

            		                   [image: ]
Project 6: INtegration of POWer Electronics (INPOWEL) while ensuring the grid stability
Continued Project 

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

· Understanding of New Grid Dynamics (CREG Innovation Incentive 2023)
· Link between WP 6 of HIC (Project 8) 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

· Abstract: 
As conventional power sources like nuclear power plants get phased out, the share of synchronous generators providing inertia will be reduced, while power electronic (PE) interfaced devices that cannot provide such stability capabilities increase. This means that the integration of renewables threatens the future grid stability. We need innovation to address this issue. Firstly, we need to create renewable sources to support grid stability using grid-forming technology. Secondly, we need to define new risk identification methodologies in terms of system interaction and find their related mitigation points. To achieve these goals, we want to build a demonstrator with renewable sources that stabilizes the grid in challenging conditions such as weak grids, unexpected events and high-density areas of power electronics.

· Innovative Character of the project: 
GFM (Grid forming) technology is a new technology that has not yet been demonstrated. We don’t know its impact in the future grid, specifically the Belgian grid with a high density of power electronics in small areas. The two main questions preventing the deployment of RES at scale are: 
1) How will grid forming sources react to unexpected events (can the devices protect themselves against stability threats)? 
2) How can grid forming sources support the grid in challenging conditions (can it support the others to face stability threats)?

The integration of PE is new and has not been faced at such a scale before. It is unknown what will happen when we connect many power electronics devices to the grid. We already have seen System Interaction problems appearing today, and the problem can only grow in the future. We therefore have many uncertainties about the future interaction phenomena, and we don’t have the tools to detect, avoid or overcome them.

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: By developing efficient grid forming solutions to keep the grid stable, we avoid as much as possible the usage of conventional synchronous systems which present important costs in terms of acquisition and maintenance. These synchronous systems necessary for grid stability can be conventional nuclear and coal power plants, or new STATCOM and Synchronous condensers. A typical STATCOM price is about 130 €/kvar and the needed size of a STACOM for stability of a 1.2 GW Wind offshore project is 200 mvar, leading to a total cost of 27 M€. One STATCOMs is typically required per line, which makes 81 M€ for the partial stability security of one project usually equipped with three lines. This can’t be a viable solution in the long term.
· By understanding and preventing future interaction phenomena we will prevent incidents. 
a. We avoid downtime of our equipment
b. We avoid cascading effects (due to large area resonance effects for example) and avoid huge fines for impacting neighborhood systems 

· Sustainability: Stability management of the grid is not just an option. The integration of renewables will not be feasible if we don’t massively invest in innovative stability solutions. By having an efficient stability management system, we will unlock more potential integration of RES.

· Security of Supply: As mentioned in the affordability part, by understanding future interaction problems and developing grid forming solutions we will avoid disconnection and downtime, cascading effects, system splits and (partial) blackouts due to unexpected events.

3. State of the Art & Starting point Elia 

· Describe here the most recent stage in the development within this domain. This can refer to an academic paper or similar studies, technologies, ideas, or projects already implemented with peers or other industries.
A relevant and selected list of cases based on the literature review is presented in the Table below as an example of the most relevant testing so far. 
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The full list of cases can be found in our internal report. Some of the capabilities that have been not tested and are required to push the technology to greater TRL levels are:
• Additional runtime and building GFM expertise: GFM has been tested in limited trials in labs or limited grid connected applications. Due to these very controlled environments some of the GFM issues might not been observed yet. It is recommended to gain experience with GFM, by running the study for days or months.
• Implications of the power converter and asset limitations: The current limitation and transition between current limited and voltage source behavior needs to be tested and ensure a smooth operation when the power converter works near saturation. At the same time, the limitations of the assets (wind turbines, batteries...) need to be tested in a real environment and compared to the design specifications.
• Complex networks:  A mix of scenarios needs to be tested and prove that GFM can work in complex networks such as weak or resonant networks that might be low inertia at the same time. This might require the activation of several services at the same time.
• Fault ride through: The current limitations, performance, control mode and switching mode during faults need to be further tested considering the large variety of faults and grid conditions.
• Interoperability: Power converters should be able to coexist without control interactions. Also, they should be able to provide the same service based on the same specification even though their controller implementation is different. In the same category as interoperability, the study of the different converters during fault right through needs to be tested (before, during and after the fault).
All these points shall be studied during the demonstration described.
· Describe how the project aligns with other (European) Initiatives such as TYNDP, REPowerEU, etc. 
In general, grid-forming is an essential component for increasing the penetration of renewable energy sources in Europe. Researching this technology will enable the maintenance of a stable grid operation in networks dominated by renewable energy sources, so called power electronics. Below are the European initiatives and their association to the ambition of developing and integrating renewable energy sources:
1. Fit for 55: The Fit for 55 package aims to accelerate the development and integration of RES in Europe. It includes several measures that directly support renewable energy. For instance, it proposes increasing the EU's renewable energy target to at least 40% by 2030, which will drive greater investment and deployment of renewable energy technologies.  
2. Renewable Energy Directive (RED) and RED II: The RED and its revised version (RED II) set binding targets for EU member states to increase the share of renewable energy in their energy mixes. By requiring member states to develop and implement national renewable energy action plans, these directives promote the development of RES projects across various sectors, including electricity, heating, cooling and transport. 
3. Clean Energy for All Europeans Package: This comprehensive package includes various elements that support the development and integration of RES.  
4. European Green Deal: The European Green Deal places renewable energy at the forefront of Europe's transition to climate neutrality. It emphasizes the need to boost renewable energy deployment and increase the share of renewables in the energy mix. The Green Deal sets out a comprehensive framework to support RES development, including measures to enhance financing mechanisms, streamline permitting processes, and facilitate the deployment of renewable energy technologies across sectors.  
· What are the main risks & uncertainties to deliver this project successfully? 
The primary risks and uncertainties stem from the nature of the project, which necessitates asset development and installation. This process involves significant costs, meticulous planning, potential impact on Elia's workload and the complexities of obtaining permits.
· Where does Elia stand today? Where do we want to arrive? (link to Innovation Phase or TRL)
Elia's experience with grid forming in weak grids and in close proximity to other PE sources is limited or non-existent. The ultimate objective is to comprehend the boundaries of this technology and its potential negative interactions to guarantee a stable integration of power electronics equipped with grid forming capabilities in the long run.
When it comes to running PE devices close to – or at – their limit, the current TRL is very limited. We estimate the TRL to be 3 today. By experimentally showing that static devices can provide grid stability to a weak grid, we aim to push the TRL up to level 6 (utility scale demonstrator in pilot environment).
4. Hypotheses & Project Planning with Work Packages 

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

	N°
	Description hypothesis

	1
	Grid forming can support a weak grid, even when the PE devices are being pushed very close to their boundaries

	2
	Grid forming converters react well when facing disturbances, and can stay in stable operation mode

	3
	Grid forming converter risks to create control interaction with other converters nearby

	4
	By testing the technology on a big scale in multiple scenarios, we can get to the necessary learnings and make adaptions to ensure security of supply in a converter-dominated network



· Provide a roadmap with a description and timing of the work packages & key milestones
Consortium for WP 1, 2, 3, 4 and 5 à *Confidential*
Consortium for WP 6 and 7 à Not yet defined.
WP 1: Technology overview
The work package, centred around technology overview plays a crucial role in assessing the Technology Readiness Level (TRL), as well as the academic and industry maturity of the grid forming specific technology. Its primary objective is to gain a comprehensive understanding of the maturity level of the technology in question, by examining past, current, and future initiatives, including demonstrator projects. By conducting this thorough analysis, the work package aims to prevent the reinvention of the wheel and ensure that the right questions are answered through the development of a demonstrator. By identifying existing knowledge gaps in the literature, the work package ensures that the project team can focus on addressing the pertinent challenges and making meaningful advancements in the field. Through this process, the work package facilitates the efficient utilization of resources and paves the way for informed decision-making, ultimately leading to the successful realization of the project's objectives.
WP 2: Grid forming Industry outlook
This second work package aims at getting a first stamp from the manufacturers on the state-of-the-art results.  This should allow us to make sure we have the complete and most recent overview but also to already have a first contact with the manufacturers.  The interaction with manufacturers will also make sure the scenarios we define at a later stage are in line with industry maturity and vision.
WP 3: System Interaction methodology overview
The primary objective of this work package is to conduct a comprehensive overview of system metrics and methodologies employed to assess the risks associated with grid interaction and weaknesses identification. By examining existing approaches, the work package seeks to gain insights into the various techniques utilized in evaluating the grid's vulnerabilities. Furthermore, it aims to identify valuable metrics that may enhance the integration of power electronics in both grid following and grid forming modes during grid condition assessments and risk evaluations.
Beyond a theoretical research, Elia is waiting for some proposals on relevant situations/scenarios to be further investigated and tested through the settlements of lab demo. An important matter is the sensitivity of control algorithms and parameter tuning on the performance of the grid-forming converters in abnormal situations and robustness of the performances in very broad system conditions.  It should guide Elia to choose a subset of possible options to optimize the robustness of the Belgian power system. 
WP 4: Demonstrator scenarios
After a technology overview and the industry outlook, the third work package aims at matching the needs between our grid and the potential features offered by grid forming. The identification of the grid forming/system interaction features that will benefit from a demonstrator, will lead to a potential list of demonstrator scenarios.
WP 5: System interaction, metrics and methodologies
The underlying goal is to develop some screening indices/metrics that would be able to assess the risks of system interactions. Owing to the very large number of different operating conditions that the TSO is observing on his system combined with all the possible abnormal conditions, the number of analyses (usually through EMT simulations) to perform would be too large and time constraints do not allow for this.   
The development of such screening indices is therefore urgent in order to identify the subset of scenarios that could potentially lead to system interactions and hence drastically reduce the number of EMT simulations to perform. The definition of such screening indices must be valid for any possible scenarios and not specific to a particular one.  
WP 6: Demonstration in a laboratory
Based on the scenarios identified earlier, the goal is to perform the different tests in a laboratory with conditions as close as possible to reality. This could include hardware in the loop.
WP7: Demonstration in the field
Thanks to the laboratory tests, the different scenarios will be fine-tuned and manufacturers will be onboarded. The goal is to execute a utility scale demonstrator on the grid.
	WP
	Milestones + short description
	Due Date

	WP 1
	Milestone 1: Presentation of technology overview and maturity
	Q1 2023

	WP 2
	Milestone 2: Round of interviews with industry overview with conclusions presented
	Q1 2023

	WP 3
	Milestone 3: Overview of screening methodologies presented by consortium
	Q1 2023

	WP 4
	Milestone 4: List of tests to perform during the lab and field demonstrator approved by the executive board of Elia 
	Q3 2023

	WP 5
	Milestone 5: Proposition of screening indicators and methodology to test during the demonstrator
	Q3 2023

	WP 4 & 5
	Milestone 6: Internal Elia agreement of the demonstrator configuration and next steps
	Q4 2023

	WP 2
	Milestone 6: Partner onboarding and clear action plan to secure 25 m € funding 
	Q4 2023

	WP 6
	Milestone 6: Simulation in lab done and conclusions presented + adaptation of scenarios
	Q4 2024

	WP 7
	Milestone 7: Permitting validation
	Q3 2027

	WP 7
	Milestone 8: Start of the building of the demonstrator
	Q4 2027

	WP 7
	Milestone 9: Test performance for 1 year
	Q1 2028

	WP 7
	Milestone 10: Hand hover of assets to a private company
	Q2 2028



5. Deliverables 

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

	WP 1: Technology overview  

	Report on GFM definition
	x
	
	
	Q1 2023

	Report on GFM overview
	x
	
	
	Q1 2023

	Report on GFM demonstrators across the world and related specifications
	x
	
	
	Q1 2023

	Presentation and internal validation at Elia
	
	x
	
	Q1 2023

	WP 2: Grid forming Industry outlook  

	Interview with main industry players (20+) to assess the maturity GFM technologies, the gaps and the future development direction
	
	
	x
	Q1 2023

	Report on industry maturity depending on their sector and other specifications
	x
	
	
	Q1 2023

	WP 3: System Interaction methodology overview  

	Report on different screening methodologies
	x
	
	
	Q1 2023

	Proposition of future research and metrics development
	
	x
	
	Q1 2023

	WP 4: Demonstrator scenarios  

	Develop model of the demonstrator (small network included and up to the connection point with the Elia Grid).
	
	
	x
	Q3 2023

	Define scenarios and operating conditions of the demonstrator to illustrate GFM limitations + neighboring equipment’s that could have an impact
	x
	
	
	Q3 2023


	Sizing of the demonstrator and specifications. Including list of bus in the Elia grid where we could connect the demonstrator
	
	
	x
	Q3 2023


	List of “ideal” or suitable vendors to be partner of the demonstrator
	x
	
	
	Q3 2023

	WP 5: System interaction, metrics and methodologies  

	First proposition of methodology for risks of interaction identification and mitigation
	x
	
	
	Q3 2023

	Development of the methodology on demonstrator model
	
	
	x
	Q2 2024

	Test and presentation of the methodology
	x
	
	
	Q4 2024

	Publication of an article regarding the test results & methodology on Elia’s Group Innovation website 
	
	x
	
	Q4 2024

	WP 6: Demonstration in a laboratory  

	Development of model of the demonstrator and black box converters for laboratory
	
	
	x
	Q1 2024

	Wiring and hardware in the loop installation
	
	
	x
	Q2 2024

	Scenarios tests in the lab 
	
	
	x
	Q2 2024

	Final presentation and conclusions + refining tests and configuration of field demonstrator
	x
	
	x
	Q4 2024

	Publication of an article regarding the test results on Elia’s Group Innovation website 
	
	x
	
	Q4 2024

	WP 7: Demonstration in the field  

	Permitting, installation, tests, handover
	x
	x
	x
	2025 - 2028



6. Budget

There is no budget foreseen for WP 1, 2, 3 and 4 as these will be executed in 2023.
*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*[image: ]
8. Allocated Incentive

The allocated Innovation incentive for this project is … € or … % of this year’s Innovation project portfolio.
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