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Problem 

Wind power 
is on of the 
cheapest 
electricity 
generation 
technology…
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Source: IRENA 2019 



Problem 
… but it is variable  

Source: Agora Energiewende 
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Wind generation in Germany (October 2018 – March 2019) 



Problem 
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Source: Ueckerdt et al. 2013 



Problem 
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Solution 

Spatial integration and deployment coordination 

to optimize the capacity factor (CF) – variability (SD) trade-off 
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Optimal wind capacity portfolio 

   (shares of installed capacity per country) 

to achieve max. CF per unit of SD 



Method 

𝑚𝑖𝑛 𝜎𝑝 = 𝑚𝑖𝑛  𝑥𝑖
2𝜎𝑖
2 +  𝑥𝑖𝑥𝑗𝑝𝑖𝑗𝜎𝑖𝜎𝑗

𝑛

𝑗=1

𝑛

𝑖=1

𝑛

𝑖=1

 

 

𝑠. 𝑡.  
 

𝑥𝑖  ∈  ℝ ≥ 0 
 

  𝑥𝑖 = 1 

7 

Modern portfolio theory (Markovitz portfolio optimization) 



Data 

8 

Hourly CF 
30 countries  
30 years 
n = 9.7M 

https://www.renewables.ninja/


Efficient frontiers and optimal portfolios 
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CF pdf of different portfolios 
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Optimal allocation of wind capacity in Europe 
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Benefits of SI&DC 
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Benefits 
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Benefits 

14 



Current v. (un)constrained long-term 
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Long-term 
Constrained Unconstrained 



Conclusions 

Spatial integration and deployment coordination provide 

significant benefits in terms of  
 

- higher CFs 

- lower variability 
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lower probability of low-
generation events 



Thank you 
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Appendix 

Constrained optimal 

portfolio 
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