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INTRODUCTION 
Decarbonization, cost pressures and increasingly stringent environmental regulations are driving rapid innovation 
across the marine sector. Two closely related priorities, improving energy efficiency and reducing underwater 
radiated noise (URN), are now central to vessel design, operation and retrofit strategies. Energy-efficient 
technologies reduce fuel consumption and greenhouse gas emissions while also lowering operating costs; at the 
same time, quieter operations can mitigate adverse effects on marine life and help improve a vessel’s social 
license to operate. This report brings these priorities together to provide a coherent view of technologies, practices 
and trade-offs that owners, designers and operators can apply to achieve both energy and acoustic performance 
goals. 
 
This report surveys current and emerging technologies that affect shipboard energy use and underwater noise 
generation and assesses how they interact. The technologies covered include hull and propulsion optimization, 
energy management and auxiliary-system efficiency, hybrid and electric powertrains, propeller and wake-control 
measures, and active/passive noise mitigation technologies. Each category is summarized with the typical 
performance benefits, implementation considerations and cost estimates. 
 
This is important as a combination of regulatory drivers (national and international emissions and environmental 
protections), stakeholder expectations (charterers, insurers, financiers and coastal communities) and advances in 
digital monitoring and propulsion technology means that investment in energy-efficient and low-noise solutions can 
deliver measurable environmental and commercial returns. Integrating acoustic considerations into early-stage 
design and into operational energy management helps avoid costly retrofits and reduces the risk of non-
compliance or reputational harm. Moreover, better measurement and verification techniques can enable data-
driven optimization that can deliver simultaneous reductions in fuel use and radiated noise. 
 
This report is designed for shipowners and operators, naval architects and marine engineers, shipyards, offshore 
project managers, and environmental compliance teams seeking practical guidance for reducing fuel use and 
underwater noise through technology selection, design integration and operational practice. 
 
By linking the technical, operational and regulatory aspects, this report aims to help stakeholders make informed, 
cost-effective decisions that help advance both energy efficiency and marine-environment stewardship. 
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ABBREVIATIONS 
AFC - Alkaline Fuel Cell  
ALS - Air Lubrication Systems 
ALDR - Air Layer Drag Reduction 
APUs - Auxiliary Power Units 
BDR - Bubble Drag Reduction 
BSP - Bionic Skin Propeller 
Capex - Capital Expenditure 
CFD - Computational Fluid Dynamics 
CPP - Controllable Pitch Propeller 
CRL - Commercial Readiness Level 
CRP - Contra-Rotating Propellers  
dB - Decibels  
DEP - Diesel Electric Propulsion  
DWT - Deadweight  
ECU - Electronic Control Units (ECUs) 
EE - Energy Efficiency 
EEC - Electronic Engine Control  
EETs - Energy Efficiency Technologies 
ESS - Energy Storage System  
FPP - Fixed-Pitch Propellers 
GVU - Gas Valve Unit  
GWP - Global Warming Potential 
HVAC - Heating, Ventilation and Air-Conditioning 
(HVAC) Systems 
IMO - International Maritime Organization  
LCA - Life Cycle Assessment 
LNG - Liquefied Natural Gas 
LPG - Liquefied Petroleum Gas 

MCFC - Molten Carbonate Fuel Cell  
MCR - Maximum Continuous Rating  
N/A - Not Applicable 
OCCS - Onboard Carbon Capture System 
Opex - Operational Expenditure 
ORC - Organic Rankine Cycle 
PAFC - Phosphoric Acid Fuel Cell  
PALS - Passive Air Lubrication System  
PBCF - Propeller Boss Cap Fin 
PCDR - Partial Cavity Drag Reduction  
PEM FC - Proton-Exchange Membrane Fuel Cell 
PTG - Power Turbine Generator 
PTI - Power Take-In 
PTO - Power Take-Off 
PV - Photovoltaic 
RPM - Revolutions Per Minute 
SFOC - Specific Fuel Oil Consumption 
SOFC - Solid Oxide Fuel Cell 
STG - Steam Turbine Generators 
TRL - Technology Readiness Level 
VFD - Variable Frequency Drive  
VIT - Variable Injection Timing 
VSG - Variable Speed Generators 
VVT - Variable Valve Timing 
WASP - Wind-assisted Ship Propulsion 
WED - Wake Equalizing Duct  
WHR - Waste Heat Recovery  
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Energy Efficiency (EE) 
Reference

Technology 
Readiness 
Level (TRL) 

(Scale of 1-9)

TRL 
Comments

Commercial 
Readiness 
Level (CRL) 

(Scale of 1-9)

CRL Comments Estimated Time of 
Installation Drydock Needed Maintenance Needed Maintenance Cost Estimation List of Possible 

Suppliers Compatibility Regulation Image Reference In-text Citations

Energy (%)

Underwater 
Radiated Noise 
(URN) (Decibels 

(dB))

Literature/ Vendors Yes/No Yes/No 

5-10% < 5 dB Literature   9 - 9 - - Yes   - There is no additional maintenance cost specifically for this 
technology.

Shipyards Compatible with other energy efficiency 
technologies (EETs).

Statutory-related requirements:
International Code on Intact Stability, 2008, as amended · Load Lines 
1966 and Protocol of 1988, as amended · SOLAS Consolidated 
Edition 2020, as amended · MARPOL Consolidated Edition 2017, as 
amended.

Class-related requirements:
The requirements for hull structural strength are included in the  ABS 
Rules for Building and Classing Marine Vessels, 2024.

N/A, consists of many small design implementations and is mostly 
the result of advanced modeling. There is not a specific image to 
identify this technolgy with.

5-10% < 5 dB Literature

The EE will depend on the vessel 
size, vessel segment and design 
speed.

9 - 9 Several CFD software 
packages exist and support 
hull shape development by 
assessing hydrodynamic 
performance.       

- Yes   Yes, the maintenance needed 
would be the periodic hull 
cleaning.

There is no additonal maintenance cost specifically for this 
technology.

Shipyards Compatible with other EETs. Statutory-related requirements:
International Code on Intact Stability, 2008, as amended · Load Lines 
1966 and Protocol of 1988, as amended · SOLAS Consolidated 
Edition 2020, as amended · MARPOL Consolidated Edition 2017, as 
amended.

Class-related requirements:
The requirements for hull structural strength are included in ABS 
Rules for Building and Classing Marine Vessels, 2024.

N/A, consists of many small hull and vessel line changes and is 
mostly the result of advanced modeling. There is not a specific 
image to identify this technolgy with.

3-6% < 5 dB Literature

The EE will depend on the vessel 
size, vessel segment and design 
speed.
The roll on/roll off vessel Aniara 
(deadweight (DWT) 30,089) has 
achieved a 6% fuel saving after 
installing a bulbous bow [8].

9 - 9 Several vessels have 
installed/retrofitted this 
technology.

Approximately 14 days. Yes   Yes, the maintenance needed 
would be the periodic hull 
cleaning.

There is no additional maintenance cost specifically for this 
technology.

Shipyards Compatible with other EETs. Statutory-related requirements:
International Code on Intact Stability, 2008, as amended · Load Lines 
1966 and Protocol of 1988, as amended · SOLAS Consolidated 
Edition 2020, as amended · MARPOL Consolidated Edition 2017, as 
amended.

Class-related requirements:
The requirements for hull structural strength are included in ABS 
Rules for Building and Classing Marine Vessels, 2024.

Ba Naga, M. H., & Nuramalia, Z. (2023). Comparative Analysis of 
Faired-In Bulb and Bulbous Bow Ram Bow’s Bulbous Bow Shape 
On Total Ship Resistance. Maritime Park: Journal of Maritime 
Technology and Society, 2(1), 28–30. 
https://doi.org/10.62012/mp.v2i1.32649

Up to 1% None Literature   9 - 9 - - Yes   Yes, the maintenance needed 
would be the periodic 
cleaning/painting maintenance.

There is no additional maintenance cost specifically for this 
technology.

Shipyards Compatible with other EETs. Statutory-related requirements:
International Code on Intact Stability, 2008, as amended · Load Lines 
1966 and Protocol of 1988, as amended · SOLAS Consolidated 
Edition 2020, as amended · MARPOL Consolidated Edition 2017, as 
amended.

Class-related requirements:
The requirements for hull structural strength are included in ABS 
Rules for Building and Classing Marine Vessels, 2024 .

D. S. Cusanelli and G. Karafiath, "Hydrodynamic Energy Saving 
Enhancement for DDG 51 Class Ships," Naval Surface Warfare 
Center, Bethesda, 2012. ADA582048.pdfADA582048.pdf

Up to 10% < 5 dB Literature   9 - 8 Technology usually adopted 
by the navy vessels and coast 
guard vessels.

From several hours to a few 
days.

Yes   Yes, the maintenance needed 
would be the periodic hull 
cleaning.

There is no additional maintenance cost specifically for this 
technology.

Shipyards Compatible with other EETs. Statutory-related requirements:
International Code on Intact Stability, 2008, as amended · Load Lines 
1966 and Protocol of 1988, as amended · SOLAS Consolidated 
Edition 2020, as amended · MARPOL Consolidated Edition 2017, as 
amended.

Class-related requirements:
The requirements for hull structural strength are included in ABS 
Rules for Building and Classing Marine Vessels, 2024.

Creative Commons:

Sourced From: Zero-emission cruise ship is powered by solar sails 
| FMT

EE Reference TRL TRL 
Comments CRL CRL Comments Estimated Time of 

Installation Drydock Needed Maintenance Needed Maintenance Cost Estimation List of Possible 
Suppliers Compatibility Regulation Image Reference In-text Citations

Energy (%) URN (dB) Literature/ Vendors Yes/No Yes/No 

Fuel saving from 1-7%.
The ship's resistance 
decreases by up to 8%.

< 5 dB Literature/Vendors
International Coatings Co. states 
that the results indicate a fuel 
saving of more than 10% (tanker 
sizes included in that study: 19,885 
DWT and 157,048 DWT) [8].

9 - 9 Antifouling coatings are 
available from several paint 
companies and widely 
adopted across vessel types 
and trades.
According to the International 
Coatings Study, antifouling 
paint was applied on more 
than 700 vessels [8].

From three to seven days. Yes   Yes, it is considered a three to five-
year drydock period to reapply 
coating, as the effect of the 
coating reduces over time [4]. 

A full blast to remove surface roughness and application of primer, 
anticorrosive and high-quality antifouling can cost $10/m2 (varying 
between $6 and $17 in the Far East, for instance) [3].
The estimated maintenance costs refer to the drydock periodic paint 
maintenance every fifth year, and it ranges from $100,000 to 
$500,000.

Hemplel    
Chugoku CMP  
PPG
Jotun
IP (International Paint)
KCC
Selektope

Dedicated equipment is required for 
installing foul-release coatings, as they 
are not compatible with other paint 
types. New spray lines and cleaned (or 
new) pumps are required.
Nanocoating integrated into an 
antifouling product may be applied over 
an existing coating, but it is 
recommended by manufacturers to be 
applied over a blasted surface.

International Maritime Organization (IMO) – AFS Convention 
(International Convention on the Control of Harmful Antifouling 
Systems in Ships) 
IMO MEPC.378(80) resolution on Guidelines for the Control and 
Management of Ships' Biofouling to Minimize the Transfer of Invasive 
Aquatic Species asks for a bio-fouling management plan and a bio-
fouling record book to be on board. This may limit the locational 
scope for cleaning of the hull.
IMO MARPOL 73/78
NORMAM 20

“Choosing the Right Antifouling Coating: A Shipowner’s Guide - 
Indonesia Trusted Ship Agency.” Indonesia Trusted Ship Agency, 
15 Feb. 2024, balancia.co.id/choosing-the-right-antifouling-coating-
a-shipowners-guide/.

Up to 8% < 5 dB Literature/Vendor
Nippon Fastar Paint estimates a 
fuel saving of approximately 8% 
when applying their antifouling 
coating [9].

7 - 8 Nanocoating systems have 
been ordered and applied on 
commercial vessels.

From four to eight days. Yes   Yes, it is considered a three- to 
five-year drydock period to reapply 
the coating as the effect of the 
coating reduces over time.   

Likely higher than antifouling system. Nano-Clear NCI Coatings
Nippon Fastar
GIT Coatings

For replacing traditional coatings with a 
foul-release coating on an existing 
vessel, more surface preparation may 
be required due to compatibility issues.
Nanocoating integrated into an 
antifouling product may be applied over 
an existing coating, but it is 
recommended by manufacturers to be 
applied over a blasted surface.

IMO – AFS Convention (International Convention on the Control of 
Harmful Antifouling Systems in Ships) 
IMO MEPC.378(80) resolution on Guidelines for the Control and 
Management of Ships' Biofouling to Minimize the Transfer of Invasive 
Aquatic Species asks for a bio-fouling Management Plan and a Bio-
fouling Record Book to be onboard. This may limit the locational 
scope for cleaning of the hull.
IMO MARPOL 73/78
NORMAM 20

Nanovere Technologies, LLC., Sample Application of the Nano-
Clear Industrial Coating, Brighton: Materials Performance, 2020. 
Hybrid Nanocoating Extends Life of Industrial Coating Systems

Up to 6% of the main 
engine's fuel consumption 
[11].

Unknown Literature  9 - 9 Propeller polishing/coating is 
widely adopted in the 
industry.

1.5 to 12 hours It depends on the method used. 
By using robots, it does not 
require shipyards, but most 
robots cannot clean underneath 
the vessels. Mechanical cleaning 
requires shipyards. 

Yes, periodic propeller inspection 
and cleaning.

Estimated diving costs to perform a periodic propeller polishing 
range from $4,000 to $8,000, depending on the vessel size and the 
complexity of the propeller.

Divers can clean a 10-meter diameter per five-blade propeller in 
about three to four hours for $3,000 in the Far East [3].

GIT Coatings (X-GIT Prop) Compatible with other technologies. IMO – AFS Convention (International Convention on the Control of 
Harmful Antifouling Systems in Ships) 
IMO resolution MEPC.378(80): Guidelines for the Control and 
Management of Ships' Biofouling to Minimize the Transfer of Invasive 
Aquatic Species.
IMO MARPOL 73/78
NORMAM 20

Atlantis Marine Services LLC, "Propeller Polishing," 2024. 
[Online]. Available: 
https://www.amssub.com/media/k2/items/cache/00e7056ec788d5b
42162a6c13dbba43c_XL.jpg. [Accessed 20 November 2024].
Atlantis Marine Services - Propeller Polishing

~2% Unknown Researchers at the Ningbo Institute 
of Materials Technology and 
Engineering  claim that the bionic 
skin on the propeller led to a 2% 
reduction in the crude carrier’s fuel 
consumption [10].

6 - 7 Although it is not 
commercialized yet, some 
projects have shown great 
progress:
Fraunhofer IFAM has shown a 
drag reduction of around 6%.

A research study from a 
collaboration between 
COSCO SHIPPING Energy 
Transportation and Ningbo 
Institute of Materials 
Technology and Engineering 
intends to promote the 
application of such bionic skin 
in more than 100 crude 
carriers [7].

A few days to a week. Yes  Yes, it is considered a three- to 
five-year drydock period to clean 
the propeller.   

The maintenance cost is related to the periodic propeller cleaning. - N/A IMO – AFS Convention (International Convention on the Control of 
Harmful Antifouling Systems in Ships) 
IMO MARPOL 73/78
NORMAM 20

Xinhua News Agency, "Across China: Bionic Dolphin Skin Saves 
Fuel for Large Crude Carrier," 16 July 2024. [Online]. Available: 
https://english.news.cn/20240716/c6adddcd7fd14655a472151f746
2870b/c.html. [Accessed 25 November 2024].
Across China: Bionic dolphin skin saves fuel for large crude 
carrier-Xinhua

Up to 5% < 5 dB Literature  9 - 8 Hull cleaning and 
maintenance are widely 
practiced in the industry and 
the benefits are well 
documented.
Remotely operated vehicle-
based cleaning is emerging 
as a cost-saving alternative, 
but is not yet widely available.

Drydock hull cleaning can be 
done in one to two days.                                   
Underwater cleaning robots are 
the fastest hull cleaning method 
(from 10 to 20 hours), while 
divers clean a vessel's hull from 
six to 24 hours, depending on the 
size of the vessel and the 
severity of fouling.

It depends on the method used. 
By using robots, it does not 
require shipyards but most robots 
cannot clean underneath the 
vessel. Mechanical cleaning 
requires shipyards.

Yes, it is considered a three- to 
five-year drydock period to clean 
the hull or when a speed decrease 
for hull incrustation is detected.  

Hull cleaning by divers or robots costs from $1.5/m2 to $2.5/m2 in 
the Far East, or about $50,000 for a very large crude carrier (VLCC) 
if all areas are cleaned — higher cost in the United States and 
Europe [3].

Providers are different 
depending on the location. 
Below are some examples:                                                         
Fleet Cleaner
HullWiper
Seatec 

N/A IMO – AFS Convention (International Convention on the Control of 
Harmful Antifouling Systems in Ships) 
IMO resolution MEPC.378(80): Guidelines for the Control and 
Management of Ships' Biofouling to Minimize the Transfer of Invasive 
Aquatic Species.

Example of local restriction: CONAMA - Resolução 306/2002.
ABNT NBR 10.004/2004. 

Cleaning ship hulls is prohibited in certain regions or is only allowed 
when reclamation technology is used alongside to catch the debris. 
Care should be made to check local regulation regarding hull 
cleaning

Nereus Subsea, "Why Underwater Hull Cleaning is Important," 3 
May 2024. [Online]. Available: 
https://www.nereussubsea.com/blog/underwater-hull-cleaning/. 
[Accessed 25 November 2024].
Why Underwater Hull Cleaning Is Important?

BDR: From 3-10% 
average net energy 
savings in calm waters.

ALDR: From 5-6% in calm 
waters.

PCDR: The net 
energy savings suggested 
from the model testing 
ranged from 4-16%.
                  
PALS: From 3-10% 
average net savings in 
calm water.              

> 10 dB Literature/Vendor
Silverstream Technologies 
estimates fuel saving to be 5-10% 
(depending on the vessel size) [6].

A joint development project 
between Samsung Heavy 
Industries, BG Group (now merged 
with Shell), ABS and GasLog 
retrofitted the Samsung SAVER Air 
system for a 180K liquefied natural 
gas (LNG) carrier. The net power 
savings for the LNG carrier was 
reported on the basis of the full-
scale measurement at about 4.5% 
[2].

Partnered with Shell, the 
Silverstream system was retrofitted 
on the 40K DWT chemical tanker 
MT Amalienborg . The net savings 
reported for MT Amalienborg  at 14 
knots were about 4.5%. In the 
following year, with an 11-month 
operation period, the net savings 
were observed and reported to be 
about 4% for the unfavorable fully 
loaded deep draught condition.  [6].

SHI retrofitted an air lubrication 
system designed for a heavy cargo 
carrier (HCC) and validated the fuel-
savings effect during sea trials. The 
full-scale performance test reported 
an average power saving of 8.8% 
on the actual voyage.

BDR: 9

ALDR: 6

PCDR: 7

PALS: 6

- BDR: 9

ALDR: 3

PCDR: 4

PALS: 6

Bubble ALS is fully deployed 
and widely available for 
marine vessels.
Multiple classification 
societies have approved 
installations.
Uptake is still growing, but 
several vessel trades have 
demonstrated energy savings 
by integrating ALS.
As of 2018, 23 vessels were 
identified to have ALS 
installed on board.

From order to commission within 
20 to 24 weeks.
Approximately six days of 
drydock period according to 
Silverstream [6].

Yes   Yes   The annual maintenance cost ranges from $25,000 to $100,000.
Annual energy consumption cost ranges from $20,000 to $50,000.

The cost of PALS varies by ship, but it provides lower capital 
investment and operating costs compared to other hull lubrication 
technologies.

BDR:
Winged Air Induction Pipe 
System (WAIP)
Silverstream System
Mitsubishi MALS
Samsung  Saver-Air
Foreship ALS 
Daewoo

ALDR:
Alfa Laval OceanGlide 

PCDR:
Damen Air Chamber Energy 
Saving (ACES) System

PALS:
Armada PALS 
SES-X-Technologies                         

The ALS might affect the efficiency of 
the coating at the bottom of the vessel.

In the verification scheme, final verification of the EEDI of ships fitted 
with air lubrication system is to be conducted at sea trial. The 
procedure to be followed should be in accordance with the 2014 IMO 
Guidelines on Survey and Certification of EEDI by MEPC.1/Circ.855 
and MEPC.1/Circ.815.
There are two steps to the verification of ALS: preliminary verification 
during the design stage, and final verification at sea trial. At the 
preliminary verification stage, the shipowner or shipbuilder would 
submit speed-power predictions for the loading conditions relevant to 
the energy efficiency design index (EEDI), taking into account the 
application of an air lubrication system. Final verification of the EEDI 
of ships due to the air lubrication system should be conducted at the 
sea trial. The verifier should attend the final verification process to 
confirm the measurements. 
Additionally, MEPC.1/Circ.896, Guidance on Treatment of Innovative 
Energy Efficiency Technologies for Calculation and Verification of 
The Attained EEDI and EEXI.

Damen Shipyards Group, "Damen Air Cavity System," 2023. 
[Online]. Available: https://www.damen.com/equipment/green-
solutions/damen-air-cavity-system. [Accessed 25 November 
2024].
Air Lubrication System for vessels - DACS - Damen

At least as much 
reduction as antifouling 
coating.

< 5 dB Literature 3 - 1 Many studies looking into this 
technology exist, but no 
practical applications have 
been developed.

N/A Yes Yes Unknown - - - N/A

EE Reference TRL TRL 
Comments

CRL CRL Comments Estimated Time of 
Installation

Drydock Needed Maintenance Needed Maintenance Cost Estimation List of Possible 
Suppliers

Compatibility Regulation Image Reference In-text Citations

Energy (%) URN (dB) Literature/ Vendors Yes/No Yes/No 

Up to 5% of main engine 
fuel consumption.

Depends on the original 
propeller design.

Literature

Wartsila stated that after a 
propeller retrofit optimization, 
vessels achieved 3-5% of energy 
savings [2].

9 - 9 - Initial design and optimization:  
Two to four weeks.
Installation of optimized 
propeller: One to two weeks
Total: From three to six weeks

Yes  No Same maintenance applicable for conventional propellers. Propeller designers:
Nakashima
MMG
Everllence Kappel
Mitsubishi MAP
Stone Marine                                                     

It may affect other technologies 
depending on the modification.
Ex.: If the propeller blades' diameter 
becomes larger, it could affect the 
ducted propellers.

Statutory-related requirements:
MEPC.1/Circ.850/Rev.3, Guidelines for Determining Minimum 
Propulsion Power to Maintain the Maneuverability of Ships in Adverse 
Conditions. Equipment Certification Report for the new propeller.

Class-related requirements: 4-3-3/1.5.5 of the ABS Rules for Building 
and Classing Marine Vessels , 2024

N/A, this refers to small changes that can be made during the 
design phase due to advanced CFD technology. There is not a 
representative image for this technology.

-2-5% Variable, positive or 
negative.

Literature  9 - 9 - Less than a week. Yes  Yes, compared to FPP, CPP 
increases maintenance due to its 
additional moving parts.  

Maintenance costs range from $10,000 to $50,000 annually. Kongsberg
Kamome Propeller
Everllence
Rolls-Royce
Wartsila   

Theoretically compatible with contra-
rotating propellers (CRPs).
Partially compatible with pre-swirl 
fins/stators, post-swirl fins/stators.

Statutory-related requirements:
MEPC.1/Circ.850/Rev.3, Guidelines for Determining Minimum 
Propulsion Power to Maintain the Maneuverability of Ships in Adverse 
Conditions. Equipment Certification Report for the new propeller.

Class-related requirements: 4-3-3/1.5.5 of the ABS Rules for Building 
and Classing Marine Vessels , 2025

Kawasaki Heavy Industries Ltd., "Controllable Pitch Propeller," 
2022. [Online]. Available: 
https://global.kawasaki.com/en/mobility/marine/machinery/propelle
r.html. [Accessed 25 November 2024].
Controllable Pitch Propeller | Kawasaki Heavy Industries

5-10% 5-10 dB Literature  9 - 9 - Less than a week. No Yes, compared to FPP, CPP 
increases maintenance due to its 
additional moving parts.  

- Kongsberg
Kamome Propeller
Everllence
Rolls-Royce
Wartsila EcoControl

Theoretically compatible with contra-
rotating propellers.
Partially compatible with pre-swirl fins/ 
stators, post-swirl fins/stators.

Statutory-related requirements:
MEPC.1/Circ.850/Rev.3, Guidelines for Determining Minimum 
Propulsion Power to Maintain the Maneuverability of Ships in Adverse 
Conditions. Equipment Certification Report for the new propeller.

Class-related requirements: 4-3-3/1.5.5 of the ABS Rules for Building 
and Classing Marine Vessels , 2025

N/A, refers to optimizing the technology pictured above.

2-8% Unknown Literature

According to Everllence, their AHT 
nozzle would improve efficiency 
from 5-8% [3].

9 - 9 - For a new installation, it would 
take between a few days and one 
week, and for a retrofit vessel, it 
would take between one to two 
weeks.

Yes  No The maintenance costs include periodic visual inspection, cleaning 
marine growth and repainting the nozzle. The maintenance costs 
vary depending on the size of the vessel, shipyard and coating 
supplier, for instance, and it could range from $1,000 to $20,000.

Kort Propulsion
Wartsila

Not compatible with end plates (CLT), 
Kappel propellers or other types of 
ducts. 
Compatible with rudder thrusters, fins or 
Grothues spoilers.
Constrains the potential size of the 
propeller.

Statutory-related requirements:
MEPC.1/Circ.850/Rev.3, Guidelines for Determining Minimum 
Propulsion Power to Maintain the Maneuverability of Ships in Adverse 
Conditions. Equipment Certification Report for the new propeller.

Class-related requirements: 4-3-3/1.5.5 of the ABS Rules for Building 
and Classing Marine Vessels , 2025

Freiberg, U. S. (2020). Cyclical Varying Pitch Propeller. Aalborg 
Universitetsforlag.
Cyclical Varying Pitch Propeller - Aalborg University's Research 
Portal
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3. Propeller Propulsion Design

3.4 DUCTED PROPELLER
Ducted propellers, also known as shrouded propellers or Kort nozzle propellers, are especially 
effective at enhancing thrust at low speeds and for heavily loaded propellers. 

Enhanced crew/passenger comfort 
and
increased design effort, space 
demand and vessel weight. 

For a newbuild vessel, it would cost 
between $50,000 to $200,000, and for a 
retrofit vessel, it would cost between 
$100,000 and $300,000, depending on 
the size of the vessel, the supplier and 
the shipyard costs.

The payback period is approximately 24 
months.

Retrofit and newbuild                                 Ducts/shrouds will not improve efficiency at higher speeds, but can 
improve bollard pull performance by 40%.
While it is important to match the geometry of a duct to the ship’s 
speed (shorter, smaller ducts are to be expected for faster ships), it is 
imperative that the propeller be optimized to operate in the flow 
created by the duct. In particular, it has been demonstrated that 
propeller tip clearance and loading have a vast effect on the efficiency 
of the duct.
To be designed to suit the ship's operational profile and stern’s 
hydrodynamic characteristics.

3.3 CONTROLLABLE PROPELLER PITCH COMBINATOR 
OPTIMIZATION
Modifying the pitch and RPM settings for controllable pitch propellers can help prevent the early 
onset of cavitation on both the pressure and suction sides, whether at constant speeds or during 
acceleration. This adjustment can also enhance propeller efficiency under these conditions.

Enhanced crew/passenger comfort 
and increased design effort.

From 1-5% of the new ship´s costs, 
requires software updates and 
potentially additional sensors.

Retrofit and newbuild                                 

Retrofit and newbuild                                 

To be designed to suit the ship operational profile and stern 
hydrodynamic characteristics.

3.2 CONTROLLABLE PITCH PROPELLER (CPP)
The propeller blades are attached to the boss, and their pitch can be altered via a hydraulic 
system.
Controllable pitch propeller wheels are often not considered high-efficiency propellers. In fact, 
they have significantly lower performance than fixed-pitch propellers (FPPs) when used at a fixed 
RPM in off-design conditions.
The reason for this is that high revolutions per minute (RPM) and small pitch values invariably 
create a severely suboptimal flow over the blades, resulting in face cavitation and high vibration.
However, CPP wheels can deliver better performance than FPPs in off-design conditions when 
the RPMs are changed to match the CPP’s best performance pitch setting. It is possible to 
reprogram CPP controllers to maximize the propeller efficiency in these off-design conditions.
This can be valuable if a ship is likely to be operated in slow-steaming mode for portions of its life. 
Even when a generator is operated by drawing power from the main shaft, it is possible to vary 
the frequency of the current generated to allow a reduction in RPM.

Increased crew/passenger comfort 
and increased maneuverability.
Increased design effort, maintenance 
and space demand due to the 
installation of a new hydraulic system 
and increased vessel weight.

Capex estimation ranges from $200,000 
to $2M.

Retrofit and newbuild                                 Controllable pitch propellers simplify reversing and most other 
maneuvers.
Replacing an FPP with a CPP can maximize engine performance by 
controlling propeller pitch according to the specific load needed and 
the present environmental conditions. Each blade is rotated in tandem 
with the other blades, typically with hydraulic power. It can be adapted 
to most vessel types, but often has high capital costs and increased 
mechanical maintenance.
Controllable pitch propellers have an additional degree of freedom 
over FPPs in that the pitch of the blades can be adjusted to suit the 
vessel speed and propeller loading. However, some FPP systems 
operate at constant speed, particularly when coupled with shaft-driven 
generators, eliminating a degree of freedom. While ideal for electrical 
power generation when coupled with a shaft-driven generator, 
cavitation can be increased on the back and face of the propeller for 
certain propulsion conditions (RPM, vessel speed and pressure).
When compared to an FPP operating at its ideal design point, a CPP 
will be less efficient. Controllable pitch propellers impart additional 
drag at the hub and increase overall propeller weight. However, CPPs 
offer greater efficiency over FPPs in off-design conditions. The 
efficiency of CPPs is optimized if operated on a ‘combinator curve’, 
whereby pitch and speed are maximized for each point on the curve. 
For a given speed-power point, the peak efficiency of a CPP will be 
inferior to an FPP selected for that point, but will have an improved 
efficiency across multiple operating points.
To be designed to suit the ship's operational profile and stern 
hydrodynamic characteristics.

Retrofitting a propeller after operational speed reduction may give 
similar EE improvements.

3.1 PROPELLER OPTIMIZATION
Balancing the propeller design in such a way that maximum efficiency is fulfilled. May include 
propeller blade edge modification or replacement by new design.

Increased design effort. Estimated implementation cost ranges 
from $250,000 to $300,000, plus material 
costs of 1.5t/MW and $7,000/t (unless 
the existing propeller is recycled).
Usually, the costs are 10-15 % more 
than conventional propellers.

Installation Cost Estimation Applicability Comments

Percentage/Range/Payback 
Period Retrofit/Newbuild

Treatment/Description Improvements from Technology Ship Level of Intervention

Efficient hulls may lose carrying capacity.
Cost is for larger ships. For smaller ships, engineering costs may be 
significant relative to the cost of the ship,depending on the complexity 
of analyses. Additional cost may be incurred due to more streamlined 
hull production, e.g., for plates with double curvatures. Cost generally 
scales with the complexity/constraints of optimization, not vessel size. 
The payback period is therefore longer for small vessels that often 
idle, given lower annual fuel costs.

1.1 DESIGN FOR SERVICE
Designing a vessel to meet its specific operational requirements and functions, while considering 
energy efficiency to optimize its performance, for the anticipated operating profile.

Improved crew/passengers comfort 
and increased design effort.

Less than 1% of the new ship's cost (for 
larger ships).

Multi-pass model test and computational 
fluid dynamics (CFD) programs typically 
cost $150,000 to $500,000 USD [3].

Newbuild

Retrofit and newbuild                                 Bulbs are speed optimized. Ships adapted to lower sailing speeds 
may need to consider implementation of bulbs, or even change the 
current bulb geometry. Bulbous bow should be built tailored to meet 
the vessel operation profile, such as operation draught and speed. 

1.4 EFFICIENT ABOVE WATER FORMS
Aerodynamically efficient forms will reduce air and wind resistance power requirements.

Improved crew/passengers comfort 
and increased design effort.

Less than 1% of the new ship cost. Newbuild May warrant more consideration for smaller and faster ships.
Cost is for larger ships. For smaller ships, engineering cost may be 
significant relative to the cost of the ship, depending on the complexity 
of the analyses. Additional cost may be incurred due to more 
streamlined hull production.

For smaller ships, the engineering costs can be quite significant 
relative to the overall cost of the ship, especially depending on the 
complexity of the analyses required.

1.2 EFFICIENT HULL FORMS
Hydrodynamically (for calm water and waves) efficient hull forms will reduce power requirements. 
Such hulls will also generally have good wake characteristics. 

Enhanced crew/passenger comfort 
and
increased design effort.

Less than 1% of the new ship's cost.

Multi-pass model test and CFD programs 
typically cost $150,000 to $500,000 [3].

Newbuild

1.3 BULBOUS BOW
The bulbous bow is a distinctive protrusion at the forward end of a ship's hull, located below the 
waterline. The bulbous bow's purpose is to reduce the ship’s resistance by modifying the water 
flow around the hull. This reduces the required propulsion power.

Improved crew/passengers comfort 
and increased design effort.

Estimated installation cost ranges from 
$100,000 to $800,000.

With 5% fuel efficiency, the payback 
period is around one year.

-

2.4 BIONIC (DOLPHIN) PROPELLER COATING
It is a bionic skin propeller inspired by dolphins´ skin, aiming to enhance the ship´s efficiency. 
Bionic skin propeller is composed of liquid-like dynamic interfacial materials and flexible materials 
with a microstructure between 0.1 and 0.2 millimeters (mm). When placed on the propeller’s 
surface, the bionic skin can reduce the shear force with the water, counteract the work of the 
reverse thrust on the water, improve the propeller efficiency and reduce energy consumption.

Enhanced crew/passenger comfort 
and increased design effort.

1.5 STERN FLAP/WEDGE
Small extensions from the lower transom. It modifies the stern wave produced by the ship and 
reduces powering requirements.

Improved crew/passengers comfort 
and increased design effort.

Less than 1% of the new ship cost. Retrofit and newbuild                                 The technology has shown better effects on high-speed vessels.

Installation Cost Estimation Applicability Comments

Percentage/Range/Payback 
Period Retrofit/newbuild

The performance of any coating system, including foul-release, will 
diminish over time. Organisms will find a way to attach to 
imperfections or damaged areas of the coating, increasing hull 
resistance. Coatings are usually renewed on the drydocking schedule, 
typically 60 months for most cargo vessels and more frequently for 
many passenger vessels.
Suitable for all vessels, seawater and freshwater alike. Particularly 
beneficial in warm and seawater environments where marine growth 
advances aggressively.
Savings are maximized for vessels that are frequently in transit, while 
also experiencing idle or low-speed periods when marine growth can 
accumulate.
The cost of foul-release coatings is higher than that of traditional 
coatings for first-time applications. This is driven by both material 
costs and the skilled labor required.

2.2 NANOCOATING SELECTION
While nanocoating itself is not a biocide or self-polishing material, it does reduce chemical elution 
(or the washing-away) of biocide agents in antifouling coatings, extending the functional life of 
coatings that rely on those biocides. Nanocoatings reduce the propulsion power requirement.

Enhanced crew/passenger comfort 
and
increased maintenance.

Likely higher than antifouling coating. Newbuild Actual cost data of nanocoating-based systems has not been 
collected. As an emerging technology, the material cost is likely higher 
than other antifouling coatings. This may be offset by reduced coating 
thickness for some applications.
The application is not supposed to require any specialized equipment 
or training.
Nanocoating is generally associated with biocidal antifouling coatings, 
and its compatibility with foul-release (self-polishing) coatings was not 
examined.
Although its use has been more centered on propellers, recently, hull 
applications have been performed.

Improvements from Technology

Newbuild2.1 ANTIFOULING COATING 
Appropriate hull coating selection can reduce frictional resistance and power requirements. The 
vessel´s operational profile and coating maintenance should be considered. The material used to 
coat the hull of a ship below the waterline serves several purposes. The primary purpose is to 
prevent corrosion of the steel hull. A secondary purpose is to inhibit the growth of marine 
organisms on the exterior of the hull by means of antifouling.

N/A Retrofit and newbuild                                 

Enhanced crew/passenger comfort 
and
increased maintenance.

Treatment/Description Ship Level of Intervention

2.5 UNDERWATER HULL SURFACE CLEANING AND MAINTENANCE
Poor hull surface maintenance can lead to resistance increases, causing a load on the 
machinery. Hull surface cleaning and maintenance must be completed regularly to avoid this. 

Enhanced crew/passenger comfort 
and increased maintenance.

Hull polishing cost depends on ship size.

Low ($30,000 to $700,00).
Payback period is usually less than a 
year.

Payback period is less than nine months.

Percentage/Range/Payback 
Period

Increased maintenance and upkeep 
on hull.

Unknown Retrofit and newbuild                                 Not enough is known about this emerging technology yet to accurately 
estimate costs or compatibility.

Cleaning in drydock is more effective than by diver or robot in the 
water. Environmental impacts of polishing itself must be considered.
Most vessels should plan for routine hull inspections and cleaning as 
needed. Scheduling this work can be
challenged by limited shipyard or drydock availability.
Vessels with frequent anchorage or lay-up periods are more 
susceptible to macrofouling and should proactively plan underwater 
hull inspections around these inactive periods.
Vessels that have high utilization in transit or dock in freshwater 
environments are less likely to experience biofouling and may require 
less frequent inspections.
Vessels with non-biocidal foul-release coatings may require more 
frequent cleaning.
The cost-to-benefit ratio is extremely low for hull inspections and 
maintenance, particularly if the vessel is already out of service.
Hull cleaning generally requires either underwater divers or 
drydocking. If not scheduled, drydocking can have major direct and 
commercial costs. Planning inspections and maintenance ahead of 
time will help mitigate their direct costs.
No captial expenditure (capex) cost unless the operator purchases 
their hull cleaning equipment.

Retrofit

Retrofit/newbuild

Treatment/Description Improvements from Technology Ship Level of intervention Installation Cost Estimation Applicability

Technology readiness level is valid for commercial ships. Energy 
Efficiency is valid for low sea states.
Moderate capital investment for newbuilds (air release units readily 
integrated).
Significant capital investment for retrofits (air release units require 
major structure modifications and close class involvement).
Due to consistent air pressure requirements and high-temperature 
compressed air, a distributed compressor arrangement is preferred 
over a centralized system. A distributed system has a greater impact 
on machinery arrangements by locating equipment throughout the 
vessel.
Compressor equipment is generally all commercial off-the-shelf 
(COTS), thereby avoiding increased costs associated with proprietary 
components.
Speed and portion of time underway are proportional to payback time 
on initial capital investment for speeds.

2.7 ENERGY HARVESTING ANTIFOULING COATINGS
Advanced coatings that not only prevent biofouling on ship hulls but also harvest energy from the 
friction between the hull and the water. 

1. Hull Appendage Design

2. Frictional Resistance Reduction

Comments

In China, researchers at the Ningbo 
Institute of Materials Technology and 
Engineering estimate an installation cost 
of approximately $20,000.
The payback period is less than a year 
[7].

Retrofit and newbuild                                 This technology is still in the testing and early adoption phase, but 
shows promising results in improving the fuel efficiency and emissions 
of large cargo ships by reducing drag on the propellers.
Bionic skin propeller complies with the International Convention for the 
Control of Harmful Antifouling Systems on Ships.
Further studies regarding static fouling are required.

2.3 PROPELLER POLISHING/COATING
Aiming to minimize fouling from the propeller, the propeller should be treated with polishing and 
proper painting.

Enhanced crew/passenger comfort.

2.6 AIR LUBRICATION SYSTEMS (ALS)
Air lubrication is achieved by pumping air beneath the hull, reducing the area of hull in direct 
contact with the liquid flow, or in the case of discrete bubbles, by modification of momentum 
transport and average density in the boundary layer [1].

There are four main categories of ALS:

- Bubble Drag Reduction (BDR)
The system generates micro-bubbles (generally less than 0.1 mm) to isolate the hull from the 
water. However, micro-bubbles can be difficult to produce on a full-scale ship, and are less 
effective at low speeds due to buoyancy.

- Air Layer Drag Reduction (ALDR)
A fully developed air layer forms from a continuous thin air layer, resulting in the hull surface 
being entirely covered by this air layer. This configuration demands high-power and large-
capacity compressors.

- Partial Cavity Drag Reduction (PCDR)
The partial cavity concept utilizes a recess or cavity on the hull bottom where air is injected from 
inside the hull so that an inflated air cavity is formed and persists to the rest of the hull, separating 
the hull from water, therefore reducing frictional resistance.

-Passive Air Lubrication System (PALS)
This utilizes the ship’s forward motion to inject air beneath the hull, thereby eliminating the need 
for continuous compressor operation. This passive air injection method significantly reduces 
power consumption compared to traditional air lubrication systems.

The system enhances crew comfort.
Increased design effort.
Increased maintenance by the 
additional machinery. Increased 
complexity.
Increased space demand as the 
system needs additional equipment 
like compressors, piping, etc.
Increased vessel weight.
Air lubrication systems generally 
consist of piping, pneumatic and 
control systems, and air dispensers. 
Structural modification associated with 
air lubrication systems usually 
involves installing air dispensers on 
the hull to dispense air. Local stress 
concentrations may require 
reassessment due to the additional 
openings on the vessel hull. 
Commonly, equipment, piping and 
ventilation may need to be rearranged 
for the installation of an air lubrication 
system. 
Stability and lightship weight might 
need to be re-evaluated due to the 
additional weight of an air lubrication 
system. Stability tests and stability 
calculation changes might be called 
for if: 
• The change in lightship 
displacement exceeds 2% of the 
lightship displacement from the most 
recent approved lightship data.
• The change in lightship longitudinal 
center of gravity, relative to the most 
recent approved lightship data, 
exceeds 1% of the length between 
perpendiculars.

Estimated capex:
± $2 million (M) – 3M (estimate based on 
an aframax design) [12].

System purchase: From 0.5M to 2M.
System installation: From 0.2M to 0.5M.
Hull modifications: From $100,000 to 
$300,000 [5].

For new vessels, the estimated 
implementation cost ranges from 2-3% of 
the newbuilding.

The cost of PALS varies by ship, but it 
provides lower capital investment and 
operating costs compared to other hull 
lubrication technologies.

The payback period is from three to five 
years.

Retrofit and newbuild                                 

Up to 5% 5-10 dB Literature  9 - 9 - A few days to two weeks. Yes  No The maintenance cost related to CLT is the periodic cleaning along 
with the periodic shipyard hull cleaning.
There is no additional cost for its maintenance.

Sistemar homologated and 
licensed companies:
Adrio
Casuso Propellers
Mecklenburguer Metallguss
Wartsila Iberica
Eliche Radice
Yuanhang Propellers 
Manufacturing co.  
Fundilusa
Dalian Marine Propeller co.
Menxact Marine pte. ltd.

Not compatible with a Kappel propeller, 
propeller with tip fins raked backward.
Partially compatible with a gate rudder.

Statutory-related requirements:
MEPC.1/Circ.850/Rev.3, Guidelines for Determining Minimum 
Propulsion Power to Maintain the Maneuverability of Ships in Adverse 
Conditions. Equipment Certification Report for the new propeller.

Class-related requirements: 4-3-3/1.5.5 of the ABS Rules for Building 
and Classing Marine Vessels , 2025

Brown, Michael & Schroeder, Seth & Balaras, Elias. (2015). Vortex 
Structure Characterization of Tip-Loaded Propellers. 
NSWCCD tip loaded propeller (TLP) model scale hardware.   | 
Download Scientific Diagram

Up to 9% 5-10 dB Literature

The CRPs installed in one navy 
vessel showed 8.7% propeller 
efficiency [4].

9 - 9 - The total time from initial design 
to final installation and 
commissioning could take 18 to 
24 months.

Yes  No Additional maintenance costs are estimated at $20,000 to $30,000. Brunvoll Integrated Costa 
Propulsion
IHI Marine Propeller

Not compatible with pre-swirl fins and 
stators, post-swirl stators and propeller 
cap fins.
Partially compatible with rudder bulb 
system, divergent propeller caps, gate 
rudders, Mewis duct, rudder thruster 
fins, asymmetric rudders and CPP.

Statutory-related requirements:
MEPC.1/Circ.850/Rev.3, Guidelines for Determining Minimum 
Propulsion Power to Maintain the Maneuverability of Ships in Adverse 
Conditions. Equipment Certification Report for the new propeller.

Class-related requirements: 4-3-3/1.5.5 of the ABS Rules for Building 
and Classing Marine Vessels , 2025

Buckingham, John. (2009). Energy Conservation: Matching 
Technologies to the Platform. 
3 -CRP: IHI Electric CRP 3 shows the IHI electric-driven CRP, 
newly... | Download Scientific Diagram

4-6% < 5 dB Literature

Kapriccio projects full-scale trials of 
Kappel propellers on M.T. North 
America vessel showed a 4% 
reduction in power requirements at 
15 knots [5].

A 105K DWT Indian tanker 
estimated an average fuel 
consumption reduction of around 
4% after retrofitting with a Kappel 
propeller [6].

9 - 9 - A few days to a week. Yes  No Annual maintenance costs would vary from 0.5-1.5% of its initial 
capital costs. In case of major overhauls, the cost would range from 
5-15% of its initial capital costs, depending on the extent of the 
repairs needed. 

Everllence Kappel Propeller Not compatible with propellers with tip 
fins raked backward, propellers with 
end plates, contracted tip-loaded 
propellers and ducted propellers.
Partially compatible with Mewis duct, 
large diameter propeller and CRPs.
One of the attractive features of Kappel 
propellers is that they are compatible in 
principle with a number of other 
efficiency-saving devices and are 
available both on FPP and CPP wheels.

Statutory-related requirements:
MEPC.1/Circ.850/Rev.3, Guidelines for Determining Minimum 
Propulsion Power to Maintain the Maneuverability of Ships in Adverse 
Conditions. Equipment Certification Report for the new propeller.

Class-related requirements: 4-3-3/1.5.5 of the ABS Rules for Building 
and Classing Marine Vessels , 2025

Zamech Marine, "General Presentation," Zamech Marine, Elblag, 
2016.
Prezentacja programu PowerPoint

Up to 3% Unknown (Improves wake 
flow downstream of 
propeller)

Literature  6 - 7 - A few days to a week. Yes  No Annual maintenance costs would vary from 0.5-1.5% of its initial 
capital costs. In case of major overhauls, the cost would range from 
5-15% of its initial capital costs, depending on the extent of the 
repairs needed. 

Propeller designers:
Wartsila

Same as propeller with tip fins raked 
forward (Kappel propellers).

Statutory-related requirements:
MEPC.1/Circ.850/Rev.3, Guidelines for Determining Minimum 
Propulsion Power to Maintain the Maneuverability of Ships in Adverse 
Conditions. Equipment Certification Report for the new propeller.

Class-related requirements: 4-3-3/1.5.5 of the ABS Rules for Building 
and Classing Marine Vessels , 2025

Y. Inukai, "A Development of a Propeller with Backward Tip Raked 
Fin," Marine Propulsors, Tokyo, 2013.
3B.1.pdf

Minimal technology 
focused on URN 
reduction

Can provide reductions of 
up to 50% in propeller 
induced vibration [7].

Literature  9 - 9 - - Yes  No Same maintenance applicable for conventional propellers. Promarin
Schaffran

Best for passenger vessels [7]. Statutory-related requirements:
MEPC.1/Circ.850/Rev.3, Guidelines for Determining Minimum 
Propulsion Power to Maintain the Maneuverability of Ships in Adverse 
Conditions. Equipment Certification Report for the new propeller.

Class-related requirements: 4-3-3/1.5.5 of the ABS Rules for Building 
and Classing Marine Vessels , 2025

Asnaghi, Abolfazl. (2018). Computational Modelling for Cavitation 
and Tip Vortex Flows. 
https://www.researchgate.net/figure/Geometries-of-Rolls-Royce-
high-skewed-propellers_fig7_325360733

EE Reference TRL TRL 
Comments CRL CRL Comment Estimated Time of 

Installation Drydock Needed Maintenance Needed Maintenance Cost Estimation List of Possible 
Suppliers Compatibility Regulation Image Reference In-text Citations

Energy (%) URN (dB) Literature/ Vendors Yes/No Yes/No 

Up to 5% < 5 dB Literature/Vendors
Everllence estimates a reduction in 
fuel consumption of 3-5% with its 
pre-swirl fins [5].
Kawasaki estimates an energy 
savings of 2-7% with its semi-duct 
and contra fin pre-swirl device.
Wartsila estimates up to 10% of 
fuel savings with its pre-swirl 
EnergoFlow.

9 - 9 Static stators and ducts are 
well established and widely 
adopted.
New adaptations of devices 
such as retractable fins 
continue to yield 
improvements in many 
operational cases.

From four to nine days. Yes   No The additional maintenance cost is on the periodic hull cleaning and 
painting maintenance.

Wartsila EnergoFlow
Kawasaki SDS-F
Sanoyas Tandem Fin (STF)
Everllence                      

Not compatible with wake equalizing 
duct (WED) and Mewis duct, contra-
rotating propellers, podded and 
azimuthing propulsion, Grothues 
spoilers. 
Partially compatible with CPP, propeller 
boss cap fins (PBCF) and gate rudders.
To be designed in conjunction with the 
propeller and any relevant post-swirl 
devices.
Several devices, including Mitsui, 
integrated ducted propeller, Hitachi’s 
Zosen Nozzle, Sumitomo’s Integrated 
Lammeren Duct and Becker’s Mewis 
Duct combine a pre-swirl stator with an 
accelerating duct.       

MARPOL, Annex VI, Chapter 4. Prins, H.J. & Flikkema, Maarten & Schuiling, Bart & Xing, Yan & 
Voermans, A.A.M. & Müller, M. & Coache, S. & Hasselaar, Thijs & 
Paboeuf, Stephane. (2016). Green Retrofitting through 
Optimisation of Hull-propulsion Interaction – GRIP. Transportation 
Research Procedia. 14. 1591-1600. 10.1016/j.trpro.2016.05.124.

Up to 9% < 5 dB Literature
According to the published model 
test results, Grothues spoilers can 
offer an energy reduction of 6-9% 
for tankers and bulk carriers, 
respectively, in full load and ballast 
conditions, respectively [11].

9 - 9 - Approximately four days. Yes   No The additional maintenance cost is on the periodical hull cleaning 
and painting maintenance.

Schneekluth Hydrodynamik
Shipyards

Not compatible with stern tunnels, pre-
swirl fins and stators, Mewis duct, 
ducted propellers, podded and 
azimuthing propulsion. 
Partially compatible with controllable 
pitch propellers.
To be designed in conjunction with the 
propeller and any relevant post-swirl 
devices.

MARPOL, Annex VI, Chapter 4. Volker Bertram, Chapter 3 - Resistance and Propulsion, Editor(s): 
Volker Bertram,
Practical Ship Hydrodynamics (Second Edition), Butterworth-
Heinemann, 2012,
Pages 73-141, ISBN 9780080971506, 
https://doi.org/10.1016/B978-0-08-097150-6.10003-X.
(https://www.sciencedirect.com/science/article/pii/B978008097150
610003X)

4-8% (According to 
studies on bulk carriers 
and tankers that are 
equipped with WED).

< 5 dB Literature  / Vendors
Schneekluth estimates a fuel 
consumption reduction of up to 12% 
[14].

9 - 9 Wake equalizing ducts have 
been installed on over 1,800 
ships, including bulkers, 
containerships and tankers, 
including six Transpetro 
tankers (Castro Alves, Jose 
Alencar, Zumbi dos 
Palmares, Carlos Drummond 
de Andrade, Milton Santos 
and João Cândido ) [4].          

Approximately four days. Yes   No The additional maintenance cost is on the periodical hull cleaning 
and painting maintenance.

Schneekluth Hydrodynamik Not compatible with pre-swirl fins and 
stators, Mewis duct, stern tunnels, 
ducted propellers, gate rudder, podded 
and azimuthing propulsion.
Partially compatible with CPP and 
propeller cap fins.
Best suited to correct known existing 
hydrodynamic problems.
Wake equilizing duct efficiency is 
enhanced when combined with grothues 
spoilers.

MARPOL, Annex VI, Chapter 4. Schneekluth Hydrodynamik. (n.d.). Schneekluth Wake Equalizing 
Duct - W.E.D. Schneekluth Hydrodynamik. Retrieved November 
26, 2024, from The W.E.D - Schneekluth Hydrodynamik

3-8% < 5 dB Literature   9 - 9 - Approximately four days for 
newbuildings and from five to 
nine days for retrofits [3].

Yes   No The additional maintenance cost is on the periodical hull cleaning 
and painting maintenance.

Becker Mewis Duct Not compatible with pre-swirl fins and 
stators, post-swirl fins and stators, 
WED, ducted propellers, grothues 
spoilers, contra-rotating propeller, 
podded propulsion, azimuthing 
propulsion and gate rudder.
Partially compatible with CPP, Kappel 
propellers, PBCF, propellers with end 
plates, propeller with fin raked 
backward, post-swirl fins and stators 
and stern tunnels.
Several devices including Mitsui 
integrated ducted propeller, Hitachi’s 
Zosen Nozzle, Sumitomo’s Integrated 
Lammeren Duct and Becker’s Mewis 
Duct combine a pre-swirl stator with an 
accelerating duct [3].

MARPOL, Annex VI, Chapter 4. FathomShipping. (2012, July 17). Propeller Technology to Make 
Your Ship More Efficient. GCaptain. https://gcaptain.com/propeller-
technology-ship-efficient/

Up to 5% Unknown Literature   9 - 9 Similar to propeller energy 
saving devices, various post-
swirl devices are installed on 
thousands of vessels. 
New optimizations of these 
devices continue to gain 
improvements in many 
operational cases.                          

From several days to a few 
weeks.

Yes   No The additional maintenance cost is on the periodical hull cleaning 
and painting maintenance.

Damen
Becker
Everllence
Nakashima

Not compatible with asymmetric 
rudders, Mewis duct, contra-rotating 
propellers, podded propulsion, 
azimuthing propulsion and rudder 
thruster fins.
Partially compatible with CPP and 
PBCF.
To be designed in conjunction with the 
propeller and any relevant pre-swirl 
devices. 

MARPOL, Annex VI, Chapter 4. American Bureau of Shipping. (2013). ABS Advisory on Ship 
Energy Efficiency Measures. 
https://ww2.eagle.org/content/dam/eagle/advisories-and-
debriefs/ABS_Energy_Efficiency_Advisory.pdf

2-7% < 5 dB Literature/Vendor
MOL Techno Trade estimates that 
PBCF could save 5% of fuel 
consumption and, at the same 
horsepower, increase the speed by 
up to 2% [12].
Wartsila EnergoProFins estimates 
an average fuel savings of 2% with 
a payback time of less than one 
year [13].

9 - 9 Propeller boss cap fins are 
installed on a wide number of 
vessels. 

According to MOL Techno-Trade 
the estimated time of installation 
is from five to six hours (by four 
workers) [12].

Yes   No The additional maintenance cost is on the periodical propeller 
cleaning and painting maintenance.

Wartsila EnergoProFin
MOL Techno Trade
Misea Machinery
ERMAFIRST Flex Cap
Hyundai Hi-Fin
MMG escape                  

Not compatible with podded and 
azimuthing propulsion, divergent 
propeller caps, CRPs and rudder bulbs.
Partially compatible with post-swirl fins, 
Mewis duct, pre-swirl fins and WEDs.

MARPOL, Annex VI, Chapter 4. Zulkiflee, Z. (2021, September 28). Towards a climate-neutral 
fleet: Revisiting old technologies that work. Odfjell.com; Odfjell. 
https://www.odfjell.com/about/our-stories/towards-a-climate-neutral-
fleet-revisiting-old-technologies-that-work/

Up to 2% Unknown Literature                   
Everllence states savings of 2-3%.

9 - 9 - Approximately five days. Yes   No The additional maintenance cost is on the periodical hull cleaning 
and painting maintenance.

Hyundai Heavy Industries
Kawasaki Heavy Industries
Damen Van der Velden 
Rudder fins
SHI Port Stator

Not compatible with post-swirl stators, 
asymmetric rudders, CRPs, podded and 
azimuthing propulsion. 
Partially compatible with CPP and 
ducted propellers.
Can be associated with a propeller 
diverging cap, a rudder bulb or both. In 
this case, the compression of the flow 
created by the bulb increases (but also 
rectifies) the flow that hits the stator 
blades, thus reducing the fin size 
needed.

MARPOL, Annex VI, Chapter 4. Shah, D. (2008, June 23). Hyundai Thrust Fin saves annual fuel 
expense of a large container ship by $2.4 million - Fareastgizmos. 
Fareastgizmos.com; Newsreader. 
https://fareastgizmos.com/transport/hyundai_thrust_fin_saves_ann
ual_fuel_expense_of_a_large_container_ship_by_24_million.php

2-6% Unknown Literature/Vendors
Becker estimates a reduction in fuel 
consumption from 2-4%.

9 - 9 - Approximately five days.
From six to 10 drydock days as a 
retrofit.

Yes   No - Kongsberg Promas 
Propulsion (system consists 
of propeller, costa bulb, hub 
cap and twisted rudder)
Rolls-Royce Promas
Kawasaki
JMU Surf-Bulb
Becker Marine Systems
Damen silent bulb

Not compatible with other rudders, 
propeller cap fins, podded and 
azimuthing propulsion. 
Partially compatible with CRPs.

MARPOL, Annex VI, Chapter 4. Damen Marine Components. (2021, August 24). Advantages of a 
rudder bulb | Damen Marine Components. Damen Marine 
Components. https://www.damenmc.com/advantages-of-a-rudder-
bulb/

2-3% < 5 dB Literature   9 - 9 Technology has been applied 
in many navy vessels.
Used on a variety of ships 
and suited for tankers.

- Yes   No The additional maintenance cost is on the periodical hull cleaning 
and painting maintenance.

Nakashima
Becker Twist Rudder
HHI                                                                

Not compatible with other rudders. MARPOL, Annex VI, Chapter 4. NauticExpo. (2015). Flap rudder Becker Marine Systems. 
NauticExpo.com. https://www.nauticexpo.com/prod/becker-marine-
systems/product-30793-479755.html

3-14%, depending on 
slenderness

Unknown Literature/Vendors
Kamome reported that during sea 
trials and compared with a sister 
vessel, the gate rudder system 
realized 14% energy saving. An 
independent CFD and model test 
reported savings from 3-8%.  

9 - 9 - Gate rudders estimated 
installation time ranges from 
eight to 16 weeks, depending on 
the complexity of the system, size 
of the vessel, manufacturer and 
shipyard, for instance.

Yes   Yes, similar to the traditional 
rudder systems.

- Wartsila
Kamome Gate Rudder 
System
Harmworthy VecTwin

Not compatible with other rudders, 
Mewis duct, WED and ducted 
propellers.
Partially compatible with CPP, CRPs, 
pre-swirl fins and contracted and loaded 
tip propellers.

MARPOL, Annex VI, Chapter 4. Wartsila. (n.d.). GATE RUDDERTM manoeuvring device - 
Wärtsilä. Wartsila.com. Retrieved November 27, 2024, from 
https://www.wartsila.com/marine/products/propulsors-and-
gears/energy-saving-technology/gate-rudder-tm

Up to 6% < 5 dB Literature
A project on a 3,000 twenty-foot 
equivalent unit (TEU) containership 
showed 3% propulsion power 
reduction compared to a symmetric 
stern baseline.
A project with a handymax bulk 
carrier showed 4% in propulsion 
power reduction compared to its 
original design.

9 - 8 So far, asymmetrical stern 
designs haven’t been widely 
adopted commercially. This is 
mainly because their 
effectiveness in balancing out 
construction costs hasn’t 
been proven. The industry 
generally prefers designs that 
have shown clear advantages 
in terms of efficiency and cost-
effectiveness.

- Yes   No The additional maintenance cost is on the periodical hull cleaning 
and painting maintenance.

Shipyards Not compatible with CRPs, podded and 
azimuthing propulsion, rudder thruster 
fins and post-swirl stators.
Partially compatible with CPP.

MARPOL, Annex VI, Chapter 4. Michigan Wheel. (n.d.). Wake-Adapted Boat Technology | 
Propeller Wake . MiWheel.com. Retrieved November 27, 2024, 
from https://www.miwheel.com/sterngears/wake-adapted-
technology/

EE Reference TRL TRL 
Comments CRL CRL Comments Estimated Time of 

Installation Drydock Needed Maintenance Needed Maintenance Cost Estimation List of Possible 
Suppliers Compatibility Regulation Image Reference In-Text Citation

Energy (%) URN (dB) Literature/ Vendors Yes/No Yes/No 

-10-10% > 10 dB Literature   9 - 9 Fixed-speed DEP is broadly 
adopted across vessel sizes 
and types, and has been in 
full commercial operation for 
decades.

- Yes  Yes  - Wartsila
Rolls-Royce

Not compatible with power take-in 
(PTI)/power take-off (PTO) and waste 
recovery systems.
Diesel electric propulsion is easily 
combined with variable speed 
generators and hybrid mechanic/electric 
systems.
Diesel electric propulsion is compatible 
with the integration of batteries/fuel 
cells.              

- Ingeteam. (2024). diesel electric propulsion. Ingeteam.com. 
https://www.ingeteam.com/us/en-us/sectors/marine-and-
ports/p15_55_664_661/dfe-diesel-electric-propulsion.aspx

Up to 5% < 5 dB Literature   9 - 8 Variable speed generators 
are a fully commercial 
solution that is increasingly 
being adopted across various 
trades and vessel types. 
Class societies and flag 
States are well-acquainted 
with VSG DEP and have 
established regulatory 
frameworks for evaluating 
these propulsion systems.

From one to two weeks Yes, although optimal engine 
loading can also reduce wear 
and maintenance.

Yes  - Caterpillar Pon Power
ABB
WE Tech 
CAT

Not compatible with PTI/PTO and waste 
recovery systems.
Partially compatible with fuel cells, 
batteries and supercapacitors. 
Combining VSG with a DC bus 
facilitates easier integration with 
batteries or fuel cells.
Variable speed generators can be 
easily combined with diesel electric 
propulsion systems.

- Kongsberg Marine. (2021, September 15). DC Hybrid Solutions. 
Kongsberg.com. 
https://www.kongsberg.com/contentassets/b6206103b3424caa918
c641f76e033c0/54.propsyst-2p-15.09.21.pdf

Up to 5% < 5 dB Literature   9 - 8 - - Yes Yes  - ABB
Deif                              

A DC bus combined with a DEP allows 
for more ready integration with batteries 
or fuel cells.

- Convertwell. (2022). HYBRID PROPULSION SOLUTIONS – 
Convertwell Oy Ab – Vacon Drives 100 Series, NXS, NXP and 
Danfoss VLT Drives – Mostly From Stock. Convertwell.fi. 
https://convertwell.fi/index.php/hybrid-propulsion-solutions/

Up to 5% < 5 dB Literature  9 - 9 - From two to four weeks. Yes  Yes  - Berg Propulsion
Kongsberg

Not compatible with waste recovery 
systems.

- Wartsila. (2017). Wärtsilä Shaft Generator - economical electrical 
power generation. Wartsila.com. 
https://www.wartsila.com/marine/products/ship-electrification-
solutions/shaft-generator

2-3% None Literature  9 - 9 - From several hours to two days. Yes  Yes  - Wartsila (VVT and VIT)
Everllence Energy Solutions 
(VVT and VIT)       

- - NautiTech Suzuki. (2024). On The Water For Longer: Variable 
Valve Timing. Nautitechsuzuki.com. 
https://nautitechsuzuki.com/variable-valve-timing/

2-3% None Literature  9 - 9 - - Yes  Yes  The estimated additional maintenance cost is approximately $10,000 
annually [3].

Main Engine Manufacturer - - N/A

Overarching Citations
VARD Marine Inc., "Ship Energy Efficiency and Underwater Radiated Noise," Transport Canada, Ottawa, 2023.
A. Orthmann, S. Fitzgerald, J. Gerlach, A. McKee and K. Reynolds, "Energy Efficiency and Decarbonization Technical Guide," 
U.S. Department of Transportation Maritime Administration, Washington, 2022.
Direct Citations
1. Abar, I.A.C., Utama, I.K.A.P., Effect of the Incline Angle of Propeller Boss Cap Fins (PBCF) on Ship Propeller 
Performance. International Journal of Technology. Volume 10(5), pp. 1056-1064, 2019.
2. Sang-Seop L., Tae-Won K., Dong-Myung L., Chung-Gil K. and Soo-Young K. , Parametric study of propeller boss capfins for 
container ships, pp. 187-205, 2014.
3. Becker Marine Systems. (2018). Products | Becker Mewis Duct. Becker-Marine-Systems.com. http://www.becker-marine-
systems.com/products/product-detail/becker-mewis-duct.html
4. Schneekluth Hydrodynamik. (n.d.). Schneekluth Wake Equalizing Duct - W.E.D. Schneekluth Hydrodynamik. Retrieved 
November 26, 2024, from https://www.schneekluth.com/en/
5. Everllence Energy Solutions. (n.d.). Propeller & aft ship. Everllence Energy Solutions. Retrieved November 26, 2024, from 
https://www.man-es.com/marine/products/propeller-aft-ship
6. Turkmen, S., Carchen, A., Sasaki, N., Atlar, M., A New Energy Saving Twin Rudder System - Gate Rudder, 2016.
7. G. Gougoulidis and N. Vasileiadis, An Overview of Hydrodynamic Energy Efficiency Improvement Measures, 2015.
8. Kamome Propeller. (2021, November 30). Container Ship – SHIGENOBU. Kamome-Propeller.co.jp; Kamome Propeller. 
https://www.kamome-propeller.co.jp/en/ships/shigenobu/
"9. Renilson Marine Consulting Pty Ltd. (2009). Reducing Underwater Noise Pollution from Large Commercial Vessels. In 
Amazon Web Services. https://ifaw-
pantheon.s3.amazonaws.com/sites/default/files/legacy/Reducing%20Underwater%20Noise%20Pollutions%20for%20Large%20
Commercial%20Vessels.pdf
The International Fund for Animal Welfare, 2009"
10. Y. Shariff, H. Gassemi and H. Zanganeh, Various Innovative Technologic Devices in Shipping Energy Saving and Diminish 
Fuel Consumption, Iran, 2017.
11. American Bureau of Shipping. (2021a). ABS Practical Considerations for Underwater Noise Control. In Eagle.org. American 
Bureau of Shipping. https://ww2.eagle.org/content/dam/eagle/publications/whitepapers/underwater-noise-control-whitepaper-
21011.pdf
12. MOL Techno-Trade, Ltd., "Our Business," [Online]. Available: https://www.motech.co.jp/en/business-en/environment-en/. 
[Accessed 25 November 2024].
13. Wartsila, "Wartsila EnergoProFin," 2024. [Online]. Available: https://www.wartsila.com/services-catalogue/propulsion-
services/energoprofin. [Accessed 24 November 2024].

Retrofit and newbuild       5.6 ELECTRONIC ENGINE CONTROL (EEC)
In electronically controlled combustion engines, the camshaft functions are replaced by a set of 
electronically controlled actuators. These actuators manage the main components of the engine 
combustion system with much greater precision than camshaft-controlled engines, thereby 
enhancing engine efficiency.

Increased complexity. Compared to a mechanical engine, the 
additional cost is from $400,000 to 
$700,000, depending on the engine size.

-

Retrofit and newbuild       5.5 VARIABLE VALVE TIMING (VVT) OR VARIABLE INJECTION 
TIMING (VIT)
Variable valve timing modifies the timing of the inlet/exhaust valves over the range of engine 
loads to optimize efficiency and emissions. Similarly, VIT modifies the timing of the fuel injection 
valves over the range of engine loads to optimize efficiency and emissions.

Increased complexity. A 5% higher cost of the engine 
compared with the mechanical system.

-

Retrofit and newbuild       5.4 VARIABLE FREQUENCY DRIVE (VFD) FOR SHAFT GENERATOR
Use the shaft generator in a wider operating window, enabling the use of a hybrid solution with 
flexibility in power intake and output modes.

Increased maintenance and system 
complexity.

Installation cost ranges from $240,000 to 
$600,000.

-

Newbuild5.3 DC BUS SYSTEM (DIESEL ELECTRIC)
A DC bus system decreases the maximum efficiency slightly. The arrangement of the system 
introduces additional electrical energy transformation components (AC to DC and DC to AC) and 
increases system complexity. A DC bus system gives high flexibility for variable engine speed to 
reduce fuel consumption and to incorporate other energy sources (like fuel cells and batteries).

Reduced maintenance, decreased 
vessel space demand when compared 
to an AC bus system and decreased 
vessel weight.

Slightly more expensive than an AC 
system.

As an example for a research/survey 
vessel, the DC bus system would cost 
$1,010, and an AC system would cost 
around $969,000 [3].

-

Newbuild5.2 VARIABLE SPEED GENERATION (DIESEL ELECTRIC)
Generating power through variable speed generators (VSG) can modify their generating speed to 
meet the changing electrical consumer demands. This allows them to run at a more efficient point 
on their operating curve, thus improving efficiency and reducing fuel consumption.

Reduced maintenance and increased 
design effort.

Less than 1% of the vessel cost for a 
newbuild vessel.

The EE is valid for the change from a fixed speed generator to a 
variable speed generator.

Newbuild5.1 DIESEL ELECTRIC PROPULSION (DEP)
Diesel electric propulsion is an alternative to diesel-mechanic propulsion. Engines do not drive 
propeller via shaft in this type of propulsion. Instead, it drives generators that feed the main bus 
bar and then it feeds the propeller motor to drive the propeller. A wider range of propulsor 
selections are available. Electrical transmission has worse peak efficiency than mechanical, and 
capital costs are higher, so use is generally in ships where other benefits outweigh these costs.

Improved crew/passenger comfort, 
increased maneuverability, design 
effort, complexity, vessel space 
demand and vessel weight.

A study on a passenger ship showed 
that the installation of a power plant for a 
diesel-electric system would be $400 per 
kW, and for conventional systems, the 
cost would be $400 per kW [4].

Moderate newbuild capex.
Moderate to significant operational 
expenditure (opex) savings.

Most applicable to ships that have widely varying speeds in 
operational profile, and/or redundancy requirements for dynamic 
positioning, etc.
Energy efficiency reduction depends on the application. Diesel-electric 
favors variable loads and/or significant auxiliary loads and is inefficient 
under constant load (greater losses than gains).

Comments

Percentage/Range/Payback 
Period Retrofit/newbuild

4.11 ASYMMETRIC STERN FOR SINGLE SCREW SHIPS
The purpose of design on asymmetric after body is to account for the asymmetrical flow of a 
single screw propeller about the centerline. 

Improved crew/passenger comfort and 
increased design effort.

Unknown
Rudder modifications may have more 
significant retrofit capex.

Newbuild

Treatment/Description Improvements from Technology Ship Level of Intervention Installation Cost Estimation Applicability

4.10 GATE RUDDER
It is a variation of the asymmetric twin rudder system. It is placed on either side of the propeller, 
mainly for single propeller ships, for improved EE, greenhouse gas (GHG), and maneuvering 
capability. Behaves similarly to an accelerating duct and benefits from oblique flow angles in the 
stern.

Improved crew/passenger comfort.
Leads to structural modification in the 
steering gear room in case of retrofit 
and will add additional maintenance.

The payback period is approximately 
one year.
Rudder modifications may have more 
significant retrofit capex

Newbuild

Highest savings achieved on large, deep draft propeller wheels.
As exterior appendages, retrofit requires drydocking but does not 
impact internal machinery spaces or equipment.
While asymmetric and gate rudders require rudder replacement, costa 
bulbs can be retrofitted onto existing rudders with modification to the 
propeller and hub.
The payback period is claimed to be less than one year for asymmetric 
rudders.
Retrofit installation of PBCF, in particular, can be very straightforward 
and installed in hours.

4.6 PROPELLER BOSS CAP FINS 
Small fins are attached to the hub of the propeller. The design also recovers lost rotational 
energy, increasing propulsive efficiency [1][2].

Improved crew/passenger comfort and 
increased design effort.

The estimated implementation costs 
range from $20,000 to $146,000.

The typical payback period is four to six 
months.

Retrofit and newbuild                                 

4.7 RUDDER THRUST FINS
Horizontal fins that are attached directly to the rudder horn. Those fins capture energy and 
convert to thrust.

Improved crew/passenger comfort and
Increased design effort, space 
demand and vessel weight. 

The typical payback period is ess than 
two years.

Retrofit and newbuild                                 

4.8 RUDDER BULB SYSTEM
Integration of the propeller, hubcap, rudder (Costa) bulb, and rudder into one hydrodynamically 
efficient unit. 

Improved crew/passenger comfort and 
increased design effort.

The estimated installation cost ranges 
from $250,000 to $300,000.

The typical payback period is less than 
two years.

newbuild

4.9 TWISTED RUDDERS
Rudder designed to twist in order to vary the angle of attack to match local water flow pattern. 

Improved crew/passenger comfort, 
reduced maintenance, increased 
maneuverability and
design effort.

The estimated implementation costs 
range from $650,000 to $700,000.

The payback period is four to 15 years.

4.5 POST-SWIRL STATORS
Post-swirl devices work by capturing some of the rotational energy that remains in the flow 
downstream of the propeller and turning it into thrust.

Improved crew/passenger comfort and 
increased design effort.

The estimated implementation cost 
ranges from $100,000 to $150,000.

The typical payback period is 24 months.

Retrofit and newbuild                                 

Retrofit and newbuild                                 

Pre-swirl stators are ideal for fast vessels with highly loaded 
propellers, such as containerships.
While ducts are better suited for vessels operating under 20 knots, 
such as tankers and bulkers, stators and ducts can be combined on 
slow cargo vessels.
Ideally, the propeller is optimized to operate behind stators, as they 
will impart higher loading on the propeller as a result of the stator-
induced twisted flow.
Applicable for both newbuilds and retrofits, though propeller geometry 
should still be optimized to maximize energy savings.
Readily integrated on newbuild designs.
Generally compatible as a retrofit, as appendages are passive devices 
and mount to the hull exterior. Propeller redesign and replacement 
may be necessary to maximize efficiency.

4.2 GROTHUES SPOILERS
Grothues spoilers are made up of a set of curved fins attached to the hull ahead of the propeller 
to straighten the flow in front of the propeller, create direct thrust and improve propeller 
performance. They can also be applied in combination with the Schneekluth duct. 

Improved crew/passenger comfort and 
increased design effort.

The typical payback period is less than 
one year.

Retrofit and newbuild                                 

4.3 WAKE EQUALIZING (SCHNEEKLUTH) DUCT (WED)
The Schneekluth duct is an oval-shaped duct designed to improve the wake near the upper part 
of the propeller and reduce fuel consumption. In general, wake equalization is a feature to 
improve the flow around the hull that wasere developed to obviate propeller problems and/or 
added ship resistance caused by suboptimal awft hull forms. As such, they are less effective 
when the ship geometry has been designed correctly, with an to optimizing the flow to the 
propeller and avoiding the generation of detrimental hydrodynamic effects such as bilge 
vortices,ices thus improving propulsive efficiency.

Improved crew/passenger comfort and 
increased design effort.

The typical payback period is four 
months.

Retrofit and newbuild                                 

4.4 MEWIS DUCT
A combination of a duct with pre-swirl stators integrated into the duct just forward of the propeller. 
Thus improving propulsive efficiency.

Improved crew/passenger comfort and 
increased design effort.

The typical payback period is less than 
one year.

Retrofit and newbuild                                 

Treatment/Description Improvements from Technology Ship Level of Intervention Installation Cost Estimation Applicability Comments

 
             

                 
       

 
                

  
               

   

                 

             
                   

  
            

                
 

3.9 NONUNIFORM SKEWED PROPELLERS (HIGHLY SKEWED 
PROPELLERS)
Each pair of blades on the propeller has a different skew. This results in spreading the acoustic 
energy out over multiple frequencies 

Enhanced crew/passenger comfort 
and increased design effort.

- Retrofit and newbuild                                 -

3.8 PROPELLERS WITH TIP FINS RAKED BACKWARD
The propeller is modified in such a way that the blades are curved toward the pressure side (the 
opposite of Kappel Propellers). Some studies suggest that there is an increase in efficiency and a 
decrease in cavitation expected.

Enhanced crew/passenger comfort 
and increased design effort.

Estimated installation costs range from 
$525,000 to $575,000.
The capital cost is typically 20% higher 
than that of conventional propellers.

Retrofit and newbuild                                 Cost estimation is based on Kappel propeller information.
To be designed to suit the ship's operational profile and stern 
hydrodynamic characteristics.

3.7 PROPELLER WITH TIP FINS RAKED FORWARD (KAPPEL 
PROPELLERS)
Kappel propellers modify the propeller tip to reduce tip vortices. The tips are smoothly curved 
toward the suction side of the blades.

Enhanced crew/passenger comfort 
and increased design effort.

Estimated installation costs range from 
$525,000 to $575,000.
The capital cost is typically 20% higher 
than that of conventional propellers.

The payback period is less than a year.

Retrofit and newbuild                                 To be designed to suit the ship's operational profile and stern's 
hydrodynamic characteristics.

3.6 CONTRA-ROTATING PROPELLERS
The CRP system consists of two coaxial propellers, one rotating clockwise and the other 
rotating counterclockwise. The aftermost propeller usually has a smaller diameter than the 
forward propeller so that slipstream contraction effects can be accommodated to recover part of 
the slipstream rotational energy, which would otherwise be lost. 
However, this system requires a longer line shafting system and requires additional 
considerations for the shafting design.

Enhanced crew/passenger comfort 
and
Increased design effort, maintenance, 
complexity and vessel weight. 

The installation cost of a CRP is 
estimated to be double that of the single 
propeller solution.

Retrofit and newbuild                                 Can be used with both shafter and azimuthing propulsors.
Contra-rotating propellers (CRP) use a single prime mover to drive 
multiple, coaxial propellers that rotate in opposite directions on a 
common shaft. Much like a pre-swirl device, CRPs increase propulsion 
efficiency by exploiting the rotating field of the upstream propeller to 
condition the wake of the downstream propeller.
Contra-rotating propellers are rare in commercial ships, where the 
added efficiency gains must be great enough to overcome the cost 
and complexity.
To be designed to suit the ship's operational profile and stern 
hydrodynamic characteristics.

3.5 CONTRACTED AND LOADED TIP PROPELLERS (CLT)
The CLT propeller is designed with an end plate that enables a higher radial load distribution at 
the blade tip and, as a result, reduces tip vortices. 
Also, the end plate promotes a higher thrust per propeller area, which can further reduce the 
power requirement.

Enhanced crew/passenger comfort 
and increased design effort.

The capital cost is 20% higher than 
conventional propellers.

The payback period is less than a year.

Retrofit and newbuild                                 To be designed to suit the ship's operational profile and stern's 
hydrodynamic characteristics.

4. Wake Flow Modification

5. Machinery Technology

Overarching Citations
VARD Marine Inc., "Ship Energy Efficiency and Underwater Radiated Noise," Transport Canada, Ottawa, 2023.
A. Orthmann, S. Fitzgerald, J. Gerlach, A. McKee and K. Reynolds, "Energy Efficiency and Decarbonization Technical Guide," 
U.S. Department of Transportation Maritime Administration, Washington, 2022.
Direct Citations
1. Green Voyage 2050. (n.d.). GreenVoyage2050. Greenvoyage2050.Imo.org; International Maritime Organization. Retrieved 
November 27, 2024, from https://greenvoyage2050.imo.org/
2. American Bureau of Shipping. (2013). ABS Advisory on Ship Energy Efficiency Measures. 
https://ww2.eagle.org/content/dam/eagle/advisories-and-debriefs/ABS_Energy_Efficiency_Advisory.pdf
3. G. Chang, Y. Wu, S. Shao, Z. Huang and T. Long, "DC Bus Systems for Electrical Ships: Recent Advances and Analysis of a 
Real Case," in IEEE Electrification Magazine, vol. 8, no. 3, pp. 28-39, Sept. 2020, doi: 10.1109/MELE.2020.3005697. keywords: 
{Propulsion;Marine vehicles;Circuit faults;Fuels;Power systems;Carbon emissions;Control systems},
4. Elkafas, Ahmed & Shouman, Mohamed. (2022). A Study of the Performance of Ship Diesel-Electric Propulsion Systems From 
an Environmental, Energy Efficiency, and Economic Perspective. Marine Technology Society Journal. 56. 52-58. 
10.4031/MTSJ.56.1.3. 
5. Riviera Newsletters. (2008, September 17). Derating for higher economy and lower emissions. Rivieraamm.com. 
https://www.rivieramm.com/news-content-hub/news-content-hub/derating-for-higher-economy-and-lower-emissions-52603
6. Wartsila. (2023). Fit4Power radical derating - Wärtsilä. Wartsila.com. https://www.wartsila.com/services-catalogue/engine-
services-2-stroke/fit4power-radical-derating

Percentage/Range/Payback 
Period Retrofit/newbuild

4.1 PRE-SWIRL STATORS
Pre-swirl fins and stators are sets of fins arranged directly in front of the propeller around the 
shaft axis. The flow is redirected before entering the propeller, improving overall flow 
performance. Normally, they can be made to work in nonoptimal flows (the ducted type in 
particular), but they work best in already optimal nominal wakes. In this sense, they can be 
considered as fully complementary to other optimization approaches, with the exception of 
nonsymmetrical stern lines.                               

Improved crew/passenger comfort and 
increased design effort.

The estimated installation cost ranges 
from $250,000 to $300,000.

The typical payback period is 24 months.

Retrofit and newbuild                                 

1-4% of the total engine 
fuel consumption [1]

Unknown Literature  9 - 9 The retrofitting of auto-tuning 
systems on existing vessels 
has recently advanced and is 
now available for 2-stroke 
engines equipped with either 
mechanically or electronically 
controlled fuel injection 
pumps and exhaust valves.

- No, but the engine is unable to 
start during maintenance 
procedures.

Yes  - Main Engine Manufacturer - - N/A

2-10% of engine 
consumption

Unknown Literature

One Suezmax tanker reached a 
reduction in fuel consumption of 
3.4% after engine de-rating 
adoption [5].

9 - 9 This measure is applicable to 
all ship types and ages, 
typically resulting in a top-
speed reduction of 10-15%. 
The principle of derating an 
engine is crucial not only 
during vessel operation but 
also when selecting the 
engine type and propeller 
design for new ships.

From seven to 10 days. No, but the engine is unable to 
start during maintenance 
procedures.

Yes  - Main Engine Manufacturer
Ex.: Wartsila Fit4Power

Partially compatible to propeller 
optimization.

- N/A

Up to 4% fuel 
consumption reduction

Unknown Literature 9 - 9 - Approximately two days. No, but the engine is unable to 
start during maintenance 
procedures.

Yes  - Main Engine Manufacturer
Ex.: Everllence Eco-Nozzle

- - Everllence PrimeServ. (2019). Everllence EcoNozzle. In 
Everllence-es.com. Everllence Energy Solutions. https://www.man-
es.com/docs/default-source/document-sync/man-econozzle-
eng.pdf?sfvrsn=bf0ebec3_5

Up to 10% None Literature  VFD control of HVAC 
fans, pumps and 
compressors: 9

Direct water cooling: 
9

Energy recovery 
ventilators: 8

Smart HVAC control: 
7

- From 6 to 9 Variable frequency drive 
control of HVAC fans, pumps 
and compressors is well-
established in marine systems 
and is offered by a variety of 
manufacturers: CRL 9.
Direct water cooling is broadly 
available on large motors and 
electrical equipment: CRL 9.
Energy recovery ventilators 
have begun to enter marine 
applications, but they are not 
yet widely adopted or proven 
at various HVAC scales: CRL 
6.
Smart HVAC control is not 
widely adopted, but HVAC is 
a marine system that is 
primed for integration of 
feedback data and learning 
functionality: CRL 7.

- No Yes - Desiccant Rotors 
International (DRI)
HVACON Time Schedule 
and Energy Saving System 
ABB

The HVAC design is typically tailored 
for a specific vessel and depends on 
the vessel’s arrangement and HVAC 
demands.
It might be more challenging to 
integrate HVAC improvements on 
existing vessels.

- DRI Innovative Air Solutions. (2023, August 7). Heat Recovery 
Wheels: Enhancing HVAC Airflow & Efficiency. Desiccant Rotors 
International (DRI). https://www.drirotors.com/unlocking-energy-
efficiency-with-heat-recovery-wheels-2/

None > 10 dB Literature 9 - 9 Resilient mounts are readily 
available, cheap and easy to 
install in newbuild vessels

A few days to one week. No No N/A Willbrandt
Vulkan Group
Isoflex Technologies

Not as effective for 2-stroke engine - Biot, M & Moro, Lorenzo. (2012). EXPERIMENTAL STUDY OF A 
RESILIENT MOUNTING FOR MARINE DIESEL ENGINES. 
https://www.researchgate.net/figure/Picture-of-the-resilient-
mounting-
tested_fig2_301677668?__cf_chl_tk=GQevDLPRDX7cM9wM05O
s2s6NEFXKc20s4qmldoJ5lIQ-1746824967-1.0.1.1-
6WgLcoa3CSly8P2zEaLu3.L1K5e0XXBoC0r95wzlCKE

EE Reference TRL TRL 
Comments CRL CRL Comments Estimated Time of 

Installation Drydock Needed Maintenance Needed Maintenance Cost Estimation List of Possible 
Suppliers Compatibility Regulation Image Reference In-Text Citation

Energy (%) URN (dB) Literature/ Vendors Yes/No Yes/No 

3-8% None Literature  9 - 8 - A few days to one week. Yes  Yes  The estimated additional maintenance cost is approximately $10,000 
annually.

Payback time would range from 3.5 to 4.3 years according to an 
Everllence study [7].

DRI Heat Recovery Wheel
Orcan Energy

Not compatible with DEP, VSGs, hybrid 
mechanical/electric, battery electric, fuel 
cells, supercapacitors and WASP.

Waste heat recovery (WHR) achieves 
its highest reduction potential when 
paired with a continuously loaded main 
engine operating near its Maximum 
Continuous Rating (MCR). 
Consequently, it is impractical to 
combine WHR with variable speed 
generators, which are most effective 
under variable loads where engine 
speed can be optimized to match the 
demand.

- Smith, A. (2022, May 17). Orcan Energy launches new marine 
waste heat solution. CruiseandFerry.net. 
https://www.cruiseandferry.net/articles/orcan-energy-launches-
new-marine-waste-heat-solution-1

Up to 8% None Literature

Climeon estimates a 5% fuel 
savings with its HeatPower ORC 
system.
Alfa Laval estimates from 9-18% 
thermal energy recovery with its E-
PowerPack ORC system [4].

PTG: 9
STG: 9
ORC: 8

The PTG, STG 
and their 
combined systems 
are well-
established and 
readily accessible 
from various 
manufacturers, 
such as 
Everllence and 
MHI. These 
systems have 
been deployed on 
hundreds of 
commercial ships.

PTG: 9
STG: 9
ORC: 8

Power turbine generators, 
STG, and combination PTG 
and STG systems are 
commercially mature and 
available from several 
manufacturers. These 
systems have been installed 
on hundreds of commercial 
shipping vessels.
Climeon’s HeatPower 300 
Marine ORC has been 
installed on a containership 
as well as several cruise 
ships, with an output range 
scalable from modules of 150 
kW each. Technology is more 
suitable for vessels with 
propulsion engines operating 
in a continuous, high-load 
profile.

A few weeks to several months Yes  Yes  For the boiler and steam turbines, around $20,000 annually.
For the power turbine, around $10,000 annually.
For the combined power and steam turbine systems, around $30,000 
annually [3].

Climeon HeatPower 300
Everllence Steam Turbine 
Generator
Alfa Laval E-PowerPack 
ORC system
MHI Waste Heat Recovery 
Systems
Echogen Power Systems
Orcan Energy

Not compatible with diesel electric 
propulsion, variable speed generators, 
hybrid mechanical/electric, battery 
electric, fuel cells, supercapacitors and 
WASP.

Waste heat recovery (WHR) achieves 
its highest reduction potential when 
paired with a continuously loaded main 
engine operating near its Maximum 
Continuous Rating (MCR). 
Consequently, it is impractical to 
combine WHR with variable speed 
generators, which are most effective 
under variable loads where engine 
speed can be optimized to match the 
demand.

Waste heat recovery technology can be 
easily combined with PTO generators 
as it typically connects to large prime 
movers.     

- Paglia, L. (2024, July 5). Waste Heat Recovery on Board Cruise 
Ships. Cruising Journal. https://www.cruisingjournal.com/en/cruise-
guide/cruise-lines-guide/waste-heat-recovery-on-board-cruise-
ships

Alfa Laval. (2024). E-PowerPack. Alfalaval.com. 
www.alfalaval.com/products/heat-transfer/power-generator/e-
powerpack/

25% fuel savings on an 
oil-fired boiler [5]

None Literature  9 Technology is well 
developed and 
spread out in the 
industry.

9 Several tankers have adopted 
this technology.

From one to three days No Yes  - Alfa Laval Aalborg Micro                                                      Not compatible with DEP, VSGs, hybrid 
mechanical/electric, battery electric, fuel 
cells, supercapacitors and WASP.

Waste heat recovery (WHR) achieves 
its highest reduction potential when 
paired with a continuously loaded main 
engine operating near its MCR. 
Consequently, it is impractical to 
combine WHR with VSGs, which are 
most effective under variable loads 
where engine speed can be optimized 
to match the demand.

- Alfa Laval. (2024). Aalborg Micro. Alfalaval.us. 
https://www.alfalaval.us/products/heat-transfer/boilers/exhaust-gas-
economizer/aalborg-micro/

6-7% None Literature

Yanmar states that their two-stage 
turbocharging system has 
demonstrated a reduction in 
specific fuel oil consumption 
(SFOC) by 8 g/kWh [6].

9 - 9 - - Yes  Yes  - ABB
Everllence Energy Solutions

- - Industrial Marine Power. (2016, July 4). Everllence Diesel & Turbo 
hits the millennium milestone after delivering 1,000th 
turbocharger. Industrialmarinepower.com. 
https://www.industrialmarinepower.com/man-diesel--turbo-hits-the-
millennium-milestone-after-delivering-1000th-turbocharger/

-10% None Literature  7 - 6 Onboard carbon capture for 
the maritime industry is 
advancing, but it remains in 
the early phases of 
commercial readiness. 
Overall, while onboard carbon 
capture shows potential for 
reducing emissions in the 
maritime industry, further 
technological advancements, 
infrastructure development 
and regulatory adjustments 
are necessary to achieve full 
commercial readiness.

- Yes  Yes  - Erma First
SeaBound

- In general, regulations and policies for carbon capture are mostly in 
development, with Europe being a notable early adopter. The 
European Union’s carbon capture directive on Geological Storage of 
Carbon Dioxide came into force in 2009, providing regulatory 
requirements for storage. 
The regulatory framework under the IMO is clearly defined based on 
Resolution LP.1(1) of 2006, which amended the sequestration of 
captured CO2 to the list of wastes that can be considered for 
dumping. During the recent MEPC 81 meeting, the IMO agreed on 
developing a work plan for the development of a regulatory 
framework for the use of onboard CO2 capture. 
Similarly, at the European level, this was regulated by the Directive 
2009/31/EC of 2009 on the geological storage of carbon dioxide.
The United Kingdom Department of Energy and Climate Change also 
has projects in motion to support the relatively new technologies and 
in the United States the Environmental Protective Agency (EPA) is 
working on developing regulations to track national carbon capture 
activity and ensure safe practice.

Maritime Business News. (2023, September 1). SHELL INVESTS 
IN ONBOARD CARBON CAPTURE COMPANY - Clean Shipping 
International. Clean Shipping International. 
https://www.cleanshippinginternational.com/shell-invests-in-
onboard-carbon-capture-company/

Breakbulk.News, B. (2023, February 16). Eastern Pacific Shipping 
and Value Maritime install first-of-its-kind fully integrated carbon 
capture solution onboard MR tanker – BBN | Breakbulk.NewsTM. 
Breakbulk.news. https://breakbulk.news/eastern-pacific-shipping-
and-value-maritime-install-first-of-its-kind-fully-integrated-carbon-
capture-solution-onboard-mr-tanker/

EE Reference TRL TRL 
Comments CRL CRL Comments Estimated Time of 

Installation Drydock Needed Maintenance Needed Maintenance Cost Estimation List of Possible 
Suppliers Compatibility Regulation Image Reference In-Text Citation

Energy (%) URN (dB) Literature/ Vendors Yes/No Yes/No 

N/A None Literature   9 - 9 - From three days to four weeks No Yes - ABS Wavesight™
Wialon
Technoton
FuelTrax
Marirka
Royston  (Enginei)
INSA Tech
ABB EMMA Ship Energy 
Manager
ABB Coriollis Mass 
flowmeter
NittoSeiko

- - Nitto Seiko. (n.d.). Monitor a marine fuel consumption in real time. 
NittoSeiko.co.jp. Retrieved November 28, 2024, from 
https://www.nittoseiko.co.jp/dcms_media/other/FUEL%20MONITO
R.pdf

Hristianova, O. (2020, March 16). DFM Marine – fuel consumption 
monitoring for heavy machinery. Technoton. https://jv-
technoton.com/dfm-marine-monitoring-fuel-consumption-of-heavy-
machinery/

N/A None Literature   9 - 9 - From one to two days. No Yes - ABB Torductor
INSA Tech
Binsfield Engineering
Datum Electronics
VAF
Kongsberg

- - ABB. (2011). Torductor® 500 Shaft Torque and Fuel Efficiency 
Metering . Library.e.abb.com. 
https://library.e.abb.com/public/400afcacc0304c8fc1257b2300693
495/Engine+performance+-+Brochure+-
+Torductorr+500+Shaft+Torque+and+Fuel+Efficiency+Metering.p
df?x-
sign=E436JSWQUupqwZ2MOAhI9Q6EsjpqUo31RJ0MiCSF2QG7
Xtxzm2pDB%2B1eYvkIttsT

Insatech A/S. (2022). Binsfeld TorqueTrak TPM2 torque & power 
monitoring system. Insatechmarine.com. 
https://www.insatechmarine.com/products/fuel-performance/torque-
thrust/binsfeld-torquetrak-tpm2-torque-and-power-monitoring-
system/#product-info

N/A None Literature   9 - 9 - From one to two days. No Yes  - Protea
Emissions monitoring Sick 
Marsic 300
Changzhou Huifeng Marine 
Accessory Produce ltd.  
(HFZZJW01-00)
ABB Engineering (Uras26)

- - TWIN-TEK (SINGAPORE) PTE LTD. (2024). Marine Emissions 
Analyser Control Unit | TWIN-TEK (SINGAPORE) PTE LTD. 
Twintek.com. https://www.twintek.com/marine-emissions-system-
controller

 ABB. (2007, March). Advance Optima Continuous Gas Analyzers 
AO2000 Series . Library.e.abb.com. 
https://library.e.abb.com/public/db3096bae2566231c1257b0c0054
68b9/10-24-120-01-EN.pdf

EE Reference TRL TRL 
Comments CRL CRL Comments Estimated Time of 

Installation Drydock Needed Maintenance Needed Maintenance Cost Estimation List of Possible 
Suppliers Compatibility Regulation Image Reference In-Text Citation

Energy (%) URN (dB) Literature/ Vendors Yes/No Yes/No 

2-10% of the total fuel 
consumption for the 
auxiliary engine

< 5 dB Literature  9 - 9 - From two to four weeks of 
drydock period.

No Yes   The average maintenance cost is $3,000 annually [2]. ABB
WEG 
Ship Electric Marine Control 
(SELMA)

- - admin. (2024). Advancing VFD Technology in Manufacturing 
Industries: Enhancing Efficiency and Control – Promi woche. 
Promi-Woche.com. https://promi-
woche.com/2024/08/05/advancing-vfd-technology-in-
manufacturing-industries-enhancing-efficiency-and-control/

The total energy for light 
on board is reduced by 
~40%

None Literature 9 - 9 Technology widely adopted in 
the market.

Depends on the number of light 
bulbs on board.

No Yes   The life span of LED lights is much higher than that of traditional 
LED bulbs. It often lasts up to 50,000 hours.

OSRAM
Philips
Avant
Elgin

- - Liang, S. (2024, August 5). A Complete Guide To Types Of Street 
Lights [November 2024 Update]. Vorlane.com. 
https://doi.org/10871667458/OaAQCKSo8rAYEIL2gcAo

Amazon. (2024). Motion Sensor Ceiling Light Wired, LED Flush 
Mount Ceiling Light Fixture 18W/1600LM, Motion Sensor Light 
Indoor for Stair Closet Porch Hallway Laundry, Time Dimmable 
Ceiling Lights 3000k/4000k/6000k. Amazon.com. 
https://www.amazon.com/Ceiling-Fixture-Hallway-Laundry-
Dimmable/dp/B0C8HFHY6Q?th=1

Up to 5% None Literature  9 - 9 - - Yes Yes   - Alfa Laval
AMC                               

- SOLAS Regulation II-1/32, II-1/33 and II-1/53 contains requirements 
related to boiler and steam piping.

Alfa Laval. (2023). Aalborg OM. Alfalaval.us. 
https://www.alfalaval.us/products/heat-transfer/boilers/oil-gas-fired-
steam-boiler/aalborg-om/

Up to 10% < 5 dB Literature  9 - 9 Widely adopted on 
oceangoing cargo vessels, 
with 150 installations in past 
decade by one manufacturer 
alone.
Increased uptake in other 
trades due to improved 
availability of frequency 
converter technology.       

- Yes Yes, although it can reduce engine 
and generator maintenance by 
improved load management.

- Wartsila Shaft Generators
Ingeteam
SeaGreen PTO/PTI
Cat Hybrid Propulsion 
System

Not compatible with DEP (unless re-
powered to be diesel-mechanical 
propulsion), and VSGs.
Partially compatible with fuel cells, 
batteries and supercapacitors.
Not suitable for vessels with limited 
space availability.
Waste heat recovery technology can be 
easily combined with PTO generators, 
as it typically connects to large prime 
movers. 

- Wartsila. (2017). Wärtsilä Shaft Generator - economical electrical 
power generation. Wartsila.com. 
https://www.wartsila.com/marine/products/ship-electrification-
solutions/shaft-generator

Reduces bridge cooling 
demand by up to 40%

None Literature  9 - 9 Technology widely adopted in 
the market.

- Yes Yes The cost ranges from $8 to $28 per square foot. SolarGlide
Bergaflex
Naviglare

- Regulations that underscore the critical importance of clear visibility 
from navigational windows to promote safe maritime operations:
SOLAS Chapter V Reg. 22
IMO resolution A.708 [17]
Colreg, rule 5.

Naviglare. (2023). Naviglare - Anti-glare Sunscreen Blinds USA. 
Naviglare.com. https://www.naviglare.com/

EE Reference TRL TRL 
Comments CRL CRL Comments Estimated Time of 

Installation Drydock Needed Maintenance Needed Maintenance Cost Estimation List of Possible 
Suppliers Compatibility Regulation Image Reference In-Text Citation

Energy (%) URN (dB) Literature/ Vendors Yes/No Yes/No Percentage/Range/Payback 
Period Retrofit/newbuild

Overarching Citations
VARD Marine Inc., "Ship Energy Efficiency and Underwater Radiated Noise," Transport Canada, Ottawa, 2023.
A. Orthmann, S. Fitzgerald, J. Gerlach, A. McKee and K. Reynolds, "Energy Efficiency and Decarbonization Technical Guide," 
U.S. Department of Transportation Maritime Administration, Washington, 2022.
Direct Citations
1. LEDinside. (2009, March 12). Full steam ahead for OSRAM LED modules. Ledinside.com; Trend Force Corporation. 
https://www.ledinside.com/news/2009/3/Full_steam_ahead_for_OSRAM_LED_modules_20090312
2. Global Maritime Energy Efficiency Partnerships. (n.d.). GloMEEP. Glomeep.imo.org; International Maritime Organization. 
Retrieved November 27, 2024, from https://glomeep.imo.org/
3. Naviglare. (2023). Naviglare - Anti-glare Sunscreen Blinds USA. Naviglare.com. https://www.naviglare.com/
4. Solarglide Limited. (n.d.). Shipping and Maritime Shade Solutions. Solarglide.com. Retrieved November 28, 2024, from 
https://solarglide.com/
5. American Bureau of Shipping. (2021). ABS Sustainability Trends Tankers. In Eagle.org. American Bureau of Shipping. 
https://absinfo.eagle.org/acton/attachment/16130/f-b7a88450-58da-410b-987a-16b1c48017d4/1/-/-/-/-/tankers-sustainability-
trends-whitepaper-21118.pdf

Treatment/Description Improvements from Technology Ship Level of Intervention Installation Cost Estimation Applicability Comments

8.5 SOLAR WINDOW FILMS
Vessel solar window films are specialized films applied to marine vessel windows aiming to 
deflect solar rays, thus reducing their heat to improve comfort, safety and energy efficiency.

Reduced maintenance and increased 
design effort and complexity.

The cost ranges from $8 to $28 per 
square foot.

Retrofit and newbuild                                 Solar films can be installed on selected roof windows of the 
wheelhouse, but are not permitted on main navigational windows.

8.4 POWER TAKE-OFF/POWER TAKE-IN
In the PTO mode, additional power that is available on the main engine drives a generator 
connected to the PTO shaft to supply additional power to loads other than propulsion, eliminating 
the need for running additional gensets and keeping the engine near its peak power and its peak 
efficiency.
In the PTI mode, gensets provide propulsion power at speeds where the main engine efficiency is 
low, while also supplying other loads, thereby increasing overall efficiency.

Reduced maintenance and increased 
design effort and complexity.

The estimated capex is $900,000 to $2M
(depending on the engine manufacturer) 
[4].

The payback period is 5+ years (short).

Newbuild -

8.3 AUXILIARY BOILER
Where feasible, using boilers rather than electric heaters will increase energy efficiency.

Increased design effort, maintenance, 
vessel space demand and vessel 
weight.

- Retrofit and newbuild                                 The EE benefit depends on the level of heating loads on ships.

8.2 LIGHT-EMITTING DIODE (LED) LIGHTS
LED lights are more energy-efficient than traditional incandescent or fluorescent lighting.

Improved crew/passenger comfort and
decreased maintenance.

It is estimated that the adoption of LED 
lights would add $100,000 to the 
traditional lighting costs. 

The payback period is approximately five 
years.

Retrofit and newbuild                                 -

8.1 VARIABLE FREQUENCY DRIVE FOR AUXILIARY
A VFD can be applied to essentially any fluid handling system that is served by a pump or fan. As 
a result, almost all auxiliary systems on a ship have the potential to benefit from the use of VFDs 
to improve system efficiency and load demand matching. 

Increased maintenance and 
complexity.
Improved crew/passenger comfort. 

Average capex is $50,000. Retrofit and newbuild                                 -

Percentage/Range/Payback 
Period Retrofit/newbuild

Treatment/Description Improvements from Technology Ship Level of Intervention Installation Cost Estimation Applicability Comments

Overarching Citations
VARD Marine Inc., "Ship Energy Efficiency and Underwater Radiated Noise," Transport Canada, Ottawa, 2023.
A. Orthmann, S. Fitzgerald, J. Gerlach, A. McKee and K. Reynolds, "Energy Efficiency and Decarbonization Technical Guide," 
U.S. Department of Transportation Maritime Administration, Washington, 2022.
Direct Citations
1. American Bureau of Shipping. (2013). ABS Advisory on Ship Energy Efficiency Measures. 
https://ww2.eagle.org/content/dam/eagle/advisories-and-debriefs/ABS_Energy_Efficiency_Advisory.pdf

Comments

Percentage/Range/Payback 
Period Retrofit/newbuild

7.3  EMISSIONS MEASUREMENT SYSTEMS
Emissions measurement systems use sensors to measure the amount of specific gaseous 
elements (such as CO2, SOx and NOx) in the exhaust gases of the engines.

Increased design effort, maintenance, 
complexity and vessel weight.

The estimated installation costs range 
from $10,500 to $40,000.

Retrofit and newbuild                                 -

7.2 SHAFT TORQUE METERS
Shaft torque and power measurements are used for performance assessment. Fuel consumption 
can be converted to SFOC (g/kWh) in order to monitor the fuel efficiency of the machinery plant. 
There are two types of shaft torque meters: Strain gauge and optical.
Strain gauges are mounted on the shaft to measure its rotational deflection. Using the shaft’s 
rotational deflection, the torque can be calculated, and the shaft RPM is also measured.
Optical measures the deflection between two light sensors mounted a distance apart on the shaft.

Increased design effort, maintenance, 
complexity and vessel weight.

The estimated installation costs range 
from $15,000 to $44,000.

Retrofit and newbuild                                 -

VARD Marine Inc., "Ship Energy Efficiency and Underwater Radiated Noise," Transport Canada, Ottawa, 2023.
A. Orthmann, S. Fitzgerald, J. Gerlach, A. McKee and K. Reynolds, "Energy Efficiency and Decarbonization Technical Guide," 
U.S. Department of Transportation Maritime Administration, Washington, 2022.
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7.1 FUEL CONSUMPTION MONITORING
Fuel flowmeters, sensors measure mass flow and/or volume flow to monitor fuel consumption.
Real-time fuel consumption monitoring is typically accomplished by installing flow meters on the 
fuel supply and return piping of each marine engine. Such meters can be ‘mass flow’ type or 
‘volume flow’ type with specific gravity and temperature corrections.

Increased design effort, maintenance 
and complexity.

The purchase cost ranges from $46,000 
to $100,000.

Retrofit and newbuild                                 -

Treatment/Description Improvements from Technology Ship Level of Intervention Installation Cost Estimation Applicability

6.5 CARBON CAPTURE AND STORAGE
Capture and store on board the CO2 generated by the power source. The stored CO2 will need to 
be offloaded and permanently stored (for instance, underground).

Increased design effort, maintenance, 
system complexity, space demand 
and vessel weight.

Unknown Retrofit and newbuild                                 Exhaust gases need to be extremely clean (even LNG) before the CO2 

can be captured.

6.4 MILLER CYCLE/TWO STAGE TURBO CHARGING
The Miller cycle reduces the in-cylinder combustion temperature, which reduces NOx emissions; 
however, it results in reduced volumetric efficiency and engine power. Therefore, it should be 
used in conjunction with a two-stage turbocharger, which counteracts the loss in power and 
increases the efficiency.

Increased complexity, increased 
maintenance and complexity.

More than 10% higher cost of normal 
engine prices.

Retrofit and newbuild                                 -

6.3 MICRO BOILER
The micro boiler reduces the energy required to generate steam on board the vessel. It is 
normally utilized when the vessel is at port during cargo discharge or at sea when additional 
steam is required.

Increased design effort, maintenance, 
system complexity, space demand 
and vessel weight.

The estimated additional installation cost 
for an extra gas boiler on the auxiliary 
engines ranges from $50,000 to 
$200,000 [3].

The payback period is 24 months.

Retrofit and newbuild                                 The EE benefit depends on the level of heating loads on the ship.
This retrofit may be combined with other retrofits such as an onboard 
carbon capture system (OCCS) where the original steam capacity is 
insufficient.

6.2 WASTE ENERGY RECOVERY (ELECTRICITY)
Waste heat can be used to drive power turbines and generate electricity for hotel loads. The most 
common waste energy recovery methods are power turbine generators (PTG),  steam turbine 
generators (STG) and organic rankine cycle (ORC).
In a PTG system, a bypass valve redirects exhaust gases to drive a turbine generator or power 
turbine that connects electrically in parallel with the vessel’s ship service diesel-generators.
Large vessels with slow-speed diesel engines have exhaust gas boilers (economizers) for 
providing fuel or cargo heating. The steam from the economizers can also be used for driving an 
STG for auxiliary and/or propulsion power, similar to the PTG. Exhaust gas from the 
turbochargers and bypass stream are combined and then sent to the STG economizer.
An ORC works on the same principle as the steam cycle, only the working fluid is typically a 
refrigerant with a lower boiling temperature than water.

Increased maintenance, system 
complexity and space demand.

An STG system requires steam piping 
and exhaust piping modifications.

The estimated installation cost will range 
from $5M to $9.5M depending on the 
size of the installation [3].

Retrofit and newbuild                                 -

6.1 WASTE ENERGY RECOVERY (HEAT)
Heat from engine exhaust and jacket water cooling systems can be utilized to supply HVAC and 
other heating demands.

Increased maintenance, system 
complexity and space demand.

- Retrofit and newbuild                                 Space-intensive, so mainly for larger ships.

Comments

Percentage/Range/Payback 
Period Retrofit/newbuild

Treatment/Description Improvements from Technology Ship Level of Intervention Installation Cost Estimation Applicability

Retrofit and newbuild       5.10 HEATING, VENTILATION, AND AIR CONDITIONING (HVAC) 
OPTIMIZATION
Methods of improving energy consumption in HVAC systems can vary widely, from implementing 
variable frequency drives for large fans to completely rethinking the vessel-wide heating and 
cooling system. The most significant energy reductions can be achieved on vessels with large 
hotel loads, such as cruise ships and ferries.

Increased system complexity and 
space demand.
Decreased system maintenance costs.

Average capex is $35,000.

The payback perdiod of installing VFDs 
on chilled water pumps, supply and 
exhaust fans is around one year.

The payback period of installing a VFD 
on a centrifugal compressor is between 
two and 2.5 years.

Variable frequency drive cost has improved in recent years, and they 
have minimal impact on other ships' systems and arrangements in 
newbuilds. Retrofitting with VFDs is more challenging and may incur 
additional costs to integrate in existing machinery or electronics 
spaces.
Moderate fuel savings can be achieved, but depend highly on vessel 
characteristics and the portion of the vessel’s load required by HVAC.

Retrofit and newbuild       5.9 OPTIMIZED ENGINE NOZZLES
Enhanced fuel injection nozzles to optimize flame formation and fuel propagation, resulting in 
lower carbon emissions.

Usually, easy to install and no engine 
modification is required.

Approximately $18,000 for a set.

The payback period is from three to five 
months.

-

Retrofit and newbuild       5.8 ENGINE DERATING
Selecting an engine with a higher maximum continuous rating (MCR) than required for the vessel 
and derating it to a lower MCR power that meets the design performance of the ship will result in 
the derated MCR power being developed at a lower mean effective pressure. This allows for the 
optimization of the combustion process rather than maximizing power output, thereby improving 
fuel efficiency. Derating an existing engine would result in slowing down the maximum speed of 
the ship. 

Increased complexity. The estimated implementation cost will 
range from $60,000 to $300,000, 
depending on the starting point, method 
and extent of de-rating.

The payback period is approximately five 
years.

The most cost-effective derating method typically depends on the 
vessel’s current operational speed in relation to its optimal design 
speed, as well as the type and size of the engine.

Retrofit and newbuild       5.7 ENGINE PERFORMANCE OPTIMIZATION (AUTO-TUNING)
Auto-tuning involves the automatic adjustment of a marine engine’s performance parameters to 
enhance its efficiency, power output and emissions. This process typically utilizes advanced 
software and electronic control units (ECUs) that continuously monitor and fine-tune engine 
settings based on real-time data.

Increased complexity. The estimated implementation cost is 
from $3,000 to $7,000 per cylinder, 
depending on the newbuild/retrofit and 
engine type [1].

-

6. Machinery Treatment to Energy

7. Measurement Devices 
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5.11 RESILIENT ENGINE MOUNTS
Spring mounts impede the transmission of vibration energy from machinery and the generation of 
energy into the water from the hull. Requires appropriate selection and installation of mounts. 

Improved crew/passenger comfort and 
increased design effort.

Large engines will require multiple mounts, increasing installation 
costs.

The cost is from $20 to $2,000 per 
mount depending on the engine size. 

Retrofit and newbuild       

1-5% 5-10 dB Literature/Vendor
Airseas estimates a fuel savings of 
10-40% by flying the sail at an 
altitude of 200m.
The WINTECC project reported an 
average fuel saving of 5% for MS 
Beluga , which uses SkySails kite 
sails.

8 - 8 The system has been 
installed on one vessel, and 
three more are awaiting 
installation.

From two to four weeks No Yes  The estimated maintenance cost is between $11,200 to $480,000 
annually [4].

SkySails
Airseas Seawing

Not compatible with other WASP 
technologies and WHR systems.
Partially compatible with fuel cells.         

There are currently no international regulations specifically governing 
the manufacturing, installation and operation of WASP.
The IMO has recognized wind-assisted propulsion technology and its 
potential impact on energy savings and has included the effects of 
wind propulsion into the EEDI calculation in MEPC.1/Circ. 815, in 
which wind-assisted propulsion is considered a method of reducing 
the main engine power requirement.
Attention to Colreg requirements must be taken.

Levitt, T. (2016, August 16). Why aren’t ships using wind-power to 
cut their climate footprint? The Guardian. 
https://www.theguardian.com/sustainable-
business/2016/aug/16/shipping-emissions-low-carbon-wind-power-
climate-change

7-12.5% 5-10 dB Literature/Vendor
Anemoi reported 12.5% of fuel 
savings for the bulk carrier m/v 
Afros.
Norsepower reported 8.2% of fuel 
savings for product tanker 
Timberwolf [9].

8 - 9 The system has been 
installed on 12 vessels, and 
11 more are awaiting 
installation.

From two to four weeks.
According to Anemoi, it takes 
less than a day to install each 
unit [10].

No Yes  Around 3.5% of the rotor capital cost annually. Norsepower
Anemoi
DSME Rotor Sail System
Glide Marine
Magnuss Voss                         

Not compatible with other WASP 
technologies and waste energy 
recovery systems.
Partially compatible with fuel cells.

There are currently no international regulations specifically governing 
the manufacturing, installation and operation of WASP.
The IMO has recognized wind-assisted propulsion technology and its 
potential impact on energy savings and has included the effects of 
wind propulsion into the EEDI calculation in MEPC.1/Circ. 815, in 
which wind-assisted propulsion is considered a method of reducing 
the main engine power requirement.
Attention to Colreg requirements must be taken.

Hochkirch, Karsten & Bertram, Volker. (2021). Wind assisted 
propulsion: Economic and ecological considerations. Maritime 
Technology and Research. 4. Manuscript. 
10.33175/mtr.2022.254498. 

Tay, Zhi Yung & Konovessis, Dimitrios. (2023). Sustainable 
energy propulsion system for sea transport to achieve United 
Nations sustainable development goals: a review. Discover 
Sustainability. 4. 10.1007/s43621-023-00132-y. 

3-8% 5-10 dB Literature/Vendor
DSIC estimates an annual fuel 
savings of 9.8% for its VLCC New 
Aden  that has installed four rigid 
wing sails.
MOL estimates a fuel savings of 5-
8% for the Wind Challenger 
concept.
BAR Technologies estimates a fuel 
savings of 30% for Wind Wings 
technology integrated on large 
bulkers or tankers, when combined 
with route optimization.
ECO Marine Power estimates a 10-
20% annual savings from its 
Aquarius MRE technology (rigid sail 
combined with solar panels). 

7 - 8 The system has been 
installed on five vessels, and 
nine more are awaiting 
installation.                                                   

From one to three weeks. No Yes  Maintenance cost is around 10% of the installation cost [6]. Neoline (Michelin Neoliner)
Bound4blue (WASP)
Dykstra WASP
Inflated Wing Sails
Michelin WISAMO
Eco Marine Power Aquarius 
MRE
Wallenius Wilhelmsen 
Ocean Bird
Windship
Bar Technologies
Ecowind Ventofoil
Wind Challenger Sail      

Not compatible with other WASP 
technologies and waste energy 
recovery systems.
Partially compatible with fuel cells.
Some suppliers like Eco Marine Power 
can combine rigid sail technology with 
solar panels (sails with solar panels on 
it).                     

There are currently no international regulations specifically governing 
the manufacturing, installation and operation of WASP.
The IMO has recognized wind-assisted propulsion technology and its 
potential impact on energy savings and has included the effects of 
wind propulsion into the EEDI calculation in MEPC.1/Circ. 815, in 
which wind-assisted propulsion is considered a method of reducing 
the main engine power requirement.
Attention to Colreg requirements must be taken.

Chambers, S. (2024, August 21). Wind-assisted propulsion nears 
“tipping point” for rapid adoption. Splash247. 
https://splash247.com/wind-assisted-propulsion-nears-tipping-
point-for-rapid-adoption/

6-40%               5-10 dB Literature/Vendor
Boud4blue estimates a fuel 
consumption reduction of up to 
40%.

9 - 8 The system has been 
installed on five vessels and 
is progressing with installation 
on five more (including three 
tankers). According to 
Bound4blue, a 40,000 DWT 
tanker has achieved a fuel 
savings of more than 30% 
with a payback time of less 
than two years.

From one to three weeks [8]. No Yes  Although there is no public information about the maintenance costs, 
it is expected to be similar to the Flettner rotor sails' maintenance 
costs.

Bound4blue (eSail) Not compatible with other WASP 
technologies and waste energy 
recovery systems.
Partially compatible with fuel cells.

There are currently no international regulations specifically governing 
the manufacturing, installation and operation of WASP.
The IMO has recognized wind-assisted propulsion technology and its 
potential impact on energy savings and has included the effects of 
wind propulsion into the EEDI calculation in MEPC.1/Circ. 815, in 
which wind-assisted propulsion is considered a method of reducing 
the main engine power requirement.
Attention to Colreg requirements must be taken.

MARPRO. (2023, August 23). The world’s first suction sail 
installation on chemical tanker. Maritime Professionals. 
https://maritime-professionals.com/the-worlds-first-suction-sail-
installation-on-chemical-tanker/

Breakbulk.News. (2024, May 28). Tanker Santiago I – BBN | 
Breakbulk.NewsTM. Breakbulk.news. 
https://breakbulk.news/tag/tanker-santiago-i/

EE Reference TRL TRL 
Comments CRL CRL Comments Estimated Time of 

Installation Drydock Needed Maintenance Needed Maintenance Cost Estimation List of Possible 
Suppliers Compatibility Regulation Image Reference In-Text Citation

Energy (%) URN (dB) Literature/ Vendors Yes/No Yes/No 

100% in port 5-10 dB in port Literature  9 - 8 Wartsila states they have 
delivered more than 150 
shore power vessels as of 
2023.

For vessels:
From one to three months of pre-
installation planning and design.
From two to four months for 
ordering and fabricating the 
components. 
From two to six weeks of 
installation time. 
From one to two weeks of testing 
and commissioning.

For ports:
A study revealed that the total 
capex for implementing cold 
ironing technology at medium-
sized ports is around £6.6M [6].

Yes  Yes, less than 1% of the newbuild 
vessel costs annually.

Around 5% of the investment cost (on ports).

The estimated opex cost for cold ironing is around $170,000 [8].

ABB
ESL
TEC Shore Power 
Wartsila Shore Power 
Container(SPC)
EnSmart (Shore Master)

- Solas (Ch II-1, part D)
Standards of Training, Certification and Watchkeeping (STCW)
Marpol – Annex VI
IMO Interim Guidelines on OPS

International standards:
Interoperability:
-IEC/IEEE 80005-1,2,3
Interconnectivity:
-IEC 62613-1 and IEC 62613-2:2016
-IEC 60309-5

EU Standards: EN 15869-1:2019 [17]

High Voltage Shore Connection (HVSC) by IEC, ISO and IEEE.
IEC, ISO IEEE 80005-1.

Bahtić, F. (2022, December 15). VIDEO: COSCO’s 10,000TEU 
boxship 1st to use PRPA’s shore power. Offshore Energy. 
https://www.offshore-energy.biz/video-coscos-10000teu-boxship-
1st-to-use-prpas-shore-power/

SH Group. (2024, November 25). Shore power - SH Group. 
SHGroup.dk. https://shgroup.dk/shore-power/

100% at anchor Unknown Literature  6 - 6 - From one to three months of pre-
installation planning and design.
From two to four months for 
ordering and fabricating the 
components. 
From two to six weeks of 
installation time. 
From one to two weeks of testing 
and commissioning.

Yes  Yes, less than 1% of the newbuild 
vessel costs annually.

The estimated opex cost for cold ironing is around $170,000 [8]. Stilltroom 
Sofec

- High Voltage Shore Connection (HVSC) by IEC, ISO and IEEE.
IEC, ISO IEEE 80005-1

Stillstrom by Maersk. (2024). Green Anchorage Zones. 
Stillstrom.com. https://stillstrom.com/green-anchorage-zones

Sustainable Ships. (2023, September 3). MoU for North Star 
Support Vessels on Offshore Wind. Sustainable-Ships.org. 
https://www.sustainable-ships.org/stories/2023/mou-north-star-
support-vessels-offshore-wind

Up to 2% None Literature/Vendors
ECO Marine Power estimates a 10-
20% annual savings from its 
Aquarius MRE technology (rigid sail 
combined with solar panels). 

6 - 7 In 2024, there were over 50 
vessels using solar power 
technology.

- Yes Yes  Some studies indicate a maintenance cost of around 2% of the total 
investment annually.

Ocius Solar Sail
NYK Super Eco Ship 2050
ECO Marine Power
Wattlab
Solbian

Some suppliers like Eco Marine Power 
can combine rigid sails technology with 
solar panels (sails with solar panels on 
it) .

The International Electrotechnical Commission (IEC) has developed a 
standard for system design and performance of stand-alone 
photovoltaic systems (IEC 62124 Ed. 1.0 b:2004, Photovoltaic (PV) 
standalone systems – design verification). The performance test 
consists of a check of the functionality, the autonomy and ability to 
recover after periods of low charge of the battery and gives 
reasonable assurance that the system will not fail prematurely. The 
testing conditions are intended to represent the majority of climatic 
zones for which these systems are designed. The impact of the 
marine environment on the solar panels and aluminum frames 
requires further study, including determining how frequently the 
marine solar panel array should be cleaned and maintained.

Cision News. (2020, June 10). Stena Bulk is presenting a 
prototype of the next-generation product and chemical tanker – 
the IMOFlexMAX. News.cision.com. https://news.cision.com/stena-
bulk/r/stena-bulk-is-presenting-a-prototype-of-the-next-generation-
product-and-chemical-tanker---the-imofle,c3131658

Up to 10% > 10 dB Literature   PEMFC: 9

AFC: 4

PAFC: 4

- PEMFC: 9

AFC: 4

PAFC: 4

Various fuel cell technologies 
exist, and PEMFC is currently 
the most mature for marine 
applications.
Most marine fuel cells run on 
hydrogen.
No large-scale installations to 
date.

From several days to a few 
weeks.

For a complete fuel cell 
propulsion conversion, the 
estimated time is five months 
[24].

Yes Yes For a lifetime of 15 years, the estimated opex cost is $2,470,720 
[16].

PEM: 
ABB
Cummings
NedStack PemGen
Ballard
PowerCell
Teco2030

A hydrogen fuel cell is not compatible 
with DEP, VSGs, waste recovery 
systems or other fuel cells.
Hydrogen fuel cells are partially 
compatible with PTI/PTO, VSGs, WASP 
and hydrogen ICE engines.

Methanol fuel cells are not compatible 
with DEP, VSGs, waste recovery 
systems or other fuel cells.
Hydrogen fuel cells are partially 
compatible with PTI/PTO, VSGs, WASP 
and methanol ICE engines.

Fuel cells are optimally incorporated 
into a vessel equipped with electric 
propulsion and a DC bus switchboard, 
allowing the DC power from the fuel 
cells to be easily converted into AC 
power for the ship’s propulsion and 
auxiliary systems.

The IGF Code is currently being revised to address requirements for 
fuel cell systems. 
The compartment in which a fuel cell is located is to be considered as 
a Category A machinery space according to SOLAS Chapter II-2, and 
IGF Code (International Code of Safety for Ships using Gas or Other 
Low Flashpoint Fuels) for fire protection purposes. To minimize the 
probability of a gas explosion, the fuel cell space is to be designed to 
mitigate hazards to lower hazardous levels under all operating 
conditions. Due to the nature of hydrogen leaks within the fuel cell 
stacks, the fuel cell space is to be classified as a hazardous area 
Zone 1. Therefore, equipment or components installed in this space 
are to be of a certified safe type (suitable for the hazardous area 
location). In some specific cases, the area classification of such 
space will be subjected to local or flag Administration requirements.

IMO Guideline: MSC.1/Circ.1647, Interim Guidelines for the Safety of 
Ships Using Fuel Cell Power Installations.

Standards:
IEC 62282-3-100, applicable to marine power safety systems
IEC  62282-3-200 for operational and environmental aspects of 
stationary fuel cell power systems performance

Nedstack. (2023, August 9). How PEM fuel cell drives 
decarbonization in the Shipping Industry. Nedstack.com; 
Nedstack. https://nedstack.com/en/news/how-pem-fuel-cell-
technology-drives-decarbonization-shipping-industry-and-
contribute-imos-2050

Up to 10% > 10 dB Literature   MCFC: 4

SOFC: 8

- MCFC: 4

SOFC: 7

Most marine fuel cells run on 
hydrogen.
No large-scale installations to 
date.

PSV Viking Energy has 
awarded an approval in 
principle to use ammonia 
SOFC on board for the 
ShipFC project [15].

From several days to a few 
weeks.

For a complete fuel cell 
propulsion conversion, the 
estimated time is five months 
[24].

Yes Yes The cost ranges between $78,000 to $607,000 annually [23]. SOFC:
Bloom Energy
Prototech (project)
SOFC4Maritime (project)
ShipFC (project)

Hydrogen fuel cells are not compatible 
with DEP, VSGs, waste recovery 
systems or other fuel cells.
Hydrogen fuel cells are partially 
compatible with PTI/PTO, VSGs,  
WASP and hydrogen ICE engines.

Methanol fuel cells are not compatible 
with DEP, VSGs, waste recovery 
systems or other fuel cells.
Hydrogen fuel cells are partially 
compatible with PTI/PTO, VSGs, WASP 
and methanol ICE engines.

Fuel cells are optimally incorporated 
into a vessel equipped with electric 
propulsion and a DC bus switchboard, 
allowing the DC power from the fuel 
cells to be easily converted into AC 
power for the ship’s propulsion and 
auxiliary systems.

The IGF Code is currently being revised to address requirements for 
fuel cell systems. 
The compartment in which a fuel cell is located is to be considered as 
a Category A machinery space according to SOLAS Chapter II-2, and 
IGF Code (International Code of Safety for Ships using Gas or Other 
Low Flashpoint Fuels) for fire protection purposes. To minimize the 
probability of a gas explosion, the fuel cell space is to be designed to 
mitigate hazards to lower hazardous levels under all operating 
conditions. Due to the nature of hydrogen leaks within the fuel cell 
stacks, the fuel cell space is to be classified as a hazardous area 
Zone 1. Therefore, equipment or components installed in this space 
are to be of a certified safe type (suitable for the hazardous area 
location). In some specific cases, the area classification of such 
space will be subjected to local or flag Administration requirements.

IMO Guideline: MSC.1/Circ.1647, Interim Guidelines for the Safety of 
Ships Using Fuel Cell Power Installations.

Standards:
IEC 62282-3-100, applicable to marine power safety systems
IEC  62282-3-200 for operational and environmental aspects of 
stationary fuel cell power systems performance

Currie, C. (2024, March 25). Doosan SOFC stack passes marine 
environmental test. H2 View. https://www.h2-
view.com/story/doosan-sofc-stack-passes-marine-environmental-
test/2107955.article/

5-10%

100% if all electric

Unknown Literature

Asahi tanker has deployed its 
second all-electric tanker in 2023, 
achieving zero emissions [21].

All electric:  9

Plug-in hybrid: 9

Hybrid-electric: 9

- All electric: 8

Plug-in hybrid: 8

Hybrid-electric: 9

Most vessels that adopted all-
battery technology are 
passenger vessels with short, 
routine transit and with a 
reliable electrical 
infrastructure.
Tanker vessel Asahi  is one 
example of a tanker that 
adopted all-electric propulsion 
for short distances [10].

From two to four weeks. Yes Yes The cost ranges between $78,000 to $607,000 annually [23]. Praxis Automation 
Technology
Corvus
Lelanché
Spear
Becker Marine Systems
Everllence

Not compatible with DEP, PTI/PTO or 
WHR systems. 
Partially compatible with VSGs.

Lithium batteries and lithium metal batteries are listed in the IMO 
International Maritime Dangerous Goods (IMDG) Dangerous Goods 
List (DGL) under the Class 9 Miscellaneous Dangerous Goods label. 
Special Provision 188 has 8 specific requirements for lithium 
batteries:
• SP 188.1/2 Lithium Content/Watt Hour Rating
• SP 188.3 Battery/Cell Test
• SP 188.4 Package
• SP 188.5 When Installed in Equipment
• SP 188.6 Package Marking
• SP 188.7 Package Drop Test
• SP 188.8 Package Gross Mass

Marinelink. (2021, September 8). ABB Launches Containerized 
ESS for Ships. MarineLink. https://www.marinelink.com/news/abb-
launches-containerized-ess-ships-490456

5-10% > 10 dB Literature 9 - 8 - From two to four weeks. Yes Yes - EATON
KA Power/KBI
CAP-XX
Nidec Conversion

Not compatible with PTI/PTO or WHR 
systems. 
Partially compatible with VSGs.

In response to the scant literature that specifically regulates the 
design, construction and installation of supercapacitors, in 2018 ABS 
released the Guide for the Use of Supercapacitors in the Marine and 
Offshore Industries. This Guide refers to several standards and other 
references, such as IEC, UL 810A, NFPA 70, etc.
For transportation, United Nations UN 3499 CAPACITOR should be 
consulted. In many application cases, supercapacitors depending on 
their chemical composition, are rated non-hazardous under the OSHA 
hazard communication standard (29 CFR 1910.1200), since they are 
considered "an article".

RS Americas, Inc. (2024). Eaton Electronics XLM-62R1137A-R 
Capacitor, Supercapacitor Module,62.1 V, Capacitance 130 F, 
Low ESR. Us.rs-Online.com. https://us.rs-
online.com/product/eaton-electronics/xlm-62r1137a-r/71595023/

100% Unknown Literature Pressurized water 
reactor: 8

Small modular 
reactors: 6

- Pressurized water 
reactor: 9

Small modular 
reactors: 6

Nuclear energy has 
historically powered military 
submarines and icebreakers. 
However, its adoption by 
merchant ships has been 
limited, primarily due to high 
capex and insurers’ 
reluctance to cover vessels 
entering commercial ports 
without a better grasp of the 
associated risks.

- Yes Yes - TerraPower (under 
development)(26)
CorePower (under 
development)(25)
Westinghouse Vinci
BWXT
Nuscale
Ultra Safe Nuclear Corp 
(USNC)
Korea´S KEPCO E&C

- Development of marine applications will have to maneuver a 
complicated regulatory scheme involving both international, regional, 
and local requirements. Additionally, once operational, there will be 
requirements for port state compliance for the areas of operation. The 
primary agencies are:
• IAEA – International Atomic Energy Agency
• IMO – Resolution A.491 - IMO has requirements for nuclear ships, 
since 1981, with Resolution A.491 amending SOLAS 1974 to include 
in Chapter VIII the “Code of Safety for Nuclear Merchant Ships”
Local requirements regarding nuclear-powered vessels are not 
uniformly international. Although the technological safety level of 
vessels powered by nuclear applications is standardized, many 
nation states have further restrictions on vessels visiting or passing 
through its waters. Such vessels may be restricted to certain sea 
lanes and ports.
International Atomic Energy Agency (IAEA)
Solas, Chapter VIII
Safety Code for Nuclear Ships (IMO Resolution A.491(XII))

Energy Trend. (2020b, November 13). Bill Gates Pushes for 
Nuclear Vessel Commercialization, as Nuclear Batteries Are 
Superior to Li-Ion Batteries - EnergyTrend. Energytrend.com. 
https://www.energytrend.com/news/20201113-19798.html

< 10%, will work with PTO 
system

None Literature 3 - 1 In the early stages of 
development, with no 
commercial application yet. 
Tests have shown positive 
results

N/A Yes Yes N/A AW-Energy - Would have to be implemented on larger vessels to minimize stability 
effects.

Buscaino, G., Mattiazzo, G., Sannino, G. et al. Acoustic impact of 
a wave energy converter in Mediterranean shallow waters. Sci 
Rep 9, 9586 (2019). https://doi.org/10.1038/s41598-019-45926-1
https://www.nature.com/articles/s41598-019-45926-1

Boiling Point Energy Density Reference TRL TRL 
Comments CRL CRL Comments Estimated Installation 

Time Drydock Needed Maintenance Needed Maintenance Cost Estimation List of Possible 
Suppliers Containment and Storage Compatibility Image Reference In-text Citations

Degrees Celsius 
(° C) MJ/Ltr Yes / No

-162° C 21.2° C Literature 9 - 9 Marine-approved dual fuel 
internal combustion engines 
(ICEs) are available for each 
combustion type, with over 
750 ships either in operation 
or on order.
As of 2021, almost 30 
chemical carriers/oil tankers 
had been retrofitted for LNG.
In 2019, there were 756 LNG-
powered ships around the 
world.

Building a new engine: Two 
years [12].

Estimated time to retrofit an 
existing engine in the shipyard: 
Two months.
The timeline for an engine 
conversion project is 
approximately 18 to 24 months 
from the placement of the order, 
inclusive of component lead 
times. Prior to ordering, please 
allocate an additional six to 12 
months for project discussions 
and alignment. Consequently, the 
entire project duration, from initial 
discussions with Everllence-ES 
to the completion of the retrofit, 
can extend to nearly three years.

Yes Yes  Approximately $714,000 annually [13]. 2-stroke:
Everllence (Everllence ES 
ME-GI)
Everllence (Everllence ES 
ME-GA)
WinGD X-DF

4-stroke:
Wartsila
Himsen
IHI-Niigata
MTU
Rolls Royce Bergen
Everllence 

The design and operational 
requirements for different LNG fuel 
containment systems are given in the 
IGC and IGF Codes, namely 
independent tank types A, B and C and 
dependent membrane tanks. Types A, B 
and membrane are low-pressure, 
nominally ‘atmospheric’ tanks and Type 
C are designed using pressure vessel 
codes. The predominant technologies 
used for LNG carrier fuel containment in 
the past 20 years are the membrane 
and Type B Moss systems.

Carbon steel, copper and copper alloys. 
Many elastomers used in seals can become brittle and fail at 
cryogenic temperatures.
It is advisable to use stainless steels, aluminum alloys and invar, for 
instance [18].

N/ALiquefied natural gas is normally used in dual-fuel (diesel) engines,  
which can also operate on fuel oils if required.

1. American Bureau of Shipping. (2024). Requirement for Methanol and Ethanol Fueled Vessels. Spring: ABS.
2. American Bureau of Shipping. (2019). ABS Advisory on Gas and Other Low Flashpoint Fuels. Spring: ABS.
3. American Bureau of Shipping. (2019). Guide for Fuel Cell Power Systems for Marine and Offshore Applications. Spring: ABS.
4. Pavlenko, N., Comer, B., Zhou, Y. C., & Rutherford, D. (2020). The climate implications of using LNG as a marine fuel. 
International Council on Clean Transportation.
5. Stena Bulk. (2024, May 23). Proman Stena Bulk formally names methanol tanker Stena Prosperous in Singapore. Retrieved 
from Stenabulk.com: 
https://www.stenabulk.com/sites/default/files/press_releases/proman_stena_bulk_formally_names_methanol_tanker_stena_pro
sperous_in_singapore_2024-05-23.pdf
6. Maersk. (2022, October 5). A.P. Moller - Maersk continues green transformation with six additional large container vessels. 
Retrieved from Maersk.com: https://www.maersk.com/news/articles/2022/10/05/maersk-continues-green-transformation
7. American Bureau of Shipping. (2022). Guide for Methanol and Ethanol Fueled Vessels. Spring: ABS.
8. International Maritime Organization. (2020, December 7). INTERIM GUIDELINES FOR THE SAFETY OF SHIPS . Retrieved 
from register-iri.com: https://www.register-iri.com/wp-content/uploads/MSC.1-Circ.1621.pdf
9. American Bureau of Shipping. (2021). Methanol as Marine Fuel. Spring: ABS.
10. American Bureau of Shipping. (2022). LNG as Marine Fuel. Spring: ABS.
11. Anner, N. (n.d.). Potential Dual Fuel Conversions. Retrieved from man-es.com: https://www.man-es.com/discover/potential-
dual-fuel-conversions
12. BW LPG. (n.d.). Retrofit vs Newbuild. Retrieved from bwlpg.com: https://www.bwlpg.com/vlgc_fleet/lpg-propulsion/retrofit-vs-
newbuild/
13. Banawan, A., Elgohary, M. M., & Seediek, I. S. (2010). Environmental and economical benefits of changing from marine 
diesel oil to natural-gas fuel for short-voyage high-power passenger ships. Proceedings of The Institution of Mechanical 
Engineers Part M-journal of Engineering for the Maritime Environment.
14. Deloitte Consulting and Advisory. (2023). Study on Hydrogen in Ports and Industrial Coastal Areas: Case Studies. Brussels: 
Clean Hydrogen Partnership.
15. P., '. H., Pruyn, J., J. F., & F., F. (2023). Final Report – Bio-Ethanol as an alternative fuel for vessels. Delft University of 
Technology.
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11.1 LIQUEFIED NATURAL GAS
Liquefied natural gas has  become  popular  as  an alternative fuel due to its low cost and 
emissions benefits. Liquefied natural gas has a marked improvement in emissions compared to 
diesel (25-30%), provided that methane slip can be minimized. Methane has a global warming 
potential (GWP) of 30.
Pure gas engines for larger ships are not yet available. All currently offered 2-stroke engines are 
dual-fuel engines that use pilot fuel to ignite the gas. Gas can be combusted in these 2-stroke 
engines using two different cycles: the Diesel cycle and the Otto cycle. The Diesel cycle burns 
gas with a higher efficiency than methane. The IMO has released a Life Cycle Assessment (LCA) 
guideline, and the GHG emissions figures are enclosed.

Low-pressure LNG dual-fuel main 
engine capex is approximately $300/kW.
High-pressure LNG dual-fuel main 
engine capex is approximately $350/kW.
LNG dual-fuel gensets is approximately 
$420/kW.
+ pressurised tanks + FSS system + 
EGR/SCR
+ nitrogen supply + fuel valve train + 
reliq/subcooling system, etc.[19].

The retrofit cost estimation is from $8M 
to $16M.
A newbuild engine cost estimation is 
from $50M to $80M [11] [12].

The total cost for retrofitting to an LNG-
fueled ship, equipped with a 10-16 MW 2-
stroke engine, will be $12M to $16M, 
depending on the equipment selections, 
original engine and especially the 
number of retrofits being undertaken.

For LNG-fueled ships, the main 
systems to be accommodated in a 
design concept that are different, or 
additional, to conventional ship 
designs are the LNG fuel containment 
system, associated LNG bunker 
station and transfer piping, a fuel gas 
supply system (which may be located 
in a fuel preparation room or tank 
connection space), the double wall 
fuel gas distribution piping, gas valve 
unit (which may be located in a gas 
valve unit room), gas consumers, 
nitrogen generating plant, vent piping 
systems and mast(s), and for some 
LNG tank types, additional equipment 
for managing tank temperatures and 
pressure.
Crew training required.

Percentage/Range/Payback 
Period Retrofit / newbuild
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Treatment/Description Ship Impacts Retrofit Cost Estimation Applicability Comments

10.9 WAVE ENERGY CONVERTERS (HEAVING OSCILLATORS)
These devices draw from heaving, rolling and pitching movements as vessels move through the 
sea. 

Increased design effort, maintenance, 
complexity, vessel space demand and 
vessel weight.

N/A Retrofit and newbuild The technology is too new for vessel cost estimation. Only conceptual 
studies have been performed. However, the technology has shown 
promise in other applications, such as buoys and submerged units

10.8 NUCLEAR
Land-based and naval nuclear technology is mature and feasible, and it eliminates GHGs 
completely. The use of this technology in commercial marine vessels is very costly, and its 
regulations and commercial viability are under development. The use is strongly affected by 
public perception.
Research is ongoing to investigate new types of reactors that could reduce their size and 
increase operating time without refueling, for example, heat pipe reactors and molten salt 
reactors.

Improved crew/ passenger comfort. 
Increased complexity and design 
effort.

Nuclear vessels do not require refueling 
or would require refueling in a much 
larger period of time than the common 
operating expenditures, which can help 
balance out the anticipated higher 
capital expenditures associated with 
reactor-powered assets.
Core power estimates that for a 20,000 
TEU containership, the investment for a 
newbuild nuclear-powered vessel would 
be around $250M [27].

Newbuild Although it is a technologically ready option for marine propulsion, 
nuclear propulsion in commercial shipping is in limited use. Public 
perception of nuclear power as unsafe and the high cost of 
constructing such a vessel currently prevents the immediate uptake of 
nuclear power as an option.
Furthermore, liability insurance also requires a different legislation and 
framework, which should follow schemes similar to the ones used for 
land-based reactors.

10.7 SUPERCAPACITOR
Supercapacitors serve as an alternative method for energy storage, distinguished by several key 
characteristics from batteries. They store energy in an electric field, making them independent of 
temperature variations during charging and discharging processes.

Improved crew/passenger comfort.
Increased vessel space demand and 
vessel weight.

Creating a dedicated internal space 
can be more difficult in retrofit 
applications. However, 
supercapacitors and their supporting 
equipment can be placed in 
containers or similar setups to achieve 
a separation equivalent to that of a 
dedicated space.

Retrofit and newbuild

Supercapacitor purchase costs range 
from $2,500/kWh to $10,000/kWh.

Retrofit and newbuild                                Supercapacitors' advantages over batteries:
- High current discharge rate, akin to the battery C rating, due to 
minimal internal resistance.
- Extremely long cycle life, measured in millions rather than thousands 
of charge/discharge cycles.
- Performance remains stable even when charging or discharging at 
low temperatures.
- Not prone to thermal runaway since oxygen is not released. While 
combustion could occur at high temperatures, it is not exacerbated by 
an increasing supply of oxygen.

10.6 BATTERIES (STORED ELECTRICAL ENERGY)
Draws on stored energy provided by shore power or from an integrated electric power plant on 
the ship. Low energy density means can only be used for short voyages, or for portions of longer 
voyages.
The lithium-ion battery is commonly preferred for marine vessel applications due to the high cell 
voltage, high energy density, long service lifecycle, low self-discharge and low maintenance 
requirements.

Improved crew/passenger comfort.
Increased vessel space demand and 
vessel weight.
The battery space is to be considered 
an auxiliary machinery space or a 
machinery space and is subject to 
additional structural fire protection 
requirements.

High capital cost.

The estimated battery cost for a 
retrofitted vessel is $1,000/kWh.
The estimated battery cost for a 
newbuild vessel is $500/kWh.

Asahi invested approximately $9.6M to 
build its first all-electric 62-meter-long 
tanker in 2022 [22].

Retrofit and newbuild                                
Applicable to ships         with short 
routes or           highly varying speed 
profiles.

Whereas batteries can provide full endurance (all-electric), they can 
completely eliminate GHGs. When used to improve the efficiency of 
an onboard plant, they will offer smaller gains. 

10.5 HIGH TEMPERATURE FUEL CELLS
Molten carbonate fuel cells represent a more recent advancement in fuel cell technology, with 
significant commercial development occurring over the past few decades. The electrolyte is 
composed of a molten carbonate salt contained within a ceramic matrix. A notable advantage of 
MCFCs is their ability to perform internal reforming. At high operating temperatures of 600 to 700° 
C, methane and other light hydrocarbons can be converted directly to hydrogen within the fuel 
cell, thereby eliminating the need for external reforming for fuels classified as indirect hydrogen 
carriers. Additionally, MCFCs have the potential to utilize carbon monoxide and carbon dioxide as 
fuels

Solid oxide fuel cells utilize a solid ceramic material as the electrolyte. Like MCFCs, they function 
at very high temperatures, ranging from 500 to 1,000° C, enabling the internal reformation of light 
hydrocarbon fuels. The baseline overall efficiency of SOFCs is approximately 55%, but this can 
increase to up to 85% with thermal cogeneration, similar to the efficiency achieved by MCFCs.

Improved crew/passenger comfort and 
decreased vessel weight.
Increased design effort, complexity 
and vessel space demand as the 
batteries should be stored in a proper 
space.

The main machinery areas of a ship 
utilizing fuel cells will differ from those 
of a traditional vessel with diesel 
generators. The fuel cells need to be 
placed in a dedicated fuel cell space, 
and it is to be regarded as a Category 
A machinery space according to 
SOLAS Chapter II-2, and IGF Code.  
Additionally, the space is to be 
bounded by “A-60” class divisions on 
all sides adjoining control stations, 
evacuation stations, escape routes, 
accommodation spaces, stairways, 
corridors and machinery spaces. The 
fire-extinguishing system is to be 
suitable for use with the specific fuel 
and fuel cell technology proposed.

High capital cost and an increase in fuel 
cost.

Newbuild The maximum power output of fuel cells is normally only several MW, 
which limits the use of fuel cells in APUs, as well as propulsion power 
plants for inland and short-sea shipping. Creating hybrid systems by 
coupling with turbomachinery, high-temperature fuel cells, such as 
MCFCs and SOFCs, offers the potential to provide propulsion power 
for larger maritime vessels rather than just for auxiliary power.

Hydrogen fuel is ideally suited for vessels operating in near-coastal 
and inland trades. Hybrid mechanical/electrical drivetrains are also 
well-suited for these trades, making these technologies (one focused 
on EE and the other on fuel) easily combinable. Additionally, they 
share compatible electrical plant requirements, as hydrogen fuel cells 
— the most advanced hydrogen technology — must integrate with an 
electrified vessel to provide propulsion power.

10.4 LOW TEMPERATURE FUEL CELLS
Proton-exchange membrane fuel cell (PEMFC): These are the fuel cells that produce electricity 
through a chemical reaction, which is done by converting hydrogen and oxygen to water. 

Alkaline fuel cell (AFC): It is an alkaline electrolyte layer composed of a matrix saturated with an 
aqueous potassium hydroxide solution.

Phosphoric acid fuel cell (PAFC): It represents one of the more advanced alternatives to PEM 
technology, utilizing liquid phosphoric acid within a silicon-carbide matrix, along with platinum-
impregnated carbon electrodes.

Improved crew/passenger comfort and 
decreased vessel weight.
Increased design effort, complexity 
and vessel space demand as the 
batteries should be stored in a proper 
space.

The main machinery areas of a ship 
utilizing fuel cells will differ from those 
of a traditional vessel with diesel 
generators. The fuel cells need to be 
placed in a dedicated fuel cell space, 
and it is to be regarded as a Category 
A machinery space according to 
SOLAS Chapter II-2, and IGF Code.  
Additionally, the space is to be 
bounded by “A-60” class divisions on 
all sides adjoining control stations, 
evacuation stations, escape routes, 
accommodation spaces, stairways, 
corridors and machinery spaces. The 
fire-extinguishing system is to be 
suitable for use with the specific fuel 
and fuel cell technology proposed.

PEMFC estimated cost: $593,600.
H2 tank estimated cost: $593,400. 
The total installation cost, including 
PEMFC, H2 tank and installation costs: 
Approximately $1,305,720 [16].
Increase in fuel cost.

Newbuild The maximum power output of fuel cells is normally only several MW, 
which limits the use of fuel cells in auxiliary power units (APUs), as 
well as propulsion power plants for inland and short-sea shipping. 
Creating hybrid systems by coupling with turbomachinery, high-
temperature fuel cells, such as molten carbonate fuel cells (MCFC) 
and solid oxide fuel cell (SOFC) offer the potential to provide 
propulsion power for larger maritime vessels rather than just for 
auxiliary power.

Hydrogen fuel is ideally suited for vessels operating in near-coastal 
and inland trades. Hybrid mechanical/electrical drivetrains are also 
well-suited for these trades, making these technologies (one focused 
on energy efficiency and the other on fuel) easily combinable. 
Additionally, they share compatible electrical plant requirements, as 
hydrogen fuel cells — the most advanced hydrogen technology — 
must integrate with an electrified vessel to provide propulsion power.

10.3 SOLAR
Marine grade solar panel array(s) or string(s) of photovoltaic (PV) panels used to produce power, 
normally in combination with an energy storage system (ESS). Because of the low electrical 
output per unit surface, PV solar panels are better suited as an additional source of auxiliary 
power.

Increased design effort, maintenance, 
complexity, vessel space demand and 
vessel weight.

Minor to moderate.

An estimated vessel installation cost 
would range from $2.8 to $3.4 per watt. 
[9].

in 2024, Tamesol estimated that the 
average cost of retrofitting a medium-
sized cargo ship with the technology and 
its systems is from $2M to $5M.

The payback period is approximately five 
years.

Retrofit and newbuild                                 Most ships do not have space for large solar arrays.
Energy efficiency reflects saved fuel for ships.
It is a mature technology, but its applicability is very limited. Because 
of the low electrical output per unit surface, PV solar panels are better 
suited as an additional source of auxiliary power.

10.2 OFFSHORE POWER SUPPLY
Similar to onshore power supply, but the electrical power is supplied via underwater cables when 
the vessel is at anchor. Provision of higher power shore supplies to large ships (cruise ships, 
containerships) can allow these ships to turn off all generating equipment while at anchor.

Improved crew/passenger comfort and 
decreased maintenance.
Increased vessel space demand, 
design effort and vessel weight.

For vessels:
The vessel modification costs can range 
from  $300,000 to $2M [3][9].

Retrofit and newbuild                                 Energy efficiency and GHG improvements are with respect to the 
ship’s own operation.
Some projects, like the bluebarge project and the cold-ironing buoy 
project, are in their initial phase.

10.1 ONSHORE POWER SUPPLY (COLD IRONING)
Electrical power supply from the shore (port) facilities to avoid using auxiliary engines when at 
berth. Provision of higher power shore supplies to large ships (cruise ships, containerships) can 
allow these ships to turn off all generating equipment while in port.

Improved crew/passenger comfort and 
decreased maintenance.
Increased vessel space demand, 
design effort and vessel weight.

For ports:
From $300,000 to $4M per berth.

For vessels:
The vessel modifications costs can 
range from $300,000 to $2M [3][9].

One study showed that a containership, 
MS Kota Gabung,  has invested around 
$373,500 to retrofit with a cold ironing 
system [7].

Retrofit and newbuild                                 Energy efficiency and GHG improvements are with respect to the 
ship’s own operation. They do not consider the EE or GHG of port 
facilities.

Percentage/Range/Payback 
Period Retrofit/newbuild
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Treatment/Description Improvements from Technology Ship Level of Intervention Installation Cost Estimation Applicability Comments

9.4 SUCTION SAILS
Suction sails reduce flow separation by suction-induced boundary layer control, increasing the lift 
forces of the wing-shaped sails.

Improved crew/passenger comfort and
increased design effort, space 
demand and complexity.

According to Boud4blue, the payback 
period is less than five years.

Retrofit and newbuild                                 Peak performance and fuel reduction depend on the wind direction 
and intensity.
Not suited to smaller ships or to operations on short routes and fixed 
schedules.                       

9.3 RIGID/SOFT WING SAILS
A wingsail is essentially an airfoil (similar to an airplane wing) attached vertically to a mast on the 
main deck. Wing-shaped sails improve upwind performance.

Improved crew/passenger comfort and
increased design effort, space 
demand and complexity.

The cost is from $170,000 to $300,000 
per mast installed [6].

Retrofit and newbuild                                 Other technologies that investigated wind as a method of propulsion 
assist include rigid sails/solar panel combinations. Aquarius MRE is a 
solution developed by Eco Marine Power that combines sail power 
(using rigid sails) with solar power. This patented wind and solar 
solution is designed so that the practical limitations of using rigid sails 
and solar panels on ships are overcome.
Peak performance and fuel reduction depend on the wind direction 
and intensity.
Not suited to smaller ships or to operations on short routes and fixed 
schedules.                       

9.2 FLETTNER/MAGNUS ROTOR SAILS
The Flettner Rotor is a large cylinder with sails spinning around its axis that are mounted upright 
on the deck of a ship and mechanically (or electrically) spun. As wind passes at a right angle 
across the cylinder, the Magnus effect occurs — an observable phenomenon in which a lift force 
is generated on a rotating cylindrical or spherical object when in a fluid stream. 

Improved crew/passenger comfort and 
increased design effort, space 
demand and complexity.

The implementation range cost of a 
single Flettner rotor is from $400,000 to 
$950,000. A typical delivery with multiple 
rotor sails would range from $1M to $3M 
[6].

Retrofit and newbuild                                 Rotor sails are best suited for vessels with ample deck space and a 
high proportion of time at sea when prevailing wind conditions are 
favorable. The rotor sails are installed on the deck of the vessel with 
vessel-tailored foundations, which are installed during a yard stay. 
The rotors are bolted to the foundation. Once the foundation 
installation is complete, the rotors can be lifted onto the vessel and 
attached to the foundation during a normal harbor stay.
Additional essential components of rotor sail installation include the 
rotor sails, control panels and electric power supply to each sail. The 
required number and size of rotor sails are dependent on the size, 
speed and operating profile of each vessel. Peak performance and 
fuel reduction depend on the wind direction and intensity.
Not suited to smaller ships or to operations on short routes and fixed 
schedules.                       

9.1 KITE SAILS
The kite sails concept consists of a large kite and towline, which is attached to and flies from the 
vessel’s bow, a launch and recovery system (LARS), and a control system to optimize the kite’s 
thrust performance, creating supplementary thrust.

Improved crew/passenger comfort and
increased design effort, space 
demand and complexity.

The estimated purchase cost is from 
$200,000 to $343,000 [4].

The estimated installation cost is from 
$21,000 to $45,700 [4].

Retrofit and newbuild                                 Kites are a form of wind-assisted ship propulsion (WASP) technology 
on commercial ships requiring the least amount of retrofit and 
alteration of the ship. The low cost of retrofitting a system with minimal 
interference with the ship’s existing structure and the associated 
computer automation to determine the ideal kite angle and position are 
what make this design attractive. Additionally, kites allow capturing 
wind at higher altitudes where wind speed tends to be greater and 
more consistent.
Peak performance and fuel reduction depend on the wind direction 
and intensity.
Not suited to smaller ships or to operations on short routes and fixed 
schedules.
In order to evaluate the actual cost-benefit of kites, it is therefore 
necessary to estimate their potential when deployed on specific routes 
where wind patterns can be predicted.                      

10. Other Energy Sources

11. Internal Combustion Engines Retrofit

-89° C 27.2° C Literature 9 - 9 Evergas has converted some 
of its engines to burn ethane 
[16].
The Navigator Aurora  ethane 
carrier has retrofitted its main 
engine to run on ethane.

Currently, there are no 2-
stroke engines capable of 
operating on ethane. 
However, the methanol 
engines developed by 
Everllence-ES and WinGD 
have the potential to utilize 
ethane, pending additional 
testing.

Retrofit an existing engine: Two 
months.
Building a new engine: Two 
years [12].

Yes Yes  Similar to LNG's opex. Everllence (Everllence ES 
ME-GIE)
Wartsila (Wartsila DF)

Ethane necessitates specialized 
containment systems, such as pressure 
vessels (cylindrical, bi-lobe or tri-lobe 
type “C” tanks) and membrane tanks, 
akin to those used for LNG. These 
systems must be engineered to manage 
ethane’s specific properties, including 
its low boiling point and high vapor 
pressure.

Carbon steel, copper and copper alloys. 
Many elastomers used in seals can become brittle and fail at 
cryogenic temperatures.
It is advisable to use stainless steels, aluminum alloys and invar, for 
instance [18].

N/A

64.7° C 14.9° C Literature 9 - 8 Promann Stena Bulk has 
delivered six methanol-fueled 
vessels since 2019. They 
stated that in  2023, four of 
these vessels saved 5,500 
tonnes of GHG emissions on 
a tank-to-wake basis [5].

Maersk has ordered six large 
containership vessels (17,000 
TEUs) that can sail on green 
methanol to be delivered in 
2025 [6].

Dual-fuel engines from 
Everllence-ES have been 
operating on methanol since 
2015.  Several 100,000 
operational hours have 
already been achieved. 

Methanex has been behind 
approximately 16 ships using 
methanol as fuel. The owners 
are Marinvest, Vestfall-
Larsen, Ilno. MOL, NYK. 
Maersk has ordered a total of 
19 containerships that will 
operate on methanol. Eleven 
ships are scheduled for 
retrofitting to enable methanol 
operation. In total, around 200 
methanol engines have been 
ordered for ships to operate 
on methanol.

Three to six months for the 
commercial phase (from 
customer contact with 
representative to contract 
signing) and an additional 10 to 
18 months for the project phase 
(from the contract signing to 
complete fuel conversion)
Total from 13 to 24 months.

Yes Yes  - Everllence (Everllence ES 
ME-LGIM)
Wartsila (Wartsila DF)
Wartsila Methanol
WinGD X-DF-M (ready after 
2025)

Medium speed genset 
engines:
ABC
WD
Himsen

Methanol remains liquid at ambient 
temperatures and can be stored in 
tanks made from stainless steel or mild 
steel coated with zinc silicate. This 
allows existing vessel fuel tanks to be 
used if they are thoroughly cleaned and 
coated, as long as they comply with IGF 
Code requirements regarding tank 
location. Protective cofferdams are 
necessary around the methanol tank, 
except in areas below the lowest 
possible water line.

To mitigate the risks of flammability and 
corrosivity, the tank must be inertized 
with a nitrogen blanket, which requires 
additional systems and safety 
measures. If a nitrogen generator or 
storage facilities are located outside the 
engine room, the compartment must be 
equipped with a low oxygen alarm and 
independent mechanical ventilation.

Not compatible with battery electric (all electric).
Partially compatible with fuel cells and DEP.

Mildly corrosive to lead.
Nitrile (Buna-N) is not recommended for services in flowing and for 
gaskets.
Pure anhydrous methanol is corrosive to aluminum alloys.
Potentially corrosive when in contact with mild steel in the presence 
of moisture and inorganic salts.
Butyl rubber is not recommended [15].

N/A

78.3° C 21° C Literature 9 - 7 The technology for ethanol 
engines is advancing, but 
there are obstacles 
concerning fuel storage, 
distribution infrastructure and 
engine modifications. 
Moreover, ethanol’s lower 
energy density compared to 
traditional marine fuels can 
affect the overall efficiency 
and range of vessels.

Currently, there are no 2-
stroke engines capable of 
operating on ethanol. 
However, the methanol 
engines developed by 
Everllence-ES and WinGD 
have the potential to utilize 
ethanol, pending additional 
testing.

Retrofit an existing engine: Two 
months.
Build a new engine: Two years 
[12].

Yes Yes  - Wartsila The low flashpoint fuels that are liquid 
at ambient conditions, such as ethanol, 
can be stored in conventional fuel tanks 
and thus can be simpler to apply.

Not compatible with battery electric (all electric).

Sensitivity to degradation when in contact with aluminum alloys and 
lead.  
Natural rubbers and methyl-methacrylate plastics degrade when in 
contact; urethane and nylon 66 are not recommended.
Neoprene and nitrile (Buna-N) are not to be used as seals.
Polypropylene and polyethylene recommended; polyurethane s not 
recommended [15].

N/A

-42° C 26.7° C Literature 8 - 9 A number of LPG operators 
(Exmar, BW and Dorian) have 
recently announced that they 
will be burning LPG on their 
LPG carriers using the 
Everllence ME-LGIP engine. 
Indeed, Everllence 
ambitiously predicts that 
100% of 2-stroke LPG 
carriers will be burning their 
cargoes by 2028. 
As with the early development 
of LNG as a fuel on LNG 
carriers, the LPG carriers will 
drive the technology 
development. There is 
already a strong global trade 
in LPG, and it has long been 
a fuel for commercial and 
domestic heating and cooking 
applications, as well as being 
used as an automotive fuel. 
Although historically linked 
closely to oil prices, an 
increase in LPG sourced from 
natural gas may see a 
delinking in the future and 
further opportunities for the 
use of LPG as fuel.

For engine conversion only, the 
estimated time is from 45 days to 
two months.
The timeline for an engine 
conversion project is 
approximately 18 to 24 months 
from the placement of the order, 
inclusive of component lead 
times. Prior to ordering, please 
allocate an additional six to 12 
months for project discussions 
and alignment. Consequently, the 
entire project duration, from initial 
discussions with Everllence-ES 
to the completion of the retrofit, 
can extend to nearly three years.

newbuild engine estimated time 
(total): 18 to 24 months.

Yes Yes  Similar to LNG's opex. Everllence (Everllence ES 
ME-LGIP)

- Copper and copper alloys are not suited for LPG. 
Many elastomers used in seals can become brittle and fail at 
cryogenic temperatures.
It is advisable to use stainless steels, carbon steels and aluminum 
alloys,  for instance [18].

N/A

-252.9° C 8.5° C Literature 3 - 4 Hydrogen-fueled engines in 
the marine industry are 
moving toward commercial 
readiness, though they 
remain in the early stages of 
adoption. The technology 
holds significant promise due 
to hydrogen’s high specific 
energy density and zero-
emission potential.

Total  process of retrofitting will 
range from 12 to 24 months, 
depending on the vessel size.

Yes Yes  - Behydro (6 DZ(D) H2, 8 
DZ(D) H2, 12 DZ(D) H2 and 
16 DZ(D) H2)
Wartsila (20, 31, 32, 46F 
and 46TS)
Everllence Methanol-ready 4-
stroke engines (32/44CR, 
49/60DF and 175D)
Everllence Genset 
(L21/31DF-M)
J-Eng (UEC-LSGH) (ready 
after 2026)

Hydrogen’s high autoignition 
temperature makes it more suitable for 
spark ignition in gas-only engines, but 
its high flammability presents 
challenges for spark combustion. Its low 
ignition energy and high flame speed 
result in rapid burning upon ignition.
This quick combustion is harder to 
control and increases the likelihood of 
engine knock. The low ignition energy 
can also lead to untimed ignition of 
hydrogen in poorly controlled 
combustion temperatures, contributing 
to knocking. Hydrogen has a methane 
number of zero, indicating very low 
resistance to knock.
Storing hydrogen, whether compressed 
or in liquid form, necessitates 
specialized tanks designed to handle 
either high pressure or low 
temperatures.

Not compatible with PTI/PTO, battery electric (all electric), kite sails, 
rigid wind sails or WHR.
Partially compatible with fuel cells.

Gas hydrogen is not compatible with being stored in gray, ductile or 
cast iron, nickel steels, titanium and titanium alloys.

Liquid hydrogen is not compatible to be stored in gray, ductile or cast 
iron, nickel steels, carbon steels, low-alloy steels,  nickel and nickel 
alloys, chloroprene rubber (neoprene), Dacron (or equivalent), 
fluorocarbon rubber (viton or equivalent), mylar (or equivalent), nitrile 
(buna-n) or polyamides (nylon). 

N/A

-33° C -33° C
45° C

Literature 5 - 4 So far, the limited adoption of 
ammonia at the newbuild 
stage has led to even less 
interest in retrofitting existing 
tankers. As a result, these 
conversions have not yet 
established a viable business 
case.
Ammonia internal combustion 
engines are mainly being 
developed in dual-fuel 
configurations.
Approximately 50 ships have 
been ordered with 
specifications for using 
ammonia as fuel. The retrofit 
process is similar in scope to 
that of LPG, but it requires the 
preparation of a system to 
capture ammonia vapor.

- Yes Yes  - WinGD X-DF-A (ready after 
2025)
J-Eng (UEC-50LSJA) (ready 
after 2025)
Everllence B&W ME-LGIA 
(ready after 2024)
Himsen 
Wartsila 25 (4-stroke 
engine)
Wartsila Ammonia Fuel 
Supply System (AFSS)
IHI-Nigata (6L28ADF)

Ammonia can be stored as a liquid 
either by cooling it below -33° C or by 
keeping it under pressure in insulated 
structural tanks. Depending on the 
chosen tank type, the secondary 
barrier, if required, must include 
features like a pressure release system 
or drip trays equipped with leak 
detection and purging systems. For 
integrated membrane tanks, the ship’s 
supporting structure may serve as a 
secondary barrier, and the insulating 
foam must be dense enough to handle 
high sloshing loads.

Non-pressurized ammonia tanks require 
a reliquefication system or another 
method for managing tank pressure and 
boil-off gas. Although specific rules for 
ammonia fuel are still under 
development, the International Code of 
the Construction and Equipment of 
Ships Carrying Liquefied Gases in Bulk 
(IGC Code) mandates two independent 
boil-off management systems. This 
necessitates a reliquefication system 
with at least one ammonia consumer 
(such as a boiler or auxiliary engines) or 
two separate reliquefication systems.

Ammonia can be transported on land 
and sea via pipelines, shipping, trucking 
and rail. Ship transport corresponds to 
comparatively higher amounts in either 
liquid or gas states. Road and rail 
transport use pressurized storage 
vessels for safety and simplicity, but the 
weight and therefore capacity are 
limited. To use ammonia as a fuel, the 
relevant infrastructures will need to be 
developed.

Due to ammonia's high basicity and corrosiveness, some 
compatibility concerns regarding storage tanks, engine hardware, 
lubricants, seals and piping is ridden.
For instance,  copper and copper alloys, nickel and nickel alloys, and 
zinc are highly susceptible to corrosion when in contact with 
ammonia. It is more advisable to use high steel material as austenitic 
stainless steel and duplex stainless steel, for instance. Also, existing 
lubricants may react with ammonia, causing engine performance 
issues.

N/A

Newbuild Hydrogen can be burnt in relatively conventional “diesel” engines or 
used in fuel cells.

Newbuild Ammonia can be used in dual-fuel  (diesel) engines, which can also 
operate on fuel oils if required. It can also be used as a hydrogen 
source for fuel cells.

-

Retrofit and newbuild Methanol has higher energy density compared to hydrogen and 
requires approximately 2.4 times more storage volume of conventional 
fuels. Methanol is a colorless and tasteless liquid at ambient 
temperature that is readily dissolved in water. The liquid form can be 
stored and supported with similar infrastructure for conventional fuel, 
with minor modifications. 
There already exists a mature network for transporting methanol 
worldwide for other applications However, if considered as a marine 
fuel, infrastructures such as bunkering facilities and fuel supply 
systems must be developed.
Methanol is toxic and requires robust safety systems, such as double-
walled piping, gas sensors in the engine room, crewmembers training 
and the use of proper personal protective equipment for handling 
methanol.
When storing methanol, its corrosive nature must be considered. 
Although methanol can be stored in structural hull tanks, ABS 
recommends using either compatible stainless steel (such as duplex 
or austenitic grades) or methanol-resistant coatings. Zinc, a non-
reactive coating commonly used on chemical tankers, is also suitable 
for methanol fuel storage. According to the Methanol Institute’s 
technical bulletin, a broader range of metallic materials may be 
compatible for specific applications. Additionally, due to methanol’s 
low flashpoint, class regulations may require ventilated cofferdams 
between methanol tanks and crewed spaces. Methanol can also 
corrode in the presence of CO2 and sea air; therefore, storage tanks 
should utilize CO2-free inert gas systems to prevent corrosion.

Retrofit and newbuild -
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11.7 AMMONIA
Ammonia is a carbon-free compound of nitrogen and hydrogen with a GWP of 0. As with other 
alternative fuels, the level of GHG reduction depends on the source.
When ammonia combusts at lower temperatures, there is a risk of developing nitrous oxide (N

₂

O) 
in the exhaust gas. N

₂

O is a GHG that is 265 times more potent than carbon dioxide. However, 
recent tests using ammonia in diesel cycle engines indicate that N

₂

O emissions are comparable 
to those observed when burning MGO, LNG and other fuels.

Ammonia dual-fuel main engine capex is 
approximately $400/kW
+ appropriate genset (approximately 
$500/kW)
+pressurised tanks + FSS system + SCR
aftertreatment system [19].

The total cost for retrofitting to an 
ammonia-fueled ship, equipped with a 10-
16 MW 2-stroke engine will be $10M to 
$13M, depending on the type and size of 
the vessel, original engine and 
especially the number of retrofits being 
undertaken.

The estimated retrofit cost for an 
ammonia-fueled engine in a 
containership is €20M, considering main 
engine, fuel supply system, storage 
tanks and the shipyard work [14].

Ammonia liquefies at -33° C (at 
atmospheric pressure), whereas pure 
hydrogen requires -253° C. At 20° C, 
ammonia can be compressed to 8.6 
bar to remain in liquid form. 
Storing liquefied ammonia 
necessitates specialized tanks for low 
temperatures and specialized piping 
to address safety concerns related to 
toxicity and flammability. Compared to 
liquid hydrogen, which requires 
cryogenic temperatures and poses a 
higher flammability risk, ammonia has 
less stringent requirements.
Crew training required.
Type C tanks, with a pressure of 18 
bar, are adequate for storing ammonia 
under ambient conditions. 
Alternatively, Type C tanks combined 
with reliquefaction systems present 
another viable solution. For larger 
vessels, Type A tanks have been 
specified.

11.6 HYDROGEN (INTERNAL COMBUSTION ENGINE)
Hydrogen is a carbon-free fuel, and it is an indirect GHG with a GWP of 5.8 over a 100-year time 
horizon. The source of the hydrogen determines the reduction in emissions compared to fuel oils. 
(gray hydrogen 71.2 gCOe/MJ and green hydrogen 0.2  gCOe/MJ, on a well-to-wake basis)

Hydrogen ICEs are in their initial phase 
of commerciality, and an estimated 
capex would be high [19].

Hydrogen has a relatively low energy 
density and requires more than four 
times the volume for storage than 
conventional fuel. In gas form, storage 
requires high-pressure tanks, and 
hydrogen’s low volumetric density 
makes those units large, heavy and 
difficult to accommodate. In liquid 
form, the tanks can be smaller, but 
they must withstand cryogenic 
temperatures of -253° C.
Liquefied hydrogen cannot be directly 
combusted in an internal combustion 
engine (ICE) due to the extremely low 
temperatures required for its storage. 
It must first be converted to a gas 
before being injected into the 
combustion chamber, necessitating 
additional fuel system equipment for 
hydrogen use in ICEs. This 
requirement does not apply to 
compressed hydrogen storage.
Hydrogen is one of the smallest 
molecules and containing it is a 
technical challenge. The 
transportation of hydrogen poses 
similar challenges to storage. It 
exhibits high permeation through 
container walls, which means any 
system must anticipate leakage and 
its design, which also needs to 
emphasize ventilation. Leakage forms 
heavy condensation, which creates a 
fire hazard, and, in liquid form, it 
makes steel structures brittle. 
Leakage in enclosed spaces can 
quickly cause asphyxiation, so storage 
systems need their design and 
application to consider the appropriate 
materials, ventilation and leak 
detection/alarms. 
Crew training required.

11.5 LIQUEFIED PETROLEUM GAS (LPG)
Liquefied petroleum gas is a hydrocarbon fuel composed of a mixture of propane (C3H8) and 
butane (C4H10). The exact physical characteristics depend on the propane/butane ratio of the fuel. 
Liquefied petroleum gas can be produced from the refining of crude oil or from natural gas. 

LPG dual-fuel main engine capex is 
approximately $350/kW.
+ appropriate GenSet (approximately 
$500/kW) + fuel
service tanks + low flashpoint supply 
system + SCR
aftertreatment system [19].

Very large gas carrier (VLGC) retrofit 
case study:
Shipyard work: $2M
Owner supply, logistics, spare parts and 
local agency: $900,000
Engine conversion, installation, 
commissioning, gas and sea trail: $3.6M
Fuel gas supply system, tanks and 
design specification (WGS): $4.5M
Total: $11M

Newbuilding VLGC with LPG-ready 
engine, total capex: $83M to $88M.

At 20° C, it can be compressed to 8.4 
bar to remain in liquid form. This 
provides petroleum gas with a storage 
benefit over natural gas, as it doesn’t 
need cryogenic conditioning to 
maintain its liquid state. 
Characteristics of LPG make it easier 
to store on vessels compared to LNG. 
However, it falls short of MGO in 
terms of energy density and storage 
practicality.
Crew training required.

Retrofit and newbuild

11.4 ETHANOL
Ethanol, or ethyl alcohol (C2H6O), is a renewable biofuel derived from biomass like corn, 
sugarcane and other plant materials. While it is widely used as a fuel additive in the automotive 
industry, it also has applications in the maritime sector.

Similar to methanol retrofits.Ethanol burns with an invisible flame,  
so it requires special fire detectors, 
fire extinguishing systems and 
operational procedures as well as 
crew training.

11.3 METHANOL (INTERNAL COMBUSTION ENGINE)
Methanol, also known as methyl alcohol, the alcohol with the lowest carbon content and highest 
hydrogen content among liquid fuels, reduces CO2 emissions when combusted in an internal 
combustion engine compared to fuel oils. However, the extent of GHG reduction depends on 
methanol’s source: Gray methanol, derived from fossil sources, captures carbon during its 
production, while green methanol is produced using renewable energy sources.
Methanol, being liquid at atmospheric pressure, is easier for bunkering and storage. It requires 
2.3 times the tank volume of marine gas oil (MGO), but less than ammonia and hydrogen. For 
combustion, it needs a small pilot ratio, with 5% currently being developed commercially. 
However, it poses health risks through contact, inhalation and ingestion. Its corrosive nature 
necessitates careful material selection for tanks and piping. Engine manufacturers are initially 
developing dual-fuel engines that use methanol. It is suitable for long-range vessels and is also 
being developed for small work boats. The cost of producing green methanol is over five times 
that of gray methanol.

Methanol dual-fuel main engine capex is 
approximately $400/kW.
Methanol FSS is approximately $40/Kw 
+ fuel service tanks + appropriate genset 
is (approximately $500/kW) + SCR 
aftertreatment system [19].

According to Everllence, the average 
cost of a retrofit would be around $12M.

Slightly lower cost than LNG. The tank 
system and FGSS are less expensive. 
The engine retrofit is similar to LNG. 

Methanol burns with an invisible 
flame,  so it requires special fire 
detectors, fire extinguishing systems 
and operational procedures as well as 
crew training.

11.2 ETHANE
Ethane is a chemical compound with the chemical formula C2H6. At standard temperature and 
pressure, it is a colorless, odorless gas. Ethane can be produced on an industrial scale from 
either natural gas or as a by-product of petroleum refining. Ethane is typically transported in its 
gaseous form by pipeline, but it can be liquefied by cooling to -89° C at atmospheric pressure. 
The primary use of ethane is by the chemical industry as a component in the production of 
ethylene, which is used to produce polyethylene, polyvinyl chloride, ethylene glycol and styrene.
Currently, ethane is delivered in substantial quantities as a by-product of shale gas exploration in 
the United States

Similar to LNG's engine retrofit estimated 
costs.

As with the use of LNG, for the same 
energy content, a greater volume of 
ethane is required when substituting 
ethane for diesel; typically,E this is 1.4 
times the volume. 
thaneAs ethane liquefies at -89°C (at 
atmospheric pressure). It has also 
been increasingly utilized as a 
blending fuel with natural gas for grid 
power generation, thanks to its similar 
physical properties.
Crew training required.

Retrofit and newbuild

-
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APPENDIX  
 

Technology Readiness Level (TRL)1 
Level Description 
1 Basic principles observed and reported. 
2 Technology concept and/or application 

formulated. 
3 Analytical and experimental critical 

function and/or characteristic proof of 
concept. 

4 Product and/or process validation in 
laboratory environment. 

5 Product and/or process validation in 
relevant environment. 

6 Product and/or process prototype 
demonstration in a relevant 
environment. 

7 Product and/or process prototype 
demonstration in an operational 
environment. 

8 Actual product and/or process 
completed and qualified through test 
and demonstration. 

9 Actual product and/or process have 
proven successful. 

 
 
 
 

Commercial Readiness Level (CRL) 2 
Level Description 
1 Basic hypothesis that the technology 

could be commercially viable, but there 
is no commercial proposition yet. 

2 Basic market awareness demonstrated 
through research and initial stakeholder 
discussions. A conceptual proposition 
has been formulated. 

3 Potential application for commercial 
ships has been identified, and 
commercial strategy has been 
formulated. 

4 The commercial strategy is tested and 
validated in the market. Technology is 
in the late stages of deployment. 

5 The technology has been demonstrated 
on a commercial scale but is not yet 
ready for the market. 

6 The technology prototype has been built 
and tested. Market assumptions 
updated. 

7 Demonstration as a partial system, with 
vessel specific approval. 

8 Demonstration as a full system, with 
vessel specific approval. 

9 Technology has been introduced in the 
marine industry, with type approval. 

 
 

 

 

 

 

 

 

 

 
1 Technology Readiness Levels based on the NASA TRL and NOAA Readiness Levels. Technology Readiness Levels - NASA, 
Readiness Levels – Office of Research Transition and Application 
 
2 Commercial Readiness Levels based on the scale from the British Institute of Non-Destructive Testing. CRL 
 

  

 

https://www.nasa.gov/directorates/somd/space-communications-navigation-program/technology-readiness-levels/
https://orta.research.noaa.gov/support/readiness-levels/
https://www.bindt.org/What-is-NDT/Index-of-acronyms/C/crl/
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CONTACT INFORMATION 
 
North America Region 
1701 City Plaza Dr. 
Spring, Texas 77389, USA 
Tel: +1-281-877-6000 
Email:  ABS-Amer@eagle.org  
 
South America Region 
Rua Acre, nº 15 - 11º floor, Centro 
Rio de Janeiro 20081-000, Brazil 
Tel: +55 21 2276-3535 
Email:  absrio@eagle.org 
 
Europe Region 
111 Old Broad Street 
London EC2N 1AP, UK 
Tel: +44-20-7247-3255 
Email:  ABS-Eur@eagle.org 
 
Africa and Middle East Region 
Al Joud Center, 1st floor, Suite # 111  
Sheikh Zayed Road 
P.O. Box 24860, Dubai, UAE 
Tel: +971 4 330 6000 
Email:  ABSDubai@eagle.org 
 
Greater China Region 
World Trade Tower, 29F, Room 2906 
500 Guangdong Road, Huangpu District,  
Shanghai, China 200000 
Tel: +86 21 23270888 
Email:  ABSGreaterChina@eagle.org 
 
North Pacific Region 
11th Floor, Kyobo Life Insurance Bldg.  
7, Chungjang-daero, Jung-Gu 
Busan 48939, Republic of Korea 
Tel: +82 51 460 4197 
Email:  ABSNorthPacific@eagle.org 
 
South Pacific Region 
7 Science Park Drive 
#09-21/32 Geneo, Singapore 119316 
Tel: +65 6276 8700 
Email:  ABS-Pac@eagle.org 
 
© 2025 American Bureau of Shipping. All rights reserved. 
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