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2021 decision: Accepted 

Trends: Decarbonization, decentralized generation and new players and new players
Consequences: New decentralized flexibility resources, increase in maximum use as well as variability of the use of grid infrastructure, need to update grid security rules and resilience rules in the interest of society, interface with new players
Challenge: 1. Increase participation of flexibility sources from decentralized sources coming from electrification
Domain: 1.4 Predict and incentivize DER’s

Project-specific context 
· Overall, due to the uptake of wind and solar power, technologies of an intermittent nature that have various uncertainties surrounding them, there is growing interest in further incentivizing coordination between grid prosumers, e.g. through renewable-energy communities or other market arrangements. 
· The challenge for Elia is that the strategy chosen by  the parties with whom flexibility will actually be achieved in the future has a significant impact on upstream transmission costs (through grid upgrading decisions that may change due to local strategies), and therefore on general social welfare. For instance, if we consider a scenario in which each prosumer aims to minimize its electricity bill through an optimal response to wholesale prices, prosumers' local batteries will be discharged in periods of high prices (and charged in periods of low prices). In this way, if a grid contingency occurs at the end of the day (when there is no PV generation), the battery is likely to be empty since the energy was sold at peak prices during the evening. In this case, security of supply of end users may be jeopardized if no grid upgrading decisions have been made. By contrast, when prosumers are driven by a policy that maximizes their own consumption, the same contingency may not lead to significant problems since the batteries will have energy reserves (from the PV generation during the day), thereby ensuring continuity of supply.
· Interestingly, the optimal long-term transmission grid upgrading policy that needs to be applied in these two cases is completely different, meaning that it is vital that new tools be developed that properly quantify the impact of new load behaviors on the continuity of electricity supply in normal and contingency conditions. 
· As the role of these decentralized flexibility resources will substantially impact the optimization of the grid investment, it is important to gain a better understanding of the real impact they could have and the opportunity they could provide depending on the type (heating, EVs, batteries) and consumers' behavior. 
· Therefore, this project aims to evaluate how local economic interests and behaviors, which are becoming key in an increasingly decentralized context, affect general social welfare in Belgium.
· The project has been submitted to the energy transition fund, and a response from the federal government is pending.
Project-specific state of the art/literature review
· A look at the literature and the electricity sector clearly shows there is a lack of a grid upgrading tools combining both features: local economic interest and consumer behaviors. However, the state of the art at least points us in the right direction for scenario-based stochastic programming[footnoteRef:2], chance-constraint programming[footnoteRef:3], robust optimization[footnoteRef:4], and distributional robust optimization[footnoteRef:5]. [2:  A. Shapiro and D. Dentcheva, Lectures on Stochastic Programming: modelling and theory, SIAM, 2nd edition, 2014.]  [3:  A. Nemirovski, On safe tractable approximations of chance constraints, in European Journal of Operational Research, vol. 219(3), pp. 707-718, 2012.]  [4:  D. Bertsimas, D. B. Brown and C. Caramanis, Theory and applications of robust optimization, in SIAM Review, vol. 53(3), pp. 464-501, 2011.]  [5:  H. Rahimian and S. Mehrotra, Distributionally robust optimization: A review, 2019. [Online]. Available: https://arxiv.org/abs/1908.05659] 

Expected impact for Belgium
· The main application of the project can be found in coming up with a structure for the power system and prosumption strategies to achieve the planned shift in Belgium's energy mix on time and in a cost-efficient way. By providing tools for optimal decision-making for grid investment as well as instruments to calibrate prosumer strategies taking into account societal impact at national level, the project will support the energy transition in Belgium.
· Furthermore, the expertise developed in the context of the project is of national and international interest and will be anchored in Belgium. As such, it will directly benefit the Belgian economy and competitiveness.
· To illustrate the impact of decentralized flexibility on grid development, in 2018, the Norwegian DSO Agder Energi claimed it had achieved a grid deferral of €4.3 million by setting up a local marketplace with their partner NODES in order to steer decentralized flexibility appropriately.
Starting point for Elia
· Today, when grid development is proposed, it is based on an assumption of predictable customer behavior or on customers reacting to global market signals and not on them responding to local strategies and local signals.
· Models for charging EVs are based on a uniform share of domestic charging and workplace charging and of fleet EVs in all regions.
Uncertainties and risks
· As the project only looked at fundamental research, there is complete uncertainty about the output, based on which a clear pattern could be identified to create a robust model for forecasting the availability of flexibility associated with a quantification of social welfare. 
Project description
· The project aims to enhance grid planning, focusing on two specific objectives that are key to a successful and cost-effective energy transition:
1. Objective 1: Improving the time series (for a typical year) of hourly consumption profiles at the interface between the High-Voltage (HV) and Medium-Voltage (MV) levels. These time series are informed by the local strategies used to harness the available flexibility (e.g. maximizing local self-consumption using battery scheduling, etc.). This procedure makes it possible to quantify the amount of flexibility that may be leveraged at the local level to mitigate the unexpected loss of a major transmission-grid component. To that end, we will rely on macro-scenarios of the future national share of conventional and local renewable generation (associated with new economic incentives for renewable sources), on market functioning rules and on new prosumption habits (electric mobility and local storage via the new mechanism for fully harnessing the distributed flexibility). 
2. Objective 2: Adapting the methodologies and tools that drive decisions regarding grid upgrading to accommodate the growing share and importance of prosumers and demand-side response (including storage and decentralized generation). More precisely, we will develop a decision-making tool to support grid upgrading decisions, taking into account uncertainties associated with, in particular, the development and use of various decentralized technologies. To achieve this objective, recent advances in risk-conscious approaches will be leveraged to better accommodate uncertainties, while integrating the notion of risk. In this respect, a promising approach is based on the regret theory approach (such as the 'minimax regret' [14]), which focuses on making decisions with the tightest possible optimality guarantees when dealing with uncertainties.

· Approach: A four-year academic project with tasks divided between Elia and the industrial and academic partners. The academic Partner (Confidential) will focus mainly on time-series generation and grid upgrading methods, while the industrial partner will concentrate on supporting data extraction. 

· Work packages and timing (M = month)
· WP1: Coherent global and local trajectories of the energy mix component  
· Jan. 2021 –Dec. 2024: Data collection 
· WP1.1 Methodologies for coherent energy mix trajectories creation
· WP1.2: Data Preparation and methodology application to the Belgian test case
1. WP 2: Time-series generation
2.1 Definition and modeling of flexibility-management strategies
i. Jan. 2021 – June 2023: 2.1.1 Traditional strategies based on the current market framework
ii. July 2022–Dec. 2025: 2.1.2 Disruptive flexibility-management strategies
iii. Jan. – Dec. 2022: 2.2 Modeling of mobility patterns and their impact on available flexibility
iv. Jan. – Dec. 2023: 2.3 Multi-scenario generation for the application of flexibility-management strategies 


2. WP 3: Grid upgrading methodologies and tools
3.1 Methods and prototype for an academic test case
i. Oct. 2022– Dec. 2023: 3.1.1 Multi-scenario decision-making approaches to grid upgrading

ii. Oct. 2022 – Dec. 2023: 3.1.2 Approaches to modeling the impact of prosumer flexibility on grid design
iii. Jan. – Dec. 2023: 3.1.3 Implementation and application to an academic test case

3.2 Extension of grid upgrading methodologies and tools to a real-life grid
iv. Jan. – Dec. 2024: 3.2.1 Upscaling of methodologies and updating of the prototype
v. July 2024 – June 2025: 3.2.2 Implementation of methods in preparation for real-life use case
3. WP 4: Case studies and social welfare
vi. Jan. 2022 – Dec. 2023: 4.1 Definition of Key Performance Indicators (KPIs) for a social welfare evaluation
vii. Jan. 2024 – Dec. 2025: 4.2 Combination of new time series and scenarios in grid upgrading tools

4. WP 5: Coordination, Communication, and Dissemination
viii. Jan. 2021 – Dec. 2024: Coordination, communication, and Dissemination

· Deliverables and milestones
Jan. 2021 – Dec. 2025: Test and use cases and long-term trajectories
Dec. 2022: Tool for better quantifying consumption profiles at the transmission/distribution interfaces
Dec. 2022: Models for mobility patterns
Dec. 2022: Multi-scenario generation
Dec. 2023: Prototype of a multi-scenario (grid reinforcement) decision-making tool
June 2025: Extension of the prototype to become a tool compatible with real-life issues
Dec. 2023: Definition of KPIs for social welfare assessment
Dec. 2025: Report assessing the impact on Belgian social welfare.
Partners
 Confidential


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