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A decreasing energy efficiency
improvement potential
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Interactions with the energy system and
obstacles to alternative fuels

Crude oil
~170 EJ/yr

Int. shipping
~9 EJ/yr

Fuelling hubs
Homogeneous industry

Alcohols
Ammonia
Hydrogen
Natural gas
Synthetic liquids
Vegetable oils



Technological inflexibility
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Intercomparison models
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Energy conversion in ships
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Fuel groups

Grou

Description

Examples

Conventional marine fuels

Heavy Fuel Oil (HFO)
Marine Diesel Oil (MDO)
Marine Gas Oil (MGO)

Animal fats- and oilseed-based fuels

Biodiesel
Hydrotreated Vegetable Oil (HVO)
Straight Vegetable Oil (SVO)

. Svnthetic d  biofuels Biomass-to-Liquids diesel (BtL-diesel)
D-synt bio YNEREHE Arop=in HIoth Biomass-to-Liquids heavy (BtL-heavy)
: : Power-to-Liquids diesel (e-diesel)
D-synt other Other drop-in synthetic fuels Power-to-Liquids heavy (e-heavy)
Fossil Liquified Natural Gas (LNG)
AG-fos Fossil alcohol and gases Fossil Liquefied Petroleum Gas (LPG)
Fossil methanol
Bio-LNG
AG-bio Bio-alcohols and biogases Biomethanol
Ethanol
Power-to-Gas LNG (e-LNG)
AG-synt Synthetic alcohols and gases Power-to-Gas LPG (e-LPG)
Power-to-Liquids methanol (e-methanol)
: Hydrogen
H,/NH, Hydrogen and ammonia Ammonia
Elec Electricity Electricity
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Results
Int. shipping CO, emissions



(a) Shipping activity
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Results
Int. shipping fuel mix



Global primary energy
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Key findings - shipping

Diversity of candidate alternative fuels
o Production routes
o Final energy carriers

The decarbonization of shipping should be seen as part of a wider challenge
IAMs show that a combination of fuel options is required to achieve decarbonization

Models that represent several low-carbon alternatives tend to show a deeper
emission reduction

Strong relation with CDR
IMO2018 aligns with the perspective brought by IAMs
IMO2023 requires further attention — future studies
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