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Overview 
As the world moves towards sustainable energy development along with energy price increasing due to the impact 

of Russian invasion on Ukraine, the use of wind energy (WE) is expanding. France aims to achieve 33.2 GW of 

installed capacity by 2028. However, intermittent wind energy production presents challenges to energy balancing 

and demand satisfaction. In this research we investigate complementary wind energy production as a solution to 

intermittency reduction. Therefore, we identify these complementary locations by analyzing wind time-series (TS), 

assessing their capability to cover inelastic electricity demand and to evaluate the improvement that can be made 

with respect to supply from alternative resources (i.e., electricity supply from spot market). 

 

Methods 
In this study, a twostep method is applied: first, complementary wind locations in France are identified with best 

scoring method. Different classifiers were used for the wind time series, including "Dynamic Time Warping" and 

"Shape Based Distance". 

Subsequently, hourly wind power production is simulated for two potential wind locations from the most dissimilar 

clusters. Thus, investigating its contribution in demand satisfaction and potential improvement when compared to 

non-complementary production. Ultimately, a first scenario will be established where wind energy output is only 

produced in one location and a second one where same installed capacity is distributed on two complementary 

locations. For each scenario, electricity demand satisfaction and intermittency measures are estimated. 

• Scenario 1: wind generation is not complementary; it is produced in one windpark location (windpark 1); 

• Scenario 2: wind generation is complementary; it is produced in two different windparks belonging to 

dissimilar clusters (windpark 1 and 2). 

Results 
The selected method is a Shape Based Distance (SBD), more particularly k-Shape method since it preserves data 

avoiding its alteration over time. Ten clusters are then obtained, where some of them show intra-distance 

dissimilarity, namely cluster 1 and 6 being most dissimilar with 4 and 10 respectively. Fig. 1 displays individuals 

from these clusters.  

The previous technical part provides potential complementary locations that are assessed in both scenarios, 

i.e., non-complementary wind generation scenario and complementary one. Economic evaluation shows that 

in scenario 2, complementary wind power generation improves demand satisfaction by about 60% to 76%.  

Moreover, production availability increases by about 66% to 88% and variability coefficient decreases from 86% 

in scenario 1 to 62% in scenario 2. 
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Fig. 1: Potential wind locations selected from most dissimilar clusters. Each location corresponds to a wind measurement station at 10 m 

height. Fig.1(A) shows individuals from cluster 1 and 4 that have a negative correlation (i.e., dissimilar), while Fig.2 (B) shows dissimilar 

individuals from cluster 6 and 10 which were used in the economic evaluation. For wind electricity output calculations, windspeeds 

are extrapolated to wind turbine hub height using power law. 

 

Conclusions 
With an evolving strained energy context due to Russian invasion on Ukraine, wind energy is a part of the solution 

to get energy independence. While wind energy complementarity is often studied on continental scale, this research 

shows that this solution can be further more addressed on a national scale, thus providing a smart planning for 

future installed wind capacities.  

Indeed, results show that complementary wind energy production allows a better electricity demand satisfaction 

and reduces intermittency by improving output stability, i.e., production availability increasing and variability 

decreasing. Furthermore, hourly data analysis provides more precision in estimating economic value 

of complementary windparks, as it takes into consideration intraday fluctuations. 

In this application, economic evaluation is applied on a local scale. Future research might be carried on a regional 

aggregated level in France to study a wider effect of this solution. Additionally, sensitivity analysis that includes 

grid limits and different windspeeds potential is recommended.  
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