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Project 8: Successfully deliver challenging HVDC and Offshore projects thanks to a HVDC Innovation Centre (HIC)
New project

Strategy: Which aspects of the Innovation Strategy are tackled with this project?
Unlocking potential of offshore energy, Handling complexity of renewables
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Related Projects: 

Link between WP 8 of HIC and INPOWEL:
· Both intend to develop grid forming systems where interactions are identified, controllable and ideally avoided.
· INPOWEL focus on the interaction between converters and how in general we should design our requirements and operate our system to avoid oscillations in our AC system
· HIC WP6 focus specifically on designing DC systems in way that it can provide Grid forming features without causing oscillations on the DC grid


1. Project Overview 
To successfully deliver our future HVDC and offshore projects without delays and unexpected events, we need to understand and manage the new concepts and technologies we are dealing with better. In this regard, we will establish an HVDC Innovation Center (HIC) that will include three main pillars:

Pillar 1: Expertise exchange and strategic position
Through the establishment of a forum comprising of HVDC experts at the group level, we aim to foster collaboration and knowledge sharing among key stakeholders involved in significant projects. This forum will serve as a platform for exchanging valuable insights, experiences, and expertise in the field of HVDC. By bringing together diverse perspectives and expertise, we can collectively take a strategic position on future developments, including the formulation of standards and grid codes. This collaborative approach will enable us to stay at the forefront of industry advancements and drive innovation.

Pillar 2: Portfolio of research and innovative projects
The center will act as an umbrella for innovative HVDC and offshore projects to share knowledge, competencies, and better shape the organization of innovation activities in this domain.
This pillar will serve as a central hub, encompassing a wide range of research HVDC and offshore projects. Its primary purpose will be to facilitate the exchange of knowledge, and best practices among these projects. By acting as an umbrella organization, the center will encourage collaboration and synergies among various stakeholders. It will provide a platform for stakeholders to contribute to the overall progress of HVDC and offshore projects.

Pillar 3:  Simulation capabilities
This pillar has a dual focus on enhancing dynamic simulation capabilities in the HVDC domain. It involves the development of shared infrastructure with *Confidential* to facilitate simulation activities. These simulation capabilities will encompass both software-based Electromagnetic Transients (EMT) simulations as well as hardware-in-the-loop (HIL) simulations. By incorporating both approaches, the work package aims to provide a comprehensive testing and validation framework for HVDC systems. In addition to technical advancements, this collaboration with *Confidential* will also promote the exchange of talents and expertise, ensuring a continuous flow of skilled individuals in the field of HVDC for the upcoming decade.
These 3 pillars are illustrated in the figure below. 
*Confidential*


Innovative Character of the project: 
As shown on the figure below, six new trends introduce challenges that no one has ever faced. Many uncertainties lie together with important projects. The HCC will include innovative projects and top notch EMT simulation capabilities with academics to make research and overcome these challenges.
The innovative aspect is therefore inherent on the unique character of the future project Elia will develop and the uncertainty linked to it (MOG2, Princess Elizabeth Island…). As well as the related uncertainty of stability effect. 
As no one could predict at the moment the future stability challenge we will face, investing in simulation capabilities at the lowest price possible (compared to a replica) is in itself an innovative approach to tackle the risk mitigation of the massive RE integration. 
A good example of the uncertainty intrinsic to new HVDC project (as energy island or MOG2) is the stability trouble experienced at the link between Spain and France just after its commissioning or the Bard offshore park integration which led to a complete outage of the park for a certain period. 
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2. Expected impact on the Belgian consumer

Describe the impacts that your project will have on the Belgian consumer. These can be qualitative and preferably quantitative where possible. Allocate the expected impacts into 3 categories:
· Affordability: As shown on the image above, examples of disconnection or delays due to unexpected events for HVDC or offshore projects have been highlighted. One of them is Bard offshore 1 which was commissioned in 2014, but due to dynamic resonance phenomena it was delayed by 18 months with led to an additional cost of 1 billion euros. If we want to avoid such problems, we must derisk our future projects by developing internal competences, developing dynamic simulations, and doing Research & Innovation.

· Sustainability: Making HVDC and offshore projects possible will allow the 300 GW wind integration in the EU system. Interconnections will overcome the intermittence problem or RES. 

· Security of Supply: If dynamic and harmonics phenomena appear due to the integration of new technologies, we can’t guarantee the security of supply. This competence center will develop capabilities to simulate and prevent such problems.


3. State of the Art & Starting point Elia 

In recent years, significant advancements have been made in the development of HVDC systems utilizing conventional topologies meaning point-to-point connections. However, the emergence of a new type of HVDC grids, featuring hybrid connectors, multiple connection points, involvement of diverse vendors, and versatile applications, represents a transformative shift that is still in its early stages. Currently, the state of the art in this field is limited, with only a few examples of such HVDC grids in existence. So far, the Combined Grid Solution project in Germany built in 2020 was the world first hybrid interconnector project. However, it is not yet implemented in meshed offshore grid which can also bring several challenges.
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Given the relative novelty of this approach, extensive studies and research are required to fully understand and address the complexities associated with implementing these HVDC grids while ensuring their safety and efficiency. Areas such as grid stability, fault tolerance, cybersecurity, and interoperability among multiple vendors need to be thoroughly explored. 

· Describe how the project aligns with other (European) Initiatives such as TYNDP, REPowerEU, etc. 

The projects assume a vital role in fulfilling the European ambitions set forth in Fitfor 55, RepowerEU and the future connection of an additional 300 GW of offshore wind. Through the establishment of the HVDC Innovation Center, the primary aim is to unlock the potential of onshore and offshore HVDC technology by providing guidance and ensuring safe operations. This unlocking process is crucial for the seamless integration of a larger share of renewable energy sources (RES) and the attainment of heightened energy independence. Furthermore, these projects are dedicated to guaranteeing the secure and efficient operation of the grid, even as it becomes more intricate and as new technologies emerge.

· What are the main risks & uncertainties to deliver this project successfully? 

There are two primary risks associated with the HVDC innovation projects. The first risk is the involvement of new technologies and concepts, which introduces uncertainty about the potential challenges that may arise. It is possible that the complexity of these technologies and concepts could be greater than anticipated, leading to unforeseen difficulties.
The second risk relates to the collaboration between the HVDC innovation projects and universities for research and innovation. While universities play a crucial role in advancing knowledge and developing expertise, conducting comprehensive studies and research can be time-consuming. This poses a challenge when there is high pressure to deliver HVDC projects within tight timelines. It may be challenging to ensure that the studies from the HVDC innovation center are completed and made available on time to ensure the safe commissioning of HVDC projects.
· Where does Elia stand today? Where do we want to arrive? 

Currently, Elia lacks a structured expert group or specific activities focused on research in the HVDC domain. The objective is to establish a cross-department team comprising knowledgeable individuals, possessing the necessary expertise, and equipped with suitable infrastructure. This team would also aim to develop a comprehensive portfolio of research projects. The purpose of these efforts is to mitigate risks associated with HVDC projects by conducting thorough research and implementing measures that minimize potential challenges and uncertainties.
While the HDC assets themselves are becoming more mature as technology (TRL 9), the aspect of the simulation of stability is still at research and development level (TRL 2-5). Elia has some experts able to make some specific studies, but the proper capability of simulation is missing, and the expertise is too concentrated. Through this project, we want to arrive at a TRL of 7 or higher, so we can be sure that the capabilities are applicable in an operational environment. Furthermore, we want to decentralize and increase the critical mass of talents that master the requirements. 

4. Hypotheses & Project Planning with Work Packages 

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

	N°
	Description hypothesis

	1
	Simulation tools including hardware in the loop and replicas will derisk future HVDC projects.

	2
	Having a portfolio of research projects will contribute to the derisking of future HVDC projects.

	3
	Investment in talented resources is critical to safely deliver HVDC projects.



· Provide a roadmap with a description and timing of the work packages & key milestones

As previously stated, the HVDC Innovation Centre has the objective of undertaking various research and innovation projects to ensure the safe and reliable delivery of our future endeavours, while also maintaining grid stability in relation to HVDC and offshore integration. The centre operates based on three pillars and the upcoming projects outlined below in work packages form an integral part of the future research centre portfolio.

WP 1: Fast ramping offshore study
Due to the integration of additional capacity in the North Sea and the fact that offshore production depends on wind, our reliance on wind energy is increasing. However, this dependence poses a challenge when storms arise, and wind parks need to curtail their production. In such situations, we may lose several GW of power in a very short period. This new scenario presents a significant challenge for transmission system operators (TSOs) worldwide. 
Currently, our forecasting tools are not equipped to effectively detect and predict fast ramping events like storms. This limitation becomes a bottleneck as we strive to integrate more offshore GW capacity into the grid. Therefore, we have initiated a project with multiple objectives: 
1. Explore innovations in weather data providers and tools to enhance the forecasting of fast ramping events. We aim to identify solutions that improve the accuracy and timeliness of these forecasts, enabling us to better anticipate storms and other rapid changes in wind conditions. This point focuses on high TRLs.
2. Explore last reliability estimation algorithms. This is more a literature overview with a low TRL through an academic approach.
3. Develop an action plan to improve our forecasting accuracy knowledge thanks to the findings of point 1 and point 2.
4. Develop an algorithm that can accurately determine the times when the up to D1 (day-ahead) forecasts of fast ramping events in offshore seas are not reliable. This algorithm will provide certainty in identifying when the forecasts may be less accurate or less indicative of actual conditions.
5. Integrate the developed algorithm into existing tools used by system operators. By doing so, we aim to empower operators with the information necessary to make informed decisions when managing the grid during fast ramping events. This integration will enhance their ability to handle the challenges posed by the increasing offshore GW capacity and the associated dependence on wind energy.


WP 2: Offshore forced Wind park Oscillation Study (OWOS)
Forced active power oscillations are being injected by offshore wind turbines to the high voltage grid. Identified as critical EU frequencies, this phenomenon needs to be understood and mitigated to ensure a stable operation of the grid. This project will be studying and describing the cause of the phenomena as well as identifying and researching potential mitigation measures. These measures will be assessed on their technical feasibility at scale as well as to their societal cost.  
The OWOS project targets a holistic approach to fully understand the root cause of active power oscillations in offshore wind farms. Therefore, the project will encompass studies at various levels (see figure below): 

· The level of substructures and individual turbines
· The wind park level
· The level of the point of connection and the grid
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OWOS targets a holistic approach covering individual turbines, the wind park level, and the grid level.

The current project therefore has the following objectives: 

· Obtaining a first understanding of the problem and its severity based on available measurement data from the current offshore wind parks. This should lead to a better definition of the problem. 
· Gaining initial insights into the cause of the phenomenon, enabling to define guidelines for potential mitigation strategies, especially with increasing amounts of installed capacity.
· The project will obtain insights into the situation as is (i.e. understand the problem for the currently operational wind farms) and for future power system situations with increasing amounts of wind turbines installed capacity. 

The consortium described in the methodology section below envisages the current project as an important first step of a larger strategic R&D program. Through the abovementioned objectives, the current project will lay a solid foundation for further, more profound R&D activities.   

Methodology
Since the phenomenon is not well understood at a fundamental level, various research partners are involved in this project: *Confidential*

The study will encompass the following elements: 
· Existing recordings and gap for an adequate observability of the phenomenon.
· Development of a modelling toolset focused on the phenomenon root cause, active tower damping and interaction between the grid and the offshore wind farms.
· Modelling and performance comparison between the various possible mitigation measures.    

Since the aim of this study if to obtain a fundamental understanding of the phenomenon, all activities in this project are considered as fundamental research at TRL 1 (NTM-1). 

The project team will also be backed-up by an advisory board consisting of the main actors and stakeholders in the Belgian offshore wind industry. The following parties confirmed their interest to participate in the advisory board of the project: 
*Confidential*

Next to advising the project team, Elia will also provide datasets and expertise which will serve to better understand the impact of potential mitigations. 

Expected outcome and impact

If successful, the OWOS project will lead to the following outcomes and impact: 
· A more detailed understanding of the problem of forced oscillations at offshore wind parks.
· A set of general recommendations for potential mitigation measures that will be developed in a later stage.
· A strong alignment about the problem among all relevant stakeholders in the Belgian offshore wind industry.
· A solid foundation for future R&D tracks on this phenomenon.

WP 3: Princess Elisabeth Energy Island harmonics study and simulation tools improvement

The successful delivery of the future Princess Energy Island is crucial for Belgium's climate targets and the integration of offshore energy. However, this endeavor presents a completely new set of challenges for the transmission system operator (TSO), as it involves the implementation of various new technologies and concepts, including HVDC (high-voltage direct current), DC breakers, multiple vendors, and multiple terminals.
 
The complexity of this project requires thorough studies to mitigate risks and ensure its success. However, due to the novel nature of the phenomena involved, there is uncertainty about capturing all the relevant factors and running comprehensive simulations using our current tools and resources. As a result, it becomes imperative to undertake research projects that can explore potential risks on a broader scale and develop tools specifically tailored to capture the behavior of these new concepts and phenomena.
 
Addressing these challenges necessitates the development of new models and capabilities in electromagnetic transient (EMT) simulations. Additionally, the introduction of hardware-in-the-loop simulations and the creation of new simulation environments will enable a more accurate representation of real-world conditions. Moreover, integrating artificial intelligence (AI) into the simulation tests can provide valuable insights and enhance the understanding of system behavior under various scenarios.
 
By investing in research and development, we can better understand the risks associated with the Princess Energy Island project and develop the necessary tools to address them effectively. This proactive approach will enable the TSO to make informed decisions, enhance system reliability, and ensure the smooth integration of this innovative offshore energy solution into Belgium's energy infrastructure.

WP 4: Comparison and usage guidelines of simulation types for future projects. Limits and business case study for HIL vs Offline vs replicas
As discussed in the previous work package, the introduction of new concepts and technologies presents significant challenges. To address these challenges, it is necessary to develop new tools and simulation techniques that can effectively capture the behavior of converter-dominated networks within a meshed grid.
 
Various types of simulations have emerged to meet these requirements. However, these simulations can be costly and time-consuming, particularly in the case of electromagnetic transient (EMT) simulations on large systems or replicas. Therefore, it is crucial to determine the appropriate scenarios for which each simulation type should be employed.
 
The objective of this study is to compare different simulation approaches, assess their limitations, evaluate their business case, and ultimately provide a comprehensive guide on when to use each simulation method. By establishing clear guidelines, we can optimize our studies, reduce costs, and minimize risks associated with new high-voltage direct current (HVDC) and offshore projects.
 
This comprehensive guide will enable us to make informed decisions regarding simulation methodologies, thereby improving the efficiency and effectiveness of our studies. By selecting the most appropriate simulation type for a given scenario, we can enhance our understanding of the complex interactions within converter-dominated networks and mitigate potential risks. Consequently, we will be better equipped to perform a greater number of studies, accelerating the development and integration of HVDC and offshore projects while maintaining a high level of confidence in their success.

Figure : *Confidential*


WP 5: New grid indicators
The goal of this work package is to develop the necessary skills and methodologies to be able to perform an assessment of system stability in zones with very high integration of power electronics based on EMT tools.
WP 6: Implementation guidelines for innovative configuration with grid forming on both sides of P2P connectors and converters in DC grid
The development of a new meshed offshore grid introduces a set of unique requirements that Elia, as the transmission system operator, will need to provide to manufacturers. However, the technologies and configurations involved in this endeavor are entirely novel, demanding extensive research and simulation to establish high-quality requirements while minimizing the risks of failure.
In this work package, we will focus on two specific aspects. Firstly, we will examine point-to-point connectors with grid forming capabilities on both sides of the converters. This innovative approach allows for greater flexibility and stability within the grid, but it necessitates a thorough understanding of the system behavior and the establishment of precise requirements to ensure reliable and efficient operation.
Secondly, we will delve into the converters used in the DC grid. As converters play a crucial role in the functioning of the grid, it is essential to define comprehensive requirements that account for their performance, interoperability, and reliability. By conducting thorough research and simulations, we can develop a deep understanding of the behavior and characteristics of these converters, enabling us to establish robust and accurate requirements for manufacturers.
 WP 7: Innovative HVDC protection and cable study and operation
The future HVDC grid will necessitate the deployment of new types of assets. While protections and cables are currently under development in laboratories, the transmission system operator plays a crucial role in staying ahead of the curve by comprehending these future assets and effectively managing them.
 This work package will concentrate on studying the latest research and development in HVDC protections and cables. By closely examining these advancements, we aim to understand the evolving landscape of HVDC technologies. This includes exploring innovative protection solutions that can effectively safeguard the HVDC grid and identifying cutting-edge cable technologies that can meet the demands of future transmission systems.
In addition to understanding the technical aspects of HVDC protections and cables, we will also focus on the adaptation of requirements and operational practices for Elia. 

	WP 
	Milestones + short description 
	Due Date 

	WP 1 
	ML 1: Presentation of industrial and academic overview 
	Q1 2024 

	WP 1 
	ML 2: Decision on action plan for algorithm development 
	Q1 2024 

	WP 1 
	ML 3: Algorithm used by operators 
	Q1 2025 

	WP 2 
	ML 4: Intermediate presentation of studies and phenomena understanding 
	Q2 2024 

	WP 2  
	ML 5: Final presentation of potential measures 
	Q4 2024 

	WP 3  
	ML 5: Agreement on group level of risks not yet perfectly handled 
	Q2 2024 

	WP 3 
	ML 6: New development of tools and simulation environement  
	Q1 2025 

	WP 3 
	ML 7: Presentation of studies with new tools applied to the Energy Island 
	Q4 2025 

	WP 4 
	ML 8:  Overview of simulations tools at Elia and future needs 
	Q2 2024 

	WP 4 
	ML 9: Comprehensive guides for simulation usage at Elia 
	Q3 2024 

	WP 5 
	ML 10: Proven new indicators to assess the grid stability conditions  
	Q2 2024 

	WP 6  
	ML 11: Guidelines for P2P in GFM mode requirements validated internally 
	Q4 2024 

	WP 6 
	ML 12: Guidelines for converter in DC grids requirements validated internally 
	Q4 2025 

	WP 7 
	ML 13: Overview of future HVDC cables technologies and related operations for Elia 
	Q4 2024 

	WP 7 
	ML 14: Overview of future HVDC protection technologies and related operations for Elia 
	Q4 2025 



5. Deliverables

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

	WP1: Fast ramping offshore study 

	Industrial overview report 
	x 
	 
	 
	Q1 2024 

	Academic overview report 
	x 
	 
	 
	Q1 2024 

	Improvement plan 
	x 
	 
	 
	Q1 2024 

	Algorithm improvement benchmarking 
	 
	 
	x 
	Q1 2025 

	Publication of project progress article on Elia’s Group Innovation website  
	 
	x 
	 
	 

	WP 2: Offshore Forced Wind park Oscillation Study 

	Grid side interaction overview report 
	x 
	 
	 
	Q2 2024 

	Electrical mitigation measures report 
	x 
	 
	 
	Q3 2024 

	Structural/mechanical interactions and measures report 
	x 
	 
	 
	Q3 2024 

	Observability of the phenomenon and common understanding at the inception of the project 
	x 
	 
	 
	Q4 2024 

	Publication of project learnings article on Elia’s Group Innovation website  
	 
	x 
	 
	Q4 2024 

	WP 3: Princess Elisabeth simulations improvement tools 

	Overview of potential risks not mitigated 
	x 
	 
	 
	Q2 2024 

	Proposition of potential simulation improvement 
	x 
	 
	 
	Q2 2024 

	Development of new simulations environment and tools integrated into Elia context 
	x 
	 
	 
	Q4 2025 

	Publication of project progress article on Elia’s Group Innovation website  
	 
	x 
	 
	Q4 2025 

	WP 4: Comparison and usage guidelines of simulation types for future projects. Limits and business case study for HIL vs Offline vs replicas 

	Comparison of different type of simulation in Elia environment 
	x 
	 
	 
	Q1 2024 

	Deep understand and report about Elia future needs in term of simulation 
	x 
	 
	 
	Q2 2024 

	Final guides on the selection of simulation type based on scenarios and potential improvement suggestions 
	x 
	 
	 
	Q3 2024 

	Publication of project progress article on Elia’s Group Innovation website  
	 
	x 
	 
	Q3 2024 

	WP 5: Grid health indicators 

	Simulation results presentations based on several indicators 
	x 
	 
	 
	Q1 2024 

	Summary report on deep dive into one methodology 
	 
	 
	x 
	Q2 2024 

	Methodology developed and presented 
	x 
	 
	 
	Q1 2025 

	Publication of an article regarding the methodology on Elia’s Group Innovation website  
	 
	x 
	 
	Q1 2025 

	WP 6: Implementation guidelines for innovative configuration with grid forming on both sides of P2P connectors and converters in DC grid 

	Literature review of P2P GFM (grid forming) based requirements 
	x 
	 
	 
	Q3 2024 

	Adaptation to Elia future needs and presentation 
	x 
	 
	 
	Q4 2024 

	Literature review of converters in DC grid requirements 
	x 
	 
	 
	Q3 2025 

	Adaptation to Elia future needs and presentation 
	x 
	 
	 
	Q4 2025 

	Publication of project progress article on Elia’s Group Innovation website  
	 
	x 
	 
	Q4 2025 

	WP 7: Innovative HVDC protection and cable study and operation 

	Literature review of HVDC cables and related TSO operations 
	x 
	 
	 
	Q3 2024 

	Adaptation to Elia future needs and presentation 
	x 
	 
	 
	Q4 2024 

	Literature review of HVDC protections and related TSO operations 
	x 
	 
	 
	Q3 2025 

	Adaptation to Elia future needs and presentation 
	x 
	 
	 
	Q4 2025 

	Publication of project progress article 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*
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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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