A complex-system modeller’s view on the
defossilisation of the European energy system
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A complex-system modeller’s view on the
defossilisation of the European energy system

capture / extract

general system dynamics
+ meaningful insights

+ inspirational results

Let the weather decide!

|. Back-on-the-envelope

ll. Simplified network model

lll. Techno-economic network
model (PyPSA)




Fluctuating ,,weather forces” + 02
ideal storage in a copper-plate Europe

3 TIME SCALES:
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D Heide et.al.: Renewable Energy 35 (2010) 2483-89.



Fluctuating ,,weather forces” + o

ideal storage in a copper-plate Europe
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Fluctuating ,,weather forces” + o

ideal storage in a copper-plate Europe
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Fluctuating ,,weather forces” + oo
storage + balancing in a copper-plate Europe

+ 6h "battery” storage (2.2 TWh, n=1.0)
+ seasonal H2 storage (25 TWh, n=0.6)
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MG Rasmussen et.al.: Energy Policy 51 (2012) 642-51.



wind and solar power capacities

| Prognose fur den 03.09.2007 © WETTERNET 2007

annual consumption (2009)
= 3360 TWh

70% wind power generation
= 875 GW installed capacity
= 175.000 x 5 MW turbines

= 4350 x 200 MW wind farms
= 115000 km?

30% solar PV power generation
= 550 GW installed capacity
= 3500 - 7500 km?




Fluctuating ,,weather forces” 08
+ Renewable European electricity network
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RA Rodriguez et.al.: Energy, Sustainability & Society 5 (2015) 21.

Infrastructure measures
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I E Eriksen et.al.: Energy 133 (2017) 913-28. |

System
costs
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E Eriksen et.al.: Energy 133 (2017) 913-28.

B Tranberg et.al.: Energy 150 (2018) 122-33.
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System
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more (“phyneering”) topics:

principal spatio-temporal modes,
power-flow renormalization,
mesoscale turbulence + climate change
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‘ Development of a new power-flow forecasting tool?
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I F Hofmann et.al.: Europhys. Letters 124 (2018) 18005.

12 flow degrees of freedom:
@® probabilisitic power flow + uncertainty analysis
@® development of a low-dim. power-flow forecasting tool

@® information processing in the brain




Techno-economic modeling:

sector-coupled energy system
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Defossilisation

of a simplified networked
electricity + heating system

PVPSA'EU r-Sec-30 T Brown et.al.: Energies 12 (2019) 1032.
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‘ simplified cross-sector network model \

T Brown et.al.: Energies 12 (2019) 1032.
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Green-field optimization of electricity + heating system
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I T Brown et.al.: Energies 12 (2019) 1032.

i solar thermal Il onshore wind
solar PV I hydroelectricity
I offshore wind Il transmission lines

System cost Transmission
® 5bEURMA = 10GW
* 1bEURA — SGW =

5000 A

S

o

o

o
1

3000 A

2000 -

1000

gas boiler [ air heat pump
I CHP B ground heat pump
resistive heater [ solar thermal

40 30 20 10 0
CO, emitted versus 1990 [%]



700

600

500 A

400 -

300 -

200

System Cost [EUR billion per year]

- battery storage
Bl hydrogen storage
Bl methanation

Costs with Optimal Transmission

hot water storage Il natural gas
gas boller
OCGT

BN CHP

40 30
CO; emitted versus 1990 [%]

20

500 A

400 A

300 -

CO, price [EUR/tCO;]
N
o
o
1

-

o

o
1

o
|

w
o

40

30 20
CO, emitted versus 1990 [%]

10

resistive heater
[ air heat pump
I ground heat pump

10 0

Green-field optimization of electricity + heating system

I T Brown et.al.: Energies 12 (2019) 1032.
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CO, tax is required to

* incentivize an efficient + highly decarbonized
all-sector energy system

. avoid renewable curtailment, combustion of
fossil fuel, and inefficient technologies

* incentivize efficient technologies such as heat
pumps + power-to-gas




Defossilisation of the European energy system

myopic (brown-field) optimization

I M Victoria et.al.: Nature Communications 11 (2020) 6223.
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tech+econ+pol brownfield optimisation
of the EU 2035 electricity system 137 of 1990

COz emissions

L Schwenk-Nebbe et.al.: Advances
in Applied Energy 2 (2021) 100012.
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Design of the future EU energy system
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Design of the future EU energy system

Sectoral Emission Constraints in PyPSA-Eur-Sec
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