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Definitions and Abbreviations

+ Definitions

6aFRRat for mé means European platform for the exchange of balancing energy from
frequency restoration reserves with automatic activation

6bal ancing ener gy means &time qterpaé foriwbich &ressrder marginal prices are
calculated

(@)

cr-nemal capaci ty émeans the capability of an interconnected system to accommodate
balancing energy transfer between bidding zones and/oralc&&3.
The crosszonal capacity is determined in accordance with the
implementation frameworks for the exchange of balancing energy
from replacement reserves, from frequency restoration reserves with
manual and automatic activation as well as for the lanz@ netting
process

a@emandd means a TSO demand for activation of any balancing standard
product bids

6direct acti vat i omiansa mFRRPlatformprocesghat canoccurat any point in time
to resolve large imbalances within the Time To Restore Frequency

6di visible bidsd means a characteristic of a bid which enables its partial or fully

activation

6i mpl ement ati on prnmeangthetpdject which implemstite RR, mFRRaFRR and IN
Platforms pursuant to Article 19, 20, 21 and 22 of the EBGL
respetvely.

6i mpl ement ati on f rmeanghepapdsd for the European platforms pursuant to Article

19, 20, 21 and2of the EBGL

OmMFRR atf or mo means European platform for the exchange of balancing energy from
frequency restoration reserves with mdragivation;

O6price indeter mi n aeansithat there is no unambiguous intersection point between the
consunptionand supply curves or that the bid price of some selected
upward bids is higher than the bid price of some selected downward
bids

0sel kbictled means a bid that is selected by the AOF and must be fully or partially
activated

(@}

standard bal anci mganethesstargiagrd ppoductdou lialanting energy feplacement
reserves ofrequency restoration reserves with automatimanual

activation

0rejected bidbo means a bid whicthas not been selected in the course of the
optimization run

O0RRI at f or mo means European platform for the exchange of balancing energy from

replacement reserves



(@}

(@}
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uncongested ar ea@means the widest area, stituted by bidding zones and/or LFC
areas, where the exchange of balancing energy and the netting of
demands is not restricted by the available CZC or allocation
constraints

validity peri od®& means the period during which a balancing energy bid cas be
submitted

+ Abbreviations

List of abbreviations used in this document:

aFRR automatic frequency restoration reserve
AOF activation optimisation function
APP activation purposgproposal

BSP balancing servicerovider

BEPP balancing energgricing period
BRP balanceresponsible party

CMOL common merit order list

CP clearing price

czc crosszonal capacity

DDO divisible downward offer

DUO divisible upward offer

EBGL guideline on electricity balancing
FAT full activation time

FRCE frequency restoration control error
ISP imbalance settlement period

IPN inelastic positive need/demand
LFC load frequency control

LMOL local merit order list

MARI Manually Activated Reserves Initiative
MFRR manual frequency restoratiseserve
MOL merit order list

MCP market clearing price

MP marginal price

MW megawatt

MWh megawatt hour

NRA national regulatory authority
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PICASSO Platform for the International Coordination of Automated Frequency Restoration and
Stable SysterDperation

PP pricing proposal

QH quarter hour

RR replacement reserves

SOGL guideline on electricity transmission system operation

TERRE Trans European Replacement Reserves Exchange

TSO transmission systewperator

TTRF time to restordrequency

UAB unforeseeably acceptbid

URB unforeseeablyejected bid

XBMP crossborder marginal pricing
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1 Intro duction

This document gives background information and
development of a proposal fom@ethodology to determine prices for the balancing energy andzwosas

capacity used for exchange of balancing energy or for operating the imbalance netting process in accordance
with Article 29(3), Article 30 and Article 50(1) of the Commission RegomatEU) 2017/2195 of 23
November 2017 establishing a guideline on electr

The explanatory document accompanies the proposal for the methodology to determine prices for balancing
energy and crossonal capaity which is submitted for public consultation in accordance with Article 30 of
EBGL and Article 10 of EBGL.

Both the proposal and the explanatory documenttsider and includeesultspreviouslydeveloped by the
implementation projects MARI, PICASSOERRE and, with respect to the pricing of craesal capacity,
IGCC. These include input provided by the stakeholders during previous consultations.

The proposal cannot be considered completely independent from the implementation frameworks for the
European platforms for the exchange of balancing energy from replacement reserves (RR), frequency
restoration reserves with manual (mMFRR) and automatic activation (aFRR) as well as imbalance netting (IN).
The implementation frameworks defitlge standarthalanchg energyproductsthe basic business processes
andthe principles of the optimisation algorithms which will provide the input data necessary to calculate the
prices.

On the other handin contrast tdhe implementation framework proposdtse pricing poposal(hereinafter

r ef er r [@Pd )s hobonlg asconimon proposal of all TSOs &lsba proposal covering dibur European
platforms.Due to this, the terminology needs to be harmonised and might have changed in comparison to the
previously publishé material in most cases, without changing the content behind the terminology.

Above that, due to different deadlinesd different geographical scope definedBBGL for the different
platforms somecontent and terminologiycluded in the proposal and this document may hawready
been documented and discussatensivelywith the stakeholders for some platforms, while for the other
platformsand the concerned stakeholders the respective topitdbe relatively newExamples forsuch
content are

9 the pricing methodology for system constraints activation purpose which should be very familiar to
stakeholdershathave followed the development of the platform for the replacement reserves (RR) and
relatively new to the stakeholddtsatfocused on thelatform for the automatic and mandedquency
restoration reserves, and

1 the concept of the balancing energy pricing petBiEPP)which was discussed with the stakeholders of
the PICASSO project and could be not very familiar to a stakeholder with@doauanual reserves.

Therefore, the objective of the document is not limitefdrmally accompanying the public consultation for
the PPto be provided to the national regulatory authorities (NRAs) Byd&:embef018.1t also aims at
giving a holisticview on the pricing of balancing energy for all processes. dmisition is refleatdin the
structure of the proposal and the explanatory document.

Obviously, the proposal has to be considered in context of EBGaarticular, Article30 of EBGL provides
the boundary conditions for the propos@hapter2 analyses the requirements of the relevant EBGL articles
and provides an interpretation whereded.

Following the structure of the proposal, ChapBiintroduces the general principles of the pricing
methodology which are crod®rder marginal pricingXBMP), differentiation between productsctivation
types and time frames, different pmyg for different activation purposes and settlement based on the
principles of EBGL.

The following three chapters focus specificaspects of XBMP calculation
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Chapterd deals with the pricing for scheduled mFRR and RR balancing ehiglgiincluding an explanation
of price indeterminacyprice divergence and pricing of system constraints

Chapters explains the pricing of mFRR with direct activation type.

Chapter6 provides the background on the pricing of balancing energy from dbiRRto the fact that aFRR

is a closedoop process where the calculation of the aFRR request by the TSOs does not only depend on
imbalances but also on actual aFRR delivery by the bimignservice providers (BSPs), the pricing
methodology for aFRR requires a fundamental understanding of the undesbfingcal process and signals.

The respective background informatiorsisnmarizedn Chapter6.2

Chapter7 summarizes the remaining aspects of the pricing methodology, sumiciag of the specific
products Chapter7.1) and pricing of crosgonal capacity@hapter7.3). Moreover,Chapter7.2 provides a
short explanation regarding the treatment of the central dispatching models.

ChapterB explains the process of the public consultation.

Together with the all TSOs' proposal the implementation frameworkghePPwill lead to a newEuropean

market forRR, mFRR andaFRR. Thiswill increase the efficiency of the balancing gyemarkets and
competition but alstead to many changes for stakeholders, both from harmonisation efforts and as a result
of the integration of the marketBherefore, the TSOs encourage and appreciate valuable feedback from the
stakeholders
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2 EB GL Requirements forBalancing Energy Pricing Methodology

Article 30 of EBGLrequireghe TSOs to develop a proposal for pricing of balancing energy bids and pricing
of crosszonal capacity used for balancing energy exchange. This section provides a summary of the core
EBGL requirements for thieP.

2.1 Pricing Proposal (Article 30 of EBGL)

Articl e 30(1) of EBGL st at e s aprdpasal foreagnethodotogydondeterniire d e
prices for the balancing energy that results from the activation of balancing energy bids for the frequency
restoration procesp € Jand the reserve replacemt process.

Besides the obligation to develop a proposal, Article 30(1) of EBGL defines boundary conditions for the
pricing methodology.

fiSuch methodology shall:
(@) be based on marginal pricing (p@scleared)

(b) define how the activation of balancing enefmgs activated for purposesther than balancing
affectsthebalancing energyprice, while also ensuring that at ledsalancing energy bidactivated
for internal congestion managemesttall notset the marginal price of balancing energy;

(c) establishat least ongorice of balancing energy for each imbalance settlement period;
(d) give correctprice signals and incentives to market participants
(e) take into account the pricing method in the -@dyead and intraday timeframeés.

By stating the boundary condition (a) EBGL already gives a clear preference for marginal pricing. Although
Article 30(5) of EBGL leaves a possibility o fir¢qéeft an amendment and propose a pricing method
alternative to the pricing method in paragrapfa)lp , there is hurdl eadeated over
analysis demonstrating that the alternative pricing method is more efficient

An obligation ofEBGL is to avoid thabut of meritorder activatiorwhich would be due to the activation of

a specific bl for internalcongestion managemesgt the marginal price for balancing energy bids. In this
cont ext (b) u s e s at tedstdbalahcing emardyabidsctivated foh iatérnal ftongestion
managemenrghall notset the marginal pricé.As the implementation frameworks of the different platforms

do not foresee to have local activation, but only activation at the level of the relevant areas, this condition is
naturally fulfilled. Therds no other requirement related to the differentvadion purposes.

The requirement (c¢c) provides a degree of esfablished om
at least one price of balancing energy for each imbalance settlement p&riodThe TSOs i nt
requirement in the followingay:

1 EBGL allows more than one price for balancing energy bids for each imbalance settlement period (ISP)
as long as other boundary conditions are respected.

i EBGL does not provide a limiting requirement how exactly to set the prices, i.e. the numbeesf pri
could be set based on the processes frequency restoration and reserve replacement, the respective su
processes or products.

1 Moreover, the methodology could establish more than one price for one procgasicasds or product
for one imbalance settigent period (ISP).

At the same time, the number of prices should be chosen with respect to the objectives of EBGL and, in
particular, taking into account the bougwedarecy con
price signals and incentigeto market participansa nd ( e) wh i gticing neethainghetlag t h e
ahead and intraday timeframes
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1 The pricing in the daghead market is based on crbssderimplicit allocation via a single clearingith
congestion rent. There is one prfoe eachmarket time unit

1 The intraday market is based on continuous trading, i.e. there could be as many pricesrfarkehe
time unitas tradeghusthere will be multiple prices for eacharket time unit

1 The intraday market does not setr explidgtly influencethe prices for the daghead market or vice
versa.

The pricing methodology in the dahead and intraday markets support the preference for several prices for
one ISP based on the number of clearings. The TSOs have followed this apprdaeiplioposal (see
Sectiors 3.1.2and6.3).

Article 30(3) formulates the requirement for pricing of cress n a | capacirefect mahketc h s
congestion  a lmedbaséd on the prices for balancing enaygy.

Itis worth mentionig, t hat the prici ng nteetpticoglobdrosspiyal caphciyl | a
[ é for operating the imbalance netting procéssal t hough the settl ement of
the proposal to be submitted in accordance with Article 50.

2.2 Interaction with the National Terms and Conditions for BSPs (Article 18 of
EBGL)

While the pricing methodology is a common proposal of all TSOs, the determination of the balancing energy
volumes to be settled with the balancing service providers (BSpaitisf the national terms and conditions
which are developed on national level and are approved by the national regulatory authority.

The respective requiremeiststated in Article 18(5)(h) of EBGL. The terms and conditions for BSPs shall
c o n t theirdes fdr the determination of the volume of balancing energy to be settled with the balancing
service provider pursuant to Article d5

The approvaht national leveblso applies to imbalance adjustment. The terms and conditions shall contain
firules and caditions for the assignment of each balancing energy bid from a balancing service provider to
one or more balance responsible parties pursuantto paragdgglde ( Art i cl e 18(5) (e))
paragraph obliges the terms and conditions for B&Psefjuire that each balancing energy bid from a
balancing service provider is assigned to one or more balance responsible parties to enable the calculation
of an imbalance adjustment pursuantdicle 490

The TSOs have proposed a roadmap for harmtoisaof terms and conditions for BSPs in the
implementation frameworks. Nonetheless, EBGL clearly puts the methodologies for balancing energy
volume determination and imbalance adjustment at national level. This boundary condition must be taken
into accounby the pricing methodology which means must be compatible with more than one methodology
for volume and imbalance adjustmedétermination. Requirementer Balancing Energy Settlement
(Articles 4571 49 of EBGL)

Articles 45- 49 of EBGL define requireménfor balancing energy settlement with BSPs. Article 45 of EBGL
contains the general requirement for TSOs to calculate and to settle balancing energy. The calculation can be
based on metered or requested activation.

Tablel summarizes the articles which define the obligations regarding the volume calculation and settlement

for the single processes. The differences between the articles are underlined. ObWieuslguirements

differ in the mentioning of the processes. Moreover, the settlement of the balancing energy for the frequency
containment process i s optimaonailn whritcihc lies 4i6n(dli)c aotf

10
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Article Number | Text

fiEach connecting TS@aycalculate and settle the activated volume of balanc
Article 46(1) | energy forthe frequency containmeptocess with balancing service providers
pursuant tgparagraphs 1 and 2 of Articlé5.0

fiEach connecting TS€hall calculate and settle the activated volume of balang
Article 47(1) | energy for thdrequency restoratioprocess with balancing service providers
pursuant tgparagraphs 1 and 2 of Artick50

fiEach connecting TS€hall calculate and settle the activat volume of balancin
Article 48(1) | energy for theeserve replacemeiprocess with balancing service providers
pursuant tgparagraphs 1 and 2 of Artick50

fiThe price, be it positive, zero or negative, of the activated volume of balanc
Article 46(2) | energy forthefrequency containmeprocess shall be defined for each directior
as defined in the TabledL.

fiThe price, be it positive, zero or negative, of the activated volume of balanc
Article 47(2) | energy for thdrequency restoratioprocess shall be defined for each direction
pursuant toArticle 30 as defined in the Tabledl.

AThe price, be it positive, Zzero o
Article 48(2) | energy for theeserve replacememptrocess shall be definedrfeach direction
pursuant toArticle 30 as defined in the Tabledl.

TABLE 1: ARTICLES 467 480F EBGL

It is worth notingthat calculation and settlement of balancing energy for the frequency containment process
(Article 46 of EBQ.) is not part of thePPin accordance with Article 30. Nonethelesss thrticle has
relevance for th€Psince it included able2 which is referenced by the subsequent articles on the frequency
restoration (Article 47(2) of EBGL) and reserve replacement (Article 48(2) of EBGL) processes.

The table defines the sign comimns and resulting financial flows between TSOs BS8&s In particular,

the table shows that negative balancing energy prices are possible in which case the financial flow is inverted
and the TSO would receive (make) a payment from (to) the BSP irotassitive (negative) balancing
energy delivery.

Balancing energy price positiv{ Balancing energy price negatiy

Positive balancing energy Payment from TSO to BSP Payment from BSP to TSO

Negative balancing energ)  Payment from BSP to TSO Payment fronT SO to BSP

TABLE 2: PAYMENT OF BALANCING ENERGY (SOURCET ARTICLE 460F EBGL)

Al t hree arti clThesprice deit poshive, zérmar megative, tofi the activated volume of
balancingenergfy é] s hal | be defi ned Artele30asadefined chihe Bablddl. on p

The usage d¢heprisdd ngaud alre icnomsi dered as a contradict
of EBGL which reqgatkastoepria® caTlhius acominr @adi éiti on r e
following into account:

T The for rnhepriegt i mef éirs t o the price of the settl er
conventions. The respective text is identical for frequency cuntait, restoration and reserve
replacement processes.

T At the same time the formulation refers tte t he
priceo .

11
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T The under shepriced iangg a fl iimi t t o t he n u mbperimbatafce pr i c
settlement period$Pwoul d i ndeed c ont atkabstiooetpriock hien f Ar tmiud¢ lae i
of EBGL. On the other hand, if EBGL set a limit to the number of prices, the respective requirements
would have formulated this expiily instead of a formulation allowing a degree of freedom.

1 The understanding in the sense of a limit would also neglect other requirements of Article 30(1) of EBGL,
i.e. the objective to set correct price signals and the aim for consistency to thleagdyand intraday
market timeframes.

Due to this, the TSOgheprical eir st Arni#dotHB@Lsas thedprice Whicht i o n
will be used to remunerate balancing energy Bidshe delivery of balancing energy for each procksth
directiors and each BEPPand not as a limiting requirement for the methodology to be developed in
accordance with Article 30 of EBGL.

2.3 Interaction with the Activation Purposes Proposal (Article 29(3))

Article 30(1)(b) of EBGL requires the pricing methdaolgy to define pricing of balancing energy bids
activated for purposes other than balancing. This requirement is a reference to the activation purposes
proposall her ei naft er r imfceordaneedwith Asticlea289(3) fAEBELovhich states thiat a

T S O desciibe all possible purposés the activatiorof balancing energy bids a daefine ¢lassification

criteria for each possible activation purpos@

2.4 Specific Products

Each TSO may propose specific products which must be approved by the rggaldbarity on national
level. From the perspective of tR®, specific products fall into two categories:

1 specific products which are converted to standard products and are activated from the common merit
order list of the platforms in accordance withiélg 26(3)(a) of EBGL and

9 specific products which are activated locally in accordance with Article 26(3)(b) of EBGL.

In accordance with Article 30(4) of EBGL, the pricing methodology will apply to specific products which
are converted to the standard produ

By default, it also applies to specific products which are activated only locally. Still, in accordance with
Article 30(4) spécificepBdutts purbuant tarticlp 26]3)(b),the concerned TSO may
proposea different pricing methouh the proposal for specific products pursuanftticle26 6 Thi s pr o
is an optional proposal of the respective TSO and, therefore, is not parfR#Hithaccordance with Article

30(1) of EBGL.

2.5 Conversion of Bids in a Central Dispatching Model

Article 27 of EBGL sets out the requirements for TSOs using central dispatching model.

Article 27(2) of EBGL requires that eathdintegrai€@ app
scheduling process bids available for the real time management sfstean to provide balancing services

to other TSOs, while respecting operational security const@intsa n d , i n acco2/@ance v
EBGL c o asvfar as psssibiie the integrated scheduling process bids pursuant to paragraph 2 into
standardproducts taking into account operational secudity.

Moreover, Article 27(3) of EBGL mentions boundary conditions for the conversion rules which must be
fifair, transparent and nodiscriminatoryd ,  snbtaréate bdiriers for the exchange of balancinyse
and <msare the firancial neutrality of TSOs.
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In the context of pricing, the standard balancing energy prdoidst which result from the integrated
scheduling process bids will be treated in accordance with the methodology of Articlef3dBG lofor the
settlemenbf intended energy exchangetween the TSOS he price used for TSBSP settlement in the
central dispatching model is subject to tiaionalterms and conditionglated to balancing

13
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3 General Principles
3.1 Principles of Cross-Border Marginal Pricing

3.1.1 Marginal Pricing

As requested in the EBGL and outlinedGhapter2, the methodology to determine prices for balagcin
energy shall be based on marginal pricing. Generally, the marginal price represents the price of the last bid
of a standard product that has been selected to cover the demand for balancing purpose within a specifiec
area. An illustrative example for tiketermination of the marginal price is showrrigurel.

Bid Price

MP T-===77==7777

| Volume
Demand
A1-AB Bids on Merit-Order List
MP Marginal Price

FIGURE 1: MARGINAL PRICING - GENERAL PRINCIPLE

Under marginabricing and the assumption of perfect competition, B®Rtmal strategy is to bid their
marginal costs which ensures thaximisation of their earnings and #iféiciency of the auctiong herefore,

it is expected that bid prices are lower compared lberopricing schemes (i.e. pagbid). Moreover,
marginal pricing reduces the complexity of bidding for BSPs in auctions compared to bidding urder pay

bid schemes that requires forecast skills and dedicated tools. As such, marginal pricing makes the
patticipation of new entrants easier and reditbe operating costs.

3.1.2 Cross-Border Marginal Pricing and Uncongested Areas

In all implementation projects for the European platforms for the exchange of balancing energy, TSOs
proposeo use crosdorder margingprices to determine the price for the respective balancing energy

This means:

1 All balancing energy that results from the activation of standard balancing energwithiiis an
uncongested aréaremunerated witthe same marginal price for providing the same se(thiegeneral
rule has to be considered in context of dyeamics of aFRR described @hapter6.3, differentiation
between products and time periods describe@hapter3.2 as wellprice indeterminacylescribed in
Chapterd.3).

1 Incase otrosszonal capacity limitationsetween adjacent areasprice splitan occumeaning that in
each uncongested area the highest selected bid sets the marginal price for the respedthe @iea.
for crosszonal capacity corresponds to the price difference between the adjacent uncongested areas
thefollowing, this scenariois alsoreferredo as ficongestedo while the s
call ed Auncongestedo) .
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The same principkto determine prices for energy and crassal capacitarealso appliedn theday-ahead
market timeframe.

An example for the price determinatiorstsown inFigure2. For the sake dfimplicity, it is assumed in this
example that the platform consists of two areasa( A & area B) both forwardingheir bids for balancing
energy to a common merit order [{&MOL).

In the uncongested case the price is determined by the highest selected bid necessary to cover the demand
bothareas Demand.g) resulting in a marginal price of M.

In the congestedituation it is assumed that bid B4 cannot be exchanged between the areas due to limited
available crosgonal capacityThereforea higher priced bid ilmrea A needs to be activated (A2). For the
price determination thaforementioned price split occulsading to different marginal prices in the two areas
(MPa and MR).

Bid Price

Area A

Area B
=
w2
1
1
1
1
1
1
1

1
Demand,

Volume

Demandg

Volume |

Bid Price

T Uncongested

BIBZ B3

1
T Congested !
1

1
Demand,,s

!“J,

: Volume
Demand,.,

k:

Volume

A1-A6
B1-B4
MP,
MPg
MPag

Bids of Area A on Merit-Order List

Bids of Area B on Merit-Order List

Marginal Price for Area A

Marginal Price for Area B

(Cross-Border) Marginal Price for Area A and B

FIGURE 2: PRINCIPLE OF CROSS-BORDER MARGINAL PRIC ING IN UNCONGESTED AND CONGESTED SITUATION

In the congested situation the price for the czmssal capacity @an be derived from the price spread between
the adjacent uncongested areas. In the abovementmxadple,the price of crosgonal capacityis
equivalent to the difference between Mihd MR.

The principle to determine uncongested areas can also be applied taking into account multiple areas
exchanging balancing energy as showrfFigure 3. In this example the limited croszonal capacities
betweerarea B andrea Carea B andrea Eas well agrea D andrea E leads to a split into two uncongested

|:| Uncongested area with marginal price = MP1
|:| Uncongested area with marginal price = MP2

—> Balancing energy exhange on a border

areas.
—
Area A Area B Area C
4 4
I I
Area D Area E

FIGURE 3: DETERMINATION OF UNCO NGESTED AREAS - MULTIPLE AR EAS
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As congestions can evolve in the wake of exchanging balancing energy for different processes, the
uncongested areas can be different for the different balancing processes. E.g. the uncongested areas for R
activation could be different from uncongestedas for mFRR activation. Also, the uncongested areas for
MFRR activations can be different from the uncongested areas for aFRR actMatieover, as mFRR with

direct activation and aFRR are (quasi) continuous process, the definition of the unabagessefothis
processmay change at any point in time, also within an ISEherquarter of an hour for which the bid is
submitted

3.1.3 Calculation of the Cross-Border Marginal Price

Figure4illustrates the basischematigrinciple for the crossborder marginal price calculation. The TSOs
submit the common merit order lisghebalancing energy demargdoth, elastic and/anelastic) as well as

the available croszonal capacity to the activation optimisation function (AOF). The AOF performs the
optimisation which can also be understood as a balancing energy market clearing. There are two outputs of
the optimisation that are imgant for the pricing:

1 the balancing energy bids which must be activated in order to satisfy the demand (selected bids)

9 the uncongested areas, i.e. the areas where the exchange of balancing energy was not effectively restricte
by the available crosgonalcapacityor allocation constraints

CommonMerit Order Balancing Energy .

AOF

a/ MWwh

SelectedBids Uncongestedireas
CrossBorderMarginal
Price(s)

FIGURE 4: CALCULATION OF THE CR OSSBORDER MARGINAL PRIC E | BASIC PRINCIPLE
The uncongested areas @entifiedin each optimisatiorby determiningamarginalpricefor eachLFC area
or bidding zone as outpuif the optimisation whereas thd.FC areas or biddingzones thatform an
uncongested area will all have the same pfi¢e process illustrated iRigure4 can be applied for one
optimisation, i.e. market clearing.
3.2 Differentiation BetweenProducts and Time Periods

In practice, there are additional aspects which must be considered in the pricing proposal:
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1 Firstly, there are ffierent optimisations, i.e. market clearings, for RR, mFRR with scheduled activation,
MFRR with direct activation and aFRR activation.

1 Secondly, there is more than one market clearing for each ISP:
o There is one optimisation for the activation of RR balag&nergy bids.
o There is one optimisation for the activation of mMFRR with scheduled activation type.
0 There can be more than one optimisation for the activation of mMFRR with direct activation type.
0

There are 900 optimisations for aFRR activation ibptimisation cycle of 1 second is assumed (in
case of a 4 second optimisation cycle there are 225 optimisations).

The requirement to perform the optimisations (i.e. market clearings) separately results directly from the
different activation processes (sdied and direct activation, manual and automatic activation). For RR and
MFRR with scheduled activation, the necessity for separated clearings results from different product
parameters (such as full activation time, gate closure timmn#d}R with direct ativation is required to fulfil

the requirement of Time To Restore Freque@EyRF) arising from SOGL as many TSOs use mFRR to
cover their dimensioning incident.

The respective differences are treatedhlying separate clearings for different processes

3.2.1 Differentiation Between Products
Figure5illustrates the approach of the propasglarding the number of prices. There willdifferentXBMP
calculaionsfor RR, mFRR with scheduled activation, mFRR with diretivaton and aFRR.

TERE(E,:(RR) —) RR Price for the ISP The combination of these
balancing energy prices into

_ an imbalance price for the ISP
MARI (MFRR) — DA mFRR Price for the ISP » shall be defined in the

AOF mmmmmm_)  SAMFRR Price for the ISP Pa“é)gapl te_”?S a”“_'tﬁo”d'“o”s
or S In line wi

imbalance settlement

PICASSO (aFRR) i 2) harmonisation proposal
Jernpataiibl mmmmm)  oFRR Price(s) for the BEPP prop
These prices will directly be The imbalance price will be used
used to settle BSPs to settle BRP imbalances

FIGURE 5. MULTIPLE PRICES FOR E ACH IMBALANCE SETTLE MENT PERIOD
This differentiation is consistent with the differentiation between theatlepdand intraday market.
The TSOs havevaluatedhe so called crogsroduct marginal pricing methodolagy

1 The basic principle ofrossproduct marginal pricingg, thatthe upwardbalancing energy bid with the
highest price sets the marginal price not onhtlie balancing energy bids from the same merit order but
for all upwardselected balancing energy bids, even if theserbjgtesent a different produ@onversely
for downward activation, the lowest price would be retained.

1 E.g, a selectedpwardaFRRbalancing energy bidould sethe price for all selecteaspwardmFRRand
RR balancing energy bider vice versadepending which bids have the higher price)

Besides the questionable advantage in context of imbalance pdsgproduct pricings notin line with
the boundary conditionshich Article 30 of EBGL defines for théPdue to the following reasons:

1 The technical product requirements increase from RR to mkRRscheduled activation and then to
MFRR with direct activation as well a8 aFRR At the same time the gate closure times decrease.
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Different prices for the differeriechnical and commercial product properfiesvide a proper valuation
of the respective bids.

1 The activation of balancing energy bids with manual activation (RR and mFRR) requires a lead time and
is always based on an expectation that an imbalance will appear in the future or that an observed
imbalance will not disappearhe activation of aFRR, dhe other hand, is a direct result of the preceding
sequence of the measured imbalances. The eliffXBMPs for RR, mFRR with scheduled activation,
MFRR with direct activation and aFRR provide a proper valuation of the differertirezl

1 Since differat platforms use the same available ciossal capacitypdatedn a sequential waythe
situation will regularly occur when the uncongested area for one product is different from the uncongested
area of the other produdh this scenario, rossproductmarginal pricing wouldprovide wrong price
signals to the market participants and wrong valuation of -@msal capacity.This effect can be
demonstrated by the followirggenario

0 There is onaincongested area for the exchange of balancing energy fréRmvRich would
resulsin the one XBMPPyerr

0 There are twaincongested areé8 and B)for aFRR
o The resulting XBMPs arBarrra < Parrrp < Pmrrr

0 In crossproduct pricing, the mFRR XBMP==r Would also set XBMP for aFRR, i.e. all
selected bids would receiV®= Pmrrr= Parrr,a =Parrr 8

0 Although cheaper aFRR bids in area A would be replaced by more expensive aFRR bids in B,
the impact of the limited crosmnal capacity for the aFRR balanciegergy exchange would
not be visible in a price spreathe crossz o n a | capacity woul.d have

1 With crossproduct marginal pricing, a situation would occur whads notselectedn a market clearing
havea pricewhich is lower tharthe final margind price. Thisis counterintuitive andould incentivise
mark ugs in the bidding strategy.

9 Crossproduct pricing would be inconsistent with the approach forateaad and intraday market
timeframes. Neither does the intraday market set the fatidhe dayahead market nor vice versa.

In conclusion

1 Crossproduct pricing is not in line with the requiremenf EBGL to provide correct price signals to
market participants, to take into account the pricing method in thalizad and intraday tinreimes
and to reflect market congestions.

1 The proposed approachn the other handyrovides correct price signals by respecting the different
properties of the processes, taking into account congestions in a correct way and being consistent with
theday-ahead and intraday markets.

3.2.2 Balancing Energy Pricing Period

The balancing energy pricing peri@BEPP)is defined in the proposal astime interval for which XBMPs

are calculatedl'he reason for the introduction of this conceptéaAticle 30(1)c) requires the methodology

to establish at least one price for t8&. While there is only one market clearing for balancing energy from

RR and mFRR with scheduled activation for each quaiftan hour, there can be more than one market
clearing for mFRRwith direct activation and umt900 market clearings for aFRR. This mismatch between

the number of market clearings and the ISP requires a mapping between the XBMPs which were determined
in each market clearing to the ISP, i.e. the BEPP.

The BEPP aggregs one or more market clearings for the determination of the XBMP. It is obvious, that in
case of mFRR with direct activation and aFRR the aggregediorither contain one market clearing or all
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market clearings which are related to the ISP. The raspechoices are explained in Chapteand
Chapter6.4.

3.3 Settlement ofBalancing Energy

As stated in Chaptdr, EBGL obliges the TSOs to settle the balancing energythaprices determined in
accordance with thEP. This obligation is considered in the proposal in Artick) 3(he balancing energy
volume determination is part of the national terms and conditions for BSPs in accordance with Article 18 of

EBGL.
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4 Pricing Methodology for RR and mFRR withScheduledActivation

4.1 Basic Principles

The activated RR and scheduled mFRR bids wifptesd with the crossborder marginal pricasdescribed
in Chapter3:

1 Forthe LFC areas or bidding zones withieach uncongested area, there will be a single -trosker
marginal price per BEP@he exception from this rule are described in Sectién

1 TheBEPP is equal to 15 minutes, therefore there will baiqueprice per 15 minutes.

The prices result from thmarketclearing which is calculated by tlRé€F in accordance with the principles

of the optimisation algorithm proposed as part of the implementation framework for the European platform
for the exchange déalancing energy from replacement resemwethe implementation framework for the
European platform for the exchange of balancing energy from frequency restoration reserveanuih
activation

In order to determine the prices, the AOF considers tieegprof all selectedand in case of price
indeterminacyrejected bidsas well as the prices of the elastemandsubmitted by the TSOs.

This section explains the calculation of the cioseder marginal price for RR and mFRR with scheduled
activationtype focusing on the specific aspeftisthese processes

4.2 Elastic Demand

The elastiademandsre treated similarly to fully divisible bids for the price determination. A market with

only fully divisible bids and elastidemand could be straightforwardigleared by following a merit order

of all bids (upward bids andegativedemandsanked by increasing prices, downward bids poditive

demandsanked by decreasing prices). Such a market could be described-byss#egupplyandconsumer

curves that irdrsect at the market clearing po{Rifgure6). As elastic demands are treated as bids, in this

particular example, the price of theogitive elasticdemand 2 defines the price of the uncongested area.
Price (€/MWHh)

Elastic demand 1
Upward bid
Elastic demand 2

Upward bid

Upward bid Downward bid

Quantity (MWh)

FIGURE 6: CALCULATION OF CROSS -BORDER MARGINAL PRIC E WITH ELASTIC DEMAN D
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4.3 Price Indeterminacy

A price indeterminacy is a special situation when identical bid and demand selection leads to multiple optimal
clearing price solutions, as depicied-igure?.

] _ All these prices could safisfy the

solution

FIGURE 7: PRICE INDETERMINACY ILLUSTRATION

In this case, all solutions have an identigkdtform surplusTherefore it is necessary to define a rule to
choose a single prideom the set othe optimal prices.

To calculate the price, an upper and a lower poicendwill be determinedand the pricavill be set at the
middle of these bounds. dhly onebound isavailable then the pricevill be set athis bound. To define the
bounds, the prevention ahforeseeably accepted bigisd the prevention afnforeseeably rejected bittsr
fully divisible bids and elastidemandsre taken into account.

The following example illustrates a price indeterminacy situation with fully divisible bids (simplestiegenar

We consider the following balancing energy needshiasl(Figure8):

T IPN: upwarddemando f 10 MWh and 100 G4/ MWh

1 DDO1: fully divisible downwardi d of 10 MW and 80 G/ MWh

i DDO2: fully divisible downward bid of 10 MW an
f buoi1: fully divisible upward bid of 20 MW and .
f buo2: fully divisible upward bid of 10 MW and -

antity

FIGURE 8: ILLUSTRATION OF THE DATA PROVIDED IN THE EXAMPLE FOR THE PRICE INDETERMIN ACY

In this examplehe bidsiDUO10 andAiDDO10 as well as the inelastic neBdPNO are accepted and the price
bounds are defined as follows:

9 MCP O 2004/ MWh (UAB rule for DUO1)
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f MCP O 804/ MWh (UAB rule for DDO1)
f MCP O 04/ MWh (URB rule for DDO2)
f MCP O 4004/ MWh (URB rule for DUO2)

Therefore, the final upper price bound is 4004/ MW
is set at the middle point and is therefore equa

4.4 Pricing for Bids Activ ated for System Constraint Purposes

RR and possibly scheduled mFRR bids can be selected for system constraints purposes. In order to use th
bids for system constraint purposes, the TSO can define a minimal desired exchange in a specific direction
(e.g. adesired import) on a border. In this case, the AOF will constrain the flow on this specific border,
considering the desired exchange submitted by the TSO.

This tool can be used in cases, where the eosal capacity which was already allocated to market
participants in the previous time frames exceeds the physically availablzonad€apacity. Such situations
can occur due to forecast errors in the capacity calculation time frame or due to outages.

The bids that will be selected by the optimisatitgoathm, and hence, will be activated, will respect the
constraint of the desired exchange.

It is worth noting that the design of the different platform does not include the possibility to make locational
activation. There ebmeritbhdeebornetnobtbenanbidobubnl
the meritorder which is selected.

It is necessary to complete an analysis of whether a unique XBMP is compliant with Article 30(1)(b). It
requires that the bids activated for internal congestianagement do not set the marginal price. Even though
there are no locational activation at a granularity lower than the LFC area or the bidding zonasnealoss
congestion management tools such as interconnector controllability or etradieg mayallow alleviate
internal congestion issue, in particular for grid elements close to the borders.

The TSOs ask the stakeholders to provide the feedback on the following pricing options described
below.

1 Option 1 ensuresthat the BRPs arenot affected byactivationsfor system constraint purposewhile
on the other hand

1 Option 2 ensures thatall BSPs within an uncongested area will receive the same marginal price
whatever the activation purpose is.

4.4.1 Option 1: Activation for system constraint purposes doesot set the XBMP
This option is reflected in the pricing proposkte pricing proposal foresees that

1 XBMP for bids selected for balancing purposes will be calculated based on the result from the algorithm
without considering the desired exchange conggain

1 Thebids selected to respect the constraint of the desired flow range (and not selected without considering
such constraint) will be remunerated based ongsdyid in case their prices are higher than the XBMP
(for balancing purpose)n case their loi prices arelower than the XBMP (for balancing purpose) they
will be remunerated with the XBMP (for balancing purpose).

The following example illustrates this approach by providing a scenario where a TSO sets a desired flow on
a border which leads &election of bids for system constraints purposes:

1 There are three TSOs, each of the TSOs has an inelastic demeardd). TSO lhas a demand of 20
MW, TSO2 has a demand of 50 MW and TSO 3 has a demand of 50 MW (all upward).
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1 The available crossonal capacity between TSO 2 and TSO 3 is sufficiently large that it does not
influence the results.

1 The crosszonal capacity between TSO 1 and TSO 2 is 50 fdWhe direction (:> 2) and 0 MW for
the opposite direction (2 1).

I TSO 1 submits a desired minimum flow of 30 MW on the border to TSO 2.

Desired flow:
30-50MW
»
TSO 1 TSsO2 TSO 3
50 MW
e
+20MW 0 MW +50MW +50MW
+“—

FIGURE 9: SCENARIO FOR SYSTEM CONSTRAINTS (EXAMPLE )

The available bids and the resppee prices are shown ifiable3.

TSO Bid direction Bid quantity (MW) Of fer price
1 Upward 40 50
1 Upward 50 60
2 Upward 60 70
2 Downward 50 -35
3 Upward 80 30
3 Upward 90 40
3 Downward 50 -5

TABLE 3: SUMMARY OF THE BIDS FOR EACH TSO (EXAMPLE )

The AOF considers the desired flow of-30MW and gives the results presented belowigure 10 and
Table4.

T501 T502 70MW

+20MW +50MW

FIGURE 10: RESULT WITH SYSTEM CONSTRAINTS (EXAMPLE )

TSO Bid direction Bid quantity (MW) Of f er pr i ce¢ Selectedquantity (MW)
1 Upward 40 50 40
1 Upward 50 60 10
2 Upward 60 70 0
2 Downward 50 -35 0
3 Upward 80 30 70
3 Upward 90 40 0
3 Downward 50 -5 0

TABLE 4: SELECTED QUANTITIES WITH SYSTEM CONSTRAINTS (EXAMPLE )
The AOF will be executed once more (sequentially or in parallel with the first run), without considering the

minimum desired flow constraint. The results of the second run without the activation for other purpose than
balancing is presentdedgurell andTableb.
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ZDMW[ Ts01 TSO 2 TSO3 looMW

+20MW +50MW +50MW
o

<

FIGURE 11: RESULT WITHOUT SYSTEM CONSTRAINTS (EXAMPLE )

Bid direction Bid quantity (MW) Of f er pr i ce Activated quantity (MW)

1 Upward 40 50 20
1 Upward 50 60

2 Upward 60 70

2 Downward 50 -35 0
3 Upward 80 30 80
3 Upward 90 40 20
3 Downward 50 -5 0

TABLE 5: SELECTED QUANTITIES WITHOUT SYSTEM CONSTRAINTS (EXAMPLE )

The green colour indicates the marginal bids in the scenario without system constraints:

1 Since the is no available cresgnal capacity on the border from TS@2ISO 1, TSO 1 cannot import
the cheaper bids from TSO 3.

T Hence,he price at the area of etpticeatihesat@asbftheiT2@And be 5
TSO3 will be 4004/ MWh.

1 These prices are the XBMPs for bids selected for balancing purposes.

At the same time, as explained above, this optimisation serves only one purpose, nhamely the calculation of
the XBMP. The result which will be physically implemented is the result with the desired Alew.
aforementioned, some uplifts will be given to BSiRat tvere activated but hachigher submitted price for

upward bids (or lower submitted price for downward bitis)h the XBMP More specifically, these BSP

will be paid with payasbid.

In the above example, this holds only for one bid

1 Fromtheareaof SO 1, a bid with drmakediintbluealoupifabledgwa$ 0 G/ M
selectedbutt he mar gi nal price is 5004/ MWh.

9 This offer willthusbepi d wi th 6004/ MWh instead of 500/ MWh.

All the othe selected bids will be remunerated with the XBMP.

4.4.2 Option 2: Activation for system constraint purposes does set the XBMP for bids activated for
balancing purposes

This option isan alternative option to the omeflected in the pricing proposalrhe implications and
redistributive effects are different.

Option 2 foresees that the XBMP will be affected by the activation for system constraint purposies
resulting XBMP willbe defineddirectly by the optimisation with system constraint purposes in accordance
with Figurel0andTable4.

In this option all the BSPs within an uncongested area are remunerated with the same XBMP, whatever the
activation purpose iddowever,the activation for other purposes than balanciygtén constraints) may
have an impact on imbalance settlement prices.
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4.5 Impact of Complex Bid Formats

In presence of indivisible bids as considered for RR and scheduled mFRR, the AOF may select bids that,
considered in isolation, would not be economically matching, but are still part of the optimal set of bids that
contributes to the maximisation of thecsd welfare optimisation under the constraints of the algorithm.

In other words, it may happen that a selected upward bid has a higher bid price than a selected downward
bid. This implies that there is no unique price that allows meeting the requirgraetite XBMP is higher

than all selected upward bids and lower than all selected downward hisisituation is also referred to as
unforeseen acceptance of bids, even if formally there is a need to determine the pricing approach to accurately
identify the bids that are accepted in an unforeseen wayurforeseeably accepted bid is an upward
(downward) bid with a higher (lower) bid price than the resulting XBMP.

Figurel2illustrates how indivisible bids can lead to unforeseeably accepted bids on a simple example:

1 Inthis example, althougtere isanintersection of the supply amdnsumeicurves this intersection is
not a valid clearing result since it is not pbistoactivate only a part of the indivisible bid.

1 Hence there are twpossiblesolutionshowto satisfy thginelasti demand:

o Option 1: The indivisible upward bids selected. Additionallya part of the fully divisible
downward bidX MWh) is seleatd in order to offset the part of the indivisible upward bid which
exceeds the demand.

o Option 2: The indivisible upward bid is not selected andhéhe (more expensive) fully divisible
upward bidis selected instead.

Option1 results ira higherplatformsurplus however ithas the following consequences:
1 Any XBMP (P) for the indivisible upward bid would need to fulfil OP-.
1 At the same time, for the downward bid, the XBMP would need to RyDP.

1 SinceP, OPy, it is impossible to fulfil the equatid® OP OP; resulting from the conditions stated above.

Price |
[ 0/ MWIndlastic demandfor
upwardbalancing
energybids
divisble upwardbid
indivisible
Py
upwardbid
divisble downwardbid
P,

A

X Quantity [MWh]
FIGURE 12: EXAMPLE OF A MARKET C LEARING WITH AN INDI VISIBLE BID

In general, th@ccurrencef unforeseen acceptance of bisinfluenced in the following manner:

9 If there is a constraint in the algorithm to avoid unforeseen acceptance of hielss the UAB
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9 If there is a tolerance in volume in the TSO demi@ed if TSO demand can be expressed as 100 MW %
5 MW for instance)the occurrence is reduced.

This proposal does not deal wittese design elemenilisis worth highlighting thatheunforeseen acceptance
cannot becompletelyblockedbut only avoidedin case the TSO demand has to be fulfilledto accept
nothing and to apply a fall back proced(iar instance in presence of only indivisible bids in one direction

it may be the only feasible solution to have an unforeseen acceptanch case is really rare, as it would
mean very little disible volume for all uncongested aréadependently fronthe design choices ithe
algorithm there is a need to determine how the situation will be dealt with from a pricing and settlement
perspective

The BSPs that have offmithe concerned bidsan naurally not be penaliseénd those BSPs shall at least
receive their bid priceS.he same rulshould also applyo TSO$elastic demargl(which means that TSO
would accept to pay more than need price to satisfy their nB&d) main approaches may alloneeting
thisrequirement

9 Price divergence instead of deriving a unique XBMP per uncongested area, sepéBM®s for
different areas within the same uncongested area can be determined to avoid unforeseeable accepted bid
However the current idea in TERRE is tHat the particular LFC area or bidding zone there can be only
one XBMP and in order to avoid unforeseeable acceptedthigs/ happen that the TSO demand is not
satisfied.Hence the settlement price is alwape same foall BSPs belonging to the same LFC or
bidding zone areand issufficienty high or lowto remunerate the selected bigsspectively for upward
or downward bidsThe price divergence is allowed only if it dogst cause the adverse flo\{ftows
from a hgh price area to a low price ardd)e main implications are:

0 Always one settlement price for all BSPs belonging to the same LFC area or bidding zone and
avoidance of adverse floyws

o Possibility of havingnore than one XBMh the uncongested arezonsistirg of several LFC
areas or bidding zone§his may result ithe rent similar to the congestion rent that has to be
settled between TSQs

o Possibility of not satisfying the TSO demand because of avoidance of the unforeseeable accepted
bids andassurance of the single XBM#thin LFC area or bidding zone

Another approach could be to consider hawageral prices even within a bidding zone or a LFC area
if needed to meet the TSO demdind. in case the TSO demand has to be met with a highaityri
than the avoidance of UABS)dditional complexity in the determination of the price of the czuszl
capacitywill be presensince the price difference is not always univocally defined. In tbheme will be
additional complexity in the settlemieof intended exchange of energy between TSOs (also referred to
as TSQOTSO settlement).

1 Sidepayment a uniqgue XBMP is determined for instance by applying the same rules than in the case
of price indeterminacycurrent proposal)Other solutios may be aplied such asetting the price in
order to minimize the side payments, or totketprice at the level of the bid price of the last partially
accepted bids. For the few bids where the XBMP is not high or low enough (respectively for upward and
downward Ids), the connecting TSO will remunerate the bid at the bid price. Tkisfasced by the
Article 3(4) of the proposal. The difference between the XBMP and the bid price multiplied by the
accepted volume can be seen as as&yenent paid by the conneaiif SO.The main implications are:

1 Which is not necessarily the case in TERRE.
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o0 Always one price per uncongested area, allowing avoiding adverse flows and simplifying the
determination of the CZC price, hence the TB&D settlement;

0 Problem of missing money: the sigayment will not be covered by thi6&O-TSO settlement or
by the imbalance settlement. In other words, the sum of all settlement processes result in a deficit
that has to be neutralised in some viegyNRAs in line with the Article 44(2). Typically, the
deficit is covered in the tariffdHowever,then it may happen that the end consuroétbe one
Member Stateontributeto the cost of the energy that is not consutagedhem but by the end
consumers of the other Member States

0 The settlement price for BSPs belonging to the same LFC area or bidding zone can be different
when considering the sigmyments;

o0 The imbalance price calculated based on XBMRgy not fully reflect the value obalancing
energyif the side paymentre na taken into account

o Problem of unforeseen acceptance of elastic TSO demand: in the same way than BSP bids can
be selectedwith a price not covering the bid price, elastic demand from TSO maglbeted
while their price is lower (higher) than the XBM& an upward (downward) activation. In other
words, the TSO demand should not have been met as the resulting settlemenaipreperly
respecting the elasticity of tiie&sOdemand.

While the problem of missing money may be considered as a majdoairwt should be evaluated in
perspective with the intrinsic imperfections of the balancing settlement processes due to the dynamic
effects (for instance: inversion of the imbalance during an imbalance settlement period). Also the
imbalance netting and=&R process are major sources of surpluses and deficits that should be considered
while aiming at a perfect cost coverage for RR and mFRR for situations that remain marginal.

Theapproach in the proposal is the second one, with a unique XBMP and wiiagitent. TSOs however
welcome the views of the stakeholders aadldalso consider the solution with price divergence in the final
proposaif it receives a major support with sound argumentation
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5 Pricing Methodology for mFRR with Direct Activation

The crosshorder exchange shape is standardized and firm. The exchanged prodbet activated in the
time period defined as7.5 minaround the quarter hour (QH) shiRigure13).

1 BEPP is defined a®H, i.e. theperiodfor which bids weresubmitted

1 Since several direectivations can take place during thearter hour for which the bid is submitted
is proposed to apply on¢BMP for all activated upward D#ids of a respective QH MOL and one
XBMP for all activated downward D#Aids of a respective QH MOL

1 Theseprices will bedeterminedafter the point in time of theast possiblalirect activation(i.e. >75
minutes after the béwning of the respectiv@H the bid weresubmitted foy.

1 In casehecongested areas change duting quarter hour for which the bid is submittda final price
for a specific LFGarea will take into account aBMPs of direct optimisatiors thathaveoccurredin
uncongested assthis LFC-area was part of

Furthermore, it has been defined as a principle to cap/flootBIMP for direct activationdy incorporating
XBMPs of schedule activationiato the price formula.

Pricing of Direct Activations catake into account the following three price components:

1 MPoaQHi XBMPsof all direct activation®f the mainQH MOL (QHi, corresponding to thguarter
hour for which the bisweresubmitted.

CPspQHi XBMP of scheduld activatedbids of the mairQH MOL
CPsaQHi + IXBMP of scheduld activatedbids of the subseque@H MOL

—— Direct Activations (QHi MOL) - - - Schedule Activations (QHi MOL and QHi+1 MOL)
p QHi-1 QHi QHi+1 QHi+2
g\
//////// ///// ’// \
/// // / é////‘/// ’///// \
/7/ //// //// ////////é/4/ \\
///f/%// j////// //////; % N
), ;,//%////;W/,////,////, \
| X
W i N \
, i ; t

“MP Hi”
”CPSA QHi" DA Q I

“CPg, QHi+1”
FIGURE 13: PRICE COMPONENTS FOR SETTLEMENT PRICE OF DIRECT ACTIVATIONS

Several options have been evaluated and it is proposed to determine the Settlemfenengogy of alirect
activatedbid of a given MOL (QHi) as follows:

For the delivered energy attributed to QHi the following formula applies:

1 For upward activatiorAX (CPsa QHi; MPpa QHi)

1 For downward activatioMIN (CPsaQHi; MPpa QHi)

For the delivered energy attributed to the subsedQeithe following formula applies:
1 For upward activation: MAXCPsa QHi+1; MPsa QHi)

1 For downward activatiotMIN(CPsa QHi+1; MPoa QHi)
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In comparison to other investigated combinations of the price coemp® this solution is considered to
provide the best tradeff between the conflicting objectives of low balancing cost and sufficient incentive to
submit bids for direct activatiofrurthermorethis option would not influence prices of other quarieurs

in the case of congestions.
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6 Pricing Methodology for aFRR

6.1 Merit -Order and Cross-Border aFRR Activation

The main target for the pricing methodology is to identify a XBMP for settlement of aFRR etixgted
by BSPs and exchanged between TSOs. For af#Rpricing methodology needs to consider specific
aspects of the aFRR process in regard to:

(1) the principle of merit order activation of aFRR product

(2) the control demand model used for coordinated optimisation of aFRRbmnates activation.

While the moe detailed information on the control demand model is provided in the implementation
framework for aFRR and its explanatory document, this section summarises the main principles in order to
facilitate the understanding of the pricing methodology.

6.1.1 General working of an aFRR controller and merit-order activation principle

The objective of the aFRR process is to regulate the FRCE to 0 MW automatically:

1 By adapting for each control cycle (from 1 to 5 seconds) the aFRR request signal to the BSP in order to
coverthe real time imbalances.

1 The aFRR process implies a cldsep regulation via a proportionaitegral controller in order to remain
stable. This controller continuously calculates the proper amount of aFRR to be activated in order to
cover the imbalances

T This proper amount of aFRR to be activated (a
observed imbalances. In merit order activation, the selection of bids is performed based on the target
volume.

1 Finally, the effective delivery performed kiye BSP takes several minutes up to the full activation time
(FAT) of the aFRR product to raise the aFRR amount selected for activation.

Figure14 provides an illustration of the different volumes with the different dynamics existing in the aFRR
process.

30 €/MWh 50 MW Range of activation
40 €/MWh 100 MW
50MW |
80 €/MWh 30 MW Target volume of activation ‘ e ¥
1 .
S delivery !
BSP
» Offer1l .
Delivery
LTV TO Y (T e e—
Target -
o".
aFRR Merit- BSP ‘
— > ® Offer 2 > .  deliery
Controller Order Delivery
30MW
Target 1SMW-[ P
J — BSP L L
» Offer3 . delivery '«
Delivery

FIGURE 14: ILLUSTRATION OF MERIT-ORDER BASED ACTIVATION
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6.1.2 Control Demand Model for CrossBorder aFRR-Activation

The implementation of the crobsrder aFRRactivation using the control demand approach can be
summarised as follows, and further illustratedigure15:

1 Each TSO calculates for each control cycle (from 1 to 5 seconds) and each of eeeBEGhe aFRR
demand, which is the sum of the currently activated aFRR and the local FRCE of the comgsipeadi
area. The activated aFRR can be derived by measurement, estimated by simulation of the activation or
the sum of requested values from BSPs.

1 The AOF simply, when possible, replaces a potentially activated bid with a cheaper bid outside the LFC
area,bearing in mind the capacity between LEEas. Input to the AOF is the aFRR demand. Output
from the AOF are global aFRR correction values per bfe@.

1 The aFRR correction value is directly included within the aFRR control loop of each participating LFC
area (as an input to the aFRR controller). By this, the individual controller input of eaclare&@
adapted according to the outcome of the aFRR AOF. The sum of the aFRR demand and the aFRR
correction value is the smalled corrected aFRR demand anfies the amount of aFRR, which the
individual LFCarea has to provide according to AOF results. The correction value from the AOF is sent,
without taking into account any characteristic of the local aFRR controller neither of the delivery such as
possibé ramping constraints related to the locally activated bids.

1 The results of local aFRR bid selection on each control cycle will then lead to effective activation and
exchange of aFRR between the TSOs. The actual local activation of aFRR is delayed ctorpared
AOF selection, due to local controller dynamics and BSP dynamics. T-peistt are sent from each
TSO to its BSPs. The minimum speed of activation of the BSPs is determined by the FAT (Full Activation
Time).

aFRR- aFRR | Control Area | |3FRR-Demand aFRR-Demand| | ontro) areq | @FRR aFRR-
Activation Balance Balance Activation
A
Correction Correction
ACE ACE
aFRR-Request aFRR aFRR aFRR-Request
Controller Controller
Control Area 1 Control Area 3
| Bl ]
Control Area 2 1 other Control Areas ,
aFRR ! !
aFRR-Request Controller i i
ACE |
1 I
I
Correction Correction; |
v i i
aFRR- aFRR | Control Area ' |
Activation Balance aFRR-Demand aFRR-Demand! !
1 I

FIGURE 15. SCHEMATIC DIAGRAM OF THE CONTROL DEMAND MODEL FOR A FRR ACTIVATION

The aFRR process follows to the same principles as for the others balancing processes, in which aFRR bids
are selected by AOF on each optimisation cycle to satisfy aFRR demands formul&&a.§ontrarily to

other balancing processes (RR and mFRR) the AOF in the aFRR process does not send a direct activatior
request per bid to TSOs. Instead it sends an overall correction in MW to the aFRR demand subsequently
leading to adjustments to aFRBigation in the respective LF&eas based on local merit order activation.
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The other difference compared to other balancing processes is that for RR or mFRR process, the period of
the TSO demands are mostly matching with tluarter hour for which theid is submittedfor the
optimisation.

For aFRR process, the TSO demands which are optimised are immediate needs whereas the aFRR bid
delivery will occur several minutes later. This may lead to situations where the aFRR demand of the TSOs at
one moment cdd even be in opposite direction to the current state of aFRR delivery of the BSP.

For the aFRR process, the cHsder marginal pricing will be applied for the settlement with BSPs,
implying that within an uncongested area all BSPs delivering aFRR/eetted same marginal price (see
chapter3.1.2 for one balancing energy pricing period (BEPP). Within this context also the balancing energy
pricing period needs to be defined.

6.2 Technical Aspects of the aFRR Activation Related to Pricing

Because of the specific dynamics of the aFRR process and the control demand model, the AOF result will
not correspond to the local aFRR-petnts and the local sgbints will not necessarily correspond to the
locally delivered aFRRrigurel6shows a example considering two cooperating areas (Area A andByrea

1 The blue shaded area reflects bid selection performed by the AOF based on the aFRR @&i@dnd
and CZC limitations.

1 The red line in each area indicates the aFRRp @@t sent by the LFC controller. Based on the local
configurations of the LFC controller the ramping varies acrossdatE&s. lllustrated as the green line is
the assumed aFRR activation in each Ldr€a that follows the aFRR spbint with some delay due to
BSP dynamics.

1 The numbering of the bids reflects their ranking in the CMOL: the bid with the highest number $ the la
bid in the CMOL.

aFRR set-point
—— aFRR delivery

optimisation result
Area A Area B (possible selected bid definition)
. A . A
Bid 4 Bid 8
Bid 3 Bid 7
Bid 2 Bid 6
Bid 1 \ Bid 5
Period 1 Period 2 Period 1 Period 2
No. | Selected | Accepted | Activated Selected | Accepted | Activated
(by AOF) | (by TSO) (by BSP) (by AOF) | (by TSO) | (by BSP)
Bid 1 yes yes yes yes yes yes
Bid 2 yes yes yes yes yes yes
Bid 4 yes yes yes “ yes yes
Bid 5 yes yes yes yes yes yes
Bid 6 yes yes yes yes

yes yes

FIGURE 16: DYNAMICS OF THE A FRR PROCESS

32



Expl anat ory Doc ume rfaranethodaldgy to detSrisedpricpsrfa theobalanting energy andzomeaiscapacity used for
exchange bbalancing energy or for operating the imbalance netting process in accordance with Article 30 of Commission R@dujjation
2017/2195 of 23 November 2017 establishing a guideline on electricity balancing

The dynamics of the aFRR process and the resulting discrepancies between selected (by the AOF), requeste
(by the TSO) and activated (by the BSPs) bids a priori albowifferent pricing methodologies to be applied
for the aFRR process.

In practice the applicable XBMP can be determined based on one (or several) type(s) of the following signals:

1. Centrally selected bids for activation (e.g. by AOF)
2. Locally requested bilactivation (e.g. control target)
3. And/or locally activated bids (e.g. aFRR activation estimated or real) from LMOL.

The chosen signal or combination of signals has an effect on the way XBMP per uncongested area is
calculated, price sensitivity towardsactges in aFRR demand as well as local remuneration of accepted aFRR
bids.

Moreover, the chosen pricing methodology interacts strongly with the chosen balancing energy pricing period
(BEPP). If the BEPP is longer than the optimisation cycle, certain &ff@oth as the determination of the
(un)congested areas or the cost risk related to the demand sensitivity of the price, are either introduced or
become more pronounced.

For the aFRR process, TSOs investigated both approaches febordes marginal priag determination:

the Acentralised price dépermenatitemmi antdi 6 e, i
options for the pricing methodology. An overview of both investigated approaches including-tiisnb

is provided inFigurel7

Centralised Price Determination

e S Decentralised Price Determination

Simulation of Basis: local determination of settlement
aFRR activation Volumes (local rules)

AOF-Result

Marginal Price for each area is Marginal Price for each Area has to be
calculated independently of actual calculated based on local price
local aFRR activation information and actual aFRR activation

FIGURE 17: APPROACHES INVESTIGAT ED FOR THE PRICING M ETHODOLOGY

In the first approach the applicable XBMP is determined centrally based on the bids selected for activation
by the AOF. As a consequence, the XBMP price obtained with this approach is independent of LFC
controllers and local aFRR activations and their dyica.

As this approach neglects the aFRR dynamics of the LFC controllers and BSPs, an additiop@bswias
investigated for the Acentralised price deter min

2In the decentraded price determination approach, the XBMP is still determined in a central manner but based on local
marginal pricingschemewhereas in the centradid approach the XBMP is determined imtral manner based on central
AOF-Results.
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1 Within this suboption, the aFRR activation faach LFCarea is simulated based on the LFC input
corrected by the AOF, taking into account the parameters of the LFC controller of the area, the local
MOL of the area, and an average BSP behaviour for the area.

Based on these simulations, a local madginae per LFCarea can be calculated.

The applicable XBMP per uncongested area can then be obtained by taking the maximum (in case of
upwards activation in the uncongested area) or the minimum (in case of downwards activation in the
uncongested area) of the local marginal prices of all thedr€&5 part of the uncongested area.

1 In short, the overall aFRR activation, including the specificities of the bid selection by the controller, is
simulated for each LF@ea to determine the centralised XBMP.

The second approachenitnrvaelsitsiegda tperd ,c ec adlelteedr mii dneact i o n

settlement volume determination. The idea behind this approach is that the pricing methodology has to work

for local activation, i.e. consequent to AOF but without direct use of AOF resufsi¢ing, only looking at

the final output of the aFRR process:

1 The local marginal prices are determined by each &fé@ based on actual aFRR activation. A bid is
locally price setting as long as this bid delivers energy that is accepted by the cgnh8Q.

1 Inthe second step, the applicable XBMP per uncongested area is calculated centrally based on the price:
that were calculated locally: for each uncongested area as defined by the AOF, the applicable XBMP is
the maximum (in case of upwards activatim the uncongested area) or the minimum (in case of
downwards activation) of the local marginal prices calculated in the previous step for eaates part
of the uncongested Area

9 This approach is valid for any methodology of BSP settlement volumardeation (e.g. settlement
based on requested or metered volumes).

It is apparent thatthe sabpt i on ASi mul ati on of aFRR activation
volume and pricing determination closer to the decentralised price determingpimaeh but calculated
centrally by the platform based on a common methodology.

The legal basis for compliancy with EBGL for all considered and investigated options was checked. All
options are compliant with the legal requirements arising from Articlef EBGL as they are all based on
marginal pricing, establish at least one price for aFRR balancing energy for each ISP and take into account
the pricing method in the deghead and intraday tirfeames. Furthermore, all options allow for the pricing

of CZCbased on the prices for aFRR balancing energy and are reflective of market congestions.

6.3 Application of the General Pricing Principles to aFRR

After an evaluation of the approaches, TSOs propose to use the centralised price determination method,
purely baed on the AOF result without simulation of aFRR activation.

In each optimisation cycle the Platform calculates the following data to be used for the price determination
of aFRR balancing energy and pricing of craeral capacity:

1 The marginal price forachLFCar ea (i n 0/ MWh) .
1 The set(s) of LFGreas that form an uncongested area that will receive the same marginal price.

1 The correction (in MW) of the aFRR demand for each area reflecting total import/export of one LFC
area.

1 The market flow (in MW) per dxder due to netting of aFRR demand and / or ebosder aFRR
activation.
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As mentioned in SectioB.1.1the applicable XBMP is determined centrdiigsed on the bids selected for
activation by the AOF and therefore independently of LFC controllers settings and local aFRR activations.

The subsequerftigure 18 provides a schematic depiction of the price determination based on the AOF
correction for three LFC areas A, B and C forming a single uncongested area:

1 The numbering of the bids reflects their ranking in the CMOL.: the bid with the highesénisthe last
bid in the CMOL.

1 During BEPP 1, only area B has a mmero aFRR demand (dotted green lines). The AOF will transfer
this demand to area A because area A has the cheapest bids in that direction. This will result in a corrected
demand, as shawby the red lines. The LFC controller of A will adjust its output (blue line) in order to
follow the request, and aFRR will be activated in area A (orange line). For this first BEPP, the XBMP
will be the price of the most expensive bid selected by the, A@Fbid 1.

1 During BEPP 2 and 3, the aFRR demand rises in the same direction in all 3 LFC areas. For this resulting
total aFRR demand, the AOF determines that the most expensive bid to select is bid 6. Therefore, the
XBMP for BEPP 2 and 3 will be the pg of bid 6, despite the overshoot of actual aFRR activation in
area B between BEPP 2 and BEPP 3. The LFC inputs (red lines) of all 3 areas will be adjusted by the
AOF in order to trigger the expected activation in each area:

o Bid 1,Bid 2 and Bid 6 in area
o Bid 3, Bid 4 and Bid 5 in area B
o No bidsinareaC

1 In BEPP 4, the aFRR demands of area B and C decrease. Facing this smaller total aFRR demand, the
AOF will only select Bid 1, Bid 2 and Bid 3 for this BEPP. Therefore, the XBMP for BEPP 4 will be the
price of bid 3, despite the fact that the LFC controller outputs and actual aFRR activation in area A and
B still have to ramp down to meet the new AOF request. In this BEPP, Bids 6, 5 and 4 are delivering
potentially locally accepted while having submittdaicaprice higher than the XBMP for this BEPP. The
way these volumes will be settled with BSP will be further explained later in this Section.
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FIGURE 18 SCHEMATIC REPRESENTAT ION OF DETERMINATION OF M ARGINAL PRICES BASED ONAOF

The advantages of the central price determination include transparency, auditability and robustness of the
price determination approach. The price determination is not affected by local behaviour of TSOs or BSPs as
it will be based on the AOF, following theontrol demand principles which were also consulted in the
implementation framework for the aFRR platform.

Moreover, during the latest stakeholder workshop on pricing and settlement, stakeholders also showed their
preference for the AOF solution due te gimplicity of the approach and consistency with other market time
frames, that also determine the prices based on the clearing result.

Neglecting the LFC and BSP dynamics in the aFRR price determination has several advantages but also som:
potential dowsides.

Amongst the advantages, we will point out mainly:

1 No local characteristic (speed of BSPs, LFC controller settings, activation method, volume acceptance
rul esé) has an influence in the price @&d&d®Fer mi n:
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