Project 5: PROOF: Predictions of Renewables Optimized for Offshore using Forecasting
New Project 
Strategy: Which aspects of the Innovation Strategy are tackled with this project?
Efficiently Delivering the New Grid
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Related Projects: Synapse (CREG Innovation Incentive 2023) 

1. Project Overview

· Abstract: 
The PROOF project’s objective is the optimization of the offshore maintenance planning requiring outages to:
· Maximize production of renewables
· Optimize maintenance works and costs (offshore and onshore)
· Limit the overall costs for the community (including CO2) and the stakeholders (e.g., offshore windfarms)
The project aims at establishing a common methodology that supports the planning of flexible and non-flexible maintenance works, using an algorithmic process to optimize maintenance planning according to various constraints, including weather forecasts.

· Innovative Character of the project: 
The PROOF project aims at developing an effective approach to offshore substation maintenance planning that fully integrates stakeholders’ interests, while assessing multiple relevant uncertain variables, such as weather-related variables. In particular, our approach aspires to surpass the state-of-the-art by:
1) Coordinating stakeholders' criteria in offshore substation maintenance planning. 
2) Effectively predicting the relevant uncertain variables (e.g. weather evolution) that play a critical role in regulatory, economic, technical and safety factors.
Notably, aligning stakeholders' criteria in a holistic maintenance planning problem not only reduces the implicit cost of maintenance but also leads to the smooth operation of power systems during maintenance activities.
On top of that we plan to publish a scientific paper for community knowledge sharing.

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: 
Theoretical estimation of Avoided energy risk of 44 GWh 
Quantitative assessment: 
This quantitative assessment was made to fulfill the demands of Energy Transition Fund to which we applied. We would like to state that those calculations can only be further refined during the project, we can however realize a first high-level theoretical estimation of the project’s impact.
Based on the number of electrical lines and transformers connected to the offshore grid and the average yearly unavailability of equivalent equipment’s for the applicable voltage level (from 150 kV up to 380 kV), we can assess an average number of outage hours per year for the offshore related electrical equipment’s. 
The current installed capacity for offshore wind amounts to 2,3 GW. We can deduce the average offshore production per hour to 753 MW based on Elia’s measurements.  
Based on external sources, we take the following figures into account: 
· 95 €/MWh for the cost of energy.
Based on our estimate, the average number of outage hours per year and the average offshore production per hour (see above), we can estimate an avoided energy risk of 44 GWh which can be theoretically translated into about 4 M€ yearly impact for the Belgian community. It is important to note that this cannot be considered as a cost reduction but rather a risk reduction.
Considering that the planned installed offshore capacity should grow from 2,3 GW to 6 GW by 2030, we can assume that our conclusions should evolve by the same order of magnitude. Those results do not take into account the current energy prices valid on the market, the higher the prices the higher the benefits.

· Sustainability:  
Avoided energy risk of 44 GWh: 24.000 CO2 tons avoided yearly
By planning more efficiently the interventions that are dependent on renewable energy sources, in line with fixed, agreed upon targets, we make sure that the output of the concerned renewables is maximized on a long-term basis. This will make sure that from one side the installed power is maximally used (and equally the need for more polluting units is lowered), and from the other side we push towards a CO2 reduction. 

We would like to state that the calculations hereunder can only be further refined during the project, we can however realize a first high-level theoretical estimation of the project’s impact.
Based on the number of electrical lines and transformers connected to the offshore grid and the average yearly unavailability of equivalent equipment’s for the applicable voltage level (from 150kV up to 380kV), we can assess an average number of outage hours per year for the offshore related electrical equipment’s. 
The current installed capacity for offshore wind is amounting to 2,3 GW. We can deduce the average offshore production per hour to 753 MW based on Elia’s measurements. 
Based on external sources, we take the following ratio into account: 
· 0,55 tCO2/MWh to determine the avoided CO2 produced
Based on our estimated efficiency, the average number of outage hours per year and the average offshore production per hour (see above), we can estimate an avoided energy risk of 44 GWh which can be translated into 24.000 CO2t yearly.
Considering that the planned installed offshore capacity should grow from 2,3 GW to 6GW by 2030, we can assume that our conclusions should evolve by the same order of magnitude.

· Security of Supply:
A) Planning interventions on the concerned network elements will be more efficient resulting in a lower impact of the intervention and the number of interventions will be lowered by better bundling interventions. This leads consequently to a maximization of output of windfarms, and so to maximization of RES output in the Belgian energy mix.
Maximizing RES output of the installed capacity will lead to the cheapest energy mix for the Belgian population at any certain time.
B) We increase the chance that an intervention can actually take place and we lower the impact of a cancellation by transparent decision-making.

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.
*Confidential* (partner) has experience with offshore, with maintenance planning and with value-oriented forecasting. This project is, to our knowledge, the first to put together all 3 themes.
· Describe how the project aligns with other (European) Initiatives such as TYNDP, REPowerEU, etc. 
The project is aligned with the strategic vision of Elia, which is aligned with the EU ambitions. It is also linked with REPowerEU since we increase the maximization of RES output while still performing outages for necessary works. By already implementing PROOF for the current offshore capacity, we are preparing for the future increased offshore capacity as foreseen in TYNDP..
· What are the main risks & uncertainties to deliver this project successfully? 
· Stakeholders’ alignment: The interests of each wind park may be different.
· Forecasting the weather is a significant challenge. Forecasts of up to 14 days ahead are available in the market. The further out the forecast, the less accurate it is. Therefore, we are still uncertain which time horizon (amount of days in the future) can be used for planning optimization.
· Where does Elia stand today? Where do we want to arrive? (link to Innovation Phase or TRL)
See WP descriptions.

4. Hypotheses & Project Planning with Work Packages 

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

	N°
	Description hypothesis

	1
	Align Elia planners and windfarms in a common process about offshore maintenance and outages planification

	2
	Avoid last minute outages/works cancellation due to higher or lower wind than expected

	3
	Avoid outages in high wind periods -> benefit loss for the windfarms and environmental loss for the society

	4
	Enhance crew safety during transfers

	5
	Possibility to provide for a specified time horizon a sufficiently accurate wind forecast for planning optimization



· Provide a roadmap with a description and timing of the work packages & key milestones
Planning offshore maintenance is a challenge due to the varying weather conditions and the variability of renewable generation that can force planned outages to be rescheduled or cancelled last minute. This is the case for Elia who needs to maintain their offshore substation, but also for wind farm operators as they regularly schedule maintenance simultaneously with outages of the Elia platform or vice versa.
For this reason, we already involved the 4 Belgian windfarms in the project (*Confidential*). All 4 signed a letter of intent to join the project as advisory board members. They committed to participate to the project’s advisory board, participate in the project workshops, share relevant data (with respect to the confidentiality agreement) for the project development and observe the ongoing activities. As such, they are not consortium members but key advisory stakeholders and customers of the project output.
The PROOF project includes 6 work packages. These are linked together according to Figure 1.
The work packages are described below, including tasks, deliverables and respective leader from the consortium.
We assigned a leader to each work package. The WP leader is usually the consortium partner which will spend the most working days into the WP and also the partner with the highest expertise about the WP content. Of course, every partner remains involved in all work packages.
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Figure 1. Overview of the different work packages

Work Package 1: Stakeholder management, methodology, process and business requirements [lead Elia] (Target TRL: 5)
The first objective of WP1 is to align all stakeholders of the project (consortium members & sounding board) and define the project and working methodology, communication scheme and reporting milestones. We need to make sure we have a common understanding of the problem and align on the planning and the commitment of the respective parties.
Then, we need to identify all parties involved in the short-term offshore maintenance planning process (for example: planning manager, maintenance crews, wind-farm owners, subcontractors, offshore project leader…). The second objective of WP1 is to define the current process (parties involved, tasks, timeline, interactions…) of the short-term offshore maintenance planning and design the future process. It will also define the specifications of the tools (developed in WP2 and WP3) which will support this process. It will identify the need for data integration and bridge with existing tools used by the stakeholders. This is the phase of the project where the highest contribution from the windfarms is expected to define the process and business requirements.
The WP1 will also define the methodology, criteria’s, thresholds, constraints and objectives to allow the design of an optimizer. A cost benefit analysis (CBA) will support this later stage. The CBA will allow optimization taking into account the objective and constraints/impacts of the various stakeholders.
WP 1 will benefit from the added value of our sounding board (windfarms) involved in all the tasks summarized below.
Tasks:
· T1.1: Align all stakeholders and define together the project methodology, communication scheme and reporting milestones 
· T1.2: List up, align and understand current tools and processes used by all parties
· T1.3: Definition of the tasks which must be performed by all actors and influencing the offshore planning process 
· T1.4: Definition of the sequence between the different tasks needed to be performed 
· T1.5: Definition of the features (business requirements) expected in the tools developed in WP2 and WP3 (including definition of the optimization function with objectives, constraints and thresholds).
· T1.6: Establish a Cost Benefit Analysis for the optimization tool
Deliverables:
· D1.1: Project methodology and communication framework 
· D1.2: Business process mapping 
· D1.3: Business requirements of the application 
· D1.4: Cost Benefit Analysis for the optimization tool 

Work Package 2: Probabilistic input generation & scheduling engine: theoretical study and Proof-of-Concept [lead *Confidential*] (Target TRL: 1)  
The main objective of WP2 is to tackle the theoretical challenges for building a well-informed offshore maintenance planning engine and to test it in academic (e.g., perfect database, academic test case…) conditions.
To do so, WP2 will first develop probabilistic models allowing to capture weather evolutions with a high temporal resolution, e.g., on a minute scale, for the specified short- and very-short time horizons, i.e., 2-week and 2-day ahead. The exact figures for the time horizon and temporal resolution of scenarios are determined considering the learning capacity of the models and the concerns of the parties involved. Notably, although maintenance activities typically require more than several hours of labor to complete, the scenarios/predictions that are made with a high time granularity can provide crucial information that allows the planning engine to make better informed decisions (e.g., high wind speeds for only some minutes within a few hours of maintenance period could result in an interruption - for safety reasons – or even in an extended delay of the planned maintenance). However, it is worth mentioning that prediction with a high temporal resolution is plagued by a fundamental research gap as increasing the horizon and temporal granularity, both, contribute to higher forecasting errors (i.e., due to the absence of future information and error accumulation). The mentioned gap will be addressed by leveraging recent advances in the machine learning context using two dedicated approaches regarding short and very-short horizons. The first approach designs a non-parametric scenario generation model that produces realistic weather patterns, e.g., for a 2-week horizon and one-minute resolution, based on revealed or predicted conditions, determined a priori, such as the period-wise mean forecast of wind speed and temperature. As for the very-short-term (e.g., 2-day ahead) model, since more information is available, a prediction model that directly captures wind variability at a high resolution is proposed. Furthermore, this WP will also contribute to the prediction of other quantities of interest like load, market prices, within the maintenance horizons.
Secondly, the probabilistic input generated is mapped into an informative space, through an intermediate layer, that not only reduces the dimensionality of the input space but also captures the pertinent statistics to be considered for the maintenance planning problem. The captured statistics are then used to set parameters of the planning engine (e.g., right-hand-side values or bounds of the optimization constraints). This planning engine is designed using the business requirements defined in WP1 as well as the previously mentioned statistics in order to propose optimal periods (time and date) for performing maintenance activities. The objective function of the planning engine takes into account not only the cost of the maintenance scenario but also the impact of maintenance activities on wind generation thresholds and grid security, as well as wind energy and load curtailment. This objective function is, of course, calibrated based on the results of the cost-benefit analysis performed in WP1 while the constraints of the problem are mainly divided into two categories: operational and managerial ones.
In the end, the planning engine will return a set of execution periods as well as the associated benefits/impacts for each maintenance activity to provide the ability to create a backup plan if an activity should be avoided.  
The designed tools will be validated in academic conditions before passing to WP3 that will extend the theoretical concepts in order to cope with real life conditions.
Overall, WP2 will be divided around 7 tasks:
· T2.1: Preparation of the academic test case (data, test system...).  
· T2.2: Definition of the technical specifications for the forecasting models and planning engine based on business requirements of WP1.
· T2.3: Design of a short-time horizon (2-week ahead) forecasting model.  
· T2.4: Design of a very-short-time horizon (2-day ahead) forecasting model.  
· T2.5: Mapping of the outputs of T2.3-T2.4 to the desired input space of the planning engine.  
· T2.6: Design of maintenance planning engine using T2.2-T2.5.  
· T2.7: Verifying the designed model using the academic test case defined in T2.1.  
Deliverables:
· D2.1: Short-term and very short-term horizon forecasting tools
· D2.2: Academic version of the maintenance planning engine
· D2.3: Report describing the developments and results gathered on the academic test case

Work Package 3: Probabilistic input generation & scheduling engine: implementation and software testing [lead *Confidential*] (Target TRL: from 2 to 4)
The main objective of this work package is to develop and test the different tools designed and pre-validated in WP2, taking into account real-life challenges such as data availability, corner cases, algorithm performance and results interpretability. It is organized with 3 different tasks: 
· T3.1: Implementation, unit testing and end-to-end testing of the short-term forecasting model based on the design of WP2,
· T3.2: Implementation, unit testing and end-to-end testing of the very short-term forecasting model based on the design of WP2,
· T3.3: Implementation, unit testing and end-to-end testing of the maintenance planning engine based on the architecture and technical specifications defined in WP2.  
The first part of this work package will therefore consist in the implementation of the two forecasting models. They should be able to gather the required data from relevant sources. Historical data should be used to train the two statistical or machine learning forecasting models while recent data should be used to make the predictions. The two forecasting models will also be tested.
As a second phase of this work package, a decision-helping optimization tool for the short-term scheduling of maintenance works requiring outages will be implemented (planning engine). The output of the two forecasting models should be used by the planning engine, based on the mapping of forecasting model outputs to planning engine inputs, established in T2.5. 
The planning engine will be based on the Outage Planning Optimization engine already developed by Elia. The project will start from a TEST version of this engine and modify it in order to be able to minimize the impact of maintenance activities on the criteria of the stakeholders and of the grid operator, as defined in WP1.  
In order to ease testing and user feedback, the output of the planning engine could also contain the schedule of the works along with their other potential starting dates, but also the conflicts that might prevent works to be scheduled at their preferred time. 
The planning engine will be tested in priority on the Belgian offshore grid with unit tests and end-to-end tests.
Deliverables:
· D3.1: TEST version of the short-term forecasting model designed in WP2.
· D3.2: TEST version of the very short-term forecasting model designed in WP2.
· D3.3: TEST version of the Outage Planning Optimization engine, modified based on the design of WP2.
· D3.4: Report of the unit tests and end-to-end tests performed on the three developed tools.


Work Package 4: User Interface [lead *Confidential*] (Target TRL: 5) 
The main objective of this work package is to develop a user interface that can be used to test the defined process and all the developed building blocks from WP3. This user interface should be able to load, preprocess and visualize data, run the forecasters and the optimization engine, and to output results in a comprehensive way that allows for validation (needed for real life testing in WP5). This interface will allow the end-users to test and give feedback about the new planning methodology and the tools developed in WP3. 
 
This work package will build upon the communication platform which has already been initiated as part of the Wind Connect project of Elia. 

 
Figure 2. *Confidential*
Task:
· T4.1: Extension of the Wind Connect communication platform user interface, integrated with the different tools developed in WP3 (scheduling engine, forecasters) and extended with the new features to be tested.
Deliverable:
· D4.1: TEST version of the extended Wind Connect platform

Work Package 5: Real life test cases and results [lead ETB] (Target TRL: 5)
The WP5 has the goal to test the process defined in WP1 and using all the tools developed in WP2 and WP3 via the interface from WP4.  
We need to determine realistic use cases, together with our stakeholders and gather relevant testing data for the user interface:
· Wind predictions  
· Interventions  
· Outage needs  
· General load and production data for the grid
Afterwards multiple simulations should be run with the user interface, and results need to be assessed by the stakeholders.  

Deliverables:
· D5.1: Report describing the tests cases and associated results. Conclusions based on the findings, including a road to industrialization assessment
 
Work Package 6: Communication, Dissemination and Exploitation [lead ETB] (Target TRL: from 1 to 5)
This work package includes all project communication milestones to the project stakeholders. This will happen all along the project after each key deliverables from WP 1 to 5.
On top of the stakeholder’s communication, this WP also aims to publish the project result to a broader and public audience (problem statement, solution building, test results and next steps).
Especially, WP6 aims at writing a scientific article about the results of WP2 into a scientific journal. Including the theoretical approach and results of the fundamental research part of the project.
 The specific tasks of WP6 are as follows: 
· T6.1: Project results summary and next steps listing if any 
· T6.2: Communication of the project motivation to industrial and academic parties 
· T6.3: Dissemination of the acquired knowledge to the scientific community of power systems 
Description: 
The project motivation, including the interest of the various parties involved in maintenance planning, will first be communicated to industry and academia through conferences and meetings. Subsequently, the scientific knowledge gained from this project and the results will be disseminated to the power systems scientific community through publications in relevant journals. 

Deliverables: 
· D6.1: Communicate findings to all direct stakeholders (communication package 6.1) 
· D6.2: Publications at conferences 
· D6.3: Publications in journals
· D6.4: Publication of WP2 results in a scientific paper
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5. Deliverables 

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

	Work Package 1

	D1.1: Project methodology and communication framework 
	x
	x
	
	30/09/2023

	D1.2: Business process mapping 
	x
	
	
	31/12/2023

	D1.3: Business requirements of the application 
	x
	
	
	30/01/2024

	D1.4: Cost Benefit Analysis for the optimization tool
	x
	
	
	31/03/2024

	Work Package 2

	D2.1: Short-term and very short-term horizon forecasting tools
	
	
	x
	Short term : 31/05/2024
Very Short Term : 31/07/2024

	D2.2: Academic version of the maintenance planning engine
	
	
	x
	31/12/2024

	D2.3: Report describing the developments and results gathered on the academic test case
	x
	
	
	31/03/2025

	Work Package 3

	D3.1: TEST version of the short-term forecasting model designed in WP2.
	
	
	x
	30/09/2024

	D3.2: TEST version of the very short-term forecasting model designed in WP2.
	
	
	x
	31/12/2024

	D3.3: TEST version of the Outage Planning Optimization engine, modified based on the design of WP2.
	
	
	x
	31/03/2025

	D3.4: Report of the unit tests and end-to-end tests performed on the three developed tools.
	x
	
	
	31/03/2025

	Work Package 4

	D4.1: TEST version of the extended Wind Connect platform
	
	
	x
	15/06/2025

	Work Package 5

	D5.1: Report describing the tests cases and associated results. Conclusions based on the findings, including a road to industrialization assessment
	x
	
	
	30/09/2025

	Work Package 6

	D6.1: Communicate findings to all direct stakeholders (communication package 6.1) 
	
	x
	
	31/12/2025

	D6.2: Publications at conferences 
	
	x
	
	31/12/2025

	D6.3: Publications in journals
	
	x
	
	31/12/2025

	D6.4: Publication of WP2 results in a scientific paper
	
	x
	
	31/12/2025



6. Budget
*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*

Roles and type of Partnerships:
*Confidential* are the 3 consortium partners developing the project, with Elia as consortium leader. The end result and IP will belong to Elia. *Confidential* will have the rights to use the tool.
The Belgian windfarms operator’s role is limited to “advisory board members” so that we define together the decision criteria’s, processes, etc. But they will not perform any development in the project.
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8. Allocated Incentive (to be completed by the CREG)



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