g. HMM’ Plan:
Green methanol 



Fuel Blending Strategy under FuelEU Maritime

Generalized concept

Fuel mix shifts as GHG regulation tightens
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Bio / e-fuel Fossil fuel FuelEU maritime cap

Strategic flexibility(adjusting fuel-mix composition)

Ÿ Multiple compliance pathways exist for the same emission target.

LNG scenarios

Case 1. VLSFO + Bio-LNG 

Compliance via dual-fuel blending

2030

2040

VLSFO / Bio-LNG 88 12

VLSFO / Bio-LNG 23 77

−6%

−31%

VLSFO [mass %]   /   Bio-LNG [mass %]

Case 2. Fossil-LNG + Bio-LNG blend

LNG-only fuel system

2030

2040

Fossil-LNG / Bio-LNG 100

Fossil-LNG / Bio-LNG 29 71

−6%

−31%

Fossil-LNG [mass %]   /   Bio-LNG [mass %]

Methanol scenarios

Case 1. VLSFO + Bio-MeOH 

Compliance via dual-fuel blending

2030

2040

VLSFO / bio-MeOH 93

7

VLSFO / bio-MeOH 63 37

−6%

−31%

VLSFO [energy %]   /   Bio-MeOH [energy %]

Case 2. Fossil-MeOH + Bio-MeOH blend

Methanol-only fuel system

2030

2040

fossil-MeOH / bio-MeOH 82 18

fossil-MeOH / bio-MeOH 55 45

−6%

−31%

Fossil-MeOH [mass %]   /   Bio-MeOH [mass %]

Source: Methanol Institute, September 2024, Economic value of methanol for shipping under FuelEU Maritime and EU ETS

Source: Shell, Sept. 2025, From compliance to competitive edge: The case for the methane pathway

Tightening GHG regulation → Strategic flexibility

FuelEU maritime cap



Fuel compatibility

A feedstock diversity view

Metrics Biodiesel(FAME) Biomethane(bioLNG) Bio-methanol

Molecular Properties Complex Mixture (Variable) Pure Compound (Consistent) Pure Compound (Consistent)

Engine Modification Not Required (Drop-in) Dual-fuel Engine Required Dual-fuel Engine Required

Compatibility Risk High (Feedstock Dependent) Very Low (Pure Molecular) Very Low (Pure Molecular)

Biomethanol

Single molecule  CH₃OH

Feedstock-agnostic

• The molecule is always the same                         

- feedstock makes no difference

• High compatibility when specifications are met.

FAME · Biodiesel

A mix of fatty-acid methyl esters

Feedstock-sensitive

• Feedstock diversity → possible fuel quality 

variation

• Key issues: oxidation stability, cold flow 

properties, water/impurities, etc.

Biomethane · bio-LNG

Single molecule  CH₄

Feedstock-agnostic

• Food waste, manure, landfill gas or green H₂
- after upgrading, the molecule is identical.

• High compatibility with engines and fuel supply 

systems



Ammonia

Source: Getting to zero coalition; Global Maritime Forum, August 2025, From pilots to practice: Methanol and ammonia as shipping fuels

GHG pressure

Need for scalable 

zero-carbon fuel options

Hydrogen economy

Ammonia as a 

practical H₂ carrier

Carrier demand

More NH₃ transport, storage 

and bunkering assets

Caution: technology maturity is improving, but safety, N₂O / NH₃ slip control, bunkering 

and green/blue ammonia supply remain key barriers.

Source: Everllence, Feb. 2026, Journey from lab to sea: Everllence B&W ME LGIA, Everllence ExpertTalk

Why ammonia is moving from “future option” to 
“strategic fuel”

The attraction is not only its use as a marine fuel. Ammonia is also expected to 

scale as a hydrogen transport medium, creating a combined cargo-and-fuel logic 

for shipping.

Strategic implication: ammonia is both a fuel pathway and a hydrogen logistics pathway.

As a ship fuel Potential major fuel for future shipping

H₂

As a hydrogen carrier Key enabler of the hydrogen economy

As a cargo market Ammonia trade may boost carrier demand.

Ammonia: Fuel transition meets hydrogen logistics

Ammonia

today



···
Key

message
Korea has completed an end-to-end ammonia propulsion ship value chain.

(from engine manufacturing and shipbuilding to green ammonia bunkering)

Ammonia

05

Naming ceremony

HD Hyundai Mipo

Green ammonia bunkering

First commercial operation · Ulsan Port, Korea

06

Keel laying

Shipbuilding kick-off

01

Launching of ammonia vessel

HD Hyundai Mipo

04

Ammonia DF engine installation

Integration into newbuild vessel

02 03

Ammonia DF engine TAT & FAT

Hyundai–WinGD engine validation · HD HHI EMD

Korea’s Ammonia Propulsion Value Chain Milestones



Ammonia

τὔὌ σὕ ςὔ φὌὕ

τὔὌ σὕ ὔ Ὄὕ ὔὌ ὔὕ ὔὕ

Source: Doyoun Kim(HD KSOE), Development and Demonstration of a Microwave-Based After-Treatment System, 2025 

KOSME fall conference 

Exhaust gas after-treatment system 

for ammonia-fuelled engines

- 95% reduction in NOx emissions

- 99.7% reduction in ammonia slip

Ammonia R&D engine research

Source: https://www.motorship.com/alternative-fuels-and-lubricants/kr-develops-ammonia-after-treatment-

system/1508435.article

NH3 slip

Max. 110 ppm under IACS UR M78 Rev. 4

NOx (Nitrogen oxides)

Tier II / Tier III compliance

N2O (Nitrous oxide)

Counted as GHG emissions

Research on Ammonia R&D engine and after-treatment system

Ammonia engine test bench in Korean Register’s 
Greenship Test & Certification Center



Current fuel base Transition bottlenecks Strategic implication

Fossil fuels

HFO · VLSFO · MGO

Alternative fuels

Biofuel blends, LNG

No one-size-fits-all fuel pathway

Strategic implication

Fuel diversification
The optimal fuel pathway depends on vessel type, 

route, fuel prices/access, and regulatory exposure.

Drop-in biofuels
Near-term option for

existing ships / compliance support

Methanol · Ethanol
Scalable liquid-fuel pathway /

easier onboard storage

NH₃ Ammonia
Long-term zero-carbon

candidates

LNG

(bio-LNG · e-LNG)

Bridge pathway with efficiency gains 

and methane-slip management

···
Key

message
No single-fuel solution: maritime decarbonization will require a diversified, route-specific fuel portfolio 

balancing availability, cost, infrastructure readiness, and regulatory exposure.

2. Cross-sector demand

• Aviation, road transport, power, and 

chemicals compete for the same low

-carbon feedstocks

3. Infrastructure readiness

• Bunkering availability

• Certification and supply-chain maturity

Summary

1. Production scale-up

• Limited sustainable biomass

• Green H₂ / renewable power 

constraints



Thank you for your attention.

Gunfeel Moon(gmoon@krs.co.kr)

5th Korean-Hellenic Maritime Cooperation Forum at Posidonia


