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Main	  Objec5ves	  
Develop	   and	   test	   op5miza5on	   based	   predic5ve	   control	  
systems	   for	   more	   efficient	   and	   flexible	   opera5on	   of	  
integrated	  energy	  systems.	  

Hierarchical	  Control	  Structure	  
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Control	  of	  Individual	  Energy	  Units	  
Raspberry Pi 

Embedded MPC Algorithms for 
control of individual energy units 
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Smart	  Energy	  Systems	  

•  Thermal Storage 
–  Heating of floors etc 
–  Heating of water 

accumulation tanks 
–  Refrigeration Systems 

•  Power / Heat Producers 
–  Wind Turbines 
–  Photovoltaic Solar Modules 
–  Solar Panels 
–  CHP Plants 
–  Fuel Cells 
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Connected	  Energy	  Systems	  
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Forecast	  Based	  Hierarchical	  MPC	  
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Electricity	  &	  Hea5ng	  /	  Cooling	  
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Mul5ple	  Connected	  Energy	  Hubs	  

Interconnecting 
constraints 
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Step	  Response	  Experiments	  
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11 Iden5fica5on	  of	  the	  	  
Determinis5c	  and	  Stochas5c	  Model	  
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Model	  Predic5ve	  Control	  

12 



13 DTU Compute, Technical University of Denmark 

Moving	  Horizon	  Control	  
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Op5mal	  Opera5on	  is	  Close	  to	  Limits	  

Optimum operation point 

Limits 

P1 

P2 

Optimum close to constraints 
requires process optimization and 
advanced process control 
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Economic	  Value	  of	  Process	  Op5miza5on	  
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Economic	  Benefit	  of	  Process	  Control	  
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Drivers	  of	  MPC	  

Powerful 
Computers 

Mathematical / Statistical 
Modelling 

Optimization 
Algorithms 
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Economic	  MPC	  	  
Mathema5cal	  Op5miza5on	  
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Economic	  MPC	  for	  Uncertain	  Systems	  
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Bi-‐Criterion	  Economic	  MPC	  
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Risk	  Mi5ga5on	  (Regulariza5on)	  
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Condi5onal	  Value	  at	  Risk	  

• Risk	  level	  	  
– How	  many	  of	  the	  worst	  
outcomes	  will	  you	  
consider	  e.g.	  5%	  

• Short-‐term	  /	  long-‐term	  
considera+ons	  
• Use	  this	  measure	  to	  
select	  the	  manipulated	  
variables	  

30 



Conditional Value at Risk (CVaR) 
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Optimization Algorithm 
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Hierarchical	  Control	  Structure	  
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Fast	  Solver	  for	  Direct	  Control	  of	  an	  En5re	  City	  
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Control	  of	  Smart	  Energy	  Systems	  =	  
Economic	  MPC	  
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Virtual	  Power	  Plants	  	  
–	  Controlling	  the	  Power	  Demand	  
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Faroe	  Islands	  
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The	  Faroe	  Island	  Power	  System	  
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Frequency	  Dynamics	  at	  a	  Con5ngency	  Event	  	  
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Unit	  Commitment	  for	  Island	  Opera5on	  
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•  Day-‐ahead	  planning:	  
–  Prepare	  power	  produc+on	  schedule	  the	  next	  
24	  hours	  based	  on	  available	  forecast	  on	  
tomorrow	  demand	  load	  and	  power	  produc+on	  
from	  renewable	  sources	  

•  Online	  Control:	  
–  Online	  framework	  adapts	  during	  the	  day	  the	  
predefined	  schedule	  based	  on	  new	  and	  more	  
reliable	  forecast	  on	  power	  produc+on	  from	  
renewable	  sources	  

•  The	  key	  ideas	  as	  we	  will	  see	  is	  that	  the	  Unit	  
Commitment	  problem	  should	  be	  solved	  as	  oUen	  as	  
possible	  or	  coupled	  with	  the	  Economic	  MPC.	  To	  this	  
requires	  beWer	  numerical	  methods	  than	  available	  
today	  
	  
	  

The	  Idea	  of	  Coupling	  	  
the	  Unit	  Commitment	  and	  Economic	  MPC	  
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Unit	  Commitment	  &	  Economic	  MPC	  
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Unit	  Commitment	  &	  Economic	  MPC	  
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Supermarket	  Refrigera5on	  

Disturbances 

Control variables 
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Supermarket	  Refrigera5on	  
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Case	  Study	  
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House	  with	  Heat	  Pump	  
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Temperature	  Control	  

• Danfoss	   • NEST	  (Google)	  	  
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Smart	  Grid	  Ready	  Heat	  Pump	  

48 
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Schema5cs	  of	  House	  with	  Heat	  Pump	  
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Economic	  MPC	  for	  Building	  Control	  
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MPC	  &	  Process	  Op5miza5on	  Toolbox	  

Features	  	  
•  Simplicity	  -‐	  easy	  to	  	  

–  Commission	  
–  Tune	  
– Maintain	  

• Customizable	  and	  adaptable	  to	  
–  Process	  dynamics	  
–  Process	  modifica+ons	  
– Opera+onal	  strategies	  

•  Includes	  fron+er	  technologies	  in	  
– Mathema+cal	  Op+miza+on	  
–  Process	  Control	  
–  SoUware	  Engineering	  
– Mathema+cal/Sta+s+cal	  Modeling	  and	  
Simula+on	  

	  



52 DTU Compute, Technical University of Denmark 

The	  Extended	  LQ	  Problem	  
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KKT	  System	  for	  the	  	  
Extended	  LQ	  Problem	  
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KKT	  System	  for	  the	  	  
Extended	  LQ	  Problem	  
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Socware	  Implementa5on	  

Raspberry	  PI	  	  C/C++	   Smart	  Phone	  	  C/Java/Matlab	  
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John Bagterp Jørgensen 

Technical University of Denmark 

 
E-mail: jbjo@dtu.dk 

Thank	  You	  –	  Q	  &	  A	  	  


