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Abstract. Exploring variable energy sources generation complementarity 

can, among several benefits, help in the reduction of the negative impacts of 

variability from individual sources, and lower the system’s flexibility 

requirements. This study focuses on the complementarity between offshore 

wind and wave energy aiming to identify its overall value to the power 

system. Using Portugal as a case study, this work examines two offshore 

regions of the Plan for the Allocation of Offshore Renewable Energy in 

Portugal using standard approaches to assess the level of complementarity. 

The findings show a clear seasonal mismatch in the summer between wind 

and wave energy, which supports their complementary nature and helps 

smooth out seasonal fluctuations in offshore renewable generation. The 

results indicate that wave energy brings value to diversifying the offshore 

energy mix. When compared with onshore renewable generation, the 

combined use of offshore wind and wave power significantly enhances the 

stability of energy supply, reduces extreme events, which can contribute to 

decrease the need for additional system flexibility in future nearly 100% 

renewable-based power systems.


