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➢ Short-time scales extreme events

➢ Long-time scales extreme events

➢ Flood, Icing, Winter Storm, 

Hurricane, ...
• arXiv:2301.13793 (accepted in Nature Energy, 2023)

• The Eleventh International Conference on SmartGrids, Green 
Communications and IT Energy-aware Technologies (2021)

• Engineering structures, vol. 22, pp. 1173 (2000)

• Scientific reports, vol. 8, pp. 1 (2018)

• 2014 International Conference on Probabilistic Methods Applied to
Power Systems IEEE
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Damage to the power grid infrastructures
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https://www.climatecentral.org/climate-matters/power-outages
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https://www.next-kraftwerke.com/ Phys. Rev. Research 2, 013339 (2020)
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Source: BDEW Standard Load Profile
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German Standard Load Profile:

Bundesverband der Energie- und 

Wasserwirtschaft (BDEW) e.V.

• Puplished in 1990

• The data recorded before 1970

• After filtering the data of 332 houses are 

available

• All data was upsampled to 15 minutes
Source: BDEW Standard Load Profile
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• ADRES project: Austrian Climate & Energy Fund under 

the program"ENERGIE DER ZUKUNFT", 30 households, 

Sampling rate: 1 Hz
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• ADRES project: Austrian Climate & Energy Fund under 

the program"ENERGIE DER ZUKUNFT", 30 households, 
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Austrian
Households
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Standard/Classical models

• Top-down models use

• total electricity consumption of multiple 

households

• and macro-variables

• Bottom-up models use

• micro-variables, such as the number 

of active occupants, the appliances’ 

energy demand and usage time, etc.

• Hybrid models

• Data-driven load profile
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+ --> Date-driven Load Profile (DLP)
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Average Load Profile (ALP) + --> Date-driven Load Profile (DLP)
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Average Load Profile (ALP) + Stochastic Fluctuation Profile (SFP) --> Date-driven Load Profile (DLP)
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Empirical Mode Decomposition (EMD)

𝑋(𝑡) =

𝑖=1

𝑛

𝑐𝑖 + 𝑟𝑛

𝑋(𝑡) ≡ Time series

𝑐𝑖 ≡ Intrinsic Mode Function (IMF)

𝑟𝑛 ≡ Residual Function

Advances in Adaptive Data Analysis 01, 1–41 (2009))
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Physica A: Stat. Mechan. Appl. 322, 267–275 (2003)
Phys. Rev. E 72, 056133 (2005)Phys. Rev. E 72, 056133 )

Superstatistics methods

𝑷(𝒇𝒍𝒖𝒄)(𝑡) = 𝑃(𝑡) − 𝑃𝑡𝑟𝑒𝑛𝑑/(𝐴𝐿𝑃)(𝑡)
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Superstatistics methods

𝑷(𝒇𝒍𝒖𝒄)(𝑡) = 𝑃(𝑡) − 𝑃𝑡𝑟𝑒𝑛𝑑/(𝐴𝐿𝑃)(𝑡)

Local Maxwell-Boltzmann distribution

𝑃(𝑓𝑙𝑢𝑐)(𝑡) = (𝑥1(𝑡))
2+. . . +(𝑥𝐽(𝑡))

2+ 𝜇𝑀𝐵

𝑑𝑥𝑖(𝑡) = −𝛾𝑥𝑖(𝑡) + 𝜖𝑑𝑊

𝑝(𝑃(𝑓𝑙𝑢𝑐)) =
1

𝜎𝑀𝐵
3

2

𝜋
(𝑃(𝑓𝑙𝑢𝑐) − 𝜇𝑀𝐵)

2×

𝑒𝑥𝑝(−
(𝑃(𝑓𝑙𝑢𝑐) − 𝜇𝑀𝐵)

2

2𝜎𝑀𝐵
2 )
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Thank you for your attention!


