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Data sources: Lindstad et al 2020 
compiled based on  
MacFarling-Meure, C., et al. (2006); 
CSIRO Oceans & Atmosphere and 
the Australian Bureau of 
Meteorology (2020).

Atmospheric gas 
concentrations of 
CO2, N2O and CH4

from 1750 to 2020:
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GHG Emissions

WTW CO2eq. GWP100
[g/kWh]
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ENERGY CARRIER MAIN PHYSICAL PROPERTY

ENERGY DENSITY
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Contained energy density:

Weight (or volume) of the molecule & 
its containment system

+
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e-DiMethylEther
e-Methane liquified

e-diesel

100% Hydrotreated 
Vegetable Oil from waste

Recycled Iron powder

e-Ammonia

e-Methanol

Bio Compressed gas

e-Hydrogen liquified

eH2 comp 96% with 4% 
Diesel

e-H2 comp.300 bar

Electricity Li-NMC battery

Marine Gas Oil, 0.1% sulfur content 
(Reference 2-stroke ICE CI)

Bio Methanol

-5

0

5

10

15

20

25

30

35

40

-10 -5 0 5 10 15 20 25 30 35 40

C
o

n
ta

in
ed

 V
o

lu
m

et
ri

c 
En

er
gy

 d
en

si
ty

  
 [

M
J/

l)

Contained Gravimetric Energy Density  [MJ/kg]

Physical properties of Sustainable Alternative Energy Carriers & price per energy unit

Selection of the solutions matching de 70% emission reduction

Bubble size: price [euro/MJ]
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Short range
Low autonomy

Mid range

Long range



ENERGY CARRIER PRODUCTION PATHWAYS 
& CONVERSION SYSTEMS

&

WTW EMISSIONS
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Long range (autonomy) possible for 
Ocean going or Short-sea Shipping with 
current bunker or adapted strategy 

Short range (autonomy), possible for small 
/ medium ships only. Likely too heavy to 

carry the required energy content for 
ocean going or short sea shipping 

operations as sole energy source
Wind as range extender for all ships 

(consumption reduction)

2020 reference  MGO 2-stroke ICE

FOSSIL 

BIOMASS

2050  70% target reduction

MGO 4-stroke ICE

RENEWABLE ELECTRICITY

METAL

Global results per type of 
resource
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ENERGY CARRIER:

ENERGY DENSITY
&

TRL + COST (OpEx)
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Bio Methanol

Bio Compressed gas

100% Hydrotreated 
Vegetable Oil from waste

Marine Gas Oil, 0.1% sulfur content 
(Reference 2-stroke ICE CI)

e-Methanol

e-H2 comp.300 bar

eH2 comp 96% with 
4% Diesel

e-DiMethylEther

Electricity Li-NMC battery

e-Hydrogen liquified

e-Ammonia

e-Methane liquified

e-diesel

Recycled Iron powder
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Properties of alternative sustainable powering solutions compared to Diesel MGO in 2-stroke ICE 

Bubble size: Contained 

Energy density in [MJ/kg]

Selection of carriers combined with power distribution systems, meeting 2050 targets (at least 70% reduction of CO2 eq. GWP100 in [g/kWh] )

From fossil

From renewable electrictiy (and 

atmospheric CC when C needed)

From Biomass

From Metal

From renewable electrictiy with 

pilot fossil fuel
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Take aways
(part 1 – context energy transition)
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• There are many technical solutions to power ships with ultra low emission level, from 
wheel to wake. It is the choice which is currently difficult.

• Scalability of the supply of sustainable alternative energy carrier is an issue for the 
coming decades (we need more renewable electricity, probably incl. nuclear…).

• Energy supply logistics and bunkering, as well as role of harbor, will be key in the 
energy transition (large impact upcoming).

• Energy carriers and power conversion systems providing zero emission solutions will 
not allow to keep the current autonomy and range of ships. Additional power source 
and energy use reduction are going to be key in new designs (because of scarcity of 
sustainable energy and lower energy density of alternative energy carriers)
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• There are many technical solutions to power ships with ultra low emission level, from 
wheel to wake. It is the choice which is currently difficult.

• Scalability of the supply of sustainable alternative energy carrier is an issue for the 
coming decades (we need more renewable electricity, probably incl. nuclear…).

• Energy supply logistics and bunkering, as well as role of harbor, will be key in the 
energy transition (large impact upcoming).

• Energy carriers and power conversion systems providing zero emission solutions will 
not allow to keep the current autonomy and range of ships. Additional power source 
and energy use reduction are going to be key in new designs (because of scarcity of 
sustainable energy and lower energy density of alternative energy carriers)

and here the wind begins to blow …
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Engine/propeller as prime mover & wind assistance 
wind: 5 to 15% total power supply
Possible refit on existing ships, no hull or appendages modifications

Hybrid engine / wind propulsion
Wind: 15 to 40% of total power supply
Requirements for additional appendages (drift/leeway)

Main wind propulsion & engine assistance
Wind: up to 100% of total power supply
Dedicated hull form & appendages
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Natural propulsion for Transport & Shipping:
potential and expectations 

in the present context 

Thank you for your attention!


