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NEW PROJECT

Trends: Digital revolution, decarbonization
Consequences: Develop infrastructure to flow important RES infeed, Digital tools and data use, Ageing of the infrastructure
Challenge: 3. Automate the inspection of the assets and make maintenance more flexible to cope with planning changes, keeping high level of safety
Domain: 3.2. Automate inspection onshore and offshore

Project-specific context 

Today, it is challenging for Elia to gather data and information from the field in a scalable, reproducible and concise way, because of numerous reasons:
· No possibility to gather consistent, high-quality, diverse data.
· Rounds & readings are inefficient and prone to human error.
· Sites are built for people, not robots and drones. Despite drastic security measures, sites remain a dangerous place for people.
· Sensors are cost-prohibitive on large sites, and are subject to failure.

If we would have access to information from the field in sufficient quality, we would be able to prevent or predict certain incidents.

These different obstacles are particularly present in 4 specific use cases:
I. Preventive inspections
II. Post Incident Inspections
III. Asset documentation
IV. Switching assistance

Therefore, we decided to look for a solution that is flexible and reliable enough to be able to safely and securely retrieve the data we need, without putting people in danger, and retrieve this data 24 hours a day without failures or interruption. In this sense, we identified 5 solutions that could be implemented: 

1. Human Workforce –Manual Inspections
2. IoT Systems –Static Inspections
3. Wheeled Robots –Autonomous Inspections
4. Legged Robots
5. Drones


From this list, ‘drones’ were eliminated. On one hand, industrial drones can perform many of the inspection tasks that we require. However, drones are limited in terms of battery life and payload. They cannot be equipped with heavy tools such as Lidars, or with power-intensive GPUs.
After deeper analysis, the following conclusions were drawn.




	1. Human Workforce – Manual Inspection

	Pros
	Cons

	· React with experience
· Is creative when troubleshooting is needed
· Has a natural instinct and insight into situations
	· Potential injuries or even death are always a risk
·  Travel time and transport and working hours cost money
· Working time is limited
· Trained and certificated people are difficult to find
· The human factor is fragile on errors (repetition, boredom, monotony, emotions)
· In addition to the human risk, this option may damage Elia’s image

	Conclusion

	Good for complex and creative approach for problem solving. Risky due to safety precautions, and cost-intensive



	2. IoT Systems –Static Inspections  

	Pros
	Cons

	· Single units are cheap
· Deep insights into specific parameters
	· Static: cannot be replaced once installed
· False positive risk –Can break before the asset itself breaks
· Attachment on moving parts is risky
· Continuous connectivity required to store data
· Interference with existing infrastructure

	Conclusion

	Static – flexibility is limited



	3. Wheeled Robots  

	Pros
	Cons

	· Cheap
· Energy efficient in flat spaces (without stairs or complicated obstacles)
· Modularity which allows to build a custom robot (100 kg payload possible)
	· Cannot freely use infrastructure like stairs
· Software provided by vendors is rudimentary
· Auto-recovery features are highly limited

	Conclusion

	More energy and cost efficient but cannot handle stairs –limited autonomy



	4. Legged Robots

	Pros
	Cons

	· State of the art technology
· Can be fully autonomous due to auto-recovery features
· Can work in human infrastructure. No adjustments needed. Robots can walk stairs and open doors if needed
	· More expensive
· Less energy efficient in comparison to wheeled robots

	Conclusion

	Can be deployed for multiple scenarios without the need to adjust the human infrastructure



Project-specific state-of-the-art/literature review
National Grid, UK Atomic Energy Authority or FLIR are some of many utility companies that are currently testing legged robots to remotely operate and inspect their assets.
Power & Utilities Solutions | Boston Dynamics

Expected impact for Belgium
· Remove personnel from dangerous, electriﬁed, explosive environments
· Identify risks upfront 
· Reduce time and improve inspection by at least 1/3 FTE per Substation per year (including transportation)
· Redistribute labor to critical projects 
· Find failures before they prompt shutdowns
· Proactively manage remote sites and perform predictive maintenance.

Starting point for Elia
Elia has already implemented sensors, drones and wheeled robots within its infrastructures within different initiatives, depending on the environment. This will be our first time exploring the implementation of a legged robot in any context and especially for remote tele-operability .

Uncertainties & risks 
· Currently only 1 robot available for testing. Limits flexibility in test scheduling
· Lack of documentation 
· Existing infrastructure not designed for robotics–good choice for Autonomous Mobile Robot approach
· Trade unions may have concerns about the risk on jobs. Need to convince them of the benefits: 
· the projects will improve people’s safety on the field
· It prolong asset life
· It will improve processes and save money for the society.

Project description (planning, work packages, deliverable, milestones) 
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· Safety: Remove personnel from dangerous, electriﬁed, explosive environments / Collect data remotely and identify risks from afar
· Efficiency: Reduce time to inspection / Improve uptime 
· Predictability: Find failures before they prompt shutdowns/  / Proactively manage remote sites and perform predictive maintenance
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1. September 2022 – June 2023 AUTONOMOUS PREVENTIVE INSPECTION

Current Situation

If maintenance is not performed correctly, the asset generates additional costs and delays in the execution of further projects. 

Types of Inspection: 
	Technical
	Non-Technical

	Every two months checking of water penetration, GIS and power cables
	Animals in sensitive parts of substations (Visual inspection of fences)

	Visual inspection is performed by different people on different positions
	Vegetation management

	Thermal inspection on AC and DC cables
	Safety violations due to undesirable spectators

	Breaker inspections every 6 months
	



· Inspection and transportation with third parties is planned for the entire year (especially offshore)
· Access to substations (especially offshore) depends on weather conditions
· Rough weather conditions often generate the largest amount of energy, but make it often not possible to visit the substations
· Performing maintenance is required by third party suppliers to avoid void warranty
· HVDC has to be shut down to inspect converter hall.



Autonomous Preventive Inspection Implementation with legged robot (SPOT from Boston Dynamics): 
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2. July 2023 – June 2024 AUTONOMOUS POST INCIDENT INSPECTION

Current Situation
· Currently – when a storm (or other severe damage) on an offshore station occurs – a helicopter must be used to get the team on site – to perform the inspection after the incident.
· When the incident happens – connectivity issues may occur
· Danger for employees in bad weather conditions (for transportation as well as just for “residents”)
· Missing information about human friendly environment in offshore substation (hot gas, missing earthing).


Autonomous Post Incident Inspection Implementation with legged robot (SPOT from Boston Dynamics):
· Permanent resident – Spot Robot which activates itself automatically as the incident on the substation occurs.
· Black Box principle – similar as in the airplane industry – with one significant difference: the robot can perform measurements AFTER the incident.
· The robot should be de-coupled from the internet connectivity, and be able to work autonomously.
· Data Dump on the Docking Station. Local Backup – then send to an internal Storage in the intranet.
· Analysis based on video, thermal vision, acoustic.
· Flow: Incident trigger occurs -> robots wakes up -> makes an exploratory round -> records the content -> goes back to the docking station -> stores the data -> end.
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3. July 2024 – December 2025 ROBOTIC SWITCHING ASSISTANT

Current Situation

The hardware and processes required for the switching operations differ from substation to substation.
The GIS system is designed to handle HV in a compact way by using pipes. This restricts the view on the moving parts inside the system. The switching console is not close to the switching-mechanic that will execute the switch. To validate the switching the switching operator needed to go to the GIS-pipes after every step to verify the process.

CHANGEABLE PAINS
· Delay in switching will cause a delay in executing projects
· Switching needed between 30 -180 minutes Long and expensive travel time to assets 
· Lack of qualified and certificated staff
· No possibility to observe assets directly after the switch, because switching officer is already on the move.
· Two people are required by law for the validation process, currently those are:  switching officer onsite + dispatcher remotely.














AS IS Process
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Robotic Switching Assistant with legged robot (SPOT from Boston Dynamics):
1. Autonomous walk by mission planning
2. Camera can be adjusted autonomously or by operator
3. Visual validation of thermal sensor on switching arms, earthing switch and circuit breakers
4. Gives feedback about condition of the circuit breaker and switches by analyzing sound while switching

TO BE Process with Robotic Switching Assistant
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4. September 2022 – December 2025 AUTONOMOUS ASSET DOCUMENTATION
The autonomous asset documentation will be done based on a LiDAR Scanning that will be performed at each stage of the 3 first use cases, henceforth creating a collateral benefit of the latter without deploying further resources. 


Deliverables and milestones
1. [bookmark: _GoBack]September 2022: Cigre presentation
2. November 2022: ENLIT use cases presentation
3. November 2022: integration of Spot within Elia Network with a study for network industrialization
4. December 2022: Report on Remote Spot Control with a VR Headset by 2 users at least 
5. March 2023: List of Assets Recognition by the Robot
6. June 2023: Report of anomalies detection with first Autonomous walks
7. June 2023: Autonomous anomalies reporting 
8. July 2023: first full scanning of one substation with a 3D model delivery 
9. December 2023: Incident trigger analysis 
10. December 2023: full robot activity reporting

Partners 
Confidential

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