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71% of its surface is covered by water
97.5% of water on earth is in the Oceans

90% of world trade is transported by seas
118.928 ships worldwide (>100 GT)

7.000 ships represent 51% of total GT

3% of annual GHG emission from shipping
expected to double in 2050 with same type of energy and power systems
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Which emissions from ships?





Claim:
"The 16 largest ships emit as much CO2 emissions as all the cars in the world" 
(NRC.nl, 2014).

Evaluation CE Delft study (2021)*:
16 of the largest ships […] emitted between 1 and 4 million tons of CO2 in 
2015, while all the cars in the world emitted between 1,900 and 3,500 million 
tons of CO2

* Source: https://cedelft.eu/wp-content/uploads/sites/2/2021/04/CE_Delft_7N59_The_basic_facts_Summary_and_Conclusions.pdf

16 of the largest ships produced as much CO2 emission 
than 0,1% of all the cars in the world

CO2 emissions:    claims and fact checks



"The 17 largest ships in the world emit more sulfur than all 
the cars in the world combined" (D66, 2017).

Evaluation CE Delft study (2021)*:
17 of the largest ships emitted in 2015, depending on how 
you define "large," between around 10 and 45 kilotons of 
SOX. Around 947 million cars worldwide emitted between 
around 70 and 350 kilotons of SOX in 2015.

SOx emissions:    claims and fact checks

‘With an estimated 800 million cars driving around the 
planet, that means 16 super-ships can emit as much 
sulphur as the world fleet of cars’ (Daily Mail Online, 
2009). 

Evaluation CE Delft study (2021)*:
If you define a 'super-ship' as a cruise ship and assume 
that the 16 largest cruise ships only operated on HFO 
(with the maximum allowable sulfur content of 3.5%), then the 
statement is correct. However, because cruise ships 
often sail in Emission Control Areas, (and the average sulfur 

content of HFO in 2015 was already at 2.45%), this statement 
was accurate in 2015 only under unrealistic assumptions.

One large container ship with over 14,500 TEU emitted around 1 kiloton of SOX 
in 2015. This is equivalent to about 3 to 12 million cars in 2015.



NOx emissions:    claims and fact checks

16 of the largest container ships (with over 14,500 TEU) emitted around 45 kilotons of NOX in 
total in 2015. 50% of the cars worldwide emitted around 5,900 kilotons of NOX in 2015, 

which is 130 times more.

1 large container vessel emits per year as much nitrous dioxide than about 250.000 cars

Claim:
"Container ship as polluting as up to 50 million cars" (Groen7.NL, 2015).



Designing sustainable ships and waterborne operations is technically 
possible but necessitates a holistic approach, full of challenges and 
requires making choices and accepting changes.

 Ship design
 Ship operations
 Fuel & Transport Infrastructures
 Fleet & Logistics

Three main drivers
 Use sustainable energy
 Design for operations
 Use less energy

One ready to implement solution
 Use freely available energy
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https://sustainablepower.application.marin.nl/



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

Selection of the solutions matching de 70% emission reduction

The energy density and 
energy storage challenge





ICEGB

G

ONBOARD POWER 
SUPPLY

From onboard 
conversion system using 
bunkered energy carrier

PATHWAY FROM ENERGY RESOURCE TO ONBOARD ENERGY CONSUMPTION 
(auxiliary electric systems & hotel in harbor or at anchor)

Energy carrier

Electricity path

Energy carrier path

GeneratorG

ICE Internal Combustion
Engine

Legend & definition

M/G Electric Motor 
(generator)

Gearbox

Auxiliary  
systems / 

Hotel

Battery

Fire / steam turbine 
power generation



FO
SS

IL

MGO, Diesel, LPG 
…

LNG

Compression 
/ liquefaction

G

PATHWAY FROM ENERGY RESOURCE TO ONBOARD ENERGY CONSUMPTION 
(auxiliary electric systems & hotel in harbor or at anchor)

Energy carrier

Electricity path

Energy carrier path

GeneratorG

ICE Internal Combustion
Engine

Legend & definition

M/G Electric Motor 
(generator)

Energy carrier production

Gearbox

Auxiliary  
systems / 

Hotel

Battery

OIL

Refinery

Fire / steam turbine 
power generation

Global Warming Potential, 100 years impact (GWP100)

500 to 1000 g CO2eq/kwh consumed electricity onboard

GB ICE

ONBOARD POWER 
SUPPLY

From onboard 
conversion system using 
bunkered energy carrier



FO
SS

IL

MGO, Diesel, LPG 
…

ICE

LNG

Compression 
/ liquefaction

G

PATHWAY FROM ENERGY RESOURCE TO ONBOARD ENERGY CONSUMPTION 
(auxiliary electric systems & hotel in harbor or at anchor)

Energy carrier

Electricity path

Energy carrier path

GeneratorG

ICE Internal Combustion
Engine

Legend & definition

M/G Electric Motor 
(generator)

Energy carrier production

Gearbox

Auxiliary  
systems / 

Hotel

Battery

OIL

Refinery

Global Warming Potential, 100 years impact (GWP100)

500 to 1000 g CO2eq/kwh consumed electricity onboard

Fire / steam turbine 
power generation

ICE

G
Electricity 
production

Coal

OPS

GB

ONSHORE POWER 
SUPPLY

From electricity 
delivered via an OPS 

system



PATHWAY FROM ENERGY RESOURCE TO ONBOARD ENERGY CONSUMPTION 
(auxiliary electric systems & hotel in harbor or at anchor)

Electricity path

Energy carrier path

GeneratorG

ICE Internal Combustion
Engine

Legend & definition

M/G Electric Motor 
(generator)

Gearbox

Battery



R
EN

EW
A

B
LE

S

Auxiliary  
systems / 

Hotel

G

FC

Energy carrier

M/G

ICE GB

or

ONSHORE or OFFSHORE POWER SUPPLY
From direct plugged in renewable electricity

PATHWAY FROM ENERGY RESOURCE TO ONBOARD ENERGY CONSUMPTION 
(auxiliary electric systems & hotel & battery charging in harbor or at anchor)

Electricity path

Energy carrier path

GeneratorG FC Fuel Cell

ICE Internal Combustion
Engine

Legend & definition

M/G Electric Motor 
(generator)

Gearbox

Consumed kWh
0.084 €/kWh
2021 price level

€

Energy efficiency chain 89%

Energy intensity (From resource to consumed electricity):  
1.12 kWh renewable energy to provide 1 kWh electricity on board

11% energy losses

Battery

Ultra low to 
Zero emission



R
EN

EW
A

B
LE

S

Auxiliary  
systems / 

Hotel

G

FC

Energy carrier

M/G

ICE GB

or

ONSHORE or OFFSHORE POWER SUPPLY
From direct plugged in renewable electricity

PATHWAY FROM ENERGY RESOURCE TO ONBOARD ENERGY CONSUMPTION 
(auxiliary electric systems & hotel & battery charging in harbor or at anchor)

Electricity path

Energy carrier path

GeneratorG FC Fuel Cell

ICE Internal Combustion
Engine

Legend & definition

M/G Electric Motor 
(generator)

Gearbox

Consumed kWh
0.084 €/kWh
2021 price level

€

Energy efficiency chain 89%

Energy intensity (From resource to consumed electricity):  
1.12 kWh renewable energy to provide 1 kWh electricity on board

11% energy losses

Battery

M/G

ICEGB

or

G

Energy carrier

FC

Auxiliary  
systems / 

Hotel

Transport & 
bunkering H2O

Wat
er

capture

R
EN

EW
A

B
LE

S

Electrolysis

Methanol / Ammonia / DME …

Hydrogen

Compression / 
liquefaction

or

Energy carrier production

Synthesis

SELF PRODUCED POWER SUPPLY
From onboard conversion system using bunkered renewable energy carrier

Energy intensity (From resource to consumed electricity):  
Between 2.4 and 6.25 kWh renewable energy to provide 1 kWh electricity on board

Energy efficiency chain 15 to 40%

60 to 85% energy losses

0.146 – 0.95 €/kWh
2021 price level

€

Ultra low to 
Zero emission





DESIGN FOR OPERATIONS
Ship design perspective
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Mission Type
Maximum total effective power & Effective Energy Requirements

Criterion [kW] [MWh]
GHG and
Pollutants

I – Surveillance (Region 
Rotterdam)

Endurance: 24 hrs 1236 5,1 Zero Emission

II – Surveillance (Region 
Dordrecht)

Endurance: 16 hrs 1236 6,5 Zero Emission

III – Surveillance (Region 
Amsterdam)

Endurance: 16 hrs 1236 2,3 Zero Emission

Mission reconstructions:
combination of operational input 
and power performance evaluations

Note, propulsive and auxiliary maximum powers are different
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System Abbreviations Short description

Diesel CI ICE Diesel in Compression ignited internal combustion engine

H2 700b LT PEMFC Compressed hydrogen (700 bars) in Low Temperature PEM Fuel Cell

H2 300b LT PEMFC Compressed hydrogen (300 bars) in a Low Temperature PEM Fuel Cell

LH2 LT PEMFC Liquified (cryogenic) hydrogen in a Low Temperature PEM Fuel Cell

LOHC LT PEMFC Liquid Organic Hydrogen Carrier in a Low Temperature PEM Fuel Cell

NaBH4 LT PEMFC Sodium Borohydride in a Low Temperature PEM Fuel Cell

Battery-electric Battery-electric



DESIGN FOR OPERATIONS
Macro perspective



DESIGN FOR OPERATIONS
Macro perspective

ENERGY      - INFRASTRUCTURE     - SHIPS & OPERATIONS
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• Online dashboard example studies: https://needs.application.marin.nl

https://needs.application.marin.nl/
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• Online dashboard example studies: https://needs.application.marin.nl

https://needs.application.marin.nl/


USE LESS ENERGY
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USE FREE AVAILABLE ENERGY
WIND



The most sustainable energy is simply the energy you don’t use…
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Port

Starboard

Drifting to port at angles 0, 2 and 4 degrees:
The vortices from the gondola affect the wake 
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• Design changes:
• Change hull dimensions (more draught, …)

• Use V-shaped sections or box keels (in stern area)

• Avoid wide flat transom

• Enlarge skegs and bilge keels

• Use appendages (like keels or dagger boards)

• High-lift/multiple rudders

• Most of these modifications come with performance degradation when sailing
straight, in low wind.

• Find best compromise considering operational profile.

ship-technology.com / Yamanaka shipbuilding
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“Wind Assisted Ship Propulsion” (WASP) can save between 5% and 40% on emissions, but 
route should be optimized
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CO2 emission per mile
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Conventional diesel powered
Including re-routing – 15 knots



Conventional diesel powered
Including re-routing – 15 knots

Wind powered (engine assistance)
Including re-routing – 11 knots

-75%



Designing sustainable ships and waterborne operations is technically 
possible but necessitates a holistic approach, full of challenges and 
requires making choices and accepting changes.

 Use sustainable energy
 Know and optimise energy operational profile
 Design only for operations
 Adapt infrastructure
 Use less energy
 Use Wind whenever possible (freely available energy)
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Success is not final
Failure is not fatal

It is the courage to continue that counts
Churchill

Simplicity is the ultimate sophistication
Da Vinci



www.marin.nl

Thank you for your attention!


