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Center for Electric Power and Energy (CEE)

é Established 15 August 201 merging two
existing units Lynbgy+ Risg

C Among the strongest university centers in om0 Gontr managemen smT?Cer:m
Europe with approx. 110 employees and 12 e
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DTU has consistently ranked among the top 10 universities of the world
in Enerqy Science and Engineering (Shanghari ranking, 2016, 2017, 2018)
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Strong National and International Collaboration

Selected collaboration partners
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Our (my) research topicg 11 researchers 8 nationalities
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Data-driven
control and
markets in
distribution
grids

Zero-
inertia
systems

North Sea Wind
Power Hub

Machine

learning for
power

systems

Market
integration
of HVDC
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e Will probably be thdirst true zero -
iInertia AC system in the world

HE
X
i

e A range of challenges:

¢ How do youensure N-1between
grid-forming converters?

¢ What kind ofcontrols are necessary
to maintain stability against much
faster transients?

C Need fornew simulation tools
(RMSbased tools, e.g. standard
Powerfactoryor PSS/E, insufficient
to capture stability)

Norway

AC Ring

UK on the island

Denmark

Netherlands More onwww.multrdc.eu!
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== Motivation

e Electric power grid: théargest machine humans ever built

e Over the past few yearsexplosion of the number of
machine learning applications in power systems

C (Deep) neural networks, (deep) reinforcement learning, etc.
¢ Can handle high complexity extremely fast

But:
e Power systems aresafety -critical systems: o
CEBl-Boké& methods for critic aﬁpl\éepr%!l?e}wgrlﬁv ”f'%ﬁ'oni Id;ewaé ver
adopted (e.g. neural networks for security assessment) NEtworks are no longer a blaeaox

e There is arabundant number of good models for power
system components

¢ Why use machine learning that neglects all this information?

This talk:

Physics-informed neural networks:
exploit the underlying physical models
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Outline

1. Guiding Application: Power System Security Assessment
2. Training Database: Sampling beyond Statistics
3. Neural Network Verification

4. PhysicsInformed Neural Networks for Power Systems
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DTU
= Blackouts are rare but costly!

e Frequency of power interruptions
C 1 hour per year

e Economic damage from power interruptions North East Blackout 2003: affected 55 million people
¢ about 80 billion USD/year (US only, 2003) 2 days (!) for full restoration!

States and Union Territories

e Total electric energy cost in the US: India Blackout 2012:

¢ 370 billion USD/year affected 700 million
people (!)

. . o

region in red MR o e
ey Pty iy
Islands Kerala Nadu.
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Operators run every day a security assessment

e Security Assessment:
C Screen contingency list every I8ins

C Prepare contingency plans for critical
scenarios

e Run both:

C Steady-state, I1.e. power flows to check-1il
and violation of limits

EnerginetControl Room, Denmark C Dynamicsimulations
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