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Among the largest regions of the world, Europe is probably the one that best exemplifies the adoption of energy and climate measures as recommended by the Paris 2016 Agreement on Climate Change. In this sense, every country of the EU had to elaborate a national energy and climate plan (2020-2030) that in Spain was called by the acronym PNIEC (Plan Nacional Integrado de Energía y Clima). According to this plan, the main target was to reduce emissions by 40% from 1990 levels.

A very significant aspect of the power electricity system is the daily pattern of the power demand, which for Spain is shown in the figure below and represents the hourly (0-24 h) average for all days of the year 2019. This curve shows a minimum of about 23 GW in the electricity demand at night and a maximum of about 31 GW around noon, which is much less that the total power capacity of the Spanish system  (110 GW).
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In this talk we would like to remark that 2019 has been an excellent year for reaching the PNIEC targets, since there has been a very large drop of coal generation passing from a 14.5% of the total electricity in 2018 to just 4.5% in 2019. This drop of 24.3 TWh also implies a downturn in emissions since the coal generation has been mainly substituted by gas combined cycle and solar plants.

The PNIEC contemplates that our electricity system for 2030 will be highly based on electricity generation by renewable plants (see Figure below): 50.3 and 48.5 GW for wind and solar, respectively. This implies that every year in the period 2020-2030, some 5 GW between solar and wind will have to be implemented. It is therefore an excellent news that just only in 2019, solar plants with a total of about 4 GW were implemented.
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Since the major sources of electricity in 2030 will be solar and wind, which are non-dispatchable, it would be needed, in order to avoid curtailment, to store the energy surplus when the solar and wind are very intense, so that this energy could be used later as backup energy. Since the storage of energy equipment is relatively costly, it would be needed to undertake studies to choose the most proper utensils. In this talk we will focus mainly in hydro-pumping, electrochemical batteries and hydrogen. 

Finally, by applying linear programming optimization techniques we have made optimal the large deployment of non-dispatchable variable renewable energies (VRES). By “optimal” we mean that the shares of VRES would simultaneously minimize both the backup and the surplus power components for the whole set of hours (8760) in the year.

