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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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Different types of Contracts for Difference (CfDs) for variable renewables (VRE)
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Prices and Generation Mix
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Consumer perspective
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v 5. Conclusion and Outlook

VA

Conclusion:

« CfDs are able to incentivize invest to achive a higher share of variable renewables

* Yet, in our design, CfD payments distort investments towards more expensive technologies in terms of LCOE
* Anticipation of CfD payments by generators can harm invest and increase curtailment

» Both types of CfDs distort prices and therefore, curtailment and storage activity

» Total system costs and average prices are lower in the 1-way-CfD-case, yet at the price of higher subsidies

— CfDs can successfully lead to meeting certain targets,

but messing with price signals always causes inefficient distortions!
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A A

Outlook:

* Use market value of a reference power plant as reference price

* More distinct renewables within a country

« Model more types of CfDs (financial wind CfDs)

* No subsidies for LCOE > p. .. to account for precedent auction for CfDs with maximum price
* More iterations to account for more ,clever market actors

» TradeRES: will cover more market designs and include demand flexibility from other sectors
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Energy System Model

Model

* Flexible open-source energy system
modelling framework Backbone

* Cost-minimizing capacity expansion
planning and subsequent unit
commitment

*  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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Storage activity all over Europe
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