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2020 decision: Accepted

Trends: Decarbonization, digital revolution
Consequences: Digital tools and data use, aging of the infrastructure, uncertainty of generation, intermittency of generation
Challenge: 3. Automate the inspection of the asset and make maintenance more flexible to cope with planning changes, keeping a high level of safety 
Domains: 3.3 Predict and optimize maintenance preparation 

Preliminary remark 2020: There was neither a reassessment nor a review of the program since the initial submission to CREG. The name “OPTIFLEX” has been changed because it was leading to misunderstandings and was not correctly perceived. For this reason, it has been decided to change to Synapse (Synergy between Agile Planning and Stable Execution). However, the objectives and scope of the program remain the same as presented to CREG under the naming “OPTIFLEX”.
In order to make the document focused and easy to read for the CREG, we have structured it as follows: 
· Synapse objective and benefits (as agreed with CREG end 2021)
· Concrete yearly achievements (focus based on the specific reporting period. For instance “2021 achievements” or 2023 program)
· Detailed program description (covering the entire program for all years).

Synapse objective and benefits
· Why Synapse? 
· In the near future, we expect that the opportunity to plan stable outages (in number and duration) allowing maintenance and construction of new assets will be drastically reduced. The causes are listed here below in the project specific context;
· Synapse is an enabler allowing to realize our maintenance plan and capex building plan under those increasing constraints. Synapse’s objective is therefore not to realize more works but to execute the foreseen work planning with less outage opportunities.
 
· The objectives of Synapse 
· The objectives of Synapse are the following and are listed in expected impact for Belgium:
· a 10% decrease in the outage risk, or the MWh risk;
· a 10% decrease in the number of outages and a 10% increase in works/outages;
· in the future, limitation of the impact on the number of Renewable Energy Sources by increasing planning agility;
· an increase in planning agility and stability for critical works and outages, allowing a higher proportion of maintenance and CAPEX plans to be implemented in the required execution time frame (70% stability).
 
· The benefits for the community
· Synapse enables an optimized planning, that can be explained by understanding what a ‘non-optimized planning’ means.
· A non-optimized planning will not :
· Prevent works on network elements (outage) during inadequate periods. This means taking more risks for the network if something goes wrong. This could lead to more outages or longer outage duration impacting directly the customers and producers connected.
· Optimize the combination of works during the same outage leading to more outage on the network.
 
· Benefit calculation: 
NB: as agreed with the CREG on the 18th of November 2021, we provide a transparent, high-level calculation to give an order of magnitude. For a detailed calculation, a real study should be conducted that would require resources and specific tools.
 
The table here below explains the high level estimate taking into account :
· The MWh at risk (C): work situation with outage where N-1 (network back-up) is not ensured, multiplied by the risk of unforeseen switch off.
· The value of lost load (D) : 8.000€/MWh
· Reduction of MWh@risk by 10% thanks to Synapse
The benefit assessed on a yearly basis amounts to more than 2 million euros.
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Program 2023 – Part of the releases 2 (2022-2023)

The program 2023 will focus on the following elements: 
· WP 1 (Tool functional optimization - OPSO) & WP 5 (tools and data): Further development of the tool in the new releases foreseen in 2022: 
· New technical improvements and related KPIs to ensure high planning stability 
· New technical improvements and related KPIs to improve outage combination 
· Improve quality and smartness of the inputs thanks to automation, integration of studies results and process change
· Improve other tools to further enable the new developments (this include the full scope of Business Analysis)
· First assessment of potential future Artificial Intelligence / advanced analytics capabilities.

· WP 2 (planning & process):  
· Ensure program management and coordination of all work packages
· Set up smart KPIs allowing to grasp the full impact of the new process
· Assess the integration of offshore maintenance activities.

· WP 3 and WP 4: Work preparation and work execution
· Ensure planning stability up to 75% after Point of No Return
· Set up and implement specific initiatives as enablers (as for instance the switching before the working hours for specific equipments)
· Implement a monitoring assessing the difficulty of outages for important Infrastructure projects
· Automatize the maintenance work program on a yearly basis.

Focus on 2021 achievements results and uncertainties
· Focus 2021 part of Release 1.0
As described, 2021 is part of the first Release (R1 (2020-2021), R2 (2022-2023), and R3 (2024-2025)). We focus on the results of 2021 here.

· Results 2021 WP 1 (Tool functional optimization - OPSO) & WP 5 (tools and data): 
· First of a kind
· The development of the new algorithm of planning optimization (code name OPSO) has been ongoing during the whole year 2021. We have looked into the market of optimizers and there is today no equivalent. The development was performed first under the form of proofs of concept with a defined technology and then under the first phase of its industrialization (1.0) of the algorithm with the CPLEX technology of IBM.
· High complexity, complex integration & data quality
· The algorithm is capable to take into account several thousand of inputs (works and outages) but also constraints like time constraints, resource constraint, dependency constraint, Grid constraint, dispatching constraint, risk constraint… to optimize the objectives listed here above. In order to give the CREG an insight on the complexity of the algorithm, we can provide the manual of OPSO realized with our partner working on the development of OPSO: Outage Planning Optimization Solver for Elia Version 1.0 (this information is Confidential). We are at CREG’s disposal to explain all the complexity related to those constraints and other functions we added to OPSO like “inertia to change” and “earliness”. 
· The OPSO optimizer cannot work properly on a standalone basis. It needs to be integrated into the existing tools and software environment of Elia’s Operational Planning. Therefore, several business analyst work on a daily basis to assess the business requirements, detail the necessary data and process model as-is as well as the necessary to-be situation. This work represents more than 1.800 hours of work to detail all the necessary elements. Upon request of the CREG we can provide extracts of our system about the context diagram (exchange with all other applications), process model (processes mapping & description), domain model (data models), user story model (description needs of the business). This information is Confidential.
 
· WP 2 (planning & process):  Agile development with high uncertainties
· To assess the performance and results of the new roles and responsibilities and the new criteria we set up dedicated team made of experts and managers to perform weekly and monthly reviews. 
· In order to do what has been achieved today, we assessed during the whole year, with sometimes several runs in parallel to test various constraints and criteria, different parameters and scopes. To give an example, we can provide the CREG with an extract of the results and KPI followed during the assessment of several tests (Confidential information). Depending on all the constraints and inputs, the variability and uncertainty of those results strongly varied. As another example of process monitoring, we can provide the curative technical intervention report (Confidential information) set up to monitor the short term curative intervention that could have an impact on planning stability. 

· WP 3 and WP 4: Work preparation and work execution
· High impact not only for the optimizer but also for the operational teams (field workers, dispatchers, planners and the related processes) and other tools and systems. Each run was analyzed on a weekly basis during the whole year by network experts, field technicians, change managers, field managers, Business analyst, IT developers in order to assess amongst other:
· The impact of the proposed planning and outages on the Grid (is it the optimum moment to maintain an element and what is the impact?);
· The way how works are combined (are there any incompatibilities or exceptions related to specific electrical substations or network topology?);
· The work planned, taking into account the period (for instance: painting works in summer)
· The planning, taking into account the capacity of the working teams (for instance: avoid certain period, consider workload);
· The impact on the works and ways of working (for instance: is it an outage conditional to certain conditions such as customers, connection, RES condition? Are there back up works and are all the work preparation realized?)
· Do we need to assess new ways of working (for instance to allow more works under the same outage):
· Are all the safety criteria fulfilled to allow those new methods?
· How can we ensure that all processes are modified and that communication to the workers (large population) is realized?
· How can we ensure that change management is realized?
· Are business analyzes realized for all the impacted tools (not only OPSO) on the entire Asset Life Cycle System?
· [bookmark: _GoBack]At CREG’s request we can further explain the complexity of work preparation and planning and provide a view on the program organization. We can also provide as an example the matrix of combined works (this is Confidential  information).

· Finally, the Synapse program is a transversal program dealing with high complexity (not only the algorithm), in a rapid changing environment with a large impact (network, work, people, IT systems).

Detailed description of the Synapse project

Project-specific context 
· We estimate that compared to 2015, the volume of renewable generation will drastically increase, up to a level where the installed capacity is equal to the peak load.
· Up to 10% of the substations will have a connection with a Gflex (N or N-1) contract.
· The Belgian grid was designed for a top-down flow, with central power generation at 380-kV and 150-kV levels. The future flow will be a mix of top-down, bottom-up and international flows, with substantial installed capacity at DSO level. 
· The number of outages and so the amount of MWh at risk is increasing due to the need to perform a high number of replacement projects and maintenance and because of the difficulty to find an optimal planning window due to unpredictable RES generation.
· The average time taken to restore power is rising due to the nature of interventions requiring an outage.
· This challenge will increase in the years to come with the uptake of e-mobility, which will also affect the DSOs' outage planning.
· At the same time, the asset fleet is aging, resulting in an increased need for maintenance in the years to come. 
· The number of critical outages is drastically increasing. The regions impacted by these outages are usually not densely populated (which has the advantage that permits can be obtained more easily) but normally do not have the infrastructure required to deal with these increased flows. However, planning is currently managed on a long-term basis and revising it generally involves repeated work. If constant planning revisions could be avoided, this could avoid extra repeated work for Elia and extra costs. 
Project-specific state-of-the-art/literature review
· The new process will apply criteria (specific flexibility and stability planning aspects in a decision-making matrix) that are not applied today by our neighboring TSOs. So far Elia has not performed an official benchmarking to compare with all existing references. In the various contacts we have had (in and outside Europe) we observe that no TSO applies those processes and criteria like we are envisioning in this program. These criteria are specifically developed for the TSO environment, e.g. variable commitment dates for the planning depending on the criticality or flexibility of the works and outages. 
· The new tool (OPSO) is currently being developed with an innovation partner to allow the integration and optimization of multiple constraints and objectives with a high frequency iteration. The underlying principles, algorithms and methodologies for this optimization are based on the scheduling optimization principles applied in other sectors like the pharmaceuticals supply chain, which are then customized to Elia's situation (outages, real-time availability, etc.). These objectives will be assessed on the basis of scenarios. 
Here below the high-level description of our process where the basic principles are explained:
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Figure 4 - Steps of the OPSO project
The Matrix implies the use of the tool we are currently developing (namely OPSO) and the criteria and concepts we would like to apply: Flexibility (Point of no return) and Urgency (Required Execution Interval). 
The underlying principles of the matrix are explained in the graph below: 
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Figure 5 - Principles and rules of OSPO solution

In the example here below, we illustrate the link between the process of operational planning optimization of thousands of works and outages and the Asset Life Cycle (including also ACC and health index).
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Figure 6 - OPSO solution logic and interactions

Expected impact for Belgium
· The implementation of a flexible optimized planning to cope with the uncertainty of renewable generations and other components of the energy system such as e-mobility will result in the following improvements: 
· a 10% decrease in the outage risk, or the MWh risk;
· a 10% decrease in the number of outages and a 10% increase in works/outages;
· in the future, limitation of RES curtailment by increasing planning agility;
· an increase in planning agility and stability for critical works and outages, allowing a higher proportion of maintenance and CAPEX plans to be implemented in the required execution time frame (70% stability).
Remarks: 
· The improvements here above are related to the optimization related to Synapse. In the example in the previous section (interaction with Synapse) we explain the link between the Asset Risk (Asset Health Index/ACC & probability) and Synapse (the Execution Interval). 
· The improvements detailed here above are compared to the non-optimized situation. Those figures have been calculated based on concrete proof of concepts realized in 2019.
· Absolute figures related to outages and works will strongly vary from one year to another and depend from external factors (RES evolution…). In other words, even in a hypothetical case with less works considering the additional upcoming constraints, the situation could be more difficult to optimize. We are currently considering the various constraints and objectives that could be optimized including amongst others market capacity & RES impact. The integration of those criteria will allow us to further assess the impact of our program.
· Finally, we can say that those improvements are concrete objectives for the Synapse program and therefore will be closely monitored internally.

Starting point for Elia
· Today at Elia, operational planning is mainly managed using several planning cycles from yearly planning to weekly meetings, with printed operational documents based on various non-integrated outputs (operational team capacity, network availability, etc.). In the future, the increasing complexity of such planning and the higher frequency of the updates will require new integrated tools and processes.
Uncertainties and risks
· The environment evolution speed is a major uncertainty and the project implementation should adapt accordingly. 
· E.g., we have foreseen a progressive implementation of various constraints (RES, impact on network, MWh@Risk...) in our model. If external factors lead to new constraints, we could have to change our releases and priorities;
· The program includes the development and the implementation of the solution to achieve the foreseen results. The releases will drive those implementations;
· The risks related to the program are the following:
· Being able to transform large operational processes into new state of the art processes and tools impacting a large population across all departments
· Software development: 
· Being able to model and integrate the various constraints and objectives;
· Being able to integrate various types of data (large quantity, quality, reliability, availability and various protocols) and sources into a single tool and to ensure perfect integration and optimization;
· Being ready to progressively switch to the future release of the tool including AI;
· Having the adequate resources at the right time for these specific innovative tasks and ensure adequate business continuity and development.
· The development of the solution will require to get specific competences such as data scientist. As these competences are more and more in need, it could be difficult to find them. 

Project description
· The primary objective of the Synapse project is to develop and improve, through innovative solutions (e.g. using artificial intelligence), planning and the optimization of execution in order to increase productivity (works under constraints) and decrease unavailability risk for Elia and stakeholders (consumers, generators, etc.). More specifically, the program will aim to maximize results under various constraints:
1. safety, which remains the top priority and must not be jeopardized when carrying out our works;
2. maximizing the planned Elia maintenance-work program and implementing the validated grid project infrastructure development program;
3. optimizing  grid availability by planning works to minimize the impact on MWh risk;
4. minimizing downward adjustments of RES;
5. having the adequate (skilled) personnel doing the right job, and optimizing travel costs and flexibility.

[image: ]
Figure 7 – Synapse scope 

High-level long-term planning

[image: ]
Figure 8 - Synapse release planning
· Approach: For Synapse, Elia has decided to develop a tailored analytical model to assess the scale and urgency of critical power cuts. For this purpose, Elia is working with an experienced external partner. The goal is in particular to learn about the technology while at the same time avoiding black boxing. An Agile approach is being adopted with frequent keynotes assessing the evolution of the solution. 

The work packages are organized to provide specific results (tool, processes, governance) that will allow to achieve the global objective of the program. 


· Presentation of the work packages: 
Work packages, timing (M = month) and deliverables: Three releases are envisioned: R1 (2020-2021), R2 (2022-2023), and R3 (2024-2025). Detailed results for R1 2021 are at the beginning of the document (see above)

· WP 1: Tool functional optimization 
The tool (in SaaS) should allow to increase operational (planning) efficiency (operators and planners) and optimization of the prioritized works under increasing constraints. The tool (OPSO) allows to optimize multiple constraints (Resources, Grid) taking into account multiple objectives (incentives, works…) on a multi-year rolling window horizon. WP1 aims to develop a tool with several releases. Each release is a concrete intensive IT and data development to ensure that reliable, available and qualitative thousands of data are processed on time to provide the adequate usable results. 2020 will also ensure the support of adequate field tests (real life test after POC 2019). 
· R1 – OPSO 1.0 (industrialized optimization tool taking resources into account: year-ahead planning with frequent intra-year updates (monthly and weekly); all voltage levels and entire Elia grid).
· R2 – OPSO 2.0 (planning three years ahead + new constraints). We will integrate network constraints (like network element exclusion pairs for the entire Belgium, the maintainability of the network elements for the whole Belgium, the capacity of the maintenance team for the 4 maintenance zones).
· R3 – OPSO 3.0 (integration of AI/machine learning ).

· WP 2: Planning and process
This second work package refers to the prioritization of works (decision criteria, see matrix here above, and governance) and improve agility when required by the grid. Centralization allows for better integration and cross-department coordination of works and resources and avoids sub-optimization. The new process and criteria will also follow the principle of releases. Those releases aim to incrementally increase the impact of the changes throughout the organization with the principles of centralization and automation.
· R1 – Advanced maintenance planning (advanced maintenance planning – maintenance planning is steered in a centralized way, based on the results of the industrialized optimization tool and planned, including new working methods – new R&R for planners and foremen – application of new criteria).
· R2 – Advance centralization of CAPEX and maintenance planning (to be confirmed, based on the outcome of the previous release – incremental approach). We will provide network feasibility studies to assess the feasibility of works planning (projects and maintenance) from an operational planning point of view long-term and mid-term. 
· R3 – Integrated centralized planning (to be confirmed, based on the outcome of the previous release – incremental approach).

· WP 3 and WP 4: Work preparation and work execution
Increase the efficiency of the process and reallocate those resources to centralized planning -> better coordination and synergies. Enable the agility to implement the works under constraints -> focus on priority works under increasing constraints.

· R1 – Work preparation improvements and process streamlining (agile and efficient work preparation, remote switching, reduction in lead times, several field tests to assess the new process)
· R2 – Work preparation 2.0 and work execution improvements. We will assess the feasibility from a capacity point of view for the maintenance team. 
· R3 – Work execution 2.0

· WP 5: Tools and data
This WP will follow the implementation plan of other packages and ensure the appropriate development of IT and tools (IT specification, data, tools, protocols). This WP is a supporting work package ensuring the development and integration of the other WP. For instance, the description of business requirements, coordination of IT developments...
In order to further explain the work packages and the program, we believe that a presentation could be organized for CREG where our experts could directly answer CREG’s questions.

Partners
· Peer review with other TSOs
· We work with an external service provider for the development of our tool 


Summary of project efforts in person months (by work package and by year) 
Confidential
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Average MWh/year for outage where N-1 is not ensured 26.911                      A

Yearly average risk of switch off (%) 10,08                         B

MWh@Risk/year 2.713                         A*B = C

Cost by MWh for Lost Load (euros/MWh) 8.000                         D

Yearly Cost (euros) 21.707.368               D*C = E

Benefit thanks to reduction of 10% MWh@Risk (euros) 2.170.737                 E*10%
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Matrix — Principals and rules
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