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2021 decision: AcceptedDomain 3.2
 .1

Trend: Digital revolutionDomain 3.2
 .1

Consequences: Digital tools and data use, aging of the infrastructure
Challenge: 3. Automate the inspection of the asset and make maintenance more flexible to cope with planning changes, keeping a high level of safety
Domain: 3.2 Automate inspection onshore and offshore

Project-specific context 
The initial need for the use of robots at Elia is based on two main challenges related to asset monitoring: inspection automation, and operation in dangerous or remote situations – aspects that are becoming more and more important due to new and more complex systems:
1. Some assets are difficult to physically access assets because of their location in dangerous environments (such as HVDC converter station) or involve long and costly trips (mainly offshore).
a. This applies to remote locations such as an offshore platform, which takes at least 24 hours to reach (including planning), and even longer in bad weather conditions. Moreover, it is very difficult to deal with emergencies in such places because of this time factor and the cost of the helicopter. In these situations, robots can be a useful tool to perform a quick assessment of asset condition and carry out low-level activities.
b. It also applies to places where it is difficult to move and that are hostile for humans. A good example is the ALEGrO cable tunnel, where an outage is required for any inspection to be performed due to a lack of oxygen, the absence of lighting, and high voltages. Moreover, installing sensors along the tunnel would be too expensive. 
c. This is also the case for places that are dangerous for both humans and equipment, such as the converter hall of the Nemo interconnector, where nobody can enter when it is in operation due to the strong magnetic field and where conventional cameras do not allow a failure to be detected. Thermo-cameras could perform such detection but would be too expensive to be fitted out throughout the converter hall (around €1 million).
2. Additionally, we see that on top of hostile environments, the deployment of fixed sensors has its limitations in terms of access to digitalized/connected infrastructure. Here, robots would be an innovative way to transport sensors, responding to these two main issues:
a. Lack of flexibility for remote sensors: In remote locations such as offshore platforms, fixed cameras cannot cover every angle of the whole area and therefore cannot detect every problem. An example is a water leakage that requires a moving camera to be detected on the ground. Flexibility can also be seen in the possibility of changing the sensor on the robot or upgrading to the most up-to-date technology instead of undertaking a major operation to change all fixed sensors.
b. High deployment costs to cover particular areas: As mentioned before, the number of cameras required to cover a complex environment such as the Nemo Link converter hall (with many large converter modules) is huge and Confidential
Project-specific state-of-the-art/literature review
· Robots on wheels or caterpillars have been in use since 2013, with a first deployment by State Grid of China to automate the inspection round in an onshore substation. Today, in total, more than 20 substations are currently covered and the robots are controlled by a central control room for infrared and visual inspections, replacing foot patrols. They have enabled a 75% decrease in the time required for infrared inspection and a 50% decrease in the operator's workload. 
· TenneT has also tested an 'animal-shaped' robot in an offshore substation. However, tests are still ongoing and there is still no clear conclusion regarding the potential of such a technology. TenneT is now starting a five-year R&D program with a university and a supplier to assess the potential of such a technology.
· In other business segments such as offshore oil rigs, the use of a robots is becoming more and more common for multiple inspections. For example, Total is currently using its brand-new version of a robot on one of its sites in Scotland.
· Different sectors, such as the military sector, have been developing robots since years but focusing largely on hardware. These robots are able to do a lot in harsh environments but are mainly tele-operated and not benefiting from autonomous algorithms for industrial environments. 
· Research has been conducted mainly into hardware, such as in army applications, and remote control.
· As of 2021 more TSOs are expressing interest in the use or robots. A recent example is the collaboration of National Grid with Boston Dynamics and the use of their robot ‘Spot’ in a substation. 
Expected impact for Belgium

Robot technology, by addressing the issues mentioned above, can impact the efficiency and quality of maintenance and therefore avoid risks of outages thanks to a more precise and systematic inspection, thereby improving monitoring and operation, but also can affect safety by limiting human exposure to danger.
Elia will develop more and more HVDC systems in the future which are composed of HVDC Converter stations and HVDC underground cables and tunnels. These types of assets will become critical not only as interconnectors between countries but also within Elia’s control area. The robot technology will become extremely important as an enabler technology towards a better, more efficient and securer way of monitoring and operating this type of assets which by nature are more complex to be managed. Increasing their reliability and smoothening operations will avoid outages, unpredicted failures, which for instance for HVDC systems are expected to be more frequent and downtime much higher compared to AC components.
Tunnel Inspection 
· Based on a rough estimate, in the context of the ALEGrO project a robot being used to inspect the tunnel could halve the need for planned outages. This increases the social welfare, since the moments when the market cannot use the cable will be reduced.  
HVDC Converter Hall
In the scenario of using robot for HVDC Converter Hall inspection for both ALEGrO and Nemo Link, such technology could enable: 	
· Increased reliability of the grid: Reduced risk on unexpected outages. Frequent inspection will allow to detect risks earlier and turn unexpected outages (trip) into a scheduled outage avoiding system operations and market costs.
In the case of Nemo Link and ALEGrO, the use of a robot for an inspection in the converter hall could enable early detection of a fault in a power module, reducing the risk of an outage and therefore an imbalance for the grid and the related impact on the short-term market. Based on an assumed risk matrix and related probabilities, Elia could Confidential. Imbalance costs can vary quite extremely from event to event but as we see now in a very volatile electricity market, our assumptions could be considered on the conservative side. 
· Reduced outage time needed for ad hoc repair interventions: Today, in case of a trip, maintenance teams need to be mobilized, go in ‘blind’ not knowing what or where the problem is. A robot could allow mobilization and work preparation before shutdown. Mobilization and work preparation are estimated on average 2 h per incident.

· Cost saving on materials: Waiting for a converter hall trip implies that damage to material is much more severe. Continuous inspection allows earlier fault detection and reduce material costs. 

· Allow better work preparation of the yearly outage, reducing outage time: Part of the inspection work can be carried out prior to the outage. The remaining work can be better prepared and prioritized, reducing outage time needed.
Substation Onshore / Offshore
· The estimate of the impact for inspections in substations could be close to that of the State Grid of China case (a 75% reduction for thermography) and we could avoid up to 20 trips to the offshore platform per year. However, we first need to better understand what the capability of robots in the Elia onshore and offshore substations would be. 
· Safety: 
1. Remove personnel from dangerous, electrified, explosive enviroments 
2. Collect data remotely and identify risks upfront 
· Efficiency:
1. Reduce time to inspection
2. Improve uptime
3. Redistribute labor to critical decision making 
· Predictability:
· Find failures before they prompt shutdowns
· Gather consistent data to meet regulatory requirements
· Proactively manage remote sites and perform predictive maintenance 
Starting point for Elia
· Elia has no experience with robots. 
Uncertainties and risks
· The main uncertainty surrounds not the robot itself since, as we mentioned before, the hardware is already developed and tested in the military sector for example, but rather the ability to perform tasks specific to Elia's core business. The main risk is then related to the robots' adaptation to our environment (e.g. substations onshore and offshore, air or gas insulated…).
· In the case of robots in substations, the primary uncertainty is whether the robot can perform normal tasks required for inspections, ranging from opening 30-kg doors to climbing stairs in a substation or reading the various meters . This relates to both hardware and software development capabilities. 
· The software aspect is shrouded in great uncertainty because it requires specific developments for our core business, while the hardware is challenged by many other sectors.
· In the case of robots in the Nemo converter hall, a major risk is that robots will also operate in an environment with a strong magnetic field. Another resulting risk of this use case is that the manufacturer does not accept the presence of robots in such an environment without affecting the terms of its guarantees. Finally, another risk could be that robots can also damage equipment by triggering electrical arcs or, in case of lack of control, damaging the infrastructure
· Finally, in all these cases, an additional uncertainty is that in every situation, high-quality and stable communication must be maintained between robots and the control room, as must the battery range for the various robots. 

Project description
· The project covers the three use cases mentioned above: 
· ALEGrO tunnel: tailoring the development of robots on wheels to perform remote inspections of corrosion and water leakage and check cable fixtures after a short-circuit;
· Nemo and ALEGrO converter hall: testing robots so that they can perform inspections regarding heat and leakages alongside general continuous inspections; 
· Onshore/offshore substations: testing of robots on wheels / caterpillar for basic inspection works and thermography. 
For the first two cases, the goal is to select a supplier and develop solutions tailored to the situation and then perform testing in real-life conditions to validate the capacity of the robots. 
For the last case, the initial goal is to understand the capabilities of robots in a substation environment that might be followed by specific use cases. 

· Approach: For each of these use cases, we will team up with an external provider to test existing robots and in some cases develop specific features. In the case of the Nemo converter hall, we have partnered with a laboratory for testing and improving the robot’s resistance to the strong magnetic field. 

· Work packages and timing (M = month)
1. WP 1: Exploratory work
i. Feb. 2018 – Feb. 2019: Research study and contact with market players
ii. Feb. – Mar. 2019: Identification of use cases
iii. Jun. – Sep. 2019: RFP for the most challenging use cases in order to select suppliers with the most appropriate capabilities 
==> Finalized
2. WP 2: Robots for tunnel inspection
iv. Oct. 2019: Roundtable with the TSOs owning the ALEGrO tunnel and shortlisted suppliers with an off-site demonstration
v. Nov. 2019: Selection of final suppliers
vi. Jul.– Sep. 2020: On-site demonstration
vii. Jul. – Oct. 2020: Performance of EMC laboratory tests
viii. Nov. 2020: Final selection
ix. Jan. – Feb. 2021: Robot development and adaptation through iterative steps
Update 2021-2022: Following the tests in late 2020, no further decision has been taken to progress with the tunnel inspection use case in 2021 because the efficiency gain is finally limited and the use cases are very different from each other needing a lot or tailoring, which makes the business case difficult. Elia has not carried out any further investigations in this work package and consequently not spent any budget in that regard. This does not mean that the track has been abandoned but only that the effort has been focused on the “HVDC converter hall” use case where, due to the involvement of other partners, commercial negotiation and particular scoping have taken more resources and time than originally planned. the SteerCo decided to put WP 2 (Robots for tunnel inspection) on hold until a full inventory of all tunnels in Belgium is made. This could positively influence the business case. A re-evaluation should be done end 2022.  Other WPs are ongoing as described below.
Furthermore, following activities are foreseen for WP 2 in 2022 and 2023
a. Full inventory of tunnels and cables in Belgium which are operated under Elia’s responsibility
b. Gathering of all characteristics, requirements and constraints of such difficult enviroments
c. Conduct updated Market Research on Robotic Technology for Tunnel Inspection
d. Re-assess business case based on new market research

3. WP 3: Robots for converter hall inspection 
x. Sep. – Nov. 2019: Study of the problem
xi. Nov. 2019 – Feb. 2020: Supplier identification
xii. Jun. – Nov. 2020: EMC study and laboratory tests
xiii. Nov. 2020 – Feb. 2021: Robot R&D
xiv. Mar. – Apr. 2021: Similar environment tests
xv. May 2021: Decision on implementation: green light was given by Elia Steering Committee to enter in the R&D development of the Robot which upon successful contractual signing was kicked off in beginning of Q3 2021. 
Update 2021: The use case around the Robot for Converter Hall inspection has been developed in detailed as per identified steps in WP 3. The supplier identification, selection & testing (laboratory and HVDC Conv Hall visit) have been completed between Q4 2020 – Q1 2021 in different stages with different suppliers. Additional external partners have been onboarded into this research project which share the same interest to use the robot in the HVDC Conv Hall. In May 2021 the green light was given by Elia Steering Committee to enter in the R&D development of the Robot which upon successful contractual signing will be kicked off in beginning of Q3 2021 and has the following delivery plan:
· Stage 1: Project Kick Off -  July – August 21
· R&D 1: Base platfrom build & test cycles  - Sept 21 – Feb 22
· R&D 2: Sensor build & test cycles -  March 22 – June 22
· Build Implementation - Production build&test cycles – July 22 – Dec 22
· 'Deploy'  - Deploy & UAT (1x platform) - Jan 23
· Scale up   - Supply & deploy  - Feb – Jul 23



Partners
· Supplier for WP 2: HVDC Converter Hall – Ross Robotics 
· Additional Partner shaping technical requirements for WP 2: HVDC Converter Hall: Confidential, 50hertz transmission GmbH 

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