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Airborne Wind Energy - Motivations 

Wind speed vs. height above the ground  

 Average wind speed increases with altitude 
 Turbulences decrease 
 Available power is the cube of the wind speed !! 



Airborne Wind Energy - Motivations 

Conventional wind energy… going higher comes at a price 

•  Requires massive structures 
•  Extreme loads in the foundation and the blades 
•  High construction costs 



Paradigm shift… No structure, go higher 



Efficiency of crosswind power generation 

To increase power, increase: 
 Wind speed (W) 
 Gliding ratio L/D 
 Wing surface (A), lift coefficient (CL)  

L/D 



The kite dilemma… 

L/D 

Price, 
weight 



The generator dilemma… 

The pumping cycle Generator(s) on board 

Power generation ? 

 Power loss during 
reel-in 

 Heavier airborne 
system 



Airborne Wind Energy at KU Leuven 

Highwind project 

o  Modeling (strongly non-linear) 
o  Optimization (non-convex) 
o  Control (fast NMPC) 
o  State & parameter estimation (MHE) 
o  Simulations & experiments 
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Power optimization 

 Periodic OCP & parameter(s) optimization 

•  Models : multi-level, multiple time scales, can be stiff, 
differentiable 

•  Actuators & process constraints   
•  Forward integration unstable, long horizon, non-convex 



Flight path… 



Stability 

Optimal orbits are unstable… 
…and subject to perturbations 

•  Stable / robust trajectories 
•  Control 



Cable drag… 

The “power formula”… 

 Cable drag has a major influence on the performance 
 It cannot  be removed… 
 Drag can be reduced by reducing the cable motions !! 

L/D 



Cable drag (cont.) 

The “dancing kites”… 



Experimentation 



Experimentation 

Indoor setup… 
…safe testing of: 

•  Navigation 
•  Estimation  
•  Modeling 
•  Control 

Outdoor setup… 




