Exploring the functional organization of
100% Renewable macro Power Systems
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= ) \ What is the end of the story?

How much ...
... wind + solar power?
... balancing
+ storage
+ transmission?
... investments when and where?
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Exploring the functional organization of
100% Renewable macro Power Systems
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weather

decide!
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2000 — 2007: 1h, 45x45km?
1980 — 2010: 1h, 30x30km?
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Wind + + Load time series
of aggregated Europe
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How much wind + solar power?
HOW mUCh StOragE? (with penetration = 100%)

o Seasonal optimal mix
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How much wind + solar power?

annual consumption (2009)
= 3360 TWh

60% wind power generation

750 GW installed capacity
150.000 x 5MW turbines
3750 x 200MW wind farms
100000 km?

w o ounon

40% solar PV power generation
= 750 GW installed capacity
= 5000 - 10000 km?
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stored energy [annual load]
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How much storage?

N NOT POSSIBLE: POSSIBLE:

Pumped Hydro, H2 storage

6h storage
00 02 04 06 08 1.0 2.2 TWh = 0.0007 av.y.l.
a/(a+b)
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—  ay = 0.80
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Excess penetration:
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so far: only storage

now: what about only balancing?
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Wind fraction «y,

What about synergies: - [Jldll |

“storage + balancing”?
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Wind fraction «y,

6h storage (2.2 TWh, n=1.0)
+ seasonal H2 storage (25 TWh, n=0.6)

+ “hydro” balancing (150 TWh)
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Cooperative Europe
VS.
Selfish Countries
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Residual load [normalised]
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Balancing vs. Transmission
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Balancing vs. Transmission

MOVIE
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Balancing vs. Transmission
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Transmission 2013 = 2050
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Transmission + E
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Transmission + Balancing Power

— Present layout

— Intermediate layout |7

— 99% Quantile layout
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Storage energy capacity Cg [av.y.l.]
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Fundamental Research on Renewable Energy Systems
at the interface between engineering + mathematics + physics

BIG SIMULATIONS: CONSENSYS-2050
transmission + storage + balancing,

smart energy systems,
coupled infrastructures,
economics + markets,

OPTIMAL TRANSITION 2013 - 2050
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