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Shipping emissions since 1990: Still climbing (at half the pace)

Sources

IMO GHG-studies (3rd and 4th), UNCTAD review of Maritime transport
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Maritime fuels: Shift towards MGO but no change in carbon intensity
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LNG: 3.9% (up 28%)

MGO: 32% (up 52%)

HFO: 64% (down 3%) 

International + national shipping

Note: Volumes consumed by ships in international and domestic trades plus fishing vessels 

Source: IMO 4th GHG-study, page 97-98



4

Global warming: Urgent vs deep emission cuts?

GHG:
45% reduction from 2010 to 
2030 necessary to limit global 
warming to 1.5°C.

Sources:

IPCC SRR1.5 (2018), AR6 (2022), Lenton and Rockstrom (2022)

GHG:
GHG emissions must peak before 
2025 to limit global warming to 
1.5°C with no or limited 
overshoot.

GLOBAL WARMING:
Tipping points can be exceeded 
even between 1 and 2°C 
warming.
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More than global warming on the table

GHG:
45% reduction from 2010 to 
2030 necessary to limit global 
warming to 1.5°C.

Sources:

IPCC SRR1.5 (2018), AR6 (2022), Lenton and Rockstrom (2022)

GHG:
GHG emissions must peak before 
2025 to limit global warming to 
1.5°C with no or limited 
overshoot.

GLOBAL WARMING:
Tipping points can be exceeded 
even between 1 and 2°C 
warming.

CLEAN AIR: 
97.3% live in areas where air 
pollution exceed the WHO 
threshold (PM2.5 > 5 μg/m3) and 
PM shortens the average life 
expectancy by 2.2 years 
worldwide, 

ENERGY: 
Improvements in energy 
efficiency must triple. 
So far, growth in renewables is 
cancelled by growth in energy 
demand.
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Global energy demand and primary energy mix 1971-2019

IEA (https://www.iea.org/data-and-statistics/charts/total-primary-energy-supply-by-fuel-1971-and-2019)

Energi Norge and Thema Consulting (https://fornybarometeret.no/status-for-norsk-omstilling-til-fornybar-energi)

2018

1971

+2% pa

Global, annual energy use Breakdown of primary energy

606 EJ

230 EJ

Renewables

14%

13%

13%

67%

42%

0 100 200 300 400 500 600 700 800 900

1971

1990

2018

2050, Shell Sky scenario

2050, IEA scenario

Coal

Oil

Natural gas

Nuclear

Hydro

Global primaryenergy [EJ] 50%Norway (2020)



7

Alt. fuels: GHG (WTW) vs MGO

Hydrogen, ammonia and biogas can be produced in different ways, with very different footprint WTT.

LNG can be combusted in Diesel and Otto engines with different levels of methane slip.

Biofuels can be produced from very different raw materials and have very different footprints. 

Other sustainability criteria apply.
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Alt. fuels: GHG and energy efficiency (WTW) vs MGO

Hydrogen, ammonia and biogas can be produced in different ways, with very different footprint WTT.

LNG can be combusted in Diesel and Otto engines with different levels of methane slip.

Biofuels can be produced from very different raw materials and have very different footprints. 

Other sustainability criteria apply.
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Climate negative 

83%

Sweden: Drivmedel 2017 (ER2018:17)

Higher emissions

20-200%

EU RED II (2018)

Biomethane for transport

Biogas: The GHG-saving varies and depends!

Sources.

EU RED II, 2018 (s. 97), IEA, Technology roadmap Delivering sustainable bioenergy, 2017 (tabell 7, s. 51), Svensk energimyndighet: Drivmedel 2017, (tabell 11, s. 33) 9
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Two distinct pathways: Gaseous fuels (top) and liquid fuels (bottom)
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GHG-effect of blending in H2 or biogas

Wärtsilä engines ok with up to 25% hydrogen blend. WTW emission factors from Lindstad et al.

Can be reduced further (-10%) once methane slip is eliminated.
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Supply side: The map for LNG supply looks a bit like the oil bunkering map

SOURCES:

IMO 4th GHG-study, page 97-98. Maritime Fairtrade (↗), DNV AFI
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Shipping's need for ammonia vs plans

Based on current energy consumption. Conversion based on heating value (LCV) and assuming same engine thermal efficiency  forall fuels.

Source: DN 8 Dec 2020, DN 18 Dec 2021.

Yara, 2026: 0.5 mill. t/y

20,000 t for shipping

Green ammonia (electrolysis)

Horisont Energi, 1 mill. t/y (planned

Blue ammonia (Natural gas + CCS)
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Alternative fuels overview

Source: 

Smart Maritime sea map to green shipping (SINTEF/NTNU, Gamlem 2022)

Fossil fuels

Examples

Biofuels Hydrogen fuels Synthetic fuels

HFO 

Residual fuel blends

MGO

Methanol

Liquid biofuels (many variants)

Biogas (many variants)

Bio-methanol

Hydrogen (LH2, PH2, LOHC)

Ammonia

E-diesel

E-LNG

E-Methanol

Dimethylether (DME)

Prerequisites for 

climate neutrality

Carbon capture onboard Sustainable biomass

No methane slip

Climate neutral electricity

CCS (Carbon capture & storage)

Climate neutral electricity

Direct air capture (DAC)

Pitfalls High capture rate? Sustainability?

Indirect land use change?

Alternative use as crops?

Disruption of food chain?

N2O from ammonia? Climate neutral electricity

Direct air capture (DAC)

Major advantage No/little disruption

Synergies with other CCS-projects

Climate negative at best

Wastes as raw material

Small scale local production

Ammonia: Energy dense

Hydrogen: Emission free

No/little change onboard

N
H

HH
H

Use/supply HFO: 64% / MGO 32% Piloting Grey variants only N/A

Natural gas

LNG

LPG

Ethane

No methane slip

Carbon capture onboard

High capture rate?

No/little disruption

Synergies with other CCS-projects

LNG 4% / LPG: Minor

HighGHG 20-200% below MGO 45-65% above MGO to zero Depending on the production6-17% below MGO
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Methane slip; the Achilles heel of natural gas 
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Author's calculations, The Naval Arthictect Oct 2020, Ushakov et al (2018)



Key conclusions

LNG can be combined with biogas tomorrow (and reduce GHG up 100% and beyond)

LNG and biogas are more energy efficient WTW (than hydrogen, ammonia, bio-methanol and synthetic fuels)

LNG offers small GHG-reductions now (6-16% WTW, up to 25% TTW)

LNG (and biogas and hydrogen) gives clean air; no SOX, no particles and (with the right machinery) no NOX

LNG can be combined with hydrogen soon (to give 30-40% and above)H



Teknologi for et bedre samfunn


