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Abstract 

Solar irradiation and wind speed vary with climatic, as well as seasonal and daily weather 

conditions. In order to represent these variable renewable energy (VRE) resources in 

specialized energy system models, high temporal and spatial resolution information on their 

availability is used. In contrast, Integrated Assessment Models (IAM), typically characterized 

by long term time scales and low temporal and spatial resolution, require aggregated 

information on VRE availability and balancing requirements at various levels of VRE 

penetration and mix. Parametric studies that provide such information typically regard solar 

energy synonymously with photovoltaic power generation. However, solar energy can also 

be harvested with Concentrating Solar Power (CSP) plants, which can be dispatchable if 

equipped with thermal storage. Accounting for this dispatchable use of the variable solar 

resource can change the balancing requirements at any solar energy penetration level. In 

this paper, we present an application of the high resolution energy system model REMix to a 

set of European supply scenarios with theoretical VRE shares ranging from 0-140%, three 

solar-to-wind ratios, with CSP included in the solar share. We evaluate balancing measures, 

curtailments and costs and compare the findings to previous results in which CSP is regarded 

a backup option among other dispatchable power plants. The results show that CSP 

potentials in Europe are widely exploited in most scenarios. System costs are found to be 

lowest for wind dominated systems or balanced mixes of wind and solar and for an overall 

VRE share between 40% for a low and 80% for a high scenario of the future CO2 emission 

certificate price. The comparison with previous results shows that storage capacity is the 

only system variable that is significantly affected by allocating CSP to the VRE resources 

category. It is reduced by 24% on average across all VRE shares and proportions and by 

around 80% at most. 
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