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ELECTRICITY GENERATION

Share of EU greenhouse gas emission by source, 2017
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MAJOR CLIMATE REGULATION IN THE ELECTRICITY SECTOR

Carbon Price: EU Emission Trading System Production Subsidies: Renewable Promotion

€
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RESEARCH QUESTION

How should optimal renewable promotion respond to carbon pricing?

Optimal renewable promotion
Callaway et al. (2018); Abrell et al. (2019); Lamp and Samano (2020)
=>» Extended for carbon prices

Interaction emissions trading and renewable promotion
Gonzalez (2007); Bohringer and Rosendahl (2010); Bohringer and Behrens (2015)
=» Consider constant carbon taxes and how renewable promotion should react

Empirical
Holladay and LaRiviere (2017); Cullen and Mansur (2017); Kaffin et al. (2013); Novan (2015); Abrell et al. (2019)

=» Estimation of optimal subsidies depending on carbon and fuel price regime using empirical and numerical
methods
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OVERVIEW

= Motivation
® The impact of carbon prices on optimal renewable promotion
= Empirical results

= Summary and conclusions
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MARGINAL ECONOMIC VALUE OF RENEWABLE PROMOTION
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OPTIMAL RENEWABLE PREMIUM

marginal economic value = marginal income

Zwrt [Ct + SCC - MERt] ; ZwrtPt + S:
t t

" Price includes a carbon rent determined by the
carbon price (7) and the marginal emission rate (MER) Py=c +TMER,

= Optimal premium reflects

= marginal external benefit (production profile)

s, =(85CC —r)- ZthMERt
/

= carbon rent embedded in market price

= production profiles
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OPTIMAL RENEWABLE PREMIUM AND CARBON PRICES
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PREMIUM ADJUSTMENT DEPENDS ON PRODUCTION PROFILE
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= Summary and conclusions
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EMPIRICAL APPROACHES
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EMPIRICAL APPROACH

= Estimate the impact of renewables on conventional
generation depending on fuel price regime (¢)

qit = Z(a(ﬁ + ﬁlwic};wt + ﬁliiﬁiq;'Jw? T ’6311:iq3wtdt + ﬁlséésf + 525?2:4533 + 6351q33tdf+

¢
64rgg€dt + 65?:’(5&’? + ﬁﬁ@{f}(bt + /672;(])t€mpt + ’Y’ikt)ft{!; + 0; Dy + €54

= Calculate marginal emission rate by regime using Variable Description
Y : HPR. Generation
a'verage €emission IntenSItY' MER ~T qit Hourly generation of technology ¢ [MWHh]
we Hourly wind generation [MWHh]
St Hourly solar generation [MWh)]
Demand
. d Hourly electricity d d [MWh
= Social cost of carbon: 50€/tCO, o urly clectrciy demand B
eather data
tempt Daily mean temperature [°C]
Prices
bt Daily coal-to-gas price ratio
. . *
u Optlma| SUbSldy: 87" — (SCC — T) MER"T Capacities

kit Hourly available capacity of technology i [MW]




OPTIMAL PREMIUM AND FUEL SWITCH

" Cheap coal 35,
. . L. Cheap Coal
Wind and solar premium rather similar N
25
= Fuel switch 20 0 5
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= Solar premium increases

,_.
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Optimal Subsidy [€/MWh]

" Wind premium slightly decreases

" Modest differentiation of premiums

E Optimal premium 1 External cost in market price
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OPTIMAL PREMIUM AND CARBON PRICES

Euro/MWh
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= Use numerical model to examine the impact of varying carbon prices

= Partial equilibrium model minimizing system cost under perfect competition assumption
= Increase carbon price = Decrease optimal premium
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SUMMARY

How should optimal renewable promotion respond to carbon pricing?

Carbon prices impact optimal premium in two ways

(I) Change in merit order changes marginal emission rates &

1
s

(only in systems with decreasing marginal emission rates) 'yl |
. . % 10 0
=» Premium adjustments rather small
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(2) Higher carbon rent transported through the market price

=>» Phase out renewable promotion
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