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Energy at DTU
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Center for Electric Power and Energy (CEE)

ėEstablished 15 August 2012 by merging two 

existing units (Lynbgy+ Risø)

čAmong the strongest university centers in 

Europe with approx. 110 employees and 12 

faculty members
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ėBachelor and Master programs:Sustainable Energy 

Design, Electrical Engineering, Wind Energy, Sustainable 

Energy

ėDirect support from:

DTU has consistently ranked among the top 10 universities of the world 

in Energy Science and Engineering (Shanghai ranking, 2016, 2017, 2018)
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Strong National and International Collaboration
Selected collaboration partners

Academic partners:

Commercial and industrial partners:

Networks:
(Global)(EU)(Global) (Global)

(US)

(CN)

(CH) (CH)

(SE) (SE)

(FI)

(NO)

(DK)

(US) (HK)

(DK)

(SG)

(CH)

(UK)

(BE)

(UK)
(DK)

(DK)

(DK)

(DE+DK)
(DK)

(DK)

(DK)

(US)(DK) (DK)

(DK)

(SE/DK)

>100 formal partners

>80 formal partners(UK)

(EU)

(US)

(DK)

(DK)
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http://www.iea-isgan.org/
//upload.wikimedia.org/wikipedia/en/e/ec/Tsinghua_University_Logo.svg
//upload.wikimedia.org/wikipedia/commons/5/51/IBM_logo.svg
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Our (my) research topics č11 researchers č8 nationalities
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North Sea Wind Power Hub
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ėWill probably be the first true zero -
inertia AC system in the world

ėA range of challenges:

čHow do you ensure N-1 between 

grid-forming converters?

čWhat kind of controls are necessary 

to maintain stability against much 

faster transients?

čNeed for new simulation tools 
(RMS-based tools, e.g. standard 

Powerfactoryor PSS/E, insufficient 

to capture stability)

More onwww.multi-dc.eu! 

http://www.multi-dc.eu/
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Motivation

ėElectric power grid: the largest machine humans ever built

ėOver the past few years: explosion of the number of 
machine learning applications in power systems 

č(Deep) neural networks, (deep) reinforcement learning, etc.

čCan handle high complexity extremely fast

But:

ėPower systems are safety -critical systems: 

čĒBlack-boxē methods for critical operations will never be 

adopted (e.g. neural networks for security assessment)

ėThere is an abundant number of good models for power 

system components

čWhy use machine learning that neglects all this information? 
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Neural network verification:  neural 

networks are no longer a black-box

Physics- informed neural networks: 
exploit the underlying physical models

This talk:
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Outline

1. Guiding Application: Power System Security Assessment

2. Training Database: Sampling beyond Statistics

3. Neural Network Verification

4. Physics-Informed Neural Networks for Power Systems
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Blackouts are rare but costly !

ėFrequency of power interruptions

č1 hour per year

ėEconomic damage from power interruptions

čabout 80 billion USD/year (US only, 2005)

ėTotal electric energy cost in the US: 

č370 billion USD/year
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India Blackout 2012:

affected 700 million 

people (!)

(region in red)

North East Blackout 2003: affected 55 million people

2 days (!) for full restoration!
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Operators run every day a security assessment

12

ėSecurity Assessment:

čScreen contingency list every 15 mins

čPrepare contingency plans for critical 

scenarios

ėRun both:

čSteady-state, i.e. power flows to check N-1 

and violation of limits

čDynamicsimulationsEnerginetControl Room, Denmark


