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DISCLAIMER
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of cross zonal capacity for the exchange of balancing capacity or sharing of reserves (“MB CZCA”) and for an
allocation process of cross zonal capacity for the exchange of balancing capacity or sharing of reserves based
on economic efficiency analysis (“EE CZCA”) in accordance with Article 41 and 42 of Commission Regulation
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does not in any case represent a firm, binding or definitive Greece Italy TSOs’ position on the content.
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Definitions and Abbreviations

Definitions

‘Cross zonal capacity

‘Cross zonal capacity allocation
optimization function’

‘Balancing capacity procurement
optimization function’

‘Balancing capacity cooperation’

‘Day-ahead Market timeframe’

‘Intraday Market timeframe’

‘Market coupling operator’

‘Single Day-Ahead Coupling’

‘Single Intra-Day Coupling’

‘Exchange of balancing capacity’

‘Sharing of reserves’

means the capability of the interconnected systeactommodate
energy transfer between bidding zones. This craisalzapacity can
be used by market participants in the energy markby TSOs for
the exchange of balancing capacity or sharing sfmees.

means the role to operate the algorithm appliedhemllocation of
CZC to the balancing capacity market within a beilag capacity
cooperation in which balancing capacity is exchangéth the
objective function to maximize the sum of welfafete balancing
capacity market and the SDAC market

means the role to operate the algorithm appliedher
optimization of the procurement of balancing cafaavithin
balancing capacity cooperation in which balancirapacity is
exchanged.

means two or more TSOs that apply the exchangealanbing
capacity or sharing of reserves in a geographies divided into
two or more bidding zones.

means the timeframe of the electricity marketluhe day-ahead
market gate closure time, where, for each marke tinit, products
are traded the day prior to delivery.

means the timeframe of the electricity marketraftéeraday cross-
zonal gate opening time and before intraday crosalzate closure
time, where for each market time unit, productsteaded prior to
the delivery of the traded products.

means the role of Matching Orders for all Biddirapgs, taking into
account Allocation Constraints and Cross Zonal Ciyaand
thereby implicitly allocating capacity for the Daghead and
Intraday timeframes.

means the auctioning process where collected oatersnatched,
and cross zonal capacity is allocated simultangofas! different
bidding zones in the day-ahead market.

means the auctioning process where collected oatersnatched,
and cross zonal capacity is allocated simultangofas! different
bidding zones in the intraday market.

means the process of procuring balancing capagityg BSO in a
different responsibility area or scheduling aresewlappropriate
than the one in which the procured balancing serfoovider is
connected.

means a mechanism in which more than one TSO thkesame
balancing capacity, being FRR or RR, into accoonfutfil their
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‘Market time unit’

‘Balancing market time unit’

‘Duration of application’

‘Co-optimization method’

‘Allocation of cross zonal capacity’

‘Use of cross zonal capacity’

‘Release of cross zonal capacity’

‘Market value of cross zonal capacity
for the exchange of energy’

respective reserve requirements resulting from rtheiserve
dimensioning processes.

means the time unit for the aFRR, the mFRR, andbBRncing
capacity bids or the day-ahead market time urgt {he period for
which the balancing capacity bid price or the markdce is
established).

means the longer of the imbalance settlement peridithin a single
balancing capacity cooperation, except for wheleast one of the
two imbalance settlement periods are longer thamirfutes, in

which case the balancing market time unit meansmilbutes,

starting right after 00:00 CET. The balancing matkee units shall

be consecutive and not overlapping.

means the contracting period where CZC is allocttatihas been
made by a TSO for exchange of balancing capacityharing of
reserves. It is related to the duration of themeseand sometimes
dependent on energy product.

means the methodology to allocate CZC for the exghaof
balancing capacity or sharing of reserves that ased on a
comparison of the actual market value of CZC fer ¢ixchange of
balancing capacity or sharing of reserves andd¢heabmarket value
of CZC for the exchange of energy.

means CZC that is allocated for exchange of batancapacity or
sharing of reserves and thus withdrawn from energgkets.

means allocated CZC used for the exchange of balanapacity or
sharing of reserves, either for exchange of bat@nciapacity in
terms of dimensioning/compliancy or for physicaé wf CZC for
actual transfer of balancing energy.

means CZC allocated for the exchange of balancamadty or
sharing of reserves that is no longer needed, sbatleased as soon
as possible and returned in the subsequent capalttdggation
timeframes. CZC allocated for the exchange of lwatencapacity
or sharing of reserves that has not used for thecéted exchange
of balancing energy, shall be released for the @&xga of balancing
energy with shorter activation times or for opergtihe imbalance
netting process.

means the welfare surplus of the SDAC and is tihe cuthe
producer surplus, consumer surplus and congestioome. The
market value of CZC for the exchange of balanciagacity or
sharing of reserves is defined as the welfare ssrpi the balancing
capacity market and is the sum of consumer sugsidsf applicable
producer surplus and congestion income.
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Abbreviations

The list of abbreviations used in this document:

AC alternating current

aFRR frequency restoration reserves with automatic atitn

ATC Available Transfer Capacity

BC balancing capacity

BEC Bilateral Exchange Computation

BRP balancing responsible party

BSP balancing service provider

BTU balancing market time unit

CACM Commission Regulation (EU) 2015/1222 of 24 July®64tablishing a guideline on
capacity allocation and congestion management

CB critical branch

CMOL common merit order list

Cco co-optimization

czc cross zonal capacity

CZCA cross zonal capacity allocation

D day

D2CF two-days ahead congestion forecast

DAM day-ahead market

DC direct current

EBGL electricity balancing guideline

ECC European Commodity Clearing

ENTSO-E European Network of Transmission System OperdtorElectricity

EU European Union

FB Flow-Based

FBCE Flow-Based Central Environment

FCR frequency containment reserves

FRR frequency restoration reserves

GSK generation shift key

H hour

JAO Joint Allocation Office

LFC load-frequency control

LFCR load-frequency control and reserves

LT long-term
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MFRR frequency restoration reserves with manual acbwati
MCP market clearing price

MC market coupling

MP marginal price

MTU market time unit

MW megawatt

MWh megawatt hour

NEMO nominated electricity market operator

NRA national regulatory authority

NTC Net Transfer Capacity

PX power exchange

RR replacement reserve

SDAC single day-ahead coupling

SIDC single intraday coupling

SOGL guideline on electricity transmission systemragien
TSO transmission system operator

XBID The Cross-Border Intraday initiative
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1 Introduction

The Commission Regulation (EU) 2017/2015 estabiggltd guideline on electricity balancing (hereafter
referred to as the ‘EBGL’) proposes the applicabbieross-zonal capacity allocation (hereaftermrefd to

as ‘CZCA) for the balancing process to improve cetitipn by means of cross zonal balancing exchanges
This implies that TSOs may allocate cross-zonahcip (hereafter referred to as ‘CZC’) availablenfrthe
single day-ahead coupling (hereafter referred t&BAC’) to the same timeframe in which the balaggi
capacity procurement is organized. To yield thegydat benefit through a CZCA in a market-based
environment, the EBGL introduces three capacitycallion methods:

e Article 40 - Co-optimized allocation process
e Article 41 - Market-based allocation process
< Article 42 - Allocation process based on econorfficiency analysis

This document gives background information andretie for the Greece Italy CCR TSOs proposals for a
methodology for amarket-based allocation process of cross zonal capty (hereafter referred to as ‘MB
CZCA) for the exchange of balancing capacity cargtg of reserves, being developed in accordante wi
Article 41 of EBGL and for anethodology for an allocation process of cross zohaapacity for the
exchange of balancing capacity or sharing of resees based on economic efficiency analygisereafter
referred to as ‘EE CZCA") for the exchange of balag capacity or sharing of reserves, being deesldp
accordance with Article 42 of EBGL.

The aim of this explanatory document is to proadeitional information with regard to the MB CZCAdc
EE CZCA for the exchange of balancing capacity strating of reserves.

For higher legibility the document is structuredaws:

« Chapter 1 and 2 give a general presentation of the EBGL requirdnaamd the market-based
allocation process methodology;

e Chapter 3 provides background information regarding day-dreead intraday market coupling, and
balancing capacity markets;

* Chapter 4 covers the assessment of the market value of CBE principles of the required CZCA
optimization (cost benefit analysis) are provided,;

* Chapter 5introduces a comprehensive description of the etdrksed allocation process;
* Chapter 6 introduces a comprehensive description of thertedemarket-based allocation process;
* Chapter 7 introduces a comprehensive description of the @mam efficiency allocation process;

e Chapter 8 provides a high-level description of the sharifigcongestion income of cross zonal
capacity;

e Chapter 9 provides background information regarding firmnesgme of cross zonal capacity;

e Chapter 10is dedicated to the Public Consultation about thig GZCA methodology and the EE
CZCA methodology.

1.1 EBGL and the scope of the CZCA Proposal
The EBGL established an EU-wide set of technigagrational and market rules to govern the functigni
of electricity balancing markets.

The main purpose of this guideline is the integratf balancing markets to enhance the efficierfahe
European balancing processes. The integration glo@utione in a way that avoids undue market distort
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In other words, it is important to focus on estsitilig a level playing field. This requires a cartigivel of
harmonization in both technical requirements andketarules. To provide this level of harmonizatitime
EBGL sets out certain requirements for the devetagmof harmonized methodologies for the allocabibn
cross zonal capacity for balancing purposes.

1.2 TSOs may allocate cross zonal capacity

TSOs procure ahead of real-time balancing capdoiy frequency restoration reserves (FRR) and/or
replacement reserves (RR). These reserves argdieerss insurance to make sure that in real-tinf@sT&n
activate at least a minimum amount of balancingggnbkids to cope with imbalances in the system.

Cross border cooperation for the procurement @frimahg capacity for FRR and/or RR could be implet@en
by two different schemes:

. Exchange of balancing capacityvhich refers to the provision of balancing capatita TSO
in a different scheduling area than the one in Whie procured balancing service provider is
connected. Exchange of balancing capacity betwedsmbing areas may lead to a different
geographical location of the balancing capacitynftbie dimensioning results for each area, to
increase efficiency, competition and cost savirgsyever, the total amount of balancing
capacity within the two areas is not reduced.

. Sharing of reserveswhich refers to a mechanism in which more than D8O takes the same
reserve capacity, being FRR or RR, into accouritilfd their respective reserve requirements
resulting from their reserve dimensioning procesSege TSOs not always use their maximum
procured capacity simultaneously, TSOs can shame thserves, reduce the total amount of
balancing capacity within the two areas and sageyrement costs.

Article 38 of the EBGL allows two or more TSOs ttmaate a part of the CZC for the cross border arge
of balancing capacity or sharing of reserves. Suchllocation may:

. enable TSOs to procure and use balancing capac#y efficient, economic and market-based
manner;

. improve competition for balancing capacity markets;

. improve competition between different markets;

. facilitate regional procurement of balancing capaci

To yield the largest benefit through a CZCA in arke&based environment, the EBGL introduces three
capacity allocation methods:

. Co-optimized allocation process, pursuant to Aetid0;
. Market-based allocation process, pursuant to Artdl;
. Allocation process based on economic efficiencyyess pursuant to Article 42

All TSOs shall provide a common proposal for an@dtion method based on co-optimization (Art. 48 a
each CCR may provide a common proposal for a) mdn&keed allocation (Art. 41) and b) allocation luhse
on economic efficiency analysis (Art. 42).

Aforementioned methods differ in the time periagdwihich the allocation process is conducted as ageih
the available data for the allocation. This exptanadocument focuses exclusively on the markeeflas
method.

10
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1.3 Competition on cross zonal capacity between day-ahé and balancing capacity market

The CZC between two bidding zones is an exampla séarce resource which has to be allocated in an
economically efficient way. The CZC allocated te ®DAC decrease the available CZC for the BC apel vi
versa. In other words, allocation of CZC to onekatincreases its welfare but decreases the welfate
second one and vice versa. The DA and BC marketsftire directly compete for the available CZChie t
given timeframe. By establishing a method for alig CZC, the equal treatment of both markets! $teal
ensured.

Themarket-basedallocation process implies CZCA for the balanaagacity market between W-1 and D-
1 for day D together with the contracting of balagacapacity. Forecasted energy supply and demialsg b
together with firm balancing capacity bids, therefoompete for the available CZC for day D, asuated
and published by the TSOs at the latest one hdordthe SDAC gate closure time.

Theinverted market-basedallocation process implies CZCA for the balanaiagacity market at D-1 for
the 24 hours of the next day together, with antth@tsame time as the allocation of cross zonalagp@
the SDAC. Firm energy supply and demand bids, tagawith forecasted standard balancing capacity, bid
therefore compete at the same time for the avail@gIC for the next day, as calculated and publislyetie
TSOs before the GCT of the SDAC.

The economic efficiencyallocation process implies CZCA for the balancoagacity market before W-1.
Forecasted energy supply and demand bids, togetiterforecasted standard balancing capacity bids,
therefore compete at the same time for the avail@EIC for the next day, as calculated and publifiyetie
TSOs before the GCT of the SDAC.

The classical economic concept to optimally allec8ZC to different purposes (also called the ogtima
capacity split problem) is to express the margewnomic surplus for an increment of CZC used &mhe
purpose, and then find the capacity split wherartheginal value for each purpose is equal (or tfierdnce

in marginal value is minimal if the lines do nobss). This principle is shown in Figure 1 below.

€/MW e
Marginal
economic surplus
0% 100%
100% 0% Cross-zonal capacity

Allocated cross-zonal capacity

(% of available)

FIGURE 1: PRINCIPLE OF OPTIMAL CAPACITY ALLOCATION TO DIFFEREN PURPOSES

CZCA over all borders, all hours and all allocatmmrposes gives maximum market welfare if and dnty
is not possible (i.e. without violating constra)nte reduce the difference in marginal economikisr
between allocation purposes for any hour on angdyoany further, while the summed effect of reaglti
increases of the difference in marginal economiples on any other border, hour and allocation psegs
lower. This is called a Pareto optimum.

11
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The objective of the market-based function is toimize the sum of welfare of the balancing capacity
market and the SDAC.

BC
market

ﬁ ~available CZC \\j

FIGURE 2: HOW TO ALLOCATE AVAILABLE CROSS ZONAL CAPACITY

As aresult, CZC may be allocated for the exchaidplancing capacity or sharing of reserves ifrtfagket
value for the exchange of balancing capacity i€sopto the market value for SDAC.

12
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2 EBGL requirements for market-based allocation procss
methodology

Article 41 of the EBGL requires Greece ltaly TSOslevelop a proposal for a methodology for a market
based allocation process of CZC for the exchand®laincing capacity or sharing of reserves. This e
provides a summary of the Greece Italy EBGL reguéets for the MB CZCA.

2.1 Market-based proposal: Article 41 of the EBGL

Article 41(1) of the EBGL states the requirementdévelop a methodology for a market-based allocation
process of cross-zonal capacity for the exchandmlaincing capacity or sharing of reserves.”

Besides the obligation to develop a proposal, krt#l of the EBGL defines boundary conditions and
specific requirements for this methodology.

In the words of the EBGL, such a methodology shall:

a)

b)

d)

apply for the exchange of balancing capacity onsigaof reserves with a contracting period of
not more than one day and where the contractirdpise not more than one week in advance of
the provision of the balancing capacity;

include the notification process for the use ofrrerket-based allocation process;

include a detailed description of how to determthe actual market value of cross-zonal
capacity for the exchange of balancing capacitgtaaring of reserves, and the forecasted market
value of cross-zonal capacity for exchanges of@nand the forecasted market value of cross-
zonal capacity for the exchange of balancing cayami sharing of reserves;

include a detailed description of the pricing meththe firmness regime and the sharing of
congestion income for the cross-zonal capacity iaat been allocated to bids for the exchange
of balancing capacity or sharing of reserves via tharket-based allocation process;

Pricing methods are, for example, pay-as-bid andgsacleared. (...) It is required to describe
in detail when the CZC is considered to be firnllg@ted to the matched bids for the exchange
of balancing capacity or sharing of reserves, ireotvords, to identify the time interval during
which this CZC is not available for any other alltion processes.

In general, the congestion income is part of thal teconomic welfare and its value can be
positive or negative (revenue or cost). It can appdenever there is a price difference between
bidding zones and it can also take into accountdisé of using CZC (in case a third party owns
transmission rights). The congestion income on radyo if any, must be shared between the
TSOs who share that border: it is required thatMBeCZCA Proposal contains the principles
for sharing the congestion income.

Article 41(4) of the EBGL requires that the defimits of the pricing method of CZC, the
firmness regime of CZC, and the sharing of congasticome from CZC for which the MB
CZCA Proposal is applied ensure equal treatmemtdeat balancing capacity bids and energy
bids.

(e) include the process to define the maximum wwlomallocated cross-zonal capacity for the
exchange of balancing capacity or sharing of ressmpursuant to paragraph 2;

(f) be based on a comparison of the actual mar&ktevof cross-zonal capacity for the exchange of
balancing capacity or sharing of reserves and tbial market value of cross-zonal capacity for the
exchange of energy;

Actual bids, which represent the actual marketeaéwe used for all products. This means that:

13
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« the gate closure time is the same for balancingagpand energy markets;

* TSOs (balancing) and NEMOs (trading energy) haeestéime timeslot to send data to the market
coupling operator.

Moreover, it is stated in Article 41(5) of the EB@1at CZC allocated for the exchange of balancapacity
or sharing of reserves via the market-based almtatocess shall be used only for the exchangalahcing
capacity or sharing of reserves and the assocsedeltange of balancing energy.

2.2 Economic efficiency proposal: Article 42 of the EBG

Article 42(1) of the EBGL states the requirememtgl¢velop & methodology for the allocation of cross-
zonal capacity based on an economic efficiencyyaisil

Besides the obligation to develop a proposal, krtd2 of the EBGL defines boundary conditions and
specific requirements for this methodology.

In the words of the EBGL, such a methodology siaily for the exchange of balancing capacity orisba
of reserves with a contracting period of more tbaa day and where the contracting is done moredghan
week in advance of the provision of the balanciageacity.

The methodology shall include:

a) the rules and principles for allocating cross-zomalpacity based on an economic efficiency
analysis;

b) a detailed description of how to determine the dasted market value of cross-zonal capacity
for the exchange of balancing capacity or sharifigeserves, and an assessment of the market
value of cross-zonal capacity for the exchangenefgy;

c) a detailed description of the pricing method, fieea regime and the sharing of congestion
income for the cross-zonal capacity that has bditated based on an economic efficiency
analysis;

Pricing methods are, for example, pay-as-bid andasacleared. It is required to describe in
detail when the CZC is considered to be firmly edli@d to the matched bids for the exchange
of balancing capacity or sharing of reserves, ireotvords, to identify the time interval during
which this CZC is not available for any other alltion processes.

In general, the congestion income is part of thal teconomic welfare and its value can be

positive or negative (revenue or cost). It can appdrenever there is a price difference between
bidding zones and it can also take into accountdisé of using CZC (in case a third party owns

transmission rights). The congestion income on radyo if any, must be shared between the
TSOs who share that border: it is required thatBBeCZCA Proposal contains the principles

for sharing the congestion income.

Article 42(4) of the EBGL requires that the defimits of the pricing method of CZC, the
firmness regime of CZC and the sharing of congasiticome from CZC for which the EE
CZCA Proposal is applied ensure equal treatmemtdei balancing capacity bids and energy
bids.

(d) the maximum volume of allocated cross-zonahcyp for the exchange of balancing capacity or
sharing of reserves pursuant to paragraph 2;

Article 42(2) states that the allocation of croesa capacity based on an economic efficiency
analysis shall be limited to 5% of the availablgaxity for the exchange of energy of the
previous relevant calendar year between the rdagpebtdding zones or, in case of new
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interconnectors, 10% of the total installed techhi@pacity of those new interconnectors. This
volume limitation may not apply for bidding zone rbers connected through DC
interconnectors until the co-optimized or marketdzhallocation processes are harmonized at
Union level pursuant to Article 38(3).

Moreover, it is stated in Article 42(6) of the EB@&lat CZC allocated for the exchange of balancaypcity
or sharing of reserves via the EE allocation prestsll be yearly reassessed and released ifd isnger

beneficial.
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3 Background information

3.1 Single day-ahead coupling (SDAC)
3.1.1 Market coupling principles

In day-ahead market coupling, the CZC is implicitiigat means capacity and energy) allocated between
bidding zones through the choice of energy biddedd, the social welfare is maximized by selectirey
cheapest bids from different bidding zones to ttierg of the CZC between them. Below the main stiyes
coupling principles and timeline of SDAC are presén

Day-ahead market based on explicit auctions (tletns capacity only) are not considered here bethisse
methodology is out of target solution of CACM.

3.1.2 Timelines

Publication Publication of _— End of
PX Order O Publication of Nomination
of ATCs by Preliminary .
Book GCT Final Results Process
TSOs Results
12:42
¢ Sending of order books to * Final ¢ Post-coupling
the Coupling System validation by activities
e Calculation of the Market the PXs and (nominations)
Coupling Results TSOs

* First validation by the PXs

FIGURE 3: REGULAR TIMINGS FOR THE SINGLE DAYAHEAD COUPLING

Until 10.30, TSOs assess the available CZC (FlogeBar ATC) and publish them.

2. The market participants communicate their buytselérs from the following day to PX, until market
gate closure time (CACM harmonization target i002 for all the coupled market.

3. The MC clearing algorithm calculates the prices,tblumes and the net positions.
The results for coupled markets are publishedptBbminary publication is for information

5. The final results are published until 12:55 in dagwase. In case of problems, the publication of
final results could be delayed until 13:50 latest.

in case of technical problems there is the possild implement additional actions to get restdisthe day-
ahead process like partial decoupling or full dediog resulting in a fall back solution based orpleit
capacity shadow auctions.
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3.2 Single intraday coupling (SIDC)

SIDC brings the whole European intraday continunagket together, with an implicit CZC allocation@gs
Europe. The structure of the SIDC platform allowws share of order books between different PXs (SOB)
while choosing the minimal path for the commergiahsaction. The platform is using ATC nonethelass
the future, FB could be used as calculation method.

Considering the timings of SIDC, two options argiace:

For the first one the gate closure time for thertioutrading is always 60 minutes before the bemig of a
full hour. Only until that time, this hour and selygsient ¥ hours could be traded. In fact, thissslteg in
different pre-trading duration for the % blockseaich traded hour.

3.3 Balancing capacity market

According to Article 32 of the EBGL, all TSOs of &frC block shall regularly and at least once a year
review and define the reserve capacity requirementhe LFC block or scheduling areas of the LGk
pursuant to dimensioning rules given by SOGL. Reseapacity can be provided by:

a) procurement of balancing capacity within contradaarand exchange of balancing capacity with
neighbouring TSOs;

b) sharing of reserves;

c) the volume of non-contracted balancing energy hidish are expected to be available both within
their control area and within the European plat®taking into account the available CZC

3.3.1 Balancing capacity auctioning

Each TSO procuring balancing capacity shall detierules for the procurement of balancing capatite
rules for the procurement of balancing capacityl slwenply with the following principles, accordirtg the
Article 32(2) of the EBGL.:

a) the procurement method shall be market-based fensat the frequency restoration reserves and the
replacement reserves;

b) the procurement process shall be performed on @-t&rm basis to the extent possible and where
economically efficient;

c) the contracted volume of balancing capacity maglibigled into several contracting periods.

d) the procurement of upward and downward balancipgcéy for at least the frequency restoration
reserves and the replacement reserves shall heccaut separately.

3.3.2 Exchange of balancing capacity

The exchange of reserves allows TSOs to organiz¢éca@nsure the availability of reserve capacisyling
from the dimensioning by relying on BSPs that avenected to an area operated by a different cdattac
TSO within a synchronous area or between two symgius areas.

Two or more TSOs exchanging or mutually willingetacchange balancing capacity shall develop a préposa
for the establishment of common and harmonizedsralel processes for the exchange and procurement of
balancing capacity while respecting the requiresisat by EBGL for procurement for balancing capacit

Except in cases where the TSO-BSP model is appliedexchange of balancing capacity shall always be
performed based on a TSO-TSO model whereby twoaemSOs establish a method for the common
procurement of balancing capacity taking into actdbe available CZC and the operational limitsrosd

by SOGL.
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All TSOs participating in the same exchange of FERR or RR shall specify an exchange agreement as
defined by SOGL.

Exchange of reserves may lead to a different g@bgral location of the balancing capacity from the
dimensioning results for each area, however, tted &anount of balancing capacity within the twoaarés
still equivalent to the total amount without thecleange of reserves.

Figure 4 illustrates the exchange of 200 MW of ballag capacity from Area B to Area A.

Dimensioning results, Exchange of Reserves and overall Reserve Capacity

MW A
500
400
300
200
100

Exchange of
200 MW

Dimensioning Results Reserves Connected after Exchange

Area A Area B
Dimensioning: + 300 MW Dimensioning: + 200 MW
Exchange from Area B: — 200 MW Exchange for Area A: + 200 MW
Reserve Connecting TSO: =100 MW Reserve Connecting TSO: =400 MW
Reserve Providing Units/Groups: 200 MW Reserve Providing Units/Groups:
A1 A2 B.1 B.2
from Area B B3 B4 B5

FIGURE 4: EXCHANGE OF RESERVES- ILLUSTRATIVE EXAMPLE. SOURCE LFCR SUPPORTING DOCUMENR013

Suppose that the dimensioning rules result in #edrof 300 MW for Area A and 200 MW for Area B.
Without the exchange of reserves, the respectiserve capacity has to be provided by reserve pirayid
units or reserve providing groups connected tofAilea which means that 300 MW have to be connected i
Area A and 200 MW in Area B.

As a result of the exchange of reserves of 200 MakhfArea B to Area A, 200 MW of reserve capacity
needed for Area A are now located within Area Bevdas Area A still ensures in addition the avdliligbi
of the full amount of its own reserve capacity.

Although the geographical location of the resergacity is different from the dimensioning resfitiseach
area, the total amount of reserve capacity withiea®A and B is still 500 MW which is equivalenttte
total amount without the exchange.

3.3.3 Sharing of reserves

The sharing of reserves agreement allows two oef@&Os to organize and to ensure the availabifity o
balancing capacity that is required by dimensionfotes by relying on the same reserves inside a
synchronous area and between two synchronous areas.

The roles and responsibilities of the reserve cotimg TSO, the reserve receiving TSO and the aeTISO
for the exchange of reserves between synchroncess.ashall be described in the synchronous area
operational agreement and a sharing agreemenfiasadiby SOGL.
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In contrast to the exchange of reserves, that dmiynges the geographical distribution of reseryadciay,

the sharing of reserves changes the total amoymtoctired balancing capacity by involved TSOs, \aith
impact on the geographical distribution as an asthd implicit effect. The sharing of reserves agnent
defines priority rights to the shared reserveshia situation where either two or more TSOs have a
simultaneous need.

Figure 5 illustrates the sharing of 100 MW of balag capacity between two areas with a possible
relocation of a 100 MW of reserves from Area A t@& B.

Dimensioning results, Sharing of Reserves and overall Reserve Capacity

MW A Sharing of
100 MW
500 f-- ‘
400 |-
300 f--f
200 f--{
100 f--1
Dimensioning Results Reserves Connected after Sharing
Sharing of Reserves as taking into account the same capacity twice
Area A Area B
Dimensioning + 300 MW Dimensioning: +100 MW
Reserve Connecting TSO: =300 MW Can be activated by A: + 100 MW
Can be made available to B: + 100 MW Reserve Connecting TSO: =200 MW
Reserve Providing Units/Groups: 100 MW Reserve Providing Units/Groups:
A3 A4 - shared

FIGURE 5: SHARING OF RESERVES- SIMPLE EXAMPLE. SOURCE LFCR SUPPORTING DOCUMENR013

Suppose that the dimensioning rules for area Azaied B result in the need of 300 MW for area A 20d
MW for area B. Without the sharing of reserves,ilB®s of area A and area B have to ensure theahildil
of respectively 300 MW and 200 MW.

However, assuming that in some cases it might Iog welikely that both TSOs need to activate thé ful
amount reserve capacity at the same time, the T@sea A and area B can ‘share’ part of theirmase
capacity. In practice this means that the TSOsead 8 can make use of e.g. 100 MW of the resempaaity

of the TSOs in area A.

In contrast to the exchange of reserves which ominges the geographical distribution of reserpacéy,
the sharing of reserves changes the total amouattofe power reserves in the synchronous ared, amit
impact on the geographical distribution as an &t implicit effect. The sharing agreement dedine
priority rights to the shared reserves in the sibmawhere both TSOs have a simultaneous need.

As a result, the TSOs of area A and area B now teeedsure the availability of 300 MW and 100 MWeT
TSOs of area A now make 100 MW of their own reseagacity also available to the TSOs of area B. The
total amount of the reserve capacity within theeysis now 400 MW, whereas it was 500 MW withod th
sharing agreement (leading in this example to realuof 100 MW of reserve capacity in the totalteys).
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4 Market value of cross zonal capacity

The decision to optimally allocate CZC to eithex #nergy market or the balancing capacity markait bb
based on a comparison of the actual market valugrasis-zonal capacity for the exchange of balancing
capacity or sharing of reserves and the actualeh&edue of cross-zonal capacity for the excharigmergy,
according to Article 40(2) of the EBGL.

Article 39 (2-4) of the EBGL further specifies hale actual market value shall be derived: with reéda
the exchange of energy the bids of market partitgpan the day-ahead markets shall be used, atdugta
into account bids in the intraday market wherevah and possible; and balancing capacity bids gtdun

to the capacity procurement function pursuant tackr 33 (3) of the EBGL shall be used with regtrdhe
exchange of balancing capacity. When CZC is usedhi® sharing of reserves, the market value skall b
based on the avoided costs of procuring balan@pa@dity in order to calculate the consumer surfduthe
balancing capacity market. The actual market valu€ZC for the exchange of energy between bidding
zones and for the exchange of balancing capaatgaculated per MTU.

The economic concept to optimally allocate CZCittetent purposes (also called the optimal capasyiyt
problem) is to express the marginal market valueafoincrement of CZC used for each purpose (mparket
and then find the capacity split where the marguadilies are equal (or the difference in margin&lierds
minimal if the lines do not cross).

The maximization of welfare is achieved by alloegtCZC on all borders, all hours and for all alloma
purposes such that the Pareto optimum is reacleed. |

(a) it is not possible (i.e. without violating constrts) to reduce the difference in marginal
market values between allocation purposes for ay bn any border, while at the same
time

(b) the difference in marginal market values increaseany other border in any other hour and
for any allocation purpose.

However, this concept assumes that the welfarenogation problem must be convex. This assumptiop ma
not hold for balancing capacity markets, and thesequences of applying this method is further desdr
in chapter 4.2.5.

4.1 Actual Market Value of cross zonal capacity for theExchange of Energy
4.1.1 Themarket value of cross zonal capacity

In the MB and EE CZCA Proposals as well as in Explanatory Document, the market value of CZC for
the exchange of energy between all bidding zon¢seoSDAC is defined as the additional welfare ksp
of the SDAC resulting from the additional CZC alited for the energy market and is calculated based
the sum of producer surplus, consumer surplus angestion income.

Total

Producer Consumer Congestion welfare

surplus

surplus surplus income

FIGURE 6: MARKET VALUE OF CZC IS DEFINED AS THE TOTAL WELFARE SURPLUS
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Note that:

- the important measure for the market value is thelss in welfare of additional CZC, not the
absolute values of welfare.

- only the implicit allocation of CZC (flow-based AT C-based) is relevant for the calculation since
the final allocation of CZC is based on co-optirti@a; any explicit allocation of CZC which may
take place e.g. monthly or yearly only affects determines the upper limit of CZC that may be
allocated via co-optimization.

4.1.2 |solated energy markets cleared independently

Figure 7 shows the base case of isolated energietsawhich are cleared independently, i.e. no CZC i
allocated or used for the exchange of energy amdndrket clearing prices (will) differ. In this ewrple, the
market clearing price in zone C is lower than ineg8. The consumer and producer surpluses aradtityl

in blue and red, respectively, and the total suthefareas represents the total welfare.

zone B zone C

price
/

\ Consumer surplus

alea1.13 aaane e o Producer surplus

\ ' MCVD: Market Clearing
\ N Volume Demand

4 ; 200¢ ‘ MCVS: Market Clearing
Volume Volume Volume Supply

FIGURE 7: WELFARE IN TWO ENERGY MARKETS CLEARED IN ISOLATION

4.1.3 Coupled energy markets with congestion

When CZC is allocated and may be used for the exgehaf energy, market participants may trade across
the border. If the amount of available CZC is laeg®ugh, this may even lead to full price convecgen
between the two bidding zones. Once prices haveergad, any additional CZC would then have a vafue

0. Figure 8 depicts a situation where the alloc&Z@ only allows for a partial price convergenée market
clearing price in zone C remains higher than inezBnIn addition to consumer and producer surplubes
remaining price difference creates a positive cetige rent which is also part of total welfare (green area
between the red dotted lines in the zone B). Withdrice convergence, the congestion rent distiins
would cancel out and disappear.
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zone B zone C

——demand

supply
© McvD
o Mcvs

AUV N, %o | ) . [e3438) Consumer surplus

Producer surplus

Congestion rent contribution (+)
4000 6000 8000 0 2000 4000 6000 8000

Volume Volume

Congestion rent contribution (-)
FIGURE 8: WELFARE IN COUPLED ENERGY MARKETS WITH CONGESTION

The same logic may be applied to multiple markeis laidding zones; it is thus possible to calcutaee
value of CZC for each border for which co-optimiaatapplies. The general calculation of welfarghiswn

in the equation below and consists of the sum n§amer surplus, producer surplus and congestidroven

all markets. The congestion rent for a market ddioig zone is calculated based on the market olgarice

and the market net position, where the market ositipn equals the sum of exchanges in both doesti
(positive for export, negative for import) on abbrders with other markets. The market net posititso

equals the difference in supply and demand volutessed.

{Consumer surplus + Producer surplus — Market Net Position * Market Clearing Price}

all markets

EQUATION 1: CALCULATION OF THE ECONOMIC SURPLUS WHEN SUPPLY ANDEMAND ARE MATCHED TO AN
EQUILIBRIUM CLEARING POINT

The market value of CZC may now be calculated asdifference between total welfare when CZC is
allocated for the exchange of energy and the siaif isolated markets. The optimal allocationGAC
using the co-optimization method is determined bsngaring the marginal market value of an additional
MW of CZC for the exchange of energy and then caegbdo the marginal market value of the same
additional MW of CZC for the exchange of balancoagacity for each border.

4.2 Actual Market Value of cross zonal capacity for theExchange of Balancing Capacity
or Sharing of Reserves

In the MB and EE CZCA Proposals as well as in Explanatory Document, the market value of CZC for
the exchange of balancing capacity or sharing s#mees is defined as the additional total welfarglsis in
the balancing market resulting from the additioBZIC allocated for the balancing capacity market in
again calculated based on consumer surplus, and mvhgginal pricing is used as to clear the marlset an
producer surplus as well as on congestion incorhis Means that the market value does not représent
absolute value of the balancing capacity market@nGA.

The underlying data are upward and downward batgncapacity bids (actual or forecasted) which have
been submitted and accepted by the capacity pnoeureoptimization function pursuant to Article 3863

the EBGL.. In general, upward and downward balancapacity bids are optimized independently, he. t
demands etc. are not netted ex-ante. Note, thanhghaf reserves is modelled as a reduction of gores
(TSO) demand by the shared amounts, before theatsaake coupled. The additional market value afisha

of reserves is therefore based on the avoided obgi®curing according to Article 39(4) of the EB@nd
assigned as the consumer surplus.
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4.2.1 Themarket valueisindependent of the pricing method for balancing capacity

The calculation of the market value is based omiagimization of welfare. Hence it is independeinthe
pricing method for balancing capacity, i.e. paysasor marginal pricing. The only difference istkize total
welfare is the same, but the distribution is difar there is producer surplus for marginal priciiog pay-
as-bid pricing this would also be part of consuswplus. Also, with pay-as-bid pricing, all welfagains
are attributed to TSOs (as consumer surplus), vasarearginal pricing allows producers to also prioéitn
the value of CZC.

4.2.2 |solated marketsfor balancing capacity with pay-as-bid pricing

Figure 9 depicts the base case of two isolated etafkr balancing capacity with pay-as-bid pricimmgthis
example, it is assumed that the supply curves &tartzing capacity are monotonously non-decreasing i
both markets and the demand for balancing capacitpth areas is fixed and perfectly inelasticsHould

be noted this is a simplification, as the balanaagacity market includes non-convexities as starénd
shut-down costs along with minimum output requiretagwhich state that if a plant is running, it mus
produce at least a certain amount). This is furéheoorated in 4.2.5.

In this example, the price for the last acceptetfti TSO A is higher than the respective price 8O B.
The red arrow indicates available CZC for the ergeaof balancing capacity or sharing of resenfabei
markets were coupled.

€/MW Consumer surplus A

Consumer surplus B

7/

o 7
R _,,// % Procurement costs

Available capacity

—

demand A demand B
TSO A TSO B

FIGURE 9: WELFARE IN ISOLATED MARKETS WITH PAY-AS-BID PRICING
4.2.3 Coupled balancing markets with pay-as-bid pricing

When the two markets are coupled and CZC is akald&tSO A will be able to procure part of its baiag
capacity in the area of TSO B. As a result, theegoaf the last accepted bid of TSO A will decrease that
of TSO B will increase. Figure 10 shows the sitmativhere available CZC is not enough to reachpitde
convergence; consumer surplus for TSO A will deseeavhereas consumer surplus for TSO B will inaeas
A part of the procurement costs of TSO A in théass situation is now used to procure cheapembaig
capacity in market B. As is shown on the left haide of Figure 10 the difference in welfare is #rea
(yellow) below the supply curve of area A, above shifted supply curve of area B (dashed blue lame)
between the supply clearing volume in the coupiedhton and the original demand A. This is the ke&r
value of the allocated CZC in this particular sSitoia To derive the marginal market value theseltssnust
be compared to incremental changes of CZC, i.eedoh additional MW of CZC allocated to the balagci
capacity market.
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Consumer surplus A
€/MW

Consumer surplus B

CZC market value

% Procurement costs

Allocated capacity

demand A demand B
TSO A TSO B

FIGURE 10: WELFARE IN COUPLED BALANCING MARKETS WITH PAY¥AS-BID PRICING
4.2.4 Differencein thedistribution of welfare surplus depending on the pricing scheme
The market value of CZC does not depend on théngrecheme. With pay-as-bid pricing all of the nerk
value represents consumer surplus. When the miarkletared with marginal pricing, this value alsmsists

of producer surplus and congestion rent; the suwweklrer, remains the same. This difference in thigtion
IS summarized in Figure 11 below.

Pay as bid Pay as cleared

CZC market value

Consumer surplus (TSOs)

Congestion rent (TSOs)

>

0N

Producer surplus (BSPs)

FIGURE 11: DIFFERENCE IN THE DISTRIBUTION OF WELFARE SURPLUS PENDING ON THE PRICING SCHEME
4.2.5 Non-convexitiesin balancing capacity markets

The balancing capacity market is directly linkede energy market, i.e. the BSPs' expectatiohefriarket
clearing in the energy market will be reflectedtheir bidding behaviour for balancing capacity. The
alternative costs for provision of reserves instebdnergy are lowest for the market participaht aare
almost indifferent to deliver energy, i.e. theirngiaal costs are near the spot price. For rese¢oJes offered,
some market participants can lower their energputyind others can start energy production at@enate
economic loss. The former has a variable cost laadbtter have a fixed cost.

This dependency between the two markets makd$idudt to apply the market coupling principles pemted

in 3.1.1. For this to be true, there must be neraslities, and no transaction costs, and pernféotmation

is assumed. Additionally, the welfare optimizatigroblem must be convex. This includes the absefce o
discrete variables. Discrete variables mean conwiiah problems that are hard to solve. Balanciaggcity
bids that reflect fundamental costs cannot be dzgdras a monotonously increasing "merit ordet.list

Non-convexities include start-up and shut-down<afing with minimum output requirements (whichesta
that if a plant is running, it must produce at teasertain amount). Due to these combinatoriablgr, there
does not exist a "market clearing price" in spigniaserve markets that clears a balancing capacitiet
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efficiently, nor a "marginal price". The marketq&iconveys little or no information on which reseoffers
were accepted.

The non-convex effects in the balancing capacitsketacan be tackled through discrete variablesc{bhids
and combinatorial constraints), and by maximizihg telfare integer programming. Efficiency of the
allocation will be the highest if the energy andabaing capacity market were integrated into omglsi
auction, where the economic surplus is maximizedr @ll matched energy market bids and balancing
capacity market bids subject to system constraitasever, this will increase the complexity andgassing
time.

The combinatorial difficulties can be overcome bstricting reserve bids to a simple format (pnagume).
This would render a "merit order” of bids, but thids would not reflect underlying costs, and thetian
would not deliver welfare optimization. This wilhahe other hand reduce the efficiency of the CZCA
allocation and the increase the procurement cosélaincing capacity, since the BSP must includiglaeh
risk in their pricing or abstain to participatetive market, which will reduce the liquidity.

4.3 Value of Single Intraday Coupling

As mentioned above, Article 39(2) of the EBGL stateat for the calculation of the actual marketueabf
CZC for the exchange of energy, expected bids aoketgarticipants in the intraday market shall &leen
into account where relevant and possible.

However, the incorporation of the intraday marketid introduce difficult forecasting of intradaytting

In addition, it may be assumed that day-ahead st&ednd energy bids of market participants already
contain the expectations of the market environnfienthe respective day, and that the intraday magke
used for minor adjustments to these schedules. dlbismeans, that the volume on the intraday masket
smaller than on the day-ahead energy market. Cadptr the additional uncertainty introduced by
forecasting the bids, the intraday market cannohterporated in a meaningful way.

4.4 Value of Balancing Energy

Allocation of CZC for balancing capacity also alkvior the subsequent exchange of balancing energy,
including the respective welfare effects. Dependingwhether the market based or the inverted market
based approach is used, the allocation of CZC #&arfzing capacity must be based on its actual @r th
forecasted market value, respectively. In ordeletove the contribution of the exchange of balage&nergy

to the market value, the energy bids also neee tmtecast. Note, however, that in contrast tontraday
market, the relative contribution of balancing gyeto the market value of CZC for the balancing kear
may be equal or even larger than the contributibbatancing capacity. This is also exacerbatedhay t
possibility of a dual use of CZC from one markedaato the other: for example, positive balancingrgy
exchanged from area A to area B and negative balgenergy exchanged from area B to area A have the
same energy flow direction, in this case from gkda area B.
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5 Market-based approach

5.1 Process overview

The market-based methodology consists of 5 stégsfdarecast of market value, the bid submissioe, th
optimization of CZC allocation and of balancing aeity procurement and the publication of the resaft
the process.

511 Step 1. Forecast of market value of CZC for the exchange of energy
The market value of CZC for the exchange of enst@ll be forecasted based on submitted SDAC bids of
selected reference day(s) with the option to ineladjustment factors. The forecasting can havestejs:

- the basic forecast where the value of the usedehaé#licator is determined, and

- the optional step of the improved forecast wheeerésult of the basic forecast is modified with the
use of the adjustment factor(s).

During the basic forecast process, each TSO mayimai account any market indicator (e.g. markeaighg
prices for each bidding zone) based on the sulinBRAC bids, or the submitted SDAC bids themselves.
The TSOs of the balancing capacity cooperation glefihe which market indicator(s) are used.

Reference day means a day which is used to défeétecasted value of CZC. Reference day(s) niy e.
be the latest relevant day(s), where the used manttieator(s) are available for each bidding zdieg. if
the subject day is a bank holiday, TSOs may usevtkeage value of a market indicator for the laltestk
holiday and the latest weekend day.)

An adjustment factor can be any of the followingt(bot limited to):
- afixed added value to the result of the basicdase
- afixed value by which the result of the basic éast is multiplied

- parameters in a transparent methodology that usesrdsult of the basic forecast and other
transparent data.

If the adjustment factors are used, they shalldselin a way to incorporate improved forecasting) ot to
give preference to the exchange of balancing cgpacsharing of reserves on the expense of CZicatéed
to the exchange of energy.

The TSOs of the balancing capacity cooperation sisal a transparent methodology to forecast théehar
value of CZC for the exchange of energy (both theidand the improved forecast need to be transpare

512 Step 2: Bid submission

BSPs submit standard upward and standard downvedadding capacity bids to their nominated balancing
capacity market operators.

The TSO-BSP GCT of standard balancing capacity$hdd be the same for each BSP within each baignci
capacity cooperation (per standard product andlipection) and shall be organized in between wdedad
and before sending the final results of the capaeitculation for CZC of the SDAC to NEMOs.

TSOs of a balancing capacity cooperation have phiemmto allow BSPs to submit linked bids and/ardid
bids but the same rules have to apply to all BSRscooperation.
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5.1.3 Step 3: CZCA Optimization

CZC allocation award the cross zonal capacity eitbethe exchange of energy or to the exchange of
balancing capacity or sharing of reserves.

TSOs of the balancing capacity cooperation shafopm the CZCA optimization function after the TSO-
BSP GCT of standard balancing capacity bids andrate the allocation of CZC for the exchange of
balancing capacity or sharing of reserves. Thisthdée determined per standard product and pectitire

5.1.4 Step 4: Balancing capacity procurement optimization

As a result of the CZCA optimization, the quantiiycross zonal capacity allocated for the exchasfge
balancing capacity or sharing of reserves becoreg=mmined for each border and the TSOs shall parfor
the balancing capacity procurement optimizatiorctiom.

TSOs of the balancing capacity cooperation shadibéish the CMOL of balancing capacity bids using a
procurement optimization function, respecting thecated CZC for the exchange of balancing capamity
sharing of reserves. The procurement optimizatiemction minimizes the overall balancing capacity
procurement costs pursuant to Article 58(3) of EB&L.

515 Step 5: Publication

TSOs shall inform all affected parties of the pssceesults, including all TSOs in the Greece IGGR.

BSPs shall be notified about their selected stahdpward balancing capacity bids or downward bafenc
capacity bids at the same point in time within ebalancing capacity cooperation. The notificatibalsbe
done before subsequent TSO-BSP GCTs within thebiaig capacity cooperation within Greece Italy CCR
implementing this MB CZCA, and at the latest onerhoefore the GCT of the SDAC. Notification to all
market participants of allocated CZC for the exg®aaf balancing capacity and/or sharing of reseshed

be done at the same point in time as the notiboaid BSPs mentioned above.

TSOs of the balancing capacity cooperation shalknize allocated CZC for the exchange of balancing
capacity or sharing of reserves as already alldo@#&C for the CZC calculation process.

5.2 Description of Optimization Setup

The market-based function maximizes the total welt# the energy market and of the balancing cépaci
market.

Regarding the energy market it shall contain:
e producer surplus
e consumer surplus, and
e congestion income
Regarding the balancing capacity market it shait@io:
» consumer surplus (TSO demand), and if applicable
» producer surplus (BSP bids), and if applicable
e congestion income.

The forecasted market value of CZC for the excharigmergy is based on reference days as desdribed
Section 5.1.1.: these reference days may be udedsitast e.g. the SDAC spot price differencesimactly

the SDAC bids or bid functions. The components meet above (producer surplus, consumer surplas, an
congestion income) can then be calculated ex-pdsiei optimization.
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The actual market value of CZC for the exchangeatdncing capacity or sharing of reserves is desdrin
Section 4.2 and can be derived based on
< actual bids of standard balancing capacity subthttighe procurement optimization function of the
balancing capacity cooperation
» the balancing capacity demand of each TSO of tlenbing capacity cooperation
e the domain of total available CZC.

If the TSOs of the balancing capacity cooperatiecidk to also take into account the expected \vafl@ZC
regarding the cross-border activation of balaneingrgy, they may follow the same approach and el¢hnig
expected value based on:

« forecasted bids of balancing energy submitted écatttivation optimization function

» the probability of activating balancing energy fnag TSO demand)

A minimum example for the conceptual descriptiothes following:
« Objective: maximize economic welfare in the SDAGio& and the balancing capacity cooperation
e Inputs:
0 Balancing capacity demand
0 Balancing capacity offers
0 Energy demand bids
0 Energy supply bids
e Outputs:
0 Matched balancing capacity orders
0 Matched energy demand and supply bids
0 Clearing prices for balancing capacity and energy
0 Allocated CZC for the exchange of balancing capamitsharing of reserves
e Constraints:
0 Matched volume of balancing capacity offers mustatfalancing capacity demand for each
TSO of a balancing capacity cooperation
o the sum of allocated CZC to the balancing capaw#yket may not exceed the total available
czC
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6 Inverted market-based approach

6.2 Process overview

The inverted market-based methodology consiststéis: forecast of market value of CZC for thehexge
of balancing capacity or sharing of reserves, tldeshbmission, matching bids in the Single Day-Ahea
Coupling, balancing capacity procurement optim@atnd the publication of the results of the preces

6.2.1 Step 1. Forecast of market value of CZC for the exchange of balancing capacity or sharing of
reserves

The market value of CZC for the exchange of batem@apacity or sharing of reserves between bidding
zones shall be forecasted based on submitted sthogavard and downward balancing capacity bids of
selected reference day(s) with the option to ineladjustment factors. The forecasting can havesteys:

- the basic forecast where the value of the usedeharlicator is determined, and

- the optional step of the improved forecast wheeerésult of the basic forecast is modified with the
use of the adjustment factor(s).

During the basic forecast process, each TSO may itath account any market indicator based on the
submitted standard BC bids, or the submitted stah8& bids themselves. The TSOs of the balancing
capacity cooperation shall define which marketaatbr(s) are used.

Reference day means a day which is used to ddfeéotecasted value of CZC. Reference day(s) niy e.
be the latest relevant day(s), where the used menttieator(s) are available for each bidding zqeg. if
the subject day is a bank holiday, TSOs may usevkeage value of a market indicator for the laltestk
holiday and the latest weekend day.)

An adjustment factor can be any of the followingt(bot limited to):
- afixed added value to the result of the basicdase
- afixed value by which the result of the basic éaxst is multiplied

- parameters in a transparent methodology that usesrdsult of the basic forecast and other
transparent data.

If the adjustment factors are used, they shalldselin a way to incorporate improved forecasting) ot to
give preference to the exchange of balancing cgpacsharing of reserves on the expense of CZitated
to the exchange of energy.

The TSOs of the balancing capacity cooperation sisal a transparent methodology to forecast théehar
value of CZC for the exchange of balancing capamityharing of reserves (both the basic and thedueal
forecast need to be transparent).

The TSOs of the balancing capacity cooperation edritie standard BC bids in supply and demand srder
to make them compatible for the SDAC.

The results of the bid preparation step are theafied balancing capacity import/export curve drvased on
these, a curve for the CZC to be allocated to #iertwing capacity market of the bidding zone isegeted.

The latter is the required input for the optimiratistep.
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6.2.2 Step 2: Bid submission

With the same GCT as the SDAC DAM bids are subihitte market parties to the NEMOs.

6.2.3 Step 3: Matching bidsin the Single Day-Ahead Coupling

The SDAC is performed and takes into account algnand forecasted standard balancing capacisy bid
The optimization function maximizes the welfarebath markets combined. The amount of CZC for the
exchange of balancing capacity or sharing of reseiv determined and communicated to the TSOseof th
balancing capacity cooperation. Bids of the DAM & ched, prices are determined, and the resuinbes
firm.

6.24 Step 4: Balancing capacity procurement optimization

As a result of the Step 3, the quantity of crossatcapacity allocated for the exchange of balapcapacity
or sharing of reserves becomes determined forleacter and the TSOs shall perform the balancingagp
procurement optimization function.

TSOs of the balancing capacity cooperation shadibéish the CMOL of balancing capacity bids using a
procurement optimization function, respecting thecated CZC for the exchange of balancing capamity
sharing of reserves. The procurement optimizatiemction minimizes the overall balancing capacity
procurement costs pursuant to Article 58(3) of EB&L.

6.2.5 Step 5: Publication

TSOs shall inform all affected parties of the psxceesults, including all TSOs in the Greece IGGR.

BSPs shall be notified about their selected stahdpward balancing capacity bids or downward bafenc
capacity bids at the same point in time within ebalancing capacity cooperation. The notificatibalsbe
done before subsequent TSO-BSP GCTs within thebiaig capacity cooperation within CCR Greece Italy
implementing this inverted market-based CZCA, antha latest one hour before the GCT of the SDAC.
Notification to all market participants of allocdt€ZC for the exchange of balancing capacity arslaring

of reserves shall be done at the same point indisrt@e notification to BSPs mentioned above.

TSOs of the balancing capacity cooperation shalkniae allocated CZC for the exchange of balancing
capacity or sharing of reserves as already alldo@#&C for the CZC calculation process.

6.3 Description of Optimization Setup

The inverted market-based function maximizes th& twelfare of the energy market and of the balagci
capacity market.

Regarding the energy market it contains:
e producer surplus
e consumer surplus, and
e congestion income
Regarding the balancing capacity market it contains
» consumer surplus (TSO demand), and if applicable
» producer surplus (BSP bids), and if applicable
e congestion income.
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Since the calculation of the market value of CZ€ tfee exchange of energy is already developed and
implemented in the SDAC, only the calculation of tbrecasted market value of CZC for the excharige o
balancing capacity or sharing of reserves is furéeborated.

The forecasted market value of CZC for the excharid®lancing capacity or sharing of reserves seta
on reference day(s) as described in Section 6rifian be based on:
« forecasted bids of standard balancing capacity dratsubmitted to the procurement optimization
function of the balancing capacity cooperation
» the forecasted balancing capacity demand of ea€hdf$he balancing capacity cooperation
¢ the domain of total available CZC.

If the TSOs of the balancing capacity cooperatiecide to also take into account the expected \&llGZC
regarding the cross-border activation of balaneingrgy, they may follow the same approach and el¢hnig
expected value based on:

« forecasted bids of balancing energy submitted ecatttivation optimization function

< the probability of activating balancing energy fiag TSO demand)

A minimum example for the conceptual descriptiothes following:
» Objective: maximize economic welfare in the SDAGioa and the balancing capacity cooperation
e Inputs:
0 Balancing capacity demand
0 Balancing capacity offers
0 Energy demand bids
o0 Energy supply bids
e Outputs:
0 Matched balancing capacity orders
0 Matched energy demand and supply bids
0 Clearing prices for balancing capacity and energy
0 Allocated CZC for the exchange of balancing capamitsharing of reserves
» Constraints:
o Matched volume of balancing capacity offers mustadfalancing capacity demand for each
TSO of a balancing capacity cooperation
o the sum of allocated CZC to the balancing capawiket may not exceed the total available
CzC
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7 Economic efficiency approach

7.2 Process overview

The economic efficiency methodology consists oféps: the forecast of standard balancing capaaiy b
value, the bid submission, the optimization of CAlGcation and of balancing capacity procurementthe
publication of the results of the process.

7.2.1 Step 1. Forecast of market value of CZC for the exchange of balancing capacity or sharing of
reserves

The market value of CZC for the exchange of batem@apacity or sharing of reserves between bidding
zones shall be forecasted based on submitted sthogavard and downward balancing capacity bids of
selected reference day(s) with the option to ineladjustment factors. The forecasting can havesteys:

- the basic forecast where the value of the usedeharlicator is determined, and

- the optional step of the improved forecast wheeerésult of the basic forecast is modified with the
use of the adjustment factor(s).

During the basic forecast process, each TSO may itath account any market indicator based on the
submitted standard BC bids, or the submitted stah8& bids themselves. The TSOs of the balancing
capacity cooperation shall define which marketaatbr(s) are used.

Reference day means a day which is used to ddfeéotecasted value of CZC. Reference day(s) niy e.
be the latest relevant day(s), where the used menttieator(s) are available for each bidding zqeg. if
the subject day is a bank holiday, TSOs may usevkeage value of a market indicator for the laltestk
holiday and the latest weekend day.)

An adjustment factor can be any of the followingt(bot limited to):
- afixed added value to the result of the basicdase
- afixed value by which the result of the basic éaxst is multiplied

- parameters in a transparent methodology that usesrdsult of the basic forecast and other
transparent data.

If the adjustment factors are used, they shalldselin a way to incorporate improved forecasting) ot to
give preference to the exchange of balancing cgpacsharing of reserves on the expense of CZitated
to the exchange of energy.

The TSOs of the balancing capacity cooperation sisal a transparent methodology to forecast théehar
value of CZC for the exchange of balancing capamityharing of reserves (both the basic and thedveal
forecast need to be transparent).

The TSOs of the balancing capacity cooperation edritie standard BC bids in supply and demand srder
to make them compatible for the SDAC.

The results of the bid preparation step are theafied balancing capacity import/export curve drvased on
these, a curve for the CZC to be allocated to #iertwing capacity market of the bidding zone isegeted.

The latter is the required input for the optimiratistep.
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7.2.2 Step 2. Forecast of market value of CZC for the exchange of energy
The market value of CZC for the exchange of enstwll be forecasted based on submitted SDAC bids of
selected reference day(s) with the option to ineladjustment factors. The forecasting can havestejs:

- the basic forecast where the value of the usedehamé#licator is determined, and

- the optional step of the improved forecast wheeerésult of the basic forecast is modified with the
use of the adjustment factor(s).

During the basic forecast process, each TSO mayitak account any market indicator (e.g. marketuchg
prices for each bidding zone) based on the sulinBRAC bids, or the submitted SDAC bids themselves.
The TSOs of the balancing capacity cooperation slefihe which market indicator(s) are used.

Reference day means a day which is used to ddfmétecasted value of CZC. Reference day(s) bleall
the latest relevant day(s), where the used mankigtator(s) are available for each bidding zoney.(E the
subject day is a bank holiday, TSOs may use theageevalue of a market indicator for the latestkban
holiday and the latest weekend day.)

An adjustment factor can be any of the followingt(bot limited to):
- afixed added value to the result of the basicdase
- afixed value by which the result of the basic éast is multiplied

- parameters in a transparent methodology that usesdsult of the basic forecast and other
transparent data.

If the adjustment factors are used, they shalldselin a way to incorporate improved forecasting) ot to
give preference to the exchange of balancing cpacsharing of reserves on the expense of CZicated
to the exchange of energy.

The TSOs of the balancing capacity cooperation sisal a transparent methodology to forecast thé&ehar
value of CZC for the exchange of energy (both theiddand the improved forecast need to be transpare

7.2.3 Step 3: CZCA Optimization
CZC allocation award the cross zonal capacity eitbethe exchange of energy or to the exchange of
balancing capacity or sharing of reserves.

TSOs of the balancing capacity cooperation shalfopm the CZCA optimization and determine the
allocation of CZC for the exchange of balancingazdfy or sharing of reserves. This has to be detesun
per standard product and per direction.

7.2.4  Step 4: Balancing capacity procurement optimization

As a result of the CZCA optimization, the quantiiycross zonal capacity allocated for the exchasfge
balancing capacity or sharing of reserves becoratermined for each border and the TSOs shall parfor
the balancing capacity procurement optimizatiorctiom.

TSOs of the balancing capacity cooperation shadibéish the CMOL of balancing capacity bids using a
procurement optimization function, respecting thecated CZC for the exchange of balancing capamity
sharing of reserves. The procurement optimizatiemction minimizes the overall balancing capacity
procurement costs pursuant to Article 58(3) of EB&L.

7.25 Step 5: Publication

TSOs shall inform all affected parties of the psxceesults, including all TSOs in the Greece IGGR.
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BSPs shall be notified about their selected stahdpward balancing capacity bids or downward batenc
capacity bids at the same point in time within ebalancing capacity cooperation. The notificatibalsbe
done before subsequent TSO-BSP GCTs within thenbial@ capacity cooperation within the Greece Italy
CCR implementing this EE CZCA, and at the latest baur before the GCT of the SDAC. Notification to
all market participants of allocated CZC for thelange of balancing capacity and/or sharing ofrvese
shall be done at the same point in time as thdication to BSPs mentioned above.

TSOs of the balancing capacity cooperation shalknize allocated CZC for the exchange of balancing
capacity or sharing of reserves as already alldd@#C for the CZC calculation process.

7.3 Description of Optimization Setup

The economic efficiency function maximizes the totalfare of the energy market and of the balancing
capacity market.

Regarding the energy market it contains:
e producer surplus
e consumer surplus, and
e congestion income
Regarding the balancing capacity market it contains
e consumer surplus (TSO demand), and if applicable
e producer surplus (BSP bids), and if applicable
e congestion income.

The forecasted market value of CZC for the excharfigmergy is based on reference day(s) as dedanbe
Section 7.2.2. These reference day(s) may be odedecast e.g. the SDAC spot price differencediractly

the SDAC bids or bid functions. The components meet above (producer surplus, consumer surplas, an
congestion income) can then be calculated ex-pdsiei optimization.

The forecasted market value of CZC for the excharid®alancing capacity or sharing of reserves seta
on reference day(s) as described in Section 7riian be based on:
« forecasted bids of standard balancing capacity dratsubmitted to the procurement optimization
function of the balancing capacity cooperation
» the forecasted balancing capacity demand of ea€hdf$he balancing capacity cooperation
* the domain of total available CZC.

If the TSOs of the balancing capacity cooperatiecide to also take into account the expected \&llGZC
regarding the cross-border activation of balaneingrgy, they may follow the same approach and el¢hnig
expected value based on:
« forecasted bids of balancing energy submitted écatttivation optimization function
< the probability of activating balancing energy fiag TSO demand)
A minimum example for the conceptual descriptiothes following:
« Objective: maximize economic welfare in the SDAGio& and the balancing capacity cooperation
* Inputs:
o0 Balancing capacity demand
0 Balancing capacity offers
0 Energy demand bids
0 Energy supply bids
e Outputs:
0 Matched balancing capacity orders
0 Matched energy demand and supply bids
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o0 Clearing prices for balancing capacity and energy
o Allocated CZC for the exchange of balancing cagamitsharing of reserves

» Constraints:
o Matched volume of balancing capacity offers mustadfalancing capacity demand for each

TSO of a balancing capacity cooperation
o the sum of allocated CZC to the balancing capawéket may not exceed the total available

CczC
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8 Sharing of congestion income of cross zonal capagit

The sharing of congestion income distribution alllow what is established by the Congestion income
distribution methodology document, written in aczonrce with Article 73 of the Commission Regulation
(EU) 2015/1222 of 24 July 2015 establishing a Glinde on Capacity Allocation and Congestion

Management.

For each balancing capacity border on which cormgeshcome results from the exchange of balancing
capacity or sharing of reserves, in accordance tvéfcalculation of congestion income from the SDA®@
TSOs on each side of the balancing capacity batukf receive their share of net border congestioome
based on a 50%-50% sharing key. In specific cdmesdncerned TSOs may also use a sharing keyaetitfer
from 50%-50%. Such cases may involve, but are ingtdd to, different ownership shares or different
investment costs. The percentages for these speases are included in Annex 1 of the CID-CACM.

In case specific interconnectors are owned byiestidther than TSOs, the reference to TSOs irattiicle
shall be understood as referring to those entities.
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9 Firmness regime of cross zonal capacity

Allocated CZC for the exchange of balancing capamitsharing of reserves shall be firm after tHec&n

of standard upward balancing capacity bids or stahdownward balancing capacity bids by the capacit
procurement optimization function pursuant to Aei@3(3) of the EBGL. The details for the costs of
ensuring firmness in case of curtailment of firm@&ill be defined once two or more TSOs of the Gece
Italy Capacity Calculation Region will establishaancing capacity cooperation.

According to Article 38(9) of the EBGL, when CZQaaated for the exchange of balancing capacity or
sharing of reserves has not been used for theiasmbexchange of balancing energy, it shall beassd for
the exchange of balancing energy for all TSOs erbtidancing energy platform with shorter timeframes

The costs of ensuring firmness or in the case datment of firm CZC in the event of force majewne
emergency situations are borne by the relevant T&#@sng the CZC. These costs include the additiona
costs from the procurement of balancing capacitytdithe non-availability of the balancing capagityen

the curtailment of CZC.

The Greece Italy TSOs may set a commonly agreddcoogpensation cap.
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10 Public Consultation

To fulfil the EBGL requirements, the MB and EE Pospls are subject to consultation in accordande wit
Article 10(4) of the EBGL. More importantly, thepat from the stakeholders and market participanthis
important feature is essential for the future Eesopbalancing capacity market.

The last phase will entail the assessment of alstakeholder comments collected in the Public Qltation.
After an agreement is reached by the Greece It8I9s] a new version of the MB and EE Proposalsheill
drafted and submitted for approval to the releWdRAs on 18 December 2019.
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