
 
 
General rights 
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright 
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 

 Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 

 You may not further distribute the material or use it for any profit-making activity or commercial gain 

 You may freely distribute the URL identifying the publication in the public portal 
 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 
  
 

   

 

 

Downloaded from orbit.dtu.dk on: May 26, 2023

Needs for Flexibility in Energy Systems Caused by the Increasing Share of Variable
Renewable Energy Generation in 2020, 2030 and 2050 Scenarios

Koivisto, Matti Juhani; Sørensen, Poul Ejnar; Maule, Petr; Nuño Martinez, Edgar; Traber, Thure

Publication date:
2017

Document Version
Peer reviewed version

Link back to DTU Orbit

Citation (APA):
Koivisto, M. J., Sørensen, P. E., Maule, P., Nuño Martinez, E., & Traber, T. (2017). Needs for Flexibility in
Energy Systems Caused by the Increasing Share of Variable Renewable Energy Generation in 2020, 2030 and
2050 Scenarios. Abstract from Wind Energy Science Conference 2017, Kgs. Lyngby, Denmark.

https://orbit.dtu.dk/en/publications/c0de50e6-4dbf-4756-9085-95c4d6f7bda9


 

 

Integration in the energy system, offshore wind energy: 
 

Needs for Flexibility in Energy Systems Caused by the Increasing Share of Variable 
Renewable Energy Generation in 2020, 2030 and 2050 Scenarios 

 

M. Koivistoa, P. Sørensena, P. Maulea, E. Nuñoa, T. Traberb 
 

The growing share of variable renewable energy (VRE) is expected to increase the need for flexibility in the 
energy systems in many countries. VRE generation is highly variable because it is determined by weather 
conditions. The geographical distribution of installed wind generation affects the probability distribution (PD) of 
the aggregate generation, including the probabilities of very low or high generation1. A combined modelling of 
wind and solar power has been presented in2. Here, a combined analysis of wind and solar power in multiple 
Nordic and Baltic countries is presented. The analysed scenarios are the baseline scenarios from3. 

Variable renewable energy generation is analysed using the CorWind tool developed at DTU Wind Energya. 
In addition to analysing VRE generation, the variability of net load (electricity consumption subtracted by VRE 
generation) is analysed. 

Compared to 2014, the relative variability in VRE generation decreases in the future scenarios, as the overall 
geographical dispersion of the installed VRE generation increases. The correlation between solar and wind 
generation is generally slightly negative, which can reduce the variability of the aggregate generation compared to 
only having wind generation in the VRE generation mix (however, the installed solar generation capacities in the 
analysed scenarios are low3, so this effect is small). 

Figure 1 shows the probability distribution functions (PDFs) of the aggregate net load in the different 
scenarios. The standard deviation (STD) of the hourly net load increases notably in 2050 (22% higher than in 
2014). At the same time, the expected value of the net load decreases. Thus, there will be less energy to be 
generated by the other generation types, such as hydro power, while the need for flexibility increases. 
Alternatively, the variability in the net load can be managed by demand-side response, transmission of power to 
or from surrounding countries or by storing energy. 

With more VRE generation installed, the probability of very high net load decreases (as some VRE 
generation is usually available during peak consumption). However, there is always some probability that the 
aggregate VRE generation is zero, so the highest possible net load is determined by peak consumption. This may 
raise questions considering the incentives to hold enough other generation capacity to meet the rare peak net 
load. 

Compared to the hourly ramp rates in consumption, the increasing VRE generation increases the ramp rates 
in the aggregate net load only moderately in the future scenarios; STD of the net load ramp rate in 2050 is 
expected to be 14% higher than in 2014. However, while ramp rates in consumption happen usually at well-
known times (i.e., ramping up in working day mornings), the hourly changes in VRE generation are less 
predictable. 
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Figure 1: Estimated PDFs of hourly net load in the different scenarios (using 2012 meteorological and consumption4 data). 


