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~ CONTEXT & CHALLENGES & Epeccaaier

Why do we care about polymer ageing?

/ Lot of applications ! \
Cables

Painting

126
operational
nuclear 1500 km of cables
reactors in the on a nuclear unit
EU including 50 km in

reactor building But also,
pipes, seal valve for tap, etc . /

These materials play a crucial role in
# nuclear security issues

Source
Foratum
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* CONTEXT & CHALLENGES & Epeccaaier

Few figures... 5 Tons of polymers are

present in reactor building
0 Surface = 8000 m?

(equivalent to the
surface of a football

field)

0 1500 km of cables on a
nuclear unit including 50
km in reactor building

» Ageing monitoring is therefore crucial

* X %
* *
* *
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* CONTEXT & CHALLENGES & Epeccaaier

* CURRENT SAMPLING

[0 High costs of maintenance
Inspection of a couple of hundred meters of water pipes
(non contaminated) : 400 k€ every 18 months

0 Invasive sampling
0 Time-consuming

[ Difficulty of sampling for various reasons
(for example radioprotection)
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* From ambition to implem

* Synergy of skills

 Solid partnership
Sorbonne Université-EDF

« Several internship
« Several Ph.D.

French Patent: N° 3 059 104
International patent:
PCT N° EP2017/079543

@ Trlff)PHEEs
Py delRRD

Prix Scientifique : Mention spéciale du jury

« EU funded project
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EUROATOM
European Project

Grant agreement 945320 - I Peacetolero
: EUROA‘T‘O'IVI - Innovation Actjo‘h
Sept 2020 —"Fey 2025 & ~~
Grant-amount 3.2 999 236.00 €
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El-Pistolero - System Block Diagram

* I h e to O I Embedded Electronic Systems EI'Peacet‘§5=|erO

Data Transfer for Embedded Application & Measurement Head
Harsh Environments Al Algorithms

J 0

Front End Readout Circuit &
Analog to Digital Converter

IR Detector

= Raw Signal Data (Analog) Monochrome
& MultiSpectral
Telemetry Executed Controlled Power Supply
Trasmitted Applicati Pr d Data TEC Controller
Off Device (Digital) (Peltier & Heatsink)
LED Drivers '
LCD Display Module Microcontroller i —
Display 3 Infra Red
Control Flood
Signals for lllumination
Output Source

Target Material (Aged Plastic)
M Trigger ta measure
- DC Power to all tems
Trigger Switch
Onboard Battery and
Power Management

Power and Triggering
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~ Principle of operation " Shpeacets orc
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B 2850 CH, Symmetric C-H stretch

C 730, 720 Split CH, rock
* X %
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* *
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Key Results
Monitoring Ageing
Markers
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WP1/Taskl1.2 — Accelerated ageing

—

Thermo-oxidative ageing
in 2 ventilated oven

Samples

Neoprene & HDPE '

Immersion ageing
in 2 water loops

40°C - B
29 months I b
" 14 months 13 months
P
29 months i

Raw Water Loop Guerande Loop
Raw Water Loop: reconstituted river water = demineralized water + river water (7.5 < pH < 9)

Guerande Loop: reconstituted chlorinated salt water = demineralized water + salt + bleach water ([NaCl] = 35 g/L,
[free chlorine] = 1-2 ppm, 7.5 < pH < 9)
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Key Results

Compact LED & QCL
easurement Heads




-9 Key res u |tS EE El-Peacetelero

Compact Multi-Lambda (4 QCL Laser head)
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Key Results

Embedded
Optoelectronic System




* Embedded Electronic System - E-Peacertlero

WP3 KEY RESULTS
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-9 Key results EEEI-Peacetcsslero
El-Peacetolero measurements vs FTI-ATR spectroscopy

- Neoorene Thermal TBQ C Neoorené Thermal T80°C Neoorene Tjhermai T80. C
368days patas i T M 552 days : : 895days S 18L:

Neoorene initial

PE100 S1 PE100 §2\
Surface1 Surface?2 Neoprene
K/S : 40 KIS :18 K/S : 400 El-Peacetolero measurements @ 3.4 ym
Initial Sample Initial sample Initial sample
El-Peacetolero measurements can be used for polymer identification . * %
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-9 Key results EEEI-Peacetcsslero
El-Peacetolero measurements vs FTI-ATR spectroscopy

PE100 Air T =80°C LED prototype measurement's PE100 T= 80°C ATR-FTIR measurement
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PE100: El-Peacetolero K/S measurements @ 3.4 ym are consistent with ATR-FTIR absorption measurements

NIC26 — 10-11 June 2026



-9 Key results EEEI-Peacetcsslero
El-Peacetolero measurements vs FTI-ATR spectroscopy

Neoprene Air T= 80°C LED prototype measurement's Neo Air T80°C ATR FTIR measurement @ 2941 cm-1
400_‘- n +
1 E o1
350% =
<
e
" 0.08 |
300 H
£ §
= E -
<
> 3
® 250 o 006
%)
2 8
4
200 - E _g 0.04
L
£
0
(7]
150 - 7 g 0.02
T 1
100 ! L I | ! | | \ 0 I i | 1
50 100 150 200 2.50 300 350 400 450 500 0 100 200 300 400 500
time (day)

Number of Days
Neoprene: El-Peacetolero K/S measurements @ 3.4 um ae consistent with ATR-FTIR absorption measurements
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-9 Key results EEEI-Peacetcsslero
El-Peacetolero measurements vs FTI-ATR spectroscopy

Neoprene Air T= 80°C LED prototype measurement's Neo Air T80°C ATR FTIR measurement @ 2941 cm-1
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El-Peacetolero measurements can be used for ageing diagnosis . x oy
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 ONNX models executed on the Tiny ML platform
* Runtime on the Tiny board
» Time performance of the algorithm is excellent
« Very low memory usage

WL L

SIP Module

root@stm32mp157c-osd32:~# python3.11 onnixinfer_tests.py
Batch size: 1

Avg inference time: 0.000850 seconds

Avg memory used: 0.025000000 MB

o E 7 Throughput: 1176.85 inferences per second
Classifier _— ST e TP P L P PPt T P T PP P P S P P P P e
i , Batch size: 5

,&l,)nl;l o ’
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(@)

inuLuu+u

Avg inference time: 0.000733 seconds
Avg memory used: 0.000781250 MB
Truel ‘ Edlse Throughput: 6820.01 inferences per second
Siodl ONNX mOdeI Batch size: 10
ipeline

Model for lll Avg inference time: 0.000729 seconds
Model for PE

Batch size: 50
Avg inference time: 0.000812 seconds

Neoprene Avg memory used: 0.000781250 MB
Throughput: 13724.82 inferences per second
Inference time Memory usage Avg memory used: 0.002343750 MB
Throughput: 61572.28 inferences per second
LeSS than One mlllsecond A feW Kb ;:iz::::;:Tzi;;:::::::::::::::::::::::===:::===:===

Avg inference time: 0.000855 seconds
Avg memory used: 0.001562500 MB
Throughput: 116904.62 inferences per second
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Current Ambitions

Industrial implementation




* What are the next steps ? - El-Peacettlero
 VALIDATION OF INDUSTRIAL PROTOTYPE TRL8 TRL9

 Test on other polymers
 Prototype Test in NPPs: Genll, Genlll+, GenVI

* INCORPORATING TECHNOLOGICAL ADVANCES
* Al-Augmented Sensor

* TAILORING TO OTHER APPLICATIONS
» Aerospace,

* Automotive
 Environment

* SET UP A START-UP
e Connection to investors
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- Conclusions é"& El-Peacetelero
* VALIDATION OF TRL6 PROTOTYPE

* Non-invasive polymer ageing management (NPP’s LTO)
« Synergy of sKills

 Solid collaboration between industry and University

 # EURATOM

« CURRENT AMBITIONS AND NEXT STEPS

« Validation of higher TRL prototype
 Industrial Implementation and start-up

« NEEDED CONNECTIONS TO MOVE FROM AMBITIONS TO IMPLEMENTATION
 Prototype test and validation in NPPs (Genll, Genll+, GenlV)
* Incorporate other innovations: Al augmented sensor
« Connection to industry: other applications
* Investors: Financing and subsidies . *
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