Space Weather threat mitig
in the Energy Sector
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Power System Expert Space Weather Service

ESA contracted ongoing project
A commercial service that leverage Space Weather data for the protection of enerqy infrastructure on Earth

SOLAR ACTIVITY

= % e .
{800 e -BH=© @
= @ @ ®

&5

ESA + OTHER POWER SYSTEM EXPERT ONLINE SERVICE LOCAL ALERTS & WARNINGS
RESEARCH & DATA SERVICE CENTRE PLATFORM ot gedadpsdende o

CENTRES Provides Specialist Data Analyuis

Service goals:

providing an online user-friendly platform

SW data thoroughly tailored to customers’ needs

forecast and nowcast network maps targeting users’ locations
user specific alert system and advanced warning service
mitigation guidance and operational recommendations




‘?.i SOLEYE

Impacts of Space Weather on Electricity Networks

COMPONENT IMPACT SEVERITY

PV PANELS Production fluctuations;
Inverter sync issues

Protection mis-trips;
INVERTERS DOk etress
BATTERY False SoC limits; unintended
(BESS) charge/discharge

POWER PLANTS Transformer overheating/ P
TRANSFORMERS aging; system instability s

Salem Nuclear Plant GSU Transformer damaged by the GMD event of March 1989.
(Photos courtesy of PSE&G.)



TIMELINE OF KEY
SPACE - WEATHER
EVENTS AND GRID
IMPACTS
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Carrington New York  “Cold-War” Solar-Radio/  August Solar-
Event Railroad Storm  Geomagnetic Storm Storm Series
A massive white-light solar The century’s largest A powerful solar radio burst An ultra-fast CME tripped
flare induced currents that set  geomagnetic storm fused blacked out HF communications AT&T’s transcontinental cable
telegraph lines ablaze and telegraph relays along rail lines  and blinded U.S./UK early- and even detonated magnetic
knocked out networks for up and ignited dozens of office warning radars for ten minutes. naval mines off Vietnam.
to 17 hours. fires.
2015 2012 2003 2000 1989
St Patrick’s Day Near-Miss Halloween Bastille-Day Hydro-Québec
Storm CME: Storms Storm Blackout
A stealth CME triggered A Carrington-class CME raced Dual CMEs damaged 12 A GS event drove up to 28 A of dB/dt spikes of over 2 000
voltage alarms and curtailed past Earth nine days behind transformers and plunged GIC in 400 kV rings, requiring nT/min collapsed the 735 kV
50 MW in Scandinavia with schedule, highlighting worst- 50 000 Swedish customers 45 min of extra reactive grid in 92 s, cutting power to
zero customer outages. case vulnerability. into darkness for an hour. support to avoid outages. six million customers.
2017 2022 2023 2024 2026
September Storm Starlink Satellite ~ February G3-G4 Mother's-Day January 2026
(X9.3 flare) Loss (Feb) Storm Storm (May) (X1.9 Storm)
An X9.3 flare prompted the A moderate G2 storm Sustained G3-G4 activity A G5 episode caused a 600 Severe storm, under post
UK to shed 600 MW boosted drag at 210 km drove 27-30 A GICs and led MW drop on the SE-PL event analysis

preemptively, preventing any
grid failures.

altitude, dooming 40 newly
launched satellites.

to brief 300 MW
curtailments in the UK.

HVDC link, quickly recovered
by preventive switching.
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Space Weather Value Proposition

Se r\[ice - absence of structured, nationally aligned mitigation protocols
- limited capability for localised geomagnetic risk assessment
GAPS - fragmented access to SW data

- insufficient link between alerts, operational actions and post-event learning

Pillar Value Delivered

Graded alert levels, response playbook,
recommended mitigation actions

National Protocols

MT informed local geoelectric risk
demonstrator at Hungarian locations

Localized Risk Assessment

) Single operational interface and tailored
Data Integration :
data products
NS Operational recommendations linked to alert
Decision Support .
levels & post-event analysis
Multi-level communication and

Awareness, Communication __
training framework
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