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SUMMARY 

Executive summary: The maritime wind propulsion industry is evolving rapidly with 
significant strides made in analysis, testing, verification and 
demonstrator ship deployment that make use of Wind 
Propulsion Technologies (WPTs). This document highlights 
much of that progress and summarizes the key themes and 
papers delivered during a recent event held at IMO. 
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Introduction 
 
1 The Royal Institution of Naval Architects (RINA) and the International Windship 
Association (IWSA) recently gathered wind propulsion experts and end users 
on 16-17 February 2023 at IMO Headquarters in London, representing a significant milestone 
in the journey to develop a wind-powered fleet fit for the 2030's and beyond. 
 
2 The first day was opened with a keynote speech by the IMO Secretariat referring to  
both the scale of the challenge of decarbonization facing the shipping industry but also outlining 
the positive initiatives underway in IMO. The Secretariat also highlighted how the potential for 
wind propulsion aligns with these IMO and industry goals and will be an important technology 
segment available to reach the goals to be set at MEPC 80. 
 
3 Mr. Gavin Allwright, Secretary General of IWSA, opened the second day with his 
keynote speech, focusing on the wind propulsion segments' achievements to date. 
He highlighted that the current use of alternative fuels and renewable energy sources within 
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the shipping industry is still relatively scarce. Growing environmental legislation and concerns 
are driving the need to develop and apply innovative alternative power and propulsion 
technology for ships. It was noted that the maritime wind propulsion industry is rapidly evolving 
and expanding and brings with it a clear opportunity to meet ambitious emissions reduction 
goals. The market for WPTs may currently be considered to be niche, but there are clear 
signals of increased confidence and a growing number of stakeholders investing heavily in this 
technology basket. 

 
4 As noted in document MEPC 75/INF.26 (Comoros) and expanded upon in document 
MEPC 79/INF.21 (Comoros et al.), there are seven categories of wind propulsion technology 
(rotor sails, kites, hard or rigid sail, soft sail, suction wing, turbines and hull form). Each of these 
systems has varied properties and adaptations that can make them suitable for all ship types 
or selected fleet segments but as a whole, wind propulsion solutions are deployable on virtually 
all ship types across the fleet.  
 
5 Based on public announcements and shipyard orders made to-date, IWSA estimates 
that by the end of this year up to 49 large ships will be making use of wind as a renewable 
energy source, with 105 rigs installed and a combined tonnage of over 3.3 million DWT1.   

 
6 The conference clearly underscored that while many WPTs have moved beyond the 
conceptual phase, with an increasing number of WPTs in operation on large ships, the need 
for continued studies and performance verification in this technology field is imperative and 
ongoing. Uncertainty in investment has decreased as various projects in the last years have 
provided additional evidence on safety, installations and on the realized fuel savings. 

 
7 However, there is much work still to be done to bring wind propulsion to its full potential. 
Variability in wind conditions, the uncertainty about trade routing and sometimes even 
complicated performance prediction analysis, create a lack understanding of the main dynamic 
functional principles of WPTs leading to reticence and inertia in the decision-making process. 

 
8 The main themes covered in the conference were: 

 
 .1 Wind Propulsion Data Analysis; 
 .2 Transparent WPT Performance/Power Contribution Standards; 
 .3 CII/EEXI/EEDI Considerations; 
 .4 Seizing Synergies; 
 .5 WPT Innovation & Optimization; 
 .6 WPTs and Weather Routing; 
 .7 Wind Propulsion and Underwater Radiated Noise Mitigation; and 
 .8 WPT and Maneuvering and Seakeeping Performance of Ships. 

 
Wind propulsion data analysis 
 
9 There is clearly a growing body of data on WPT performance. As the number of 
demonstrator ships and in-service ships using WPTs grows so data collection increases. The 
number of studies conducted by commercial entities and academia is also increasing. However, 
openly available/public, quality third party validated material is still difficult to find and thus it is 
taking longer to build trust in realistic performance predictions. 

 
 

 
1  Projections based on public announcements and yard orders to date, numbers may adjust upwards with 

additional retrofits or downwards with yard/logistics/covid restrictions. 
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10 Another key conclusion among presenters and in the panel discussions is that overly 
optimistic fuel saving estimates must be avoided and that standard approaches are required. 
These considerations were explored in the MARIN paper on Wind Performance Prediction 
Methods and Maneuvering (Netherlands) (Appendix 1.10, Eggers and Kisjes 2023) concluding 
that misaligned information slows down the uptake of wind propulsion in general.  
 
Transparent WPT performance/power contribution standards 
 
11 The wind propulsion community has, however, not yet agreed on common key 
performance indicators (KPI). Some technologies are described using aerodynamic 
coefficients, others by alternative calculations around expected fuel savings etc. Percentage 
fuel saving figures are commonly used or requested, but it is often unclear what is included in 
these and how reflective these are as they are affected by other operational concerns. 
This complicates comparing technologies and creates a challenge for developing a level playing 
field when it comes to technology selection and can delay investment decisions. Several 
possible KPIs were considered in the RISE (Sweden) presentation (appendix 1.7, Werner 2023) 
including a standard vocabulary and power rating expression. These considerations will be 
informing a future ITTC submission on standard wind propulsion KPI's in 2024. 
 
12 It can be difficult for shipowners to make investment decisions where quantifying 
expected gains defies easy quantification performance of a WPT retrofitted onto a standard 
ship design. This is often designated by the 'fuel saving' observed, however this percentage is 
derived from a standard motor ship operational profile where no adjustment has been made 
for weather-routing, speed variation etc. which help optimise WPT performance. With these 
challenges in mind, FINOCEAN (Finland) (appendix 1.8, Fakiolas 2023) highlighted the 
difficulty with concluding charter parties where savings are difficult to assess with sufficient 
accuracy. 

 
13 As noted in document MEPC 79/INF.21, many previous assessments of WPT 
solutions have either: 
 
 .1 not taken into account the optimization factors that enhance WPT solutions; 
 
 .2 solely focused on retrofit WPT without adequate emphasis on new build 
  design optimization for wind-assisted or primary wind ships; 
 
 .3 have underestimated the number of ships that can utilize wind systems 
  (i.e. fleet-wide) such as IMO Third and Fourth GHG Studies; 
 
 .4 undervalued the size and scaled potential for energy provision from WPT; 

and 
 
 .5 excluded the improvement in materials and support systems, automation and 
  innovative approaches in dealing with air draft and operational constraints 
  (movable, hinged, retractable, modular etc.).  
 
14 Bureau Veritas Solutions Marine & Offshore (France) (Appendix 1.9, Bataille, 2023) 
are conducting discipline modelling work as part of the collaborative PERFO project to develop 
a methodology to estimate the true performance of hull/sail combinations. 

 
15 There were several additional performance evaluation papers with SINTEF Ocean 
(Norway) outlining the validation of their power prediction program with physical model tests 
(Appendix 1.14, Eide, 2023) and the Cape Horn Engineering (UK) paper demonstrating the 
potential for CFD to support the adoption of WPTs (Appendix 1.15, Azcueta, 2023). 
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16 The key projects and groundbreaking scientific work being currently undertaken and 
described in detail at the conference, shows a strengthening of the industry's ability to 
accurately predict WPT performance.  
 
CII/EEXI/EEDI 
 
17 The weight of the WPTs and its effect on the displacement should be taken into 
consideration when assessing the effective energy saving. This is the view of NAOS Ships and 
Boat Design srl (Italy) (appendix 1.11, Prever, 2023). For EEDI purposes, the correspondent 
increase of weight shall be considered as a loss of DWT. The same should apply to the amount 
of permanently added ballast water that should be loaded to cope with IMO Intact Stability 
criteria because of the presence of sails.  
 
18 Anemoi Marine Technologies (UK), a rotor sail producing OEM and Lloyd's Register 
China presented on the key features of a wind-ready retrofit of a Kamsarmax bulk carrier. 
(Appendix 1.2, Contopoulos & Jiang, 2023) Employing 3 rotors on an IMO global route basis 
at 11.5 knots they were anticipating 14% fuel savings. The parties will release a paper on the 
full results of the project in due course. Critically this will include details around the effect of 
the installation on EEDI and CII.  
 
Seizing synergies  
 
19 Recommendations and proposals for collaboration were made throughout the 
presentations and panel discussions with the intention of accelerating the growth of the wind 
propulsion market.   
 
20 There is the opportunity for collaboration with other technologies such as hull air 
lubrication systems and other systems. Wartsila (Finland) outlined the potential synergies in 
combining WPTs with gate-rudder technology which is being tested in the EU CHEK project. 
The gate-rudder technology is driven not by the propellor wash but by the ship speed which is 
maintained by the WPT installation (appendix 1.4, Bulten, 2023). 

 
21 The focus on propellor and WPT interaction was further explored in the North 
Windship Technologies (UK) paper detailing an analysis of wind power in conjunction with both 
engine and Fixed Pitch Propellor (FPP) and Controllable Pitch Propellor (CPP) configurations 
along with two operational modes, constant speed and constant RPMs (appendix 1.5, 
Reche-Vilanova 2023). 

 
22 Material science and WPTs was the focus of the Hexcel (UK) paper on high 
performance composites for WPTs being delivered at low cost. The commercial shipping WPT 
industry has a head start in this area thanks to the learnings and cost reductions extracted by 
the highly cost-driven wind energy sector (appendix 1.18, James, 2023). 
 
23 Norsepower, a rotor sail producing OEM (Finland) emphasized that the benefits, 
features and performance predictions of various available technologies should be marketed 
with realistic expectations and claims for performance and preferably backed by third-party 
verified measurement results. This is essential for building trust in the marketplace and the 
alignment of regulation and measured policy initiatives are important elements in the 
dissemination of WPTs (appendix 1.3, Kuuskoski 2023). 

 
24 Examples of topics discussed during the conference where collaboration and 
guidelines are needed: 
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 .1 technology provider collaboration to open the market for wind propulsion; 
 .2 collaboration for developing ship design practices and classification rules; 
 .3 realistic performance predictions and measurements; 
 .4 performance prediction methods and tools; 
 .5 safety related matters; and 
 .6 highlighting the market potential in communication. 

25 Shipowners and charterers have started to share the benefits and costs of wind 
propulsion installations. This includes the need for charter party agreements developed to 
cater for common interests which will in turn support financing possibilities. 
 
26 Synergies in energy systems are also an intriguing area of development, and the 
'Wind Hunter' presentation from MOL and Ouchi Ocean Consultant Inc. (Japan) gave an 
overview of the zero-emission ship design that utilizes multiple installations of the 'Wind 
Challenger' rig on a wind powered tanker that in turn generates hydrogen using excess wind 
energy and stores that in toluene/MCH in its storage tanks (appendix 1.1, Ouchi, 2023).   
 
WPT innovation & optimization 
 
27 Throughout the conference wind ship and WPT references and case studies were 
presented to support papers and presentations. These examples of technology installations 
and ship designs were all highly relevant and many of those are among the 24 large wind 
installed ships already in operation. 
  
28 This wide spectrum of cases was added to during the conference by three additional 
papers focused on innovation and optimization. Chantiers de l'Atlantique (France) outlined the 
findings from their prototype testing on their 'Solid Sail' system and the slated integration of 
these rigs into zero-emission cruise ship designs (appendix 1.12, Abiven 2023). 
 
29 Knud. E. Hansen Australia brought a novel 'proa' style design with a main hull and 
outrigger for a 50,000 dwt bulker that is powered with wind and solar propulsion systems 
(Appendix 1.13, Goh 2023). 
 
30 From an optimization perspective, bound4blue (Spain) delivered a paper on the 
aerodynamic optimization of their high lift 'eSail' system through a combination of CFD 
modelling and wind tunnel testing (appendix 1.16, Pascual, 2023).   

 
WPTs and weather routing  
 
31 There were numerous references made to weather/wind routing reflecting its 
importance in further strengthening the delivered performance of WPT installations and 
primary wind-powered ships as they benefit greatly from route and speed optimization where 
they have the freedom to utilize these, far more so than do fully motorized ships. 
 
32 D-ICE Engineering (France) spoke specifically to the benefits of optimizing both 
speed and route in wind assisted and primary wind ships noting that weather routing can 
enhance the expected fuel savings from a WPT installation by a factor of two (appendix 1.6, 
Dupuy, 2023).  

 
Wind propulsion and underwater radiated noise mitigation 
 
33 Underwater Radiated Noises (URN) from ships have significant negative impacts on 
marine life. It is well established that URN emitted by ships mainly comes from propeller 
cavitation and to a lesser extent machinery equipment.  
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34 XP Sea (France) and Semantic TS highlighted that as the world fleet, composed in 
majority by bulkers, tankers, and container ships, tripled over the last six decades, oceans are 
getting noisier with an average increase of 20 dB during the same period. 
 
35 While a clear reduction of URN can be achieved through specific design of propeller, 
propulsion engine and hull design these are costly measures. Ship speed decrease is also a 
way to reduce cavitation as propulsion power and rpm are reduced but speeds may be too low 
for commercial operation, whereas wind propulsion is the most silent means to propel a ship. 
Its contribution to ship propulsion is an opportunity to reduce URN to acceptable levels for 
marine life, as demonstrated by this study, the first of its kind to be published (appendix 1.19, 
Cordier, 2023). 
 
WPT and manoeuvring and seakeeping performance of a ship. 
 
36 Attention must be paid to the additional transversal forces and yaw moments 
connected to a WPT, as it can affect the manoeuvring and seakeeping performance of a ship.  
 
37 Time-domain simulations can be utilised to assess the manoeuvrability of a wind 
powered ship to support the decision making, from the early design stage, all the way to testing 
the control systems, design of the Human-Machine Interface (HMI) and developing crew 
guidelines and training. 
 
38 RISE (Sweden) provided an example of a process where ship design and evaluation 
were performed in stages where time domain manoeuvring simulations are included together 
with Velocity Prediction Program (VPP) and Computational Fluid Dynamics (CFD) as other 
important components (appendix 1.17, Lundback, 2023). 
 
Action requested of the Committee 
 
39 The Committee is invited to note the information provided in this document and its 
annex and that further technical documents will be submitted at subsequent MEPC meetings. 
 
 

*** 



 

RINA/IWSA Wind Propulsion Conference 16-17 Feb. 2023 

Appendix 1: Conference Paper Summaries. 

1.01 “Wind Hunter” The Zero Emission Cargo Ship Powered by Wind and Hydrogen Energy 

Kazuyuki Ouchi1*, Kentaro Shima2 and Keisuke Kimura2 

1 Ouchi Ocean Consultant Inc., Karuizawa Nagano Japan 
2Mitsui O.S.K. Lines, Ltd., Minato-ku Tokyo Japan 

In the year of 2018, IMO (International Maritime Organization) decided that the CO2 emission from 
merchant ships for the international voyage should decrease by 50% within the year of 2050, 
furthermore, should achieve Zero CO2 emission from every merchant ship within the early years in 
the second half of 21st century. In this paper, an idea of perfect Zero CO2 emission ship by 
capturing and using the ocean wind energy is introduced. 

When a sailing ship which has large rigid wing sails, for example Wind Challenger Sail, navigates in 
a sufficiently windy sea area, the thrusts from sails are strong enough so that they are utilized to not 
only drive the ship at the proper speed but also rotate a large underwater turbine at significant 
speed and torque. The turbine generates electricity which is used for the water electrolysis to 
generate hydrogen onboard. The hydrogen is attached to toluene with chemical reaction and 
changed in the form of methyl-cyclo-hexane (MCH), which is in liquid form under ambient 
temperature and pressure. The MCH is stored in the ship's storage tank as a liquid organic 
hydrogen carrier (LOHC). In the case of weak winds when the sails cannot generate sufficient 
thrust, the MCH is led to the dehydrogenation device. Using the hydrogen generated by the device, 
the fuel cell works and supplies electricity to the electric motor propeller for the ship's propulsion 
and general service onboard. Thus, the ship can navigate at a constant speed regardless of wind 
speed and direction. Fig.1 shows main components and energy flow of the ship “Wind Hunter”. 

This sailing ship features large telescopic wing sails, motor/generator commonly used as turbine 
generator and electric motor propeller, water electrolysis device, hydrogenation device, 
dehydrogenation device, fuel cell, and storage tanks for the toluene and MCH. The concept of this 
ship is one of the best candidates for a Zero CO2 emission ship, because the system is operated by 
only wind energy and does not require fossil fuels such as oil and gas. 

Fig.1 Main Components and Energy Flow of Wind Hunter 
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1.2 Key Features of ‘Wind Ready’ Retrofit of a Kamsarmax Bulk Carrier 

Nick Contopoulos and Baiqian Jiang, Anemoi Marine Technologies (AMT), UK and Lloyd's 
Register Classification Society (China) Co. Ltd 

Rotor Sails generate lift, and thrust, for fuel saving in operation by rotation of a vertical cylinder by 
electric motor. A retrofit to install three Rotor Sails with rail deployment to a Kamsarmax bulk carrier 
is being executed in two phases: 

• 1st Phase retrofit to a ‘Wind Ready’ state: completed in November 2022
• 2nd Phase for Rotor Sail installation: expected to be completed by Q3,2023

Figure 1: Illustration of Rotor Sails to be installed on Bulk Carrier in 3Q2023 (Image courtesy of AMT) 

1st Phase Retrofit Lessons for Future Rotor Sail Installation Cases 
From practical experience with 1st Phase retrofit the following aspects were described in our RINA 
Conference paper and deserve special attention for efficient execution of Rotor Sail installations   

Definition of Scope of Design and Engineering Scope of Work 

Early detailed definition of scope of design and engineering was made on two key retrofit aspects: 

• Rotor Sail integration
• Ship regulatory compliance

Significant project scoping effort was made immediately before and, within a short time, after the 
May 2021 retrofit contract for Rotor Sail retrofit. Original project execution document was developed 
to define an expected scope of re-examination of ship regulatory compliance aspects.   

In addition, ship regulatory compliance scope of work was validated with Flag State and, at same 
time, expected process for issue of a certificate of exemption on behalf of flag was discussed in 
expectation that full regulatory compliance for some aspects of Safety of Navigation may not be 
achievable after installation of Rotor Sails. 

Detailed Preparatory Inspection of the Ship and Systems for Rotor Sail Retrofit 

Two aspects were especially important for smooth execution of retrofit works at ship repair yard: 



• Detailed preparatory inspection of the ship in advance of retrofit including dimension survey of
existing structures as well as a 3D scan to identify conflicts of installed Rotor system with
existing outfitting.

• Assessment of compatibility of rotor sail control and vessel performance monitoring systems to
avoid duplication of data acquisition.

Regulation of Carbon Intensity and Improvement of Energy Efficiency 

It may be possible to anticipate an optimal timing of wind assistance retrofits in an energy efficiency 
improvement plan (as part of SEEMP III). In Figure 2 the required Carbon Intensity Indicator (CII) 
for an example Bulk Carrier is shown. It is assumed that CII reduction factors will be applied from 
2026 in order to meet IMO 40% carbon intensity reduction target in 2030. Colour shading, and key, 
shows rating bands for attained carbon intensity.  

An idealized illustration of impact of a Rotor Sail retrofit is shown with grey font arrow indicating a 
reduction in attained carbon intensity on retrofit.  

Figure 2: Idealized illustration of Rotor Sail retrofit to maintain ship rating and to meet required CII in 2026 

Wind readiness may also be appropriate to consider in order to prepare the ship for later installation 
of Rotor Sails. In such a case a ‘Wind Ready’ retrofit can also be planned based on ship dry-
docking schedules and timed so as to ensure that future retrofit of Rotor Sails meets required 
timing of energy efficiency improvement for ship rating on measurement of attained carbon 
intensity.  

Benefits of Adopting a Two-Phase Retrofit with 1st Phase ‘Wind Ready’ Retrofit 

By adopting two-phase retrofit beneficial possibilities arise including, for example,  

• Timing of retrofit phasing to align with scheduled dry-docking as well as Rotor Sail availability
for installation.

• Phasing may allow for contracts with similarly phased investment decisions, for example, where
a Rotor Sail installation may be phased to align with energy efficiency improvements for
regulatory compliance.

• Re-deployment of a Rotor Sail between ships is also a possibility in a scenario where an aged
Rotor equipped ship is being sold or scrapped and equipped with residual operational Rotor Sail
life.

In Closing 

Each Rotor Sail installation will have its own unique, or unusual, characteristics and these 
differences include for example ship type, ship design, ship configuration, operating profile, and 
trade. This notwithstanding a possibly obvious, but nevertheless worth stating, remark may be 



   
 

   
 

appropriate for closing that prior preparation when considering the wind readiness of a ship is a 
pre-requisite for a smooth execution of a Rotor Sail installation.  
 
Paper authors: 
 
N Contopoulos, BEng, CEng, Anemoi Marine Technologies, UK 
B Jiang, BEng, MSc, MRINA, CEng, Anemoi Marine Technologies, UK 
H Jiang, MEng, Lloyd’s Register Classification Society (China) Co. Ltd, China  
R Tustin, BSc, MRINA, CEng, Lloyd’s Register Classification Society (China) Co. Ltd, China     
  
 
 
 
1.03 Building Trust in Thrust 

J. Kuuskoski and V. Paakkari, Norsepower Oy Ltd, Finland 

This paper discussed the status of the emerging wind propulsion market and describes 
Norsepower’s experiences of entering the shipping market with a modernized Flettner rotor, the 
Norsepower Rotor SailTM. Recommendations and proposals for collaboration are made to 
accelerate the growth of the wind propulsion market. The benefits, features and performance 
predictions of various available technologies should be marketed with realistic expectations and 
claims for performance and preferably backed by third-party verified measurement results. 

1. Suggested Guidelines for Technology Providers 

Examples of topics where collaboration and guidelines are needed: 

• Technology provider collaboration to open the market for wind propulsion. 
• Collaboration for developing ship design practices and classification rules. 
• Realistic performance predictions and measurements. 
• Performance prediction methods and tools. 
• Safety related matters. 
• Highlighting the market potential in communication. 

 
The existing rules and regulations for ship design and operation are in development to 
accommodate features specific for various wind propulsion technologies. Such work has been 
ongoing already for several years and will continue as more data is collected from operating 
installations. There is a strong regulatory push to improve energy efficiency and reduce the 
emissions of shipping. A well-designed wind propulsion installation saves fuel, reduces emissions 
and is an economically profitable investment. Sails are very likely enablers for alternative fuels 
which compete with traditional fossil fuels. Active collaboration of technology providers to promote 
development of safe and efficient regulations, rules and operational practices is a benefit for the 
growing wind propulsion market and a great benefit for our planet. 

2. Collaboration for Developing Ship Design Practices and Classification Rules 

A working group focused on developing approved solutions for complying with regulations and 
developing standards would facilitate the application of wind propulsion on ships. Current 
requirement for exemption applications consume time from many parties and present a repeating 
process dealing with almost identical issues. Such a working group could include flag states, 
classification societies and wind propulsion suppliers. 

3. Realistic Performance Predictions and Measurements  



The overall fuel saving potential of wind propulsion is vast and can be further increased by 
integration with the power plant and propulsion control systems as well as technologies such as 
route planning and voyage optimization. When discussing the fuel savings and emission reduction 
potential of wind propulsion, there are couple of important aspects that should be addressed.  

The first one is the use of transparent performance indicators. Recent developments such as the 
workshops organized by SSPA on common Key Performance Indicators, WiSP & WiSP2 joint 
development projects, revised EEDI/EEXI calculation guidelines are steps to right direction. 
However, it must be stressed, that in the end, the wind propulsion providers are responsible for 
indicating the performance of their systems in a transparent and reliable way. 

Second, trust is created by realistic performance predictions. Over optimistic fuel saving estimates 
must be avoided. Misleading information slows down the uptake of wind propulsion in general. 
Wind propulsion has enough potential even without exaggeration. 

4. Safety Related Matters

Safety is the highest priority in shipping. Ship owners, captains and crews as well as ship designers 
and shipyards must be convinced of the safety of the wind propulsion systems they work with. Also, 
other parties, such as pilots, port and terminal authorities, flag states which might not be working 
with sails on a daily basis must be confident of safety aspects. Wind propulsion suppliers are 
responsible for designing their products and operational instructions to comply with high safety 
standards. 

Active involvement of technology providers together with operators and regulatory authorities is a 
crucial component in ensuring safe operations of wind assisted ships. Norsepower is committed to 
ensuring the safety of our product and improving the safety of the wind propulsion industry.  

Training and operational support for superintendents, ship officers and crews will become 
increasingly important as more wind propulsion installations are installed on ships. Crew rotation 
and new employees need training to familiarize themselves with the relatively new technology of 
wind propulsion. Introducing modern sail technology in the training programs for seagoing 
personnel will also be necessary. Wind propulsion suppliers have a supporting role to provide and 
assist with training programs by providing material and opportunities for visiting training sites. 

5. Conclusions

Wind propulsion suppliers have the main responsibility to communicate the features, benefits, 
technical and economical aspects relevant for customers and other stakeholders in the value chain. 
Ship owners and charterers have new issues to discuss when contracts including wind propulsion 
systems are negotiated. How to agree the potential sharing of investments, operating costs and 
benefits. There are already charter contracts in place where the financial impact of wind propulsion 
installation is considered. It will take time before such terms become more common and widely 
accepted for use in charter contracts. However, the recognition of all parties in the shipping industry 
of how wind propulsion benefits their business, and the planet, is the key to successfully installing 
thousands of wind propulsion applications on ships. 

Norsepower urges the shipping industry stakeholders to embrace new technology and applications 
with an open and collaborative mind set. 



1.04 Synergies of wind-propulsion and Gate-Rudder™ technology 

Norbert Bulten, Wärtsilä, The Netherlands 

To reduce vessel GHG-emissions, new developments are observed based on both hydrodynamics 
and aerodynamics. Implementation of wind-propulsion is getting full attention, where the energy of 
the free available wind is harvested to propel the vessel. On hydrodynamic side a novel Gate-
Rudder concept is introduced (as shown in the picture below), which works as an energy saving 
device. In addition, the Gate-Rudder improves the vessel course-keeping capability.  
In general wind-propulsion comes with a certain amount of side-force, which increases the 
demands on the vessel rudder-system. Conventional rudder concepts flourish when the propeller 
loading increases and the velocity downstream of the propeller increases. The successful 
application of wind-propulsion will reduce the propeller loading and therefore the effectiveness of 
the conventional rudder will diminish.    

The Gate-Rudder working principle is based on the actual vessel speed to a much larger extend 
and therefore the course-keeping capability remains at constant level, independent of the propeller 
loading. Detailed Computational Fluid Dynamics (CFD) simulations have provided the underlying 
data to confirm this phenomenon. Due to better course-keeping capability, the vessel leeway will be 
smaller compared to conventional rudder systems and therefore the utilisation of the wind-
propulsion will become more effective.   

Another aspect which needs to be considered in a holistic design concept based on wind-
propulsion is the actual layout of the propeller and drive-line. The common layout is a Fixed Pitch 
Propeller driven by a 2-stroke Diesel-Engine. Due to significant reduction of the propeller loading, 
the actual operating point shifts far away from the initial design point, resulting in non-optimal 
hydrodynamic efficiency and engine fuel-consumption. To have a larger versatility, a Controllable-
Pitch Propeller can be installed to keep good hydrodynamic efficiency at favourable engine fuel-
consumption operating points.  

Further hydrodynamic optimization can be found when the design RPM of the (large) propeller is 
reduced. In case of 2-stroke engines this design RPM is dictated by the engine design however. 
When considering 4-stroke engines with gearbox, the selection of optimal propeller RPM is a matter 
of designing the right gearbox-ratio to couple the engine RPM with the optimal propeller RPM. 
When considering a gearbox in the drive-line configuration, various concepts come into sight, like 
twin-in-single-out gearbox concepts and hybrid solutions with Power-Take-In/Power-Take-Out 
(PTI/PTO). With two main engines, there is more flexibility to run on the optimal number of cylinders 
(small engine only, large engine only, both engines), which is typical for bulkers and tankers, when 
sailing either loaded or in ballast. With Power-Take-In available electric energy, for example from 
solar power, can be utilised. In addition, battery stored power can be used for peak-shaving.    

Given the variation in weather and thus in the contribution of wind-propulsion, a flexible propulsion 
concept needs to be considered to get the maximum reduction of GHG and fuel-consumption.   
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