            		                   [image: ]
Project 1: Smart Technology for Assessing the Aging of Linear Assets
New Project

Strategy: Which aspects of the Innovation Strategy are tackled with this project? Maximizing the use of existing assets
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Related Projects:  The Hyperspectral Camera project (CREG Innovation Incentive 2023) aims to address a similar issue by focusing on rust, which is another factor that contributes to the aging of our linear assets. The project seeks to improve the analysis and classification of rust present in metallic towers.

1. Project Overview
· Abstract: 
This project aims at tackling in a coordinated manner challenges around aging of overhead line’s main components: tower and conductors. 
Firstly, we aim at exploring technological feasibility of utilizing aeolian vibration sensing to predict the age of copper conductors in overhead transmission lines. By detecting aging that is not visible to the naked eye, the project seeks to enable earlier prediction and intervention before failure occurs. The project will be conducted in collaboration with Sentrisense, a start-up that won the Open innovation challenge in 2022, and will involve real-time testing in the field including installation of sensors on a predefined overhead line. Due to the exploratory nature of such projects, further cross-testing will be conducted in a laboratory environment for validation purposes, and lastly the utilization of a second technology (UV camera) is planned for cross checking of results coming from Sentrisense devices.  
Through continuous monitoring of the lines, this project mainly seeks to (a) establish the relationship between aging and vibrations resulting from broken strands, and (b) improve the precision and efficiency of detecting incidents and failures in copper conductors. The estimated timeline for a first feasibility check is foreseen in 12 months.
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Figure 1. Pictures of Sentrisense device and its installation in overhead line
Furthermore, we envision to create synergies and use knowledge from ongoing projects in a similar direction, namely Hyperspectral camera. Hence, we push for re-usability of such technology for conductor use as well and in a separate investigation within this project we aim to a) check feasibility of using hyperspectral beyond metallic tower for conductors b) cross-test UV camera with hyperspectral camera and c) validate pre-processing and software capability for such use case. 

· Innovative Character of the project: 
The innovative aspect of this project is that it aims to address the challenge of detecting aging in overhead transmission lines by offering a retrofit solution for fleets that do not have fiber optic capabilities. Aging is a slow and imperceptible process, particularly for copper conductors that do not rust, which makes it difficult to detect without continuous monitoring. By retrofitting existing assets with this technology, the project seeks to enable earlier prediction and intervention before failure occurs, thus enhancing the reliability and safety of the overhead transmission lines. Another exploratory characteristic of this project is the validation of the hypothesis that broken strains are correlated to aging, which has been proven on a theoretical level but not yet tested in a live environment.  

2. Expected impact on the Belgian consumer

Describe the impacts that your project will have on the Belgian consumer. These can be qualitative and preferably quantitative where possible. Allocate the expected impacts into 3 categories: 
· Affordability: 
Extended infrastructure life span and associated cost savings: Through accurate aging detection, the project aims to extend the lifespan of existing copper conductors. By maximizing the utilization of infrastructure assets, Elia can avoid or delay costly replacements. This longevity of infrastructure helps in smoothening the replacement capex curve. Copper conductor is present in approximately 1391 km of circuits in Elia’s overhead line fleet. If we could create impact in at least 10% of the most critical length through this project, that would be translated into 140 km of copper conductor which would, due to this solution, have an effective aging understanding and for part of it also extension of lifetime. This is translated in cost savings due to replacement avoidance. Furthermore, additional savings for selected infrastructure where Sentrisense sensors will be installed due to continuous remote monitoring and no need for further patrol check. 

· Sustainability: 
The qualitative impact on sustainability is listed below:
1. Resource efficiency: By detecting ageing in copper conductors and extending their lifespan, this project enhances resource efficiency. It minimizes the requirement for premature replacements, leading to the conservation of valuable materials and a reduction in energy consumption and carbon emissions associated with the manufacturing and installation of new conductors. For instance, the project's aging detection capabilities can prolong the lifetime of copper conductors by several years. This extension reduces the necessity for extracting additional copper, consequently lowering the amount of CO2 emissions generated during the copper extraction process.

2. Waste reduction: Detecting aging in copper conductors helps in preventing unexpected failures and breakdowns, reducing the generation of waste materials resulting from emergency repairs or replacements. By minimizing the amount of waste generated in the power transmission system, this project contributes to waste reduction and supports sustainable waste management practices.

· Security of Supply:
1. Preventing Unplanned Outages: By detecting and addressing the aging of copper conductors, your project helps prevent unexpected failures and breakdowns in the power transmission infrastructure. This proactive approach reduces the likelihood of unplanned outages, ensuring a more secure and reliable energy supply for consumers and minimizing disruptions to businesses and industries.

2. Congestion Management: Timely identification of aging conductors helps in managing congestion within the power transmission system. Unplanned outages due to aging or faulty conductors can lead to congestion issues, affecting the smooth flow of electricity. By mitigating these congestion challenges through proactive maintenance enabled by aging detection, this project ensures a secure and efficient energy supply, avoiding grid overloads and potential service disruptions.

3. State of the Art & Starting point Elia 

· Describe here the most recent stage in the development within this domain. This can refer to an academic paper or similar studies, technologies, ideas, or projects already implemented with peers or other industries.

The most recent stage in the development within the domain of detecting the aging of copper conductors in power transmission lines involves the utilization of Fiber Bragg Grating (FBG) sensors. FBG sensors have been explored and demonstrated in academic research articles and similar studies as a viable technology for detecting broken strands in copper conductors. For instance, in a recent research article titled "Detection of Broken Strands of Transmission Line Conductors Using Fiber Bragg Gratings Sensors," the authors investigated the feasibility of using FBG sensors for identifying broken strands in copper conductors. The study focused on analyzing the changes in natural frequencies of the transmission lines, which decrease after a strand is broken. By strategically placing FBG sensors along the transmission lines, the researchers were able to detect these changes in natural frequencies, indicating the presence of aging and broken strands.
Figure 2





· Describe how the project aligns with other (European) Initiatives such as TYNDP, REPowerEU, etc. 
The project is aligned with the strategic vision of Elia (which is aligned with EU ambitions). 

· What are the main risks & uncertainties to deliver this project successfully? 
· The 12-16 month investigation may be too limited to detect all forms of aging in copper conductors.
· Developing a reliable pattern for detecting vibrations associated with aging requires a significant amount of data, and it is unclear what the minimum amount of data needed is.
· There may be unforeseen technical issues during the installation and operation of the Sentrisense device in the field.
· The accuracy of the Sentrisense device in predicting the age of copper conductors may be affected by environmental factors, such as extreme temperatures or weather conditions.
· Where does Elia stand today? Where do we want to arrive? (link to Innovation Phase or TRL)
· The current level of TRL for vibration sensor for specific use case is between TRL 3-4. The technology is mature for other use cases, but has not been demonstrated within the field of aging prediction. We aim to bring it to TRL 6.

4. Hypotheses & Project Planning with Work Packages 

· Define the key hypotheses that need to be validated with this project

	N°
	Descriptions of the hypotheses

	1
	The natural frequency of transmission lines is inversely correlated with the presence of broken strands in the copper conductor. Therefore, if a strand is broken, the natural frequencies of the transmission lines will decrease.

	2
	The occurrence of broken strands in the copper conductor is directly linked to the aging process. As the copper conductor ages, the likelihood of broken strands increases.

	3
	Vibration patterns associated with the aging of copper conductors can be detected and analyzed to identify potential broken strands. Therefore, if specific vibration patterns are observed, it indicates the presence of aging and potential broken strands in the copper conductor. 

	4
	Laboratory investigations utilizing sensor solutions can effectively validate the usefulness of detecting vibration patterns to assess the aging and presence of broken strands in copper conductors. If the sensor solutions demonstrate consistent and accurate results in laboratory conditions, it supports the viability of the approach.

	5
	Cross-testing the vibration detection method with UV Camera and Hyperspectral Camera can provide meaningful results in identifying the presence of broken strands and aging in copper conductors. If the combined data from vibration detection, UV Camera, and Hyperspectral Camera analysis show consistent correlations and patterns, it strengthens the reliability of the detection method.



· Provide a roadmap with a description and timing of the work packages & key milestones
This project includes 4 work packages (WP) as depicted in below Figure 3. 
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Figure 3. Overview of the different work packages
 
WP 1
· Technical feasibility of vibration sensor for overhead line monitoring and aging
This work package focuses on assessing the technical feasibility of using a vibration sensor, specifically the Sentrisense device, for monitoring the overhead transmission lines and detecting aging in copper conductors. The objective is to install the sensor, collect vibration data, and analyze it to gain insights into the condition and lifespan of the copper conductors.

· Tasks: 
· T1.1: Install the *Sentrisense device for vibration sensing
· T1.2: Collect data from the Sentrisense device
· T1.3: Analyse and interpret the collected data 

· Deliverables:
· D1.1: Plan for scheduling an outage to facilitate sensor installation
· D1.2: Software and Graphical User Interface (GUI) access for continuous monitoring and feedback
· D1.3: Documentation on the installation
· D1.4: Documentation on the data collected
· D1.5: Documentation on the events recorded (e.g., extreme weather, etc.)
· D1.6: Report on the analysed data and interpretation of the lifespan of copper conductors

WP 2
· Verification in the lab by sampling conductor in worse condition and comparison with results in the field
This work package aims to verify the findings and results obtained from the field by conducting laboratory testing on sampled conductors in worse conditions. The objective is to simulate specific events and conditions that can accelerate the aging of copper conductors and compare the results with the data collected in the field. This verification process will provide additional evidence and validation for the project's findings.
· Tasks: 
· T2.1: Set up the necessary equipment in the laboratory
· T2.2: Conduct testing on sampled conductors in the laboratory

· Deliverables:
· D2.1: Finalize requirements and agreements for the set-up of the laboratory facilities.
· D2.2: Procure the required components for testing
· D2.3: Document a comprehensive list of events simulated in the laboratory and document conducted experiments via photos and reports  
· D2.4: Documentation of the test results obtained
· D2.5: Publication of an article regarding the test results on Elia’s Group Innovation website.

WP 3
· Ultra-violet (UV) Camera inspection with drone for cross-test
In this work package, a UV camera mounted on a drone will be used to inspect the copper conductors and cross-check the results obtained from the Sentrisense device. The UV camera will help identify any visible broken strands in the conductors. This cross-test aims to validate the findings and ensure the accuracy of the aging detection process.
· Tasks:
· T3.1: Setup the drone with UV camera
· T3.2: Inspect the copper conductors 



· Deliverables:
· D3.1: Scoping document for test of the remote technology (ppt)
· D3.2: Documentation on results from test on WP3
· D3.3: Comparison analysis of results with Sentrisense device
· D3.4: Publication of an article regarding the comparison analysis on the Elia Group Innovation website. 

WP4
· Test hyperspectral camera with drone beyond towers for conductors
In this work package, a hyperspectral camera mounted on a drone will be used to inspect the copper conductors and cross-check the results obtained from the Sentrisense device. The hyperspectral camera provides detailed spectral information that can help identify subtle signs of aging or degradation in the conductors.
· Tasks
· T4.1: Set up the drone with the hyperspectral camera
· T4.2: Conduct hyperspectral imaging of the copper conductors

· Deliverables
· D4.1: Scoping document for test of the remote technology (ppt)
· D4.2: Documentation on results from test on WP4
· D4.3: Comparison analysis of results with Sentrisense device
· D4.4: Publication of an article regarding the comparison analysis on the Elia’s Group Innovation website. 

	Milestones + short description
	Due Date

	Installation of sensor devices
	Q4 2023

	Testing Sentrisense device in the field, collecting data and analysis
	Q2 2024

	Testing Sentrisense device in the lab & sampling of conductor of worse condition for lab test verification
	Q2-Q3 2024

	Cross test with UV camera drone inspection
	Q3 2024

	Hyperspectral Camera test and comparison with UV 
	Q4 2024 

	Result comparison and final assessment of sensor solution vs. camera solutions
	Q1 2025



5. Deliverables 

Please complete the table below with an explanation and add project specific deliverables. 
	Deliverables
	
Access to Lab & test
	
Installation in the field
	
Test in the field

	Reports
	Communication/ Workshops / Project Meeting / Pictures 
	Software 
	Expected Timing

	Work Package 1:

	D1.1: Plan for scheduling an outage to facilitate sensor installation
	
	X
	X
	
	X
	
	Q4 2023

	D1.2: Software and GUI access for continuous monitoring and feedback.
	
	
	
	
	
	X
	Q2 2024

	D1.3: Documentation on Installation
	
	
	
	X
	
	
	Q2 2024

	D1.4: Documentation on data collected
	
	
	
	X
	
	
	Q2 2024

	D1.5: Documentation on events recorded (e.g., extreme weather, etc.)
	
	
	
	

	X
	X
	Q2 2024

	D1.6: Report on analyzed data and interpretation of the lifespan of copper conductors
	
	
	
	X
	
	
	Q2 2024

	Work Package 2:

	D2.1: Finalize requirements and agreements for the set-up of the laboratory facilities. 
	X
	
	
	
	X
	
	Q2-Q3 2024

	D2.2: Procure the required components for testing
	
	
	
	
	X
	
	Q2-Q3 2024

	D2.3: Document a comprehensive list of events simulated in the laboratory
	
	
	
	
	X
	
	Q2-Q3 2024

	D2.4: Documentation of the test results obtained
	
	
	
	X
	
	
	Q2-Q3 2024

	D2.5: Article on Elia’s Innovation Website
	
	
	
	X
	
	
	Q2-Q3 2024

	Work Package 3:

	D3.1: Scoping document for test of the remote technology (ppt)
	
	
	X
	
	X
	
	Q3 2024

	D3.2: Documentation on results from test on WP3
	
	
	
	X
	
	
	Q3 2024

	D3.3: Comparison analysis of results with Sentrisense device
	
	
	
	X
	X
	
	Q1 2025

	D3.4: Article on Elia’s Innovation Website
	
	
	
	X
	
	
	Q1 2025

	Work Package 4:

	D4.1: Scoping document for test of the remote technology (ppt)
	
	
	X
	
	X
	
	Q4 2024

	D4.2: Documentation on results from test on WP4
	
	
	
	
	X
	
	Q4 2024

	D4.3: Comparison analysis of results with Sentrisense device
	
	
	
	X
	
	
	Q1 2025

	D4.4: Article on Elia’s Innovation Website
	
	
	
	X
	
	
	Q1 2025







6. Budget

*Confidential*

7. Partners

List (with bullet points) the partners that are involved in the project. These can be Universities, other TSOs, DSO’s, public companies, private companies, governmental agencies, etc.  
A)  Sentrisense - Monitoring power lines 
B)  External Laboratory (TBC) 
C) UV Camera on Drone Inspection (TBC partner)

8. [image: ]Allocated Incentive (to be completed by the CREG)

The allocated Innovation incentive for this project is … € or … % of this year’s Innovation project portfolio. 
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