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Project Title (This cannot be changed once registered) Project Reference
NIA_SSEN_0059
CageCapture™ ™ SF6 Paint Detection

Funding Licensee(s) Project Start Date
September 2022

Scottish Hydro Electric Power Distribution

Southern Electric Power Distribution

London Power Networks

South Eastern Power Networks

Eastern Power Networks

Northern Powergrid (Northeast)

Northern Powergrid (Yorkshire)

Project Duration Year
24 months 2023

Nominated Project Contact(s)

Tim Sammon, Innovation Programme Delivery Manager at SSEN
FNP.PMO@sse.com

1. Scope

Stage 1 Proof of concept SF6 detection coating developed and tested in relevant lab environment.
Stage 2 Evaluate the performance of SF6 detection coating applied to nine circuit breakers in service on the distribution networks. Trial
sites will preferably be in three different locations to provide the typical range of UK environmental conditions including coastal and

higher altitude locations.

As detailed in section 3.2 the project has the potential to deliver up to £11m in financial benefits to GB distribution customers based on
early detection of leaked SFsgas.

2. Objective(s)

Stage 1: Proof of concept detection with CageCapture™ material. Quantifiable detection results will be undertaken to measure the
success of the CageCapture™ detection proof of concept.

Stage 2: Prototype testing of the coating. Evaluation of coating function in real world environment, measured by real world testing
results.
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3. Success Criteria

Minimum success criteria (Must and should) Measure Must be applicable to welds, metal pipework, resin and flanges. Should be

applicable to existing coatings with simple surface preparation. Consideration in coating formulation results in successful deployment
Must be durable and resilient to environmental conditions Evaluation in real environment testing validates performance Minimal
conductivity Lab based testing validates property Reapplication possible Evaluation in lab and real environment testing shows viability
Desirable criteria (Could) Measure Detection coating with visual indicator Successful candidates are identified as part of work
programme in Stage 1 Easy to use Evaluation in real environment testing results in positive feedback

4. Performance compared to the
original project aims, objectives
and success criteria

Details of how the Project is investigating/solving the issue described in the NIA Project Registration Pro-forma.
Details of how the Project is performing/performed relative to its aims, objectives and success criteria.

e Originally identified visual and fluorescent concept materials have been manufactured, analysed and tested following exposure
to SFe.

e Initial fluorescent results using the originally proposed cage material (CC19) showed extremely strong fluorescence; however
the reduction following SFs exposure was limited. Upon further analysis it was considered that the changes in fluorescence
after SFs exposure would be extremely difficult to detect using standard industrial methods and were inconclusive in lab
environments. Therefore, this potential solution was rejected, and alternative methods investigated.

e Technical review meeting held with network partners to understand the detailed objectives and requirements of the project
and compare this to the performance and limitations of the proposed materials and solutions.

o A paint or coating solution is unlikely to be practicable with Cage materials due to the incompatibility of the porous
cage material and the required adhesive nature of a paint or coating media.

Realistic equipment geometries were shared together with other practical requirements and likely leak rates of SFe.
A tape type solution was proposed and agreed as a good compromise as this can be easily applied to various
geometries in specific locations, e.g. across joints, which is both cost effective and compatible with the porous cage
material.

e Alternative solutions — currently undergoing proof of concept trials:

o Co-crystalised CC3 (capture material) & CC19 (fluorescent),

o Phenolphthalein cage (visual colour change),

o lodine saturated cage (may result in secondary colour change as lodine is displaced from the cage by SFe)

e Literature search & further research ongoing to try and identify any other promising technology or materials.

e  Sensitivity to water / humidity tested and found to have little or no effect.

e New alternative visual material (Phenolphthalein cage) has recently been identified (May 23) and is being manufactured in
preparation for testing and analysis.

e Handheld Raman Identified as another potential method of detection using widely available and proven hand-held
instruments. Initial testing proved to be ineffective. Alternative methods and instruments being investigated, as in theory this
method should work.

e Latest results of alternative solutions:

o Co-crystalised CC3 & CC19 showed reduced fluorescence upon manufacture and therefore should result in a more
discernible change upon SFs exposure. Test method & equipment to accurately measure change in fluorescence upon
exposure to SFs being sourced as not available at UoL.

o Phenolphthalein cage (visual colour change) is proving very difficult to manufacture due to limited information in
published paper. Further trials ongoing.

o lodine saturated cage, initial trials were unsuccessful as the SFs didn’t seem to displace the lodine in sufficient
guantities to be detected. However, further trials are ongoing as this is considered, in theory, to be a promising and
practicable solution.

In summary, initial trials and the originally proposed materials have not performed as expected. However, a number of alternative
technologies have been identified and are currently undergoing manufacture and trials to determine their performance.
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5. Required modifications to the
planned approach during the
course of the project

The Network Licensee should state any changes to its planned methodology and describe why the planned
approach proved to be inappropriate. Please confirm if no changes are required.

e  Proposed paint or coating system is incompatible with the proposed porous cage materials, therefore a tape type solution has
been proposed and agreed as a suitable alternative.

e If asuitable detection material and method is proven during Stage 1, then the following stages will be completed. If not the
project may be abandoned at the completion of Stage 1 (Sept 23). This will be determined and agreed at the Project Stage Gate
meeting for the completion of Stage 1 in Sept 23.

e Laboratory test rig(s) to be constructed to perform representative and simulated environmental testing as a replacement to
the originally planned full scale “real world” field tests. This is being done to help validate results in a controlled environment
and reduce potential delays caused by the specification, procurement and installation of full scale parts in the field.

e Environmental conditions are to be simulated in a laboratory environment to imitate live field trials as best as possible.
Environmental conditions for testing are to be specified by the network partners.

e A (scaled) mock-up of the proposed solution will also be built to demonstrate the practicalities and method of the installation.

6. Lessons learnt for future projects

Recommendations on how the learning from the Project could be exploited further. This may include
recommendations on what form of trialling will be required to move the Method to the next TRL. The Network
Licensee should also state if the Project discovered significant problems with the trialled Methods. The Network
Licensee should comment on the likelihood that the Method will be deployed on a large scale in future. The
Network Licensee should discuss the effectiveness of any Research, Development or Demonstration undertaken.

e Consideration should always be given as to how field test results can be validated (e.g., how much SFs is actually leaking
compared to what has been detected).

e Adetailed costing and design of full scale prototypes will be generated as part of the current project, therefore identifying and
enabling a clear route to full scale “real world” trials after the completion of this project.

7. The outcomes of the project

When available, comprehensive details of the Project’s outcomes are to be reported. Where quantitative data is
available to describe these outcomes it should be included in the report. Wherever possible, the performance
improvement attributable to the Project should be described. If the TRL of the Method has changed as a result of
the Project this should be reported. The Network Licensee should highlight any opportunities for future Projects to
develop learning further.

8. Data Access & Quality Details

A description of how any network or consumption data (anonymised where necessary) gathered in the course of
the Project can be requested by interested parties. This requirement may be met by including a link to the publicly
available data sharing policy.

For information how to request data gathered in the course of this project, see Network Innovation Competition (NIC) and Network
Innovation Allowance (NIA) Data Sharing Procedure at https://ssen-innovation.co.uk/innovation-strategy/.

9. Foreground IPR

A description of any foreground IPR that have been developed by the project and how this will be owned.

No foreground IPR has been developed yet.
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