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Domain 3.1

NEW PROJECT
Trends: Digital revolution 
Consequences: Digital tools & data use
Challenge: 3: Automate the inspection of the asset and make maintenance more flexible to cope with planning changes, keeping high level of safety
Domain: 3.1: Connect and cyber secure our assets and substations

Project-specific context
A High Voltage substation is mainly composed of primary systems (high voltage equipment) which are monitored and controlled by secondary equipment (low voltage equipment). A virtual substation uses a digital secondary system, in which the traditional copper wiring is replaced by optical fibre cables. Elia has decided to investigate the possibility to implement the virtual substation technology following the IEC61850 standard.
The current technology (SPACS3) installed in substation projects already implements a first integration step of this technology in a limited part of the secondary system, dedicated to non-time critical dataflow. With the successful first step and the outcome of our participation in the Osmose project, Elia is now ready for the final preparatory step that would allow us to roll out the Virtual Substation technology in our substations.
Except for the physical difference, Virtual Substations introduce a completely updated engineering process, which allows us to automate a big portion of the otherwise very labour-intensive design phase. The introduction of a standardized data model and machine-readable logics enable clearly defined interfaces which ultimately will reassure interoperability. 
The evolution towards a virtual substation is inevitable within the transmission system sector due to following drivers:
· Delivering the infrastructure of the future;
· Enhance project efficiency;
· Cost reduction;
· Introduce functional flexibility;
· Increase network availability.

Besides these drivers following opportunities have been identified:
· Increased sustainability;
· Attract future oriented competences;
· Simplification of current protection philosophy.
The implementation of virtual substations within the Elia grid will have a large impact on the current system and organization and should be organized in a controlled way. A roadmap has been developed to accomplish this ambitious objective. 
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Project-specific state-of-the-art/literature review
IEC61850 is far more than a typical communication protocol:
· Future proof
· Wide interest in the sector
· The standard is backward compatible
· Vendor independent 
· Relays of vendors can be changed without impacting the rest of the substation
· Reduced risk of common mode failure
· Pushed by users (TSO’s, DSO’s …)
· Standardized engineering process
· Reduced training, more players on the market …
· Very fast & reliable (possibility to exchange sampled values of currents and voltages).
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Expected impact for Belgium
The introduction of Virtual Substation would be a technology shift that catapults Elia’s protection system to the 21st century. With hundreds of operational substations, the impact would be significant. 
· Efficiency gains in engineering, introducing vendor independent, machine readable specifications, improving efficiency and quality of the interaction with the market.
· More opportunities for testing and simulation during the engineering and commissioning stage as a digital representation is readily available, improving the quality of the system.
· Extended possibilities for substation monitoring, enabled by IEC61850, allowing a faster problem identification and solving, and in this way indirectly improving the availability of our systems.
· Meeting sustainability goals
· Overall footprint reduction by centralizing functions into a limited amount of devices. 
· Replacing copper wiring with optical fiber.
It is not possible at this moment to quantify the expected benefits as the Virtual Substations project is an enabler for future new ways of working that will bring future gains. Once conceptual decisions have been made, quantification should be possible. We plan to start this exercise in the second half of 2023.

Starting point for Elia
In the past we have been developing Standard Protection, Automation and Control Systems (SPACS) based on an analogue technology. Only the past few years the protocol communication became a standard with the introduction of SPACS 3 and the station bus. A visual overview of these technologies can be seen below. 
Apart from this we have been building experience in the field of protocol communication through the IEC 61850 standard with the Osmose project and the Proof of Concept in Aarschot.
[image: ]System architecture generation SPACS 1, 2, 2bis 

System architecture generation SPACS 3
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Uncertainties & risks 
 Identified risks:
· Elia, although an important European TSO, is still a small player. The risk is that we are too small to impose (in time) all the improvements related to industry and standards we need. We aim to mitigate this risk by partnering up with other, larger players.
· The unavailability of adequate tools to design and perform engineering, testing and maintenance activities. 
· The unavailability of hardware with up to date functionalities that will allow us to implement the state of the art protection systems.
· Difficulty to find and or train of the personnel needed to support this technology shift.

Project description 
Deliverables
The project will deliver the following:
· End-state vision note regarding virtual substations (note)
· Detailed roadmap for Virtual Substation implementation (roadmap)
· Publication of two new IEC61850 standards (including Elia proposals) 
· Developing an end-to-end process solution to implement Virtual substation (note) 
· Tool strategy (note)
· Mini proof of concept (Engineering POC) to make the process proposal more tangible (demonstrator)
· Concept Proposal (Draft ready by the end of 2023).

WP 1:
Stream - focus on the Elia vision & roadmap
· Defining a detailed end-state vision (Q2 2023)
· Technological improvements like Non Conventional Instrument Transformers (NCIT)
· Engineering and software tools
· Application within Elia 
· Developing a detailed roadmap for the Virtual Substation implementation (Q4 2023)

Stream – IEC Steering & Industry Steering
· Steering the IEC61850 standard, in order to guarantee the introduction of missing standardisation elements related to the end-state implementation. For this, Elia actively participates in Cigré (B5.68 and B5.69) workgroups and IEC61850 WG10. (Publication of 2 new IEC standards by Q4 2023).
· Steering the industry, in order to guarantee the introduction of missing implementation elements (hardware + software) related to the end-state implementation (Setting up collaborations with industry partners). 

Stream – Engineering Process & Tooling
· Developing an end-to-end process solution that lets us implement the virtual substation technology (Q4 2023).
· Defining a tooling strategy and write the specifications that allow us to go on the market (Q4 2023).

Stream – Proof of Concept 
· Executing POC projects, demonstrating the technology and new engineering process and tools.
· Using state of the art industrial developments to show that the proposed concepts are applicable in the Aarschot substation.
· Launch a mini “proof of concept” to make the process proposal more tangible.
· Partnering with reference market players at the level of technology and software to ultimately help develop specifications for he much needed tools.

[bookmark: _GoBack]Partners (universities, other TSOs, companies)
 Partnerships are ongoing or being established with:
Confidential
In 2023 new partnerships will be established with market players related to a POC project demonstrating the engineering process, including testing and simulation:
· System specification and configuration tool suppliers
· IED suppliers
· Testing and simulation tool suppliers.



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