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Trends: Decarbonization, decentralized generation and new players
Consequences: New decentralized flexibility, interface with new players, new market models, low marginal price
Challenge: 2. Automate the system operations to be capable to optimize the network in minute timeframe for frequency, voltage and congestion
Domain: 2.2 Prepare for low inertia and integrate power electronics


Project-specific context 
· Future power systems will face new challenges, with traditional thermal generation units being replaced by renewable energy sources with power electronics grid interfaces. In Central Europe, an increasing share of wind and PV generation in the energy mix is leading to periods when few synchronous generators are operating. Due to the physical characteristics of these resources, this leads to a grid with low rotating inertia. 
· Inertia represents the capacity of units connected to the grid to store kinetic energy and inject it back into this grid during a certain period, even after an increase in load. This inertia is necessary to ensure that the network can overcome an imbalance between generation and consumption and stabilize again. The lower the inertia level, the faster the frequency changes when there is an imbalance between generation and consumption. If the frequency deviates from its stability range (from 48.5 to 51.5 Hz), there is a significant risk of a grid blackout. A noteworthy example of this occurred in the UK on August 9, 2019, a day with a high level of renewables in the energy mix, when two generators disconnected leading to a partial blackout[footnoteRef:2]. [2:  https://theenergyst.com/national-grid-blackouts-lcp-analysis/] 

· The RoCoF (rate of change of frequency) was a parameter of minor relevance in the past. Today, it is becoming relevant because of low levels of system inertia. Inverter-based generation can result in synthetic inertia through control algorithms but these need to be implemented carefully. 
· We distinguish between the risk of low overall inertia (on the interconnected grid) and the risk of low local inertia (in a limited synchronous system). 
· On top of the inertia risk, which will affect frequency, the integration of renewables and linked power electronics equipment will also change the voltage level of the system, leading to voltage issues and therefore also the risk of a blackout. Voltage support is a system control task that is currently mainly performed with synchronous generators. These will be joined by non-synchronous devices in the future.
· With the increased penetration of power electronics, the assessment of the risks of system stability becomes more challenging. The current state of the art for the analysis of the interaction between power electronics devices from multiple different vendors and of different nature (e.g. wind parks and HVDC) is not mature enough and there are no methodologies and tools that allow to perform this assessment in an efficient or complete way. 
· Such issues are reflected in the problems of control stability and harmonic stability, new concepts arising on the horizon of the system stability assessment. Currently, these issues are mostly discovered after commissioning of the assets, and this has a huge cost with very high risks.
· New stability phenomena occur also in the offshore area.  Higher offshore installed wind capacity (5.8 GW) within a context of Multi Terminal HVDC Network, results in more complex challenges with respect to System Integration notably in term of real time operation. Elia must deal with unexpected events that are quite difficult to predict.
· For new dynamics (frequency, voltage, control interaction and harmonic interaction), Elia must understand the future risk linked to the change in dynamics so that we can continue to operate our grid reliably and without any impact on our users.  Elia has to develop internally the capabilities to assess the risks and to be able to specify the requirements for the assets and modify the existing ones to keep the risk under control.
· Therefore, Elia is teaming up with various universities in the context of PhD research and subsidized programs to work out how to prepare for these new dynamics, resulting in three main projects.
Project-specific state-of-the-art/literature review
· Studies have shown the need for synthetic inertia in the future (see the ENTSO-E study from November 2017 about the "need for synthetic inertia (SI) for frequency regulation", which recommended that TSOs conduct collaborative studies. 
· As for the Rate of Change of Frequency (RoCoF), ENTSO-E has requested that TSOs collaborate on determining the RoCoF withstand capability criteria. 
· National Grid UK has already performed in-depth analysis, as the UK's geographic separation from continental Europe exacerbated the risk of inertia there already. 
· Central Europe[footnoteRef:3]: A task force composed of European system operators has studied the frequency behavior of the European system for decreasing system inertia. The main conclusion is that in interconnected mode, the system still exhibits acceptable frequency behavior even with significantly reduced inertia. However, in the case of split operation after a disturbance, the resulting imbalance combined with low inertia could result in unstable system behavior. [3:  RG-CE System Protection & Dynamics Sub Group, Frequency stability evaluation criteria for the synchronous zone of continental Europe, ENTSO-E, Tech. Rep., 2016.] 

· Nordic grid[footnoteRef:4]: Given a combination of increasing renewable generation penetration and the shutdown of nuclear power plants, the operators of the Nordic grid list low inertia as one of the three main future challenges faced by their system. Proposed solutions include technical measures and also imposing operational requirements, such as a minimum available kinetic energy. [4:  Svenska Kraftnät, Statnett, Fingrid and Energinet.dk, Challenges and Opportunities for the Nordic Power System, Tech. Rep., 2016.] 

· However, none of these studies has had a closer look at Belgium, while Elia needs to prepare for the new dynamics.
· Many of the challenges related to low-inertia power systems have been highlighted in recent reviews and magazine articles.[footnoteRef:5] While many of these issues are now widely recognized, there is still no scientific basis for the modeling, analysis and control of low-inertia systems. [5:  EirGrid and Soni, DS3: System Services Review TSO Recommendations, EirGrid, Tech. Rep., 2012.
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· The risks related to controller and harmonic interaction in a system with high concentration of power electronics have been looked at in several research project but an effective solution at early stage of development is still missing as also clarified within ENTSO-E RDIC working group[footnoteRef:6]. [6:  Research, Development and Innovation Committee (entsoe.eu)] 

· Regarding the stability issues due to offshore windfarm oscillations, this is a quite new phenomenon due to the recent installation of massive offshore wind turbines, the high concentration of such assets increase the correlation of oscillations and increases the effective oscillations. Experience and research on this kind of oscillations is very limited, except interactions between the OEMs and Elia Group, no known work has been done to resolve such problem. 

Expected impact for Belgium
· With the implementation of Stevin and Ventilus and the de facto increase in renewable energies, we need to be cautious about the behavior of HVDC and wind farms. This means we need a clear definition of the manageable ratio between power electronics and synchronous generators in the grid.
· The vision to extend the current coastal area with high density multi-terminal HVDC interconnectors and multi-vendor power electronic devices (MOG2, Ventilus, Boucle de Hainaut and Nautilus) exacerbates the need and urgency to advance the knowledge of controller and harmonic interactions at an earlier stage.
· By solving the stability issues due to offshore windfarm oscillations, we will enable the full potential of offshore wind generation despite a high density of turbines and we will limit the risk of cross-border effects of these oscillations that may hinder production at full capacity.
· In Belgium, the overall level of inertia is higher than in the UK due to the higher level of interconnection; however, the uptake of renewables and the nuclear phase out could in the future bring about a similar situation to the blackout on August 19 in the UK, which cost millions of GBP (to give a rough quantification of this, RWE and Orsted agreed to pay GBP 4.5 million to close the investigation). 
· The exact impact of the risk of a local inertia issue was quantified during the local inertia study. In parallel, the role of HVDC converters in supporting the low-inertia Belgian power system is currently being quantified in the HVDC inertia study. 
· The grid dynamic study will give a better idea of system stability modeling in the context of high-voltage power electronics in Belgium.
· Finally, we want to analyse the potential of so-called ‘grid-forming converters’. They are a way of controlling static generators and make them active stabilizing assets in the grid, rather than grid-following current injectors.
Starting point for Elia
· As ENTSO-E's RG-CE System Protection & Dynamics Sub Group stated, "decreased system inertia will have a significant impact if the Continental European power system faces a system split similar to the November 4th 2006 event" (referring to the blackout affecting 15 million people on November 4, 2006).
· It has been said that new equipment, and in particular HVDC converters, could provide an opportunity to solve inertia issues. Since we have more and more of this equipment at our disposal, this is an interesting avenue of investigation that needs to be explored further.
· We have created a special Dynamics and Harmonics working group, bringing together key experts from the company and keeping its finger on the pulse when it comes to problems concerning dynamics and harmonics in operations, grid planning, incident analysis and other domains.
Uncertainties and risks
· The first uncertainty relates to the effective risk of blackout that Belgium as an interconnected power system will face in a system with high quantities of renewable energy and a much-decreased role of centralized power plants in the energy mix. Today we have not seen evidence in the state-of-the-art that such system can stay operational, so a risk for this project is the possibility to find a solution. This is both in terms of blackouts and voltage stability.
· The second uncertainty the study aims to tackle surrounds the fact that the HVDC converter can effectively solve issues linked to low-inertia systems. 
· Considering this uncertainty, should the projects not be successful, ELIA will have to cover the risks in different ways that may increase the overall cost of investment with a remaining risk to increase the probability of having large scale incidents with brownouts/blackout.

· Project description: The project consists of 5 work packages:

1. WP 3 Grid dynamics stability: This work package (Grid Dynamics study) aims to tackle this challenge by
(i) analyzing the fundamental power system characteristics necessary for a stable operation of a power system in the presence of power electronic converters
(ii) investigating potential problems that can be caused by power electronic converters in the future Belgian power system, and how these problems can be mitigated, and by
(iii) investigating potential screening methodologies for interaction risk assessment.

2. WP 5 Grid forming moonshot: This work package initiated by the Innovation department will gather knowledge, make simulations, develop methodologies and partner up with manufacturers to assess the following statement: “By 2024, a utility scale demonstrator with renewable energies and storage stabilizes the grid in weak conditions”. It aims to answer questions around the integration of renewable energy with less rotating machines. These questions cover two topics: the grid forming aspect and the interaction risks. 
· Grid forming: Can we use Power electronic devices to stabilize the grid in voltage, frequency, inertia etc.?
· Interaction risks: What are the risks of high density of power electronics devices near each other from different manufacturers in term of interactions and harmonics?

3. WP 6 Grid dynamic and harmonic stability: continuous working group to have regular discussions on the dynamic and harmonic issues which covers innovation solutions presentation. It has been set up to follow-up the state-of-the-art improvements both in methodologies, risk assessments, simulation, technical solution not only from an academic point of view, but also with an eye to the industrial technological development that are often complementary to the academic research. The project has defined a set of tasks and actions that will help the development of internal competence through participation to research projects, industrial innovation projects, discussions with manufacturers and transversal cross-expertise exchanges. The exchanges are both internal and external (with manufacturers and vendors).

4. WP 8 HVDC Wise: Elia Group is part of the advisory board of this European Horizon 2020 project. The HVDC-WISE project overall objective is to propose, analyse, design, and validate HVDC-based grid architecture concepts that enable the deployment of reliable and resilient widespread AC/DC transmission grids to achieve the European energy transition.

5. WP 10  MOG 2 System integration: The focus on this work package is on management of fast ramping events that are quite difficult to predict and mitigate in real time conditions due their fast dynamic. In order to mitigate such impact two main axis are required: identification of events occurrence with high accuracy and initiation of timely mitigation measures.




· Approach: 
1. For each of these studies, the approach is to team up with universities (KU Leuven, Brunel, Sintef) or research consortiums to perform the analysis in close link with the relevant Elia departments (mainly the National Control Center and the departments responsible for protection and harmonic analysis). In that context we will notably work with PhD students. 
2. The 'Grid forming moonshot’, be achieved though close collaboration with an ecosystem of academics, manufacturers and other TSOs.

· Work packages and timing (M = month)
1. WP 3 Grid dynamics
· WP 1: Overview of existing converter interactions
The first work package will provide an overview of the different phenomena that come along the high penetration of power electronic converters in the power system. This will be achieved by carrying out an in-depth literature review on the converter-driven interactions that have been observed so far in physical systems. The focus of this literature review will be to identify the nature of the reported interactions and the specific role power electronic converters play, as well as the key features to identify such interactions. The review will also examine the role of power system characteristics and provide a first assessment of the validity of commonly utilized stability indices in the identified real-life interactions. Finally, among the global set of identified converter-driven interactions, a subset of special relevance to the future Belgian power system will be selected based on the characteristics of the interactions and the system where they were identified.

·  WP 2: Influence of power electronics on the stability of the future Belgian power system
The second work package makes use of the findings from WP 1, and focuses specifically on converter-driven interactions that could potentially take place in the future Belgian power system and how they could be mitigated. Based on the subset of interactions of special relevance to the Belgian power system, a test network will be determined and set up together with Elia. The test network will then be used to study how power electronic converters impact the stability, how that is reflected on the system’s characteristics, as well as the key factors impacting potential converter interactions that can be observed in the future Belgian power system, along with the effectiveness of different interaction mitigation measures. The analysis will be based on time-domain simulations in EMT software (including parametric sensitivity analysis), as well as fundamental studies (in the form of small-signal analysis) to develop detailed insights on the changing system characteristics and the underlying causes of the converter interactions. Based on these developed insights, the work package will also propose methodologies to effectively analyse and mitigate the studied converter interactions. Considering the proximity of power electronic converters in the future Belgian power system, the possibility of control interactions between different converters will be given particular attention. 

· WP 3: Screening methodologies for interaction risk assessment
The third work package will provide a review on screening methodologies for converter-driven interactions in a system where machine-based generators are no longer dominant and converter dynamics make traditional power system analysis no longer valid. The aim is to identify which are the main indicators (if any) of possible converter interactions in the future Belgian system before they take place so the TSO can use them to monitor/assess the stability and execute preventive or remedial actions. Lastly, a re-conceptualisation of the system strength is aimed for, based on the fundamental analysis carried out in WP 2.

· Timeline (M1 is March)
[image: ]

	WP 3 Update 2022 

	So far WP 1 has been completed and corresponding deliverable is currently under review. Test system for WP 2 has also been set.
The work currently focus on WP 2 and WP 3 in parallel. Project should be finished end of May.
















2. WP 5 Grid Forming moonshot
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	WP 5 Update 2022 

	Since the beginning of the project the main focus was to build the consortium, scope the project in detail and share the work among the partners
· Consortium building: This part was aiming at finding the good partners to help us to achieve the project. It was done in multiple steps. The first was to have an introduction meeting with different players worldwide known in the domain of the project. Second part was to write an RfP. Third was to select the partners through a process with criteria defined in advance and a few pitching session of the bidders. Finally, we came to the conclusion that a partnership with multiple partners would be the best option to cover all the areas. We then have now 4 different partner forming a consortium.
· Scope the project: This was done as part of the RfP description. This was a substantial work with many different Elia employees from diverse departments. It was setting the scene the coming years need in research in term of grid forming and system interaction to face the energy transition challenges related to stability.
· Share the work among the partners: Through multiple exchanges and kick off meetings, all the identified work has been detailed and shared through the partners.

The project is up and running and we are now working on phase 1.




3. WP 6 Grid dynamical and harmonic stability: continuous working group
· Assess the needed knowledge to acquire in the fields of large-scale power electronics control and power system interaction.
· Develop methods and tools that can be used to improve the assessment and forecast the technical requirements to avoid issues of controller and harmonic interactions in multi-vendor and multi-terminal HVDC environment.
· Collaboration with a university (KUL) through studies to tackle the tasks described above.

	WP 6 Update 2022 

	D&H working group is up and running. On top of the regular meetings to share information, the team has now been working on common sessions through the group to share competences and avoid double costs. 
Concretely, here are the deliverables that came out of this organization:
· A training about D&H is being setup for the organization and will start in September
· The roadmap for PMUs
· The roadmap grid of D&H for the group on long term
· Sharing knowledge with external stakeholders: Workshops with external stakeholder such as Confidential 
· Model development and requirements
· Workshop 50Hertz and other TSOs about specific topics such PMU, WAMS, ...




· WP 8 HVDC Wise: 
· WP 1 (SuperGrid Institute) Management
· WP 2 (SSE) identifies TSO’s resilience needs regarding HVDC-based grid reinforcement, related vulnerabilities and opportunities. It provides achievable R&R objectives, defines use cases and demonstration needs. 
· WP 3 (Tennet) evaluates different alternatives for AC/DC grid architectures from a R&R perspective and investigates control and protection strategies.
· WP 4 (SuperGrid Institute) selects relevant technologies for the deployment of future wide-spread ac/dc systems and provides a library of models to allow a R&R-oriented planning approach and the validation of such designed systems. 

	WP 8 Update 2022 

	Started recently. We are waiting for the first general assembly to be on-boarded.



· WP 5 (Comillas Pontifical University) aims at defining the existing gaps of tools and models to plan the considered systems and to assess the proposed grid architecture. It also defines simplified test systems to be used in WP 3 and WP 4.
· WP 6 (Strathclyde University) based on findings of previous WPs, a R&R-oriented planning methodology for hybrid AC/DC architectures is defined and applied to realistic use cases. Both quasi-steady-state and dynamic tools developed in WP 5 will be used to assess security, stability, and behavior in extreme / cascading events.
· WP 7 (RWTH Aachen University) studies the reliability, security, and resilience of the designed architectures, verifying the outcome of WP 6 by modelling and investigating the most critical situations in more detail, e.g., using RT-HiL models or replica systems.
· WP 8 (EPRI Europe). In addition to usual project’s dissemination and communication activities, this WP proposes the deployment plan to enable future widespread AC/DC grid development.

· WP 10 MOG 2 system integration: 
Background: WP 1: State of the art and exchange with neighboring TSOs
· Update existing state of the art identification and mitigation means in term of high ramping events (both up and down).
· Liaise with neighboring TSOs as well as other TSOs in the North Sea to investigate possible collaboration based on exchange of RT data.
· Scoping of ramping alert/forecasting tool.

WP 2: Dedicated Ramping Alert/forecasting tool 
· Collect relevant data from neighboring TSOs (start with RTE and TENNET as a minimum).
· Identify observed ramping events in Belgium as minimum along with the other considered TSOs.
· Prototype of a tool and tuning to fit operational expectation.
· Link and update SI imbalance forecasting tool (SIMPLIFY) to take into consideration the impact on system imbalance and possibly pro-active reserve activations.

 WP 3: Real Time mitigation measures
· Update existing state of the art identification and mitigation means  in term of high ramping events (both up and down).
· Review identified mitigation measures from implementation point of view. 
· Ramping up events mitigation: 
· Link with forecasting/alert tool to identify possible proactive measurements. 
· Detailed implementation design of automated mitigation measures: automatic ramping limitation, sensitivities of rates calculation, gradual release of limitation to avoid yoyo instability effects.
· Taking into consideration possible limitations with respect to certain technologies.
· Link with storm process as large ramping up events occur  following storm cut-off. 

· Ramping down mitigation 
· Link with storm process as large ramping down events can be linked to storm cut-off.
· Link with forecasting/alert tool to identify possible proactive measurements. 
· Detailed implementation Design of automated mitigation whenever needed.
	WP 10 Update 2022 

	Will start in 2023.




· Deliverables and milestones
1. WP 3 Grid Dynamics study
WP 1 – 2022
i. D1.1 	Report on the analysis of the current state of the art for simulation platform to provide insight of what hardware/software solutions can allow better performances.
ii. D1.2 	Report on the current state-of-the-art for definition of system boundaries for EMT simulations based on the type of phenomenon under study.

WP 2 – March 2023
iii. D2.1 	Report on the methodology & software to automatically build PSCAD simulation models starting from PowerFactory models, by enriching it with standard characteristics, including the application to a small test network.
iv. D2.2       Script to run the PowerFactory-PSCAD conversion.
v. D2.3 	Report on the application of the script to run the PowerFactory-PSCAD conversion to a larger system inspired in part by the Elia system. 

WP 3 – Jan 2023 / March 2023
vi. D3.1	 Report on the analysis and proof-of-concept of possible co-simulation solutions (e.g. interfacing of PSCAD and PowerFactory) to speed up power system dynamic simulation (M11).

WP 4 – April 2023
vii. D4.1	Report on the methodology & software for automatic simulation of multiple incidents and analysis of results in PSCAD. 
viii. D4.2	Script for automatic simulation of multiple incidents and analysis of results in PSCAD 
D4.3 	Report on the application of the script for automatic simulation of multiple incidents and result analysis to a larger system inspired in part by the Elia system.

2. WP 5 Grid forming demonstrator: 
i. Q1 2023: Scenarios consolidation paper
ii. Q2 2023: Manufacturers roadshow done
iii. Q3 2023: Scenarios refinement
iv. Q4 2023: Presentation and mangement approval
3. WP 6 Grid dynamics and harmonics: 
i. Q1 2023 to Q4 2023: Quarterly exchange on group level
ii. Q1 2023 : Start study with KUL
iii. Q4 2023: Report and dissemination of KUL study
4. WP 8 HVDC Wise: [image: ]
5. WP 10:
i. State of the art and discussions: Q1 2023
ii. Forecasting tool prototype:Q3 2023
iii. Adaptation with mitigation measures: Q4 2023

Partners
· Confidential
· Grid Dynamics – ELIA is collaborating with researchers from KUL and Energyville.
· Relevant experts from 50Hertz will be available to support the follow-up of different projects. 

Summary of project efforts in person months (by work package and by year)  
Confidential
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