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Strategic bidding behavior

• Considering single unit bidders, we know from standard auction
theory

→ in a pay-as-bid auction there exists an incentive to increase price
bids (analogous to bid shading)

→ in a uniform price auction this incentive does not exist

• Does this apply to the suggested auction design with
endogenous quantity, too?

→ in contrast to a usual uniform price reverse auction, a
manipulated bid may influence endogenous quantity and thus
the price

⇒ in the following we compare a situation with true bids and
inflated bids
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Strategic bidding behavior

*

QQ*

s

s

___
q j

Figure: Exemplary merit order after deception. The deceiver changes from j to k while bidders j + 1 to former position
k all slide down one position.
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Impact of an inflated price bid

• According to the illustration of the two preceding slides, we
assume the deceiver places an inflated price bid and thus
changes from position j to k ≥ j

• the analysis is carried out from the regulator’s point of view who
interprets price bids as generators’ expected unit costs.

⇒ for the regulator an increased price bid indicates an increase
of expected unit costs although actual expectations about unit
costs do not change.
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Impact of an inflated price bid

• the difference in expected aggregated uncovered costs (from the
regulator’s view) is

∆C(l) ∶=
l
∑
i=1
(ŝi − si)qi .

• with ŝi indicating the subsidy rate of bidder i after inflation of
the price bid of former bidder j .

• the difference in expected subsidy equals

∆S(l) ∶= (ŝl − sl)
l
∑
i=1

qi .
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Impact of an inflated price bid

• using the two preceding equations together with φ(l) ∶= C(l)
S(l) ,

yields

∆φ(l) ∶ = φ̂(l) − φ(l)

= ∆C(l)
S(l) +∆S(l) −

∆S(l)
S(l) +∆S(l)φ(l)

• with φ̂(l) corresponding to the respective value under an
inflated price bid while ∆S(l) and ∆C(l) indicate the change of
S(l) and C(l) after deception yielding Ĉ(l) = C(l) +∆C(l) and
Ŝ(l) = S(l) +∆S(l).

• Demonstrate that the two lines of the equation are equal.
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Impact of an inflated price bid

• ∆S(l) and ∆C(l) show a distinct behavior depending on the
bidders’ position in the merit order

• S(l) is the product of the last successful bider’s subsidy rate ŝl
and the sum of quantities ∑l

i=1 qi

⇒ any change induced by deception is propagated from one bidder
to the next

⇒ changes increase between position j and k while ∆S(l) is zero
after position k

⇒ We find

0 =∆S(l < j) ≤∆S(l = j) ≤∆S(l = j + 1) ≤ ⋅ ⋅ ⋅ ≤∆S(l = k)
≥∆S(l = k + 1) = 0 = ⋅ ⋅ ⋅ =∆S(l = n)
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Impact of an inflated price bid

• C(l) is the sum of products of the last successful bider’s subsidy
rate ŝl and the respective quantity qi

⇒ any change induced by deception is propagated from one bidder
to the next

⇒ changes increase between position j and k while ∆C(l) is
constant after position k

⇒ We find

0 =∆C(l < j) ≤∆C(l = j) ≤∆C(l = j + 1) ≤ ⋅ ⋅ ⋅ ≤∆C(l = k)
=∆C(l = k + 1) = ⋅ ⋅ ⋅ =∆C(l = n).
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Impact of an inflated price bid

• using

0 =∆S(l < j) ≤∆S(l = j) ≤∆S(l = j + 1) ≤ ⋅ ⋅ ⋅ ≤∆S(l = k)
≥∆S(l = k + 1) = 0 = ⋅ ⋅ ⋅ =∆S(l = n)

• and

0 =∆C(l < j) ≤∆C(l = j) ≤∆C(l = j + 1) ≤ ⋅ ⋅ ⋅ ≤∆C(l = k)
=∆C(l = k + 1) = ⋅ ⋅ ⋅ =∆C(l = n).

• directly leads to
∆φmax =∆φk+1.
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Impact of an inflated price bid

• for l ≥ k we find ∆S = 0 and constant ∆C(l) while S(l) is,
according to the merit order, continuously increasing which leads
to

∆φ(k + 1) ≥∆φ(k + 2) ≥ ... ≥∆φ(n).

• a risk averse deceiver tries to place a bid below the formerly
pivotal bidder (k < l∗) yielding

∆φ(l∗) ≥∆φ(l∗ + 1) ≥ ... ≥∆φ(n).

• it can be shown that behavior of ∆φ(l) directly translates to
behavior of u(l) for θ ≥ 1

⇒ there is no rational incentive for a risk averse single unit bidder
to inflate the price bid
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What about multi-unit bidders?

• multi-unit bidders need not necessarily aim at winning all bids
⇒ no need to place a bid close to but below the pivotal bidder
⇒ in a usual uniform pricing reverse auction with excessive demand

one maximum bid already provides a maximum payment for all
participating bidders

⇒ we cannot apply our analysis for single-unit bidders to multi-unit
bidders

⇒ switch from analytical assessment to simulation
⇒ approximation of the bidding potential
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Simulated supply curves

Figure: Supply curve (expected LCOE) of the solar power plant reverse auction which took place on November 1, 2021,
modeled by Enervis energy advisors GmbH (2021); illustration made by Enervis energy advisors GmbH (2021) with
translated description.
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Approximation of the supply curve

• rational assumption: normal distribution of LCOE
⇒ supply curve can be approximated by a probit function
⇒ a probit-function can be well approximated by a logit-function

pl = σ ln( κχ(l)
1 − κχ(l)) + ps (1)

• with

κ ∶= 1
χ(n) + χ(n)

n

= 1
χ(n)

n
n + 1

(2)
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Approximation of the supply curve

• assuming identical quantities qi for each project (no loss of
generality) yields

χ(l) = l
n

χ(n) (3)

and finally

pl = σ ln( l
n − l + 1

) + ps (4)

• Eq. 4 allows to control the approximated supply function with
only two parameters.

• σ = 0.25 and ps = 4.3 deliver a good approximation for the
supply curve illustrated in Fig. 3.
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Exercise

• use the following variant of Eq. 4 to calculate the bids of n=20
bidders

sl = σ ln( l
n − l + 1

) + ps − pspot (5)

assuming σ = 0.25, ps − pspot=1.7
• Calculate χ(l), φ(l) and the utility u for α = 0.5, α = 0.7 and

α = 0.8 using a Cobb-Douglas utility function

ul = φ(l)αχ(l)1−α (6)

• assume inflated price bids occur from position 5 onwards. What
is the minimum market share for successful deception under
these conditions for α = 0.5, α = 0.7 and α = 0.8
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Simulated supply curves
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Figure: Supply curves illustrating a variety of parameter combinations (center and the four corners of the following
three fugures)
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Simulated supply curves
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Figure: Minimum market share necessary for successful deception starting from l/n=0.26.
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Simulated supply curves
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Figure: Minimum market share necessary for successful deception starting from l/n=0.51.
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Simulated supply curves
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Figure: Minimum market share necessary for successful deception starting from l/n=0.76.
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Figure: Atmospheric CO2 trajectories for the 10,000-year duration
of certain climate model simulations (Archer et al., 2009)

“Carbon
dioxide cycles between
the atmosphere, oceans and
land biosphere. Its removal
from the atmosphere
involves a range of
processes with different time
scales. About 50% of a CO2
increase will be removed
from the atmosphere within
30 years, and a further 30%
will be removed within a few
centuries. The remaining
20% may stay in the
atmosphere for many thousands of years” (Denman et al., 2007).
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Changes in global surface temperatures according to scenarios

28

SPM

Summary for Policymakers

D.1.1  This Report reaffirms with high confidence the AR5 finding that there is a near-linear relationship between cumulative 
anthropogenic CO2 emissions and the global warming they cause. Each 1000 GtCO2 of cumulative CO2 emissions is assessed 
to likely cause a 0.27°C to 0.63°C increase in global surface temperature with a best estimate of 0.45°C.41 This is a narrower 
range compared to AR5 and SR1.5. This quantity is referred to as the transient climate response to cumulative CO2 emissions 
(TCRE). This relationship implies that reaching net zero anthropogenic CO2 emissions42 is a requirement to stabilize 
human-induced global temperature increase at any level, but that limiting global temperature increase to a specific level 
would imply limiting cumulative CO2 emissions to within a carbon budget.43 {5.4, 5.5, TS.1.3, TS.3.3, Box TS.5} (Figure SPM.10)

41  In the literature, units of °C per 1000 PgC (petagrams of carbon) are used, and the AR6 reports the TCRE likely range as 1.0°C to 2.3°C per 1000 PgC in the underlying report, with 
a best estimate of 1.65°C.

42 The condition in which anthropogenic carbon dioxide (CO2) emissions are balanced by anthropogenic CO2 removals over a specified period (Glossary).

43  The term ‘carbon budget’ refers to the maximum amount of cumulative net global anthropogenic CO2 emissions that would result in limiting global warming to a given level with 
a given probability, taking into account the effect of other anthropogenic climate forcers. This is referred to as the total carbon budget when expressed starting from the pre-industrial 
period, and as the remaining carbon budget when expressed from a recent specified date (Glossary). Historical cumulative CO2 emissions determine to a large degree warming to 
date, while future emissions cause future additional warming. The remaining carbon budget indicates how much CO2 could still be emitted while keeping warming below a specific 
temperature level.

Figure SPM.10 | Near-linear relationship between cumulative CO2 emissions and the increase in global surface temperature 

Top panel: Historical data (thin black line) shows observed global surface temperature increase in °C since 1850–1900 as a function of historical cumulative carbon 
dioxide (CO2) emissions in GtCO2 from 1850 to 2019. The grey range with its central line shows a corresponding estimate of the historical human-caused surface 
warming (see Figure SPM.2). Coloured areas show the assessed very likely range of global surface temperature projections, and thick coloured central lines show the 
median estimate as a function of cumulative CO2 emissions from 2020 until year 2050 for the set of illustrative scenarios (SSP1-1.9, SSP1-2.6, SSP2-4.5, SSP3-7.0, and 
SSP5-8.5; see Figure SPM.4). Projections use the cumulative CO2 emissions of each respective scenario, and the projected global warming includes the contribution 
from all anthropogenic forcers. The relationship is illustrated over the domain of cumulative CO2 emissions for which there is high confidence that the transient climate 
response to cumulative CO2 emissions (TCRE) remains constant, and for the time period from 1850 to 2050 over which global CO2 emissions remain net positive under 
all illustrative scenarios, as there is limited evidence supporting the quantitative application of TCRE to estimate temperature evolution under net negative CO2 emissions.

Bottom panel: Historical and projected cumulative CO2 emissions in GtCO2 for the respective scenarios.

{Section 5.5, Figure 5.31, Figure TS.18}

Every tonne of CO₂ emissions adds to global warming

Future cumulative
CO₂ emissions differ 
across scenarios and 
determine how much 
warming we will 
experience.
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Figure: Global surface temperature increase since 1850-1900 (°C) as a function of cumulative CO2 emissions (GtCO2;
source: IPCC (2021).
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Development of CO2 emissions
Global Energy Review: CO2 Emissions in 2021 
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Figure 5 CO2 emissions in selected emerging and advanced economies, 2000-2021 

IEA. All rights reserved. 

Global economic output in advanced economies recovered to pre-pandemic levels 
in 2021, but CO2 emissions rebounded less sharply, signalling a more permanent 
trajectory of structural decline. CO2 emissions in the United States in 2021 were 
4% below their 2019 level. In the European Union, they were 2.4% lower. In Japan, 
emissions dropped by 3.7% in 2020 and rebounded by less than 1% in 2021. 
Across advanced economies overall, structural changes such as increased uptake 
of renewables, electrification and energy efficiency improvements avoided an 
additional 100 Mt of CO2 emissions in 2021 compared with 2020. 

Per capita CO2 emissions in China now exceed the 
average in advanced economies 
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On a per capita basis, CO2 emissions in advanced economies have fallen to 
8.2 tonnes on average and are now below the average of 8.4 tonnes in China. 
However, the overall average for advanced economies masks significant 
differences: per capita emissions average 14 tonnes in the United States, 6 tonnes 
in the European Union, and 3.2 tonnes in Mexico.  

Figure: CO2 emissions in selected emerging and advanced economies, 2000-2021; source: IEA (2022).
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Cumulative CO2 emissions worldwide

Figure: Cumulative CO2 emissions over the period from 1751 to 2017. Figures are based on production-based emissions
which measure CO2 produced domestically from fossil fuel combustion and cement and do not correct for embedded in
trade (i.e. consumption-based). Emissions from international travel are not included; source: OurWorldinData.org
https://ourworldindata.org/contributed-most-global-co2.
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Cost, profit, producer surplus
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Supply of a company

profit maximization by quantity management

For a company acting as price taker we find the following objective
function

max
y

Π = p y − C(y)

the decisive variable is the output
The solution of this maximization problem requires the fulfillment of
first order conditions (FOC) and second order conditions (SOC)

• FOC

∂Π(y)
∂y

= 0 ↪ p − ∂C(y)
∂y

= 0 ↪ p =MC(y)
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Welfare
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Minimum prices
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excess supply

Pmin

An administered minimum price pmin leads to excess supply. Former
consumer surplus A is redistributed to producers. Consumers lose B,
producers lose C summing up to the welfare loss B + C .
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Consumption tax

A consumption tax lowers the demand curve
⇒ demand and thus the price decrease.
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Welfare effect of taxes
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The loss of consumer surplus is B1 +B2, the loss of producer surplus
is C1 + C2.
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External effects

The market mechanism so far is based on
• individual preferences
• income
• prices
• production technology
• market organization (e.g. perfect competition)
• rational behavior (utility and profit maximization)

Still, the impact of the market outcome on a third parties’ (outside
the market) utility or profit is not considered.
⇒ external effects
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Market failure

Example
Assume a river with a factory upstream and a fisher downstream.

• waste water of the factory
• shrinking fish population
⇒ market failure

What does a reduction of the factory output cost (society)?
→ welfare reduction (approximation)
→ MAC = D - S

What does the emission of the factory cost?
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Marginal abatement cost and marginal damage

Figure: With adjustments taken from Endres (2022)
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The Coase theorem and its problems

Summary
“Let exclusive property titles to the environment be defined, and
let them be transferable. Let there be no transaction costs. Let
individuals maximize their utilities, and let them be nonaltruistic.
Then a bargaining solution among different users of the environment
will result in a Pareto-optimal allocation of the environment. The
resulting allocation is independent of the initial distribution of
property titles.” (Siebert, 2008).

• impact of property rights assignment
• transaction cost
• free rider problem
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Income effect

Abb. 4

durch das Emissionsvermeidungsniveau q1 repräsentiert ist), besitzt jedoch im
zweiten Zustand ein größeres Vermögen.

Handelt es sich bei den beiden Gütern q1 und q2 um normale (im Sinne von
»nichtinferiore«) Güter, so wird der Haushalt bei steigendem Einkommen im
Gleichgewicht eine größere Menge beider Güter nachfragen.77 Die Einkommensre-
striktion, unter der der Haushalt bei seiner Konsumentscheidung steht, ist in der
Grafik (für gegebene Preise von q1 und q2) durch die negativ geneigte Gerade m

symbolisiert. Diese »Budgetrestriktion« ist mit m für ein höheres Einkommen
eingetragen als für m. Wie hier nicht weiter zu erläutern, ist das Haushaltsgleich-
gewicht graphisch durch den Berührpunkt der geltenden Budgetrestriktion mit der
höchsten erreichbaren Indifferenzkurve darstellbar. Bei dem in m implizierten
Einkommen liegt das Haushaltsgleichgewicht also im Punkt P1. Mit dem höheren, bei
m implizierten Einkommen, realisiert der Haushalt den Punkt P3. Die Grafik illustriert
also den Fall normaler Güter, da in P3 die Gleichgewichtsmenge beider Güter über der
von P1 liegt. Eine Einkommenserhöhung verschiebt die Budgetgerade parallel. Da die
Gleichgewichtsbedingung darin besteht, dass die jeweils geltende Budgetgerade die

77 Für normale Güter haben die Engel-Kurven eine positive Steigung.

A. Verhandlungen

61

Endres, Alfred, and Dirk Rübbelke. Umweltökonomie, Kohlhammer Verlag, 2022. ProQuest Ebook Central,
         http://ebookcentral.proquest.com/lib/frankfurtmain/detail.action?docID=6921599.
Created from frankfurtmain on 2022-11-07 19:43:22.
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Figure: With adjustments taken from Endres (2022)
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Impact of property rights assignment

Figure: Marginal damage MD “nominally” increases when property rights are assigned to the pollutee (MDI ) instead of
the polluter (MDII );source: with adjustments taken from Endres (2022)
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Coase and transaction cost

Figure: With adjustments taken from Endres (2022)
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Pigouvian tax

Figure: With adjustments taken from Endres (2022)
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Pigouvian tax

• tax rate t>MAC
→ emission reduction advantageous
• tax rate t<MAC
→ emission (production) increase advantageous
⇒ for t =MD(E∗∗) emissions will reduce to the social optimum
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Pigouvian tax and subsidy

Figure: With adjustments taken from Endres (2022)
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Policy instruments for emission reduction

• obligations
• taxes
• allowances
→ efficiency
→ innovation incentives
→ accuracy

page 41 Preparation for exams – questions Sebastian Schäfer February 8, 2024



Policy instruments for emission reduction

• obligations
→ define a threshold value or intensity for every emitter
• taxes/subsidies
→ defining a tax/subsidy rate t/s which results in a certain

emission level E ′

⇒ partial internalization if t<MD(E∗∗)
• allowances or emission certificates
→ define a threshold value E ′ or intensity for a sector, countries,

the world allowing trade between emitters
⇒ partial internalization if E ′>E∗∗)

page 42 Preparation for exams – questions Sebastian Schäfer February 8, 2024



Choice of policy instruments

• Which policy instrument to choose with respect to
→ efficiency
→ innovation incentives
→ accuracy

• What about a combination of policy instruments?
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Policy instruments – efficiency

Figure: With adjustments taken from Endres (2022)
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Policy instruments – innovation incentives

Figure: With adjustments taken from Endres (2022)
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Policy instruments – accuracy

• obligations and allowances allow an accurate determination of
the emission level

→ difficulties may occur if they aim at intensities instead of total
emissions

→ different treatment of old and new utilities can be problematic
• tax rates need an adjustment if a constant emission objective

shall be established (inflation, technological progress)
• accuracy is less important close to E∗ while it becomes more

important close to E∗∗
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Policy instruments – time sequence

• 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 (planning

security)
⇒ close to E∗ the emission tax is superior to the other policy

instruments while later the ETS is superior
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Intermediate objectives and uncertainty

• emissions abatement with an absolute cap

E [AA] = E [E∗] − E
′

(7)

→ E [] indicates an expectation value

• emissions abatement with an intensity-based cap

E [AI] = E [E∗] − e
′

E [Y ] (8)
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Deviation from optimal objectives

• variance for emissions abatement with an absolute cap

var[AA] = var[E∗] (9)

• emissions abatement with an intensity-based cap

var[AI] = var[E∗] − 2e
′

cov[E∗, Y ] + e
′2var[Y ] (10)

⇒ Is the variance lower with an absolute emission cap or an
intensity-based emission cap?
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Minimizing deviations

• If the variance for an intensity-based emission cap is lower than
for an absolute emission cap, we receive

var[AI] < var[AA]
⇒e

′2var[Y ] < 2e
′

cov[Y , E∗] (11)

⇔ ν[Y ]
ν[E∗]ρ[Y , E∗]

E ′

E [E∗] < 2 (12)

⇒ξ
E ′

E [E∗] < 2 (13)

⇒ approach follows Sue Wing et al. (2009)
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Regression of emission intensities

ln(ei) = b + at ⋅ (i − 2000) + ap ⋅ pi ,ratio + ϵ (14)

• b as axis intercept
• ϵ as error term
• pi ,ratio corresponds to the price ratio between hard coal and gas

(pi ,coal/pi ,gas)
• pi ,coal and pi ,gas consist of pure fuel prices p̃i ,coal and p̃i ,gas plus

a respective surcharge ∆pets
i ,coal and ∆pets

i ,gas stemming from the
EU ETS
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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 CO2 reductions
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Figure: Development of CO2 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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Promotion of RES

• 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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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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Promotion of RES

regulator’s assumption
• subsidies for RES are “too high”
⇒ high additional profits of RES-based operators
⇒ undesired redistribution electricity consumers to electricity

producers

idea
→ redution of additional 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

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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Multi unit reverse auctions

uniform pricing
→ all successful bidders receive the highest successful bid

pay-as-bid (discriminatory) pricing
→ all successful bidders receive their bid as payment
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Excursus – LCOE

Levelized Cost of Electricity (LCOE)

LCOE =
∑n

t=0
CI,t+CO&M,t+CF ,t+CCO2,t+CD,t

(1+i)t

∑n
t=0

Et
(1+i)t

(15)

• CI,t investment cost in year t
• CO&M,t operation and maintenance cost in year t
• CF ,t fuel cost in year t
• CCO2,t CO2 emission cost in year t
• CI,t decommissioning cost in year t
• Et electricity generation in year t
• i interest rate (discount factor)
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Reverse auctions for RES in Germany
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Figure: S/D depicts the ratio of supply and demand with S/D > 1 indicating excessive supply and S/D < 1 excessive
demand. p̄/pmax depicts the ratio of the weighted average and the admitted maximum price pmax with values close to
1 indicating that almost all bidders bid the maximum price. ρ corresponds to the share of successful bids which were
realized before expiration (data is restricted to those auction rounds with expired realization periods); taken from
Schäfer (2023)
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Bidding strategies

excessive demand
• it is rational to place a maximum bid under uniform and

pay-as-bid pricing (analogous to bid shading in classical
auctions)

excessive supply
• bidding for real options (like buying a put option)
• switch to long-run profit maximization
→ crowding out of competitors
→ increase market share
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Reverse auction with endogenous quantity

general idea
• the regulator announces a procedure which allows to choose the

best quantity

the regulator’s two objectives
• RES-based electricity generation shall be expanded

(effectiveness)
• redistribution (additional profits) shall be limited (efficiency)
→ applies to the high price period only!
→ approach follows Schäfer (2023)
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Quantification of the regulator’s objective

For the following analysis we assume a reverse auction with single
unit bidders under uniform pricing and (at first) truthful bidding
of l successful bidders out of n total bidders.

• an increase of installed wind turbines is proportional to the
number of l awarded bidders

χ(l) ∶= min{∑
l
i=1 qi

Qmax
, 1}

⇒ the higher the value of χ(l), the better for the regulator (except
for values above Qmax )

⇒ increasing χ(l) corresponds to higher effectiveness
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Quantification of the regulator’s objective

• the share of uncovered cost C(l) on subsidies S(l) is an
indicator for redistribution

φ(l) ∶= C(l)
S(l) .

• with uncovered cost

C = K − R

⇒ the higher the value of φ(l), the better for the regulator
⇒ increasing φ(l) corresponds to higher efficiency
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Quantification of the regulator’s objective

• the regulator can easily calculate the individual subsidy rate

si = pi − pspot

which corresponds to uncovered LCOE under truthful bidding
• allowing to calculate uncovered cost under the assumption of

truthful bidding

C(l) =
l
∑
i=1

siqi

• and eventually

S(l) = sl
l
∑
i=1

qi
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The regulator’s objective function

• determination of the optimal quantity turns into utility
maximization for the regulator

u = [αφ(l)θ + βχ(l)θ]1/θ ,

• with α + β = 1 and α ≥ 0 ≤ β ensuring constant returns to scale
• the chosen CES utility function includes the whole range of

substitution elasticities from perfect complements (σ = 0,
θ = −∞) to perfect substitutes (σ =∞, θ = 1)

• for σ = 1 the function corresponds to a Cobb-Douglas utility
function φ(l)α ⋅ χ(l)β

⇒ very flexible

page 67 Preparation for exams – questions Sebastian Schäfer February 8, 2024



References I

Archer, D., Ebyand, M., Brovkinand, V., Ridgwelland, A., Cao, L., nd Ken Caldeira, U. M.,
Matsumoto, K., Montenegro, G. M. A., and Tokos, K. (2009). Atmospheric lifetime of fossil fuel carbon
dioxide. Annual Review of Earth and Planetary Sciences, 37, 117–134.

Denman, K. L., Brasseur, G., Chidthaisong, A., Ciais, P., Cox, P., Dickinson, R., Hauglustaine, D.,
Heinze, C., Holland, E., Jacob, D., Lohmann, U., Ramachandran, S., da Silva Dias, P., Wofsy, S. and
Zhang, X. (2007). Couplings between changes in the climate system and biogeochemistry. In S. Solomon, D. Qin,
M. Manning, Z. Chen, M. Marquis, K. Averyt, M.Tignor and H. L. Miller (eds.), Climate Change 2007: The
Physical Science Basis. Contribution of Working Group I to the Fourth Assessment, Cambridge, United Kingdom
and New York, NY, USA: Cambridge University Press.

Endres, A. (2022). Umweltökonomie. Kohlhammer.
Enervis energy advisors GmbH (2021). PV-Auktionsstudie 11/2021 (unpublished), provided on February 16, 2022.
IEA (2022). Global energy review: CO2 emissions in 2021. Available at:

https://www.iea.org/reports/global-energy-review-co2-emissions-in-2021-2, accessed October 17,
2022.

Information Platform of the German Transmission System Operators (Informationsplattform der
deutschen Übertragungsnetzbetreiber – netztransparenz.de) (2018). EEG-Jahresabrechnungen.
Available at: https://www.netztransparenz.de/EEG/Jahresabrechnungen, accessed April 1, 2018.

investing.com (2023). Commodity prices. Avaialable at:
https://www.investing.com/currencies/xbr-usd-historical-data, accessed January 8, 2023.

IPCC (2021). Summary for policymakers. In V. Masson-Delmotte, P. Zhai, A. Pirani, S.L.Connors, C. Pean, S. Berger,
N. Caud, Y. Chen, L. Goldfarb, M. Gomis, M. Huang, K. Leitzell, E. Lonnoy, J. Matthews, T.K.Maycock,
T. Waterfield, O. Yelekci, R. Yu, and B. Zho (eds.), Climate Change 2021: The Physical Science Basis.
Contribution of Working Group I to the Sixth Assessment Report of the Intergovernmental Panel on Climate
Change, , Cambridge, United Kingdom and NewYork, NY, USA: Cambridge University Pres.

page 68 Preparation for exams – questions Sebastian Schäfer February 8, 2024

https://www.iea.org/reports/global-energy-review-co2-emissions-in-2021-2
https://www.netztransparenz.de/EEG/Jahresabrechnungen
https://www.investing.com/currencies/xbr-usd-historical-data


References II

Schäfer, S. (2023). Reverse auctions for renewable energy sources with goal-oriented endogenous variable demand:
Lessons from reverse auctions for wind energy in germany. SSRN Discussion Paper Series, accessed January 29,
2024.

Siebert, H. (2008). Economics of the Environment: Theory and Policy. Springer.

Sue Wing, I., Ellerman, A. D. and Song, J. (2009). Absolute versus Intensity Limits for CO2 Emission Control:
Performance under Uncertainty. Cambridge (Massachusetts): MIT Press.

page 69 Preparation for exams – questions Sebastian Schäfer February 8, 2024


	Subsidizing RES
	Introduction
	The big market failure?
	Pricing carbon
	The EU emissions trading system (ETS)
	From theory to practice
	Assessing the impact of the EU ETS

	Mitigation strategies – price vs. quantity
	Building wind power plants in Germany
	Subsidizing RES
	Support schemes
	Reverse auctions for RES
	Reverse auctions with endogenous quantity

	Preparation for exams – questions
	References

