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Summary

Context When proposing th&lectricity Market Regulatioacast in 2016he EU Commission
suggested to make markbasedredispatchobligatory for all member states. This, as well as
the ongoing debat®n marketbased congestion managemeniggered by academics and
stakeholdersmotivated this studyThe study primarily disssescompetitive procurement of
redispatch In essence, the question is whetlzesystem of/oluntary participation imedis-
patchbased on pricéncentives is preferabl® the current Germanapproachof mandatory
participationwith reimbursement of costsometimes referred to as cebased redispatch

Integratingloads A central disadvantage of regulatory ctstsedredispatchis the difficulty

of making demaneside resources available for redispatititegrating loads into codtased
redispatch would rguire network operatorgo asses§ I OK O 2 ifidivitivaSvilliigaess

to pay for electricityn order to calculate their compensatiomhichwill often beimpossible.

If loads were available foedispatchthis couldreducethe costs foredispatchand enhance
economic efficiencyMarketbasedredispatchsolveghis problem, as market participants de-
termine their own remuneration in the form of bids and thus have an incentive to participate.
Also first principles of economic policy makeoluntarysystempreferable to obligations

Problems ofnarketbased redispatchin this study however,we identify two fundamental
problems of markebasedredispatch Impacton the electricity marketiue to strategic bid-
ding (inc-dec gaming)and locationalmarket power. These problems must be conceptually
separated, but are mutualtginforcing

Impact on electricity markeThe coexistence of a zonal electricity market with a necessarily
localredispatchmarket offers market participantbitrage opportunities anghcentives for
strategichiddingbehavior In scarcity regns, producersvill anticipate thathigher profits can

be generated bgellingtheir production on theedispatchmarketrather than the zonal mar-

ket. They therefore offehigherprices on theonalelectricity marketo price themselves out

of the market. Conversely, producers in surplus regiatisanticipate profitsfrom being
downwardredispatched Toachieve thistheyplacelow bids on the elecicity market and

thus push themselves into the market. On tedispatchmarket, they buy the energy back at

a price below the zonal price and thus meet their delivery obligation. One can understand
these strategies as an optimization between two marketsarbitrage tradingAs a conse-
quence, heintroduction of aredispatchmarkethas an impaabn the zonal electricity market,
asit changes theational biddingoehaviorof market partien that market. This has severe
negative side effects dggravates network congestices supply decreases in already scarce
regions while it increases in surplus regions. In network simulations for the yeasteit8gic
biddingincreases theequiredredispatchvolumeto approx.300-700%of the volume forcost-
basedredispatch Moreover, thididdingstrategy leads tavindfall profitsat the expense of
finalconsumers and tperverseinvestment incentivesstimulating generation investments in
exportconstrained regiond he costs for redispatch in the simtibns increase approximately



threefolddue to inedecgaming Loadsare also subject to analogous incentives for strategic
biddingbehavior

Regulatorymitigation Thisbidding strategyloes notconstitutea violation of competition law

or balancingresponsibility Addressing strategic biddingrtugh targeted regulatory action

we deem difficultThe coexistence of zonal and local markets results in an incentive structure
that systematicallyrewards problemexacerbatingather thansystemstabilizingbehavior

This fundamental problem cannot be sohessily Any effective form of regulatory contain-
ment requires a high level of regulatory knowledge, especially with regard todikielual
willingness of consumers to pay for electridigsentially,dr effective regulatory mitigation

of inc-decgaming one would need to have the same amount of information that is necessary
to integrate loads into codiased redispatcht would therefore be inconsistent to believe
that regulatory monitoring of theedispatchmarket wouldovercome the disadvantages of
costbasedredispatch

Market power The biddindpehaviordescribed aboveeitherrequires market powemor col-
lusion, i.eexplicitor tacit agreementsamong market partiedHowever aredispatchmarket

is alsosubject to significant local market power, because the effectivenassligpatchin
relievingcongestiongreatly differs between network node&.oadsor generators at certain
network nodes which are particulafigvorablylocated in termof impact on a certain con-
gestionthus hold a high degree of market power. Abuse of market power is a problem in its
own right with known consequences such as capadibholdingand inflated pricesQuan-
titative assessmentsuggest that this problem lgely to be significant. It also increases
incentives foinc-decgaming

RecommendationdVhen weighing up the advantages and disadvantagearéetbased re-
dispatch we see more risk than chancéle therefore advise against introducing market
basedredispatch This recommendation applies regardless of the specific procurement mech-
anism @ledicated procurementlatform, use of balancing energy, use of the intraday market
etc.). Although the focus of our analyses is ontifamsmission grid, the problentskescribed
also occuin the distribution grid and are therefoadsorelevant for market$or local flexibil-

ity. To integratdoadsin redispatch we recommendssessingapacitybased payments, that

is, voluntary participation withowompensation for thactivation of redispatch resourcds
addition, we recommend examinigcational investment incentives, e.g. locatgpecific
grid usage charges, deep connection charges)aradionalincentives provided by support
schemes for renewable energy.
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The discussion about market
basedredispatch

1.1

RedispatcinD SNXY I y @ Q& St S O iAWreddeaiobthe\Gerian Sléctriéihbriaikét v
design "Electricitiarket 2.0"(Strommarkt 2.0})s the separatiotnetweenmarket and grid.
Thelarge liquid and uniform bidding zone formstable and resilient price signatovern-
ment intervention in price formatioris minimized The management oflomestic grid
congestiontakes placeoutside the market. Apart of redispatchfor conventionalpower
plantsand feedin managementor renewablesnetwork operatorsnstruct generationand
storage facilities to increase or decrease generation in order to changrgcéietiows in the
network to avoid overloading network elemenBarticipation irredispatchis mandatory for
mostgeneration and storage facilitickhey are subsequently compensated for costs incurred
and profits foregonand are thus economically neutral towards redispatcivigion

Increasinggrid load. In recent years, theedispatchvolume has risen sharply, mainly due to
increasingcongestionin the transmission network. Due to the integration of the European
electricity markets, the nuclear phasat, the further exparisn of renewableenergiegRE)
and delays in grid expansiafurther increase irredispatchcan be expected in the coming
years. In the longer term, thgrowth inelectric mobility and heat pumpuldalso lead to
significanttongestiorin distribution networks. Against this background, it iimcipledesir-
able to include further resources, in particulaads to redispatch However, this is difficult
to imagine iracostbasedredispatchsetting because théncurredcosts of loadurtailment
e.g.due toloss of productioncanhardly be estimatedt would also bedesirableif the grid
situationwasto play a role in decisions time location ofpower plantand load investments
Cost-based redispatchwhich is not intended tprovide incentives, cannot fulfil this function
either.

This reportFor this reason, various actors hgueposeda marketbasedredispatchin recent
years Since 2017 we have been dealing with this topic as part of the BMWi pi&gsciiaf-
fung von RedfsatcHh' (procurement of redispatch)his text is théinal report of the project
NBadzZ GAy3 FNBY 22N] tFO1F3IS . 1t3 d9@lfdzr A2y

QJURRENT DEVELOPMEDAGERMAN BIDCONGESTION

Last few yearsThe reed for measures by network operatansGermanyto relieve gridcon-
gestionhasrisen sharply up to 2015 in particular and has fluctuated at a high level ever since.



These measures includestructingpower plantgo adjust their planned (angharketed) pro-
ductionschedule by the grid operatot€osts and lost profits shall be reimbursethplant
operator. Accordingly, the costs for these measures have also risen significantly in recent
years. The followingigurel showsthe developmenbf redispatchvolumes andtostsover

the past years. 18018, the costs foredispatchand feedin managemenbf renewablesin-

cluding the costs for maintaining the-salled grid reservéNetzreserve)amounted to almost
EURL.5 billion. In 2017, costs also react&dRL.5 billion. In 2018round 4 % of electricity
generatior in Germany was affected bgdispatchmeasures

CausesSeveral developmentzeresponsible for the increasimgdispatchvolumein recent
years.On theone handthe expansion of RES generatiavith a noticeableegionalconcen-
tration in northern Germany andthe simultaneoushutdown of conventional generation
capacity, especially in southern Germanyparticulardue to the progressinghas-out of
nuclear energyis responsibleThis leads toraincrease imorth-south electricity transport
through GermanyHowever, the existing transmission network does not always provide suffi-
cient transport capacitypecause the network expansios laggig behind schedule®As a
result,generation facilitiegn the northern half of Germarhaveto reduce production while
generation facilities1 the southhave to increase productio®n the other hangcrossborder
electricityexchange hamtensified. Tis concern® SNXY | y e Qa SEOKI yirgS 6 A (K
countries as well ag Due to its geographical locationalso transit through Germany. This is
an additionalchallenge fothe German transmission grid. The fact that renewable energy
plants are often ennected to the distribution grid meamsads congestions in distribution
grids as welf there is high local concentration of renewable energy plamiglarge quanti-

ties of renewable energy generatioped to be transporteihto the transmission gridhlso

in such situationgrid operators have tohangeproduction schedules gfenerationfacilities

in this casef renewable energy plants.

! More preciselya distinction must be made between redispatch and fieeshanagement for these
measures: Due to the Europeruies on priority dispatcbf renewable energy and CHP platitgese
plants haveso far been regulated separately ascatled "feedin managemerit Feedin management

is only permissible in exceptional cases. éte/ork operator instructed change of production sched-
ulesof generationfrom all other(conventiona)l power plants is called redispatch. For the sake of a
simpler presentation, in this pert we will generally refer only to redispatch, méan it to include
also feedn management. In addition, the amendment to thdetzausbaubeschleunigungsgesetz
(NABEGN\etwork Expansion Acceleration mwbw stipulates that RE and CHP plants will lzésfor-
mally integrated into redispatch with effect from 1.10.2021. Their fundamentalifiggdbority is to be
safeguarded by the fact that they are ondydispatched instead afonventional plants if the use of
conventional plants to relieve the grid wd be many times more expensive.

2 Electricity generation in Germany: approx. 530 TWh; redispatch (sum of power reduction and power
increase): approx. 16 TWh; feedmanagement: approx. 5 TWh; accordingly, 21 TWh of 530 TWh are
affected by redispatch.
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1.2 GERMAN GRIDONGESTION THE COMING YEARS

The years to com@hedevelopmentghat have led to the rise iredispatchin recent years
are likely to continue in the coming yeakglecline inredispatchvolumes and costs is there-
fore not to be expected for the time being. On the contrary, there could eveneeprary
furtherincrease. However, it is not possible to make reliable statermetitis regardecause
redispatchvolumedepend heavilyon the renewable feedn conditions (in particular wind)
progress of network expansion and other factors
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Generation mixThe NorthSouth transport demand in Germany will continue to increase in
the coming years. On the one hand, the expansion of renewbdokeicity production is con-
tinuing. Theshare ofRE electricitgeneration ingross electricity consumptionegpected to
risefrom around 39 %n 2018to 65 %in 2030. Assuming a constant electricity consumption,
the annual RE electricity generatiafll have to be increased by another 18Whto 390
TWh/a.Due to the relatively loviull load hours ofenewable generation compared to con-
ventional generation technologies, the generation capacity connected to the grid will increase
significantlyand is likef to be in the order of 20G6W, depending on the technology mix. At
the same time, thecompletion of the phaseut of nuclear power by the end of 2022 will
eliminate around 1GW ofgeneration capacityjust over half of it in southern Germany. Due
to the phasing out of codired power generation anchay be alsaue to market conditions,
there willbe further shutdownsDepending on théocation ofthe power plantthesecan have
both acongestiorrelieving and @ongestiorreinforcing effect

Europearmarket integration Thecrossborder exchange of electricity, which is limited by the
physical transmission capacities available in the electricity grid, is also likely to intensify in the
comingyears and thus increase the needredispatch The recenyl adopted European Elec-
tricity Market Regulation stipulates that in future at least 70 % of the physical transport
capacities oftritical grid elementsnust be made available fetectricity tradingHowever,
lines are not onljoadedby crosshorderexchange, but also by intenalexchange. The past
practice of reducing crodsrder trading capacity to accommodate loop floj@kectricity
flows resulting from transactions internal to bidding zotes occurring in other biding
zones) andnternal fbws (electricity flowsresulting fromtransactionsinternal to bidding
zones anaccurring in the same kdéhgzone willno longer be permitted in the future. It can
therefore beexpectedthat in future there will becongestionon a regular basis assam of
flows from crossorder and intrazonalexchanges. These mus eliminatedredispatch(in-
cludingcrossborderredispatch).

Delay ingrid expansionHigher transport requirements, especidlly the transmission grid,
would not be a problem the corresponding expansion of the electricity gtiolsneet de-
mand tookplace at thesame timeHowever, theexpansion of the transmission grid is being
delayed To illustrate the delays in grid expansion, folloviAtguire2 shows the network op-
erators' monitoring of the expected commissioning date tfie expansion projects in
accordance with th&nergy Line Expansiget EnLAat various points in the pasthe fig-
ure showsthe total length of new/amplified circukilometersexpected to be put into
operation by a certain point in time in the future.

The evaluation illustrates the delays: While in 2013 the transmission system operators still
expected that by tb end of 2019 almost all of the 1,8k®metersof electricity circuits would

have beerbuilt, the grid operators no\fQ1/2019)assume that by thend of 2019 not even

half of thesdineswill already be in operation. It should be noted that the expansion measures
according to EnLAG represemtly the smaller part of the planned expansion projects in the

3 Regulation (EU) 2019/943 of the European Parliament and of the Council of 5 June 2019 on the inter-
nal market for electricity
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German transmission grid. In addition, there are about Sk86fMetersof electricity ciraits

to be builtaccording to theBundesbedarfplarféderal demand plan Almost 300 km of this

have beemealizedio date. In particular, the commissioning of the planned direct cu(Edj

lines would significantly ease thengestiorsituation in the tansmission grid. Currently, the
transmission system operators estim#iteir commissioning for the years 2025 and 2023 (Ul-
tranet). However, all projects are still at a rather early planning stage, so that delays in the
further approval process cannot béed out.

2000
kmv
I 1600
0 o 1400
£53 monitoring date
T D T 200 o
£z = (EnLA@Monitoring)
o
S %\ E 000 —Q12019
85 2800 Q12016
c o
S3 600 Q12013
o
400
200
0

200720092011201320152017201920212023202520272029

expectedyearof commissioning———>

Figure2: Development of the transmission system operdrsY 2 y ofic@ridssioding
times of network extensions according to EnitAtBe course of time at
Source: own evaluations on the basigbfetzA (2013BNetzA (2016¢BNetzA (2019b)

Positive developments with regard fiature redispatchrequirements.The dorementioned
pointssuggest aedispatchdemand thatmay continue to rise, but at least is not sustainably
declining However, there are also developmentsd measures thathould have aeducing
effect on thedemandfor redispatch These include efforts improvecoordination of cross
border redispatch Last but not leasthe amendedEuropearElectricity MarkeRegulaibn
makes this mandatory by requiring transmission system operators to makeetfispatch
potential available to each other. The integration of feechanagement, i.e&ongestion man-
agement byRE and CHP plantsto the regularedispatchwill also inprove the efficiency of
redispatchin the future. In addition, measures to opir@athe existing networkge.g.thermal
rating of overhead lingseactive network operation managemenith grid boosters phase
shiftersandad hoc measurgselp to increasthe transportcapacity of the transmission net-
work inthe short term. In addition, various measures are taken within the framework of
renewable energy support tachieve a locatiaal allocationof new investmentghat also
takes account of grid requiremts (eg. the distribution grid component + SNI SA f SNy ST
LJ2 y S grih& guantity cap for winglants in surplus regioasb SG 1T | dza §.+ dZ3S6 A S ¢
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1.3

Findings from quantitative analys@he qiantitative simulations carried out in this project for
the reference year 2030 indicate thatsabstantial demandor redispatchcan also be ex-
pected in the medium ternCalculationgn which a quantityoptimizedredispatchs modeled
result inaredispatchvolume of approx. 20Wh However, the figures naturally depend heav-
ily on assumptions about network expansion and the implementation of other network
technology measure®..reactive network operation management suchyed boosters or
addiionaldomestic phase shiftersThus, it cannot be ruled out that thedispatchrequire-

ment will also be significantly lower.

REDISPATAN THESERMANE_ECTRICITWARKER.0E

EnergiewendeFor the electricity sector, tHenergiewendespresents the mostindamental
transformation for decades, possibly since electrification. Fendsdeserve special men-

tion: wind and solar energy are the new cornerstones of electricity generation, which will soon
cover half of Germany's electricdtgmand As variablgeneration technologies, they present

new challenges to the electricity market and grid. A number of new generation, storage and
consumption technologies have been established or are in the process ofbihlished
including battery storage and eleatnobility. The digitalization of the energy industry means
better controllability, even for small systems. After all, the emerging energy landscape is char-
acterzedby a multitude of new players, including prosumers, aggregators, electricity traders
and vrtual power plants.

Signals forflexibility. Against the background of energy system transformation, electricity
prices play a central role as signals, especially for flexibility options. This concerns their use as
well as investment and innovation.

Electicity market 2.0 The German electricity market desigasstructedaround the core
idea of enabling price signdlsat provide incentives for the development, investment and
deployment of flexibility technologies in orderibbegratelarge quantitieof renewable en-
ergies and ensure a cestfective security of supply. Therge, liquid, uniform bidding zone
serves to form stable and resilient price signdiie minimizng state intervention in price
formation. This requires thiction of acongestim-free market areai.e. theseparation of
market and network. Th@anagement of gridongestiorlies outside the market spherthe
market should function unaffected by possible grichgestion However,the sideeffect is
that that the marketdoes notprovideanylocationalincentives.

Redispatchtoday. The currentedispatchsystem can be described as an "administrative/reg-
ulatory redispatch with cost reimbursement”(hereinafter referred to as "co$tased
redispatch). We alwaysnean to includdeed-in managemenfti.e. congestion management
of renewables and CH&) well. As part akdispatch transmission system operators instruct
generation facilitiesand storage facilities to increase or decrease generatiasrder to
change electricity flos in the grid to avoid overloading network elements. Participation in
redispatchis mandatory for mosjenerators generatorsunder 10 MW are excluded so far,
in future only small plants under 100 kMl beexcluded. Operatorare subsequently com-
pensatel for costs incurred and lost profits and are tfinanciallyindifferentto redispatch
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1.4

provision Theaim of making operators financially indifferent to redispatch provisido is
avoid strategic biddingehaviorand other feedback from congestion managat to the
electricity market.

(HALLENGES OBSIBASED REDISPATCH

Costbased redispatcfaces four key challenges:

1 Complex implementation of compensation rules

9 Lack of incentive to participate riedispatch

1 Crossborderredispatchdoes not yet work to the desired extent
1 Nolocational steeringf investments

Compensation rulesThe principle for compensating power plant and storage operators for
participating inredispatchis clear: they should be compensated for costs incurredastd
profits so that they are economicalhdifferent At first glance, this scheme seems easy to
implement by determining the cost of fueldh@Q-certificates Lost profits can be determined

by contribution margins based on the electricity price. Imitletowever, the determination

is highly complex, especially with regardhe wear and tear due téhe operation of the
plant,opportunity cost§rom intraday trading, and costs associated with the establishment of
operational readiness or the postponemn of maintenance work. In the case stbrage
power plants, theralue of the stored energyadso determined. The industry guide for deter-
mining remunerationfDEW 201)8alone comprises almost 50 pages. It is difficult to imagine
howsuchstandardzedcompensation rules could lagpliedto electricity cosumers, because
the costs incurred as a result of loadtailment e.g.due to loss of production, would differ
greatly fromfacility to facility, but alsoon the time dimension e.g. from hour to hodihe
information asymmetry between plant operators amitl operatorgseven more pronounced
with load entitieghan withgeneratorsand storage facilities

Lack of incentive to participat®&he core idea afostbased redispatcls to make plantsdif-

ferent with regard to theirredispatchparticipation. Conversely, this means that system
operators have no incentive to participate@dispatch With reference to restrictions on heat
generationfrom CHP plants or to obligations undelancingcontractsand other technical
restrictions power plants can avoidr reducebeing redispatched, which resulfsr example

in a very low utilization of CHP plant$or redispatch Other generating plants which are in
principle obliged to participate nedispatchcould also have an incentitewithdraw at least
partially fromredispatch participatioby reporting technically justified neavailabilitiese.g.

to avoida highemumberof startupsandshutdownswhich limit theLJt I y (0 Q &rcduse¥ SG A Y S
costs which ardifficult to assesand thereforepossiblynot reimbursable Againsthis back-
ground, it is also relevant that transmission system operators currently have no incentive to
comprehensively examirtbese notificationgrom plant operators. Above athe lack of in-
centive meanshowever, tha no installations that are not legally obliged to participate in
redispatchwill do so. Aalready mentioneahis applies in particular toads This means that

in acostbasedredispatch not allfacilitiesthat would besuitable in principle are avalille for
redispatch
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Integration of loadsThe integration of loads nedispatchhas two sides. In the surplus region,
itisaboutd dz& I 3S 06 ST 2 NB inctedshdj dlektricity Sofisumpiion Avdidhdving

to curtail production e.g. fromenewablesIn the scarcity region, it is a questionnérrupti-

ble loads To thebest of our knowledge, there are no comprehensive analyses that allow a
statement to be made on the benefits of load integratizat go beyondndividual situations

or indvidual (distributiongrid areasut quantify nationwide potential savin@sr both the
transmission and distribution gritloweversuch studiesre necessary for a robust cdstn-

efit analysis. Quantitativenalysesarried out by us as part of this jpgot indicate that the

cost savings that can be achieved by including loadslispatchin the German transmission
grid are comparatively Idw

Crosshorderredispatch In contrast to theelectricity market in thelayahead and intraday
sectors which are strongly influenced by European regulations, gadgestionhasso far
mostly been dealt with on the basis of national regulations and the responsibility of the na-
tional TSOs. In Germany, for examp&Qsave a legally secured right of access anpotver
plants connected to the grid in Germaiije use of foreign power plants fedispatchpur-
poses is only possible through voluntary cooperation with neigidp TSOs. Accessthmse
power plants is therefore not secured. At the same tithe,incentives for TSOs tmake
crossborderredispatchpotentialavailable taneightoring TSOs alew. This applies ipartic-
ular ifthe TSO expecthat it might needthe potential for its own purposes at a latageor
that not enabling access to the redispatch resouright reduce its owrtongestioncosts.
Crosshorderredispatchhas therefore so far only been carried out to a very limited extent
e.g. in theTSC transmission network operator cooperatiothdory, there $ even the possi-
bility thatredispatchmeasureshy neighloring transmission system operators may mutually
reinforce or weaken each other.

Internationalcoordination desirable=roma systemwide internationalpoint of view, a cross
border coordinationof redispatchis highly desirable. Particularly in the caseafgestion
occurring close to the border, planned crsderredispatchoperations couldignificantly
reduce volumes and costs. Increasingly, there are also situations in which it is nd¢ possib
guarantee system security with natiomatispatchpotentialsalone. Of high practical rele-
vance for Germangre situationsn whichstrong wind power generation is accompanied by
high marketbased exports to the south and west and a high.ldhtscombination of factors
regularly leads to inneBerman griccongestionand is also relevant for the dimensioning of
the grid reserveSince in such a situation, however, the Gerpawer plantsare already
largelyproducing foreign plants must be startaap inorder to carry outedispatch In the
past, plants abroad were therefocentractedunder the roof of the grid reserve in order to
make securededispatchcapacityavailable.Theneed forredispatchwill probably increase
due tothe new rules for callating crossordertrade capacities in themendedElectricity
MarketRegulationThus, the grideserveapproach no longeseemssufficient. The Electricity
MarketRegulatiorrequires transmission system operators to make tieglispatchpotential
available to each other. In future, the coordinatiomenfispatchmeasuresfromrequirement

4 See report onNork Package 6 of the project, section 3.4 "Estimates of the benefits of developing
additional redispatch poteratis".
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1.5

assessment to deployment decisions, will also be coordinateegimnal security coordina-
tors (RSCs)Marketbased redispatch i.e. the existence of oluntary bids would
fundamentally simplifgrossbordercoordination.

Lack of incentive to inve®ecause participation iredispatchdoes not enable profitsedis-
patch cannot providelocational steeringof investments. &lispatchtherefore has no
locationalsteering effectof generation storage or load investments. This concerns new in-
vestments as well as maintenance investmemd also the maintenance of the operational
readiness of unprofitablproduction plantsExisting power plants that shidube decommis-
sioned for economic reasons but are necessaryradigpatchresource due to their location

in the electricity gridare currentlykept operational within the framework of the grid reserve
(Netzreservebecauseaedispatchtself cannot act aan incentiveAlso, gce this market de-
signyieldsno regional investmenincentives the necessary network expansion, at least in
theory, is greater thathe economic optimum

Estimation Of the problems ofcostbasedredispatch the lack ofocationalsteeringand the
difficulty ofintegratingloads and decentralizestorageappear tobe themost fundamental.

To thebest of our knowledge, howevehere has so far been a lack of comprehensive and
reliable analyseaf how highthe overall andnot justcasespecific- cost savings icongestion
management would be if loads were integrat@dir analyses point to a limited potential for
cost savings in the transmission grid by 2030.

MARKEBASEREDISPATCH

Against the background of increased volumes anmkprofredispatchand the conceptual
problems ofcostbased redispatchvarious suggestions for a marketsed procurement of
redispatchhave been made irecent years.

Definition: Markethasedredispatch According to our definition, a markbasedredispatch
must meet two criteria: (a) participation by markeirticipantsis voluntary and (b) compen-
sationis made for the activation ans provided on théasis of bids from these same market
participants Systems with pure capacity payments therefdoenot fall under this definition.

Goals In essence, a markbased procurement afedispatchshould address the problems
mentionedabove i.e. on the one hanitishouldprovide incentives to participate iadispatch
and thuswinloads andlecentraizedgenerators and storage facilitizs redispatchimprove
participation of CHENd facilitate crosborderredispatch On theother hand, it ifyoped that
theselocationalincentives couldbring aboutiocational steeringf investments

Suggestions and noepts The recently adopted EHectricity Market Regulationstipulates
marketbasedredispatchas the rule, albeit with fareaching exceptions. In addition, various
distribution network operatorglectricityexchanges, associations and scientists, in particular
from Germairy, havedevelopedoroposals omedispatchmarkets inthe distribution network
includingthe terms "smart markets"or "flexibilitymarkets'. It hasoccasionallypeen pointed

out that many Eropean countries follow markdtased approaches, including the UK, the
Netherlands, Italy and Scandinavian countries. Various projects GetineanSmart Energy
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ShowcaseSINTEG)rogramhave developed concepts fatexibility marketSand"flexibility
platforms'. These often serve to integrate loads into congestion management at the distribu-
tion network level; some of them can be described as mdr&sedredispatchin the above
sense.

Problems ofmarketbased redispatchn the following twahapterswe willdivein detailinto
the fundamental problems of markbasedcongestion management. These include in partic-
ular:
1 Feedback to the electricity market in the form ofcatledinc-decgaming
1 The potential for abuse of local market power
1 The fact thatredispatchmarketsalsoset wronglocationalinvestmentsignalgin ad-
dition to correctones)

We then weigh up advantages and disadvantagEhapterd.
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Feedbacleffects onthe electric-
Ity market inc-dec

2.1

A central finding of the project ikat redispatchmarketshave feedback effects on the elec-
tricity market i.e. they influence biddingehavioron the electricity markefTwo effects can
be distinguished herdirstly, changesaused by local market powsvhichwe will discuss in
the nextsection Secondgchanges that occur without market pow@éhese will be discussed
below.

INCENTIVEFRUCTUREROMMARKEBASEREDISPATCH

Nodal Thesensitivityof a power plant(or load) on the flow on an overloaded grid element
dependsonits location in the grid. The differeeffectivenesss usually indicated in the form

of load flow sensitivities. It tpuite possible that the effectiveness of tweneration units
connected to neightring nodes magiffer bya factor of two- i.e. twice as muclkhangein
generation would be needed at theighloring node to resolve the same congestibuie to

the widely varying load flow sensitivitiasedispatchmarket isalwaysnodal regardless of its
concrete design. On thedispatchmarket,different prices can therefore form at each indi-
vidual network nodereflecting the value of energysed to removecongestionat the
respective nodéso-callednodalprices) This also applies to local flexibility markets in the dis-
tribution network whereby in such markets this would lead to an even finer geographical
resolutionof prices

Incentiveto adjust thebidding strategyAredispatchmarketwithin a zonal electricity market
therefore means the cexistence of twanarket levelwith different spatial resolution, zonal

and nodal. Irthis new systemmarket players producers, consumers and storage operators

- have the opportunity to select thearket where they want to buy or sgile.they optimize
between two marketsThey an also buy on one market and sell on the other, i.e. arbitrage.
This leads to a change in the rational bidding strategy on the zonal electricity market. The
reason for this bid adjustmein the zonal market ihe additionalrevenueopportunity on

the redispatchmarket

Pricingin opportunity costsOpportunity costereated by alternative marketplacase asen-
sible and legitimate component of marginal costingentivecompatible market designs.
Suchconsideration obpportunity costdakes place in aomparable form ihe interaction
between spot market anbdalancingmarketor the spotmarketbidsby storage power plants
(opportunity of future water use)Actors therefore behave in amcentivecompatible wayf
the newly created incentive systefrafter the introduction of a redispatemarket,they take
the opportunity costs fronthat marketinto account irtheir bidson the zonalkpotmarket.
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2.2

Timing of edispatcimarket We assume here that thedispatchmarketclears aftethe zonal
electricity market. In the curremedispatchin Germanyredispatchis a parallel process that
starts before dayghead and takes place until shortly befoeattime. However, we do not
consider this to be feasible with markesedredispatch since such a temporal parallelism
would permit everfurther-reaching riskfree strategieseading to aggravatecbngestioron
the electricity market. In the following, we will therefore look atdispatchmarketthat is
cleared after the zonal electrigimarket closedHoweverthe incentives described also apply
to aredispatchmarketconducted in parallel with the zonal electricity market.

Incentives In essence, eedispatchmarket provides thefollowing incentivesproducers in
scarcityregions anticipate that (higher) profits can be generated by marketing their produc-
tion on theredispatchmarketinstead of the zonal electricity markethey thereforebid
higher prices on theonalelectricity market and thus price themselves outhat marketin

order to be available for theubsequentedispatchmarket One can understand these strat-
egies as an optimization between two markets. Conversely, producers in surplus regions
anticipate profitdrom being downwareredispatched To make thisgssible, they place low
bids on the electricity market and thus push themselves into the maitkey. can offer at this
price as they cabuy themselves out of their delivery obligatmmthesubsequentedispatch
market. In principle, they buy back thdeetricity that was previously sold laigh priceson

the electricity market at éower priceon the redispatch markeOne can understand this
strategy as arbitrage tradin&ince the schedules of theplants are first increased on the
electricity marketand then reduced on theadispatchmarket, the scientific literature also
speaks of théincreasedecrease” ofinc-dec' strategy.

Aggravatedcongestion This incentive system is problematic becausggravatesnetwork
congestioron the zonal market: in scarce regions, a reduadigoroduction is encouraged,
and in surplus regions an incre@s@roduction exactly the opposite of what would be useful
for the systemThe introduction of aedispatchmarket therefore increases ¢hneed forre-
dispatch

Inc-dec also byconsumersAnalogous to producers, loa(tonsumer¥can also implement
inc-dec bidding strategies.Those in thesurplus region initiallyeducetheir demand, while
thosein the scarcity regioimitiallyincreaset. Via theredispatchmarket, they then either get
significantly cheaper electricity or can "return” the unneeded electricity to the TSO at higher
prices in both cases making a profit while aggravating congestion on the zonal electricity mar-
ket.

THEINGDECSTRATE@RAPHICALEXPLAINED

This section explaisc-decusing a simple graphical model basedHamh & Schlecht (2019).
This is for illustration and understanding only; quantitative results of a calibrated network
model of Europe follow in secti@b.

The modelThe an isto represent anodalredispatchmarketwithin a zonatlectricity market
in a model as simple as possidle the model, aedispatchmarket(RDM)follows after the
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closure of thezonalelectricity marketBoth market segments are charadtedby voluntary
participation uniform pricingas opposed tpay-asbid)® and the absence of market power.
The market consists ofsengle unifornprice zone with two nodesan oversupplied'North"
andan undersupplied'South"- connected by 80 GWIline. All load is connected to ttseuth-
ern node To keep the example tractableew@ssume thabad is inflexible and does not exhibit
inc-decbehavior. Thenajority of generation wind, coal and dieselis locatedin the north,
gasfired power plants in th south.We model aingle houandrefrain from uncertainty and
informationasymmetryFigure3 andFigure4 show the modelSince there are only two nodes
in this example, the sensitivitf allindividualpower plants at the norérn node and at the
southern node to thesingleline is the same.

Cost terminologyTo define the various cost concepts, we use the term "generation costs" for
the fundamental costéincurred fromgeneration (e.gfuel and CQ-certificatesfor power
plantsor the willingness to pay for eledlity consumersg S dzd S {0 Wr§inalicGsllY & Y
on the other hando meanall costs taken into account in the bids, including opportunity costs
from selling at alternativenarkets Thebids based omarginal costor the zonal market thus

include theopportunity costsfrom the subsequentredispatchmarket. Since theedispatch

market is the last opexd marketplace before the delivery date, the players havepymor-

tunity cods from other markets at the close of tradingretlispatch In this case, the marginal

costs correspond tgeneration costs

Generation cost (€/MWh)
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Figure3: Network structure Figured: Supply and demand

5In thecase ofpay-asbid on the RDM, bidding behavior changes, but the basic incentive mechanisms
examined and described here remain unchanged. In a market with free bigmgashbid, players
would try to place their bids as close as possibthe price of the last aepted bid- so prices converge

to the uniform clearing price even fpayasbid. Payasbid must not be confused with bidding mere
costs. Our assumption of uniform pricisgherefore a good approximation also for bidding styés

under a payasbid regime.
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Costbasedredispatch On theelectricity market,all producers offer theimarginal costs,
which inthis casecorrespond to thegenerationcosts. Ther@re noopportunity costdrom
redispatch ascostbased redispatcis designed to leave players financiallyifferent This
resultsin an equilibrium price dEURS0 per MWh. This implies a flawa the lineof 40 GW

and thus exceeds thae capacity 080 GW- redispatchis necessary. The grid operator se-
lects the 10GWcoaHired power plants with the highest generation costs and instructs them
to ramp down In the south, on the other hand, the BWcheapest gafired power plants

not yet in operation will be ramped upigures).

€/MWh
A
70 - |
) Load 50 GW ,—"'JI |
(all in South) |
60 -
| Pgpor = 50 €/MWh
50 o= m m mm e e e e e e
i Line flow reduced
Upward

40 -
to 30 GW
) \ H"ﬂ RD
|
30 - ’_'_'_r‘_i_,—" !
_ |
| G |
20 - | Downward !
_ | R
|
10 - l |
|
|
T

Wind North Coal North

Natural gas South

10 20 30 40 50 60 70 GW

Figureb: Costbasedredispatch

RDM without anticipationNowwe assumeéhe administrative, codbasedredispatchwill be
replaced by a voluntamgdispatchmarket. For the time beingye assume that the RDM will
not be anticipated and that bids on tkdectricity market wiltherefore continue tocorre-
spond to generation costéftergate closur®n thezonalelectricity marketthe grid operator
opens two procurement auctions: BWadditional generation in the south and G&Vdown-
regulation in the north. In a way, the network operator buy&¥ain the south and sells the
same amount in the north. The equilibrium price of #2gM iEURG0 per MWh in the south
and EUR30 per MWh in the nortifFigure6). Although the same units are usasd forcost
based redispatchhe redispath costsincrease because all providers in tiedispatchnow
receive the uniform marginal pricestead of a pure reimbursememntocalrentsare created
both in the north and in the south (which in the long terouldencourage the construction
of newpower plantan both locations, i.eboth in thescarcityandin the surplusregion) One
problem with this solution is that does notrepresent aNash equilibriumas the bidding
strategies of some power plants are not optirfidley danot takeopportunity costs fronthe
redispatchmarket intoaccount in their bidsThis can be seen most clearly in the-fijyasl
power plants in the south. Some power plants have sold electridéy 850 per MWh(on
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the electricity marke), others alEURG0 (on theredispatchmarkey. For the former, the strat-
egy shown is not rational. Rather, they would pradesell their productioron theredispatch
marketat a higher priceThey can do this by taking the opportunity of tedispatchmarket
into account in theibid.

Payment from generator to TSO
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Figure6: Redispatchmarketwithout anticipation

RDM with anticipationRational markegactorsanticipatethe redispatchmarketand adjust
their bidding strategyn the electricity markety taking the new opportunity into account
(Figure7). Thebids are strategic to thextent thatthey contain theopportunity costdfrom
the subsequentnarket level. Ithe south, all gafired power plants offeat leastE URG0 per
MWh. Althougrsome oftheir generation costs areelow this level, it is the opportunity costs
that determine thebidding strategyAs the power plants have the possibiliysell later at
EURB0 per MWhthey will not sell before at a lower priceherefore, they argricing them-
selves out of thelectricity marketand are de facto holding back capadigcause only then
can theybe rampedup on theredispatchmarket In other words, power plants optiixe be-
tween two markets and prefer to sell in the hgiice market segment. Ithe north, the
opposite happens: expensive coal and diesel power plants anticipate that they can buy back
electricity from the grid operator omé RDM foEUR30 per MWhi.e pay the grid operator
thisamountso that they danot haveto produce the electricityThey offeEUR30 per MWh
in the electricity marketeven if their generation costs are far highiérey are praising them-
selves ito the market, because only then ctrey participate inredispatch This strategy can
be understoodas arbitrage tradinguyingcheaplyon theredispatchmarketin order to sell
for a higher pricen the electricity markgjustthat the electricity market is thirst market)
InHirth & Schlecht (201%e showthat this is a Nash equilibrium.
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2.3

Implies 45 GW line flow
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Figure7: Optimal spobidding strategwnticipating tle RDM

CONSEQUENCEST®ENCONSISTENT INOEESYSTEM

Four problemsThe final physicalispatch for cosbasedand marketbasedredispatchs iden-
tical despiteinc-dec® However, strategic bidding behavior has foellevant problematic
consequences: increasedngestion windfall profits, effects on financial markets, goet-

verse investment incentives

Congestioraggravatindehavior By anticipating theedispatchmarket(consideration of the
opportunity costsin the offered marginal cos}sthe optimal spotids from market players
change in such a way thedngestions systematically intensified. In tregample, theedis-
patchvolumeincreases from 1GWto 15GW.

5 Even if the stylized model in all considered variants {zastd redispatch as well as market redis-
patch with and without anticipatiomgsults inthe same final power plantispatch(after redispatch), a
changeddispatd would be expected in reality for various reasons. On the one hand, changes result
from timing problems. If the redispatch market is carried out at an early point in time, the power plant
deployment is frozen at an early point in time and can then ncelobg optimized on the intraday
market. If the redispatch market is only carried out at a late stage, however, for technical reasons not
all power plants will be availabléhe final use of the power plant would therefore change. Other pos-
sible changes sailt from potential local market power and differences inghaup ofparticipans(e.g.

with regard to power plants in neigbiting countries) in the spot and redispatch market as well as from
the partly counteidintuitive incentives triggered by markleésed redispatch.
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2.4

Windfall profits Market playerslsoearnsignificantadditionalrents ("windfall profits). In the
model, theredispatchcostsincrease from 20000 EURto 450000 EURcompared tocost
based redispatchcosts that arecurrently passed on to consumers via geltrgesand the
increaseof whichwould therefore primarilgomeat the expense of consumeis addition,
the spot price willisefrom EURS0 to EURG0. Consumers pay almost 30 % more in total, the
revenues of producers increase by 50 %.

Financial marketdViarkets for futures antbrwards are fundamentafor hedging the risks of
generators, distributors and consumers. The financial products traded there are based on the
spot electricity price. Thepot priceis theunderlying foralmost alhedgingproducts When a
redispatchmarket wadntroduced, itwould replace thezonalelectricity marketas the most
relevant source of revenue and costs for many producers and consutegigingon the
basis of thezonal electricity markas therefore no longer possible. Products saglinancial
transmission rights, whi@reknownfromnodal pricing systems, would haeeeintroduced
to cover the basic risk. Iti®t to be expected that liquid trading in financial produmsed
onnodal prices of the RDM aaderlyingwould developas thereare too few players at each
individual node who could provide the necessary liquidity.

Perversanvestment incentived he increase in thentsof plantsin the South creates desired
investment incentives. At theame time, however, theedispatchmarket createsperverse
incentivesfor investments in generation the North Inthe North, too, therents of down-
gradedinvestments are risingystematicallyvhen redispatch markets are introducaddare
further increased byhe arbitrage opportunitieslt would even be conceivable that,drder
to be able to participate inedispatchin the North it may make sense to build additional
plantsthere at the lowest possible investment costs (and probadtyhighgeneration cosis
or to keep existinglants h operation that areo longer economically viablEheymaynever
generate electricity themselvasut earnrentsfor doing nothingaspart ofredispatch When
engaging irarbitrage trade between the two market levels, fllants own generation costs
areeven irrelevant.

Inconsistent market desigiThesefour problems show thesystematicanconsistency of two
market levels with differenjeographic resolutianAny analysis a&dispatchmarketsmust

thereforetakefeedbackeffectsinto account. Theonalelectricity market isot independent
of the subsequentedispatchmarket

PREREQUISITESRNGDEANCENTIVES

This section discusses the prerequisitesrfodecgamingto occur It alsoclarifiesthat mar-
ket power is not a prerequisite for pricingopportunity costdérom theredispatchmarket

Anticipation Incdecgamingsnot riskfree for marketactors Diesel power plants serve as an
example for this in our model: If, contrary to expectations, thewgaisl uncongestedhese
power plants would &ve to accept negative contribution margins. Market players must there-
fore be able to forecast local prices on thdispatchmarket withsome amounbf certainty.

It is sufficient to correctly anticipate whether the price on ribagispatchmarket is belovor
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above the zonal pric&his is unlikely to be the case, for examplepifgestionoccurs only
sporadically. However, we are of the opinion thatlidding zoneavith structuralcongestion

such aghe Germarone, the anticipation of congestiowith sufficient accuracis possible.

Data availability is highalso thanks to the EU Transparency Regulatind the analytical
capabilities of trading departments and consulting firms are significant. Even if network and
redispatchdata were notpublished eachactivation provides the respective market players
with anopportunity for learningatterns of redispatch

Sructuralcongestiorensures predictabilitynview of the structuratongestiorin the German
network, a situatiomwith a sporadicallpccurringredispatchmarket israther unlikely- espe-
cially if players witinc-decstrategiesncreasecongestion In2018,redispatchtook place€ in
over 6,500 hours (75%) of the year, whigla useful proxy for whenradispatchmarket
would have taken place. At the same time, hightson the redispatchmarketcan be ob-
tained especially in situations where theeed for redispatchis particularly highThese
situationsare particularlyeasy toanticipate

Risk of wrong prediction: North aredispatchmarket takegplace, the risk for flexibility pro-
viders with annc-decstrategyliesprimarilyin an incorrect assessment of the direction of the
price difference between the zonal and local marketsekamplef the actualprice on the
redispatch market in the north is higher than the zonal market pitiesdieselplayerfrom

the example above (assuming it would not foresee the situation and still play-thexiatrat-
egy)could not make a profit from the difference between the loceepand the zonal price,

but would have to buy back the energy smdhe zonalmarketat the unexpectedly higher
local price. However, the risk is limited to the difference between the local and zonal price and
does notmean theplayer would have to pruce at his own very higjenerationcosts If the
bidder has only estimated the extent of the price difference but not its direction incorrectly,
the inc-decstrategy remains advantageous, albeit not to the extent hoped for.

Rik of wrong prediction: Sthu The sme applies to power plants in the south, which also run
therida | 2 F YA al@gRAaley ratié of K&l add zonadrices. In theory, they could
dpricethev 2 St @Sa 2 dzi 2 ¥in aitiiSatioh & ¢ high locallphck, Smikgthen

later find that the actual local price is below the zonal price. Even then, however, their risk is
limited to the difference between local and zonal prices and does not mean that they cannot
market their production at all. If the local price is lothan expected, but still above the zonal
price, theinc-dec strategy remains advantageous. A clear risk limitation is that the rational
strategy on theedispatchmarket is tdbid atgeneration costsAs long as these are lower than

the local price, thelpyers in theedispatchmarket wouldget activated for ramping up

No market powenr collusionnecessaryAs our model showsgyicingin opportunity costs
from theredispatchmarket(i.e.inc-decbehavio) doesnot require a dominantnarketposi-
tion. Itis astrategy that is feasibkeven foratomistically smadictors Although market players
temporarilydeviate from thepure generation cosbids on the spot markeiy also pricingn
opportunity costdrom theredispatchmarket, theyall offer theirgeneration costéinallyon

7”Own evaluations based on data fremvw.netztransparenz.ddata retrieved on 5.7.2019).
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2.5

the redispatchmarket(since there are nfurther opportunity costsrom subsequentnarkets
any more) Market power therefore is not a prerequisite to-tec gamingConversely, this
of course means that additionadispatchprovidersdo not preveninc-dec as we outline in
more detail also in the following Sect@:. If, however (local) market power exists, which is
likely to be the norma number oproblems are exacerbated (more on thi€imapter3). Just
like inedec gaming does not refgia a dominantmarketposition it also does natquirecol-
lusionamong market players

ADDITIONAREDISPAT&WPPLBCESNOTPREVENINGDEC

Additionalredispatchresources do not prevéimc-dec Since thenc-decstrategy can be un-
derstood as an arbitrageade, it is reasonable tassumehat the price difference between

the redispatchmarketand the electricity market will disappear dieethe integration of ad-
ditional redispatchsupply Additional providers woultbwer the price andlead to the
redispatchpriceconvergingo the zonakpot pricein the long term. However, this considera-
tion is wrong, as we will show below. It is helpful to distinguish what is meant by "additional
supply in theredispatchmarket. Wedifferentiatethree cases.

Additionalinc-decplayers The narrowest (and "static") definition of additional supply is the
additional supply on theedispatchmarket caused by théc-dec incentives themselves.
These are exisig generatorsor loads that adjust their zonal bid due to the opportunity costs
from redispatchin such a way that they are now available as an "additmmally on the
redispatchmarket. It seemghat capacity available faedispatchhas increased tthe extent
that, without their strategic biddingehavior thecapacity available foedispatchwould have
been smaller. Howevethese additional players on the redispatch market have exacerbated
the networkcongestioron the zonal markeb the sameextentthat they are now increasing
supplyon the redispatch markefThe additional supply thus creates its own additional de-
mand. Themarginalredispatchpower plantwill remain unchanged and so will the price on
the redispatchmarket Theinc-decstrateg is therefore arbitrage trading without price con-
vergence. This becomes clear in the exampiection2.2: Incdec bidsincreasetransport
demand redispatchsupply and demand each increase by exac®wWbs The additional pro-
viders on theedispatchmarket have increased thedispatchkdemand on the zonal electricity
market to thesameextent as their newedispatchsupply Due to the synchronation of sup-

ply and demand, prices on batbdispatchmarkets (North and South) remain unchanged at
EURB0 per MWh andEUR30 per MWh respectively.

Integration ofexistingresources ito redispatch A somewhat broader (but still "static") defini-

tion of additional resource®r redispatchalso includes resources that already exist but have
not yet been used foaredispatch This includeloads orstorageshat are not currently inte-

grated in thecostbasedredispatch In the zonal electricity market, however, such resources
are already active participan®ese additionglotentialstherefore do not alter the existence

of congestion Congestiorarise as a result of th@lanneddispatch based on thedding on

the zonal market. However, trading on the zonal market does not change simply because ad-
ditional redispatchpotential is tappedCongestiontherefore remais and must continue to
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be remedied byedispatch Inc-decincentives thus remain in pladeistrue, however, that
such additional resources shift the price ontbdispatchmarket in thedirection of the zonal
electricity price. For examplé#,new suppliersintegrated intoredispatchin the Southhave
generation costabove the zonal price but below théginalredispatchprice their additional
redispatchsupplycould lower the price on theedispatchmarket and thusarrow the gap to
the zonal price. Theame applies ttbadswhose willingness to pay is above theaqrice
but below theredispatchprice. However, the price reduction in thredispatchmarketonly
occurs to the extent thathe underlying cost structures and the number of providers allow
andnever leads to an adjustment of thedispatchprices to tle zonal marketf the resources
newly integrated into redispatch were viable at the zonal price, congestion would not have
existed in the first place.

New investments ithe scarcity regiariThe oadest (and "dynamic") definition of additional
offering inredispatchincludes resources that have only been invested in due to incentives
from theredispatchmarket. These are investments which only become profitable through the
additional contributiormargins from theedispatchmarket, i.e. which would not have been
profitable on zonalevenuealone. They would not exist without thedispatchmarket.If such
investments were tdoring prices on the locaédispatchmarketsdown to the level of the
zond price andcongestionwould disappear, investors would have made a mistahe.
hopedfor additionalrents from the redispatchmarket would then not materiale and the
investment would thus be in deficit; this is therefore not a{tamg economic equibrium. A
partial alignment is conceivalilewhichthe congestioron the zonal market persiand the
redispatchprice approaches the zonal price bigies notfully reach its levelCompletealign-
ment would also bémpossibleagainst the background of different resource availabilities
(wind speeds solar radiationreal estateprices) at different locations, which are already the
reason for production cost divergence across locations initially.

New investments in the surplosgion Even more problematic, however, is the fact that the
investment incentives of @edispatchmarket inpart themselves exacerbat®ngestion As
explained in sectio@.3 introduction of theredispatchmarketalso systematically increases
profits ofpower plantsn the surplus region ('north'guch new investment incentives éam-
gestionaggravating plants in surplus regions could lad to delayed digwvestment of
otherwise unprofitable old power plants in surplus regions, as the additional profits from re-
dispatch marketgould make them remain financially viaQldespite the fact that they are
congestion aggravating@hese additipal rentsrepresentan investment incentive in regions
that already causeongestionon the zonal market due to excessive local electricity supply.
Thereforethis does not lead to a reduction but to an increassimgestion

Redispatchmarkets do nommakecongestiondisappear In summaryno form of'additional
supply' leadgo the disappearance dhc-decincentives, agongestionin the zonamarket
remains At bestthe profitability of incdeccan be reduced, but cannot be eliminatedon-
gestionandinc-decincentivescould even reinforce each othéue to the perversevestment
incentives ofedispatchmarketsin surplus regions.
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2.6 QUANTIFICATIONAWETWORK MODEL

Aim of quantificationThe fndings from the conceptual considerations on the impaaof
decare clar. Incdecbidding strategies that result from an inconsistent incentive system due
to the coexistence aizonalelectricity market andlocalredispatchmarkethaveproblematic
consequencegCongestions exacerbatedredispatchcostsand volumes increase as a result,
rents shift betweenmarket participants / consumessd windfall profitsas well aperverse
investment incentivearise Theresults of the (zonal) electricity market, whose prices are sup-
posed to guide efficient use of and investmeng@merationand other flexibility options as
well as trigger innovatiomrealso distorted. Using a stylized example of two nodes, the basic
mechanismsvere graphically worked out. However, this does not answer the question of the
magnitude of thempacton the electricity market anetdispatchvolumesand costs iinc-dec
strategies were applied as a result aédispatchmarket inthe Germartransmission grid. In

this project, extensivenodetbasedsimulatiors were carried out on the basis of a European
electricity market model and lgh-resolutionEuropean transmission grid model in connec-
tion with methods for load flow an@dispatchsimulaion.

Simulation pproach.Themethod chosen for the quantitative analyses&sedon the fact

that inc-decis an economically rationalidding strategyf market playerswhich also as
alreadyexplained aboveleads to a Nash equilibrium. This is the case at least if one disregards
use ofmarket power, as we have done for this part of the analysis (for implicatidhs of
abuse oimarket power, see Chapt8yj.

In summaryinc-decgamingon the zonal electricity market is theplayer whether genera-
tor or consumer and whethén front of or 'behind the congestion aligns itbidding strategy
on theprecedingzonalmarket with the expected localarket price, whicls revealedn the
subsequentedispatchmarketat the network node of the respectiydayer® Under theas-
sumptionsof the absence ofthe use of)market power, the rational strategy on the
subsequentedispatchmarketis for all market participant to bidheir respective marginal
generation costgfor consumers: their reservation prices. their willingness to pay for the
physical supply of electricity for the respective point in titne).

In order to amlyze the effects dhc-decgaming we first simulate theonalEuropean elec-
tricity market. We use atate-of-the-art electricity market model (equilibrium model)
developed by Consentec. This simulation is carried out ivévgons(seeFigure8 below).
Oneversionis the usual approach in electricity market simulations for most applications: loads
and power plantsbid" with their respective reservatioprices or margingeneration costs

8 Thus, for a large number pfayers the rational strategy is thid exactly the local market priceoi~
some operators with particularly high or low margigeheration costsvho cannot expect to benefit
from aninc-decstrategy, however, the rational strategpto bid their marginalgeneration costsThis
is also reflected in our model calculations.

% This applies under the assumption thatréform pricing/payas-cleared rulepplies in the redispatch
market (cf. the assumptions for the stylized example in Se2t®n
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Thisversion represents aonal market withouinc-dec gaming(base scenario)n a second
version flexible loads and power plants instdaid the sitespecific expected locaharket
price (inc-decscenario) Thelocalmarketprices for theanc-decscenario are determined in an
pre-calculationstepusing a nodal prikcg algorithm on the basis ofiarginal generation costs
and anodalgrid model.

The twoversionsof the electricity market simulation are each followed lgdispatchsimu-
lation. In bothredispatchsimulationsthe change in generation / consumption schedwés
power plants, flexible consumers and active grid elements is deteriisedh a way thaall
congestiosin the German transmission grid including interconne@pgsolvedt minimum
costs. The difference between a cbsised, regulatededispatchand aredispatchmarket in
this modelling stage ia the redispatchsimulationitself (in bah casedids arecostbased,
but rather in the evaluation of theimulationresults with regard toedispatchcosts®and
market rents of the different market participantk the case of codbasedredispatch
changes in the production schedalee "settled' on a cost basis, i.based ommarginalgen-
eration costand reservation pricemssumed irthe redispatchsimulationas input data. There
are norentsfor redispatched market playeiSimulating aedispatchmarketsettlement takes
place at thdocal market pricénodal pricg. Redispatcltostsare ceteris paribus higher be-
cause, for example, power plartsat are upward regulatkare usually being paid local
market pricethat isabove their marginajeneration costswhich would be paid icostbased
redispatch In return, the flexibility providers on thedispatchmarketgeneraterents.

10 Sinceinc-decgamingis the focus of the analyses presented here, both calculaesionare based
on basically the same redispatch potential. For betsion for example, we have assumed that flexible
loads are available for redispatch, edso for the cosbasedversion A maindisadvantage of cost
based redispatcks, however, it that such "new" redispatch potentials are unlikely tmtegrated in
costbased redispatch. In addition to the incentiveifardecgaming the availability ofhis potential
for redispatchwould therefore be a further difference between markeised and codbased redis-

patch. In order to be able identify effects as clearly as possible, this aspect is examined quantitatively

in a separate calculation. In tiheport on work package 6 of this project (Sectiondd.the report on
WP 6, these calculation are described in detail
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Figure8: Simulation pproachto assess the impact ofc-decgaming

By comparing the results of the two runsacfequenceof the electricity markemodeland
redispatchsimulation,essential questions regardiige-dec gamingcan be answered: How
does the result on the zonal market change when incentives are given to players io@pply
decgaming@ How does this cinge networkcongestiorand how daedispatchvolumesand
costschange?

Assumptions on fundamentals of the energy sysiEme quantitative analyses are carried out
forascenari@ ¥ G KS Sy SNH@ & éhatiefedta mssibleaftuationis 3080 f a
We havealigned the assumptions regardithg most importanfundamentals, which are re-
quired inputs for the simulatioms far as possible to currgmblicy decisiomndthe state of
discussion: In Germany, for example, weeh@ssumed an expansion of electricity generation
from renewable energies that will meatarget of 65% renewables by 2030. As far as con-
ventional power plant capacities are concerned, we baged our calculations @scenario

that is basicallin line with a phaseut of coakired power generation by 2038. The develop-
ment of electricity demand in Germany follows the grid development plan 2019
(Netzentwicklungsplanjuel andCQ certificate prices aréased on the World Energy Out-
look, power plant gaacities outside Germanyare basedon scenarios of the European
transmissiorsystemoperators. The state of grid expansion in Germany reflects the legal re-
quirements under th&undesbedarfsplangesdtas ofJuly 2018). For thallocation ofcross
border capacityn the electricity market modé&lwe implemented the Clean Energy Package
requirements, in particulahe application of a flovwbased capacitgalculationmodel in the
so-called CORE capacity calculation region, to which Germarhefdsgs. The requirement
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that at least70% of the physicatansmissiorcapacityof critical network elementsiust be
made available for electricity trading is reflected in the models.

Further assumptiorincdeconly with “real" flexibilitiesjo short salesncluded in simulations

For theinterpretation of the results, another detail of themulationassumptions is im-
portant: We have assumed that the applicatioincfdecgamings only possible to the extent

that all bids simulated forthe zonal market are actually physicddbcked This can be ex-
plainedusing thecase of the diesel power plants in the north from the stylized example above:
In the case oinc-dec for example, thes@lantsbid on the zonal market at the localarket

price and with a quantity that corresponds to their physically maximum available generation
capacity (here: ®W). This allows them tbenefit fromarbitrage- selling energwat ahigher
zonalprice and latefulfilling theirsupply obligation bipuyingthe energy atthe lower local
marketprice- as far as their physical generation capacity allows. However, since they do not
intend to produce the energy sold on the zonal market thigir powerplant, it wouldgeneral

also bepossiblethat they wouldsellmore than their physical capacity on the zonal market
and buy back the correspondingly higher quardityhe local market. This isnly possible
because as a constituting feature @ric-dec they createthe demandfor decreasing power

on the local markethemselvesTherefore, this type of "short selling"” is ultimatady limited

in guantity. However,we assume that unlike a physically coverdac-decbids (cf. Section

2.7) - such short sales would at least be sanctionalyldor exampleusing corresponding
regulations irbalancing group contractbecausdidson the zonal markewouldnot be phys-

ically coveredThis is not allowed according tdaNJ A y (i S NLINE balaincing gfouz ¥ G 2 R
contracts Hence we limit thevolumeof inc-decbids in oursimulationgo the physically avail-

able capacities of the respective player. In case of renewable energy plants and (flexible) loads,
we limit theinc-decbids to theavailablerenewable energgupplyor the load at the specific

point in time. In reality, however, (limited) circumvention possibilities are likely to exist with
regard to this restriction on RES plants and loadexampleby playersincreasing theipo-

tential for inc-dec gamingthrough higher RES or load forecasts. It may be difficult to prove
abusivebehavior In this respect, this assumption of simulationleads to aatherconserva-

tive estimation of thgotential for theapplicdion of inc-decgaming

Significant impact dhc-decon the zonal electricity marketnc-decbiddingchanges the bid-
ding curve on the zonal markiseeFigure4 andFigure? for the stylized example above). This
changeswvhich bis are accepted at the zonal markabdthus theschedule®f power plants
and flexible consumersand it changeghe prices on the zonal market. The extent of the
changein pricesdepends heavily on the merit order and lowalrketprices and is difficult to
predict’.. Due to theinc-dec strategy, prices in the zonal marketre neithersystematically
highernor systematicalliower.

1 In section?.4 'predictability' was mentioad as a condition fdnc-dec However, this refers toon-
gestionand local prices (and thus tbetimalbiddingstrategy). Being able to predict zonal prices is not
a prerequisite for the application imfc-decgaming- just as it is not a prerequisiterfan optimabidding
strategies in a zonal market withdat-decincentives.
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As a quantitative measufer the impact ofinc-decgaming we compared the marketing of
generation assets anthe procurementof electrical energy to cover demanod the zonal
market as a result dhe base scenario and thec-dec scenario The sum of the absolute
amounts of the change igectricitymarketed/procured on the zonal market was evaluated
per modelled plant consumerand per hour. Theomparison is tended to show whaim-
pact a redispatchmarket has on theonal market as a result ofc-dec gaming bidding
behavior Forthe simulated year 2030, thac-decbiddingresults in a change in marketing
decisions on the zonal markeimming up tdb70 TWh Thegreatestshare of this isrom
marketing decisionsf power plant§540TWH and, in addition to Germaplants,also con-
cernsplantsfrom other countrieghat are included in theedispatchmarketand therefore
also have incentives for amc-decbidding strategyThe marketing of Germamower plants
will change by 192ZWH?2 Inapplyingnc-decgaming 79TWhof generationwhichwould not
be marketed ira situation withcostbasedinstead inedecbasedbids are additionally mar-
keted and 113T'Whof generation assefshat would bemarketed ina situation withcost
basedbids are not marketedat the zonal market due to irdec gaming®

These figureslearly shovthat the introduction of markebasedredispatchin addition to a
zonal market would lead to very significant distortions in the zonal market. The reatket
clearing / acceptedids - of the zonalmarketwould differgreatlyfrom the actually desired
result, which is one thatvould result if all bidders on the zalnmarket were to bid on the
basis otheir marginalgeneration costs

Hugeincrease imedispatchvolumeandcostsas aresult ofinc-decgaming The changed mar-
keting decisions in the zonal market also changedngestiorsituation which is a resulof
the (preliminary) power plamgenerationschedulesluethe zonal marketesult Thetheoret-
icalconsiderations above have shown:chAknges itthe dispatch schedules in a situation with
inc-decgaming have a unidirectional impact on congestion: coimyesicreasesin view of
the massive change the dispatch based in thepnal marketesult as a consequenceiot-
decgaming aslescribed above, it is also to be expected that the extent afdhgestiorand
consequently theedispatchvolumeandcosts wilincrease significantly.

The amount of redispatch needed to solve grid congestion increases dramatically in our sim-
ulations as a result of irdec gamingTheredispatchvolumeincreass from around 44TWh

to 306 TWh(cf. textbox below). Underthe assumptions madeedispatchmarkets would
therefore increase theedispatchdemandby about a factor of 7. Thedispatchcosswould

rise to aroundEURB,5 billion,EUR2,4 billion more thatin the case ofostbasedredispatch

The increase iredigpatchcostswith a factor of slightly abov&very substantial

12 For comparison: The gross electricity consumption in this scenario amounts to approx. 556 TWh in
Germany for the year 2030 or approx. 3,241 TWh in the entire modelling area.

13The difference can be explained on the one hand by a change in demand (in particular flexible loads
shift some of their electricity purchases to the redispatch market) and on the other hand by foreign
power plants, which markéh summoreas a consequercof incdec gaming
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Postoptimizationof the zonal markedn theredispatchmarket Theredispatchvolume
calculated at 44 Whfor the bag scenariodostbasedredispatchis- may ab surprisingly
- comparatively high. Two aspects in particular need to be taken into acoaumder-
stand this resultsOn the one hand, a strictly casinimizingredispatchsimulationas
carried out here, usually resultsari’postoptimization” of the zonal marketsalt. This
means thatredispatchmeasures aralso carried out inedispatchoptimization which do
not (exclusively) serve tmlvecongestion but have a positive effect with regard to the
objective functiorof the optimization, i. ecost minimizationwhich is equivalent tavel-
fare maximization)This leads to significantly lower specific costs per MWidagpatch
due to increasing volumexd lower overall costsThepotentialfor such a posoptimiza-
tion arises because in thedispatchsimulationit is necessary to strictly stick to the zon
merit order (to do so is a constituent feature of a zonal markegimple wordsThere-
dispatchsimulationcan "skip" power plants in the merit order if it can thereby enable
additional, welfareenhancing eletricity trading without violating grid restrictions. This
possible because thedispatchsimulation"sees" the technicaipactof an additional
feed-in more detailed compared to the zonal market. In a zoraaket by definition, any
feedn, irrespective of its location within the zone, hthe samegrid impact(imple-
mented by the saalled GSkGeneration Shift Kiyn a redispatch simulation the impag
is differentiated network node by network nodezenhoughif the effect of posoptimi-
zation @nnot be clearly separatdcbm other effectswe have estimateit in a sensitivity
analysisThe effectcanaccount for about half of the calculategdispatchvolume. The
second aspect to be considered is that, in contrast to calculations that would be car
out, for example, within the framework of the network development planaiseimed
energy market fundamentalsad to a higheredispatchrequirementsimply becausthe
assumed network expansion status (here: line extensions in accordance vBtimthe
desbedarfspla@as of July 20183lo not reflect the recentlghanged, more demanding
political requirements. Theseclude inparticularthe regulation of the Clean EwggrPack-
age on minimum trading capacitiéise increase in renewable energy expansion targe
by 2030andthe phasing out of codired electricity generatioby 2038.
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To illustrate the effects, the following figure comparesabiegestiorsituation in tle Germa
transmission gritheforeredispatchand the necessamgdispatchin the base scenario and
the incdecscenario foan exemplary houirom the simulation year 203@he selected hol
is typical for the simulation year with regard to the locabbnongestiorand units usedor
redispatch

zonalmarketbasedon generationcostbids zonalmarketwith inc-decgamirg
(costbasedrRD) (marketbasedRD)

8”2

legend

lineloadingbefore
redispatch

> 100%
> 120%
> 140%
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Figure9: Line loaihgin the German transmission ghéforeredispatchand necessame-
dispatchfor solvingcongestiorfor an exemplary hour

On the one hand, the clear increaseamgestioris obviousNot only is the number of over-
loadedtransmission linefcreasing (in the picture on the right, significantly moresare
colored which marksa loadhigher than100 % in the (#1) -contingency calculatiopsThe
lines alreadygongestedn the base case (lefdrealso moreheavily congeste(shownby the
changed coloration in the right picture, cf. color scale in the legendoldredcircles rep-
resent the necessamgdispatchmeasures Blue circles indicate an increase in generation (or
load reduction), violet circles a decrease in generation (or load increassuridwearea of
the circles corresponds to tlrenountof redispatch(in terms of MW) For reasons of reducing
compkxity of the figure redispatchmeasurescarried outoutside Germanwre not shown;
however, they are taking place. It can clearly be seen thaar@intof the redispatchis
increasing significantly. Expressed in figuresigtispatchvolumeincreasesrom 19GWhto
56 GWh(factor 3) in this hour. Costs increase freliR506,000 toEUR2,079,000 (factor 4).

Risk aversion reduces the impact, tha impact of inelec gamings stillvery significantThe
analyses presented so far haagsumed thahetworkcongestiorand locamarketprices are
perfectlypredictableby themarketplayers. The application iofc-decgamings then riskfree

for the players. Even if, as explained above, we assume that such a forecast would be possible
with sufficientaccuracy in view of a transmission grid with structcwalgestiorsuch as the

one in Germany, it cannot be assumed in reality that it is perfectly possible to antielpgte.
ersthen run a risk of loss throughc-dec gaming In the stylized example froabove, for
example, thaliesel power plants in the north run the risk of underestimating the local price.
The actual local price could thenttigher than the expected price, possibly elggher than
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the zonal market price. The player would then not nageofit from the difference between
the local price and the zonal price, but would have to buy back the energy sold at the zonal
price at the unexpectedly higher local price.

SensitivityanalysisIn an additional analysisye have examinethe impact of risk aversian
the application ofnc-decgaming on the impadif these strategied-or this analysis, weave
assumed that players only apjhg-decgamingif the expected LMP has a specifieduired
minimum deviatiorirom the zonal markt price. The following diagram shows hedispatch
volumeand costs in thease of'risk-averseinc-dec’' compare tovolume and costs in the base
casecostbasedredispatch i.e. without flexible consumers amdthout inc-decgaming
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FigurelO: Redispatchvolumeand costsf inc-decis only applied by the playettsat expect ¢
certain minimum deviatioof the LMHArom the zonal price in the respective hour and at
respective network nodehe case withouinc-decgamingcorresponds to an "infinitely"”
high minimum deviatio(x 0 ®

Thisadditionalanalysishow that riskaverse behavior limits the increaseedispatchvolume

and costsas a result oinc-decgaming But everwith a comparatively high required "safety
margin" of 7ZEUR/MWh the increase inedispatchcostsand volumess still very substantial
with a factor of about 3Redispatcltostsdecrease significantly less than volumes as the
"safety margin" increase$he reson is that du¢he "safety margininc-decgaming is pri-
marilyavoided in situations in which possibémtsfrom incdecare ratherlow, especially in
relation to the necessary changes in markefimume) Thus, as risk aversion increases,

35



2.7

decisfirst reduced in situations that have comparatively little impact on overall ¢tsis.
ever,inc-decstrategies will continue to be implemented in the event of high possiita
rentsand thus large effects on thedispatchcosts.This leads to the different curves of the
volumeand cost curves.

In addition, thdigure shows thathe introduction of aedispatchmarketgenerallyleads toa
rent shift towards theplayers redispatched his leads tan increase inedispatchcosts This

is due to the fact that "price discriminationétweenredispatcked units is not possible in a
redispatchmarket, unliken costbasedredispatch Incostbasedredispatch price discrimina-
tion occurs as a result dfie fact that eachredispatchpower plant ispaidits individual cost.
Two power plants would therefore be remunerated differently, even ifaheyocated at the
samenode Ina redispatchmarket,settlement is based onodal price. As a resultpower
plants thatard 2 OF 1 SR & DR § B R arfypay yh& IBwenodal priceto the TSO
instead of their marginal costs. Conversely, the TSO pays powerlptatesi'o S K AtheéR ¢
congested lin@nodal pricethat is higher than the marginal cost (windfall profits).

LEGAL ASSESSMENT

Competition law. Competition lawfirstly prohibitsagreements betweefirms and collusive
practices whiclim ator result inthe prevention, distortion or restriction of competition (pro-
hibition of cartels, Art. 101 TFE®&J1 GWB. Secondly dominantfirms are prohibited from
abusingheir marketposition intheir favor (prohibition ofmarket powembuse, Art. 102 TFEU,
8819, 29GWB. However, the implementation ofc-decstrategies does not requillusion
between companies, but can also be operatedatsingle market player and therefore the
prohibition of cartels is not relevant. It should also be noted that this strategy doexjuot
market power, but can be implemented by an atomistically small playenarket players
behave in a competitivmanner, so the prohibition of abuse is not relevant either. Regardless
of this, it is of course possible for individual companies to hold a (regional) dominant position
on theredispatchmarketand to abuse it. The abusivess lies in the pricirig (on the zonal
electricity marketpf opportunity costdrom theredispatchmarket, whichhave beerraised

by the exploitation of market powenarketon to the redispatch markeft this point, how-
ever, the key point is another, namely tiratdecbidding stratgies can also be implemented
without violating competition law.

Pricing in opportunity cost&lthough market players in tivec-decstrategy deviate with their
electricity market bidérom their pure generation costgor loadsfrom their pure willingness
to pay for electricity, this can be fully explaed by the fact that they prida the opportunity
costs arising from theedispatchmarketand that generation costs plopportunity costsep-
resent the marginal costs of the plarthis can be clearly seé the model in SectioR.2
from the example of gaired power plants in the south. Thelsiel EURG0 per MWh on the
electricity market not because this corresposido their ownphysicalgeneration costs, but
becausehey are therevenue opportunities on theubsequentedispatchmarket- i.e. op-
portunity costs This is comparable to the pricingopportunity coston the balancing energy
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market: a hypotheticalpower plant which expectsEURLOO per MWh for a fouhour com-
mitment periodfrom the provision of positive balancing power and work, will not be prepared
to marketits power for this period on thelectricity markeat a lower price. Thisehavioris
comnon and generally accepted. In 2009, ti@erman Federal Cartel Offic®uf-
deskartellamy clarified in the proceedings agai@WEand E.ON inconnection with the
pricing in of emission certificates allocated free of charge that the pricing in of opportunity
costs is generally in line with competition lavus, a infringement of the prohibition of
abusewould only beobservedif (in addition to the existence of market power) tygpor-
tunity from theredispatchmarketwereraised even furtheby the exercisef market power,

and thenpriced into theelectricity market biddnc-decbidding strategies thatork without

the use of market power are not subject to competition law objectidmaore detailed legal
evaluationof incdec bidding strategies conducted part of this project bgtiftung Umwel-
tenergierecht (2019¢an be found ithe accompanying material to this project

Balancing responsibilitinc-dec bids are alsopossibleif balancing obligationgf balancing
responsible parties, BRR8E maintained, as is thease in all examples showhove This

means thato balancing responsibilities are violatdredispatchmarkets are designed in

such a way that schedules can be submitted which are not physically or commercially covered
and whichcan still be changed at a latgiage this allows for even loweisk variants ofnc-

decfor the actor- but for the purposes of this study we only consider variaritecafecwhich

are covered by trading transactiowgthout breaching balancing obligats

Inc-decis legal Sincanc-decbids can be carried owtithout breaching competition law and
balancingesponsibilitythey are legal under the current legal situatitmother words, even

if incdecbids were identified, thegannotnot besanctioned at the momerit the form de-
scribed aboveAlthoughinc-decbidsare not illegal today, a corresponding regulation of bids
would at least theoretically be conceivable; we will discuss this in the following

REGULATORY CONTAINMEBRNGDEC

FourapproachesWe have come to the conclusion treatontainment of the newly created
incentive systemns hardly possible asensiblavay- at least not withousignificantlylimiting
the hopedfor benefits ofredispatchmarkets.We would like to explain this in the following.
In essencefpur approaches to preventirigc-decincentives are proposed in thigscussion

1 Making it more difficult to anticipateongestion

1 Limiting the redispatchmarketto loadsand keefng the existingredispatchas a
fallback option

1 Regulatingids on theredispatchmarket

1 Regulatingids onthe electricity market

Makinganticipation more difficultToprice in the opportunity from theedispatchmarket(inc-
deo), itis necessary to anticipate netwarkngestion Schuster et al2019)propose to pre-
vent strategic behavior by "limiting the available technical information on network
congestion” (p. 78)Even if this were possiblebligations under European lauch aghe

37


https://emagazin.et-magazin.de/de/profiles/cb1a7fd451c4/editions/2374cf229e3229f1bc25

Transparency Directigpeak against #tmarket players have the opportunity to improve their
forecasting models at evergdispatchcallup. The most important variables to forecasin-

gestion in Germany are also public anyway, namely wind and solar infeed as well as
temperature to estimate load. Such data can therefore not be restricted anjdeagover,
transparency has its purpose, for example in preventing insaténgand market manipula-

tion. If it were possible to create complete uncertainty about future networigestion
redispatchmarketswould also havao investment effect whatsoever. We therefore do not
consider the restriction of information to be a sensiltategy to contairinc-decbids

Limitation to loadsMany proposals envisage retaining the mandatory-basedredispatch

for power plants and additionally introducing a voluntary flex market only for [bhd<ur-
rent costbased redispatchthus remainsas a fallback optionThis wouldmitigate the
consequencesf inc-dec by excludinga large humber of producefsom the market(those
which would stay in the costased redispatch)rhefallbackoption could also cap prices and
thus mitigate incentivesHowever, the market desigmould continueto provideincentives

for congestiorexacerbatingoehaviorwith regard to theloadsstill subject to the voluntary
marketredispatch In addition, it iglifficult to justify arestriction to certain groups of amts
and itis not easy to distinguish between them, for example in the case of industrial own pro-
duction.We consider sedispatchmarketonly for loads to be less harmful than a general one,
but also seénc-decas a fundamental problem here.

Regulation bRDM bidsAlthoughinc-decbidsare not illegal todaya corresponding regulation

of bids would at least theoretically be conceivable. In principle, two variants of such regulation
are possibleOneoption would be taegulatethe redispatchmarket to such aextent that

no profit opportunities arise from &nd toleave the electricity market unregulated instead
Such a regulation of theedispatchmarketwould be conceivable viapay-asbid remunera-

tion in conjunction with the obligatiomo always bid at marginal cothhere so that no
contribution margingare generated. We do not consider this approach to be very promising
because it is difficult to check this requirementlttads where the fundamental problem is
that it is hard to estim& the true willingness to pajurthermore, this regulation, if success-
ful, would prevent alients and thus also incentiveend would in fact be a return to cest
basedredispatch

Regulation of electricity market bidsnotherpossibility foregulation would ben obligation

to require all electricity market participantsha their owngeneration costsr willingness to

pay on theelectricity market or to registerscheduleswhich would result on the basis of
generation cosbidswillingness to pay orthe electricity marketandforbidding market par-
ticipantsto include opportunity costs from the redispatch market in such bidsveverthis

too islikely to be difficult to monitor, especially in the case of loads. Considerations on the
introduction of aredispatchmarketare based, amongther things, orthe recognition that a
regulated determination of the flexibility costsl@fdsis hardly possible. Bddition, bids on

the electricity market are currently portfolio bids which do not distinguish between individual
power plants making monitoring even more difficult.

Economically questionabEven if bid monitoring were successful, it would have quesilen
economic consequenceln particularcheapgenerators- who are already in the money on
the electricity market would be denied a locaént, while more expensivgenerators who
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are out of the money on the electricity markedre likely to genette a localrent. This be-
comes clear in the case of the gaed power plants in the south from the model in Section
2.2 In the casef perfect regulation, power @ahts whose generation costs are higher than
the price on the electricity markete likely to participate in theedispatchmarketand gen-

erate contribution margins there. Power stations with lower generation costs on the same site
would be prohibited from doing so and would therefore not be entitled to the tenalUlti-
mately, such an approach would treat installations diffeyedépending on whether their
shortterm generation costs on the electricity market are already covered or not. This would
result inperverse incentive®.g. withregard to investments icongestiorareas: There would

be an incentive to invest moretingeneratorswith high generation costs. Economically and
legally, such discrimination is difficult to justiferefore, the detection and sanctioning of
inc-decbids £ems questionable.

Containment also means reducing benelitest approachet curbinginc-decincentives aim

at reducingrentsin order to reduce incentives faongestioraggravatindehavior But this
also undermines the fundamental idea of maskasedredispatch which is supposed to gen-
erate incentivesWithout contribution margins, there is no incentive to participate in the
redispatchmarket Effectively one would then have returnedctustbased redispatcbf to-
day.This is also made clear by an example. Suppose an investrstrameis lucrativeon

the basis of highedispatclprices. In operation, however, the storage facility is already "in the
money" on the electricity market. If the storage facility were poavented fromearning the
higher rent on theedispatchmarket,since it is alreadyirf the money" on the electricity mar-
ket, it would not be able to refinance its investmdntanticipation of thigt would never be
built.

All market forms are affectedn work package 4 of the proje€icqnnect Energy Economics
2018),alternative forms of markdvasedredispatchwere presented, such as procurement

via a separate platform, the intraday market or the balancing energy marketinciple,

these can be classified along the "regulatimarket" axigFigurell). The more markebased

the procurements, i.e the less regulatededispatchbids are, the more the benefits in terms

of incentive effect become apparent. At the same time, however, thatimeeforinc-dec
strategies is also increasing. These are independent of the concrete design form or procure-
ment platform.

Inc-decdifficult to identify evenexpost One suggestion in the discussion isntooducere-
dispatchmarketsstep-by-stepandempirically observe thimc-decstrategies that arise in the
process. This Bot feasible, as even ex post identification of such strategies is difficult and
usually not possible without any doubt.
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Figurell: Differentconcepts for the competitive procurement oédispatch
SourceConnect Energy Economics (218

SCIENTIFIC LITERATAIRE HISTORICAL ERAES

Theoreticaliterature. In the (game) theoretical economic literature stratdgas for profit
maximization on aedispatchmarketembedded in a zonal electricity market are called "in-
creasedecrease game" oific-decgaming, where gaming relates to game thedryaddition

to the fundamental works of Harvey and Hod&iDQg 20006, themore recentcontributions

of Par Holmberg with various -@wthors (Holmberg & Lazarczyk 2015, Hesamzaeieal.
2018, Sarfatet al. 2018particularlynoteworthy. Basedon different analytical and numerical
models, these come to simileonclusionss we do. In addition, there is extensive literature
on specific historical casesint-decstrategiessuchas those thabccurred in the USA in the
former zonal markets of California (CAISO), New EnglanNE)SDexas (ERCOT) or PIM. The
examples beagae particularly welknown in California and Great Britain.

California The Californian electricity market was libegadin 199698. A zonal wholesatear-

ket with two bidding zones was introduced. Netwadngestionwithin the zones were
resolved with tle help of markethasedredispatch(under a different name). As a conse-
quence, market players appligit-decbidding strategies on a large scale, including energy
trader Enron, who was later iolved in various fraud scandals. Back in 1999-éueral En-
ergy Regulatory CommissidRERC) warnethat "the existing congestion management
approach is fundamentally flawed and needs to be overhauled or repldiceke years 2000
and 2M1 the state experienced a serious energy crisis with-Eogle power outsgs. The
reasons for this are complex, but stratdgjidingcontributed to thecrisis For example, pro-
ducers exploited the scalled "Miguel Constraint” in southern California and generated
additional monthhyprofits of approximatelyJSD8-4 million throughnc-decstrategiesifiobbs
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2009 Neuhoff et al. 201)L As a consequence, California introduced Nodal PritiRg09.
Comparable experiencalbeit without major supply crises, had already prompted the states
in NewEngland to introduce nodal pricing. The strategic bidding of marketrplavas a major
reason for the introduction of a nodal electricity market in California and other North Ameri-
can electricity markets. The Californian cas@tumentedn Hogan (1999Harvey & Hogan
(2001) Alaywan et al. (2004Brunekreeft et al.2005)und CAISO (2005)

Great Britain Between England and Scotlandhe course of the 2000acreasing gridton-
gestionappearedamongother things due to the expansion of wind energy in the north; an
important gridcongestioris known as the "Cheviot Boundary". In Great Britain cgriges-

tion is primarily solved within the framework of tigalancing Mechanisra mechanism for
joint procurenent of balancing energy amedispatchin competitive auctions on the basis of
pay-asbid settlementrules. Around 2010nc-dec strategies appeared on a larger scal&
regulator Ofgem estimated the costint-decstrategies andhe use of market poweto be

up to GBP125 million in 2010. In particular, operators of Scottish-ficad and gadired
power plants were suspected of deliberatilycinggrid congestiorthrough strategic bids on
the dayahead market in order to exploit them in thalancingmechanismBut also the rev-
enues of Scottish wind power operators within Bedancing Mechanisfrom successfulitls

to reduce their generatioin some casesignificantly exceeded the lost revenues from origi-
nally planned electricity sale®©fgem responed to this circumstance by introducing the
Transmission Constraint License Condition (TI@LZD)L2, which prohibits "excessive" bids.
The legal basis for this has already been laid down iGrthegy Act (2010The itroduction

of TCLC had a significant impactthe balancing mechanismi\fter the introduction of regu-
lation, for example, the average bids of wind power omesato reduce their generation
between 2012 and 2016 decreaddabout 70 %Ofgem 201% This effect cannot, however,
be attributed exclusively to the introduction dEOC. Other circumstances such as increased
competition, closure of thermal power plants in tt@ngestionregion (exporicongestion,

grid expansion and improvements in system managemiindlso have had an impa€om-
pliance with TCLC is monitored byy&h and there is a risk of severe penalties for-non
compliance. Since the introduction thiat regulation, however, only one infringement has
been punished. In 2014, a Scottish hydro operator was unable to justifyds under the
Balancing Mechanisto reduce generation. Due to its positive effect, but alse todelays

in network expansion, the regulation has been extended several times since then and is still in
force todayfor an indefinite period. In our understanding, regulation in fact forces the bidder
to bid her own marginal costs plussmallsurcharge and is therefore quite similardost
based redispatctOfgem 2009 2012,2016 2018) undKonstantinidis & Strbac (201ddcu-
ment the case

InterconnectorDenmarkGermany Another example of a congestion management arrange-
ment that in principlg/ieldsinc-decincentivescan befound at the Danisierman border. In
2017, both countries agreed on a minimum trading capacity that would increase over time,
whichwas further increased by Tennet's commitment to the European Commission in 2018
In order to avoid physical congestiontbé network it wasagreed thafTfSOs would counter-
balance trade flows by countmading where necessary. While TenneT uses the continuous
intraday marketysually for upramping, EnerginetDKugually for dowsramping uses bids
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from the Nordic balancingnarket within the framework ddpecial Bgulation wherebyindi-

vidual bids for congestion management outside the merit order are called up and
remunerated at the bid priceoéy-asbid). This offers incentives for Danishdsnot to cover

their electricityneeds on the daphead market but to wait for a more faable price in the
JecialRegulation of the balancing energy mark&uch "demand restraint" woudtkacerbate
congestionit is nothingelsethan aninc-decstrategy. Irthe currentmonitoring repet onthe
agreement(EnerginetDK & TenneT 201the TSOs involverbnfirm that suchbehavioroc-

curs and that some market players buy significantly less electricity on tanelag market

than they need isomehours ofSecialRegulation However, thi9ehavioris not consistent

and systematic asigdifficult to predictcongestiorwith certanty. At the same time, however,

the TSOs also stress that they have no way of investigating whether production units have also
implementedan analogoustrategy(oversupply on the daghead market antampingdown
production through Special RegulatioRiom our point of view, the experience with this sin-

gle interconnector cannot be generalized. The implementationcafec strategies requires
investments in analysis and forecasting capabilities. It is quite possible that this is not worth-
while if the expeted profits are insignificant due to the small market size. In a large market
such as a nationwide markbasedredispatch the majority of market players are likely to
pursueinc-dec strategies. At the same time, the Gerraanish example seems to confir

that predictability is crucial to the emergencdrafdecstrategies.
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3

3.1

Market power

Regardless of and in addition to incentivesifardec gaming redispatchmarketsmay be
subject to (local) market power. Tkensiderations in sectio®.1 illustrate by means of a
simple example that in nodal markets there is in principle a higher market concentration, since
the location ofunits plays a significanble in this. Wealsoused oursimulationmodek to
examine the potential for market powabuseby assessing the owner structure of modelled
unitsand then quantifying their potentitd exerciseanarket power. Theimulation approach

is explained in detkin SectiorB.2 The results aralso presented and explained there

MARKET POWER AREDISPATGHARKETS

What's meantBy market power we mean situations in wiptdyers can behave to a signifi-
cant extent independently of their competitors. In the event of high market concentration,
they are given the opportunity to raise market prices above the competitive levéhrewggh
withholding capacitgr price markups Whether market power is actually exercised depends
on other factors, including how strong the incentive to exercise market pgvireparticular

the extent to which they could increase their profiysexercising market power

Competition controlCompetition controlcan restrict the exercise of market power. However,
this is always associated at least with expenditure and in practice usually not completely pos-
sible. In this respect, a low market concentration already represents a "value in itself".

Measuringmarket power and market concentratidMleasuring market concentration is not a
new taskand not limited toelectricity markes. Competition authorities are addressitig
issue of appropriate methods for measuring market concentration in a wide variety of mar-
kets. Thereforedifferentindicatorsto measuremarket concentratiorare establishedThese
include the HerfindakHirschman Index (HHI), which is calculated on teestud the market
shares of the players active in the market, and various indicators suchRisdateSupplier
Index(PSI) or th&esidual Supplier Ind@xSl), which are intended to measure Imaegessary

a particular player is to satisfy market demaitle German competition authoritfdun-
deskartellamt has dealt extensively with such and other indigaaysn the sector inquiry

on electricity generation and electricity wholesalarkets Inaddition to the indicators that
are particularly relevant ipompetition supervision, game theoretical models alsolaye

for exampleso-called agenbased simulation models which attempt to explicitly model actor
structures and strategies for exercising market power.

Fundamental challenges in nodal eledirioiarkets Market power is a particular challenge in
nodal electricity marketsf whichredispatchmarketsare one formOn the one hand, meas-
uring market concentration is challenging as the definition of the relewarketis highly
dynamic over timand not urambiguous At the same time, the strategies for exercising mar-
ket power in nodal markets are often more complex than in zonal markets. On the other hand,
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market power is a particularly relevant issue here, sirdEpending on the network situa-
tion/constellation- the relevant markefs comparativelysmalland thereforealso smaller
players can achieve a high market power potential.

Market definition in nodal market#t is obvious tha singlenode- i.e. the comparison of the
generation and lad locateda particularnode - is nota suitablemarket definition Unitsat
other nodes camsuallyalsocoverthe load at one node and are therefore competitors for the
unitsat that node. However, iameshed transmission grid, there are close inteoasti For
examplepnitsat two different nodes may not be able to compefiéh their full capacityvith

the consideredinit at the same time because the available transport capacity to the consid-
ered node is limitedRelated taredispatchmarketsa very fundamental question also arises:
Whichmarket to cover which demarid considere®@ Typically, in the context of electricity
markets, it is a market whegeneratorsoffer capacity to cover a consumption Id4¢h re-
dispatchmarkets however, a diérent view of "demand" is also conceivable, namely that of
the network operator's demand for available capacity to resolve congestion. This obviously at
least influences thapplicationof concentration measures.

Systematically higher market power potahihredispatchmarkets Inredispatchmarkets, the
market power potential is systematically higher than in zonal markets for various reasons. One
reason for thesystematicalljhighermarket powerpotentialis the fact that thenetwork op-
erator's demanddr capacity thatan solveongestioris completely pricénelastic in contrast

to the demand for electricity on the electricity market. Winlelectricity marketanalysis

often priceinelasticdemand is assumethe demand in facactuallyisincreasingly pricelas-

tic, atleast in the case of significant price fluctuatibpsice spikesThis limits the incentives

to exercise market power. In fulfilling its system responsilhitityever the network operator

has no choice bub satisfy itsdemand for congesticrelieving capacity completely with the
capacities offered to it in the event of a congestion. It is not possible for the network operator
to adjust its demand if suppliers charge very lpigtes fortheir capacity®

Anotherreason fo the systematically higher market power potential is the fact that, although

for a certaincongestion a large number of suppliers can often offer capacity ¢hatsolve

the congestion it isacharacteristic of meshegridsthat  dzy A 4 Q& Zéhyestibns, A JA G &
i. e. the effectiveness to solve a congestiors targe extentlependson its exactocationsin

the network; i.e on its network connection point and its relative position to the overloaded
line.In general it can saithat the closer aunit islocatedto the overloaded linethe greater

its potential tosolve the congestion

In AGnetworks this is described by the-called load flow sensitivityhe load flow sensitivity
indicateshow the flow on a given line changes in relation to the change inirfiesda given
node. The load flow sensitivitgngesbetween +100 % and 00 %. A value of +50 % means,

14 Already here, new questions will arise in the future, since the consumption load can no longer be
assumed to be fixed in view of the increasing activation of load flexibilities, as is often still the case today
with the application bmarket concentration measures.

15 Onlyif the offered capacitys too little, the network operator has further possibilities to intervene.
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for example, that foa 1 MW reduction in the load on a line, the ferct therespective node
must be reduced by 2 MW. The load flow sensitigitysystem property that depends only
on the network topology and the electrical properties of the netvasrkvell ashe location
of nodes and lines under consideration.

As an example, ehfollowing figure showthe load flow sensitivitiefor five power plans
larger than 100 MW, which have the highest sensitivitgdbringthe congestiorof a partic-
ular linerepresenting dypicalcongestiorin the recent past in the German transmissgid
(line GieRen Nord Grol3krotzenburgnarkes with aed circlein the figure).

Staudinger
Sensi.: -16,9 %

Franken 1
Sensi.: -8,9 %
Isar 2
Sensi.: -7,5 %

Zolling
Sensi.: -8 %

Happurg
Sensi.: -8,9 %

Figurel2: Load flow sensitivityf the five most sensitive power plant for tlivee Giessen/Nord
- Grol3krotzenburgtheline is acongestiorin the German transmission grid typical today

The power planéStaudingef has a sensitivity 617 %, le. anincrease in output c¢he power

plant of 1 MW leads to a 0.17 MW reduction in the load onctiregestedine. Conversely,

this means thaa reliefof 1 MW requiresan increase in output of 5.9 M@ the Staudings

plant The second most effective power plants (Happurg and Franken 1) already have almost
half the sensitivity. A relief of 1 MW for the line woul@adty require amcrease in capacity

of 11.1 MW. The fifth most effective power plant would require an increase in output of 13.3
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