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Abstract - The study proposes a decentralized, market-based coordination scheme where households optimize their energy use and offer

flexibility to manage grid congestion. A central coordinator activates this flexibility without accessing private data. Results show that
congestion can be resolved at low cost, but high household participation is essential.

Aim, Motivation and Novelty
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Aim: Develop a decentralized, market-based mechanism to reduce congestion in low-voltage
Kgrid; Ensure privacy, scalability, and economic efficiency )
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Motivation: Increasing electrification (EVs, heat pumps, PV) creates flexibility potential, |z~ i
Dynamic tariffs enable load shifting, Coordinated flexibility can improve grid stability I | [ | ‘ ” : i
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Novelty: Hybrid approach: decentralized optimization + central merit-order activation, J MJ L" o MR
Privacy-preserving: no device-level data required Load profiles without restriction: Fixed Tariff (Grey) & Flexible
N\ _/  Tariff (Green)
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PV systems and wallboxes
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Load profiles summer: Max. generation capacity (blue), without grid restrictions
(yellow), 70 kW limitation (red)

Feed-in is lower than the PV maximum due to self-
consumption
70 kW grid limit causes additional curtailment

Curtailed energy leads to economic losses for
households

Critical Reflection
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Load profiles winter: without grid restrictions (green) 100 kW Ilmltatlon 18
households (blue), 100 kW limitation (orange)

Without regulation, price signals create strong load peaks that exceed grid
capacity.

With full participation, load can be effectively shifted and capped at 100 kW
without affecting user comfort.

With only 50% participation, flexibility is insufficient, leading to grid overloads.

Conclusion

4 Perfect Foresight:

» Overestimates real-world performance
* leads to reduced available flexibility at critical moments

/> Merit order resolves congestion in majority of times \

» High participation required

Economic:
» Households with no flexibility are disadvantaged by the |

« Pay levy but without PV, HP no potential to earn compensation

evy. » PV curtailment is primary economic loss during summer

Data Integrity:

+ Strategic overbidding possible

» Coordinator as single point of failure. Fallback: agents run on baselin

» Self-financing system at ca 5 €/ HH/ month

Q No device-level information is shared
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