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Why renewable energy? – Global perspective

Limit global warming by 1.5 oC by the end of the century

Source: EU



Why renewable energy? – National perspective
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Why consider climate?

Installed 
capacity Generation

2023 data (in %)

Wind: 22.5 %

PV: 15.1 %

Wind: 24.8 %

PV: 18.3 %

National data from REE. 2023 data as of October 4th
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Present climate: 1985-2020 ERA5



Expected climate changes in Spain

Wind magnitude tendencies show a generalized decrease

Solar radiation and temperature are expected to increase in the 
coming years

Climate change is projected to have a weak impact on PV generation



Methods to quantify future climate projections

1985-2005
1985-2005
2030-2050
2030-2050

Source: Cardell et al., 2019

Temperature and pressure: 
Quantile-Quantile adjustment

Wind:
Scaling

Radiation:
Energy scaling maintaining 
physical limits
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Calibrated projected future climate: 2030-2050



Average projected future changes in climate
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Optimization

Methodology: the e4clim model



Methodology: system total cost minimization
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The cost of variable renewable energy sources:
economic cost

Source: Cost development of low carbon energy technologies – Scenario-based cost trajectories to 2050 (2017)



Source: How does the 
land use of different 
electricity sources 
compare? – Our World 
in Data (2022)



Introducing suitability cost



Model framework
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Impact on mean penetration and system total cost



Impact on total installed capacity



Present climate Projected future climate





Source: United Nations



Impact on the contribution to SDGs



Impact on the contribution to 
sustainable development goals

𝛾! 𝛾" 𝛾#

SDG 2 1 5 5

SDG 7 2.2 1.4 1

SDG 13 4 2 1

SDG 15 3.5 5 5

Nexus index 2.675 3.35 3

𝛾! 𝛾" 𝛾#

SDG 2 -0.67 - -

SDG 7 -0.27 -0.36 -

SDG 13 -0.2 -0.5 -

SDG 15 +0.4 +0.11 -

Nexus index -0.21 -0.15 -

Projected future climate Differences



Conclusions

Mean renewable penetration

System total cost

Shift 

Midway 𝛾 approach for     sustainability 
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