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2021 decision: Accepted Domain 4.1
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Trends: Decarbonization, decentralized generation and new players, supranational coordination and digitalization
Consequences: New decentralized flexibility resources, increase in maximum usage as well as variability of the usage of grid infrastructure, need to update grid security rules and resilience rules in the interest of society
Challenge: 4. Optimize the development, the construction and maximize the use of new and existing infrastructure
Domain: 4.1 Automatic integrated risk based system development 

Project-specific context 
· Changes in the energy landscape, the energy transition, and the integration of market players at lower voltage levels are expected to result in a growing number of uncertainties for the development of the grid, mainly due to:
1. the substantial market share of variable renewable generation;
2. a high level of decentralization;
3. a change in consumption profiles related to electrification;
4. the growing frequency and magnitude of bidirectional flows between transmission and distribution systems;
5. an increased level of imports and transit flows arising from European integration.
· These trends will drastically accelerate in the years to come due to decarbonization targets (three times more renewables by 2025) and electrification (of mobility, heating, etc.), while at the same time Elia generally invests in assets with a long lifetime (30-40 years). Therefore, it is important to accurately assess whether an investment that is needed now will still be used in 10 years from now and not become a stranded asset due to the existence of alternatives like decentralized flexibility.
· We believe that to cope with these challenges in an effective and exemplary way, a change in decision-making processes from implicit/qualitative risk management (based for example on N-1 deterministic criteria for grid development and operation) to explicit/quantitative risk management needs to happen.
· This means that in this new context, the decisions put forward by Elia can continue to be in the interest of society and be assessed from a consumers' perspective. 
· Elia is therefore continuing the work launched in 2013 with the GARPUR and GRASP projects. 
Project-specific state of the art/literature review (Elia and external)
· J. M. Arroyo, N. Alguacil and M. Carrión, A Risk-Based Approach for Transmission Network Expansion Planning Under Deliberate Outages, in IEEE Transactions on Power Systems, vol. 25(3), pp. 1759-1766, Aug. 2010, doi: 10.1109/TPWRS.2010.2042310. 
· E. Karangelos and L. Wehenkel, Probabilistic reliability management approach and criteria for power system short-term operational planning, Bulk Power Systems Dynamics and Control X – The Power System of the Future: Global Dynamics arising from Distributed Actions (IREP), 2017 IREP Symposium, Sep. 2017.
· G. J. Correa-Henao, J. M. Yusta and R. Lacal-Arántegui, Using interconnected risk maps to assess the threats faced by electricity infrastructures, International Journal of Critical Infrastructure Protection, vol. 6(3-4), 2013, pp. 197-216, ISSN 1874-5482, https://doi.org/10.1016/j.ijcip.2013.10.002.
· S. Willems, P.-E. Labeau, J.-C. Maun, A. Vergnol (Elia) and J. Sprooten (Elia), Probabilistic Power System Planning: Outcome variability and decision making, in 21st Power Systems Computation Conference (PSCC), June 2020.
· S. Willems, P.-E. Labeau, J.-C. Maun, A. Vergnol (Elia) and J. Sprooten (Elia), Deterministic and Probabilistic Transmission System Expansion Evaluation Methods: Insights in the Requirements of a Probabilistic Method, in Congrès Lambda Mu 21 « Maîtrise des risques et transformation numérique: opportunités et menaces », Oct. 2018.
· W. Bukhsh, K. Bell, A. Vergnol, A. Weynants (Elia) and J. Sprooten (Elia). Enhanced, risk-based system development process: a case study from the Belgian transmission network, in 20th Power Systems Computation Conference (PSCC), June 2018.
· G. Dogan, P.-E. Labeau, J.-C. Maun, J. Sprooten (Elia), M. Galvez (Elia) and K. Sleurs (Elia). Discrete forecast error scenarios methodology for grid reliability assessment in short-term planning, in Probabilistic Methods Applied to Power Systems (PMAPS), Oct. 2016.
· G. Dogan, P.-E. Labeau, J.-C. Maun, J. Sprooten (Elia), M. Galvez (Elia) and K. Sleurs (Elia). Monte Carlo sampling and discrete forecast error scenarios in grid reliability assessment for short-term operational planning, in IEEE International Energy Conference (ENERGYCON), April 2016.
· G. Dogan, P.-E. Labeau, J.-C. Maun, J. Sprooten (Elia), M. Galvez (Elia) and K. Sleurs (Elia). Grid reliability assessment for short-term planning, in European, Safety and RELiability Conference (ESREL), Zurich, Sep. 2015.
Expected impact for Belgium
· The idea behind developing an advanced risk model for grid development and asset management and the interaction between these two processes is to ensure that all decisions consistently meet explicitly defined reliability criteria at minimal cost for society. This will become critical for grid development in the future as the uncertainty surrounding how renewables and decentralized flexibility will evolve, might lead to sub-optimal development of the grid if they are not taken into account (oversized if we underestimate the development of decentralized flexibility as an alternative; or undersized if we incorrectly assess the development of renewables). 
· First, development criteria are set out in terms of their impact on customers and society, and quantified using impacted MW, ENS, ENI, etc. In a second stage, the value of lost load is included in the objectivized risk levels to assess the impact for society.
· A methodology is developed to assess the impact of an asset (fleet) failure and backlog on the whole system. Such indicators are used to optimize asset maintenance and replacement. In a second phase, the impact on society of each asset decision will be quantified.
· A new consistent risk-based approach is developed and applied to prioritize infrastructure projects.
· Long-term studies are performed, not only to drive investment decisions but also to motivate the need to update operational tools, processes, and contracting. In a first step, the maintainability of grid components in the future and future usage of flexibility are quantified.
· Judgments on investment decisions are made explicitly based on total cost of ownership (investments and maintenance cost) for society thanks to the development of a probabilistic analysis in the context of grid development.
Starting point for Elia
· This project is the follow-up of two previous research projects in which Elia participated in the past: GRASP (a PhD project aiming to develop grid operational planning taking into account uncertainty of renewable generation) and the GARPUR project which designed, developed, assessed, and evaluated new reliability criteria to be gradually implemented in the decades ahead at pan-European level, while maximizing social welfare.
· These two projects mainly focused on operational planning and asset management where the levels of uncertainty to be managed are lower. Limited work was performed in the context of grid development and at the interface between these fields. The main challenges identified in the projects for industrial application in grid development and asset management were the need to develop an asset failure model, the need to consider the complexity of a real system and the need to develop a pragmatic approach for probabilistic assessment to deal with inaccuracies in industrial data, the complexities of a real system, and the large size of a real system impacting the computation time.
Uncertainties and risks
· A first set of uncertainties and risk is associated with the ability to find a structural representation of each decision which is simple enough to be implemented and which is accurate enough to convince decision makers and experts looking at each decision. Indeed, this is a completely new way of developing the grid that will need to take into account a large number of parameters, including some highly probabilistic dimensions such as the evolution of installed capacity (in term of renewables, of decentralized flexibility, etc.). 
· A second set of uncertainties is associated with the timing of project implementation, which will depend on the complexity of the task.
· Clarification of risks based on additional questions asked by CREG in 2020:
· (Focus on WP1) There is uncertainty whether the health index, the associated failure probabilities and estimated repair times are sufficiently accurate to obtain an adequate estimation of the system risks and impact on the grid users. To tackle this uncertainty, a feedback loop will be included to monitor the observed grid state and fine-tune the models when required. In addition, the advanced risk model was evaluated by an external academic partner and a POC is included to evaluate the usability of the model.
· (Focus on WP2) There is no certainty that the investigated probabilistic methods can be applied in all grid studies. E.g. they can be too time-consuming. This would not harm the innovative value of the project, but would seriously limit the usability of the probabilistic methods. Of course, Elia will keep usability in mind when specifying these methods. Hybrid approaches (simplified analysis, with detailed analysis where required) could be possible as well to limit the constraints for using the methods. 
Project description
· The project aims to align the risk inclination defined at company level with the risk inclination considered in operational grid-development and asset-management decisions. The main objectives will then be the identification of grid-development criteria and asset management. The project will also help Elia to develop an explicit risk mentality through ensuring consistency between planning practices and operational practices. The following results are expected:
1. new parameters reflecting the risk taking into account the system-operations and grid-development constraints;
2. a new approach to long-term studies and shorter-term grid planning.
To achieve these goals, the project will start by defining the anticipated interruption time based on statistical data and will set out clearly the policies for the years ahead (e.g. what is considered to be an acceptable incident). Based on this the model, the study will adapt the risk inclination of the company and therefore also the criteria for grid development. Finally, the study will analyze the impact of the new risk-based grid-development decision on asset maintenance and grid operation. 
· Approach: Following the European GARPUR project organized by SINTEF with a consortium of TSOs, Elia is now developing and re-evaluating its own risk-based criteria drawing on internal resources, in particular a PhD student hired from Université Libre de Bruxelles (ULB)/Vrije Universiteit (-VUB), who stopped work in late 2019.

· Work packages and timing (M = month)
1. WP 1: Alignment of the company-level risk appetite with risk management at operational levels and decision-making based on the identification of risk
· Jan. 2019 – Dec. 2022: Task 1.1: Set the level of the operational risk acceptable for asset maintenance, grid development and operation, in particular defining the acceptable frequency and impact in terms of ENS, ENI, and MW interrupted for industrial and non-industrial areas and based on comparisons with other TSOs' risk appetite. 
· Jan. 2019 – June 2022: Task 1.2: Improve the risk culture by disseminating initial results and establishing an understanding of the basic concepts involving asset management and system operation. 
· Sep. 2019 – Dec. 2021: Task 1.3: Set a roadmap for long-term decision-making improvements, including putting forward a plan to create a risk-matrix model, including the establishment of indicators of asset components' importance. (Some goals were transferred to WP4 in 2021)
· Jan. 2019 – Dec. 2021: Task 1.4: Set up methodologies for the integration of assets (collecting and generating data/statistics) to enhance the risk matrix. (Remaining work was transferred to WP4 in 2021)
· Sep. 2019 – Dec. 2021: Task 1.5: Improve the portfolio management rules based on the risk-based matrix. (Some goals were transferred to WP4 in 2021)
· Jan. 2019 – Dec. 2023: Task 1.6: Define criteria for critical grid situations requiring resilience testing.
· Main updates realized in 2021: 
· A first version of a risk matrix for ENS (Energy Not Supplied) was established. 
· The advanced risk model, that links the asset failure probabilities with the system impact simulations in order to have a quantified risk assessment, was developed and reviewed by an external academic partner (ULB).
· A first POC (Proof Of Concept) with the advanced risk model was launched to test the model
· The asset statistics required for this model were further developed
· An initial POC to evaluate the resilience (i.e. the ability to limit the extent, severity, and duration of system degradation following an extreme event.) of a zone in the Brussels region was executed to develop insights in a resilience approach.
· Main work planned for 2023: 
·  Development of an ENI (Energy Not Injected) risk matrix that needs to be refined in the coming months, especially regarding the way cost-benefits analysis would be executed.
· An additional POC for resilience on Ghent will be started. One of the goals is to clarify whether 2 separated GIS buildings are required to ensure security of supply in case of extreme event. This POC will also evaluate the resilience of the zone Ghent as it was made for Brussels in 2021.

2. WP 2: Development of consistent and risk-based grid planning and operation
· June 2019 – Dec. 2021: Task 2.1: Improve the consistency between planning and operational criteria. This includes coordination regarding the use of flexibility margins on the grid (for phase-shifting transformers, HVDC, thermal capacity, etc.). Moreover, enhance the feedback loop between planning and operations about the operational risks observed in the long/medium term and in real time. 
· Jan. 2019 –Dec. 2023: Task 2.2: Develop a specific approach for long-term (>Y+3) planning based on explicit and transparent formulation of the risk and including the assessment of future OPEX for operations and maintenance and a long-term model for flow-based prices. 
· Sep. 2019 – Dec. 2023: Task 2.3: Develop a specific approach for medium-term planning (Y+1 to Y+3) based on explicit and transparent formulation of the risk and including the assessment of future OPEX for operations and maintenance. 
· Jan. 2021 – Dec. 2021: Task 2.4: Develop a specific approach for short-term planning based on risk evaluation and ensuring consistency between the various time frames (Y-1, M-1, D-2, D-1). (Evaluation of integration in WP4)
· Main update realized in 2021:
· Internal alignment on the use of flexibility margins is ongoing and a first proposal is under review.
· Multi-state grid studies are operational.
· Maintainability evaluation of the future grid which is used as input for Project 3.
· Main work planned in 2023:
· Consistency between planning and operational criteria has been improved by aligning the criteria and include the results of the tasks that have been finalized (e.g. flexibility margins, multi-state, …)
· A methodology for long-term grid planning based on explicit and transparent formulation of the risk (cfr. Quantified risk model) and including the assessment of future OPEX for operations and maintenance will be developed.  The methodology has been applied to scripts that have been validated on multiple use cases. Next steps include the optimization of the script’s performance and gaining experience with other use cases.

3. WP 3: Overall project coordination and administration of the project
· Jan. 2019 – Dec. 2023: Coordinate and guide the project in terms of its strategic decisions and ensure project quality.
New WP, defined in 2021:
4. WP 4: Quantified risk model
· Jan 2022 – Dec 2022: Task 4.1: Integration of the quantified risk model and risk assessment in various time frames and processes.
· This task will evaluate the application of the quantified risk model in various processes and time frames. E.g. detection of needs, project portfolio management, network risk monitoring. 
· Business requirements and implementation strategy of the model in the tools
· Jan 2023 – Dec. 2024: Task 4.2: Development of quantified risk model in tools
· Implementation of the quantified risk model in various tools (asset management, grid development and potentially short-term planning / close-to-real-time) 
· Jan 2024 - Dec. 2025: Task 4.3: Fine-tuning of risk criteria / TOTEX evaluations based on POC using the tools
· Including integration of OPEX costs (cfr. Task 2.2)
· Main work planned in 2022-2023:
· Workshops have been organized in the business to see how the quantified risk model can be used in and improve existing operational processes. The workshops’ output are used to refine the model and define adequate indicators and features for the tool.
· Discussions ongoing to clarify how the tool can be integrated in existing architecture and how data can be made available to ensure consistency between the requirements and their feasibility.
· The tool development should start in 2023.
 

· Deliverables and milestones (update 2021 and in accordance to WP 4)
 
1. Jan. 2020: Updating grid-development and grid-operation criteria, ensuring consistency (done, updates to follow during project)
2. Jan. 2020: Defining and quantifying parameters (MW interrupted, ENS, ENI, etc.) to include in the objective assessment of the risk appetite (done for ENS, ongoing for ENI)
3. Dec. 2020: Assessing the maintainability of grid components in the future (done)
4. Dec. 2020: Conducting multi-state grid studies allowing enhanced justification of CAPEX (done)
5. Dec. 2020: Ensuring a consistent flow-based approach in LT/MT studies (done)
6. Dec. 2020: Developing a high-level (and manual) methodology to assess the impact of an asset failure on the continuity of supply (done)
7. Dec. 2020: Developing a consistent risk-based approach and applying it to prioritize infrastructure projects, and noting lessons learned (done, simplified version, further steps in WP 4)
8. Dec. 2021: Developing an objectivized understanding for System & AM of acceptable and unacceptable risk levels
9. Dec. 2021: Developing a methodology to assess the impact of an asset (fleet) failure and backlog on the whole system -> optimizing asset maintenance and replacement (methodology was tested in POC, further refinement in WP 4)
10. Dec. 2021: Devising a method and process for MT planning enabling a smooth LT-ST-RT handover 
11. Dec. 2021: Assessing use of flexibility 
12. Dec. 2021: Highlighting expected operational consequences by grid-development studies
13. Dec. 2021: Conducting multi-climate annual and multi-scenario grid studies allowing for robust decision making
14. Dec. 2021: Making improvements based on lessons learned to ensure consistent application by all those with needs
15. Dec. 2022: Including value of loss load in objectivized risk levels to assess the impact for society
16. Dec. 2022: Establishing best practices for operational excellence thanks to a clear view of the necessary tools
17. Dec. 2022 Business requirements for quantified risk model in tools and processes
18. Dec. 2024: Performing a probabilistic analysis allowing decisions to be made, explicitly based on TOTEX (CAPEX + OPEX for society)
19. Dec. 2024: Quantifying the impact on society of an asset decision
Partners
· Update May 2021: Evaluation of enhanced risk model: external academic partner (ULB)
· Development of a probabilistic grid application: Ongoing discussions with software companies to ensure that tools are available on the market to meet Elia's needs (discussion with Confidential)

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