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Maersk has ddopted a target of net Zero
greenhouse impact by 2040

This is in recognition of increasingly ewdent
global warming impact .

And with a belief that it is commerually




RENEWABLE FUELS - WHY METHANOL

Can be produced “green” - either from electrolysis combined with carbon capture or
from biomass

Liquid at room temperatures — comparatively easy to store
Highly biodegradable — low risk of marine environment impact

Available engine technology

CHALLENGES

Lower energy content than oil - 2.5 x volume
Different fire behaviour
Methanol is toxic to humans

Not smaller CO, release, so requires production using biogenic carbon
Maersk Methanol Expereince * MAE R 5 K

Picture source: Wikimedia Commons



Dual fuel engines

95% identical to standard ship's engine

Full capability on both fuel oil and
methanol

Separate injection system for methanol

Methanol needs pre-ignition, so oil fuel
system is always in use

Vessels can run without restrictions on
fuel oil alone

Methanol




Energy storage Energy Energy Fuel tank Supply Vapour
type/chemical content, density, size relative pressure Flash-point pressure at Auto-ignition
structure LHV [MJ/kg] [MJ/L] [*C] 20°C [bar] temperature [*C]

Ammonia (NH,) 12.7(-33°C)/  2.8(-33°C)/
(liquid, -33°C) 6  10.6(45°C)  3.4(45°C)
Methanol

(CH,OH) (65°C)

LPG (liguid, 410-580 (depending
-42°C) X . 3 on the composition)
LNG (liquid,

-162°C)

LEG (liquid,

-89°C)

MGO

Emission reduction compared to HFO Tier Il [%]




Maersk methanol fueled newbuilding program
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BUILDING THE FIRST
VESSEL

Some gaps and immaturities
in design rules and regulations

Good cooperation with flag
authority (Denmark)

Construction proceeded with
few problems

Good initial operation
experience

Maersk Methanol Expereince




Annual production of green methanol (in k tons)
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Total global production 2021  Needed for first vessel in 2023 Needed by mid-2025 Entire Maersk fleet
(if all on methanol)
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New infrastructure for green methanol is challenging
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Feedstock Production Transport Port Bunkering Fuel System Engine Emissions

Green methanol - scope of involvement

Lead time for land based infrastrucftgireis long (longer than ship construction) .".

- Zoning permits and other construiction clearances

- Critical customer mass for commercial viability

- Maersk need to ensure the entire chain is "green” |
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i {iREEN METHANOL PRDDUCTION
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- Factory site

. Power gen. & distribution
> - Carbon collection & transport
~+ Product transport
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i vessel atten Ane Marsk
(Shanghai, SIPG)

Small chemical tanker
(used for Laura Marsk in Singapore)

(Ulsan, OTK)




Bukkering HAZOP Singapore May 2023
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permits are needed and who Is RS
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Singapore bunker op_enatlon_experlence
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Bunkering at the outermost anchorage

Large surrounding area cordoned off by port
Lot of trust and confidence gained from the event

Food for thought - where did the bunker
vessel load the methanol and how?
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