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2021 decision: Accepted
Domain 2.3
 .1

Trend:  Decarbonization 
Consequences: New system dynamics, Intermittency of generation, Uncertainty of generation, Digital tools & data use
Challenge: 2. Automate system operations to be capable to optimize the network in minute timeframe for frequency, voltage and congestion
Domain: 2.3 Predict and automate imbalance dispatching decision

Project-specific context 

· Belgium will not be able to produce enough onshore renewable energy on its own to decarbonize its society while meeting its future energy demand at the same time.
· Untapped offshore power and its integration to the grid is essential to bridge this gap of demand and decarbonized supply. The importance of offshore is also reflected at European level in the European Commission's strategy to increase offshore wind capacity from 15 GW to at least 300 GW by 2030.
· While windfarms have already reached a very high level of maturity in terms of their construction and operation, the integration to the grid requires innovation and progress to facilitate the transport of this clean energy from the windfarms at sea to the demand centers on land in the most cost efficient and flexible way.
· Specifically, this grid integration will require further innovation to move from conventional point-to-point interconnectors to hybrid offshore interconnectors that can link the transmission grid of Belgium to other countries such as Denmark while at the same time connecting national offshore wind farm.  The primary innovation of such interconnectors is the double use of the cable that transports windfarms’ energy to onshore grids but that can also be used partly as an interconnector in times of low wind or when it increases social welfare.
· To successfully operate these hybrid offshore interconnectors a master controller is required to  control active and reactive power flows through the interconnector.
· The objective of the offshore grid optimizer project is to build this master controller to optimize the operation of hybrid interconnectors.
· This will enable higher integration of renewable energy into the Belgian grid and enable complex offshore meshed grid flow optimization, reduce congestion and enhance the security of supply, and indirectly support public acceptance for renewable energy infrastructure.

Project-specific state-of-the-art/literature review
· Nemo Link was the first HVDC interconnector to connect onto the Belgian system. The trend clearly points towards further HVDC interconnectors, either to offshore renewable platforms or to foreign countries.
· Current projects include the Direct Non-Neighbor Interconnector and the BE Access Northern Sea Interconnector.
· The Direct Non-Neighbour is a Belgian – Danish cable that will facilitate the first connection of Belgium to an electricity market that is further away than Belgium's direct neighbors. It will make Belgium’s electricity system more sustainable.
· The BE Access Northern Sea is a hybrid project that will allow Belgium to access large wind farms in the northern part of the North Sea where weather conditions are different from those off the coast of Belgium. This will provide greater security of supply and will help energy-intensive Belgian industries to continue decarbonizing their processes and achieve the climate targets.
· All of these interconnectors require an optimizer to ensure the most efficient and cost-effective operation by providing an interface of real time data to capacity calculations, market schedules, equipment limits, system limits and the optimization of renewable energy production.
· These tasks can be performed by the dispatcher but in order to reach an optimal operation of the offshore grid, it is crucial that an optimizer is at disposal which can support the dispatchers, and eventually take over the tasks in normal operations.
· As of today, Elia’s daughter company 50Hertz is the first TSO (together with Energinet, the Danish TSO) in the world that has installed a hybrid interconnector (the Kriegers Flak Combined Grid Solution, consortium between 50Hertz and Energinet). 
Expected impact for Belgium
· Thanks to an optimizer of HVDC equipment, we can ensure that the optimal working point will always be reached during normal operation. This means a maximized social welfare as we will maximize the use of the offshore infrastructure and therefore the use of green energy produced from offshore wind parks in Belgium, while minimizing the cost of electricity thanks to increased market opportunities. 
· The business case of the optimizer entails the efficient integration of offshore wind by making double use of existing windfarms in operations, instead of building new assets, to serve as an interconnector via AC cables connected to the Belgian onshore grid. The optimizer itself will avoid equipment overloading and thus reduce the required maintenance. Building and operating the optimizer in-house will reduce vendor lock-in of external suppliers and reduce development costs.
· For the consumer, hybrid interconnectors enhance general public acceptance for renewable energy and its integration into the grid since the untapped offshore potential limit grid expansion on densely populated areas. Furthermore, it allows to make use of the maximum reactive power exchange which will reduce congestion, minimizing tapping and control interference and transmission losses and thus enhance security of supply. It will improve operations for the future Bornholm Energy Island and Belgium’s Energy Island.

Starting point for Elia
· Currently, at Elia, no expertise in this domain exists.
· Align with potential partners such as Belgian research institutions and offshore developers.

Uncertainties & risks
· Uncertainty on best approach to develop a modular master controller so that it is interoperable with different systems and potentially applicable to different on-and offshore use cases that require control and optimization.
· Risk on performance and results of such optimizer taking into account the very dynamic behavior of renewable energy. In other words, uncertainty regarding acquiring high-quality and near real time data of markets, capacities, and weather forecasts. Additional uncertainty with regards to the speed and quality of the results of the optimizer.

Project description
· We will first define the input and output requirements of an optimizer for hybrid offshore interconnectors.
· Then we will work on the architecture of the software, in a multi-disciplinary agile team consisting of experienced architects and developers.
· Finally, the objective of the project is to develop a software that is able to undertake capacity calculations (with and without DLR) to optimize the input for automatic countertrade processes.




Deliverables and milestones
WP 1: Scoping of the hybrid offshore master optimizer by organizing a workshop with the objective to clearly define the input and output requirements to develop an optimizer (October 2021 to February 2022)
· Organize workshops with different business units to define the scope and requirements of the optimizer. Based on the description above, we expected the following four modules: Confidential
· [bookmark: _GoBack]Therefore, the workshops aim to analyze and identify the specific characteristics of each module. During the assessment, the business requirements of Asset Management, System Operations, Markets, Customer Relations are collected and considered, with particular focus on required input parameters. This will serve as an input to develop the functionalities and an architecture diagram for the optimizer to describe and visualize different software elements to understand required data sources and optimization modules.
· Based on the functionalities and the architecture diagram, the objective is to develop a sequence diagram to outline the functionalities, needs and characteristics in preparation of the software development.

WP 2: Outline hypothesis and success criteria (May to June 2022)
· Outline overview of performance and success criteria for MVP.

WP 3: Build software (May2022 to December2022)
· Set up an agile software development team with Product Owner, Scrum Master, Developer.
· Development of a first functioning MVP (Module 1) based on the system architecture and sequence diagram developed in work package 1.

WP 4: Test of the of prototype (January 2023 to April 2023)
· Test with simulated data in a first step before testing in a parallel system.
· Based on the needs defined in WP 2, identify the best testbed.

WP 5: 3 investigations on the development and operation of future HVDC Grids (July 2023 to December 2023)
· Develop a consistent set of necessary tools to operate a hybrid AC/DC grid, and in particular develop a scheduling and control environment for the HVDC grid operator perspective from several days ahead to real-time.
· Assess different decision taking processes from the TSO perspective: from capacity allocation, reserves allocation and provision, preventive and corrective control actions into a single tool. 

Deliverables 2022 
· Team: Set- up project team with Product Owner, Software Architect, Software Developer 
· Architecture: Outline capabilities and backlog to be developed according to modules of WP 1 (see above)
· Software Development: Start software development of prototype based on capabilities that are prioritized in backlog 
Deliverables 2023
· Further use cases: Investigate further use cases on future assets
· Demo version of a first prototype (WP 4): expected to be ready by March 2023.
Progress 2022 
· Team: The project team is set up with a Product Owner, two experts from system operation, two architects and two developers.
· Architecture: Software architecture is established, capabilities to develop and backlog are identified.
· Software Development: Development of the code has started with reoccurring sprint plans and reviews.
· Further use cases: To be started.
· Demo version of first prototype: Expected to be ready by March 2023.

Partners
Confidential

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