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‘AV Pan-European Case Study

1) Does the energy-only-market yield
sufficient returns to incentivize
investments in different fully renewable
European energy system scenarios?

2) If other instruments complementing the
energy-only-market are needed,
how should they be designed?
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vs' Reference System Calculation

s A

High level of
sector coupling and S2 flexible S4 radical
demand-side flexibility

Moderate level of
sector coupling and S1 conservative S3 variable
demand-side flexibility

Demand side flexibility

~85% wind + solar + hydro >95% wind + solar + hydro

S0 base Non-thermal supply capacity
~65% wind + solar + hydro

No sector coupling

Data: TradeRES Public Deliverable D2.1, Entso-E ERAA 2022, Entso-E TYNDP 2022, Renewables Ninja, RUB EE’s Pypsa-to-BB, Denish Energy Agency, Gils et al. (2014)
Literature: Helisto et al. (2019), Bottger et al. (2022), Finke et al. (2023)
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v> Reference System with > 95% non-thermal

renewables by constraint
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y> Sophisticated Contract for Difference — Case 1
Reference Price = Reference Market Value
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y> Sophisticated Contract for Difference — Case 2
Reference Price = Reference Market Value
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y> Simple 2-way Contract for Difference
Reference Price = Hourly day-ahead price
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/> Financial Contract for Difference
2\ Payments = Reference Revenues
Strike Price = fixed hourly payment
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‘47 Implementation of sophisticated CfDs in

our model
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No VRE constraint

Average yearly market
price per country = m‘
Reference Price (p) Sts = 45 _ Y 2-way-CfD

Literature: Frey et al. (2020), Gillich & Hufendiek (2022)



mgn\ Reference System with 2 95% non-thermal
renewables by constraint

Market Values, LCOEs and Average Market Value (Reference Price)
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_Av Implementation of simple 2-sided CfD
and financial CfD
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vb Workflow in Spine Toolbox
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elec Flelec  FI'Wind Onshore New 1 2way_cfd 960000  -9.710532608
elec Flelec  FlWind Onshore New 2  2way_cfd 960000  -14.68951373
elec Flelec  FI'Wind Onshore New 1 1way_cfd 960000  -9.710532608
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elec Flelec  FIWind Onshore New 1 Financial _CfD 461165.1 0.5
elec Flelec  FlWind Onshore New 2  Financial _CfD 465349.9 0.5




Workflow in Spine Toolbox
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vb Preliminary Results: Price Duration
Curves
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v Outlook: integrating prosumers into the
European wholesale electricity market
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v// 3. Method

s A

Energy System Model

Model

* Flexible open-source energy system
modelling framework Backbone

* Cost-minimizing capacity expansion
planning and subsequent unit
commitment

e Minimum share of variable
renewables as constraint

* Interpretation of marginal system
costs as electricity prices

Data: TradeRES Public Deliverable D2.1, Entso-E ERAA 2022, Entso-E TYNDP 2022, Renewables Ninja, RUB EE’s Pypsa-to-BB, Denish Energy Agency, Gils et al. (2014)

Power Plants

VRE: Solar PV, Solar CSP, Wind onshore
and offshore, Run of river hydro (weather
year 2019)

Thermal: Biofuel, waste, nuclear and
hydrogen CCGT

Storage: Pumped hydro and reservoir
hydro, batteries and hydrogen storage
with electrolysers

Industrial load shedding units
Maximum price = 3000€

Exogeneous and unlimited endogeneous
capacities for all technologies except
hydro power

Literature: Helisto et al. (2019), Bottger et al. (2022), Gillich & Hufendiek (2022), Finke et al. (2023)
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