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Project 9: Subsea Pin Pointing
New Project 

Strategy: Which aspects of the Innovation Strategy are tackled with this project?
Unlocking Offshore Potential
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Related Projects: List any other related relevant projects that have been submitted for the innovation incentive

1. Project Overview

· Abstract: 

Offshore wind has become one of the key pillars of the energy transition in Europe and Belgium specifically. This is reflected in the EU’s Green Deal as well as the European Offshore Strategy which foresees the expansion of offshore wind from 15 GW to 300 GW by 2050. It is further reflected by the Esbjerg declaration and the recent North Sea Summit in Oostende (24/04/2023) in which Belgium, Denmark, Germany and the Netherlands alone, have committed to develop 150 GW of the 300 GW EU offshore ambition. In this context, Belgium is further expanding its position as leader and hub of offshore wind. In terms of assets, this means the expansion of Wind Parks on the generation side and new innovative, first of its kind transmission assets that are planned, build, operated and maintained by Elia. Concretely in terms of assets, these include among others the Princess Elisabeth Island (first artificial energy island in the world), and its subsea cables that will connect offshore wind parks to the Belgium onshore grid, as well as hybrid cables connecting Belgium to Denmark and the UK (Trition and Nautilus) with HVDC cables. Therefore, cables will play a major role in the implementation and of the European energy transition. While the popular discussions focus on expansion of generation, it is of utmost importance to already address the issue of cable monitoring and maintenance. 


· Innovative Character of the project: 

With a growing number of offshore cables (e.g connected to Princess Elisabeth Island) and new technology of cables (DC cable) that we have limited experience with, it is necessary to study potentials faults (to avoid downtime of assets and infeed of renewables) as well as the state of the art methods, to test new technologies and to set a standard for pin-pointing to avoid downtime of assets. The innovative nature of this project is that we test new technologies such as new kind of Remotely Operated Vehicles, buoys, and other cutting-edge technologies that we are not aware yet while developing and incentivising the market to address these challenges with innovation and technology and research. Additionally, working with DC cables is something new and therefore innovative by definition. 
Pin-pointing offshore can become the bottleneck of a repair campaign. Cable monitoring systems that are capable of pre-location cable faults are only as accurate as the mapping of the physical 3D cable length to the 2D cable trajectory. In practice, a mapping error of 0,5 – 2% of the overall cable route is anticipated resulting in an uncertainty of at least several hundreds of metres on long offshore cable links. Thus, an offshore pin-pointing campaign is inevitable in most cases.
Furthermore, the better the cable damage can be pin-pointed, the less spare cable is required for a repair. At this stage, there is no common standard for subsea pin-pointing of offshore cables. With increasing number of subsea cables, it is highly necessary to develop a standard to work with technologies to ensure that pin-pointing is not becoming a major bottleneck for offshore cable repair campaigns.

2. Expected impact on the Belgian consumer

· Affordability: 
A lower number of spare cables will be required for repairs. Consequently, if we have accurate methods of pin-pointing damages, the Operations & Maintenance costs will significantly be reduced of offshore assets in terms of cables as well as FTEs involved to undertake surveying and maintenance.  At this stage it is too early to be able to quantify the potential cost savings. 

· Sustainability:  
By having a cutting edge standard with effective technologies to fault detection and maintenance, we reduce the amount of physical interventions into the marine environment and therefore contribute the nature inclusive design of overall O&M practices. 

· Security of Supply: 
Highly accurate pin pointing reduces downtime of assets, as part of condition-based monitoring, and therefore security of supply.

3. State of the Art & Starting point Elia 

· Describe here the most recent stage in the development within this domain. 
· With increasing development of offshore assets (including large amounts of DC cables), we will need a systematic and standardised method to monitor, detect and maintain those assets to avoid downtime and curtailment of renewable energy into the grid.
· With our existing network of predominantly AC cables (apart from the NEMO link) we have several different methods to pin-point faults. These include: 
· Simulating a discharge 
· Acoustic pin-pointing using hydrophones (ROV) and Buoys 
· Acoustic fiber stimulation
· However, each of these technologies and methods have advantages and shortcomings. Therefore, no single standard is set. Regarding academic papers and studies, there is currently not much output which is explained by the fact that offshore grids with DC cables are a rather new development and currently in planning and construction. Therefore, it is also an objective of this project to develop and shape the market in that regard by working together with universities, research centers and other institutions (see work package 1)

· Describe how the project aligns with other (European) Initiatives such as TYNDP, REPowerEU, etc. 
· First, the project is aligned with the strategic vision of Elia (planning, building, operating and maintaining an effective offshore grid that efficiently integrates RE from offshore wind to the onshore grid/consumer/industry which in turn is aligned with the EU ambitions.
· Second, this project addresses a “shortcoming” of current offshore initiatives in the EU and BE context. The initiatives in this context focus predominantly on the expansion of offshore capacities and their respective integration. However, issues of maintenance and avoidance of downtime are of utmost importance to ensure the stability and long-term enablement of these strategies and initiatives. 

· What are the main risks & uncertainties to deliver this project successfully? 
· For the project to be successful, we need to develop a close to real life laboratory test environment (see work package 3) which would then enable us to test different technologies and methods in real offshore conditions (see work package 4). 

· Where does Elia stand today? Where do we want to arrive? (link to Innovation Phase or TRL)
· Being a leader in offshore transmission with experience of over 12 years, Elia has already implemented and tested different methods and technologies of pin pointing and O&M practices in general. However, as mentioned above, each has its own advantage and disadvantage. Therefore, we want to leverage this knowledge and expertise to shape the research and market in this topic. By doing so, we aim to arrive at a common standard at Elia for offshore cable fault pin pointing as part of our strategy to move from reactive to accurate condition based monitoring.  This shall be achieved by starting from the current research (TRL 2) and bringing this into application in relevant environments by means of a PoC (TRL 6).

4. Hypotheses & Project Planning with Work Packages 

· Define the key hypotheses that need to be validated with this project

	N°
	Description hypothesis

	1
	Current methods to pin point subsea AC cable fault cannot be applied on large scale DC subsea cable networks.

	2
	A standardized approach is required to pin point subsea cable faults to reduce downtime of the assets.

	3
	A combination of old and new technologies can effectively support the pin pointing of faults in DC cable networks

	4
	Research on the topics as well live tests are necessary to incentives market development in the direction of DC cable operation and Maintenace.




· Provide a roadmap with a description and timing of the work packages & key milestones
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The project shall be carried out in 4 distinct phases:

Work Package 1: Study & Research
· Technical description and overview of different insulation fault scenarios  
· Fault types on AC & DC submarine cable systems
· Description of the overall fault location and troubleshooting process, identification of bottlenecks and shortcomings
· Evaluation of different technologies to locate cable faults at long AC & DC cable systems: the possibilities & limitations to combine different technologies (offshore survey, LV/HV fault location equipment, fibre sensing) with focus on offshore pin-pointing
· Challenges and contingencies during fault location on submarine cables
· Description and comparison between electromagnetic, acoustic, and optical pin-pointing methods. 
Work Package 2:  Assessment, development, and engineering of test bed

· Development and preparation of a possible Proof of Concept in phase 3 and/or 4 for different offshore pin-pointing technologies 
· Development of a test set-up that simulates a cable breakdown of a buried power cable with adjustable discharge intensity
· Development of a submarine detection system to locate the cable breakdown. The detection system can be a hull mounted, remotely operated, or stand-alone system 
· The aimed accuracy shall be 20 m or better, scenarios and technologies identified in WP 1 shall be taken into account.

Work Package 3: Wet tests and optimization

· First wet test demonstrating practical use in an offshore test campaign
· The tests can be carried out in a pool, or in a port basin
· Proof of sensitivity and optimization of parameters
· Proof of offshore suitability
· Preparation of a conceptual note for offshore

Work package 4: Proof of Concept – offshore field test
· Preparation of method statements based on documentation of work package 3
· Execution of the PoC with suitable vessel(s)

Work package 5: Assessment, communication and outline of next steps
· Assessment of study, laboratory test and offshore test
· Communication of result on website 
· Development of internal Elia strategy and standard for offshore cable fault pin pointing

	Milestones + short description
	Due Date

	Milestone 1: 
Technical description / overview of different insulation fault scenarios / fault types on AC & DC submarine cable systems. (Description of fault location process)
	Q2 2024

	Milestone 2:
Evaluation of different technologies to locate cable faults at long AC & DC cable systems (the possibilities & limitations to combine different technologies (offshore survey, LV/HV fault location equipment, fibre sensing)) with focus on offshore pin-pointing; challenges during fault location on submarine cables
	Q4 2024

	Milestone 3:
Development and preparation of a PoC for different offshore pin-pointing technologies with an accuracy of 20 m or better, with results from item 1+2 focusing on most promising approach
	Q2 2025

	Milestone 4:
PoC execution, and demonstrate practical use in an offshore test campaign
	Q3 2025

	Milestone 5:
Assessment, of results and outline of strategy to set standard for pin-pointing faults on subsea cables 
	Q4 2025



5. Deliverables 

Please complete the table below with an explanation and add project specific deliverables. 
	Deliverables 
	Reporting 
	Communication 
	Implementation 
	Expected Timing 

	WP 1: Problem definition: Technical report on fault types and fault scenarios.  
	x 
	 
	 
	Q2 2024 

	Explanation: A study that is undertaken in collaboration with partners (universities, research institutions) 

	WP 2: Solution definition: Evaluation report on different technologies that can locate cable faults in long AC & DC cable systems 
	x 
	 
	 
	Q4 2024 

	Explanation: Moving from theory into practice. Based on the study and its evaluation, we will develop an environment to test the different fault scenarios, types, troubleshooting and technologies. 

	WP 2: Launch the RFP to select technologies & suppliers 
	 
	 
	x 
	Q4 2024 

	WP 2: Publication of an article regarding the evaluation on Elia’s Group Innovation website  
	 
	x 
	 
	Q4 2024 

	WP 3: Environment set up: Set up test scenarios of the different fault types (see WP 1) 
	x 
	 
	 
	Q2 2025 

	Explanation: After the theoretical analysis, and the development of a test environment, we will use the environment as a laboratory (aquarium or port environment) to verify first hypothesis regarding offshore fault location and its suitability for real offshore environments. 

	WP 3: Slidedeck containing the set up in which the tests will be conducted 
	 
	x 
	 
	Q2 2025 

	WP 4: Testing: Deliver a report on the results of the actual tests 
	x 
	 
	x 
	Q3 2025 

	Explanation: Execution of different PoC’s to test and validate technologies in real offshore scenarios 

	WP 5: Report: Based on the report of WP 4, write a report with a plan of action for the next steps and milestones.  
	 
	x 
	x 
	Q4 2025 

	Explanation: Assess project based on theoretical study and real-life test in offshore environment. Based on the results, we will define an elia strategy that will be the standard for offshore subsea pin pointing of cable faults. To finalize the project, we will make a communication report in our website. 

	WP 5: Publication of an article regarding the progress of the project on Elia’s Group Innovation website  
	 
	x 
	 
	Q4 2025 



6. Budget

*Confidential*

7. Partners

List (with bullet points) the partners that are involved in the project. These can be Universities, other TSOs, DSO’s, public companies, private companies, governmental agencies, etc.  
*Confidential*



8. Allocated Incentive (to be completed by the CREG)

The allocated Innovation incentive for this project is … € or … % of this year’s Innovation project portfolio.
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“We want to set a common standard at Elia for pin pointing subsea cable
faults by studying, testing and assessing AC/DC faults and technologies
and by incentivizing market development in that direction”
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