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2022 decision: Accepted  
Trend:  Decarbonization, decentralized generation, digital revolution
Consequences: New decentralized flexibility means, interface with new players, digital tools and data use
Challenge: 2. Automate system operations to be able to optimize the network in minute timeframe for frequency, voltage and congestion
Domain: 2.5 Automate maintenance planning and congestion

Project-specific context 
· The uptake of electric vehicles (EV) in Belgium is now an evidence and forecasts foresee 1.5 million EVs in the country by 2030[footnoteRef:2]. Among others, initiatives supporting the development of EVs such as the federal law to adapt company car tax rules to impose EVs as of 2026, will certainly accelerate the roll-out.  This transition story is in first place applicable to EVs but will not be limited to it as more flexible decentral assets (heat pumps, boilers, batteries) have appeared on local electricity grids.  [2:   IAE] 

· This will lead to opportunities and challenges for the management of the overall system:
· On the one hand, because of the increase of renewables coupled with the reduced role of conventional power plants, there will be increasing needs to mobilize decentralized flexibility to balance the grid. This is especially true for fast flexibility which needs will only be covered for 50 to 60% by 2030 if no measure is undertaken, as presented in Elia’ study on flexibility needs (see Adequacy and Flexibility study for Belgium 2020-2030 issued in 2019). Knowing that EVs will be connected to the grid 90% of the time, integrating electric vehicles to the frequency control market would be of great interest for grid management by 2030.  
· On the other hand, the charging of electrical vehicles will bring challenges at lower voltage level. Indeed, the network has not been necessarily sized and designed to integrate heavy EV charging power, which can cause congestion problems at peak hours if every EV user charges their vehicle at the same time. This challenge will not be limited to distribution grids but could also have an impact on (lower level) Elia grids. 
· Overcoming grid congestion might require investments in the grid or the reinforcement of the connections to the grid. Other (more radical) options are local cut-offs, generation curtailment or direct steering of local assets. Alternatively, consumption driven measures, such as the need of incentivizing the delay of charging in the evening has notably been identified as a needed measure by the Synergrid study published in November 2019. 
· To enable such consumer incentivation and desired behavioral change, the shaping of a time of use tariff (including both an energy and a grid component), could offer a suitable opportunity. Such a time of use tariff can serve as input for smart charging tools or behavioral triggering tools (informative or gamification based).
· From the preliminary results, we could conclude already that there is a negative correlation between grid tariff and the consumption difference of the consumer. A further investigation is needed to verify how competitive this solution is compared to the current congestion management mechanisms.
· The aim of the presented project is to engage with end consumers to overcome congestions constraints in DSO and/or TSO grids by making the grid tariff component in the electricity price for end consumers ultra-dynamic. A related purpose of the project is also to improve the congestion forecasting tool at TSO level (in collaboration with DSOs) and to see if and how a behavioral reaction can be triggered and what best practices there are in that field. Another big milestone of the project is the collaboration between the DSOs and the TSO to create a congestion management model. During this project, the first steps will be taken. 
· It is not the purpose to change the model of the grid fee but to propose different possibilities to customers where they can choose for the one that fits better their behavior: classical grid fee,ultra-dynamic grid fee or even other schemes.

Project specific state-of-the-art/literature review

· Vision paper published by Elia at the end of 2020. 
· https://www.elia.be/-/media/project/elia/shared/documents/elia-group/publications/studies-and-reports/20201120_accelerating-to-net-zero-redefining-energy-and-mobility.pdf   
· A congestion model exists on the TSO grid that does not consider the real load forecasting of the DSO Grid. The project would also consider taking a look into how this will improve the TSO Grid forecasting.  

Expected impact for Belgium
· Increased security and grid performance through reduction of grid congestions.
· Enhanced TSO-DSO alignment: advanced collaboration between TSO and DSO to overcome congestion challenges. 
· Promotion of local production and consumption: Congestions are not a stand-alone phenomenon but related to local production of renewables and asynchronous consumption of energy.  It is expected that the project will result in local production and consumption of energy at the same timeframe. 
· Alternative for grid investments: less HV infrastructure/investment needed as the project can bring an alternative for transporting energy over long distances. 
· Reduction in electricity costs (conditional): for price sensitive, engaged consumers, this will result in lower energy costs. Impact for passive consumers (with no access to smart tools or flexible devices) is also to be considered. 
· Active involvement of end consumers in the energy transition: end consumers are given the opportunity, on a voluntary basis, to be part of the energy transition.

Starting point for Elia
· Elia currently uses a forecasting model of the grid for congestion management. In this model, conditions on the LV grid are deducted by Elia when we do not receive data for all locations. 
· Project in IO.E 2.0 kicked off: Elia has launched an IoE (Internet of Energy) project “Congestion” together with Ores, Ampacimon, Elia, Energyville, Engie, Nexxtlab, n-SIDE and Ordina. (More info about the IO.E v2 project can be found here: https://www.ioenergy.eu/use-cases-ioe-2/
· The project described here is related to this IO.E project but is broader with the enhancement of the grid congestion forecasting tool at Elia. See more info below under ‘project description’.     

Uncertainties & risks
· Effectiveness of the solutions: can this project reduce grid congestions as aimed for? 
· Engagement of consumers: are consumers interested to adjust their behavior? Is the dynamic tariff a sufficient trigger? Can grid constraints, as a result, be reduced via this method?
· Engagement of partners: given the long-term timeframe and potential roll-out for the use case, are partnering companies interested to develop and test the solutions?
· Price impact: Is there eventually a positive impact on the energy prices for end consumers? Is it applicable to all end consumers (also passive or vulnerable end consumers)?


Work packages:
· WP 1:  ELia has worked on a specific use case to have a first insight on the different directions explained below in project description for 2022. This is the content for WP1.
· WP 2: Further analyses on a specific part from WP1 dependent of the collaboration that will be put in place during the first half of 2023.


Project description for 2022 (WP 1)
· The project can be divided into different parts (please see illustration below):
1. Enhancement of grid congestion forecasting model on HV grid: Elia will investigate how the congestion forecasting model on HV grids will be affected if more accurate load forecast is received from DSOs. 
[bookmark: _Int_yZSVqwxD]This is broader than the IO.E project.
2. DSO-TSO congestion forecasting model: Ores and Elia will separately create a congestion model that will be taken together to create a common congestion model in specific area. This will be a first proof of concept of a common congestion model. 
3. Definition of ultra-dynamic price signal (tariff model): Price signal in function of the status of the grid, weather forecasts, expected renewables production, TSO predictions, DSO predictions, etc. The price signal will be tested on its effectiveness in the Io.E project. 
4. On-the-field testing of ultra-dynamic price signal: in this project, we will make the experiment with an ultra-dynamic price signal. The common congestion model will be translated towards a price signal and a threshold capacity. At an early stage, this will be limited to a specific site in Wallonia. 
The customer will receive the profile in day ahead. If the customer stays below the threshold capacity, they will pay a lower grid fee. If they pass the capacity threshold, depending on the grid situation, they will pay a different amount of grid fee which can be the delta of the capacity multiplied by the grid fee at that specific hour.  
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The project will be partnered with Ores, N-Side, EnergyVille, Ordina and Nexxtlab. The funding for the project will be divided between Ores and Elia (50/50). The external Budget requested by Elia is the budget need estimated for 2022 for Elia (total project budget 228K€).
 
· How does it work for Elia / the grid operator?
· The dynamic tariff is defined based on the forecasted grid congestions, weather conditions, renewables production, and other parameters. 
· The dynamic tariff for end consumers is made available 1 day ahead.

· How does it work for the consumer? 
· The customer will receive the profile in day ahead, via an application (fed by an API with the relevant tariff).
· If the customer stays below the threshold capacity on a given timeslot, they will pay less grid fee. If they pass the capacity threshold, depending on the grid situation, they will pay a surplus grid fee (in function of the excess).  

· What is the link between IoE project and congestion? 
· IO.E project can be seen as an accelerator to enable the collaboration with DSOs and quick progress on the future congestion model. 
· IO.E project will enable Elia & partners to test this innovative solution with consumers. The purpose is to have a real use case in Belgium and assess different tariff structures. At the same time, we will test to which extent this could help reduce grid investments for the DSOs and Elia.
· External costs will be mainly used for the testing of this use case. 

Project description for 2023 (WP 2)
During the period of 2022, Elia has worked on a practical use case to understand the possible impacts on congestion mechanism together with the DSO with a small consumer panel. In the WP 2, Elia would like to further elaborate on some of the parts of the project in 2022 with the main purpose to further learn/validate the possible outcomes. As many of those are dependent on the support of external parties, Elia can only decide the direction once a collaboration is put in place.
Elia sees the following possible directions:
1. Enhancement of grid congestion forecasting model on HV grid:
· During the test scenario, we observed that Ores and Elia have different mappings on a MV or LV station. Elia and Ores map the different sides of the Transformer but do not look to the other side. Elia would be interested to assess how the other stations are mapped in SO systems to see how feasible it is to include the different load forecasts on MV and LV in its systems. 
· Elia would like to scale up the model over different stations than only taking into account the data of a specific station to see how the model can be better optimized. Are we able to improve the congestion by receiving load forecasts from the DSO over different posts? 
2. DSO-TSO congestion forecasting model: 
· Elia is also interested to see how much interest other SO’s have in this type of tariff structure. Elia is very interested in further collaboration with different SO’s for common congestions signal.
3. Definition of ultra-dynamic price signal (tariff model): 
· During the test scenario done in 2022, consortium has observed a negative correlation between price signal and consumption. Elia is interested to see the correlation will improve if automation is added on consumer side on top of the current system. 
· Secondly, Elia would like to confirm the current correlation ratio by testing it on a bigger scale. 
4. On-the-field testing of ultra-dynamic price signal:
· Elia would like to assess also how the commodity will play a role if a dynamic energy price is added on top of the grid fee (collaboration with suppliers is needed). 
	The decision on further steps is very dependent on the possible collaborations and availability of the needed support. Currently, the dynamic pricing mechanism with time of use system for congestion seems promising as it offers a possible competitive solution compared to the existing congestion mechanisms. 


Deliverables and milestones for 2022
· June 2022: validation of the POC: Can a time of use tariff for Grid fee shift the flexibility?
Result: During the months March – June, a full end to end application has been tested with 108 customers using the Dynamic grid tariff signal. We can observe that a data transfer from Ores to Elia was possible. During those tests, the consumer was receiving a dynamic grid tariff on which he had to react. From preliminary results we can already see a negative correlation between grid tariff and the consumption difference of the consumer. We see in the figure that some of the consumers have even automatized there charging session based on the tariff. The measurement is taken on the level of the house. 
[image: ]
Nov. 2022: verification on the amount of flexibility that can be shifted. The aim is to get a first answer if it is possible to reduce congestion or not. Is it possible to reduce at least one generation curtailment if this tariff structure is used? 
NEW 2022
Deliverables and milestones
During the period of 2022 in WP 1, we were able to:
· achieve a first communication with Ores to receive loads over 1 post and create a congestion forecast in day-ahead;
· have consumers which were reacting on a price signal received in day-ahead via a platform;
· achieve a relationship between price elasticity and consumer behavior in preliminary results which needs to be further analyzed.
Deliverables and milestones for 2023
· [bookmark: _GoBack]March 2023: Conclude on stage 1: who are the different parties that would like to collaborate with Elia and on which aspect they are interested to analyze further.
· June 2023: definition of test scenario.
· November 2023: preliminary results.

Partners for 2022
· Confidential and Elia will work together to study a common TSO/DSO congestion model.
· Ores, N-side, Nexxtlab, Ordina, EnergyVille and Elia will work together on the IoE 2.0 project to have a first insight.


Summary of project efforts in person months: per work package and per year
Confidential
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