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Motivation

Strategies to balance wind and solar generation:

A Storage
A Extend transmission capacities
A Sector coupling

I e INVEST

DEPARTMENT OF ENGINEERING



Model overview

— System cost

Costs assumptions— —> Generation and storage capacities per country

Economic
optimization Interconnection capacities among countries
Network topology bi
Su JECt_ to » Dispatch time series
Time series for wind, solar, constraints

— Market prices, required CG, price

and hydro generation

26 tech. x 30 countries x 8760 hours = 7-10variables, solved in ~2 hours in simulation cluster
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Research guestions

What is the optimal wind to solar mix?
How are the results affected by costs assumptions?

How are the results affected by interconnection capacities expansion?

How are the results affected by the CO, emissions target?
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Methods: Sector-coupled network model

Cost projections for 2030 for every technology

Technology Owvernight Unit FOMP  Lifetime Efficiency Source
Cost®[€] [%/a) [years|

Onshore wind 4910 kW, 3.3 30 [44
Offshore wind 2506 kW, 3 25 [44]
Solar PV utility-scale® 425 kW . 3 25 [45]
Solar PV rooftop® 725 kW, 2 25 [45]
oceTd 560 kW, 3.3 25 0.39 (44, 46]
Hydro reservoir® 2000 kKW, 1 80 0.9 [46]
Run-of-river® 3000 KW, 2 80 0.9 [46]
Pumped hydro storage® (PHS) 2000 KW, 1 80 0.87-0.87=0.76 [46]
Batteries 144.6 KWh,, 0 15 0.9-0.9=0.81f [47]
Battery inverter 310 KWe 3 20 0.9f [47]
Hydrogen storage® R.4 KWh,, 0 20 0.8.0.58=0.46 [47]
Hydrogen electrolysis 350 KW, 4 18 0.8

Hydrogen fuel cell 339 KW, 3 20 0.58 [47]
HVDC lines 400 MWkm 2 40 1 [48]
HVDC converter pair 150 kW 2 40 1 [48]
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Methods: Sector-coupled network model

Scenario Electricity+Heating+Transport

Demand Transmission

. 200 TWh wesm 10 GW
® 60TWh T SGW

One-node-per-country network
Linear power flow

Hourly resolution

N
Hl clectricity heating transport
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Methods: Modelling country-wise wind generation

Global weather data (1 hour, 40x40km 2)

Converted to wind energy generation

v

Country-wise aggregation

v

Time series validated using historical data.
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Openly available time series for onshore and
offshore in 30 European countries (19792017)
doi: 0.5281/zenodo.3245437
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https://zenodo.org/record/3253876#.XXZmk39S8l0

