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Abstract

The objective of task 2.6 of the Orcelle Horizon project and the D2.3 deliverable was to identify
shortcomings and gaps in the existing regulatory framework and classification society rules related to the
use of wind as a (main) propulsion source. Emphasis was placed on those IMO instruments and
representative class rules that are relevant to the operational and technical safety of wind propulsion
systems installed onboard merchant ships.

Among the IMO instruments, the SOLAS Convention, the STCW Convention, the COLREG Convention, the
Intact Stability Code and the MARPOL convention were identified as the most relevant, as they address
various aspects of operational and technical safety.

Regarding classification society rules, a comprehensive gap analysis was carried out to assess both
prescriptive requirements and goal-based methodologies. The latter analysis aims to identify associated
risks and to determine the necessary measures to ensure adequate coverage of operational and technical
safety aspects.

Orcelle Horizon Deliverable 2.3 - Safety and Rules
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1 Abbreviations

Abbreviations

Meaning

GBS

Goal Based Standards

FuelEU Maritime

Regulation (EU) 2023/1805 of the European Parliament and of the Council of 13
September 2023 on the use of renewable and low-carbon fuels in maritime
transport, and amending Directive (EU) 2019/943

Hazld Hazard Identification

IACS International Association of Classification Societies

IMO International Maritime Organization

ITTC International Towing Tank Conference

SOLAS International Convention for the Safety of Life at Sea, 1974, with Protocol 1988

MARPOL International Convention for the Prevention of Pollution from Ships (MARPOL),
1973, with Protocols 1978 and 1997

MSC Maritime Safety Committee

WAPS Wind Assisted Propulsion System

WPS Wind Propulsion Systems

WP Wind Propulsion

COLREG Convention on the International Regulations for Preventing Collisions at Sea
(COLREG 1972)

Si Probability of survival after flooding the compartment or group of compartments
under consideration

SDC IMO Sub-Committee on Ship Design and Construction

STCW Code Seafarers' Training, Certification and Watchkeeping Code

IS Code International Code on Intact Stability

VCG Vertical Center of Gravity

2 Introduction

RIREE Funded by
L the European Union

In response to the challenge of reducing greenhouse gas (GHG) emissions from international shipping, the
International Maritime Organization (IMO) has introduced various regulations and initiatives, continuously
exploring different strategies and measures. One of the earliest and most significant efforts focused on
carbon dioxide (CO,) emissions, a major greenhouse gas, through the adoption of a new annex to the
MARPOL Convention—MARPOL Annex VI: Regulations for the Prevention of Air Pollution from Ships.
Entering into force on 19 May 2005, this annex established the foundational framework for regulating air
pollution from ships, including CO, emissions.

MARPOL Annex VI was further amended with the adoption of Resolution MEPC.328(76) in 2021, which
revised the annex and introduced Chapter 4: Carbon Intensity of International Shipping. Under this chapter,
the 2021 guidance document MEPC.1/Circ. 896 provided a framework for the treatment of innovative
energy efficiency technologies. Within this framework, Wind Propulsion Systems (WPS) are categorized as
B-2 energy efficiency measures. This indicates that WPS have the potential to reduce propulsion power
(PP) at a reference speed (Vrer), even though they do not generate electricity. The energy savings from
WPS are quantified as effective power (Peff), contributing to overall energy efficiency improvements in

shipping.

At the time of preparing this study, approximately 80 ships >500 GT are equipped with wind propulsion
systems (WPS) and are in operation. Several of these projects can be regarded as “pioneering” the
adoption of this technology, undertaken at a time when it was still unclear whether the proposed
installations would meet statutory regulations and classification society rules.

This regulatory uncertainty persists today and continues to act as a barrier to wider adoption of wind
propulsion (WP) technology. Many stakeholders remain hesitant due to existing gaps and grey areas within

Orcelle Horizon Deliverable 2.3 - Safety and Rules
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the current regulatory framework, which have not yet been sufficiently resolved to enable reliable planning
or ensure full compliance with applicable requirements.

The majority of the existing fleet equipped with WPS can be categorized as “wind-assisted”, typically
achieving average fuel savings and greenhouse gas (GHG) emission reductions of approximately 5-20%.
Thus, the term wind-assisted propulsion systems (WAPS) has been widely used in the industry to denote
systems that supplement the ship’s main propulsion engine, contributing to reduced fuel consumption.

The Orcelle Horizon project is featuring a new vessel design (“Orcelle”), suitable for and being equipped
with a number of substantial sized wing sails, more powerful in generating wind propulsive thrust than what
has been realized until today in the shipping industry. This wind propulsion system is designed to deliver
fuel savings of more than 50% by using the wing sails as “main” means of propulsion, while the vessel will
still maintain a conventional propulsion engine for safe ship operation, eventually compensating the lack of
wind, for manoeuvring in restricted waters, at port and in adverse weather conditions.

By identifying gaps and shortcomings in current regulations and class rules, the Orcelle Horizon project
aims to help close these gaps and support the development and implementation of regulations and rules for
ships using wind as propulsion, ensuring that these ships can be safely and effectively integrated into the
maritime industry. Ultimately, this project seeks to contribute to the reduction of the environmental impact of
shipping activities, aligning with global efforts to combat climate change.

3  Wind Propulsion

In generating aerodynamic forces, wind propulsion technologies use wind power to supplement
conventional vessel propulsion systems and can therefore significantly reduce vessel’s fuel consumption,
lower greenhouse gas (GHG) and other emissions, and improve overall operational efficiency. Potential
savings depend on multiple aspects such as sail area to displacement ratio, wind propulsion system type,
average wind speed and direction on the trade route, and the average vessel speed. Wind propulsion
technologies are expected to be a significant contributor to future carbon free hybrid propulsion systems.
They are a propulsion source with predictable and reasonable capital investment costs, reasonably short
pay-back period, and reduced operational costs throughout their entire lifespan. Modern wind propulsion
systems are built on cutting-edge technology, incorporating advancements in aerodynamics, automation,
computer modeling and modern materials. These systems leverage sophisticated control and automation to
improve wind power efficiency and operational effectiveness.

The technologies currently available on the market all rely on the same physical principle: generating
aerodynamic thrust for ship’s propulsion by directly harnessing wind energy.

The main WPS technologies in terms of number of installations today include:

e Wing sails
e Rotor sails
e Suction sails

Because these technologies present similar risks and operational challenges, all three are covered by this
study.

Wind propulsion systems can be retrofitted to ships already in service, and they also have the potential to
become integral components of new ship designs. The greater the intended reliance on wind propulsion
relative to the ship’s conventional propulsion system, the more design elements will need to be adapted to
enable the optimal use of wind power. Thus, for the best exploitation of the wind propulsion potential, the
design of a newbuilding with WPS needs to be optimised already at concept design stage, in contrast to the
retrofitting case with given ship design parameters.

The type, size and power of wind propulsion systems installed on ships vary widely and are selected
according to different decision criteria, greatly driven by the wind potential of planned routes, as well as

Orcelle Horizon Deliverable 2.3 - Safety and Rules
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economic considerations. As a result, the degree to which wind propulsion dominates a vessel’s overall
propulsion — and its corresponding impact on operation and safety — can range from minimal to
substantial.

Considering the advantages of WPS, the uncertainty and higher costs of green fuels and of other means to
decarbonise shipping operations, the maritime industry is strongly interested in a wider exploitation of WPS
in the future. The Orcelle PCTC carrier, by virtue of the planned substantial power of its wind propulsion
installation, is aimed to utilize “wind as main propulsion”. However, the term “wind as main propulsion” is
not (yet) an internationally defined or established term. Offering a possible solution for a categorization, the
ITTC 2024 “Wind Powered and Wind assisted Ships Committee in their 30t Conference” suggests to
distinguish between ships using wind as primary power and ships being wind-assisted:

Primary A Primary Wind Powered Ship is
Wind one which is designed to maintain
Power service speed the majority of time

using wind propulsion only.

Wind As- A Wind Assisted Ship is a motor
sisted Ships | ship which is adapted such that in
favourable wind conditions, the
propulsive power to maintain ser-
vice speed is reduced from using
wind powered technology.

Table 1: Categorisation of WPT as suggested by ITTC 2024

Both wind-assisted propulsion and wind-as-primary-power propulsion introduce similar types of safety
challenges for ships, although the degree and significance of these challenges may differ. Unless otherwise
specified in this study, both categories are included within the scope of analysis. For clarity and simplicity,
the generic term “wind propulsion” (WP) is used throughout to refer to either form.

4  Gap analysis of classification rules and statutory regulations on safety aspects

The integration of WP systems in general presents unique challenges that are not fully addressed by
existing international regulations and classification society rules (“class rules”). As part of the Orcelle
Horizon project this report is identifying, and to some limited degree also analysing, gaps in the current
regulatory framework and class rules relevant for the safe operation of vessels equipped with WP systems.

The gap analysis for statutory instruments (section 5) is based on the current IMO framework, i.e.
regulations applicable to ships being constructed in 2025. The gap analysis of statutory instruments
consists of two steps:

1. Identification of the instruments that are obviously influenced by WPS.
2. Review to whether they contain challenges regarding their application on WPS.

This part of the gap analysis aims to identify gaps within the current scope of regulations and not on
identifying the need for new IMO instruments.

The gap analysis for the classification rules (section 6) considers two perspectives:
1. Review the current classification rules to whether they contain any showstoppers or obstacles regarding

their application on WPS
2. ldentification of unregulated areas, i.e. potential hazards not addressed by current classification rules.

Orcelle Horizon Deliverable 2.3 - Safety and Rules
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The methodology used for the analysis is described in section 6 in detail. It needs to be noted that the
analysis is based on the current knowledge and hazard identification reports that were published for several
wind assisted propulsion systems. Experience gained by the industry in applying wind propulsion systems
of new design and type and applying systems for main propulsion of ships may trigger additional hazards.

The general principle of safety equivalence is implemented in class rules in general, allowing for the
application of novel technologies. In the regulatory framework this principle is applicable for certain areas,
i.e. fire safety.

The way class rules work together with regulatory framework, constituted by statutory regulations, is that:

e Classification societies are often authorized by flag states (Recognized Organization) to perform statutory
surveys and issue certificates on their behalf.

e Aship cannot remain “in class” if it fails to meet class rules, and withdrawal of class usually means losing her
statutory certification and insurance.

5 Gap analysis on statutory instruments

5.1 General

Requirement for international shipping are developed and adopted by a UN specialized agency, the
International Maritime Organization (IMO). To become legally binding, the adopted requirements are
transferred into national legislation of the IMO member states. In general, IMO regulations are applicable to
all ships in international traffic, i.e. operating between harbours of different member states. Member states
may voluntarily apply the requirements to ships in domestic operation, i.e. travelling between harbours of
one member state.

The legal requirements issued by national maritime administrations (e.g., flag states), also named statutory
regulations, are structured into international conventions, such as:

* SOLAS

* MARPOL

* LOAD LINE
e STCW,

* COLREG,

* HongKong,
e Ballast Water Management,
* etc.

In line with the IMO mission to promote safe, secure, environmentally sound, efficient and sustainable
shipping through cooperation, all IMO instruments share the following core objectives:

e Protection of life, property, and the marine environment.

e Establishment of legally binding obligations, which ships must comply with in order to operate under a flag
State.

e Provision of a regulatory framework for certification and inspection, including instruments such as the
Safety Construction Certificate and the Safety Equipment Certificate.

The work of the IMO on ship design is mainly carried by the Sub-Committee on Ship Design and
Construction (SDC), which is directed by the Maritime Safety Committee (MSC) as the parent IMO organ.

At present, the SOLAS Convention does not provide explicit provisions for wind propulsion systems.
Nevertheless, alternative design arrangements can be considered under IMO Circular MSC.1/Circ.1455,
subject to comprehensive risk assessment and approval by the relevant flag administration. A practical
Orcelle Horizon Deliverable 2.3 - Safety and Rules
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approach is to define wind propulsion as an auxiliary power source that supplements conventional
propulsion systems. In this configuration, combustion engines remain the primary means of propulsion and
serve as the baseline for safety-critical redundancy, ensuring compliance with established safety standards.

This chapter summarises the results of a comprehensive gap analysis, examining all key regulations.
The following instruments were identified in the gap analysis as those with the highest priority:

e SOLAS: Safety of Life at Sea (SOLAS) Convention

e COLREG: International Regulations for Preventing Collisions at Sea

e IS Code: International Code on Intact Stability

e STCW: Standards of Training, Certification, and Watchkeeping for Seafarers

¢ MARPOL: International Convention for the Prevention of Pollution from Ships

Each of these regulations presents specific challenges for the integration of WPS into maritime operations.
For instance, the SOLAS Convention addresses issues related to ship stability and navigation bridge
visibility, while the COLREG focuses on navigation rules and the visibility of navigation lights. The IS Code
deals with the stability criteria necessary to ensure safe operations under various conditions. The STCW is
defining training and procedures for seafarers that might need amendments when it comes to WPS. And
MARPOL is the main international convention adopted in 1973 to prevent pollution of the marine
environment by ships from operational or accidental causes.

The analysis commences with a review of the statutory instruments to assess their content and identify
chapters and paragraphs requiring evaluation, including potential amendments to incorporate new
definitions or requirements relevant to WPS. The subsequent sub-sections present the principal topics
addressed by these instruments, providing a concise characterization of each. This is followed by an
explanation of the applicability of each instrument to WPS. Finally, the key gaps and shortcomings are
summarized.

5.2  Safety of Life at Sea (SOLAS)

5.2.1 Overview

The SOLAS Convention in its successive forms is generally regarded as the most important of all
international treaties concerning the safety of merchant ships. The main objective of the SOLAS
Convention is to specify minimum standards for the construction, equipment and operation of ships,
compatible with their safety. The first version was adopted in 1914, in response to the Titanic disaster, the
second in 1929, the third in 1948, and the fourth in 1960. The 1974 version includes the tacit acceptance
procedure - which provides that an amendment shall enter into force on a specified date unless, before that
date, objections to the amendment are received from an agreed number of Parties.

As a result, the 1974 Convention has been continuously amended to follow the technological development
and reduce the risks of shipping.

Today, SOLAS provides requirements regarding the safe operation and the survivability in distress, among
others, covering the following areas:

e Subdivision and stability

e Machinery installations (steering)

e Fire protection, fire detection and fire extinction
e Life-saving appliances

* Radiocommunications

e  Safety of navigation

e Carriage of cargoes and oil fuels

Orcelle Horizon Deliverable 2.3 - Safety and Rules
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Furthermore, SOLAS is used to make other IMO instruments mandatory by referring to them, e.g. IS Code,
FSS Code (International Code for Fire Safety Systems,), LSA Code (International Life-Saving Appliance
Code), Polar Code, HSC Code (International Code of Safety for High-Speed Craft).

Flag States are responsible for ensuring that ships under their flag comply with its requirements, and a
number of certificates are prescribed in the Convention as proof that this has been done.

5.2.2 Application to WPS

From the technical and operational safety perspective, the installation and operation of WPS affects the
vessel’s maneuvrability, intact and damage stability, navigation bridge visibility, radar blind sectors and
navigation lights. Further, evacuation procedures may be affected.

5.2.3 Gap Analysis

Chapter II-1 - Construction - Subdivision and stability, machinery and electrical installations
Part B - Subdivision and stability

Regulation 5/Intact stability
This regulation addresses the basic stability requirements for the intact ship and might be amended.
If WPS can be retracted or folded, the influence of the light ship vertical centre of gravity (VCG)
should be considered. For ships that are sensitive to increase of VCG, this might be important.

Regulation 5-1 Stability information to be supplied to the master
This regulation addresses the stability information that must be provided to enable the master to
safely operate the ship.
¢ The master should be provided with WPS specific stability information and operational procedures in case
of damage to the ship in various weather conditions.

Regulation 7-2 Calculation of the factor s;
This regulation describes the probabilistic procedure to verify that the subdivision of a ship is safe
enough. This is demonstrated by assessing the survivability of the ship in various flooding scenarios,
i.e., it is demonstrated that the cumulative probabilities of damage scenarios survived is higher than
required. The factor si represents the probability that the ship survives the flooding scenario, i.e. does
not capsize or sink.
* In case of damage (flooding after collision or grounding) it may be assumed that the WPS is not

active/depowered.

Chapter 1I-1 - Construction - Subdivision and stability, machinery and electrical installations
Part C — Machinery Installation

Regulation 28 Means of going astern

This regulation describes the ability of a ship to manoeuvre astern and reverse and to stop a ship
within a reasonable distance.

¢ The manoeuvrability of a vessel in general can be influenced with installed WPS, due to large aerodynamic
forces being generated. That is particularly important to consider for manoeuvres for collision avoidance
or in case of other casualties.

e Standards for maneuverability are stipulated in IMO Res. MSC.137(76) with explanatory notes in
MSC/Circ.1053. Particularly indicated in paragraph 1.2 of this circular, new technology propulsion systems
are treated on a case-by-case basis. Both documents should be reviewed to evaluate the requirements to
be amended, including vessels using WPS.

Regulation 29 Steering gear

Orcelle Horizon Deliverable 2.3 - Safety and Rules
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This regulation specifies detailed requirements for steering gear by defining standard manoeuvres
that demonstrate safe handling capability. The expected performance is illustrated on a poster
displayed on the bridge for navigational reference.
* The ship’s steering performance can be affected by WPS, depending on prevailing environmental
conditions. This influence should be considered when assessing potential amendments to Regulation 29.
* Reference note:
Refer to Improved steering gear standards for passenger and cargo ships (resolution A.415(XI))
and Examination of steering gears on existing tankers (resolution A.416(XI)).

Chapter 1I-2 — Construction - Fire protection, fire detection and fire extinction
Part D — Escape

Regulation 13 Means of escape
This regulation specifies requirements to ensure that all persons onboard can safely and quickly
evacuate from any space to the ship’s survival craft embarkation stations in case of fire or other
emergencies.
e If potential hazards are identified during an emergency involving passage near WPS, supplementary
requirements for escape routes may need to be established.

Chapter V Safety of navigation
Regulation 22 Navigation bridge visibility

This regulation contains the requirements for visibility of the sea surface from a specific position on

the bridge defining also a maximum allowance of blind sectors.

* Most cargo ships are designed with a deckhouse aft and the WPS are installed more central or towards the
bow of a ship. The shape, dimensions and the arrangement of the WPS might impair the navigation bridge
visibility (introduce additional blind sectors) substantially. The regulation specifies the visibility of the sea
surface and obviously covers the visual reception of the human eye. It needs to be discussed what sort of
alternatives would be acceptable, providing equivalent safety; for example, whether additional CCTV
systems might be acceptable to cover the blind sectors.

5.2.4 Summary SOLAS

The gaps identified represent significant deficiencies, underscoring that the current SOLAS framework does
not sufficiently address the potential risks introduced by WPS, particularly in relation to ship stability,
navigation bridge visibility and ship’s maneuverability. These shortcomings indicate a structural gap in
regulatory coverage, which could lead to operational and safety vulnerabilities if left unaddressed. It is
important to note that the issues highlighted here constitute only a preliminary subset of topics requiring
comprehensive evaluation. A detailed list of SOLAS provisions that may warrant amendment or revision is
provided in the appendix C.1 for further consideration.

5.3 International Regulations for Preventing Collisions at Sea (COLREG)

5.3.1  Overview

The International Regulations for Preventing Collisions at Sea (COLREG) were established by the
International Maritime Organization (IMO) in July 1972 and came into force in 1977. These regulations set
forth the navigation rules to be followed by ships at sea to prevent collisions. The COLREG are divided into
several parts, addressing various aspects of maritime navigation, including steering and sailing rules, lights
and shapes, sound and light signals, and the conduct of vessels in restricted visibility.

The COLREG is structured in Articles (I-IX), Parts (A-F), Sections and Rules continuously numbered
through parts, and Appendices (I-1V).

COLREG includes rules and annexes that differentiate between power-driven vessels and vessels under
sail. However, WPS-equipped ships combine wind and conventional propulsion (or other types of

Orcelle Horizon Deliverable 2.3 - Safety and Rules
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propulsion), potentially creating uncertainty in decision-making scenarios. Clarity is crucial to prevent
confusion when interpreting the rules in relation to WPS powered vessels.

WPS can significantly alter a vessel's profile and manoeuvring characteristics. These changes may affect
visibility (including blocking of navigational lights), manoeuvrability, and overall vessel behaviour, which
could pose challenges in complying with COLREG. Consequently, a review and potential revision of certain
aspects of COLREG is recommended to provide for safe navigation of conventional ships and those
powered by WPS.

5.3.2 Gap Analysis

PART A — General

Rule 1 (Application)
¢ Rule 1(e) allows for vessels of special construction or purpose to deviate from certain provisions regarding
lights, shapes, and sound-signalling appliances, as long as they comply as closely as possible with the rules.
This compliance shall be set by the vessel’s flag state administration. While the definition is understood to
include WPS-equipped ships, It may be necessary to individually address the significance of WPS on a ship.

Rule 3 (General Definitions)

e Rule 3 provides essential definitions used throughout the COLREG. Rule 3(b) and 3(c) define power-driven
vessels and sailing vessels, respectively. Since WPS combines elements of both, it is recommended to
introduce a specific definition for vessels equipped with WPS. This would help clarify their status under the
COLREG (categorisation), ensuring consistent interpretation and application of the rules.

In contrast to traditional sailing vessels, where the operational status of sails is readily apparent, WPS-
equipped ships present a challenge in determining whether the sails are actively contributing thrust to
propulsion (“sailing”) or are in a passive or depowered state. This ambiguity complicates the assessment
of navigational status and may have implications for compliance with regulatory requirements,
operational decision-making, and the integration of automated systems such as AlS reporting.

e Rule 3(g) describes vessels that may be restricted in their ability to manoeuvre due to the nature of their
work. WPS can impact a ship's manoeuvrability, as these systems have the potential to generate
substantial aerodynamic forces, including side forces on ships. Therefore, vessels equipped with WPS
might be included in this category to ensure they are appropriately considered under these regulations.

PART B — Steering and Sailing Rules

Part B of the COLREG includes rules on safe navigation, right of way, and actions to avoid collisions. WPS-
equipped vessels may have different manoeuvring characteristics, particularly in terms of speed and turning
capabilities, which could affect compliance with these rules.

Section Il — Conduct of Vessels in Sight of One Another

Rule 18 (Responsibilities Between Vessels)

¢ Rule 18 outlines the responsibilities on vessels to avoid collisions, specifying which vessels must give way
to others. It includes guidelines for power-driven vessels (18(a)), sailing vessels (18(b)), and fishing vessels
(18(c)), among others, but does not explicitly address WPS-equipped vessels. Given the dynamic nature of
WPS operations, where a vessel might operate under full power-driven propulsion even with sails
deployed, there is a potential for misinterpretation regarding right of way.

e To avoid misunderstandings and possible collisions, it may be necessary to include specific guidelines for
WPS-equipped vessels in Rule 18. For instance, it should be agreed whether a power-driven vessel
underway is required to give way to a WPS-equipped vessel, regardless of whether the wind propulsion
system is actively in use or not.

PART C - Lights and Shapes

Orcelle Horizon Deliverable 2.3 - Safety and Rules
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Rule 20 (Application)

e It should be evaluated whether a power-driven vessel using WPS should display a special light signal to
indicate its use of wind propulsion. Alternatively, these vessels could use the lights designated for vessels
restricted in their ability to manoeuvre. This is important to consider, as it would help other vessels
understand the operational status of a WPS vessel, thereby preventing collisions. This suggestion should
be evaluated alongside the definitions in Rule 3.

NOTE: RAM lights are specific colour combination lights displayed by vessels that are "Restricted in their
Ability to Manoeuvre." They signal that the vessel is engaged in an operation that restricts its ability to
move in accordance with the rules of navigation.

Rule 21 (Definitions)
¢ This rule defines various types of lights, including masthead lights, sidelights, stern lights, towing lights, all-
round lights, and flashing lights. If Rule 20 is reviewed and revised to include a special light signal for WPS,
then Rule 21 should be updated to define this new light.

Rule 22 (Visibility of Lights)

e Due to the considerable size of WPS installations, navigation lights may become partially obscured,
potentially leading to misinterpretation of the vessel type by approaching ships. Introducing a designated
navigation light specifically for vessels equipped with WPS could mitigate such risks and prevent
misidentification.

Rule 23 Power-driven Vessels underway
¢ An evaluation is needed to decide whether WPS could be implemented under rule 23 or may require a
separate rule.

Annex | — Positioning and Technical Details of Lights and Shapes

Paragraph 2 - Vertical Positioning and Spacing of Lights

WPS can exhibit large air drafts and can obstruct the visibility of navigation lights. The installation of

these systems might interfere with the required vertical separation and positioning of the masthead

lights. For example:

¢ Obstruction of Aft Masthead Light: WPS can obstruct the aft masthead light, affecting its visibility and
making it difficult to meet the requirement that it be placed at least 4.5 meters vertically higher than the
forward masthead light. Refer to Paragraph 2(a)(ii).

e Vertical Separation Compliance: WPS can obstruct the aft masthead light, making it difficult to comply
with the requirement that it must be seen over and separate from the forward light at a distance of 1000
metres. This obstruction will lead to reduced/restricted visibility of the masthead lights, potentially
compromising safety. Refer to Paragraph (2(b)).

¢ Placement of Lights: WPS might make it impractical to place lights in the recommended positions.
Alternative placements may be required as a result, which might not comply with current rules. Refer to
Paragraph 2(f)(i).

Given these potential issues, it is important to consider whether additional guidelines or modifications to
Annex | are needed to accommodate WPS vessels and ensure that they can comply with visibility and
positioning requirements without compromising safety.

Paragraph 3 - Horizontal Positioning and Spacing of Light

In addition to the challenges related to vertical positioning of the position lights (see Paragraph 2),
Paragraph 3(a) presents further compliance issues for vessels equipped with WPS.

According to Paragraph 3(a), if two masthead lights are needed, the forward light must be positioned no
more than a quarter of the vessel's length from the stem, and the horizontal distance between them
must be at least half of the vessel's length but not more than 100 meters.
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e WPS may obstruct this horizontal spacing requirement (between the fore and aft masthead lights). The
installation of these systems may limit the available space on the vessel, potentially making it difficult to
maintain the required horizontal distance between masthead lights. This might make it more difficult to
comply with Paragraph 3(a), as the WPS could affect the proper placement and visibility of these essential
navigation lights. On the other hand, the requirements of Paragraph 3(a) may reduce the efficiency of the
WPS if the WPS units must be relocated to suboptimal positions.

Paragraph 9 - Horizontal Sectors

Paragraph 9(a)(ii) specifies that for stern lights and masthead lights, as well as sidelights at 22.5°

abaft the beam, the minimum required light intensity must be maintained over the arc of the horizon

up to 5° within the prescribed sectors defined in Rule 21. Beyond this range, the intensity can

decrease by 50% up to the prescribed limits and must steadily reduce to practical cut-off no more

than 5° outside these sectors.

¢ Complying with this Paragraph may be challenging for WPS-equipped vessels. WPS might obstruct the aft
masthead light, preventing it from meeting the required intensity levels across the prescribed horizontal
sectors. This obstruction could affect the light's necessary visibility and intensity within the specified arcs,
potentially compromising navigation safety.

Paragraph 10 - Vertical Sectors
Paragraph 10(a) requires that the masthead light maintains specific intensity levels within defined
vertical sectors (from 5°/7.5° above to 5°/7.5° below the horizontal).
e WPS might obstruct the aft masthead light, making it challenging to meet these intensity requirements
consistently, which could reduce the light's effectiveness in these critical sectors.

5.3.3 Summary COLREG

In summary, while the current COLREG do not specifically address WPS, the growing adoption of this
technology highlights the need for a review and potential revision of certain rules and annexes. As vessel
propulsion technologies advance, incorporating WPS into COLREG will help warrant safe navigation and
collision prevention.

It is important to note that the issues highlighted here constitute only a preliminary subset of topics requiring
comprehensive evaluation. A detailed list of COLREG provisions that may warrant amendment or revision
is provided in the appendix C.2 for further consideration.

5.4  International Code on Intact Stability (IS Code)

5.4.1 Overview

The IS Code was adopted as a mandatory framework under the SOLAS Convention and the International
Load Line Convention. Its primary purpose is to establish mandatory and recommendatory stability criteria,
along with other measures, to ensure the safe operation of ships. This is intended to minimise risks to
ships, on-board personnel and the environment.

The IS Code sets forth minimum stability criteria to ensure vessels can maintain safe operation under
various conditions, such as heavy seas or high winds. These criteria are crucial in preventing incidents like
capsizing and ensuring vessels can recover from inclining moments caused by wind, waves, or shifts in
cargo.

Adopted on December 4th, 2008, the IS Code applies to ships constructed from July 1s, 2010, and became
fully applicable from January 1st, 2020. The Code has evolved over time, with significant amendments and
the current one being the 2016 amendments under Resolution MSC.267(85).

The IS Code is structured as follows:

* Preamble
* Introduction
e Part A contains the mandatory stability criteria.
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e Part B contains recommendations and additional guidelines, including stability information for special
vessel types, operational provisions against capsizing, icing considerations, watertight integrity, and the
determination of lightship parameters.

e Appendices 1-3

The IS Code acknowledges in its preamble (paragraph 2) that it should not remain static and must be re-
evaluated and revised as necessary, given the rapid evolution of design technology for modern ships. This
will be particularly relevant for vessels equipped with WPS, as installation of WPS could significantly alter a
vessel's light ship centre of gravity, increase windage areas, and affect the vessel’'s response to wind and
waves.

Furthermore, the preamble (paragraph 4) recognizes that the safety of a ship in a seaway involves complex
hydrodynamic phenomena, which have not yet been fully investigated and understood. It emphasizes that
the motion of ships in a seaway should be treated as a dynamic system, with close interaction between the
ship and environmental conditions, such as wave and wind excitations, being extremely important
elements. The introduction of WPS creates a combination of hydrodynamic and aerodynamic phenomena,
adding another layer of complexity to this relation. It is therefore crucial to consider whether the existing
stability criteria within the IS Code are sufficient for vessels equipped with WPS. For instance, modern WPS
generate aerodynamic forces that exceed aerostatic pressure (like utilized in the weather criteria) by far in
magnitude. This may render calculations on basis of the current Code as unsafe, if this effect is not
considered. Therefore, specific amendments or additional guidelines may be required to ensure that WPS
vessels maintain adequate stability and operational safety.

5.4.2 Gap Analysis

Intact stability typically assumes a ship to sail upright, but WPS increases the likelihood that the ship will
sail with a certain heel angle, which could negatively affect the righting lever criteria and the requirements
for location of openings.

Current regulations focus primarily on static stability; however, WPS create additional dynamic heeling
moments which also needs to be factored into vessel stability assessments. Furthermore, the existence of
sail systems can under some circumstances dampen the ship’s motions. The influence of WPS on the
wave induced parametric excitation might need consideration.

Part A: Mandatory Criteria

Chapter 1: General
This chapter cover the dynamic stability phenomena in waves.
¢ WPS equipped vessels behave differently in waves, as WPS can excite or dampen ship motion, particularly
in roll direction, under certain circumstances. It is recommended to review the content considering this
aspect and the basic effects of WPS type.

Chapter 2: General Criteria
¢ The weather criterion in section 2.3 will need to be reviewed with regards to ships using WPS, as the
assumed wind pressure on the projected lateral area of the ship is not always appropriate for the
inclusion/application on WPS and may lead to an underestimation of the requirement and the basic
effects of WPS type.

Part B: Recommended Criteria
This part, which includes recommendations for ships engaged in specific operations, types of vessels, and
additional guidelines, may need to be amended by WPS.

Chapter 2 Recommended Design Criteria for Certain Types Ships and additional Guidelines
¢ Specifically, in Chapter 2 (Sections 2.7 - 2.9), it might be necessary to introduce a new section for ships
equipped with WPS. For example, WPS could create greater heeling moments when producing
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aerodynamic forces than just considering the wind pressure on the lateral projected surface. This could
include requirements such as determining the heeling moments from both WPS and the vessel itself.
Limits might need to be assigned to these aspects, or their influence on the lever arm curve should be
restricted to ensure compliance with stability requirements.

Chapter 3 Guidance in Preparing Stability Information

This chapter includes recommendations how to consider effects that have adverse influence on the
stability or defining loading conditions and how to calculate the relevant hydrostatic particulars that are
stated in the stability booklet necessary to calculate the ship’s stability.

Section 3.4 Standard Conditions of Loading to be Examined

e This section ensures a vessel’s stability is assessed under various loading conditions. Revisiting its
recommendations is crucial for WPS, as wind propulsion impacts load distribution and overall stability.
Especially if WPS can be folded, the VCG of the light ship will change, which needs consideration within
the stability information provided to the ship.

Section 3.5 Stability Curves
e This section involves generating stability curves to evaluate a vessel’s up-righting moments. WPS
introduces heeling forces, making it essential to update these curves for safe operation.

Section 3.6 Stability Booklet
* This section requires a comprehensive stability booklet. For WPS, these requirements should be revised to
address the unique stability challenges introduced by wind propulsion.

5.4.3 Summary IS Code

WPS affect ship stability by introducing constant heel angles and dynamic forces, which current static
stability rules do not fully address. Especially the weather criterion needs some consideration as WPS could
excite "pressures” that exceed the given value. Moreover, the interaction between WPS and machinery
propulsion might need a sailing instruction.

It is important to note that the issues highlighted here constitute only a preliminary subset of topics requiring
comprehensive evaluation. A detailed list of IS Code provisions that may warrant amendment or revision is
provided in the appendix O for further consideration.

5.5 Standards of Training, Certification, and Watchkeeping for Seafarers (STCW)

5.5.1 Overview

The STCW was adopted by the International Conference on Training and Certification of Seafarers on July
7t 1978, and entered into force on April 28", 1984. The convention sets minimum qualification standards
for masters, officers, and watch personnel on seagoing merchant ships. Its primary aim is to ensure that
seafarers receive standardized and adequate training to carry out their duties effectively and safely.

The 2010 Manila Amendments to the STCW further refined these standards, addressing the evolving needs
of the maritime industry.

The STCW is structured in parts (A and B), where part A represents the mandatory standards and part B
the recommendations.

Currently, there are no specific STCW regulations or guidelines addressing the training or certification of
seafarers regarding ships equipped with WPS. Given the increasing interest in WPS as a measure to
reduce greenhouse gas emissions, it is crucial to consider whether these regulations should be reviewed
and revised to include WPS-specific competencies.
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WPS affect a ship's propulsion characteristic, stability and manoeuvrability. Therefore, operating WPS may
require knowledge and skills, which are not currently covered by the STCW convention.

5.5.2 Gap Analysis

The following parts, chapters and sections of the STCW code have been identified as having the potential
to be revised.

Part A: Mandatory Standards
Chapter I: Standards regarding general provisions

Section A/l/1 Definitions and Clarifications

e Regulation I/1 includes definitions crucial for interpreting the STCW Code, one of which is the definition of
propulsion power (see chapter | Reg I/1 1.15 of the 2010 amendments to the STCW Code). Given that WPS
serve as a means of propulsion, including a specific definition for WPS within this regulation would provide
the necessary clarity for this emerging technology.

Chapter II: Standards regarding master and deck department

Section A-1l/1 Mandatory Minimum Requirements for Certification of Officers in Charge of a Navigational
Watch on Ships of 500 GT or More
e Table A-11/1, should be reviewed to include:

0 Voyage Planning: With WPS implementation, voyage planning and weather routing should be revisited,
as optimizing wind power is crucial. Improved knowledge on these aspects would maximize the
efficiency of WPS and ensure safer navigation.

0 Manoeuvring the Ship: WPS can significantly impact manoeuvring characteristics of a vessel, especially in
emergencies such as rescuing a person overboard. Training on these aspects would ensure safer
navigation.

0 Sea Worthiness: WPS can alter ship stability, seakeeping and structural requirements, making it vital that
officers understand these impacts to ensure the vessel's safe operation and seaworthiness.

0 Handling of WPS: Different WPS require different operational procedures for putting them in operation,
operating them in different wind and weather conditions and de-powering when needed or required or
folding and tilting them when necessary or required

Section A-1l/2 Mandatory Minimum Requirements for Certification of Masters and Chief Mates on Ships
of 500 GT or More
e Table A-1I/2, should include the same considerations as under Table A-1l/1, adapted for masters and chief
mates.

Section A-1l/3 Mandatory Minimum Requirements for Certification of Officers in Charge of a Navigational
Watch and of Masters on Ships of Less Than 500 GT, engaged on near-coastal voyages
e Table A-11/3, should include the same considerations as under Table A-11/1 and Table A-11/2.

Section A-ll/5 (Mandatory minimum requirements for Certification of Ratings as able Seafarer Deck):
Table A-II/5, should be revised to include:
e Safe Operation of Deck Equipment and Machinery: Knowledge of WPS operational procedures should be
mandated.

Chapter lll: Standards Regarding Engine Department
This chapter is describing the skills of officers that are engaged in watches in manned and unmanned
engine rooms. An amendment for officers responsible to operate WPS may be reasonable.
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Section A-Ill/1 Mandatory Minimum Requirements for Certification of Officers in Charge of an
Engineering Watch in a Manned Engine-Room or as Designated Duty Engineers in a Periodically
Unmanned Engine-Room
e Table A-1ll/1, should include:
Maintain and Repair Machinery, Electrical / Electronic Systems: WPS systems (e.g., lubrication, inspection
of foundations, deployment systems, bearings, drives) should be included. Knowledge in these areas may
prevent operational failures that could compromise the ship’s performance or safety.

Section A-lll/2 Mandatory Minimum Requirements for Certification of Chief Engineer Officers and
Second Engineer Officers on Ships powered by Main Propulsion Machinery of 3,000 kW Propulsion
Power or more
This section should be revised to include:
e Possible revision outline in Table Ill/1 due to additional knowledge requirements.
e Operation of Propulsion Plant Machinery: Knowledge of WPS design features and operative mechanisms.
¢ Troubleshooting and Maintenance: Restoration of electrical and electronic control equipment related to
WPS.

Section A- 11l/3 Mandatory Minimum Requirements for Certification of Chief Engineer Officers and
Second Engineer Officers on Ships powered by Main Propulsion Machinery of Between 750 kW and
3,000 kW Propulsion Power

This regulation references Table A-Ill/1 and A-Ill/2, so revisions like those mentioned for Section A-l11/1
and A-lll/2 above may be applied.

Section A-11l/6 Minimum Requirements for Certification of Electro-Technical Officers
¢ Table A-lll/6 should be revised to include Monitoring and Maintenance. WPS may be included under
monitoring and maintaining electrical, electronic, and control systems.

Section A-ll/7 Mandatory Minimum Requirements for Certification of Electro-Technical Ratings
* Table A-lll/7 under this regulation could be revised to ensure electro-technical ratings have a basic
knowledge of WPS operations to assist in the maintenance and troubleshooting of these systems.

5.5.3 Summary STCW

While it is currently not considered necessary to establish a requirement for an additional certificate specific
to WPS, revising the referenced competency tables in the STCW Code for the responsible positions
onboard appears necessary. These revisions should address the knowledge and skills required for
operating a WPS, such as sailing physics and techniques, weather routing, and the integration of WPS with
conventional propulsion systems. Incorporating these changes would ensure that seafarers are adequately
prepared for the safe and efficient use of WPS, contributing to the broader goals of reducing greenhouse
gas emissions in the maritime industry.

It is important to note that the issues highlighted here constitute only a preliminary subset of topics requiring
comprehensive evaluation. A detailed list of STCW provisions that may warrant amendment or revision is
provided in the appendix O for further consideration.

5.6 International Convention for the Prevention of Pollution from Ships (MARPOL)

5.6.1 Overview

The MARPOL Convention is the main international instrument preventing pollution from ships in 6 annecies
(1-V) for oil, noxious liquid substances, harmful substances in packaged form, sewage, garbage and air
pollution. Annex VI - Regulations for the Prevention of Air Pollution from Ship specifically targets air
pollution and got effective in 2005, setting limits on sulfur oxides (SOx), nitrogen oxides (NOx), and
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greenhouse gas (GHG) emissions, while also introducing energy efficiency standards for ships. With the
rules on energy efficiency, GHG emissions from ships shall be reduced with time and WPS is credited.

5.6.2 Gap Analysis

WPS can be credited in the Energy Efficiency Design Index (EEDI). WPS are treated as innovative energy
efficiency technologies, meaning their contribution to reducing fuel consumption and emissions must be
documented, validated, and included in the ship’s technical file.

FuelEU Maritime offers a reward factor for the installation of WPS.

Operation of WPS on new or existing ships leads to a power reduction of the traditional propulsion power.
Consequently, this will influence the manoeuvrability and steering ability.

MEPC.1/Circ.850/Rev.3 emphasizes the need to maintain adequate manoeuvrability of ships under
specified adverse environmental conditions. Particularly, but not exclusively, tankers and bulk carriers are
impacted by greenhouse gas reduction regulations, they often face main engine power derating, which can
compromise manoeuvrability. To mitigate potential hazards, requirements have been established through
the referenced circular. It is recommended that the guideline be revised to also cover other ship types
employing WPS.

5.6.3 Summary MARPOL

WPS are officially acknowledged by the IMO as innovative technologies. Their impact on energy efficiency
is assessed and verified during the design phase or when modifications are made, while their contribution
to Cll is reflected in operational data through reduced fuel consumption and lower emissions. To prevent
hazardous situations arising from reduced main engine power in adverse environmental conditions, it is
essential to establish performance limits applicable to all ship types.
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6 Gap analysis on classification rules
6.1 General

The objectives of the gap analysis are specified in section 4. In this section the results of the review of
representative classification rules for WPS are summarised. The review focuses on evaluating the
adequacy of these rules for WPS.

Class Rules are technical standards developed by classification societies that govern the design,
construction, and maintenance of ships. Their main purposes are to:

e Ensure structural integrity and reliability of the ship’s hull and essential machinery.

e Set technical standards for materials, construction methods, and systems (e.g., propulsion, electrical,
steering, piping).

e Provide a common basis for safety and seaworthiness that the marine industry (shipyards, owners,
insurers) can rely on.

e Support marine insurance and commercial confidence — a ship must be “in class” to be insurable or to
operate in most trades.

Class Rules are structured in parts that contain the requirements related to main class and mandatory class
notations and parts that are related to the additional and voluntary class notations. In addition, rules may
refer to supplementary documents providing further detailed requirements (e.g. class standards or
programmes) or providing further guidance on application of rules, e.g. guidelines, interpretations and
recommendations. Main and mandatory class notations stipulate requirements for the availability of main
functions and the safety of installations supporting these main functions, the structural strength and integrity
of essential parts of the ship’s hull structure and the safety of systems and equipment which are supporting
non-main functions and may constitute hazards to the persons on board and/or the ship.

The relation between IMO instruments and classification rule and the importance of classification rule for
the construction of ships and their machinery and electrical installations is mentioned in SOLAS Chapter II-
1 which reads:

In addition to the requirements contained elsewhere in the present regulations, ships shall be designed,
constructed and maintained in compliance with the structural, mechanical and electrical requirements of
a classification society which is recognized by the Administration in accordance with the provisions of
regulation XI-1/1, or with applicable national standards of the Administration which provide an equivalent
level of safety.

Class rules are pre-dominantly of prescriptive nature but contain an equivalency principle, which allows
classification of novel technology, even if the rule requirements cannot be used as basis for class approval
in such a case. Applying the equivalency principle means that it needs to be demonstrated that the overall
safety and reliability level of the novel technology is equivalent or even better than the one reflected by the
(prescriptive) rule requirements. The process for class approval therefore enables in general a risk-based
design assessment starting with a hazard identification although it may vary between the classification
societies. From that point of view classification rules do not contain obstacles that would disable the
application of WPS for main propulsion in general.

The application of prescriptive rule requirements and/or related standards and guidelines obviously
provides advantages regarding efforts and costs involved in the classification process for the designers,
manufacturers and shipbuilders as well as the classification societies. Therefore, it is important to develop
and further improve class rule requirements when new technologies become more matured.
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For WPS, larger classification societies already provide requirements, standards and guidelines regarding
the approval of the design, installation, and operation of these systems installed on a ship. An overview for
some selected classification societies is given in Table 1 below.

Table 1: Implementation of requirements for WPS in different classification rules

Class Scope of classification WPS WPS
Society requirements
implemented in | Class Notation
classification =
rules 3 §
=) =2
(14 0o

American Scope is dependent on Yes Wind-Assisted ABS

Bureau of notation Wind-Assisted+ (2022)

Shipping additional Wind-Assisted Ready

notations

Bureau Safety rigging parts or safety | Yes WIND PROPULSION-1 BV

Veritas and operating rigging parts WIND PROPULSION-2 | (2025)
can be in scope of additional
classification notations

China Scope dependent on class Yes WAP(RWS) CCS

Classification | notation and system WAP(ROTOR) (2020)

Society additional CCS

notations (2023)

DNV Scope dependent of class Yes WAPS DNV DNV

notation WAPS ready (2025- | (2025-2)
additional 1)
notations

Lloyds All components that transfer | Yes WAPS LR

Register loads to the hull, including WAPS* (2024)
the foundation/pedestal, additional
titing mechanism and slew notations
bearings, are in the
scope of classification
regardless of any notation
assignment.

Class NK Scope as defined in the Yes EQ WAPS-S NK
guideline for the WAPS EQ WAPS-R (2025)
system and for the additional EQ WAPS-T
installation on board notations EQ WAPS-K

As shown in Table 1, classification societies are handling the approval of WPS systems in a very similar
manner, usually by offering additional class notations for which requirements are provided either by rule
requirements or via rule related supplementary documents like standards or guidelines.
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Comparing the requirements of the various classification societies it is obvious that even if the requirements
differ in detail, the aspects addressed by the rule requirements are similar. Therefore, the following gap
analysis is based on a detailed review of the rule requirements of only one classification society (DNV),
assuming that the results of the analysis are representative for almost all classification societies.
Furthermore, while special systems like WPS can be handled for classification via additional class notations
based on compliance with additional requirements, it is assumed that, for identification of possible gaps and
obstacles within classification rules, the review of the requirements for WPS and the main class
requirements, as described above, is sufficient.

The following gap analysis on prescriptive class requirements is divided into two parts, addressing aspects
related to the structural requirements of the ship hull and the WPS in the first part (section 6.2.1) and
aspects related to machinery and systems in the second part (section 6.2.2).

6.2 Analysis of class rules
6.2.1  Hull structure rules

6.2.1.1 Overview

Hull structure rules of class societies contain requirements on the arrangement, design and dimensions of
the structural elements of the ship hull and the stability of the ship. Furthermore, requirements related to
hull equipment and outfitting like windows, supporting structures for machinery and deck equipment,
rudders, anchors and anchor chains as well as requirements regarding the structural fire protection
(arrangement of fire zones and insulation of structural elements) are part of the structural rules.

6.2.1.2  Application to WPS

Existing requirements and guidelines for the application of WPS already contain requirements related to
aspects such as material, arrangement of WPS on board, dimensioning WPS and the supporting structure,
material, general arrangement, loads on ship structures (global and local), requirements for foundations,
ship stability etc. It can be assumed that the same aspects need to be addressed if WPS are used as main
propulsion or as part of hybrid propulsion solutions.

6.2.1.3  Results of Gap Analysis
Requirements related to materials

Traditionally, classification rules for ship structure assume the application of metallic materials for structural
parts, mainly steel. For wind propulsion systems, other lightweight materials are widely used such as
synthetic materials or fibre reinforced plastics. Typically, the material properties (e.g. permissible stresses
and strains, corrosion resistance) and behaviour/performance (e.g. water absorption due to damage) of
modern lightweight material differ from that of steel in normal and accidental conditions. Therefore,
requirements regarding safe application and operation of these materials and a description of the procedure
for approval need to be provided in the classification rules.

Requirements related to structure loads and strength of hull structure

For the dimensioning of structural elements, the loads to be applied on the structures for strength
calculations are of importance. For the dimensioning of the WPS system itself, static and dynamic inertia
loads induced by the ship motions in waves as well as the loads due to the wind need to be considered.
The same load components are to be considered for the dimensions of the supporting structure in the base
ship.

Regarding the operation of ships equipped with WP, it might be necessary to consider the impact of sailing
operation on the ship motions. Quasi-static heel angle due to sailing operation as well as impact by
damping or amplification of roll motions due to the sailing might have influence on the standard acceleration
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parameters used for the calculation of inertia loads and local pressures. Also, the gyroscopic effects of
large rotor sails must be considered. In addition, operational profiles of ships that optimise their routes
(routing) for maximising the benefit of WPS (maximize WPS contribution to overall propulsion) could have
positive or negative effects, e.g. on fatigue life. This may have some influence on the definition of global hull
girder wave loads, such as wave bending moments and shear forces, compared to the standard values
used in the rules. However, as both, the wave design loads for the hull girder from classification rules as
well as the wave scatter of the IACS Rec.34 Rev.2 which may be used for direct calculation of hull girder
wave loads are based on North Atlantic environmental conditions, this impact is expected to be small. The
application of the North Atlantic environment as basis for the design wave loads is considered conservative.
The impact of quasistatic heel and the effect of changes in ship motions on local pressures might be more
relevant.

Apart from the load determination, the requirements and acceptance criteria for determination of the
dimensions of structural elements based on given rule design loads will not require any change and can be
applied to structures used for WPS and their supports.

Requirements on anchoring, mooring and towing equipment

The selection of anchoring and mooring equipment is based on the determination of an equipment number.
Based on this equipment number, the required number and mass of anchors, related chains as well as
length and strength of mooring lines and towing lines may be selected from tables given in the rules. For
ships with WPS installed on board, the windage areas of the WPS should be considered for the
determination of this number, as wind forces on these structures might require stronger anchoring and
mooring equipment. The same should be considered for towing equipment, if required to be on board.
Requirements for the determination of the equipment number need to be updated to consider the areas of
the WPS installed on board. Also, updates of IACS unified requirements UR A1 Mooring Equipment, UR A2
Shipboard fittings and supporting hull structures associated with towing and mooring on conventional ships,
IACS recommendation Rec.10 Chain Anchoring, Mooring and Towing Equipment should be considered.
Furthermore, MSC.1/Circ.1175/Rev.1 (2020) Revised guidance on shipboard towing and mooring
equipment and MSC.1/Circ. 1619 (2020) Guidelines on the design of mooring arrangements and the
selection of appropriate mooring equipment and fittings for safe mooring should be reviewed regarding
necessary amendments.

Requirements regarding the supporting structures

For the requirements regarding supporting structures of WPS, refer to the paragraph above related to the
strength of hull structure. Supporting structures are part of the ship hull and need to be designed and
constructed in alignment with the requirements for the ship hull. In addition, supporting structures transfer
forces from the sail system into the ship hull. The supporting structures for WPS are comparable to the
supporting structures of other heavy deck equipment like lifting appliances or cranes. Therefore, the
existing rule requirements for supporting structures can be applied to WPS.

Requirements regarding rudders and steering

The design and construction of rudders and the determination of rudder forces based on rudder area are
part of the structural requirements of classification rules. Regarding the application of large WPS,
requirements regarding the determination of the necessary rudder area, ensuring safe manoeuvrability of
the ship under sailing conditions will be in general necessary (revision of Reg 29/SOLAS). Furthermore,
rudder and steering gear need to be designed and constructed to operate under permanent load
counteracting wind yaw moments.

Requirements regarding ship stability
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Ship stability is regulated in general via the International Code on Intact Stability (IS Code), as explained in
section 5.4 above. Classification rules are usually based on the provisions of this code.

Compared and different to the IS code, the current class requirements and guidelines for installation of
WPS on board ships address the ship stability. These requirements might be similarly applicable to WPS
used as main propulsion or in hybrid propulsion systems.

Changes or amendments to class requirements for ships requiring proof of damage stability might be
necessary, considering the amendments on requirements made for intact stability.

Requirements regarding arrangement and structural fire protection

Structural fire protection concerns arrangements of structural elements, division of the structure and
compartments in fire zones and the use of appropriate materials. In general, the statutory requirements
regarding fire safety apply for ships with WPS. In addition, requirements related to escape arrangements,
which are usually also statutory requirements, need to be considered. Existing requirements for the
installation of WPS refer in this respect to relevant SOLAS requirements.

Class requirements and SOLAS II-2 shall apply with the understanding that a WPS is:

e part of the vessel

e apiece of deck equipment (this might not be correct if WPS is “main Propulsion”, in such a case it might be
considered as part of the propulsion system) .

e located within the cargo deck area

e apiece of equipment from which a risk of ignition arises.

WPS are large structures and include large empty spaces, which offer the possibility for installing electrical
of machinery equipment. The spaces are often large enough to offer the opportunity to perform
maintenance work or inspections. Sometimes, a control room is separated from the WAPS body itself.

How the WPS or control room need to be treated, e.g. as ‘void space’ or a not normally occupied ‘other
machinery space’ from SOLAS point of view is in current rule requirements or standards left to the risk
assessment. Based on experience with WPS as means for reducing fuel consumption and GHG emissions,
there might be a decision in future for common application of the existing requirements to ships equipped
with WPS as main propulsion or as part of a hybrid propulsion system.

6.2.2 Machinery and systems

6.2.2.1 Overview

Classification rules for machinery and systems contain requirements related to the propulsion systems
(engines and related supporting systems), the electrical installations, piping and piping systems including
hydraulic systems and other pressure equipment, control and monitoring systems, the steering gear and
requirements related to the fire safety (mainly related to fire protection of machinery and components and to
means for fire suppression).

6.2.2.2  Application to WPS

The availability and reliability of the machinery related to the operation of the WPS is always relevant,
however particularly important for WPS as main propulsion. Furthermore, it is assumed that general
requirements regarding electrical systems, control and automation systems, piping, hydraulic systems, etc.
are applicable also for elements and systems related to WPS.

It needs to be considered that even if the intention of “WPS as main propulsion” is to operate the WPS in
the majority fraction of time for the propulsion of the ship, means for mechanical propulsion will be required
for ship operation while the WPS is out of service, e.g. no or too strong wind or from an unfavourable
direction, and operation in restricted waters like estuaries, harbour areas or other areas with high traffic
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density. With respect to operation in adverse weather conditions it is also expected that the installed
mechanical propulsion power system will need to provide same propulsion power as in conventional
propelled ships today to ensure sufficient manoeuvrability (see also MEPC.1/Circ.850/Rev.2, 2017).
Requirements regarding the installed mechanical propulsion power and related fuel tank, battery capacities
or the capacity of other energy resources will be necessary. In that context, hybrid propulsion is the more
accurate term than wind propulsion as main propulsion.

6.2.2.3  Results of GAP Analysis

General

In case WPS is intended as the sole source of propulsion energy for some fraction of time, it might be
necessary to develop requirements for a minimum propulsion power that needs to be provided by WPS to
ensure navigational safety and manoeuvrability within the assumed operational range of environmental
conditions.

In addition, as mentioned in 6.2.2.2 above, additional requirements might be necessary regarding the
minimum propulsion power for the mechanical propulsion system and requirements to provide and store
sufficient energy to fuel this mechanical propulsion system.

Usually, main propulsion power generation and the propulsion itself is part of the “main class” requirements
which means that compliance with the existing rule requirements addressing main propulsion power
generation is mandatory for assignment of class for any ship under the respective rule regime. WPS are
currently implemented via additional class notations based on additional rule requirements that need to be
complied with to get the additional notation assigned. It needs to be discussed by the classification
societies, if other means of main propulsion needs to be covered by main class requirements or if these
systems can be handled as of today, as additional class notations. In the case of electrical propulsion some
societies have included their requirements in the main class part.

Machinery systems and components are usually designed for operation in certain environmental conditions.
This includes in some cases a maximum angle of heel that needs to be considered for machinery
operation. Sailing under wind propulsion may yield to large quasi-static heel angles that need to be
considered for the operation of machinery and system components. The range of environmental conditions
currently defined for machinery and systems (e.g. 15° static list and 22.5° dynamic rolling angle for main
and auxiliary machinery) needs review and adaptation, see also IACS UR M46 (2023).

Requirements related to functional capability and redundancy

Systems and components for services supporting the main class function propulsion are usually assigned
to the highest redundancy type. This means that if one failure occurs resulting in a function loss of this
system or component, restoring this function shall be possible within 30 seconds. If loss of propulsion will
not entail a considerable hazard, the next relaxed redundancy type may be acceptable (which would
require restoring of the function within 10 minutes). However, as identified hazards for WPS are amongst
others related to ship stability, the highest redundancy type seems to be appropriate for the WPS and
related supporting systems, if WPS is used for main propulsion.

Therefore, handling WPS as main propulsion with respect to functional capability and redundancy need to
be implemented in the rule requirements similarly to mechanical mean propulsion. In the case of hybrid
propulsion systems, the capability of the complete hybrid system for reliable propulsion and safe
operational condition for the ship needs to be considered, i.e. the inherent reliability of the system.
Furthermore, failures of the WPS need to be considered. Neither should a single failure of a component
lead to a complete loss of the WPS, nor should the loss of functionality of the WPS yield to an unsafe
condition of the base ship.

T MEPC.1/Circ.850/Rev.2 defines adverse weather conditions with the following parameters: significant wave height
5.5 m, peak wave period 7.0 s to 15.0 s and mean wind speed 19.0 m/s.
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Requirements related to electric power supply system

With respect to electrical power supply the WPS, if used for main propulsion, needs to be handled like the
mechanical main propulsion, as currently implemented in the rule requirements. This means that certain
redundancy in the electric power supply for services necessary to operate the WPS needs to be required
and the WPS operation needs to be considered in the electrical power balance. In addition, failure of the
WPS should not yield to failures in the electric power supply system of the base ship.

Requirements related to control of machinery

Requirements for control and remote control of main and auxiliary machinery essential for propulsion and
ship safety are currently covering combustion engines and related systems only, e.g. engine room or
engine control room considered as main command location. This needs to be reconsidered in case WPS is
applied as the main propulsion and/or for hybrid propulsion systems. The WPS may in most cases be
operated remotely directly from the bridge. There might be additional control stations near the WPS.
Furthermore, due to the necessity of additional mechanical propulsion, control of the hybrid propulsion
system needs to be provided in a safe and reliable manner. Switching from one to another power supply
(wind propulsion to mechanical propulsion) needs to be provided in a safe way without interruption of ships
propulsion and keeping the ship in safe conditions (in terms of manoeuvrability and stability). Necessary
requirements need to be developed.

Requirements related to fire safety

Fire is identified as one of the important hazards related to WPS. Different sources for fire ignition need to
be considered like overheating of bearings or electrical systems, loss of hydraulic or lubrication oil within
the WPS, especially if arranged in or located nearby hazardous areas, lightning or electrostatic charge, or
ignition by a fire independent of the WPS and spreading out toward the WPS and related compartments /
systems. The application and selection of appropriate fire extinguishing systems is dependent on the WPS
type, and the materials used.

Necessary requirements would be similar to the already existing requirements and guidance, addressing
the implementation of the WPS system into the fire detection and alarm system of the ship as well as
addressing fire safety for control stations and the WPS system itself. Refer also to the subsection related to
structural fire safety above.

Additional requirements
In addition to the above, the following aspects need to be handled in the rules, if WPS will be applied for
main propulsion:

e Lightning protection
e Earthing
e Protection with respect to electrostatic (triboelectric) charging of rotating components

These aspects are usually already covered by the existing requirements and guidelines for WPS and need
to be considered also for WPS as main propulsion.

6.3  Gaps by Functional requirements
6.3.1  General

The second approach to identify gaps in classification rules or regulations is based on Goal-Based
Standards (GBS) (see also section 4). In the following this methodology is explained in more detail.

In 2004, the IMO decided to develop GBS and subsequently approved Generic guidelines for developing
IMO goal-based standards (MSC.1/Circ.1394, 2015). IMO goal-based standards consist of five so-called
tiers as shown in Figure 1. As explained in these guidelines, the functional requirements provide the criteria
to be complied with in order to meet the goal. The functional requirements should comply with the following
(MSC.1/Circ.1394/Rev.2, 2019):

e Functional requirements should cover all areas necessary to meet the goal;
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e Functional requirements should address all relevant hazards;

e Functional requirements should provide the criteria for compliance with the goal, i.e. the criteria against
which regulations and rules are justified/verified by Tier Ill (Verification of conformity);

e Functional requirements should be independent from technical realization for leaving space for further
technological development; and

e (Clearly describe what function must be achieved.

This approach can be seen as a top-down approach starting with the formulation of a goal that should be
achieved followed by the derivation of functional requirements. Rule requirements need than to be
developed in order to establish compliance with the functional requirements and finally the goal.

The functional requirements should be derived based on hazard identification of the subject considered. If
functional requirements are available, gaps in existing rule requirements can be identified by analysing, if

compliance with the functional requirements can be demonstrated based on fulfiiment of the existing rule

requirements.
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Figure 1 IMO goal-based standards framework (MSC.1/Circ.1394)

Since 2004, the IMO has considered the GBS approach in the development of various IMO instruments,
such as the Polar Code, the IGF Code. SOLAS also contains sections based on this approach, e.g.
Regulation 3.10 “Goal-based Ship Construction Standards for Bulk Carriers and Oil Tankers” meaning the
International Goal-Based Ship Construction Standards for Bulk Carriers and Oil Tankers (Res.
MSC.287(87), 2010) or SOLAS 1I-2 Regulation 2 “Fire safety objectives and functional requirements”. The
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development of the GBS guidelines and IMO GBS Standards is an ongoing process that has been
underway for over 20 years and is still not complete. One of the challenges in developing IMO GBS is that
development of GBS instruments differs fundamentally from the traditional approach of developing
requirements, especially since the functional requirements should be “technology agnostic”

(MSC 107/WP.11, 2023).

As mentioned above, a hazard identification should be the starting point for developing functional
requirements as this provides the advantage of identifying all relevant areas of concern that must be
addressed by the functional requirements.

6.3.2 Identification of Hazards

Functional requirements should preferably be based on an identification and ranking of hazards for the
subject considered, see also section 6.3.4 below. Existing reports addressing hazard identification and
ranking already for a wide range of different sail systems and ship types where the systems should be
applied. Therefore, for this investigation, available hazard identification (Hazld) studies have been used to
identify main hazards common to different wind propulsion systems like wing sails, suction sails and rotor
sails. Furthermore, the report “Potential of Wind-Assisted Propulsion for Shipping” by EMSA (EMSA, 2023)
and MEPC 81/INF.39 was considered. All considered information is summarized in Error! Reference
source not found..

It needs to be noted that all considered documentation are focused on WPS as additional source of energy
for propulsion, not as main propulsion. Hazards may also vary for different systems as well as for different
ship types. Therefore, the following summary might not be complete for any given case but is regarded
sufficient to derive generic functional requirements for WP systems and their installation on board. Various
aspects related to the use of WPS for main propulsion and possible impact on hazards and functional
requirements are discussed at the end of section 6.3.4 below.

The identified hazards in the Hazld reports used, may be dependent on the applied wind propulsion system
(rotor sails, wing or suction sails). For the development of functional requirements in accordance with
MSC.1/Circ. 1394/Rev.2, 2019 the available information taken from the Hazld reports has been
generalized. This allows for a grouping of identified hazards with a view to the functions. Reviewing the
available Hazld reports, the following hazards were identified and ranked in these reports as high-risk
categories, see Table 2.

These hazards are partly interrelated and may be further categorized in hazards related to environmental
and operational conditions, hazards related to the reliability of the technical systems / subsystems, hazards
related to general ship functions, hazards to the personnel and finally, general safety hazards as in the 2
column in Table 2. The third column provides further remarks explaining the categorization of the hazard in
more detail.

Table 2 Main hazards identified in Hazld reports

Hazard Category Remarks

Adverse weather impact Environmental / operational condition Including high wind, high
seas and icing due to cold
weather

Fire Safety

Sensors and control system Reliability / safety of systems

failures

Failure of structures Environmental / operational condition Structural failure due to
overload
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Cargo operation General ship function WPS obstruction for cargo
operation

Dropped object Personnel protection

Operator working at height Personnel protection

Loss of power Reliability / safety of systems

Vessel grounding and General ship function, environmental WPS obstruction for

collision conditions navigation under bridges

and in harbour, and
grounding, collision due to
adverse weather

Failures connected with the Reliability / safety of systems,
hydraulic system environmental protection

6.3.3  Derivation of Functional requirements

MSC.1/Circ.1394/Rev.2, 2019 “Generic Guidelines for developing IMO Goal-Based standards provides
general guidance on the development of functional requirements. Following this guidance, functional
requirements should consist of at least a description and an expected performance and should address,
amongst others, aspects such as relevant hazards, compliance criteria, clear description of the function etc.

The above-mentioned guideline recommends that functional requirements should be preferably based on
identification and ranking of hazards for the subject considered. Furthermore, the intended main function of
the WPS needs to be addressed as well as the avoidance of disablement of functions of the base ship due
to the installation of a WPS.

From the available Hazld reports duplications of hazards have been filtered out and 122 hazards could be
identified for further analysis in this report. The list of hazards including causes, effect and possible
mitigating measures is given in appendix B-1. The listed hazards were categorized in one or more of the
risk categories safety “S”, environment “E” and property “P”, see also appendix B-1. During the following
steps of the analysis further duplications of hazards or hazards not in scope of this analysis were identified
and taken out (hazards in strikethrough font appendix B-1 and B-2)

The remaining hazards were further analysed and functions relevant for groups of hazards were identified
and developed. The list from appendix B-1 was grouped for the identified functions and expected
performance related to the identified functions were developed. The result is given in appendix B-2. The
numbering of the hazards from table B-1 is kept in order to enable cross reference between the two tables.
Eleven functions could be identified as shown in the table and in Figure 2 below. The functions (F) are
marked by the same colours used in table and in the figures below. To each function up to five different
“expected performances” (EP) were developed. An example is shown in Figure 3 for the function F2 in
Figure 2. Overview pictures for each of the identified functions illustrating the analysis results are provided
in appendix A, figures A-1 to A-11.
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Figure 3: Expected performances for Function F2

6.3.4 Results of gap analysis

The framework of functions and related expected performance was used for identification of possible gaps
in the class requirements. For that purpose, the class requirements (rules, class guidelines and standards)

of DNV were used.

For understanding of the system of requirements in the DNV rules the following should be noted:

A ship classed with DNV must be, as a minimum, in compliance with the requirements for main class in
DNV Rules, see DNV, 2024, which means compliance with the requirements in DNV RU-SHIP Pt.2, Pt.3,
Pt.4 and Pt.5, as applicable. In addition, the installation and integration of one or more WPS units on board
a vessel with DNV class shall be in compliance with the rules for the additional class notation WAPS, which
are given in DNV-RU-SHIP Pt.6 Ch.2 Sec.12, see DNV, 2025-1. The WPS unit installed on the vessel shall
be in compliance with the requirements stated in the DNV standard DNV-ST-0511, see DNV, 2025-2. This
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system of requirements allows for development and certification of WPS units independently of the certain
ship.

DNV requirements addressing the expected performances (EP) and functions (F) were identified and are
listed in the table B-2 in appendix B. In addition, the relation was visualized via mind maps as given in
Figures 1-11 in the appendix A.

It needs to be noted that this methodology will in principle identify gaps related to the class requirements as
well as to statutory regulations and instruments as identified and discussed in section 5 of this report. In
such cases, where the function and related expected performance are addressed by statutory instruments
just the term “statutory” was used as a reference. The authors abstained from assigning the instruments
and regulations already identified and discussed in section 5 of this study to the functions and EP in more
detail.

In the following, the functions and related expected performances will be briefly described and possible
gaps in the class requirements are discussed. References to the DNV Rules in the below section refer to
DNV,2024 (DNV-RU-SHIP Pt.2, Pt.3 and Pt.4), DNV, 2025-1 (DNV-RU-SHIP Pt.6 Ch.2 Sec.12) or DNV,
2025-2 (DNV-ST-0511).

F1 The WPS is designed adequately for anticipated operational loads

This function addresses mainly hazards resulting in structural failure of the WPS structure or elements
thereof including main bearings. Loads on the WPS structure induced mainly by the environment (inertia
forces due to ship motions, wind forces, vibrations etc.) need to be considered for normal operation
conditions as well as for extreme conditions, where the structure should be able to withstand the loads
without collapse.

Expected performances were developed addressing different failure modes (ultimate strength and fatigue)
as well as different components (WPS structure, WPS foundation within the ship and structural components
like bearings).

e EP1 Structural strength adequate for expected structural loads under all environmental and operational
conditions
This EP addresses hazards related to the external environmental conditions e.g. wave and wind conditions
with low probability of exceedance inducing extreme structural loads. The loads to be considered for the
strength assessment of the WPS structure are defined in the DNV standard DNV ST-0511 Sec.3, while the
strength assessments itself, including the acceptance criteria, are given in Sec.4 of the same document.
Furthermore, general design considerations are given in subsections of Section 2 of this standard. Regarding
the structure of the WPS foundations, requirements are found in the DNV Rules RU-SHIP Pt.6 Ch.2 Sec.12
[2.2.3].
No gaps have been identified.

e EP2 Structural strength adequate for reasonably foreseeable emergency situations
This EP addresses hazards that may arise due to failures of structural components. The WPS structure
should be designed in a way that failure of a single structural element (e.g. blocking of a bearing or
mechanism during WPS operation) will not result in structural collapse. However, components of low
failure probability as listed in DNV-ST-0511 Sec.2 [2.3.2] need not considered to fail, which is further
considered in the loads and load combinations defined in Sec. 3 of DNV-ST-0511.
No gaps have been identified.

e  EP3 Fatigue life is adequate for operation and maintenance regime
This EP addresses hazards related to the action of cyclic loads due to wave induced ship motions and wind
gusts. Relevant loads and requirements for the fatigue strength assessment are again given in Sec.3 and
Sec.4 of the standard DNV-ST-0511 for the WPS unit and in DNV-RU-SHIP Pt.6 Ch.2 Sec.12 [2.2.3.4] for the
foundation. Furthermore, the general requirements regarding periodical surveys for ships in DNV Class
apply.
No gaps have been identified.
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e EP4 Strength and fatigue life of mechanical components adequate for operation and maintenance regime
This EP addresses hazards mainly caused by overloading or blocking of bearings. The effects following such
events are dependent of the type of WPS. While bearing failures on wing sail systems may result in safety
critical situations regarding ship stability, this is unlikely for rotor sails, where a bearing failure may result in
the rotor sail out of operation which is in general not safety critical state.

Environmental conditions, safety and general aspects and loads and load factors for the design of bearings
are addressed in the standard DNV-ST-0511 Sec.2 [2.2.3], [2.3.2], and [2.6.2] and reference for the slewing
bearings is made to the DNV standard for lifting appliances DNV-ST-0377. Furthermore, machinery
components which are part of the propulsion system shall be in compliance with the main class
requirements in DNV-RU-SHIP Pt.4. General design principles are given in DNV-RU-SHIP Pt.4 Ch.1 Sec.3 [2.2].
No gaps have been identified.

e EP5 Vibrations in acceptable limits to avoid damages to structure and systems
This EP addresses hazards induced by vibrations mainly induced by machinery and their components, like
engines or the propeller. WPS, their foundations, structural elements and components should therefore be
designed to avoid forced vibration due to engine, propeller motion or rotation of the rotor sail.
Furthermore, means can be applied to keep the vibrations at the location of the WPS in acceptable limits to
avoid damages to the WPS unit and their components like control and monitoring equipment and other
systems. Vibrations in the structural elements are usually not considered for the determination of scantlings
for these elements, see DNV-ST-0511 Sec.4 [4.5]. Harmful vibrations causing structural failure or
malfunctions of machinery and instruments should be avoided. General requirements for machinery
components are given in DNV-RU-SHIP Pt.4 Ch.1 Sec. 3 [2], while for control and monitoring systems,
requirements are given in standard DNV-ST-0511 Sec.2 [2.8] and DNV-RU-SHIP Pt.4 Ch.9 Sec. 5 [2] incl.
vibration levels for several parameter classes for different locations on board. Further guidance is given in
the appendix A.3.10 of standard DNV-ST-0511.
No gaps have been identified.

F 2 The WPS capability is maintained in the marine/operation environment

This function addresses hazards that are caused by the environment in which the WP system and the base
ship operate. This includes weather exposure like humidity, salt, water spray and UV light, but also green
sea, icing and the impact of ship motions on the WP system. For this function, 5 different expected
performances (EP) could be identified / developed addressing the different environmental effects, loads due
to WPS and ship interaction, as well as defects in components from manufacturing.

*  EP1 Designed and maintained so that the functionality/ capability/structure is not impaired by

- corrosion

- uv

- high/low temperature

- water contact
This EP addresses hazards that are caused by the external environment like humidity, salt, water spray, UV
light, exhaust gases, etc. The environmental conditions that need to be considered for the design of WPS
are stated or referenced in the standard DNV-ST-0511 Sec.2 [2.2], [2.4] and [2.8]. Requirements for
materials are given in DNV-RU-SHIP Pt.2. In more detail environmental conditions that need to be
considered for electric equipment and installations and for control and monitoring systems are given in
DNV-RU-SHIP Pt.4 Ch. 8 Sec. 3 and DNV-RU-SHIP Pt.4 Ch.9 Sec. 3, respectively.
No gaps have been identified.

*  EP2 Designed and maintained so that the functionality/ capability/structure is not impaired by
- ageing
- water accumulation / condensation
This EP addresses hazards that are caused by ageing effects and or water condensation causing such effects
on materials or may impair the functionality due to short circuits etc.
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Requirements regarding the protection of electric equipment and installations are given in DNV-RU-SHIP
Pt.4 Ch.8 Sec.2 [7]. Furthermore, requirements for protection against corrosion etc. exists in DNV rules in
dependency of the components, elements and materials under consideration. Further guidance is provided
in the standard DNV-ST-0511 Sec. 2 [2.2] and in the appendix A.3.7.4 of the same standard.

No gaps have been identified.

e EP3 Design loads consider WPS-ship interaction (both for WPS and ship)
This EP addresses hazards caused by loads induced by the interaction of the WPS and the ship. This includes
for example changes in the environment e.g. permanent increased heel angle due to sailing operation, or
additional heeling moments induced by gyroscopic effects due to the rotation of the rotor sail etc. Some of
them may affect the stability of the ship, some may affect the functionality of the WPS. Requirements
addressing effects related to stability are provided in DNV-RU-SHIP Pt.6 Ch.2 Sec.12 [2.2.2] and the standard
DNV-ST-0511 Sec. 2 [2.2] and [2.3]. Environmental conditions that need to be considered for electric
equipment are given in DNV-RU-SHIP Pt.4 Ch. 8 Sec. 3 and further references are provided in the standard
DNV-ST-0511 Sec.2 [2.2], 2.3] and [2.7].
Interaction between WPS and ship needs special consideration. In current DNV rules, a risk analysis may be
required by the standard DNV-ST-0511 Sec.2 for novel WPS concepts. As long as the wind propulsion
technology is considered under development this may be an effective way to identify and control the risks
related to WPS and ship interaction. When technology is more matured, development of more detailed
requirements or review of existing requirements e.g. with a view of environmental conditions such as static
and dynamic heel angles might be necessary for effective design and approval process.

e EP4 All operational loads considered
This EP addresses hazards that are caused by operational loads that are considered dependent on the
application case and may not be applicable to each WPS, like loads due to icing or green sea. Green sea
loads may be relevant dependent on the location of the WPS installation on board, while icing will only
occur if the ship is operated in geographical regions prone to icing. Green sea pressure loads are defined in
DNV-RU-SHIP Pt.3 Ch.4 Sec.5 [2.2] referenced in the standard DNV-ST-0511 Sec.3 [3.2.3.4], snow and ice
loads in DNV-ST-0511 Sec.3 [3.2.3.3], furthermore load combinations to be considered for the strength
assessments are defined in the standard DNV-ST-0511 Sec.3 [3.3]. Icing effect on stability is considered in
RU-SHIP Pt.6 Ch.2 Sec. 12 [2.2.2].
No gaps have been identified.

e EP5 Manufacturing defects controlled
This EP addresses hazards caused by defects from manufacturing. Monitoring and control of the
manufacturing process is one of the main activities in the classification process. This includes the selection
of materials; the control of the material used for the construction as well as monitoring and testing of
structure and components. Requirements regarding quality assurance and control for non-metallic
materials is covered by DNV-RU-SHIP Pt.2 Ch.3 Sec.3 [4] while for welded structures DNV-RU-SHIP Pt.2 Ch.4
provides requirements for fabrication and testing.
Regarding this EP, further development of class requirements may be necessary in future, see also 6.2.1.3
above.

F3 The WPS is protected from external impacts (impacts from outside WPS)
For this function, only one expected performance (EP) is identified / developed.

» EP1 Designed and arranged so that the functionality / capability/structure is not impaired by
- dangerous goods
- explosive vapours and gases
This EP is addressing hazards caused by impacts from outside the WPS itself, i.e. vapour or flammable gases
collecting inside the WPS. Such impacts may be related to the arrangement of the WPS onboard the ship,
e.g. within or nearby hazardous areas. Guidance is provided in the appendix A.3.6 of the standard DNV-ST-
0511. Furthermore, statutory instruments may be necessary to address this function and EP.
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No gaps in the rule requirements have been identified.

F4 Minimize the possibility of fire

For this function two expected performances (EP) could be identified / developed. In general, fire protection
is covered by statutory requirements. However, class rules are provided to minimise the risk of ignition by
sources like electric circuits and leaking of oil etc.

e EP1 prevention of internal ignition due to

- electrical short circuit

- electrostatic discharge

- overheating of electrical / mechanical components

- leaking of hydraulic / lubrication oil
This EP addresses hazards caused by WPS internal ignition like ignition due to electric short circuit,
electrostatic discharge, overheating of electrical or mechanical components or leaking of oil. Guidance is
provided in the standard DNV-ST-0511 App.A [A.2.3] and [A.3.6] regarding fire safety in WPS equipment
rooms, if any, as well as the application of the statutory requirements to WPS. DNV-ST-0511 [2.2] requires
the consideration of fire safety in the design and in the risk assessment, if required and DNV-ST-0511 [2.6]
provides references to other DNV rules addressing e.g. piping of hydraulic systems and components
preventing oil leaking in these systems.
No gaps in rule requirements have been identified.

e EP2 Prevention of external ignition
- ignition in adjacent area
- lightning
This EP addresses hazards caused by external ignition leading to the risk of fire spreading to the WPS like
ignition in adjacent cargo areas. General guidance is provided in the standard DNV-ST-0511 Sec. 2 [2.2] and
appendix A [A.3.6]. Statutory requirements need to be observed.
No gaps in rule requirements have been identified.

F5 Vessel operates with WPS within stability limits
For this function only one expected performance (EP) could be identified / developed.

e EP 1 WPS system dynamic adequate to keep vessel within stability / operational limits
This EP addresses stability issues that may occur due to insufficient performance of the WPS control system
or errors in that system. This function may have some overlaps with function 9 regarding the general
manoeuvrability but is focusing on the stability aspects. Requirements regarding the stability are given in
DNV-RU-SHIP Pt.6 Ch.2 Sec.12 [2.2]. Further guidance is provided in the standard DNV-ST-0511 Sec. 2 [2.2]
and in appendix A [A.2.1] and [A.3.3]. DNV-RU-SHIP Pt.4 Ch.9 includes requirements to control and
monitoring systems.
No gaps in rule requirements have been identified.

F6 The WPS is protected from internal incidents

This function covers hazards mainly to the WP system doe to incidents that may occur during normal or
accidental ship operation e.g. cargo handling and firefighting. The WPS should be protected against
foreseeable incidents like dropping of cargo during cargo handling. For this function three expected
performances (EP) could be identified / developed.

e EP 1 Means for fire extinguishing capable to cover the WPS unit
This EP addresses hazards due to fire propagation. Requirements and guidance regarding fire protection is
provided in the standards DNV-ST-0511 Sec. 2 [2.2] and appendix A [A.3.6]. Furthermore, statutory
requirements need to be observed. Review of requirements for means for fire suppression in case of WPS
application should be considered for future development.
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e EP 2 Not sufficient drainage capacity after fire extinguishing
This EP addresses drainage capacities of the WPS to avoid stability issues caused by water accumulation
within the sail systems e.g. by green sea or fire extinguishing. Requirements regarding stability are provided
in DNV-RU-SHIP Pt.6 Ch.2 Sec.12 [2.2.2] and general design principles including risk assessment, if any, are
given in the standard DNV-ST-0511 Sec.2 [2.2]. However, no explicit requirements regarding drainage of
WPS are currently in the rules.

e EP3 WPS protected when not in use
This EP addresses the protection of the WPS during e.g. cargo operations etc. Requirements are given in the
standard DNV-ST-0511 Sec.2 [2.2.4] and the appendix A [A.2.2.2]. They require that e.g. cargo handling need
to be considered for the design of the WPS and the installation on board.
No gaps in rule requirements have been identified.

F7 The WPS control/operability is maintained or can be regained in case of single failure

This function is related to the availability of the propulsion system. The control and / or the operability of the
propulsion system including the WPS should be maintained also in case of a single failure. For this function
three expected performances (EP) could be identified / developed.

e EP 1 Additional means of propulsion (except WPS) are available
This EP addresses hazards related to the availability of the additional propulsion system (except the WPS),
which need to be installed on board. In general, such systems need to be in compliance with the existing
requirements for the main propulsion systems, especially with respect to availability of the system.
Requirements are given in DNV-RU-SHIP Pt.4. Regarding availability, requirements can be found in DNV RU-
SHIP Pt.4 Ch.1 Sec.3 [2.2] and [2.3]. Requirements regarding the availability of the electric systems are given
DNV-RU-SHIP Pt.4 Ch.8 Sec.2 and Sec.3 [2].
No gaps in rule requirements have been identified.

e EP2 Ensure safe state of WPS in case of electrical power loss
This EP addresses hazards due to the loss of electric power supply. Requirements regarding the WPS are
given in the standard DNV-ST-0511 Sec.2 [2.2], [2.3] and [2.7]. The requirements for the ship power supply
are given in the rules DNV-RU-Ship Pt.4 Ch.8 Sec.2 [2.2.1] and [6].
No gaps in rule requirements have been identified.

e EP 3 Provide safety measures in case of system failures or malfunctions
This EP addresses hazards due to single failure in different systems of the WPS e.g. the control system or the
hydraulic system. In general, the standard DNV-ST-0511 Sec.2 [2.3] provides requirements for which
components and systems safety measures need to be provided in case of single failure events. Further
requirements related to the different systems are provided in DNV-ST-0511 Sec.2 [2.6], [2.7], [2.8] and the
rule requirements for the different systems such as DNV-RU-SHIP Pt.4 Ch.6 Sec.5 [8] for the hydraulic piping
systems and DNV-RU-SHIP Pt.4 Ch.9 Sec.2 and Sec.3 for the control and monitoring systems.
No gaps in rule requirements have been identified.

F8 Minimize the impact of malfunction of the WPS

This function means that malfunction of the WPS should not yield to unsafe condition of the ship or an
impact on the ships main systems, like the main power supply. For this function two expected performances
(EP) could be identified / developed.

e EP 1 Malfunctions cannot lead extreme heel (depowering possible)
This EP addresses hazards that may cause extreme heel or list mainly due to malfunctions in the control
system e.g. software error or cyber security issues. Requirements to address malfunctions of the control
system are given in the standard DNV-ST-0511 Sec. 2 [2.2], [2.3] and [2.8] and the rules DNV-RU-SHIP Pt.4
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Ch.9 Sec. 2 and Sec.3. Regarding cyber security, DNV offers the additional class notation Cyber secure,
which is optional.

e EP2 Malfunction cannot impair main vessel systems
This EP addresses hazards from WPS components or systems that may impair main vessel systems like the
electric power supply. Failure of the electrical system due to harmonics in case of frequence controlled
motors i.e. for the rotation of rotor sails is assigned to this function and EP. Requirements are provided in
RU-SHIP Pt.4 Ch.8 Sec.2 and Sec.3.
No gaps in rule requirements have been identified.

F9 The WPS does not interfere with ship operation

This function is to cover hazards related to the presence of the WPS on ship operation in normal and
accidental conditions. Operations like navigation and manoeuvrability in unrestricted and harbour areas,
cargo handling, evacuation and access to life saving appliances should not be compromised by the
presence of WPS. For this function, 5 different expected performances (EP) could be identified / developed.

*  EP1 Presence of WPS structure does not interfere with

- mooring

- cargo operation

- harbour navigation
This EP addresses hazards that are caused by the presence of the WPS structure in mainly harbour
operations like mooring, cargo operations or navigation in harbour areas, e.g. under bridges. Cargo
operation and the navigation in harbours e.g. sufficient space to pass bridges, locks etc. need to be
considered during the design phase of the ship but are not in class scope. These operations are dependent
from the intended trade and related routes and harbours and may have impact on the economics but also
on related safety aspects. Mooring is addressed in the standard DNV-ST-0511 Sec.2 [2.2] and [2.3] and in
appendix A [A.3.4]. Furthermore DNV-RU-SHIP Pt.3 Ch.11 Sec.1 provides the general requirements
regarding mooring and mooring equipment. It needs to be noted that the class rules regarding mooring are
governed by the IACS UR A2, IACS Rec. 10 and MSC.1/Circ.1175/Rev.1. Furthermore, MSC.1/Circ. 1619
Guidelines ‘Guidelines on the design of mooring arrangements and the selection of appropriate mooring
equipment and fittings for safe mooring’ are in place and are considered for the class rules. It might be
necessary to review relevant IMO regulations and IACS requirements with respect to the necessity to
consider WPS in the determination of scantlings for mooring equipment, refer also to 6.2.1.3 above.

e EP2 presence of WPS structure does not interfere with navigation

- bridge visibility

- arrangement of navigation lights

- radar sectors
This EP addresses hazards that may be caused by the presence of the WPS structure during normal
navigation e.g. regarding bridge visibility, arrangement of navigation lights etc. Guidance regarding these
issues is given in the standard DNV-ST-0511 Sec.2 [2.2] and appendix A [A.3.1] and [A.3.2]. However, it has
to be noted that these topics are governed by statutory regulations as discussed in section 5 of this report.

e EP3 Presence of WPS structure does not interfere with emergency operations

- helicopter evacuation / operation

- obstruction to evacuation routes

- access to LSA
This EP addresses hazards that may be caused by the presence of the WPS structure in case of emergency
operations like being an obstruction to evacuation routes etc. Guidance is provided in the standard DNV-ST-
0511 Sec.2 [2.2] and appendix A [A.2.2] and [A.3.9]. Furthermore, evacuation and means of escape there
are statutory regulations that need to be observed i.e. SOLAS II-2 Reg.13.
No gaps in rule requirements have been identified.
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e EP4 Course keeping and manoeuvrability not compromised by WPS (with or without wind)
This EP addresses hazards that may be caused by the physical behaviour of the WPS, resulting in insufficient
propulsion or insufficient manoeuvrability of the ship. Statutory regulations exist regarding the
manoeuvrability of ships e.g. MSC.137(76) 'Standards for ship manoeuvrability’ and related MSC/Circ.1053
"Explanatory notes to the standards for ship manoeuvrability’. These standards are developed for traditional
(shaft driven) ships with conventional rudders. Regarding shipsusing WPS some of the required manoeuvres
in the standard might be difficult to fulfill, e.g. the stopping ability. Guidance and further references are
given in the standard DNV-ST-0511 Sec.2 [2.2], [2.3] and in appendix A [A.1] regarding the physical
principles of different WPS, [A.2.1] regarding operational effects due to the aerodynamic forces and [A.3.3]
regarding the manoeuvrability criteria and minimum propulsion power. Currently WPS technology is
handled here as new technology propulsion systems and need to be agreed with the relevant flag state
authority on a case-by-case basis, see also the analysis in 5.2.3 above.
With a view to the class rules no gap could be identified.

*  EP5 WPS malfunction does not endanger ship operation / navigation
This EP adresses hazards related to WPS malfunctions like sensor failures. In such a case, safety measures
should be available to not endanger the ship operation and / or navigation. This overlaps partly with
function 7. Therefore, referenced requirements are similar, i.e. the standard DNV-ST-0511 Sec.2 [2.2], [2.3]
and [2.8] and the rules for control and monitoring systems (DNV-RU-SHIP Pt.4 Ch.9 Sec.2 and Sec.3). Both,
the rules and the standard addresses the safety measures in case of a single failure of a component in the
control system.
No gaps in class rule requirements have been identified.

F10 The WPS does not impair safety of all persons on board

This function covers hazards to the crew or persons on board caused by either a malfunction of the WPS or
caused by the objects dropping from the WPS due to various reasons. Two expected performances have
been identified / developed for this function.

¢ EP1 Malfunction of WPS does not endanger crew safety
This EP addresses malfunction of the WPS and especially malfunction of the deployment system that could
be dangerous for crew and persons on board, e.g. unexpected tilting or folding of the WPS. Such events are
addressed by requirements as given in the standard DNV-ST-0511 Sec. 2 [2.2], [2.3], and [2.6] and further
requirements for the design of hydraulic systems, where a single failure of a component should not result in
unexpected movement of structural components or parts of the WPS. No gap in class rule requirements
could be identified.

e EP2 Persons on board prevented from dropped objects

- ice

- loose components

- maintenance / inspection
This EP addresses hazards that are related to dropping objects from the WPS for different reasons (e.g. icing
or loosening of components or due to maintenance or inspection work). No direct requirements are
provided with respect to design and construction. These events should be part of risk assessment, if
required, see also DNV-ST-0511 Sec.2 [2.2] and [2.3]. Operational requirements and provisions could be
established in order to manage the risks associated with these hazards.

F11 The WPS is inspectable and maintainable
One expected performance has been identified / developed related to that function.

¢ EP1Provide means for safe inspection and maintenance
- Prevention of falling from heights
- Ventilation of enclosed spaces
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This EP addresses hazards related to inspection and maintenance activities of WPS, mainly to access
arrangements, ventilation of enclosed spaces and working at heights. These hazards are addressed by
statutory regulations as referred to in DNV-ST-0511 appendix A [A.2.3] and [A.3.7.4].

No gaps in class rule requirements have been identified.

Comparing these functional requirements with the requirements already established for WPS it can be
concluded that most of the functional requirements are already addressed by the class rules and / or

statutory regulations.
The following have been identified regarding possible gaps or necessary further developments:

Table 3 Identified needs for review and further development

Function | Expected Topic Identified need for review

performance

F2 EP3 Consideration of review of existing requirements (class rules)

interaction between regarding aspects of WPS-ship interaction with
WPS and ship respect to environmental conditions like static and
dynamic heel angles etc.

F2 EPS Control of requirements (class rules) for quality control and

manufacturing defects detection and handling of manufacturing defects
(mainly in non-metallic for modern lightweight materials
materials)
F6 EP1 Means for suppression review of requirements (statutory and class rules)
of fire regarding fire suppression in case of WPS on
board
F6 EP2 Drainage capacity (of review necessity of requirements (class rules)
enclosed spaces in regarding water accumulation subsequent
WPS) firefighting operations

F8 EP1 Cyber security regarding cyber security of systems optional class
notations are provided, review if a certain
minimum needs to be required mandatorily (class
rules, not WPS specific)

F9 EP1 Mooring equipment review (statutory and class rules) necessity of
consideration of WPS for scantling determination
of mooring equipment

F9 EP4 Manoeuvrability (with review of relevant statutory instruments might be

active and inactive necessary
WPS)

7 Conclusions & outlook

This study demonstrates that while wind propulsion technologies hold substantial promises for reducing
greenhouse gas emissions and improving fuel efficiency in maritime transport, international regulatory
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frameworks and classification society’s class rules have yet to fully accommodate their integration. Current
instruments, primarily those under the International Maritime Organization (IMO), were designed with
conventional propulsion systems in mind, resulting in gaps and grey areas concerning the classification,
certification, safety standards, and performance measurement of WP systems.

The findings underscore the urgent need for a coherent, adaptive, and collaborative international approach,
one that balances technological advancement with economic considerations, ensuring that regulation
evolves in tandem with innovation. Ultimately, bridging these regulatory gaps will enhance global
governance, promote responsible development, and ensure that the benefits of wind propulsion
technologies are safely realized.

Amongst identifying gaps in regulatory issues that hopefully triggers developments in international
regulations, a further specific gap was identified:

The term “wind as main propulsion”is not currently defined within existing maritime regulatory or technical
frameworks. Nevertheless, there is potential for this concept—or a related system of classification or
indexing—to be developed in the future as a means of characterizing, grouping, or ranking vessels
equipped with specific wind propulsion technologies. Such a framework could incorporate a range of
technical parameters related to both the vessel and its installed wind propulsion systems.

Developing such a classification or indexing to reflect the installed capacity and operational contribution of
wind propulsion systems on individual ships could facilitate a more nuanced differentiation of technical
requirements under regulatory and classification regimes, particularly from a minimum safety perspective. It
could provide a quantitative basis for the application of statutory instruments, including associated
obligations or potential incentives.

Accordingly, the development of a consistent and precise terminology for wind propulsion is recommended.
Given that wind power cannot ensure continuous and fully reliable propulsive power in year round
operation, engine systems should still be required to ensure safety and redundancy. However, on average,
wind energy can contribute substantially to reducing fuel consumption and emissions across a wide range
of operational profiles.
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Appendix A Overview analysis results class rules
Al Overview functions, expected performances and related class requirements
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™

Figure A-4: Function 4, expected performances (EP) and related requirements in DNV Rules
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Figure A-5: Function 5, expected performances (EP) and related requirements in DNV Rules
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S| the WPS unit
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\ « fire extinguishing \ Frntecte;]fr.r:rm /
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EP3 .
WPS protected :‘ e
[2.2.4] Sec. 2 when not in use
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| « external environment

|
|

Figure A-6: Function 6, expected performances (EP) and related requirements in DNV Rules

EP1
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y o ;e
h EP 2 ST-0511  Sec 2 | [23]
ensure safe state L 27
i I: T i | L
of WPS in case , 2.21]
[ The WPS \ of electrical power loss | PR i 0B
| control / operability | \_RUSHPPt4  Chsg  Sec2 i 6]
=+ is maintained or | T
| can be regained | 7 [2.2]
| incaseofsingle | 23
| failure ; l
"-\_ EP 3 ST-0511 Sec.2 J  [2H]
b /{ safety measures ﬂ",-\. 2.7
b in case of system | |
e 4 \“*-__ failures or malfunction | ARl
“._ available / Ch.6 _ Sec 58]
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. Sec. 3

Figure A-7: Function 7, expected performances (EP) and related requirements in DNV Ruies
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Figure A-8: Function 8, expected performances (EP) and related requirements in DNV Rules
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EP1 [2.24]
presence of WPS _Sec.Z2 o 23]
structure does not 5T-0511 |/ :
interfere with .'“'- \ Sl o A2.2]
« moaoring |I v [A34]
» Cargo operation | RU-SHIP Pt3 Ch.11 sec
« harbour navigation |~ =
) statutory
EP 2
presence of WPS
/ structure does not o Sec2 129
/ interfere with navigation ST-0511 [A.3.1]
/ fa W APR-A
« bDridge visibility f ) v [A3Z]
« arrangement of navigation lights II statutory
» radar sectors
y . 7 3
y 5 presence of WPS
EER h structure does not
|' _, The WPSdoes
!
|

Sec?
| interfere with emergency ’
notinterfere with | operations
\ ship operation. f.*

b

[2.2]
ST-0511 | [A.2.2]
- \ FT] S e —
f : W [A3.9]
« helicopter operation / evacuation ,' ?
f/(: « obstruction to evacuation routes | Statutory
Ta——— » access to LSA /
|II .III 'H.___ J!I
oy 22
EP 4 23
course keeping and ST-0511 | [A1]
VN manoeuvrability not s \
|\ \  compromised due to I-' \_App.A [ [A21]
. WPS (with or without wind) / W [A33]
\_ statutory
y [2.2]
P
EP5 Sec 2 | [23]
WPS malfunction sT-0511 | o [2.8]
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|
!
%,

. RU-SHIF Pt 4
Figure A-9: Function 9, expected performances (EP) and related requirements in DNV Rules
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2.2] EP1
1 e A malfunction of WPS

[2.3] | Sec.2 ST-0511 does not endanger

i E .y

261 J \ safety of crew and
I | other persons F10
EP 2 The WP does
persons on board not impair safety
prevented from of all persons
[2.2] dropped objects an board

N OEC. 2 ST-0511
28 7 ' . ice

| « [005e components :
' « maintenance [/ inspection f;'

Figure A-10: Function 10, expected performances (EP) and related requirem-ents in DNV Rules

EP1
provide means for safe statutory
inspection and maintenance _ A.2.3]

« prevention of falling from heights I'__ ST-0511 ﬂ A37.4)

« ventilation of enclosed spaces H-"

¥

maintainable.

Figure A-11: Function 11, expected performances (EP) and related requirements in DNV Rules

Appendix B Analysis results (tabular)
B.1 Hazards identified in Hazld reports (generalized)

Table B-1 4: Identified hazards from hazid reports

. mitigatin
N | Hazard/fai Risk |
Cause 1 Cause 2 Cause 3 | Effect categ comment
o. | lure measure
ory
s
hazard of
loss of
stability
due to
WPS bearing
blocked, loss or limitation of issues only
1 Extreme due to manoeuvrability, loss s true for
heel/list - Bearing of cargo, cargo shift, Wing and
wear / capsize, injuries (suction
damage, wing
systems),
no safety
issue for
rotor sails
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. mitigatin
Hazard/fai Risk
Cause 1 Cause 2 Cause 3 | Effect categ g comment
lure measure
ory s
WPS
Extreme blocked, o
. loss or limitation of
heel/list due to .
manoevrability, loss
Loss of . S
. . of cargo, cargo shift,
stability - Icing Capsize, injuries
ticing) within psize, inj
bearing
Extreme stability loss of cargo, cargo s
heel/list issue shift, Capsize, injuries
Alarm in
case of
weight increase -> environm
. ental
shift of centre of condition
Loss of -~ gravity -> cargo shift,
” icing S |sprone
stability loss of cargo, to icin
capsize, injuries, o eratgiJc’m
WPS damage alp
procedur
es
Initial: wrong reaction
malfunctio of WAPS,
Extreme cargo shift, loss of
. n control . S
heel/list svstem cargo, capsize,
y injuries, WPS
damage
erronous Initial: wrong reaction
control / positioning of WAPS
Extreme |system cargo shift, loss of s
heel/list (e.g. cargo, capsize,
Software injuries, WPS
error) damage
Initial: loss of WPS
control, WPS unable
Extreme failure to move,
. control cargo shift, loss of S
heel/list )
system cargo, capsize,
injuries, WPS
damage
e.g. Initial: loss of WAS
Damaged control, WPS unable
damage to
sensor, to move,
Extreme element of .
. damaged cargo shift, loss of S
heel/list control )
svstem data or cargo, capsize,
y power line injuries, WPS
etc. damage
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. mitigatin
N | Hazard/fai Risk 14
Cause 1 Cause 2 Cause 3 | Effect categ comment
0. |lure measure
ory s
incorect
wing angle
caused by
several
Ihcorrect Loss-of cargo,carge other
9 Bd#eme mngengk . ) sh#t—Gap&zeL s hazards
heelllist Lsail injuries WPS like
position damage hydraulic
or control
system
malfunctio
ns etc.
damage of Initial: loss of WPS
Loss of power line functions, loss of
10 | Loss of power connectio cargo, cargo shift, S
control (Electrical) n to WPS Capsize, injuries,
WPS damage
fai Initial: loss of WPS
ailure of .
Loss of main :‘unchofn,
11| Loss of power power 0ss of cargo, cargo S
. shift, capsize,
control (Electrical) | supply injuries, WPS
(electrical) damagé
not
necessaril
y related to
) WPS, as
ARt not allways
49 Extreme heating tossofcargo; S anti-_
L ~ ize—initri healing
faiture system
applied,
considered
not in
scope
Initial: delayed reaction
WPS reaction of WPS, time of
Extreme control loss of wind control
13 heelllist system propulsion power, S |system
100 Slow loss of cargo, regarding
structural damage, wind
capsize, injuries, gusts
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. mitigatin
N |Hazard/fai Risk
Cause 1 Cause 2 Cause 3 | Effect categ g comment
0. | lure measure
ory
S
reaction
time of
control
system,
WPS Initial: increased roll mitigating
control . measure
Parametri |system motllo_ns. s against
14 . stability issues, cargo S .
c rolling too . parametri
shift, cargo loss, .
slow/erron S-S c rolling
capsize, injuries
uos usually
course
change
or speed
increase
Initial: increased roll
Parametri control motions see also
15 . system stability issues, cargo S above,
c rolling . i
failure shift, cargo loss, case 7
capsize, injuries
Initial: increased roll
Parametri |sensor motions
16 . . stability issues, cargo S
c rolling failure i
shift, cargo loss,
capsize, injuries
Sbil
of control
Initial WPS blocked system
Caosi | {power
’ sourece;
Exi damage;loss-of "
control 13 I see .
17 Wi system - - auae#rapy—peweF , malfunctio
failure (eleetneal— ’ n, case 5
PFOpUIS s.n): L0850 equipme
Extreme sensor Initial: wrong settings
18| | eelist failure -> WPS force too P
high -> loss of WPS
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. mitigatin
N | Hazard/fai Risk 14
Cause 1 Cause 2 Cause 3 | Effect categ comment
0. |lure measure
ory s
Initial: WPS cannot g?,“ab'“ty
be adjusted/ moved; .
: slewing
capsize, structural .
damage to bearing
Extreme . damage, loss of o
19 . slewing . S | (certified
heel/list . auxilliary power .
bearing . materials
(electrical, and
propulsion), Loss of
L approved
cargdo, injuries, design)
Initial: WPS cannot
be adjusted -> certified
Capsize, structural elements
Extreme hydraulic damage, loss of of
20 . system auxilliary power S hydraulic
heel/list . :
failure (electrical, system
propulsion), Loss of (at least
cargo, injuries, ram)
or loss of WPS
this effect
is not
specific to
ships with
WPS, this
risk is
allways
rs]tc::ficient there,
Extreme | o initial: water however,
heel/list g accumulation in rotor WPS. may
21 capacity . S contribute
Loss of . sail, loss of cargo, ;
stabilit afterfire injuries, capsize -to fisk
y extinguishi J ,cap increase
ng regarding
stability
issues,
here only
drainage
of the
WPS is
considered
Dropped Failure tilt
22 opp mechanis Fatality, damage S
object m
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. mitigatin
. Risk
N | Hazara/fai Cause 1 Cause 2 Cause 3 | Effect categ g comment
0. |lure measure
ory
s
Dropped . L
23 object Icing injuries, damage S
loose
componen
ts, e.g.
Dropped | Corrosion, fatality, injury,
24| . . S
object loosening damage
of bolts
due to
vibration
loose
items
falling
down .
o5 Drppped during fatality, injury, s
object . . damage
inspection
/
maintenan
ce
initial: insufficient
Insufficient | . - speed to keep )
insufficient manoeuvrability;
26 | manoeuvr . : S
. propulsion CN, GR, wind drag,
ability .
increased fuel
consumption
insufficient
manoeuvr
ability is in
blocking-of this case
WPS or Initiallossof WRPS the effect
Insufficient | I control een#el— of blocked
27 | manoeuwr | . system - stability-issues; S |- WPS, etc.
ability §ERYe | icsueor excessive-heel-CN; refer to
sensor GR extreme
issue heel / list
cases 1
and 2
above
nitiakHoss- o WPRS insufficient
Insufficient WAPS icing; conirol; manoeuvr
28 | manoeuwr blocked damage-to |- stability-issues; S ability is in
ability bearing; excessive-heel,-CN; this case
GR the effect
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Hazard/fai
lure

Cause 1

Cause 2

Cause 3

Effect

Risk
categ
ory

mitigatin
g
measure
S

comment

of blocked
WPS, etc.
refer to
extreme
heel / list
cases
above

29

Insufficient
manoeuvr
ability

insufficient
thrust

lower ship speed,
reduced rudder force,
CN, GR

see also
case 26
above

this loss of
contol
leading to
loss of
manoeuvr
ability, see
case 7
above

this loss of
contol
leading to
loss of
manoeuvr
ability, see
case 8
above

this is
blocking or
malfunctio
n of
slewing
bearing
leading to
loss or
limitation
of
manoeuvr
ability see
case 1
above

33

Insufficient
manoeuvr
ability

hydraulic
system
failure

loss of WPS control,
extreme heel, loss of
locking/unlocking/tilti
ng/rotating ...
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Hazard/fai
lure

Cause 1

Cause 2

Cause 3

Effect

Risk
categ
ory

mitigatin
g
measure
S

comment

delete,
loss of
main wind
propulsion
is a result
of several
possible
failures or
even
simply the
absence of
wind

35

this seems
to be very
important,
even if not
directly
linked to
the WPS
itself, but
hazard is
loss of
auxilliary
propulsion,
while
effect
might be
insufficient
manoeuvr
ability
amongst
others!
Replaced
by the
cases 36
and 37
below.

36

loss of
auxiliary
propulsion
system

different
failures
possible
- loss of
fueling

- control
system
issues

reduced speed,
limited
manoeuvrability in
congested / confined
waters

this is
usually
addressed
by the
requireme
nts in
place for
the main
propulsion
system
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Hazard/fai
lure

Cause 1

Cause 2

Cause 3

Effect

Risk
categ
ory

mitigatin
g
measure
S

comment

37

loss of
auxiliary
propulsion
system

blackout

excessive
heeling
(outside
operationa
| range of
electrical
power
supply
system)

Initial: loss of control
of WPS and ship

this might
be new for
wind as
main
propulsion,
systems
are usually
designed
for static
heel of 15
deg. and
dynamic
roll angle
of 22.5
deg.

38

WPS
blocked

tilting
system
failure

hydraulic
system
blocked,
malfunctio
n

unable to lower the
wing / rotor sail,
unable to call ports

this is
related to
the tilting
system.
The tilting
might be
necessary
for harbour
operation
and
operation
in
restricted
areas
(under
bridges
etc.) not
necessaril
y safety
related

39

Insufficient
manoeuvr
ability

different
possible
causes as
above and
general
manoeuvr
ability
performan
ce of the
WPS

emergency stop
impossible within
required distance

change of
direction of
thrust by
180 deg
for WPS
impossible
emergency
stop as
required

by
MSC.137(
76)
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Hazard/fai
lure

Cause 1

Cause 2

Cause 3

Effect

Risk
categ
ory

mitigatin
g
measure
S

comment

40

Insufficient
manoeuvr
ability

different
possible
causes as
above and
general
manoeuvr
ability
performan
ce of the
WPS

unable to execute
man over board

operation (turning
cycle manouevre)

turning
circle
manoeuvr
e (man
over board
manoeuvr
e) as
required
by
MSC.137(
76)

41

Insufficient
manoeuvr
ability

general
manoeuvr
ability
performan
ce of the
WPS

unable to execute
sudden heading
change (to avoid
collosion etc.)

this is
more
related to
control of
the WPS
as well as
the
capability
to change
course
without
WPS
support,
main
causes:
loss of
WPS
control
and/or
unsufficien
t steering
capacity

weight is
considered
during
design
phase,
sufficient
rudder
immersion
should be
ensured in
case of
retrofit,
considered
out of
scope
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. mitigatin
N |Hazard/fai Risk
Cause 1 Cause 2 Cause 3 | Effect categ g comment
0. |lure or measure
y s
Insufficient continuous rudder manoeuvr
43 | manoeuvr transverse angle, increased s es under
abilit lift rudder load, rudder SOLAS
y damage possible?
see
Insufficient | . tetitcedspeet; reduced
44 increased | ) mited speed
Hanoeuy drag - above,
ability manoetvrabitity hazards 26
and 29
overheatin WPS damage, fire
. internal . spreading, explosion
45 | Fire Co g/ bearing ; S
ignition - in cargo space,
friction .
Fatality
leaking of WPS damage, fire
46 | Fire !ntgr_nal hydl_'aul_|c/ §pread|ng, explosion s
ignition lubrication in cargo space,
oll Fatality
?g);tﬁirg:l WPS damage, fire
47 | Fire source §pread|ng, explosion s
e.g. in cargo space,
lightning Fatality
external
ignition in
adjacent
48 | Fire areai.e. WPS. damage, S
. fatality,
Container
or cargo-
area
internal
ggglt(r):stat WPS damage, fire
ol i rrosans 0o | s
discharge Fatality
as ignition
source
waterspr
!ntefr.nal _ay (due WPS damage, fire
ignition overheatin | to fire spreading. exolosion
50 | Fire electrical |g-> cable |extinguis SP 9, &Xp S
. in cargo space,
short damage hing or .
L Fatality
circuit green
sea)
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. mitigatin
N |Hazard/fai Risk
Cause 1 Cause 2 Cause 3 | Effect categ g comment
0. |lure measure
ory
s
vapour /
gas
collecting
inside
51 Fire WPS / WPS damage, S
Explosion |arrangem explosion, fatality
ent of
WPS in
hazardous
area
included in
cases
above, the
use-of material
commbistib needs to
52 | Fre s WPSdamage S be ignited
te-materiat by the
forWPS hazards
mentioned
above (45-
50)
fire
suppressi
on/
extinguishi
ng system
not system
Fire sufficiently capability
. | capable WPS damage, should be
53 | propagatio : : S
n (not spreading of fire assessed
sufficient during
pressure, design
not
enough
hose
length
etc.)
related
Contact rather to
(with , WPS damage, ship voyage
extension g
harbour . structure damage, planning
54 X of height / o . P
equipment | _. restrictions in harbour and
: air gap :
, bridges access operation
etc.) than to
design
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o — Risk mitigatin
zard/tal Cause 1 Cause 2 Cause 3 | Effect categ g comment
0. |lure measure
ory
s
cause is
rather
extension
of height
and / or
operation operation
Contact with WPS with
twith onded | P initially: WPS increased
55 hatbott . .| congested | damage; P heel, same
eq-u-i-pﬁ“reﬁ-tlsgt H | area ship-strusture as line 68
bridges | ooF lirmited damage to 71
ete} manoeuvr below,

’ ability limited
manoeuvr
ability
covered
line 39 to
44 above
dropped

cargo objects
dropped | operation, initially: damage to (cargo) to
56 | objects especially the locked / stored P damage
(cargo) grab WPS by cargo the WPS -
operation > change
hazard
damage to ship
structure, damage to
life-boat, LSA,
Collapse Fatality, blocking of
57 | of WPS corrosion funnel and / or S
structure emergency or
auxiliary power
source, compromise
watertight integrity
inertia
loads due initially: damage to
to wave WPS;
induced collapse of WPS
WPS ship structure, damage to
58 | structure | fatigue motion ship structure and/or P
damage and equipment;
dynamic compromise
loads due watertight or
to wind weathertight integrity;
gust
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. mitigatin
N |Hazard/fai Risk
Cause 1 Cause 2 Cause 3 | Effect categ g comment
0. |lure measure
ory
s
damage to ship
unexpecte structure, damage to
i life-boat, LSA,
Collapse windg ust / Fatality, blocking of
59 | of WPS g funnel and / or S
excessive
structure wind emergency or
auxiliary power
speed .
source, compromise
watertight integrity
damage to ship
structure, damage to
failure of | blocking of life-boat, LSA,
Collapse slewin WAPS overload | Fatality, blocking of
60 | of WPS 9 : of funnel and / or S
mechanis |adjustmen
structure m t structure | emergency or
auxiliary power
source, compromise
watertight integrity
damage to ship
structure, damage to
resonance life-boat, LSA,
Collapse with Fatality, blocking of
61 | of WPS funnel and / or S
vessel
structure . . emergency or
vibration "
auxiliary power
source, compromise
watertight integrity
damage to ship
structure, damage to
life-boat, LSA,
Collapse Fatality, blocking of
62 | of WPS Icing funnel and / or S
structure emergency or
auxiliary power
source, compromise
watertight integrity
consider
arrangeme
nt, green
Collapse Green sea damage to S?:ssure
63 | of WPS foundation, bearings, P pr
pressure ! might not
structure sail structure
be an
issue for
many
WAPS
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N |Hazard/fai Risk | 160
Cause 1 Cause 2 Cause 3 | Effect categ g comment
0. |lure measure
ory
s
increased damage to WPS or
. accelerati foundation or ship
Collapse | increased on -> structure (lifting or
64 |of WPS | ship . : 9 P
. increased loosing from locked /
structure | motion . . "
inertia stored position of
loads WPS
C presence obstruction of view,
Navigation | of wings,
65 radar sector and S
obstacle rotor/ navigation lights
WPS gation g
unability to
66 Navigation | fold or obstruction of view S
obstacle lower
wings
reflections
67 Navigation frgm obstruction of view S
obstacle |wings/
rotors
obstructio
n for ship
operation / | presence mooring operation
68 |in of wing / more difficult / S
emergenc | WPS impossible
y
situations
obstructio
n for ship
operation /| presence Cargo operation more
69| in of wing / aificult/ impossible |
emergenc | WPS P
y
situations
obstructio
n for ship _ )
operation / | presence Impossible helicopter
70 (in of wing / evacuation/ S
emergenc | WPS operation
y
situations
obstructio
n for ship
operation / | presence : . :
71/in of wing / pastsl'.”g.ff:”dges'n P
emergenc | WPS porttimite
y
situations
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N | Hazard/fai Riskc | o
Cause 1 Cause 2 Cause 3 | Effect categ g comment
o. | lure measure
ory
S
obstructio
n for ship
operation / | presence P
72 |in of wing / obstruct’Flon mt S
emergenc | WPS evacuation routes
y
situations
obstructio
n for ship
operation /| presence obstruction for access
73 |in of wing / £ LSA S
emergenc | WPS 0
y
situations
this is very
unspecific.
Control
system
failure
obsisuctio o anabity
. for tilting
operation/ | control
. unable-to-operate the WPS
74| in fsl ) ) cargo or bring it
y § in the
. . neutral or
out of work
position.
Such a
scenario is
covered
above.
obstructio
n for ship workers at
pperat|on/ height of maintenance and
75 |in WPS . tionind / S
emergenc mspec .|o'n|n anger
y falling, injury
situations
ventilation
of
. unsufficci enclose_d
obstructio spaces in
nforship | -\ oq ent l WPS
i ventilation o .
pperat|on/ spaces in : injury, risk of structure
76 |in during . S should be
emergenc WPS i asphyxiation required
structure | Maintenan
y ce/ for
situations . . inspection
inspection and
maintenan
ce
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] mitigatin
) Risk
N |Hazard/fai Causel |Cause2 |Cause3 |Effect categ g comment
0. |lure measure
ory
s
not related
to safety or
. ship
. o operation -
949%”9. ) lmiiotencncoce general
77 |in weight mass-/ space; economica
; increased-harbou I risk for
ye 1OFgene cost-ifHncreased-G1 installation
o of WPS -
out of
scope
covered by
hazards 7
¢ and 8,
communic | . . unable-to-control-and failure of
o with | aHure-of steer the WPS, control
electrical
78 | WPS / no : damage-to-WPS; system
data neenneeﬂe excessive-healing; and
. CN, GR. ... damage to
n element of
control
system
loss of
¢ electrical
communic unable to conlrol and power
: ith |1 ¢ steerthe WPS. covered by
79 |WPS /no |power - - damage-to-WPS; hazards 10
data (electrical) excessive-healing; and 11
o CN.GR_. above
n (loss of
control)
lossof loss-of
commuURic | communic unable-to-controland covered by
56 ation-with | ation-wit heat/teold | Y , hazards 7
WPS+ne |WPS/he cather damage—te—wps. ; and 8, can
data data excessive-heeling; be deleted
submissio | submissio ON,GR— '
n A
lossof
communic | water unabletocontroland covered by
ation-with |ingress steerthe WPRS, hazard 8
81| WPS/no |into . - damage-to-WPS; canbe
data electronic excessive-heeling; deleted
A
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Risk mitigatin
N | Hazard/fai Cause 1 Cause 2 Cause 3 | Effect categ g comment
o. | lure measure
ory
S
loss-of
communic | mechanic unabletocontroland covered by
ationwith | aldamage steerthe WPS; hazard 8
82 | WPS/neo |io - - damage-to-WPRS; can be ’
data conhectio excessive-healing; deleted
submissio (A CN,GR— )
A
software
error
loss-of covered
communic unable-tocontrol-and hazard 6,
ationwith | faillureof steerthe WWPRS,; malfunctio
83 |WPS-/no |conirol - - damage o WPRS; n covered
data panel excessive-healing; hazard 5,
submissio CN;GR— damage of
n element
covered
hazard 8.
extreme
heel / list;
loss of unable to control and will end u
communic | cyber- fit steer the WPS, ith P
84 | ation with | security .So ware- damage to WPS, S Wi
. issue . . software
WPS /no |issue excessive heeling, ssue
data CN, GR, ...
submissio
n
VoRg damage-to-WPS;
data blet , ' covered by
85 submissio | sensor . . | the WPS hazards 8
ato failure . I, CN and 16
control ’ ’ above.
panel GR
software
error
wrong damage-to WPS, (covered
data 4l ¢ blot , ' by hazard
86 | SHOMISSIO | gictronic |- - steer the WPS, 6) or
pto . . failure of
device excessive-heel CN;
control GR element
panel (covered
by hazard
8)
damage-to-WPS;
v e i
87 1. bearings | ) depowerthe WPS, bearing
’ . | bloeked notoptimaluse-of covered by
depowerin wind-power; hazards 1
gand excessiveload fo and 2
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Risk mitigatin
N |Hazard/fai Causel |Cause2 |Cause3 |Effect categ g comment
o. | lure measure
ory |
Hng WPS_excessive-heel; above,
— tilting
systen system
covered
hazard 22
damage-to-WRS; this is loss
Wsp unable to control / of control
_eﬂenfeauen oss.of depowerthe WPS; caused by
; not-optimatuse-of loss of
88 | depowerin | power(ele |- - wind-power; electrical
g-and etric) excessive load-lo power,
titing WPS; excessive-heel; covered by
system _ hazard 11
Wsp damage-to-WPS; hydraulic
unable-to-controH system
_,e ehtatio hyvdrauli depower-the-WPS; failure
89 } ) rotoptimal-use-of covered by
depoweri f ’.SI tem wind-power; line 20 and
g-and exeesswe—lead—t. © line 23
titing _WPS—exeesa%, eel; (tilting)
Several
causes
might be
the real
ones in
that case.
Damage to
communic
ation lines
(covered
Wsp damage-to-WRS; by hazards
, unable-te-control/ 8or7)
_eneataﬂen COMMURIC depower-the- WPRS; software
; | atend not-optimal-use-of issue
90 | depowerin | command |- - wind power, (covered
g-and lessl_een#e\l excessiveload-to by hazard
titting WPS_ excessive-heel; 6) failure
system _ of control
system
(covered
by hazard
7)
malfunctio
n of
controller
(covered
by hazard
5)
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. mitigatin
N |Hazard/fai Risk
Cause 1 Cause 2 Cause 3 | Effect categ g comment
0. | lure measure
ory
S
damage-to-WPS;
WSP blet trol /
orientation
5 slepe..e_ the-WPS; see hazard
91 | depowerin SeRSO - - ||a_te|st| Aattse-of P 90 and 8
| failure Mnd—pewer— above
Liting WPRS_ excessive-heel;
S% !Stsqu _ ’ b
maritime
degradatio | environme
n of nt
92 | composite | (humidity, damage to WSP P
and other |salt,
materials | waterspra
y)
degradatio ﬁQOt and
n of igh
93 | composite temperatu damage to WSP P
res from
and other
. exhaust
materials
gases
degradatio
n of
94 | composite | UV damage to WSP P
and other
materials
degradatio water
n of condensat
95 | composite |~ . damage to WSP P
ion inside
and other .
. rotor sail
materials
. initially: electrical
geo%radano water short-circuiting
96 | composite condensat loss of control of s
P ion inside WPS due to electrical
and other .
. rotor sail power loss or loss of
materials .
data lines
manufactu
. ring
degradatio defects . defects
n of composite
. from o should be
97 | composite delamination, P
manufactu . . controlled
and other | . equipment failure .
. ring by quality
materials
control /
monitoring
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. mitigatin
N | Hazard/fai Risk 14
Cause 1 Cause 2 Cause 3 | Effect categ comment
0. |lure measure
ory
s
degradatio
n of electrostat
98 | composite |. ) corrosion damage P
ic potential
and other
materials
heeling
moment of
insufficient rotatmg_
99 . rotor sail extreme heel, ... S
stability
not
considere
d
same as
hazard 13
. extreme
10 | insufficient | high-wind damage lo-composite heelllist -
0 | stability pressure | ) I ’ WPS
T control
system too
slow
same as
hazard 59
Collapse
10 | insufficient | high-wind | ) foundationfailure; :Ir\tlj\g)usre
1 | stability pressure extreme-heel due to
unexpecte
d high
wind gust
similar to
overload case 1
. . of bearing (WPS
10 LOSS. .Of high wind (slewing bearing failure S blocked
2 | stability pressure
or roller due to
bearing) bearing
damage
forced
vibration
100, .. engine of WAPS .
3 Vibration vib?ation due to bearing damage P
engine
vibration
similar to
forced hazard 61,
vibration collapse of
10 Vibration | "9Ne of WAPS sail structure damage P WPS
4 vibration due to structure
engine due to
vibration fatigue and
ship /
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zard/tal Cause 1 Cause 2 Cause 3 | Effect categ g comment
0. |lure measure
ory
s
engine
vibration
this may
yield to
use-self | dropping
locking objects
nuts; (covered
washers | by hazard
109 . . m—belted 24}) or
5 Vibration E.'I'g l.E - - loosening-of bolts-etc. connectio fallur.e of
As; bearings,
provide structure,
inspectio | component
A s, covered
scheme | by several
other
hazards
10 Vibration engine damage to control P
6 vibration system components
forced
vibration
damage to control
100,,, .. ller of WAPS system components
Vibration | Prope due to ys P ’ P
7 motion ropeller fatigue damage to
EI P WPS and foundation
ade
frequency
rotor
180 Vibration | motion gagsr?qecfmcog::r:ts P
(rotor sail) y P
discomfort
due to
noise and
vibration
not
rotor _ specific to
-1{:99 \ibrati . - i discomfort-of ;\éig;al
trotor-sai) issue
related to
propulsion
systems -
out of
scope
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. mitigatin
N | Hazard/fai Risk 14
o. | lure Cause 1 Cause 2 Cause 3 | Effect categ measure comment
) ory
s

roller L .

bearing bearing jamming,

11 ssues wear and bearing malfunction P

0 (Rotor tear and loss of rotor
sail) function

will
probably
roller N . result in

13 |DoARRG | o oot bearing malfunction increase of
issues o - - bearing

lubrication and-loss-ofrotor

t {Rotor : ; temperatur
saib) e, covered

by hazard
113 below
in principle
covered by
hazard 1,
but in case
g | kol
11 issuesg bearing insufficient | wear bearing malfunction P issue y
2 (Rotor temperatu | lubrication |and tear |and loss of rotor (except
. re function ) P
sail) fire), no
loss of
stability
based on
that failure
considerati
break of on of
mooring / WAPS
anchor structure in
lines / increased insufficient initial: drifting ship, determinati
11| chains breaking injury due to line on of
forces due S !

3 | (anchor to WPS load of break, equipment
and equipment CN, GR, number
mooring (EN)
equipment currently
) not

required
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. Risk
N | Hazara/fai Cause 1 Cause 2 Cause 3 | Effect categ g comment
0. |lure measure
ory
s
ship hydraulic oil spill, loss
. motions /
11 hydraulic hydraulic of pressure, no
4 system oil soill control of WPS, P/E
failure P damage to WPS,
due to .
X pollution
sloshing
hydraulic oil spill, loss
hydraulic of pressure, no
151 system Paoilsu ere control of WPS, P/E
failure damage to WPS,
pollution
initially: loss of
11 hydraulic pressure,
6 system clogging no control of WPS, P
failure damage to WPS,
pollution
initially: hydraulic oil
11 hydraulic | failure of spill, loss of pressure,
2 system connectio no control of WPS, P/E
failure ns damage to WPS,
pollution
clogging
due toice
hydraulic-oil-spill-loss developme
11 hydraulic | low of pressure;no nt within
8 system temperatu |- - controlof WRS; P the
failure re damage-to-WPS; hydraulic
poHution fluid
covered by
case 116
in principle
these
harmonics harmonics
electrical due to introduced
frequence Rotor stops, no by the
11| system
. controlled thrust, increased fuel P VFD
9 |failure . .
motors consumption (variable
(WPS)
(for frequency
rotation) drive) my
affect the
power
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Hazard/fai
lure

Cause 1

Cause 2

Cause 3 | Effect

Risk
categ
ory

mitigatin
g
measure
S

comment

supply
system of
the ship.
Means
need to be
provided to
secure
power
supply.
(applicable
to rotor
drive only,
if VFD is
used)

12

electrical
system
failure
(WPS)

ship
motions
(accelerati
ons, heel
angle)

WPS fails, WPS
control loss,
increased heel ...

similar to
hazard 37,
but limited
to WPS
system in
that case

12

electrical
system
failure
(WPS)

weather
exposure
of
electrical
componen
ts

WPS fails, WPS
control loss,
increased heel ...

12

WPS
blocked

tilting
system
failure

hydraulic
system
blocked,
malfunctio
n

unable to lower the
wing / rotor saill,
unable to call ports

this is
related to
the tilting
system.
The tilting
might be
necessary
for harbour
operation
and
operation
in
restricted
areas
(under
bridges
etc.) not
necessaril
y safety
related,
see also
case 38
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B.2 Analysis results: functions, expected performances and related class requirements (DNV)

No. function EP Hazard/failure comment Rule reference comment

structural strength
The WPS is adequate for
; expected
designed ST-0511 Sec.2 [2.6]

59 | adequately for structural loads | Collapse of ST-0511 Sec.3 [3.2]
anticipated under all WPS structure and [3.3]
operational loads | €nVironmental and ST-0511 Sec.4

operational RU-SHIP Pt.6 Ch.2
conditions Sec.12 [2.2.3]
ST-0511 Sec. 2
structural strength [2.2] and [2.5]
The WPS is :gsgggtg for ST-0511 Sec. 3
designed structural loads Collapse of [3.2] [3.3]

64 |adequately for under all WPS struct ST-0511 Sec.4
anticipated environmental and structure ST-0511 App.A
operational loads operational [A1], [A.2.1]

o RU-SHIP Pt.6 Ch.2
Sec.12[2.2.3]
. structural strength
ggsei vxzds S adequate for ST-0511 Sec.2 [2.6]
60 | ade guatel for reasonably Collapse of ST-0511 Sec.3 [3.2]
-quately forseeable WPS structure and [3.3]
anticipated
operational loads emergency ST-0511 Sec.4
P situations ST-0377
ST-0511 Sec. 2
: [2.6.2]
32; vr\::ds 1S ST-0511 Sec.3 [3.2]

58 | g deguatel o fatigue life is WPS structure and [3.3]

- y adequate for damage ST-0511 Sec. 4
anticipated g
operational loads operation and RU-SHIP-Pt.6

P maintenance Ch.12 Sec.2
regime [2.2.3.4]
insufficient

The WPS.i manoeuvrability

; is in this case

28 =esigRoe insufficient the effect of
aele_q_e atoly-for manoeuvrability | blocked WPS,
antlslp_ateel etc. refer to ST-0511 Sec.2 [2.2]
SRR R extreme heel/ |RU-SHIP Pt.4 Ch. 1

list cases above | Sec.3 [2.2]
strength and
; fatigue life
1;2; ngg 1S of mechanical
9 components s

102 | adequately for d f Loss of stability | . i 1
anticipated a equgte or similar to case
onerational loads operation (WPS blocked

P and maintenance due to bearing | ST-0511 Sec.2
regime damage? [2.6.2]
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No. function EP Hazard/failure comment Rule reference comment
hazard of loss
?atl:ier:jgetr;i fznd of stability due
The WPS is 9 : to bearing
; of mechanical .
designed issues only true
components Extreme )
1 |adequately for . for Wing and
L adequate for heel/list . .
anticipated operation (suction wing
operational loads P ; systems), no ST-0511 Sec.2
and maintenance .
reqime safety issue for |[[2.3.2], [2.6.2]
9 rotor sails ST-0377
strength and
The WPS is fatigue I|fe.
; of mechanical Extreme
designed .
components heel/list
2 |adequately for f f o
anticipated adequgte or L.O.SS of stability
operational loads operation ficing) ST-0511
P and maintenance Sec.2[2.2.3] [2.3.2]
regime [2.6.2]
strength and
The WPS is fatigue I|fel
; of mechanical
designed t Ext
19 | adequately for components xtreme
anticioated adequate for heel/list
o erar'iional loads operation ST-0511 Sec.2
P and maintenance [2.3.2], [2.6.2]
regime ST-0377
strength and
The WPS is fe:ctlguehhfe. |
designed o mec anlca roller bearing
110 | adequately for components issues (Rotor
i adequate for i
Ui EpEl ] operation sail)
operational loads and maintenance ST-0511 Sec. 2
regime [2.6.2]
ST-0377
strength and in principle
fatigue life covered by
The WPS is of mechanical ) hazard 1, but in
designed comoonents roller bearing | case of rotor
112 | adequately for P issues (Rotor sail not safety
4 adequate for ] )
anticipated operation sail) issue (except
operational loads P . fire), no loss of | ST-0511 Sec. 2
and maintenance .
reqime stability based | [2.6.2]
9 on that failure | ST-0377
ST-0511 Sec.2 [2.8]
The WPS is vibrations in ST-0511 Sec. 4
designed acceptable limits [4.5]
108 | adequately for to avoid damages | Vibration ST-0511 App. A
anticipated to structure and [A.3.10]

operational loads

systems

RU-SHIP Pt.4 Ch.9
Sec.5 [2]
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No. function EP Hazard/failure comment Rule reference comment
The WPS is vibrations in
designed acceptable limits ST-0511 Sec. 4
61 |adequately for to avoid damages Collapse of [4.5]
i WPS structure :
anticipated to structure and ST-0511 App. A
operational loads systems [A.3.10]
The WPS is vibrations in
designed acceptable limits ST-0511 Sec. 4
103 | adequately for to avoid damages | Vibration [4.5]
anticipated to structure and ST-0511 App. A
operational loads systems [A.3.10]
similar to
The WPS is vibrations in hazard 61,
designed acceptable limits collapse of
104 | adequately for to avoid damages | Vibration WPS structure | ST-0511 Sec. 4
anticipated to structure and due to fatigue [4.5]
operational loads systems and ship / ST-0511 App. A
engine vibration |[A.3.10]
The WPS is vibrations in
designed acceptable limits
106 | adequately for to avoid damages | Vibration ST-0511 Sec.2 [2.8]
anticipated to structure and RU-SHIP Pt.4 Ch.9
operational loads systems Sec.5 [2]
The WPS is vibrations in
designed acceptable limits
107 | adequately for to avoid damages | Vibration ST-0511 Sec.2 [2.8]
anticipated to structure and RU-SHIP Pt.4 Ch.9
operational loads systems Sec.5 [2]
insufficient
manoeuvrability
Fhe WPS is is in this case
designed Insuffici the effect of
27 | adeguatelyfor ... | blocked WPS,
anticipated Anoeuvrability etc. refer to
operationalHloads extreme heel /
list cases 1 and
2 above
The WRS e co Gevelopment
118 hydratitic within the
E'EIE. qu ately-for system-fatture | hydraulic fluid
2 |t|;||e.ats : covered by case
SPEENETES BEEE 116
Designed and
maintained so that
The WPS capabilty | ity IR
is maintained in the | S2PaPIY’S! Collapse of
57 marine/operation 9 et i petice] o WPS
. P - corrosion structure
environment
- UV
- high/low
temperature ST-0511 Sec.2 [2.2], [2.4] and [2.8]
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No. function EP Hazard/failure comment Rule reference comment

- water contact

92

The WPS capability
is maintained in the
marine/operation
environment

Designed and
maintained so that
the functionality/
capability/structure
is not impaired by
- corrosion

- UV

- high/low
temperature

- water contact

degradation of
composite and
other materials

ST-0511 Sec.2
[2.2], [2.4] and [2.8]
RU-SHIP Pt.2

93

The WPS capability
is maintained in the
marine/operation
environment

Designed and
maintained so that
the functionality/
capability/structure
is not impaired by
- corrosion

- UV

- high/low
temperature

- water contact

degradation of
composite and
other materials

ST-0511 Sec.2
[2.2.1], [2.3] and
[2.8]

94

The WPS capability
is maintained in the
marine/operation
environment

Designed and
maintained so that
the functionality/
capability/structure
is not impaired by
- corrosion

- UV

- high/low
temperature

- water contact

degradation of
composite and
other materials

ST-0511 Sec.2
[2.2.1]

121

The WPS capability
is maintained in the
marine/operation
environment

Designed and
maintained so that
the functionality/
capability/structure
is not impaired by
- corrosion

- UV

- high/low
temperature

- water contact

electrical
system failure
(WPS)

ST-0511 Sec.2
[2.2.1], [2.3] and
[2.8]

RU-SHIP Pt.4 Ch. 8
Sec. 3

RU-SHIP Pt.4 Ch.9
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No. function EP Hazard/failure comment Rule reference comment
Designed and
maintained so that
o the functionality/
;I;hr?];/i\ﬁ;nceadpﬁ]b;ug capability/structure | degradation of
95 marine/operation is not impaired by | composite and
environment azg:rmg other materials
accumulation /
condensation ST-0511 Sec.2 [2.2]
ST-0511A3.7.4
Designed and
maintained so that
. the functionality/
?;h:;:i\'lql:t)asin%adp?nb;ug capability/structure | degradation of
96 marine/operation is not impaired by | composite and
: - aegeing other materials
environment - water ST-0511 Sec.2 [2.2]
accumulation / ST-0511 A.3.74
condensation RU-SHIP Pt.4 Ch.8
Sec.2[7]
Designed and
maintained so that
o the functionality/
;I;hr?];/i\ﬁ;nceadp%b;ug capability/structure | degradation of
98 marine/operation is not impaired by | composite and
environment 3\/2?:;”9 other materials
accumulation /
condensation
ST-0511 A3.7.4
o Design loads
Ul WF;S cadpgbilr:ty consider WPS- electrical
120" mla|n/a|ne t!n e ship interaction system failure | similar to
o SPSON | (both for WPS and | (wps) hazard 37, but | ST-0511 Sec. 2
environmen ship) limited to WPS  [[2.2], [2.3] and [2.7]
system in that RU-SHIP Pt.4 Ch.8
case Sec. 3 [2]
The WPS capability | Doo0n 10265
4 |'S mla|nta|ned n e ship interaction Loss of stability
marine/operation (both for WPS and
environment ship) ST-0511 Sec.4 [4.5]

RU-SHIP Pt.6 Ch.2
Sec.12 [2.2.2]
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No. function EP Hazard/failure comment Rule reference comment
o Design loads
s maintained nthe. | 0789 WPS= | eciony
99 marine/operation Sl [T tabilit o1°0511 Sec. 2
environm‘;nt (both for WPS and | St@PItY [2.2], [2.3]
ship) ST-0511 A.1.1
RU-SHIP Pt.6 Ch.2
Sec. 12[2.2.2]
The WPS capgbility consider
63 |is maintained in the Collapse of arrangement,
mar_me/operatlon WPS structure | green sea ST-0511 Sec.3
environment pressure might |[3.2.3], [3.3]
not be an issue |RU-SHIP Pt.3 Ch. 4
for many WAPS | Sec.5 [2.2]
The WPS capability Coll . ST-0511 Sec.2 [2.2]
62 |18 m_alntalned in the ollapse o0 ST-0511 Sec.3 [3.2]
marine/operation WPS structure

environment

97

The WPS capability
is maintained in the
marine/operation
environment

51

Orcelle Horizon Deliverable 2.3

The WPS is
protected from
external impacts
(impacts from
outside WPS)

Manufacturing
defects controlled

Designed and
arranged so that
the functionality /
capability/structure

and [3.3]
RU-SHIP Pt.6 Ch.2
Sec.12[2.2.2]

degradation of
composite and
other materials

manufacturing
defects should
be controlled by
quality control /
monitoring, no
function

ST-0511 Sec.5
RU-SHIP Pt.2 Ch.3
Sec.3 [4]

RU-SHIP Pt.2 Ch.4

) . : Fire

is not impaired by .

- dangerous goods Explosion

- explosive ST-0511 App.A
vapours and [A.3.6]

gases statutory
prevention of

internal ignition

due to

- electrical short

circuit

- electrostatic Fire ST-0511 Sec. 2
discharge [2.2]

- overheating of ST-0511 A.2.3
electrical / ST-0511 A.3.6
mechanical RU-SHIP Pt. 4 Ch.
components 8 Sec. 2 [7]

- leaking of statutory
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EP

Hazard/failure

Rule reference

hydraulic /
lubrication oil

prevention of
internal ignition
due to

- electrical short
circuit

- electrostatic
discharge

- overheating of
electrical /
mechanical
components

- leaking of
hydraulic /
lubrication oil

Fire

ST-0511 Sec. 2
[2.2]
ST-0511 A.3.6

prevention of
internal ignition
due to

- electrical short
circuit

- electrostatic
discharge

- overheating of
electrical /
mechanical
components

- leaking of
hydraulic /
lubrication oil

Fire

ST-0511 Sec.2
[2.2], [2.6]

ST-0511 A.3.6
RU-SHIP Pt.4 Ch.6
Sec.5 [8]

prevention of
internal ignition
due to

- electrical short
circuit

- electrostatic
discharge

- overheating of
electrical /
mechanical
components

- leaking of
hydraulic /
lubrication oil

Fire

ST-0511 Sec. 2
[2.2]

ST-0511 A.2.3
ST-0511 A.3.6
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No. function EP Hazard/failure comment Rule reference comment
prevention of
external ignition
- ignition in Fire
adjacent area ST-0511 Sec.2 [2.2]
statutory
prevention of
external ignition
- ignition in Fire ST-0511 Sec.2[2.2]
adjacent area ST-0511 A.3.6
- lightning statutory
ST-0511 Sec.2 [2.2]
WPS system ST-0511 App. 2
Vessel operates dynamic adequate Extreme [A.2.1]
3 | with WPS within to keep vessel heel/list ST-0511 App. 3
stability limits within stability / [A.3.3]
operational limits RU-SHIP Pt 6 Ch. 2
Sec.12 [2.2]
statutory
ST-0511 Sec.2 [2.2]
ST-0511 App. 2
WPS system [A.2.1]
Vessel operates dynamic adequate Extreme ST-0511 App. 3
13 | with WPS within to keep vessel heel/list [A.3.3]
stability limits within stability / RU-SHIP Pt 6 Ch. 2
operational limits Sec.12[2.2]
RU-SHIP Pt.4 Ch. 9
statutory
this is more
related to
control of the
WPS as well as
WPS system the capability to
Vessel operates dynamic adequate change course
41 | with WPS within to kee | Insufficient without WPS ST-0511 Sec.2 [2.2]
p vesse . ;
stability limits within stability / manoeuvrability | support, Imaln f ;\TéO%H App. 2
; L causes: loss o 2.
operational limits WPS control | ST-0511 App. 3
and/or [A.3.3]
insufficient RU-SHIP Pt 6 Ch. 2
steering Sec.12[2.2]
capacity statutory
ST-0511 Sec.2 [2.2]
ST-0511 App. 2
WPS system [A.2.1]
Vessel operates dynamic adequate Parametric ST-0511 App. 3
14 | with WPS within to keep vessel rolling [A.3.3]
stability limits within stability / RU-SHIP Pt 6 Ch. 2
operational limits Sec.12[2.2]

RU-SHIP Pt.4 Ch. 9
statutory
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system
: means for fire capability
The WPS is N .
53 | protected from extinguishing Fire should be

internal incidents

capable to cover
the WPS unit

propagation

assessed during
design; covered
by hazards 46
to 49 above?

ST-0511 Sec.2 [2.2]
ST-0511 App.A
[A.3.6]

statutory

21

The WPS is
protected from
internal incidents

adequate
drainage capacity
covering

- green sea

- fire fighting
activities

Extreme
heel/list
Loss of stability

this effect is not
specific to ships
with WPS, this
risk is always
there, however,
WPS may
contribute to
risk increase
regarding
stability issues,
here only
drainage of the
WPS is
considered

ST-0511 Sec.2 [2.2]
RU-SHIP Pt.6 Ch.2
Sec.12 [2.2.2]

clear criteria
regarding
drainage
capabilities
missing

56

The WPS is
protected from
internal incidents

WPS protected
when not in use

dropped
objects (cargo)

dropped objects

(cargo) to ST-0511 Sec.2
damage the [2.2.4]
WPS -> change [ST-0511 App.A
hazard [A.2.2]
The WPS requirements
control/operability is loss of auxiliary | this is usually for additional
36 | maintained or can propulsion addressed by propulsion
be regained in case system the RU-SHIP Pt.4 system
of single failure additional means requirements in | RU-SHIP Pt.4 Ch.1 | (except wind)
of propulsion place for the Sec.3 [2.2] same as for
(except WPS) are main propulsion | RU-SHIP Pt.4 Ch.1 |conventional
available system Sec.3[2.3] propulsion

The WPS

this might be
new for wind as
main propulsion

requirements
for electrical
power supply

control/operability is loss of auxiliary | systems are of additional
37 | maintained or can propulsion usually propulsion
be regained in case |additional means |system designed for RU-SHIP Pt.4 Ch.8 |system
of single failure of propulsion static heel of 15 | Sec.2 (except wind)
(except WPS) are deg. and RU-SHIP Pt.4 Ch.8 |[same as for
available dynamic roll Sec.3 [2] conventional
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angle of 22.5 propulsion,
deg. however
environmental
conditions
due to sailing
to be
considered
(heel and ship
motions)
ThetWJ’S bility is | €NSure safe state
1o | ConuolopErebity i+ | of s ncase o
o el ) o electrical power | Loss of control [2.2], [2.3], [2.7]
| - loss RU-SHIP Pt.4 Ch.8
of single failure Sec. 2 [2.2.1], [6]
-crgr?tyovlrosperability j | Ensure safe state
11 | maintained or can of WF.)S in case of ST-0511 Sec.2
be regained in case electrical power Loss of control - ecC.
of single failure loss [2.2], [2.3], [2.7]
RU-SHIP Pt.4 Ch.8
Sec. 2 [2.2.1], [6]
The WPS i fot
control/operability is provide satety
20 | maintained or can measures in case Extreme ST-0511 Sec.2
e e of system fgulures heel/list - ec.
] ; or malfunctions [2.2], [2.3], [2.6],
of single failure [2.7], [2.8]
The WPS id fot
control/operability is provide satety i
33 | maintained or can measures in case Insufficient N clear
be regained in case of system fgulures manoeuvrability requirements
. ; or malfunctions .
of single failure for passive
ST-0511 Sec.2 corrosion
[2.2], [2.3], [2.6], protection
[2.7], [2.8] referenced?

115

The WPS

control/operability is

maintained or can

be regained in case

of single failure

provide safety
measures in case
of system failures
or malfunctions

hydraulic
system failure

ST-0511 Sec.2
[2.2], [2.3], [2.6],
[2.7], [2.8]

DNV RU-SHIP Pt.4
Ch.6 Sec.5 [8]
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The WPS ST-0511 Sec.2

control/operability is

provide safety
measures in case

hydraulic

[2.2], [2.3], [2.6],

116 | maintained or can . . [2.7], [2.8]
be regained in case of system fgulures system failure DNV RU-SHIP Pt.4
of single failure or malfunctions Ch.6 Sec.5 [§]
The WPS .
control/operability is provide safety . ST-0511 Sec.2
117 | maintained or can measures in case hydrauhc. [2.2], [2.3], [2.6],
be regained in case of system failures | system failure [2.7], [2.8]
of single failure or malfunctions DNV RU-SHIP Pt.4
Ch.6 Sec.5 [8]
The WPS .
control/operability is provide safety . ST-0511 Sec.2
114 | maintained or can measures in case hydrauhc. [2.2], [2.3], [2.6],
be regained in case | Of SyStem failures | system failure [2.7], [2.8]
of single failure or malfunctions DNV RU-SHIP Pt.4
Ch.6 Sec.5 [8]
The WPS id ot
control/operability is | Proviae saiety ST-0511 Sec.2
2 | maintained or can measures in case Extreme [2.2], [2.3], [2.6],
be regained in case of system fgulures heel/list [2.7], [2.8]
of single failure or malfunctions DNV RU-SHIP Pt.4
Ch.9 Sec.2, Sec. 3
The WPS : ST-0511 Sec.2
control/operability is ﬁ:g;'sduer ;:Tﬁtzase Extreme [2.2], [2.3], [2.6],
| (VEHTENTEL € EEIy of system failures | heel/list [2.7], [2.8]
be regained in case or malfunctions DNV RU-SHIP Pt.4
of single failure Ch.9 Sec.2, Sec. 3
The WPS id ot
control/operability is provide satety .
15 | maintained or can measures in case Par'ametnc ST-0511 Sec.2
be regained in case of system fgulures rolling [2.2], [2.3], [2.8]
of single failure or malfunctions see also above, | DNV RU-SHIP Pt.4
case 7 Ch.9 Sec.2, Sec. 3
The WPS id ot
control/operability is provide satety .
16 | maintained or can measures in case Par_ametnc ST-0511 Sec.2 [2.2],
be regained in case of system fgulures rolling add to list [2.3], [2.8]
of single failure or malfunctions above (sensor | DNV RU-SHIP Pt.4
failure) Ch.9 Sec.2, Sec. 3
this is related to
the tilting
system. The
Igr?tygllli)sperability is provide safety tilting might be
38 | maintained or can measures In case | \yps plocked necessary for
be regained in case of system failures harbour ST-0511 Sec.2 [2.2],
of single failure or malfunctions operation and | [2.3], [2.6], [2.7],
operation in [2.8]
restricted areas | DNV RU-SHIP Pt.4
(under bridges | Ch.6 Sec.5 [8]
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etc.) not
necessarily
safety related
covered by
The WPS t0ssof |hazards 7'and
controlloperability-is commtication | 8, failure of
78 | maintained-orcan with WPS+no | control system
be-regained-in-case data and damage to
of single-failure SHbiSSIoR element of
control system
The WPS toss-of o
control/operability-is commufication covered b
o : y
maintained-or-can withWPS+ho
86 i 4 hazards 7 and
0 SgaiReain case data 8, can be
of single-failure subrmission deleted.
The WPS toss-of o
o DG
8% ma+ntamed—er—ean. 4 covered by
SSETREE EEEED data hazard 8, can
BRSO sttbmisston be deleted.
The WPS toss-of o
ntained DG
82 ; 4 covered by
b&fegmneg—mease data hazard 8, can
ofsingle-failure stbmission be deleted.
Fhe WPS
85 mantmned—epean. 4 Stbfmissionte | covered by
beregained-incase controtpanet | hazards 8 and
of single-failure 16 above.
will probably
The WPS result in
. rolterbearing increase of
ee|_|t oope seliEes . bearing
maintained-orecan tsstes{Rotor
it . . ] temperature,
SETECETE I GEEE satt) covered by
8 hazard 113
below
malfunctions
Minimize the impact | cannot lead Extreme ST-0511 Sec. 2
6 |of malfunction of the | extreme heel heelllist [2.2], [2.3], [2.8]
WPS (depowering RU-SHIP Pt.4 Ch.9
possible) Sec. 2 and Sec. 3
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extreme heel/
malfunctions list; nme(;’:'/:?;i?/’e
84 gi?rg?r:;e?]iel ::Oosrir(:]funication will end up with [ ST-0511 Sec. 2 cyber security
(depowering with WPS / no software issue; |[2.2], [2.3], 2.8] reql.Jiremer_lts
possible) covered by RU-SHIP Pt.4 Ch.9 |available via
data hazard 6 add. Class notation | additional
submission above? Cyber secure class notation
malfunctions
cannot lead
5 extreme heel Ex”ef“e
. heel/list ST-0511 Sec. 2
(depowering [2.2], [2.3], 2.8]
possible) RU-SHIP Pt.4 Ch.9
Sec. 2 and Sec. 3
in principle
these
harmonics
introduced by
the VFD
(variable
frequency
malfunqtion _ electrical drive) my affect
119 can_not impair system failure the power
main vessel supply system
systems (WPS) of the ship.
Means need to
be provided to
secure power
supply. ST-0511 Sec. 2 [2.2,
(applicable to [2.3], [2.7]
rotor drive only, | RU-SHIP Pt.4 Ch.8
if VFD is used) [Sec. 2 and Sec. 3
presence of WPS ST-0511 Sec.2 [2.2]
_structure d_oes not | obstruction for and [2.3]
JUSNAESCOE =B interfere with ship operation / ST-0511 App. A
68 |interfere with ship - mooring . A.3.4]
operation - cargo operation In emergency [A-3.
- harbour situations RU-SHIP Pt.3 Ch.11
C Sec.1
navigation statutory
presence of WPS
structure does not | gpstruction for
The WPS does not | interfere with : :
69 |interfere with ship - mooring §h|p operation /
operation - cargo operation m emgrgency
- harbour situations ST-0511 Sec.2 [2.2],
navigation [2.3]
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not sure if
presence of WPS hazard should

71

The WPS does not
interfere with ship

structure does not
interfere with
- mooring

obstruction for
ship operation/
in emergency

be kept. Seems
to be normal
practice that

The WPS does not

interfere with

anchor lines/

WAPS

operation - cargo operation T ships need to
- harbour situations check air space | ST-0511 Sec.2 [2.2]
navigation before passing |ST-0511 App. A
bridges etc. [A.2.2]
related rather to
presence of WPS voyage
structure dpes not | Contact (with planning and
The WPS does not | interfere with operation than
: : . . harbour )
54 |interfere with ship - mooring . ¢ to design,
operation - cargo operation ec!wpmen ’ alarm when
- harbour bridges etc.) ship
navigation approaches ST-0511 Sec.2 [2.2]
bridge/terminal | ST-0511 App. A
? [A.2.2]
presence of WPS | break of
structure does not | mooring / consideration of

ST-0511 Sec.2 [2.2]

operation

- arrangement of
navigation lights
- radar sectors

113 | interfere with ship - mooring . structure in and [2.3]
operation - cargo operation chains (ar)chor determination ST-0511 App. A
- harbour and mooring of equipment  [[A.3.4]
navigation equipment) number (EN) RU-SHIP Pt.3 Ch.11
currently not Sec.1
required statutory
this is related to
the tilting
system. The
presence of WPS tilting might be
structure does not necessary for
The WPS does not | interfere with harbour
122 | interfere with ship - mooring WPS blocked operation and
operation - cargo operation operation in
- harbour restricted areas
navigation (under bridges
etc.) not
necessarily ST-0511 Sec.2
safety related [2.2.4]
presence of WPS
structure does not
interfere with
65 I]rt]grfv!rzswiﬁessh?; | navigation Navigation
- bridge visibility obstacle ST-0511 Sec.2 [2.2]

ST-0511 App. A
[A.3.1], [A.3.2]
statutory
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presence of WPS

The WPS does not
66 |interfere with ship
operation

structure does not
interfere with
navigation

- bridge visibility

- arrangement of
navigation lights

- radar sectors

Navigation
obstacle

ST-0511 Sec.2 [2.2]

ST-0511 App. A
[A.3.1], [A.3.2]
statutory

The WPS does not
67 |interfere with ship
operation

presence of WPS
structure does not
interfere with
navigation

- bridge visibility

- arrangement of
navigation lights

- radar sectors

Navigation
obstacle

ST-0511 Sec.2 [2.2]

ST-0511 App. A
[A.3.1], [A.3.2]

The WPS does not
70 |interfere with ship
operation

presence of WPS
structure does not
interfere with
emergency
operations

- helicopter
evacuation /
operation

- obstruction to
evacuation routes
- access to LSA

obstruction for
ship operation/
in emergency
situations

ST-0511 Sec.2 [2.2]

ST-0511 App. A
[A.2.2], [A.3.9]
(statutory)

presence of WPS
structure does not
interfere with

. : emergigncy obstruction for

e oes not | operations ; :

72 | interfere with ship - helicopter §h|p operation /

operation evacuation / 'r_' emgrgency

operation situations ST-0511 Sec.2 [2.2]
- obstruction to ST-0511 App. A
evacuation routes [A.2.2]
- access to LSA statutory

The WPS does not
73 | interfere with ship
operation

presence of WPS
structure does not
interfere with
emergency
operations

- helicopter
evacuation /
operation

- obstruction to
evacuation routes
- access to LSA

obstruction for
ship operation/
in emergency
situations

ST-0511 Sec.2 [2.2]

ST-0511 App. A
[A.2.2]
statutory
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course keeping
The WPS does not and - - ST-0511 Sec.2 [2.2],
26 |interfere with shi manoeuvrability Insufficient [2.3]
operation P not compromised | manoeuvrability ST-0511 App. A
by WPS (with or [A.2.1], [A.3.3]
course keeping
The WPS does not and - . ST-0511 Sec.2 [2.2],
29 |interfere with shi manoeuvrability Insufficient [2.3]
operation P not compromised | manoeuvrability ST-0511 App. A
by WPS (yVIth or see case 26 [A.2.1], [A.3.3]
without wind) above statutory
change of
course keepin direction of
oo ping thrust by 180
1112 YIS cloes ol manoeuvrabilit Insufficient deg for WPS
39 |interfere with ship i . yd bilit impossible, ST-0511 Sec.2 [2.2],
operation Bo V?/%rgpro'r;r;:se manoeuvrabriity emergency [2.3]
y (.W' or stop as ST-0511 App. A
without wind)
required by [A.2.1], [A.3.3]

MSC.137(76)

statutory

The WPS does not
interfere with ship
operation

40

course keeping
and
manoeuvrability
not compromised
by WPS (with or
without wind)

Insufficient
manoeuvrability

turning circle
manoeuvre
(man over
board
manoeuvre) as
required by
MSC.137(76)

ST-0511 Sec.2 [2.2],
[2.3]

ST-0511 App. A
[A.2.1], [A.3.3]
statutory

The WPS does not

43 |interfere with ship

course keeping
and
manoeuvrability
not compromised

Insufficient
manoeuvrability

O by WPS (with or [2.3]
without wind) manoeuvres ST-0511 App. A
under SOLAS [[A.1], [A.2.1], [A.3.3]
possible? statutory

ST-0511 Sec.2 [2.2],

The WPS does not
18 |interfere with ship
operation

WPS malfunction
does not
endanger ship
operation /
navigation

Extreme
heel/list

ST-0511 Sec. 2
[2.2], [2.3], [2.8]
RU-SHIP Pt.4 Ch.9
Sec. 2, Sec.3
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not necessarily
related to WPS,
The- WPS-does-not Fxtrerme as not allways
12 | interfere-with-ship heebi anti-healing
operation system applied,
considered not
in scope
incorect wing
angle caused
by several
o [ TSRS s Eome o hacars
: heelllist like hydraulic or
operation
control system
malfunctions
etc.
WSP hydraulic
The WPS does not stientation system failure
89 |interfere with ship o covered by line
operation depoweringand | 5 and line 23
titting system (tilting)
same as
hazard 13
o0 e o e mcene | oxiome
. stabitity heelllist - WPS
operation
control system
too slow
same as
The WPS does not instfficient hazard 59
161 | interfere with ship s Collapse of
operation stabitity WPS structure
due to
unexpected
high wind gust
no direct

The WPS does not
impair safety of all
persons on board

The WPS does not
impair safety of all
persons on board

malfunction of
WPS does not
endanger crew
safety

Dropped object

ST-0511 Sec. 2

requirements,
but covered
via
requirements
for hydraulic
systems and
control

[2.2], [2.3], [2.6] systems
persons on board
prevented from
dropped objects
- ice .
- loose Dropped object ot
components ?eoqulii(r?nents
- maintenance / ST-0511 Sec. 2 [2.2] | part of risk
inspection

[2.3] assessment
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persons on board
prevented from
The WPS does not i:l:ggped objects
impair safety of all - loose Dropped object no direct
persons on board .
components requirements,
- maintenance / ST-0511 Sec. 2 [2.2] | part of risk
inspection [2.3] assessment
persons on board
prevented from
The WPS does not fjli'ggped objects
impair safety of all - loose Dropped object no direct
persons on board .
components requirements,
- maintenance / ST-0511 Sec. 2 [2.2] | part of risk
inspection [2.3] assessment

The WPS is
inspectable and
maintainable

The WPS is
inspectable and
maintainable

provide means for
safe inspection
and maintenance
- prevention of
falling from
heights

- ventilation of
enclosed spaces

obstruction for
ship operation/
in emergency
situations

ST-0511 App. A
[A.2.3]
statutory

provide means for
safe inspection
and maintenance
- prevention of
falling from
heights

- ventilation of
enclosed spaces

obstruction for
ship operation/
in emergency
situations

ventilation of
enclosed
spaces in WPS
structure
should be
required for
inspection and
maintenance

ST-0511 App. A
[A.2.3], [A.3.7.4]
statutory

what is the real
cause here?
Damage to
communication
lines (covered
by hazards 8 or
7) software
issue (covered
by hazard 6)
failure of
control system
(covered by
hazard 7)
malfunction of
controller
(covered by
hazard 5)

ST-0511 App.A
[A.3.6]
statutory
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delete, loss of
main wind
propulsion is a
- result of several
34 tsufficient ... | possible
manoeuvrability failures or even
simply the
absence of
wind
this is very
unspecific.
Control system
) failure could
ebstruetionfor | jead to unability
24 ship-operation | for tilting the
imremergeney | WPS or bring it
situations in the neutral or
out of work
position. Such | ST-0511 Sec.2 [2.6]
a scenario is RU-SHIP Pt.4 Ch.6
covered above. | Sec.5 [8]
software error
tossof coveredhazard
eemmunieation | 6> Malfunction
83 R WPS covered hazard
5, damage of single failure
data o element ST-0511 Sec.2 [2.6] | tolerance not
sttbmission covered hazard | RU-SHIP Pt.4 Ch.6 | explicitly
8. Sec.5 [8] mentioned
single failure
17 Ext#eme see ST-0511 Sec.2 [2.6] |tolerance not
heeldist malfunction, RU-SHIP Pt.4 Ch.6 |explicitly
case 5 Sec.5 [8] mentioned
wsP single failure
91 euentaﬂa' a8 ST-0511 Sec.2 [2.6] |tolerance not
depoweringand | see hazard 90 |RU-SHIP Pt.4 Ch.6 |explicitly
tittingsystem | above Sec.5 [8] mentioned
tossof loss of
esmmunication | €lectrical power
29 R WPS covered by
hazards 10 and
data o 11 above (loss
stbmission of control)
this is loss of
Wsp control caused
a8 ofientation; by loss of
depowering-and | electrical
titting system power, covered
by hazard 11
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this seems to
be very
important, even
if not directly
linked to the
WPS itself, but
hazard is loss
of auxilliary
propulsion,
while effect
might be
insufficient
manoeuvrability
amongst
others!
Replaced by
the lines below

ST-0511 Sec.2 [2.6]
RU-SHIP Pt.4 Ch.6
Sec.5 [8]

weight is
considered
during design
phase,
sufficient
rudder
immersion
should be
ensured in case
of retrofit,
considered out
of scope

see reduced
speed above,
hazards 26 and
29

this may yield
to dropping
objects
(covered by
hazard 24) or
failure of
bearings,
structure,
components,
covered by
several other
hazards
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this loss of
contol leading
to loss of
manoeuvrability

this loss of
contol leading
to loss of
manoeuvrability

this is blocking
or malfunction
of slewing
bearing leading
to loss or
limitation of
manoeuvrability
see case 1
above

included in
cases above,
the material
needs to be
ignited by the
hazards
mentioned
above (45-50)

cause is rather
extension of
height and / or
operation with
increased heel,
same as line 68
to 71 below,
limited
manoeuvrability
covered line 39
to 44 above

not related to
safety or ship
operation -
general
economical risk
for installation
of WPS - out of
scope

software error
(covered by
hazard 6) or
failure of
element
(covered by
hazard 8)
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blocked /
damaged
bearing
covered by
hazards 1 and
2 above, tilting
system covered
hazard 22

discomfort due
to noise and
vibration not
specific to
WPS, general
issue related to
propulsion
systems - out of
scope
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C.1 SOLAS convention
SOLAS Convention Content Evaluation Remarks
needed
Chapter |
General provisions
Part A - Application, definitions, etc. Page
2 Definitions likely check whether a definition of ships with WPS is missing
Part B - Surveys and certificates
Part C - Casualties
Chapter II-1
Construction - Structure, subdivision and stability, machinery and electrical
installation
Part A - General
2 Definitions likely check whether a definition of WPS is missing
3 Definitions relating to parts C, D and E likely check whether a definition of WPS is missing

Part A-1 - Structure of ships

Part B - Subdivision and stability

Part B-1 - Stability

5 Intact stability
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SOLAS Convention Content Evaluation Remarks
needed
5-1 Stability information o be supplied to the master most likely chgck thIS' item whether a sailing instruction, or description of variation in light
ship data is necessary
7.3 Calculation of the factor si most likely check whether the heeling moment in damage case needs to differentiate
between WPS and others
Part B-2 - Subdivision, watertight and weathertight integrity
Part B-3 - Subdivision load line assignment for passenger ships
Part B-4 - Stability management
19 Damage control information most likely revisit paragraph on new information to be supplied for WPS
Part C - Machinery installations
26 General most likely revisit this part for adaptation of WPS when propulsions are stated
. . WPS is influencing the maneuverability of the ship (see also standards for
28 M f t t likel
€ans ot going astern most fikely maneuverability are stipulated in IMO Res. MSC.137(76))
29 Steering gear most likel WPS is influencing the maneuverability of the ship (see also Standards for
& v maneuverability are stipulated in IMO Res. MSC.137(76))
31 Machinery controls likely check whether WPS need to be integrated

Part D - Electrical installations

Part E - Additional requirements for periodically unattended machinery spaces

Part F - Alternative design and arrangements

Part G - Ships using low-flashpoint fuels
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SOLAS Convention Content Evaluation Remarks
needed
Chapter II-2
Construction - Fire protection, fire detection and fire extinction
Part A - General
3 Definitions likely check whether a definition on WPS is necessary
Part B - Prevention of fire and explosion
4 Probability of ignition likely Revisit this paragraph at least for rotating WPS
Part C - Suppression of fire
. . . categorize fire boundaries for the room where mechanical aids are considered
9 Containment of fire likely . .
for setting of sails
10 Fire fighting likely for passenger ships when WPS is close to escape routes or life boats
Part D - Escape
13 Means of escape . hazards in case of an emergency when passing WPS might require
likely amendments

Part E - Operational requirements

Part F - Alternative design and arrangements

Part G - Special requirements
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SOLAS Convention Content

Evaluation
needed

Remarks

Chapter lll

Life-saving appliances and arrangements

Part A - General

Part B - Requirements for ships and life-saving appliances

SECTION I - PASSENGER SHIPS AND CARGO SHIPS

SECTION Il - PASSENGER SHIPS (additional requirements)

28 Helicopter landing and pick-up areas

likely

check whether a revision for WPS is feasible

SECTION Il - CARGO SHIPS (additional requirements)

SECTION IV- LIFE-SAVING APPLIANCES AND ARRANGEMENTS REQUIREMENTS

SECTION V - MISCELLANEOUS

Part C - Alternative design and arrangements

Chapter IV

Radiocommunications

Part A - General

Part B - Undertakings by Contracting Governments
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Evaluation

SOLAS Convention Content Remarks

needed

Part C - Ship requirements
How will a ship just sailing be mentioned in AlIS. - AlS is navigation equipment
in SOLAS Reg.V/19. See below.

7 Radio equipment: General likely (Note that COLREG Reg.3(c) defines that: "The term sailing vessel means any
vessel under sail provided that propelling machinery, if fitted, is not being
used.")

Chapter V

Safety of navigation
Reg.V/19.2.4.5.1 specifies that the AIS shall provide automatically shore
stations, other ships and aircraft information of navigational status

19 Carriage requirements for shipborne navigational systems and equipment likely (Note that COLREG Reg.3(c) defines that: "The term sailing vessel means any
vessel under sail provided that propelling machinery, if fitted, is not being
used.")

Reg.V/22.3 opens for deviation from the visibility requirements in Reg.V/22.1

22 Navigation bridge visibility most likely for "ships of unconventional" design. A vessel installed with WPS may come

under this designation.
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Evaluation

Safety measures for high-speed craft

SOLAS Convention Content Remarks
needed
Chapter VI
Carriage of cargoes and oil fuels
Part A - General provisions
Part B - Special provisions for solid bulk cargoes
Part C - Carriage of grain
Chapter VII
Carriage of dangerous goods
Part A - Carriage of dangerous goods in packaged form
Part A-1 - Carriage of dangerous goods in solid form in bulk
Part B - Construction and equipment of ships carrying dangerous liquid
chemicals in bulk
Part C - Construction and equipment of ships carrying liquefied gases in bulk
Part D - Special requirements for the carriage of packaged irradiated nuclear
fuel, plutonium and high-level radioactive wastes on board ships
Chapter IX
likely Check the ISM Code whether operation instruction needs to be added for WPS
Management for the safe operation of ships
Chapter X
not likely Unlikely that WPS will be considered for HSC vessels
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SAFETY MEASURES FOR SHIPS OPERATING IN POLAR WATERS

SOLAS Convention Content Evaluation Remarks
needed
Chapter XI-1
likely

Special measures to enhance maritime safety
Chapter XI-2

not likely
Special measures to enhance maritime security
Chapter XII

not likely
Additional safety measures for bulk carriers
CHAPTER XllII

not likely
VERIFICATION OF COMPLIANCE
CHAPTER XIV likely check the POLAR Code whether operation instruction need to be added for

WPS
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C.2 COLREG convention
COLREG Evaluation Remarks
needed

Part A - General
1(e) opens for flag state administrations to accept deviations from COLREG
requirements for vessels of special construction or purpose related to

Rule 1, Application likely "number, position, range of visibility" of lights or shapes, and sound signals,
provided they comply as close as possible with these rules.
May be applicable to power driven vessels installed with WPS.
Including a definition of power-driven vessels using WPS should be discussed.

Rule 3, General Definitions likely . . . .
Rule 3(g): Discuss whether a power-driven vessel using WPS should be included
in this rule.

Part B - Steering and Sailing Rules

. . Should a power-driven vessel underway keep out of the way for a vessel
Rule 18, R bilities bet V I likel
ule Lo, Responsibilities between Vessels Kely installed with WPS. Suggest to discuss this.
Part C - Lights and Shapes
L . Should a power-driven vessel using WPS exhibit a special light signal. Or may
Rule 20, Application likely such vessels use e.g. the RAM lights. See also input to Rule 3.
Rule 27, Vessels not under Command or Restricted in their Ability to likely See input to Rule 20.

Manoeuvre

Annexes

Annex | - Positioning and technical details of lights and shapes
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COLREG Evaluation Remarks
needed
2 - Vertical positioning and spacing of lights likely Rule 2(a)(ii), (b), (f)(i): WPS may obstruct the Aft Masthead light.
. s . . . Further to above, Rule 3(a) regarding horizontal distance between fore and aft
3 - Horizontal positioning and spacing of lights likely . .
masthead light may not be possible.
. . Sec.9(a)(ii) may not be possible to comply with for the aft masthead light as it
9 - Horizontal sectors likely may be obstructed by the WPS.
10 - Vertical sectors likely Sec.10(a) may also not be possible to comply with for the aft masthead light.
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Cc3 IS Code
IS Code 2008 Evaluation Remarks
needed
An adaptation/expansion/new heading (2.10) for WPS or “assistance
Part B Chapter2 Recommended design criteria for ships engaged in certain likel propulsion” should be expected and corresponding requirements such as
types of operations and certain types of ships, sections 2.7 - 2.9 v determination of heeling moments (from WPS and vessel) should be
considered and limitations in view of stability until WPS cloud be
Part B Chapter3 Guidance in preparing stability information likely Revisit Chapter 3.4, 3.5, 3.6 and/or new Chapter due to use of WPS.
Revisit functional i ts -d ing/diff t sail setti isted
Part B Chapter4 Stability calculations performed by stability instruments likely evist _unc |on.a requirements -depowering/different sail settings/assiste
propulsion settings.
Part B Chapter5 Operational provisions against capsizing likely operational guidance for WPS might be set up
Part B Chapter6 Icing considerations likely Icing considerations may be reconsidered due to possible folding ability
if WPS Id be folded d than 2 vertical center of ity for the light shi
Part B Ann.1 Detailed guidance for the conduct of an inclining test likely ! could be Tolded down than 2 vertical center of gravity Tor the fight ship

might have to be evaluated
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C4 STCW Code
Evaluation
2010 STCW Code Remarks
needed

I/1 Definitions and clarifications likely Definition of WPS
Only, if a new certificate for WPS will be introduced. However, WPS

1/2 Certificates and endorsements unlikely competency might be included into the existing competency tables and one
could remain with existing certificates.
Revisit the referenced competence table A-II/1 on ship construction, voyage

11/1 Mandatory minimum requirements for certification of officers in charge of likel planning and weather routing from WPS perspective, maneuvering,

a navigational watch on ships of 500 gross tonnage or more v deployment criteria of WAPS, navigation and stability. Also consider the IMO
Model courses or curricula, which are based on these competence tables.
Revisit the referenced competence table A-1I/2 on ship construction, voyage

11/2 Mandatory minimum requirements for certification of masters and chief likel planning and weather routing from WPS perspective, maneuvering,

mates on ships of 500 gross tonnage or more v deployment criteria of WPS, navigation and stability. Also consider the IMO
Model courses or curricula, which are based on these competence tables.
Revisit the referenced competence table A-Il/3 on ship construction, voyage

11/3 Mandatory minimum requirements for certification of officers in charge of likely planning and weather routing from WPS perspective, maneuvering,

a navigational watch and of masters on ships of less than 500 gross tonnage

deployment criteria of WPS, navigation and stability. Also consider the IMO
Model courses or curricula, which are based on these competence tables.
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Evaluation
2010 STCW Code Remarks
needed
Revisit the referenced competence table A-Il/5, 'Controlling the operation of
- . A . the ship and care for persons on board at the support level', regarding the
11/5 Mandatory minimum requirements for certification of ratings as able . , . . . . e
seafarer deck likely Safe operation of deck equipment and machinery', plus the 'Maintenance and
repair at the support level' which would then include WPS. Also consider the
IMO Model courses or curricula, which are based on these competence tables.
Revisit the referenced competence table A-Ill/1 including the paragraph on
. . o L. . . onboard training. Operating, maintaining and repairing machinery, electrical
111/1 Mandatory minimum requirements for certification of officers in charge of . & >p & . § P & 'y . /
. . . . . . . electronic systems would then include the WPS system (eg. lubrication and
an engineering watch in a manned engine-room or designated duty engineers likely . . . . .
in a periodically unmanned engine-room inspections of foundation, deployment systems, bearings, drives, etc.) . Also
consider the IMO Model courses or curricula, which are based on these
competence tables.
Revisit the referenced competence table A-lll/2 on managing operating,
. . e bs . . maintaining, fault finding troubleshooting, repairing main and auxiliar
111/2 Mandatory minimum requirements for certification of chief engineer . g A & . g .p § e Y
) . ) . . . . machinery, electrical / electronic systems, trim and stability systems would
officers and second engineer officers on ships powered by main propulsion likely

machinery of 3,000 kW propulsion power or more

then include the WPS system (e.g. lubrication and inspections of foundation,
deployment systems, bearings, drives, etc.). Also consider the IMO Model
courses or curricula, which are based on these competence tables.
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Evaluation
2010 STCW Code Remarks
needed
Revisit the referenced competence table A-Ill/3 including the paragraph on
. . o L. . . onboard training. Operating, maintaining and repairing machinery, electrical
111/3 Mandatory minimum requirements for certification of chief engineer . &->p & . § P & 'y . /
. . . . . . . electronic systems would then include the WPS system (eg. lubrication,
officers and second engineer officers on ships powered by main propulsion likely . . . . .
machinery of between 750 kW and 3.000 kW brooulsion bower inspections of foundation, deployment systems, bearings, drives, etc.). Also
¥ ! prop P consider the IMO Model courses or curricula, which are based on these
competence tables.
Revisit the referenced competence table A-Ill/6 Monitoring operation of
111/6 Mandatory minimum requirements for certification of electro-technical likel electrical systems, maintenance and repair of electrical / electronic systems to
officers y include the WPS system. Also consider the IMO Model courses or curricula,
which are based on these competence tables.
Revisit the referenced competence table A-Ill/7 Basic knowledge of operation
I11/7 Mandatory minimum requirements for certification of electro-technical likely of electrical systems, maintenance and repair of electrical / electronic systems

ratings

to include the WPS system. Also consider the IMO Model courses or curricula,
which are based on these competence tables.
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