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renewable energy? — Global perspective

Limit global warming by 1.5 °C by the end of the century
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Figure 2. Life cycle greenhouse gas emission estimates for selected electricity generation and storage
technologies, and some technologies integrated with carbon capture and storage (CCS).

Electricity Generation Technologies Electricity Storage Electricity Generation
Powered by Renewable Resources Technologies Technologies Powered by .
1800 Evolution of renewable energy targets
1,600 Single Estimate for Maximum —
1,400 Hydrogen Q3 -
— Single Estimates o Median — 50%
= 1,200 with CCS Q-
% 000 Minimum — - 45% REPowerEU Plan (2022)
P
(v 0,
) 800 40%
600
‘€ 400 32% Recast directive (2018)
u $ 30%
8 200 g g |:| i ; 27% FigL I b der
c . 4 e Ieenl o ooy i 22%
E 9] 1S 7} =) 9] & ) o o e = E 5 = A B "
w0 | &2 £ § § § 8 g.--g---§ ..g.-8..9..§ 20% P 20% Target set in 2009
sls &€ & § & & g & & & % |
{ @ = s = = < ° e = 2
@ M0 % wE 38 E 2 § £ g & ¢ & =z oA S i e — 14%
g @ s S g8 g ° E; i g
O 600 | ¢ £ 5 o @ =l = { ]
£ ¢ £ 8 3 & = 10% | ,
= -800 g = £ i !
g 2 | |
-1,000 L—— Y E = i |
& - ! 1
-1,200 * Avoided emissions, no removal of KEE N R E L ! 7
GHGs from the atmosphere Transforming ENERGY .
a0 ¢ 2010 2020 2030
Estimates 276 (+4) 46 36 35 149 10 186 16 29 1 99 80(+13) 24 164(+11) SO u rce . E U
References 57(:2) 17 10 15 22 5 69 4 3 1 27 4711 10 53(+9)



Why renewable energy? — National perspective
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Present climate: 1985-2020 ERA5S
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Expected climate changes in Spain

D ‘
—0 \'\\. Wind magnitude tendencies show a generalized decrease

N\ | /7
-()- ‘/7' Solar radiation and temperature are expected to increase in the
coming years

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




CDFs

Methods to quantify future climate projections

Temperature and pressure:

Quantile-Quantile adjustment

1

0.8 -

0.6 —

0.4 -

0.2 -

/ y
/
’

el

OBS 1985-2005
RCM 1985-2005

" RCM 2030-2050

PRJ 2030-2050

280 290 300
T(K)

Source: Cardell et al., 2019

|
320

Wind:
Scaling

Radiation:

Energy scaling maintaining

physical limits

Zt p% _ Zt S?"t
Zt O% Zt Sgt

)

0 <p <C5



Mean

Standard deviation

Calibrated projected future climate: 2030-2050
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Average projected future changes in climate
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Methodology: the e4clim model
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Methodology: system total cost minimization
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The cost of variable renewable energy sources:
economic cost
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Figure 1 Investment costs of low carbon energy technologies according to literature

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



Land use of energy sources per unit of electricity Our Worid

Land use is based on life-cycle assessment; this means it does not only account for the land of the energy plant itself but also land
used for the mining of materials used for its construction, fuel inputs, decommissioning, and the handling of waste.

in Data
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' ydropower Jo M o)
small-to-medium plants (<360MW) 33m? per MWh
Concentrating solar O L O
tower 22m? per MWh
Coal power o ®
carbon capture & storage (CCS) 21m? per MWh
Solar photovoltaic (PV), silicon ® On-ground solar has a relatively high land use,
installed on-ground O 19m?2 per MWh O but varies a lot based on location and density.
Coal power O . O Most land use for coal comes from the mining and excavation of sites
15m2 per MWh _ for the raw coal fuel.
Hydropower
large plants (>660MW) 14m?2 per MWh
Solar photovoltaic (PV), cadmium o o)
installed on-ground 12.6m? per MWh
Solar Dh0t0V0|t_aiC (PV), silicon O‘O Land use for solar is smaller if it's installed on roofs. This figure is not zero because
installed on roofs 3m?2 per MWh some land is still needed for the mining of materials used to produce these panels.
Gas plant
carbon capture & storage (CCS) 1.3m? per MWh
Solar photovoltaic (PV), cadmium By utilizing roofs, total additional land use for solar can be small.
installed on roofs 1.2m? per MWh This figure is not zero because some land is still needed for the mining of materials used to produce these panels.
Gas plant
1m? per MWh
Nuclear power @ Nuclear energy uses the least amount of land.
0.3m2 per MWh
0 10 m? 20 m? 30 m? 40 m? 50 m? 60 m? Source: How does the
Land use per megawatt-hour of electricity (m>-annum per MWh) |a n d use Of d |ffe rent
The land use of onshore wind can be measured in several ways, and is distinctly different from land use of other energy technologies. Land between wind turbines can be 11
used for other purposes (such as farming), which is not the case for other energy sources. The spacing of turbines, and the context of the site means land use is highly variable. e IeCt rl Clty SO u rces
) _ 2 s
Onshore wind o Hemm =20, @ compare? — Our World
project site area Minimum = 8.4 m? 99m? —

in Data (2022)

Onshore wind ) This only includes the area directly impacted by the excavation and insertion of wind turbines.
direct impact area of the turbines 0.4m? per MWh It does not include the area between turbines - this is captured in the ‘project site area’ measure above.

Nete Capacity factors are taken into account for each technology which adjusts for intermittency. Land use of energy storage is not included since the quantity of storage depends on the composition of the electricity mix.

Source: UNECE (2021). Lifecycle Assessment of Electricity Generation Options. United Nations Economic Commission for Europe for all data except wind. Wind land use calculcated by the author.
See OurWorldinData.org/land-use-per-energy-source for more research on this topic. Licensed under CC-BY by the author Hannah Ritchie.



Introducing suitability cost
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Model framework
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Mean penetration (%)

Impact on mean penetration and system total cost
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Additional installed capacity (10 MW)
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Present climate
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Impact on the contribution to SDGs
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Projected future climate

Impact on the contribution to
sustainable development goals

Differences
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SDG 2 1 5 5
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This is awesome, honey!
Now we're 100 percent
energy self-sufﬁcient!
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