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Development of emission intensities
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Figure: Development of real and calculated emission intensities in the German electricity sector between 1995 — 2021
together with counterfactual scenario without ETS; own illustration.
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Comparison of CO, reductions
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Figure: Development of CO, reduction assigned to the ETS and subsidies for RES from 1995 — 2021. The reduction
assigned to the ETS is based on the counterfactual scenario developed above. The reduction assigned to subsidized

RES is based on the product of emission intensity and electricity generated by RES with a discount of 10 % for fossil
power plants on standby.
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Choice of policy instruments

= Which policy instrument to choose with respect to
— efficiency

— innovation incentives

— accuracy

— additionally to consider: effectiveness
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Policy instruments — ranking
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ETS and emission tax have advantages with respect to efficiency
when compared to obligations

without adjustments innovation incentives are highest for the
emission tax

accuracy is highest for obligations and the ETS
investment incentives are best for an emission tax

close to E* the emission tax is superior to the other policy
instruments while later the ETS is superior

What about subsidies for RES?
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History of electricity generation with RES

wind mills are already known since
ancient times

= first wind turbines already used in
the 19t century (Kaldellis and
Zafirakis, 2011; Viollet, 2017)

— Paul la Cour is seen as a pioneer for
wind turbines

Figure: Wind turbine in 1907 designed by Paul
la Cour; source: Wikipedia
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History of electricity generation with RES

= photovoltaics attracted broad attention when it was used for
satellites in the late 1950s (Perlin, 2002)

= oil price shocks in 1973 and 1979/80 called for alternatives to
fossil-based electricity generation

— additionally a debate about environmental issues in electricity
generation started

= several counties (e.g. Denmark, Germany, USA) started research
projects on the use of renewable energy (Lucas, 1985).
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The GROWIAN project

German government started the
development of a wind turbine called
GROWIAN (GroBe
Windenergieanlage — “large wind
turbine”) in 1976

— 150 m total height

— 100,4 m rotor diameter
— 3 MW generator output
=

largest wind turbine in the world at
that time(Heymann, 1995, p.
369-378)

Figure: GROWIAN in 1984; source: Wikipedia
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GROWIAN - a failure

= operation started on July 6, 1983

— operation time only 420 hours during 4 years of operation
(Heymann, 1995, p. 378 — 380)

= in 1988 it was dismantled

= Hans Matthéfer who, as former minister for research and
development, enabled the start of the project announced on
February 28, 1982 with respect to GROWIAN:

“We know that it does not make sense. We still carry it out to
prove supporters of wind energy that it will not work."
(Heymann, 1995, p. 373)
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GROWIAN - a failure

= operation started on July 6, 1983

— operation time only 420 hours during 4 years of operation
(Heymann, 1995, p. 378 — 380)

= in 1988 it was dismantled

= Hans Matthéfer who, as former minister for research and
development, enabled the start of the project announced on
February 28, 1982 with respect to GROWIAN:

Wir wissen, daB es uns nichts bringt. Aber wir machen es, um
den Befiirwortern der Windenergie zu beweisen, daB es nicht
geht.(Heymann, 1995, p. 373)
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Introduction of RES in Germany

= The Intergovernmental Panel on Climate Change (IPCC) was
founded in 1988

= first assessment report published in 1990
= RES-based electricity generation came into the focus

= Germany introduced subsidies for RES-based electricity
generation already in 1991 (Electricity Feeding Act, 1990).

= The explanatory memorandum of the law explicitly referred to
climate protection (Federal Government, 1990)
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Growing RES-based electricity generation

Renewable Energies Act in 2000 SR —
increased the use of RES (Renewable Wer kritisch fragt, ist noch
Energies Act, 2000) lingst kein Kernkraftgegner.

in 2017 179 countries subsidized RES ‘

113 used a system of FiTs similar to
the German Renewable Energies Act
of the year 2000 (Sawin et al., 2018,
p. 19)

Today it is clear that at least a part
of fossil electricity generation has to i
be substituted by RES in the future |
(e.g. Sanden and Azar, 2005; De
Jonghe et al., 2009)

aaaaaa

Figure: Commercial from 1993; source: Siiddeutsche Zeitung 15:
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World electricity generation
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Figure: World electricity generation by source, 1990-2020; source: United Nations (2023).
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Worldwide RES-based electricity generation
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Figure: Stacked area chart illustrating the development of electricity generation based on wind and solar power plants
and remaining renewable energy sources from 1990 until 2021; own illustration based on data provided by Enerdata
(2018), Working Group on Energy Balances (2018).
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Worldwide wind- and solar-based electricity generation
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Figure: Stacked area chart illustrating the development of electricity generation based on wind and solar power plants
in selected countries and worldwide from 1990 until 2021; own illustration based on data provided by Enerdata (2018),
Working Group on Energy Balances (2018).
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Electricity generation in Germany
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Figure: Stacked area chart illustrating the development of gross electricity output with respect to different energy
sources in Germany between 1990 and 2022. The difference between gross electricity generation and gross electricity
consumption (red line in the graph) corresponds to electricity exports; own illustration based on data provided by
Working Group on Energy Balances (2018), Information Platform of the German Transmission System Operators (2018)
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Promotion of RES
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feed in tariff (FIT)

fixed price paid for electricity from RES connected with an
acceptance obligation for generated electricity

feed in premium (FIP)

electricity from promoted RES is regularly sold at the market but
the seller in addition receives a premium

a fixed FIP shifts risks from the regulator to the power plant
operator

a sliding FIP acts like a more market-based FIT

How a sliding FIP changes the operator's behavior when
compared to an FIT?
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Promotion of RES

= contracts for differences CFDs

the subsidized power plant operator receives/pays the difference
between the market price and a predefined strike price

— operator receives money for market prices below the strike price

— operator has to pay if market prices are above the strike price

= What are advantages/disadvantages from the perspective of the
regulator and the power plant operator?
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Subsidies for RES-based electricity generation
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Figure: Difference costs induced by subsidies for electricity generation by RES in Germany. Own illustration based on
data provided by Information Platform of the German Transmission System Operators (2018,b).
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Marginal abatement cost of RES — exercise

= Which data is necessary to calculate marginal abatement cost of
RES-based electricity generation?

= Calculate the marginal abatement cost of electricity generation
with RES

= Compare it to the price of certificates for the EU ETS
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Marginal abatement cost of RES — exercise
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Figure: Development of abatement cost of RES-based electricity generation in Germany. Own illustration based on data
provided by Information Platform of the German Transmission System Operators (2018,b).
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EUA price development
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Figure: Development of the allowance price of the EU ETS between April 25, 2005 and December 6, 2023. Own
illustration based on investing.com (2023).
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Abatement cost of RES — exercise

Monthly electricity spot market pricesin Germany
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Figure: Development of the average day-ahead prices for electricity in Germany on a monthly basis between 2006 and
2022; source: energy-charts.info.
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The merit order effect of RES
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Figure: Schematic illustration of the merit order effect of RES as described by De Miera et al. (2008); SensfuB et al.
(2008); own illustration.
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Figure: Schematic illustration of the merit order effect of RES as described by De Miera et al. (2008); SensfuB et al.

(2008); own illustration.
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Promotion of RES

= regulator’'s assumption: subsidies for RES are “too high”
— reducing power plant operators’ profits

— increase efficiency without deteriorating effectiveness

= reverse auctions for RES

= shift from price-based promotion scheme to a quantity-based
promotion scheme
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Auctions

page 27

usual auction
the auctioneer wants to sell a good for the highest price possible
the bidder wants to buy the good as cheap as possible

efficiency is achieved if the bidder with the highest willingness to
pay acquires the good

reverse auction
the auctioneer wants to buy a good for the lowest price possible
the bidder wants to sell the good as expensive as possible

efficiency is achieved if the bidder with lowest cost sells the good

In a reverse auction the roles of bidder and auctioneer are
reversed
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