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2021 decision: Accepted
Trend: Digital revolution
Consequences: Digital tools and data use
Challenge: 3. Automate asset inspection and make maintenance more flexible to cope with planning changes, keeping high level of safety
Domain: 3.4 Secure and connected Workforce

Project-specific context
· The user experience offered by mixed reality (where a virtual element can be visualized and interact with the existing environment) and virtual reality (when the user is immersed in a completely virtual environment) is improving at breakneck speed. In recent years, multiple breakthroughs have made these technologies viable and useful in business environments. In many cases, they can help our workforce to improve workflows, operate more safely, and collaborate more effectively.
· For a few years now, we have been investigating the use of virtual and mixed reality in multiple aspects of our day-to-day tasks. However, previous iterations of the technology were not user friendly and involved a complex configuration procedure, cumbersome hardware, and low image quality. The quality of the hardware and software available at the time meant they could not be used in a production environment. 
· With the recent development and the affordability of the technology with new hardware solutions like the Hololens 2 and the Oculus Quest, all these issues disappeared. They are now portable and much easier to use, and do not require a specific room or separate computer for them to work. They can work anywhere and anytime, and they can be set up in less than a minute. These new headsets are also much lighter and more comfortable to wear. All these improvements make them the perfect tool to achieve what the previous generation of hardware could not.
· Therefore, the mixed reality can be used for better collaboration and understanding of the existing environment (i.e. to communicate more efficiently in real time with experts in remote locations during an inspection), and virtual reality could be notably used to immerse Elia operators in dangerous conditions for training purposes (e.g. a strong magnetic field in the converter hall of an HVDC interconnector, offshore platforms, etc.).

Project-specific state of the art/literature review
· Some companies in various industries are already testing this technology for manufacturing purposes, e.g. Sidel, Tetra Pak, PSA/VW/Renault.

· In late 2018, RTE tested virtual reality as a training tool but no information is available regarding its use for offshore activities or climbing transmission towers.
Expected impact for Belgium
· Limitation of the number of FTEs needed in organizing training (estimated reduction impact of 1.5 FTEs)
· Reduction in maintenance costs and emissions: 
· reduction in experts' trips offshore (cost: a single trip for an expert to the offshore station costs at the minimum 4.5k€ for one day and produces about one ton of CO2: with the help of this project we could reduce the cost to 70€/h and less than 0.5 kg of CO2 produced);
· reduction in team numbers and increase in efficiency onshore (quantification to be confirmed at a later stage of the project)
· Decrease in commuting costs with helicopter and boat which Elia evaluates at 45K EUR/year in human resource cost + cost of transport.
Starting point for Elia
· Elia already has prior experience of this technology. Two years ago, the SARQA VR project replicated a substation in virtual reality to enable visualization of hazardous high-voltage areas and interactions with various items (a construction truck, a ladder, etc.). This project taught us that the technology was not yet ready for day-to-day use at Elia and should be re-evaluated at a later date.
· We also held various workshop sessions involving external companies and various Elia departments to brainstorm on potential use cases and assess the level of interest among end users. The result is the use case described in this document: collaboration and training
· The available technology, hardware and software are currently being evaluated.
Uncertainties and risks
· The technology is fairly new and changing rapidly; we are confident that it is now mature enough to form the basis for this project, but it has not been widely tested in a production environment.
· As the technology is new, end users' reaction to it and their take-up may vary. Recent breakthroughs have made the technology much easier and more comfortable to use but end users' perception of it may be affected by a previous impression that it was chunky and cumbersome to use. It will be a challenge to get end users to adopt the use cases without trying the technology themselves. Therefore, promoting and communicating about it will be major priorities.
· We will have to emphasize the quality of our 3D visualization and user experience to optimize user take-up.
· The Pandemic of 2020-2021 has had a huge impact, both positive and negative, on this project. On one hand, many face to face tests and meetings were impossible but on the other, it highlighted the importance of remote collaboration.
Project description
We have identified three areas where virtual and mixed reality could really bring a value. However, all of these share an initial technological exploration phase.

· WP 1: Technological exploration 
· Mar. – Jun. 2020: During this first phase we met t existing suppliers and obtained test hardware and software licenses and evaluate them for the next phase.
· May – Jul 2021: After one year of test on  one specific proof of concept solution for collaboration in augmented reality a tech report analysis comparing different leading solution providers based on a number of KPIs identified by our business has been created and delivered to demystify the concept of augmented reality

· WP 2: Training: Improving our workforce's hard and soft skills with the aid of virtual and mixed reality
· June 2020. – Nov. 2021: Climbing Transmission Towers use case (hard skills): Working in a high-voltage environment is dangerous, leaving no margin for error. As a result, it is problematic to train our personnel in real conditions. Providing staff with a simulation and immersion tool so that they can experience these situations in a learning environment where they can make mistakes is a major step forward in terms of the quality of our training courses. Virtual-reality e-learning is an immersive process that is mature enough to be used in the initial projects that are under construction.  We worked actively on the use case and have a dedicated team of developers and 3D designers to create this application and the following ones. Delivery of the POC as done in December 2021. MVP is foreseen for November 2023. 
· Sep. 2020 –Sep. 2021: Edison use case (soft skills, centered on Edison, Elia's training substation): Being able to react to a dangerous error made by a co-worker is an important skill within a team. Providing staff with a simulation of work colleagues' actions in a dangerous situation and asking them how to react will help them to prepare for a real-life work situation. This use case has been tested and reviewed, which led to the next phase with the MVP of Coxyde. 
· Sep – 2021 – April 2022:  We provided a Virtual Immersion in an existing substation (in Coxyde), with a simulation of a switching. An MVP was delivered in April 2022 with positive feedback from the business.
· Jan 2023. – Nov. 2023: the Climbing Transmission Towers use case will be extended, as the first POC was not conclusive enough and we need to further explore the possibilities. Specifically we will aim to combine LIDAR integration with an extended reality headset instead of a VR headset. This way, we will enable a situational integration of the climbing scenarios, in order to decrease incidents and human errors. 
 
All use cases offer the same series of advantages. For example, they enhance training, enable repetitive training without the need for a trainer, reduce training time and costs, accelerate changes in behavior, and reduce the risks taken due to the limited possibility to cover all possible future incidents in all possible environments. 


· WP 3: Sharing in remote locations to increase efficiency. This WP consists in improving sharing and collaboration between teams in remote locations. This work package is even more important now following the COVID-19 lockdown. Elia was able to keep all its non-field operations going during lockdown because we have the modern tools to share and communicate information. Improving these tools through more immersion, easier sharing and collaboration between personnel working together remotely is key for the future. Moreover, enabling more remote collaboration will help to reduce our carbon footprint by avoiding unnecessary travelling for meetings. It will also mean that remote support can be provided for both field work and offshore operations. 

· Sep. 2020 – Dec. 2021: Connected Screens in Substations use case: Up to now, most of the information and plans drawn up during work planning in the field are provided on paper. These documents are not always the latest version and cannot be shared for collaborative purposes with members of a team working elsewhere. Installing touchscreens in substations would be a big step in the right direction in this regard.
The project has been delivered and was used by the business in a parallel run, to be able to assess the discrepancies between the different ways of working and tools.  The conclusion was that the tool is indeed good, but not capable to resolve the current complete manual process around the Safety Preparation and Execution. The POC has been integrated in a bigger project to be combined with other solutions to have an end-to-end implementation.


· Aug. – Nov. 2021: Virtual Meetings between Sites use case: Elia personnel dedicate a share of their working time traveling to meetings across Belgium, as remote meetings are not always as efficient as physical meetings. Allowing more interactive and immersive meetings between sites with virtual telepresence and collaborative tools will help reduce the time spent on journeys to and from meetings. The project was delivered with results that were not conclusive. There was a lot of general interest from the business, but the device and the environment were not ideal for an interaction exceeding 2 hours, or less for VR sensitive people. 


· Jan. – Dec. 2021: Virtual NCC Control Room use case: Currently, control rooms use a big wall to display a large amount of information. It is impossible for operators to see all of this information remotely as no screen available to the general public is large enough to display all of it. Replicating this information in a virtual control room accessible in virtual or mixed reality would allow control-room operators to take action remotely in case of an emergency on the grid. Results were not conclusive for similar reasons as the ‘Virtual meetings between Sites use case’.  

· Jan. - Dec. 2023: Virtual Dispatcher: The use case is similar as the one above. The goal is to complement the monitors and the physical space of the dispatcher with an extended reality device. This will allow the dispatcher, who is currently blind to what’s being done in the field, to interact with a field agent avatar and to see exactly what is happening in the field. The extended reality environment will expose the performed actions to the dispatchter, while he can keep an eye on his working tools and EMS screens. This way, the dispatcher will have more control over the actions he is accountable for. This method is different from Virtual Reality and Augmented Reality, as it is a combination of both in one environment and one device. The use case will decrease the risk of actions that are being executed in a wrong way, because the dispatcher will be able to make a visual cross-check.  In the same way, it will also reduce the incidents frequency and risk of human errors.
· 


· WP 4 Improving maintenance, support, and work planning for our substations and sites:
· Jun. – Nov. 2021: AR-impetrant use case: During construction work, knowing where to dig to avoid damaging existing infrastructure is vital. For instance, cutting a water or gas pipe could cause catastrophic damage. Most infrastructure can be found on maps, but it is sometimes complicated to interpret these in situ. This use case aims to make underground infrastructure visible in workers' field of view because it is much easier to avoid digging up a pipeline if you can see it. The use case was delivered in October, and tests made clear that the technology is not mature enough to further implement the use case. The technology needs to develop further before it can bring value to Elia, which is an evolution we are currently seeing. 
· Sep. 2020 – May 2022: Remote Support use case: Getting experts from the industry to resolve an issue at remote locations like the offshore platforms in the North Sea is sometimes complicated and takes a lot of organization ahead of time. Experts sometimes need to travel from another country and to have certification to enter a site. Mixed-reality technologies allow a normal field worker at the relevant location to share their ideas and collaborate remotely with an expert in order to carry out required maintenance and repairs on an asset without the need for the expert to be present in person. The use case  has been tested and functioned until a certain extend in March 2021 but couldn’t sustain a long-term view as requested by the Business. We have then followed up with a technical implementation to use the headset on demand within the Ecosystem of Elia to effectively realize the expected results, which were an effective replacement of the extensive process to bring people offshore, costs and risks considered. Today, the headset is a device used by the offshore team.
· Feb. 2021 – January 2022 : Closed-Off Planning use case: Elia often has to plan work for restricted areas. Some buildings or tunnels cannot be accessed easily as doing so would involve having to cut off part of the grid or conducting a lot of preliminary security/safety checks. By replicating the location in a 3D environment and allowing it to be explored and work there to be planned virtually, we aim to greatly facilitate the work of our field operators. Henceforth, we have made an extensive research to find and test the right technology to make the scanning for 3D rendering. We came with a conclusive result with the business that led to the choice of one specific device that will be used to make the necessary precise scanning needed. 

· Feb. 2023 – Dec. 2023 Virtual Station use case:  Following the closed Planning Use case, and due to the acquisition of a newer technology, we will be able to digitalize the stations and assets of Elia by combining photogrammetry and Lidar for a 3D rendering of the latter. The goal is to reduce the security risks taken by giving access to sites that are in some cases hard to document or difficult to access and for which we do not have the newest data. By implementing this use case, it will allow us to increase the reliability of the intervention in the field and increase the knowledge of the workers of the latter without having to be on site
 
· Approach: Elia tests the sets of hardware and software required for each use case, and works with external suppliers and experts in the industry. The support and expertise are provided by an internal Project Manager, supported by a consultant. 
Due to budgetary restrictions, the implementation and deployment of use cases will be put on hold in H2 while maintaining and/or delivering what has been developed previously, including in H1 2022.

· Deliverables and milestones
1. Jul. 2021: Comparative report of various technologies for remote assistance
2. May 2020: Obtain and set up hardware for mixed reality and connected screens(done)
3. Nov. 2020:  working demo/proof of concept for the Remote Support use case (done)
4. Nov. 2021: working demo/proof of concept for the Climbing Transmission Towers use case (done)
5. Nov. 2020: working demo/proof of concept for the Virtual Meetings between Sites use case ( Done and not conclusive)
6. Sept. 2021: Have a working demo/proof of concept for the Edison use case (done)
7. Dec. 2021: Have a working demo/proof of concept for the Connected Screens in Substations use case (done and transferred to industrialization)
8. Dec 2021: Have a working demo/proof of concept for the Virtual NCC Control Room use case and an impact assessment (not conclusive)
9. Dec. 2021: Have a working demo/proof of concept for the AR-impetrant use case (A first use case was completed in Dec 2020 but we decided to start a second POC using augmented reality glasses instead of augmented reality on a smartphone to improve security) (not conclusive)
10. Jan. 2022: Delivery of a demo for the Closed-Off Planning use case (done)
11. April 2022: Virtual Immersion in a real existing Substation in Coxyde with a simulation of a switching (done)
12. May 2022: technical implementation to be able to use the headset on demand within the Ecosystem of Elia (done)
13. Nov. 2023: the Climbing Transmission Towers use case extension delivery
14. Dec. 2023:  have a working demo/proof of concept for virtual dispatching
15. Dec.2023: have a full 3D interactable substation 

Partners
· Multiple hardware suppliers for the augmented-reality and virtual-reality headsets, connected screens, capture tools, cameras, LIDAR technology, and other necessary accessories
· Multiple software providers for tools for collaboration, operation, capture, etc.
· Experts from the industry to organize workshops and brainstorming sessions and help with planning proofs of concept
· Confidential for the support of development of tailor-made applications. 

Summary of project efforts in person months (by work package and by year) 
Confidential
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