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Problem Statement

Finland's grid operator Fingrid uses automatic Frequency Restoration Reserve (aFRR) to
maintain grid frequency at 50.0 Hz. Elisa, a Finnish telecom company, participates by
aggregating backup LFP batteries from over 1,000 base stations into a virtual power
plant - during up-regulation, stations switch to battery power, reducing grid
consumption.

These batteries degrade over time, losing capacity and increasing internal resistance.
Tracking this degradation is essential for maintenance planning, warranty assessment,
and ensuring the batteries can still serve both as backup power and as a grid resource.
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Pipeline

As batteries age, parasitic side reactions (SEl growth, lithium loss) consume a small fraction of transferred charge.
We track this through Coulombic Efficiency (the ratio of charge out to charge in) for each micro-cycle. Individual CE
values are dominated by grid noise, but averaging over thousands of pairs cancels the noise while the degradation
signal accumulates. The downward trend in CE over time reveals how fast the battery is aging.

1. Load & Clean 2. Classify 3. Segment 4. Pair 5. Integrate 6. Compute CE 8. Degradation Rate

BMS telemetry Charge / Discharge Group consecutive Match discharge Ah = Z(l x At) CE = Ah_dis / Ah_ch EWMA (span=100) Linear regression
10 anomaly detectors / ldle same-state points with prior charge per segment Filter [0.5, 1.0] Normalize to ref CE Annualized %/yr
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Future Work

e Optimize pipeline configuration to improve degradation

e Fleet mean CE degradation: -0.89%/yr

e Consistent with mild aFRR duty

= e e detection sensitivity

Mild (> -0.5%/yr)

—3.01 Not significant

. o o Estimate relative Remaining Useful Life (RUL) from CE
trend extrapolation
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