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Motivation 

 

 

 

 

 

(Innovative) electric power systems 

      = critical infrastructure that supports population 

 

Hypothesis: 

1.  The dynamic behavior is far from fully understood ! 

 

2.  Reliable operation of future power systems requires  

       large efforts & interdisciplinary cooperation in research 

       – today! 



Business as usual … 

3 

http://www.faz.net/aktuell/gesellschaft/ursache-noch-unklar-grenzenloser-stromausfall-1380510-b5.html
http://www.faz.net/aktuell/gesellschaft/ursache-noch-unklar-grenzenloser-stromausfall-1380510-b4.html


… can lead to large blackouts … 
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http://www.faz.net/aktuell/gesellschaft/ursache-noch-unklar-grenzenloser-stromausfall-1380510-b5.html
http://www.faz.net/aktuell/gesellschaft/ursache-noch-unklar-grenzenloser-stromausfall-1380510-b4.html


… and reminds us of our limited understanding! 
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http://www.faz.net/aktuell/gesellschaft/ursache-noch-unklar-grenzenloser-stromausfall-1380510-b5.html
http://www.faz.net/aktuell/gesellschaft/ursache-noch-unklar-grenzenloser-stromausfall-1380510-b4.html


System not fully understood  

– but restructuring requires deep understanding 
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Consequences: 
 

• Unpredictable and uncertain generation and load 

• Higher amounts of dynamically transported energy 

• Efficiency vs. reliability  

• Investment dilemma (capacities) 

• Big data & security in real time 

 

http://www.treehugger.com/renewable-energy/new-software-allows-wind-farms-to-predict-output-up-to-four-days-in-advance.html
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Motivation 

 

 

 

 

 

(Innovative) electric power systems 

      = critical infrastructure that supports population 

 

Hypothesis: 

1.  The dynamic behavior is far from fully understood ! 

 

2.  Reliable operation of future power systems requires  

       large efforts & interdisciplinary cooperation in research 

       – today! 



Physical and engineering structure … 

8 

Fuel 

Source 

 

 

 

 

 

 

… 

… … … 

 

 

 

 

… 
… … 

G 

L 

G 

L 

Boiler Turbine Generator Network Loads 

Mechanical Electrical 

Supply 

control 
Pressure 

control 

Speed 

control 

Voltage 

control 

Network 

control 

Load 

control 



… engineering and mathematical structure … 
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Power balance - Static 

Capacity based   

Transport over graph  

Power flow & Kirchhoff  

Economic dispatch   

 

 

Dynamics – local devices  

 Mechanical machines 
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 Supply & load 

 Stability & performance 
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Application dependent separation of models  methodological gap ! 



Methodological gap VS smart grid vision 

We do not understand (methodologically) how to analyze dynamics at 

different spatial and temporal scales in one framework….. 
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…“in smart grid information is brougth in real-time to where it is needed“ 
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 Stability: What info where and when ? 

 Security: Cyber-attacks & privacy ? 
Mutual dependence! 

What can we do ? 



A phd workshop as starting point for cooperation 
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• 20 PhDs  

• 10 different institutes 

• EI + IN 

• 3 days 

• Guests: Industry/Policy 

• Knowledge exchange 

• Unbiased thinking 

• Report: Status quo @ TUM 

• Research Gaps 

Cooperation in Methods and Applications possible 



Ex 1: Method transfer from communication to power 
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Ex 2: Content transfer by coupling models 
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Power balance - Static 

Capacity based   

Transport over graph  

Power flow & Kirchhoff  

Economic dispatch   

 

 

Dynamics – local devices  

 Mechanical machines 

 Control equipment 

 Supply & load 

 Stability & performance 



Take away messages and thoughts 

1. Cooperation is inevitable, but do it right!   

   Locate methodological & application knowledge ! 

  Plan the interfaces & acquire knowledge! (huge initial effort ) 

  Bottom-up initiatives (PhDs) & top-down control (professors) 

 

2. Nothing comes for free ! 

   Initial „Seed“-Funding necessary + Trust ! 

   Long-term thinking and investment: SFB? 

   Set binding goals, next steps and commit to them ! 

 

3. Bundled knowledge‘s greater value asks for responsibility  

   Responsibility of TUM in view of political decisions 
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