	
	
	



Supplementary notes A: Identified gaps in European Union Directives and proposed recommendations

	Section A.1: ESTRIN

	Regulatory bodies
	Ref
	Gaps identified
	Autonomy level
	Recommendations
	Level of severity

	
	
	
	
	
	L
	M
	H

	European Directive 2016/1629
(ESTRIN)
	3.03(5)
	Doors in the aft-peak bulkhead shall be permitted only if it can be determined by remote monitoring in the wheelhouse whether they are open or closed and shall bear the following readily legible instruction on both sides: ‘Door to be closed immediately after use’.
This requirement foresees the remote monitoring of doors in aft-peak bulkhead but does not prescribe any means of remote control of such doors. 
It is arguable that the doors are to be operated by a human; otherwise, the risk of flooding will be increased.
	CCNR level 3 and above
	 Include the following requirements:
- A provision considering an automatic control for operating the doors in the aft-peak bulkhead. 
- Provide a watertight integrity plan to the shore personnel attending the vessel for the cargo operation. 
- The openings to be closed by the third party should be at least equipped with the sensors for the closure status.
	
	
	

	European Directive 2016/1629
(ESTRIN)
	3.04(3)
	All openings in walls, ceilings, and doors of engine rooms, boiler rooms, and bunker rooms shall be such that they can be closed from outside the room in order to prevent the spreading of fire from these rooms.
This provision does not explicitly require remote control of openings in walls, ceilings, and doors of engine rooms, boiler rooms, and bunker rooms. So, it is arguable that the doors are to be operated by a human. 
The entire concept of fire safety is considered in the presence of human operators who are responsible for both detection and extinguishing of the fire.  
	CCNR level 3 and above
	Include a paragraph for the unmanned autonomous vessels requiring:
- Automatic closing devices and closure status sensors for the internal watertight bulkheads and ventilation
- A plan for closing the other external openings by port services if it is delegated 
- Closing devices for the external openings where the port services cannot be delegated with a task of closing 
- Specify the need for the manual local override where an automatic closing device is installed to prevent injuries for the attending personnel
- When prescribing the automatic extinguishing systems, a manual override needs to be added to prevent the release of fire extinguishing media during the periods of maintenance when the protected space is manned
- Establish two separate communication systems to prepare for any communication breakdown due to fire damage to one system.  
	
	
	

	European Directive 2016/1629
(ESTRIN)
	4.04
	Ships shall have at least three pairs of draught marks, of which one pair shall be at ½ of length L and the two others located, respectively, at a distance from the bow and stern that is equal to roughly 1/6 of the length L. 
This regulation makes provision to determine the draught and trim of the vessel by seeing draught marks and draught scales.
	CCNR level 3 and above
	Include a provision to have an Automatic Draught Indicator System (ADIS) for inland autonomous vessels.
	
	
	

	European Directive 2016/1629
(ESTRIN)
	7.01.1
	Wheelhouses shall be arranged in such a way that the helmsman may at all times perform his task while the vessel is underway.
Vessels are operated by a human from the wheelhouse, whose design needs to include ergonomics.
	CCNR level 3 and above
	Include a prescriptive requirement of three compulsory blocks which are: vessel control system, connectivity, and remote-control centre (RCC) with their associated functionalities. In addition, include the requirements of the workstation at RCC that promotes excellent ergonomics and safe operations. This provision could be met by designing an electronic wheelhouse at RCC for the operator to access all of the controls needed for the operation of the ship comfortably while the ship is underway without leaving his position or losing sight of the display screen.
	
	
	

	
	7.02.1
	There shall be an adequately unobstructed view in all directions from the steering position.
This requirement implies an attended steering position on board.
	CCNR level 3 and above
	Include a provision considering camera-based monitoring equivalency to the human watchkeeping by sight by utilising Infrared/PTZ/CCTV/omnidirectional cameras and uninterrupted communication and network system.
	
	
	

	European Directive 2016/1629
(ESTRIN)
	7.02.2
	The area of obstructed vision for the helmsman ahead of the vessel in an unladen state with half of its supplies but without ballast shall not exceed 250 m. To further reduce any area of obstructed vision, only appropriate auxiliary means shall be used.
This rule implies that sufficient visibility from the wheelhouse should be attained primarily by design adapted to human perception.
	CCNR level 3 and above
	Include a provision considering camera-based monitoring equivalency to the human watchkeeping by sight by utilizing Infrared/PTZ/CCTV/omnidirectional cameras and uninterrupted communication and network system. In addition, include a risk-based approach to identify the minimum redundancy in the vessel-shore communication. 
	
	
	

	
	7.04.1
	It shall be possible to control and monitor the main engines and steering systems from the steering position.
This steering position is located in the vessel wheelhouse.
	CCNR level 3 and above
	 The following requirements to be considered:
- A prescriptive requirement of three compulsory blocks which are: vessel control system, connectivity, and remote control centre with their associated functionalities. 
- A risk-based approach to identify the minimum redundancy in the vessel-shore communication and station-keeping/manoeuvring. 
- Update the inland ECDIS for the communication coverage zones.
	
	
	

	European Directive 2016/1629
(ESTRIN)
	7.06.5a)
	In wheelhouses designed for radar navigation by one person:
the radar screen shall not be shifted significantly out of the helmsman's axis of view in its normal position;
	CCNR level 3 and above
	Include the requirements of the workstation at RCC that promotes excellent ergonomics and safe operations. This provision could be met by ensuring a High Attention View of the electronic lookout of the radar screen at RCC that gathers all real-time radar information and feeds those to the person performing/monitoring the master function.
	
	
	

	
	13.03.1
	There shall be at least one portable fire extinguisher in accordance with the European Standards EN 3-7: 2007 and EN 3-8: 2007 at each of the following places: (…)
This provision implies the presence of crew on-board.
	CCNR level 2 and above
	No action is required. A minimum number of portable fire extinguishers need to be carried for those onboard like repair workers, pilots, PSC inspectors, etc.
	–
	–
	–

	European Directive 2016/1629
(ESTRIN)
	27.01(2)
	Stability documents shall provide the boat master with comprehensible information on vessel stability for each loading condition. 
In conventional vessels, stability calculation is computed by a software programme for a given loading condition and confirmed by C/O and boat master.
	CCNR level 3 and above
	Include an interpretation considering the stipulated duty of the Boat Master to be delegated by the remote operator at RCC for autonomous vessels.
	
	
	

	
	27.04
	The procedure for assessing stability may be determined by the documents referred to in Article 27.01(2).
	CCNR level 3 and above
	Same as above
	
	
	

	European Directive 2016/1629
(ESTRIN)
	28.03(3)
	For diversified cargo, the stability calculation shall be performed for the most unfavourable loading condition. This stability calculation shall be carried on board.
The stability assessment procedure implies the involvement of the boat master (or another crew member).
	CCNR level 3 and above
	Include an interpretation considering the stipulated duty of the Boat Master to be delegated by the remote operator at RCC for autonomous vessels. In addition, include the delegation of the visual draught check to the shore personnel or require use of the draught sensors, such as Automatic Draught Indicator System (ADIS).
	
	
	

	
	30.03
	A safety rota shall be provided onboard craft equipped with propulsion or auxiliary systems operating on fuel with a flashpoint equal to or lower than 55 °C. 
The rules imply that the safety organization onboard vessels using low-flashpoint fuels rely upon the human operators.
	CCNR level 2 and above
	The following requirements to be considered:
- A provision to facilitate both RCC and onboard vessel with a safety rota.
- Consider the system architecture as a goal-based approach for low flashpoint fuels. In this regard, as provided in Volbot et al. (2021) the ALARP ((as low as reasonably possible) likelihood can be set as a goal for autonomous ships. In addition, it is possible to sort out the findings from D2.4 into several short examples of barrier combinations that allow an acceptable likelihood and to use these examples as a justification and proof of feasibility.
	
	
	

	Section A.2: ADN

	Regulatory bodies
	Ref
	Gaps identified
	Autonomy level
	Recommendations
	Levels of severity

	
	
	
	
	
	L
	M
	H

	European Directive 2008/68/EC
(ADN)
	
	The IWW use case does not include the carriage of dangerous goods. The European Directive 2008/68/EC has therefore not been considered.


	
	Out of Scope
	
	
	

	Section A.3: RPNR

	Regulatory bodies
	Ref
	Gaps identified
	Autonomy level
	Recommendations
	Levels of severity

	
	
	
	
	
	L
	M
	H

	Police Regulations for the navigation of the Rhine – RPNR
	1.02
	Boat master:
This provision explicitly requires the presence of a person on board the vessel with the necessary qualifications. This person is also responsible for making sure that everybody follows the regulation.
	CCNR level 3 and above
	The following requirements to be considered:
- an interpretation considering a remote operator at RCC as a "Boat Master" for autonomous vessels at autonomy level 3 and when the local control on the bridge has been taken by a damage control team or by a pilot during pilotage. 
- Define the term "Digital Captain" and "Digital Chief" to replicate "master/crew" and "engineers" on board for a fully autonomous vessel.
	
	
	

	Police Regulations for the navigation of the Rhine – RPNR
	1.03
	Duties of other people on board
This provision refers to the duties of crew and other people on board of the vessel.
	CCNR level 3 and above
	Include an interpretation considering all the stipulated duties and responsibilities rested on the master to be delegated by the RCC operator at autonomy levels RU, whereas the onboard vessel control system will be responsible at autonomy level 4 and above for meeting the provision.
	
	
	

	Police Regulations for the navigation of the Rhine – RPNR
	1.04
	General duty of vigilance
Presence of crew on board is required to exercise vigilance
	CCNR level 3 and above
	Include a provision considering camera-based monitoring equivalency to the human watchkeeping by sight by utilising Infrared/PTZ/CCTV/omnidirectional cameras and uninterrupted communication and network system.
	
	
	

	
	1.08
	Crew
This provision explicitly requires the presence of enough crew on board to ensure the safety of those on board and safe navigation.
	CCNR level 3 and above
	Include a prescriptive requirement of three compulsory blocks which are: vessel control system, connectivity, and remote control centre with their associated functionalities for the safe navigation of unmanned vessels.
	
	
	

	Police Regulations for the navigation of the Rhine – RPNR
	1.09.1
	On board of any ship underway, the helm must be held by at least one person
This provision explicitly requires the presence of a person.
	CCNR level 3 and above
	Include clarifications on the training frameworks used for RCC operators and their qualification from the D7.2 of AUTOSHIP project (Jeon et al. 2022). Include the minimum amount of hours under supervision and simulator training necessary for RCC operators to be certificated.
	
	
	

	Police Regulations for the navigation of the Rhine – RPNR
	1.09.3
	The helmsman must be able to receive and give all information and orders that arrive at the wheelhouse or depart from it.
This provision presumes a physical bridge and implies an attended wheelhouse.
	CCNR level 3 and above
	Include a prescriptive requirement of three compulsory blocks which are: vessel control system, connectivity, and remote control centre with their associated functionalities for the safe navigation of unmanned vessels.
	
	
	

	
	4.06
	Use of radar: the ships can only navigate on the radar as long as there is permanently a person holding an approved driving certificate.
This provision implies the presence of a crew on board.
	CCNR level 3 and above
	Include a provision to issue an approved driving certificate to an RCC operator responsible for steering/monitoring an autonomous vessel.
	
	
	

	Police Regulations for the navigation of the Rhine – RPNR
	6.13.2
	If the proposed manoeuvre can or must force other ships to deviate from or change their speed, the ship that wants to turn must, before turning, announce its manoeuvre in useful time, emitting:
(a) "an extended sound followed by a short sound" if he wishes to turn to starboard or
b) "a prolonged sound followed by two short sounds", if he wants to turn to port.
This provision presumes a physical bridge and implies the presence of crew onboard to alert other ships while manoeuvring.
	CCNR level 3 and above
	Include a prescriptive requirement of three compulsory blocks which are: vessel control system, connectivity, and remote control centre with their associated functionalities to facilitate the automatic or remotely controlled horn activation.
	
	
	

	Police Regulations for the navigation of the Rhine – RPNR
	6.32.1
	The ships can only navigate on the radar as long as there is permanently a person holding a Rhine license or an approved driving certificate or recognized as equivalent under the Rhine Navigation Staff Regulations for the sector to be covered, and a certificate of proficiency for radar operation issued or recognized equivalent under his Regulation, as well as a second person who knows how to use the radar.
This provision implies the presence of a crew on board.
	CCNR level 3 and above
	Include a provision considering issuing relevant certificates to the RCC operator upon fulfilling all the requirements.
	
	
	

	
	7.08.1
	An efficient on board watch keeping is necessary.
	CCNR level 3 and above
	Include a prescriptive requirement of three compulsory blocks which are: vessel control system, connectivity, and remote control centre with their associated functionalities to facilitate a remote and efficient on board watch.
	
	
	

	Section A.4: RPN

	Regulatory bodies
	Ref
	Gaps identified
	Autonomy level
	Recommendations
	Levels of severity

	
	
	
	
	
	L
	M
	H

	Regulations for the Rhine navigation personnel
(RPN)
	3.15
	A minimum crew of self-propelled and pushers.
The minimum crew may not be reduced to zero.
	CCNR level 3 and above
	Include a minimum manning requirement at RCC in compliance with any of the given equipment standards.
	
	
	

	
	4.01
	On board ships carrying dangerous goods, a person must hold an expert attestation in accordance with model 8.6.2 of the ADN, under 7.1.3.15 and 7.2.3.15 of ADN.
An ADN expert should be on board the vessel.
	CCNR level 2 and above
	A dedicated personal holding expert attestation could be on board to meet this provision. However, a common agreement is needed within the contracting authorities in relation to meeting this provision. In this regard, the requirements to the system 
architecture can be suggested in a goal-based format. As reported in Bolbot et al. (2021a), the ALARP likelihood can be set as a goal for the design of unmanned vessels If ALARP is considered, then the framework of Safety Integrity Levels can be potentially used as in IEC 61508.

	
	
	

	Section A.5: CEVNI

	Regulatory bodies
	Ref
	Gaps identified
	Autonomy level
	Recommendations
	Levels of severity

	
	
	
	
	
	L
	M
	H

	European Code for Inland Waterways – CEVNI
	-
	The problems raised by the applicability of the CEVNI Code to the autonomous vessels concept are similar to those related to the applicability of the RPNR.
	CCNR level 3 and above
	Refer to RPNR

	
	
	

	Section A.6: European Directive 1996/50/EC

	Regulatory bodies
	Ref
	Gaps identified
	Autonomy level
	Recommendations
	Levels of severity

	
	
	
	
	
	L
	M
	H

	European Directive 1996/50/EC
	Article 2
	For the purposes of this Directive:
‘Boatmaster’ shall mean the person who has the necessary aptitude and qualifications to sail a ship on the Member States' waterways and who has nautical responsibility on-board;
The definition needs to amendment for autonomous vessels. 
	CCNR level 3 and above
	Same as in Police Regulations for the navigation of the Rhine – RPNR (Ref. 1.02)
In addition, consider the following definition of "Boatmaster":
“Boatmaster” shall mean the person who has the necessary aptitude and qualifications to sail a ship onboard or remotely on the Member States' waterways and who has nautical responsibility irrespective of the control exerted from the ship or somewhere else.
OR
“Boatmaster” shall mean the person who has the necessary aptitude and qualifications to sail a ship onboard or remotely on the Member States' waterways and who has nautical responsibility irrespective of his physical presence onboard.
	
	
	

	European Directive 1996/50/EC

	Article 2
	For the purposes of this Directive:
“Member of the deck crew’ shall mean a person who has regularly participated in sailing a ship in inland navigation, including manning the tiller.”
These regulations need to be revised for vessels at autonomy level 3 and above.  
	CCNR level 3 and above
	Include an interpretation considering the RCC personnel as “Member of the deck crew” in terms of complying the rested duties and responsibilities.
Proposed definition:
“Member of the onboard or electronic deck crew shall mean a person who has regularly participated in sailing a ship onboard or remotely in inland navigation, including manning the tiller or remote control system and receptive to the requests to intervene and to system failures and respond accordingly.”
	
	
	

	
	Article 7
	An applicant must provide proof of at least four years' professional experience as a member of the deck crew on an inland waterway vessel.
A revision is needed to count the experience of RCC personnel in context of autonomous vessels.
	CCNR level 3 and above
	Include a provision to count the experience of RCC personnel as professional experience of a member of the deck crew.
Proposed revised text:
An applicant must provide proof of at least four years' professional experience as a member of the deck crew or as a remote operator at RCC on an inland waterway vessel.
	
	
	

	Section A.7: European Directive 2014/112/EC

	Regulatory bodies
	Ref
	Gaps identified
	Autonomy level
	Proposals
	Levels of severity

	
	
	
	
	
	L
	M
	H

	European Directive 2014/112/EC
	-
	If people work in an RCC, this directive might not be relevant for them as they work on shore.
	CCNR level 3 and above
	Include a provision considering the work time regulations for people who work on shore (RCC personnel).
	
	
	

	Section A.8: CLNI

	Regulatory bodies
	Ref
	Gaps identified
	Autonomy level
	Proposals
	Levels of severity

	
	
	
	
	
	L
	M
	H

	CLNI – Strasbourg Convention 2012
	-
	The purpose is this Convention is to allow owners, as well as crew members and their salvors to set a maximum amount to limit their liability in respect of claims made in connection with a single incident.
	
	No action is required. The application of the CLNI convention to the autonomous ships seems not raising problems regardless of the level of autonomy.
	–
	–
	–

	Section A.8: CDNI

	Regulatory bodies
	Ref
	Gaps identified
	Autonomy level
	Proposals
	Levels of severity

	
	
	
	
	
	L
	M
	H

	CDNI – Strasbourg convention of 1996
	-
	The main objective of this Convention is to protect the environment and to improve safety in inland navigation. To achieve this objective, the Convention aims at improved checking of any waste which relies mainly on the boat master.
	
	Include the delegation of the duty to manage waste to the RCC operator together with the delegation of the waste direct handling onboard by the maintenance personnel boarding the vessel at regular intervals in port or to stevedores, if the waste is related to the cargo handling (dunnage). In addition, a requirement to issue such a shipboard plan could be beneficial.
	
	
	

	Other Rules and Regulations
	
	
	CCNR level 3 and above
	The autonomous vessel concept needs to be accounted for in all upcoming Rules and Regulations, as applicable. For instance, the recommendations to regulatory bodies need to be made available to the EU committee drawing up the new European Directive on crew requirements.
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