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Revisiting 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); Sensfuß et al.
(2008); own illustration.
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Impact of RES – exercise

capital costs peak-load kt,peak 490,000 e/MW
failure rate peak-load X e

PER,t,peak 0.02
capital costs base-load kbase 871,000 e/MW
failure rate base-load X e

IR,t,base 0.035
X e

PER,t,base 0.03
IRe

t,base (pstrike − CG,t,base − CE ,t,base)dt,base 250,000 e/MW
PERe

t (pcap − pstrike)de
spike,t 400,000 e/MW

The expected potential PER decreases less than the expected
potential IR in this example as empirical data suggest (Nicolosi and
Fürsch, 2009).
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Calculating the penalties – solution

• the penalty factor will be calculated by the regulator on behalf of
the clearing price

ξ =
500,000 + X

1−X e
PER,t,peak

400,000 = 1.25 + X
392,000

ϱe
t,base = ((1.25 + X/392,000) · 400,000 e/MW − 400,000 e/MW) · 0.03

= 3,000 + 0.03
0.98X e/MW.

ϱe
t,peak = ((1.25 + X/392,000) · 400,000 e/MW − 400,000 e/MW) · 0.02

= 2,000 + 0.02
0.98X e/MW.
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New capacity – exercise

• Calculate the price bids of
a) existing base-load power plants
b) existing peak-load power plants
c) new peak-load power plants

• What is the market price p∗ all participants receive if existing
capacity is not sufficient?

• Compare expected consumer expenses with ξe
c and without ξe

eo
capacity market for the already existing power plants. Assume
ρpeak/ρbase as average full load hours per capacity unit of a
peak-load/base-load power plant.

• Calculate capital cost coverage with and without capacity
market.
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Comparing payments with and without capacity market

• Without a capacity market we find for the already existing power
plants spot market revenues equal to

Re
t,peak = PERe

t (1 − X e
PER,t,peak) = 392,000 e/MW,

Re
t,base = PERe

t (1 − X e
PER,t,base) + IRe

t (1 − X e
IR,t,base) = 629,250 e/MW

• expected consumers’ expenses without a capacity market for the
already existing power plants are

ξe
eo = 629,250ρbaseC

¯ t e/MW + 392,000ρpeakC
¯ t e/MW.
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Comparing payments with and without capacity market

• With capacity market we find p∗ = 500,000 + X
0.98 which allows

to calculate missing money MM

MM = p∗ − PER = 100,000 e/MW + X
0.98 e/MW,

• expected consumers’ expenses in a capacity market for the
already existing power plants are

ξe
c =

(
726,250 +

1 − X e
PER,t,base

1 − X e
PER,t,peak

X
)

ρbaseC
¯ t e/MW

+ (490,000 + X ) ρpeakC
¯ t e/MW.
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Comparing payments with and without capacity market
• Subtracting capital costs from these expenses provides

information about capital cost coverage of the already existing
power plants leading to

ξe
c − ρt,baseC

¯ t · kt,base − ρt,peakC
¯ t · kt,peak

= Xρt,peakC
¯ t︸ ︷︷ ︸

≥0

e/MW

−(144, 750 −
(

1 − X e
PER,t,base

1 − X e
PER,t,peak

)
X)ρt,baseC

¯ t︸ ︷︷ ︸
<0

e/MW.

⇒ additional payments to peak-load power plants are limited to the
“age effect”

⇒ base-load power plants will not be able to cover capital cost if
the “age effect” is smaller than the cost difference between
peak-load and base-load pwer plants (reasonable assumption)
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Summary

properties of a capacity market
• risk reduction by replacement of PER by an annual payment
• solution of the MM problem
• in a perfect capacity market there are no additional cost for

electricity consumers in times of overcapacity
• opposes the disadvantage of peak-load power plants induced by

the merit order effect of RES by comparative advantages with an
increasing share of RES

For further information about capacity markets you may read
Vázquez et al. (2002) for the first paper dealing with a capacity
market with reliability options, Hobbs et al. (2001); Cramton et al.
(2013) for an overview and Schäfer and Altvater (2019) for the
analytic assessment used in the lecture.
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Three days in June 2019

• Do you remember what you did in June 2019?
• On three days in June, 6th, 12th and 25th unexpectedly there

was not enough electricity in the German electricity system to
satisfy

→ electricity from other European countries was requested
→ emergency plan to keep the system stable
→ keeping the system stable
⇒ ancillary services
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System stability of electricity supply

• voltage stability
→ compensation of transmission

losses, reactive power
• frequency stability
→ balancing energy
• congestion management
→ redispatch, interruptible load,

reserve capacity
• reconstruction of electricity

supply
→ black start capability

Figure: Destroyed power lines in winter 2005; photo:
Jürgen Peperhowe
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Frequency stability

• every supplier with more than 100,000 clients has two obligations
1. forecast your clients’ electricity demand for time slices of 15

minutes for the next day until 2 pm
2. guarantee that this demand is always covered by a respective

supply
⇒ a wrong forecast might be partially balanced by other wrong

forecasts
⇒ the rest is balanced by the TSO who is responsible to contract

balancing energy
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Balancing energy in Germany

Figure: Schematic illustration of the different types of balancing energy used in the German electricity system; source:
translation from Bundesnetzagentur and Bundeskartellamt (2021), Monitoringbericht 2021.

• Primary reserve =̂ Frequency Containment Reserve (FCR)
• Secondary reserve =̂ Automatic Frequency Restoration Reserve (aFRR)
• Tertiary reserve =̂ Manual Frequency Restoration Reserve (mFRR)
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Development of German electricity generation
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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 2021. 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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Electricity flow from aFRR and mFRR in Germany
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Figure: Development of the electricity flow from aFRR and mFRR in Germany between 2010 and 2021; own illustration
based on www.smard.de, Bundesnetzagentur and Bundeskartellamt, Monitoringberichte 2012 – 2016.
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Auction design for aFRR in Germany

Auction design 2011 – 2017
• weekly auctions
• two time slices: Mon-Fri, 8 am - 8 pm; rest
• bidders place bids for balancing capacity (e/MW) and

delivery/consumption of electricity (e/MWh)
• bidders with lowest capacity bids are successful
• electricity flow is called in an ascending price-order from

successful capacity-bidders
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Illustration of the auction design for aFRR and mFRR
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Figure: Schematic illustration of the merit order of capacity bids in the balancing market; own illustration.with bids for
electricity delivery (green)
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Illustration of the auction design for aFRR and mFRR
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Figure: Schematic illustration of the merit order of capacity bids in the balancing market; own illustration.with bids for
electricity delivery (green)
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Illustration of the auction design for aFRR and mFRR
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Figure: Schematic illustration of the merit order of capacity bids (red) in the balancing market with bids for electricity
delivery (green); own illustration.
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Illustration of the auction design for aFRR and mFRR
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Figure: Schematic illustration of the merit order of bids for electricity delivery (green) in the balancing market with bids
for capacity (red); own illustration.
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Auction design update

Design change from 13 June 2017
• daily auctions
• six time slices per day
• bidders place bids for balancing capacity (e/MW) and

delivery/consumption of electricity (e/MWh)
• bidders with lowest capacity bids are successful
• lowest bids for electricity from successful bidders are used
⇒ reduction of entry barriers for RES and small power plants
⇒ increasing competition
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Price cap and further design change

17 October 2017
• successful bid with 77,777 e/MWh for electricity delivery
• Positive balancing energy reached almost 25,000 e between 7.15

pm and 7.45 pm
⇒ price cap 9,999.99 e introduced on 2 January 2018
⇒ introduction of a ”mixed bid auction“ on 12 July 2018

pbid = pcap. + ρ · pflow

→ ρ is a weighting factor calculated by the ratio of
delivered/consumed electricity and requested capacity
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Illustration of the auction design for aFRR and mFRR

p

q1 2 3 4 5 6 7 8 9 10 11 12 13 14

d

Figure: Schematic illustration of the merit order of capacity bids (red) in the balancing market with bids for electricity
delivery (green); own illustration.

page 19 Balancing energy market Sebastian Schäfer February 1, 2024



Exercise

• Calculate the weighting factor for 2019.
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Market turbulence
June 2019

• On 6, 12 and 25 June 2019 balancing energy was not sufficient
• uncertainties in the weather forecast on 6 and 12 June
• prices for electricity at the intraday market higher than prices for

electricity at the balancing market

Figure: Deviation of electricity supply and demand in an exemplary balancing group; source: 50hertz, Amprion, Tennet,
TransnetBW (2019), Investigation on system imbalances in June 2019.
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