entso®

Explanatory document to the All continental
European TSOs’ proposals for Common settlement
rules for exchanges of energy in accordance with
the Articles 50(3) and 51(1) of Commission
Regulation (EU) 2017/2195 of 23 November 2017
establishing a guideline on electricity balancing

18/06/2019

ENTEO Eaus. - Avenue e Oorienneigh 100 « 1060 B nsele » Brigiom » Tel 1322 721 00506 « rax 322 741 58 £1 - ingFanisue cu » vay

vARLENIGOE 21



Explanatory document to the All continental European TSOs” proposals for Common settlement e n t S O@

rules for exchanges of encrgy in accordance with the Articles 50(3) and 51(1) of Commission

Regulation {EU) 2017/2195 of 23 November 2017 establishing a guideline on clectricity balancing

Contents

L LT RS N ST 4
2 Basics and detinlions. ............cooiiiiiiii e et 9
2.1. The EBGL and the scope of the CCU and CCFR (Artele 1) oo 5
2.2, Detinitions (ATHCIE 2) ... e et e e oo 6
2.3, MBI ... oiinirsinimin qusiimsmmmssammmmmsmmnasrresesmssamysenssssnsssessios sfosas sestsss eSS 5 e 7
3 oo o 8
3.1, Tligh-level design (Articles 3 AN 5)..iiiiiiiimmmmrmmimmrsserssenseseensesesanssssssssasessarsssstnsssorossssstons. 8
3.2, LR T R 9
3.5 TSO-TSO settlement period (Article 6) ... S A R S O RS H s ames s sms s T TS 1
34. Volume determination (Article 7) ..oooooooiioioooeoo D 10
341, Frequency CONtAINMENT PLOCESS EMCTEY .......ivervrrreereeseieeseeeesseeeseeeesessessesssesssee e e ee oo oo, 11
3.4.2. Ramping period ENEIEY ......oviii oot 11
3.4.3. Unintended CXChANEE ........cocviiiiiircniniinnissssesssssisissssssssssessssessssessessssossessases assessssssessssssenss 12
3.5 Pricimg mles {AMGENe H....couuniminmimminiim immmmmmesse s srarmmm st s e osm e S oo 12
3.5.1. Pricing method for ramping period encrgy (Art. 8(1) 05 the CCFR) .o 12
3.5.2. Pricing method (or FCP energy and unintended exchange (Art. 8(1) of the CCU and Art, 3(2) of
BB ELTIRE 1o smammmsmormespmnassen s PR A eSS et s Em et gpn] 12
3.53.  Determination of the day-ahead market price for cach LEC BIOCK +ovvvrroorooeooooooo 13
3.54. Usage of day-ahead market prices (Article 9(2)) voevevrverreerennn, S st e s 14
3.6. SIEN CONVEINION ......otvvtitieee ettt e et ee oo 15
3.7 SIS PRIEHND, .. oo 000005050 Rkt emmemsaonseesmsmsesens s s 8 e S e 15
3.8 Critical NRWOTK SHUALIONS. ...vuiiivsismiseieinssmmesronmernsrsssonserssessmsaseassasstsse seessesssmstasnsemssetesesnessssessssesnsss 15
381 g e O S 15
3.8.2. Network SPE (AITICIE 8(3)) .umvvuiivviieenieriesiecseesi oo eeese s s e 16
3.8.3. Alert state and eMErEENCY SWALE ... v 17
4. SRR BIRON i 00055 s sy v v m s s s ns  ES S SR 18
4.1. DPLEPDIELINEEIONN wocicuosommisasinninicsosssionsassssnmmsnmnsmnmm s psmsess oo assassskas b i S5 e A i s 18
42 Description OF SUNULAHONS. .....c..c.eceiieiiinniiesietierecses e eseesessesssesssssesssesseses s e e e eseeee e eeesee e, 18
4.3. Analysis and proposal OF PAFAIMCIETS . ..........oo.oivoeoeeeeeeeeeee oo oo 19
4.4. Isedicitg the Tk OF eniDene PrIBss ... immsonm i smminm it rm————————] 20
4.5. Risk ol arbitrage ............... i A S S e T 20
5. Planning implementation (Article 4) ... 22
S, Timetable of IMPleMEntation .......c.cc..oocoeiiiies e 22
5.2 Reviewal mechanism and possible cvolutions of the pricing method ... 23
6. L R s
% EEMBEAL .o st s TSRS A £ e PSR S S TR 24




Explanatory document to the All continental European TSOs’ proposals for Common settlement
rules for exchanges of energy in accordance with the Articles 50(3) and 51(1) of Commission
Regulation (EU) 2017/2195 of 23 November 2017 establishing a guideline on electricity balancing

Tils
s
73.
7.4.
et
7.6.
TG
7.8.

8.

Data eXChange OVETVIEW..........cocviiiiiiieiie oot ese e 24
I TUMBBHRIERERIEL cocorisaincibinnh tsiiin sosasissssmarmomsmssemasen enss o smemsasm 37 RS S A S RS 25
Diary-alono 0usmket PEICOE .uvaivsssmimiim s momvissssrsssmsess-sasssmesamm sessatssassntense s ssss s ssatssesiinis 26
R S 26
PBLDUBAIRE B oo T A G Thens s S ot TS s 26
Aggtegatéd netied external sehedules LANES] i s mitetsbassmsermmmmn s 26
Unintended exchange and FOP CICTEY ... iv.ocieuiiioeeeeeeeeeee oot e 26
Data delIVETY SETUP ........ouovi et 27
Annex [: CCU and CCFR MAPPING ..ottt ee e s, 28
ANNEX 1L ADDIEVIATIONS ...t ettt e e st oo 28

)
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Explanatory document to the All continental European TSOs” proposals for Common settlement e n t S O Q

rules for exchanges of energy in accordance with the Articles 50(3) and 51(1) of Commission

1. Introduction

According to the guideline on electricity balancing (“EBGL”), all TSOs of a synchronous area shall develop
within 18 months after entry into force a proposal for common settlement rules applicable to intended
exchanges of energy as a result of the frequency containment process and/or ramping periods according to
Article 50(3) of the EBGL and a proposal for common settlement rules applicable to all unintended exchanges
of energy according to Article 51(1) of the EBGL..

The current explanatory document serves to describe the scope and content of the following documents:

e “All Continental Europe TSOs” proposal for common settlement rules for all unintended exchanges
ol energy in accordance with the Article 5i(1) of Cemmission Regulation (EU) 2017/2195 of 23
November 2017 establishing a guideline on clectricity balancing”, hereafter referred to as the “CCU”.

e “All Continental Europe TSOs’ proposal for common settlement rules for intended exchanges as a
result of the frequency containment process and ramping period in accordance with the Article 50(3)
of’ Commission Regulation (EU) 2017/2195 of 23 November 20i7 establishing a guideline on
clectricity balancing”, hereatter referred to as the “CCFR”,

The common settlement rules applicable to these exchanges of energy shall be known jointly as Financial
Settlement of KAf, ACE and ramping period (FSkar). FSkar will replace the current ‘compensation
programme’, formerly outlined in the Operational Handbook Policy 2¢, which is based on the integral of the
power control error AP over the settlement period, that is, the difference between the measured actual power
interchange of an LFC arca or LFC block and the scheduled programme (including virtual tic-lines, if any).
This is known as unintentional deviation within the framework of the compensation programime. This
unintentional deviation is currently compensaled in kind in the following compensation period. FSkar will
perform this settlement financially and replace the compensation programme.

AP consists of ACE, KAf and ramping periods. KAf, which corresponds to the frequency containment
process, and the ramping periods are intended exchanges. ACE equals the truly unintended exchange of
energy. The EBGL requires dividing AP into its intended parts (KAf and ramping period) and unintended part
(ACE), as shown in Figure 1. The proposal for settlement of the intended parts is presented in the CCFR; the
proposal for settlement of unintended exchange is presented in the CCU.
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Figure 1: Unintended exchange, FCP cnergy and ramping period energy according to the EBGL
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Chapter 2 describes some basics and definitions of the different ecnergy exchanges which are the subject of
this explanatory document and the common settlement rules.

Chapter 3 gives an overview of the proposal for settlement contained in the CCU and CCIFR. The high-level
design, the functions and the TSO-TSO scttlement period are described. Additionally, the rules for the
determination of the volumes of energy exchanges and the pricing rules are described. How the methodology
reacts in case of critical network situations is also shown.

Chapter 4 presents a short analysis of performed sinmulations, which served as basis for the methodology

Chapter 5 presents a timeline for the implementation of FSkar, Additionally, possible changes to the pricing
rules within the framework of the reviewal mechanism as forescen in the EBGL arc presented in this chapter
as well.

Chapter 6 presents a summary of the current status of metering changes in CE to adapt for the TSO-TSO
settlement period.

The required data exchange as well as other dispositions regarding the data arc presented in chapter 7.

The annexes provide a mapping between the CCU and CCFR and this explanatory document, and a list of
abbreviations.

2. Basics and definitions

2.1. The EBGL and the scope of the CCU and CCFR (Article 1)

The EBGL, which entered into force on 18 December 2017, differentiates between intended and unintended
exchange. The intended exchanges of balancing energy between TSOs arise as a result of one or more of the
following processes:

- Reserve Replacement Process (RR) according to Article 30( 1)(a) of the EBGL;

- Frequency Restoration Process with manual activation (mFRRY according to Article 50(1 }(b) of the
EBGL:

- Frequency Restoration Process with automatic activation (aFRR) according to Article 50( 1)(¢) of the
LEBGL;

- Imbalance Netting Process (IN) according to Article 50(1)(d) of the EBGL:
- Frequency Containment Process (FCP) according to Article 50(3)(a) of the EBGL;
- Ramping Period (RP) according to Atticle 50(3)(b) of the IBGL.

For the first four processes settlement rules have to be developed by all TSOs within onc vear after the entry
into force of the EBGL, and are not the scope of the CCU or CCFR. For the last two processes settlement
rules have to be developed within 18 months after the entry into force of the EBGL for every Synchronous
Arca and between asynchronously connected TSOs which use these processes between Synchronous Arcas.
The proposal for SA CE corresponds to the CCFR. The proposal for exchanges between Synchronous Areas
is not the scope of the CCFR.

Unintended exchange is the net metered energy exchange over a finite period which is not exchanged as a
result of any of the processes summarised under intended TSO-TSO exchange in the BBGL nor as the result
of ANES in the SOGL. This definition is implicd but not explicitly given in Article 51(1) of the EBGL. The
proposal for the settlement of unintended exchange shall be developed within 18 months after entry into force
of the EBGL and is presented in the CCU for SA CE. A proposal for unintended cxchanges between
asynchronously connected TSOs is not the scope of the CCU,
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2.2. Definitions (Article 2)

The aim of this chapter is to provide definitions for the different energy exchanges, which are relevant for the
CCU and CCFR.

Instantancous values AP, KAf, Prpand ACE

At first, some definitions are madc and alterwards Figure 2 illustrates the dilfercnce belween the processes.

Table 1. Definition of AP, K-factor, ACE and ramping period

AP

K-factor

ACE

Prp

Difference between the ANES including Virtual Tie-Lines, and the real-time power
exchange of an [.FC arca or block. Relfers Lo the definition of power control error in
the SOGL.

I

K-factor represents the assumed reaction of a LEC arca/block to a frequency deviation.
Defined in the SOGL as a value expressed in megawatts per hertz (‘MW/Hz), which
is as close as practical to. or greater than the sum of the auto-control of generation,
self-regulation of load and of the contribution of frequency containment reserve
relative to the maximum steady-state frequency deviation.

— Arca Control Error

- Defined in the SOGL as sum of the power control error (‘AP’) and the frequency
control error (‘KAf), that is the product of the K-factor of that specific LFC arca/block
and the frequency deviation

— Ramping Period

—  Dafference between the step scheduled exchange and the ramped scheduled exchange

—  Equals zero in all the minutes that fall out of the ramping period (+5 minutes around
the shift)

The connection between the instantancous or real-time values of ACL, AP, Ramping Period (Pgre) and KAf is:

AP = ACE + Pgp — KAf

Positive values for AP, ACE, Pgp and —KAf mean that the LFC arca/block is exporting energy and has a
surplus of power,

The connection between the instantancous values is illustrated in Figure 2 for a TSO whose ANES increasces.

I

Al= O0mlls
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— — — ANES S ramp Frp KAf 111 AP 1111 ACE
——— Accounting data

Figure 2: Mustration of the conuection between ACE, AP, Ramping Period (Ere) and KAS for a TSO whose scheduled power
interchange increases and whose BSPs deliver al!RR and mFRR with a constant bias. Nustration in case of no frequency

deviations (left side) and negative frequency deviations (right side).
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In case of negative frequency deviations, ACE is always smaller than AP; in case of positive frequency
deviations, ACE is always bigger than AP.

Energy volumes for ramping period energy, FCP energy and unintended exchange

The integral of the quantities above corresponds to encrgy values in MWh. The integral JAP corresponds to
unintentional deviation as formerly defined in the Operational Handbook. The integral [ACFE corresponds to
unintended exchange (£,.) in accordance to Article 51(1) ol the EBGL. The integral [Pgp corresponds to
ramping period energy (Epp) in accordance with Article 50(3)(b) of the EBGL. Finally, the integral -JKAf
corresponds to FCP energy (Epcp) according to Article 50(3)(a) of the EBGL.

In the following, JACE + [KAFf corresponds to the sum of the unintended exchange and the FCP cnergy (£, +
Ercp).

The encrgy volumes for ramping period energy, FCP energy and unintended exchange are to be settled
financially according to the EBGL and are the subject of the CCU and CCFR.

2.3. Example

It is assumed that there is a synchronous arca with two TSOs, respectively LFC areas. Both LFC areas have
the same K-factor (800 MW/Hz), the same inertia and the same amount of FCR, which is 100 MW fully
activated at a frequency deviation of 200 mHz.

FFor the example, it is assumed that in the LFC arca of TSO A there is an outage of a power plant of 100 MW,
Figure 3 illustrates the chronological sequences of FCR, ACE, etc. aller the outage ol the power plant. It is
assumed that besides the outage of the power plant there are no deviations from the ANES between the 2
TSOs. Moreover, it is assumed that the K-factor is exact.
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Figure 3: Example lor the chronological sequences of FCR, ACE,. ete. atter an outage of a 100 MW power plant in the LFC
area of TSO A
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From Figure 3, it can be seen that inertia is the first power which has an effect on frequency followed by the
power-{requency response (KAf), stabilising the frequency. Afterwards aFRR brings frequency back to its
nominal value.

From Figure 3, the following conclusions can be drawn:

—  The sum of AP over all LFC areas is always zero.

- The sum of ACE and KAf over all LFC areas is also zero under the assumption of perfect K-factor, as
long as there is enough KAf available.

—  The sum of ACE over all LFC areas is zero only if there is no frequency deviation.

—  The sum of KAf over all LFC arcas is zero only if there is no frequency deviation.
The ACE of one TSO can be balanced with the ACE of other TSOs.

3. Overview of FSkar

3.1. High-level design (Articles 3 and 5)

Figurc 4 illustrates an overview of the workflow for FSkar. There are threc main tasks done for FSkar:
accounting, settlement and invoicing,

The data that needs to be collected for each TSO-TSO settlement period are:
¢ the ANES, which arc obtained from the verification platform (VP);

e the accounting data, upon which neighbouring TSOs agree for each TSO-TSO settlement period.
including VTL exchanges;

¢ the average system [requency deviation;
o the K-factor for each LFC arca/block.

A more detailed explanation of the data exchange is given in chapter 7.
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Figure 4: Data flow and setup of accounting and settlement functions

With the collected data as input, the accounting function caleulates the following encrgy exchanges: ramping
period cnergy, FCP energy and unintended exchange. The calculation is described in chapter 3.4.

The objective of settlement is to caleulate prices for ramping period energy, FCP energy and unintended
exchange. For this, the settlement function uses as an input the amounts of energy exchange as well as the
day-ahead market prices. The pricing rules, based on which the prices arc calculated, are described in chapter
35

Additionally, the financial flows between TSOs are to be determined. Invoicing is then performed based on
these financial flows,

Accounting and settlement will be performed as a rule on an LEC area-level. Alternatively. some LI'C areas
of a single LFC block might agree upon common settlement for their combined areas. This includes the case
where all LFC arcas of a single LFC block agree upon settlement on LFC block level.

The specific entitics which will be entrusted with the accounting and settlement function and invoicing tasks
or the process to appoint them is not in the scope of the CCU and CCFR.

Consistency with proposals lor financial scttlement between synchronous arcas and the TSO-TSO settlement
of intended exchanges of energy from imbalance netting, aFRR, mFRR and RR is to be maintained.
3.2. Functions (Article 5)

As described in the previous chapter, there are two main functions for FSkar- accounting and sctilement. In
the CCU and CCFR, they are [urther divided into CCU and CCFR accounting and settlement funclions, Table
2 explains the differences between them.
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Table 2: CCU and CCFR accounting and settlement functions

Input Output
-lactor: i s
: : ke iiont - Intended exchanges: ramping period and
CCFR accounting function|Average frequency deviation .
- FCP encrgy
ANES
Accounting data
ANES
CCU accounting function . . . - NP Unintended exchange
& TINCHO |y clumes of ramping period and FCP energy (output of CCIR ™

accounting tunction) o
Day-ahead market prices |
Average frequency deviation I
Volumes of ramping period and FCP energy {output of CCTR
accounting function)

i

Price for FCP encrgy
CCFR settlement [unction Inancial flows due te exchange of FCP

. . . energy
Volunes of unintended exchange (output of CCU accounting "

function) S

Day-ahead market prices

Average frequency deviation

Volumes of ramping period and FCP energy (output of CCFR
accounting function)

Price for unintended exchange

CCU scitlement function Fmancial flows due to unintended

. . : exchange
Volumes of unintended exchange (output of CCU accounting
function)
e Financial flows due to exchange of FCP energy and unintended .
Invoicing task Invoices
exchange

The nced for a difterentiation between CCU and CCFR accounting and settlement {unction ariscs from the
fact that the CCU and CCFR are proposals pursuant to different articles of the EBGL: Article 5 1(1) and 50(3)
respectively. As such, the CCU and CCFR are independent proposals, although interlinked. In this
explanatory document. on the other hand, both CCU and CCFR accounting functions are considered together
as the accounting function, being performed by the same accounting cntity. The same applies for the
scttlement function,

3.3. TSO-TSO settlement period (Article 6)

A TSO-TSO settlement period of 15 minutes has been agreed upon. The TSO-TSO settlement period
corresponds to the time unit, for which accounting and settlement of ramping period energy, FCP energy and
unintended exchange is performed. For each TSO-TSO settlement period, the volumes of these energy
exchanges as well as a price arc calculated.

A 15-minute period is in line with the balancing market time unit and the imbalance settlement period.
Furthermore, the effort and resources needed are limited compared to a TSO-TSO sctilement period ol §
minutes,

However, a TSO-TSO settlement period of 5 minules has some advantages too and in the futurc using a TSO-
TS0 settlement period of S minutes can be reconsidered through the reviewal mechanisim, described in CCU
and CCI'R Article 4(2)h.

The CE TSOs shail also keep in mind that the Market Committee has made the remark that enforcing a TSO-
TSO seltlement period of S minutes in the [uture is likely. It is recommended to TSOs (hat, in case of needing
to change their meters to go for a granularity of 15 minutes, implementing meters that allow for 5 minutes
too would be advisable, to be ready for a S-minute granularity if agreed in the future. Such a possibility is
forescen in CCU and CCFR Article 4(3).

3.4. Volume determination (Article 7)

The governing equation for the determination of energy exchanges is as [ollows:
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Eex = Escn + Eyry + Epcp + Egp + Ey,

The value E,,y is the exchanged energy between two LFC arcas/blocks as reflected in the accounting data.
The accounting data should also include the exchanges per virtual tic-lines (this is shown separately through

Eyry, for clarity). This VTL exchanges may include but are not limiled to aFRR cxchanges and imbalance
netting.

Scheduled encrgy exchanges, E¢,, refers to the energy corresponding to the sum of the ANES for cach LFC
area/block, as obtained from the Verification Platforni, The ANES include external cominercial trade
schedules and external TSO schedules, in accordance with the SOGL.

The difference between the scheduled energy exchanges and the accounting data corresponds to the sum
Epcp + Egp + Eye. The value of cach of these terms is to be determined by the accounting function for each
TSO-TSO0 settlement period as described below,

3.4.1. Frequency containment process energy
The energy cxchanged as a result of the frequency containment process Erep is to be calculated as follows:
Epep = —K = Af
The K-factor k is a value determined per LFC block by the SG SF; cach LFC block can determine the K-

factors of its own LFC areas. This value can be additionally modified by the FCR Cooperation. The average

frequency deviation Af is the simple average value of the frequency deviations in the Synchronous Area per
TSO-TSO settlement period.

3.4.2. Ramping period energy

Cross-border exchanges of energy are performed based on ANES derived from external TSO schedules and
external commercial trade schedules. ANES are ramped. The agreed ramping rules within CE are applied
every time the scheduled exchange changes, from 5 minutes before the schedule shift until 5 minutes after

the schedule shift, according to the proposal according Article 136 of the SOGL for CT reflected in the Policy
on Load Frequency Control and Reserves of the SAFA.

Consequently, ramping power is exchanged cross-border according to these predetermined fixed rules and
therefore encrgy is intentionally cxchanged between each TSO and all TS( )s, as illustrated in Figure 3.
. e cOTTCCliON [LFC
----- ANES

ramp

Figure 5: Hlustration of a Ramping Period

For each TSO in the SA CL, for each change in ANES within this synchronous area. the energy accounted
for in the pre-schedule ramp (-5 minutes) matches the energy i the post-schedule ramyp (+5 minutes), but for
its sign. Furthermore, for cach change in ANES within this synchronous arca, the energy accounted for in the
pre-schedule ramp adds up to zero over all TSOs in SA CE. It is a perfect zero-sum volume game and the
volumes can be calculated cxactly based on the ANES change and the ramping period.
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3.4.3. Unintended exchange

The unintended exchange E,,, corresponds to the difference between E, and all other intended cxchanges of
cnergy.

Eve = Eex = Esen — Eyry — Epcp — Egp

3.5. Pricing rules (Article 8)

[t 1s possible. according to the EBGL, fo set different pricing rules for ramping period cnergy. FCP energy
and unintended exchange. The CCU and CCFR, however, sct a zero-pricing rule for ramping period encrgy
and the same reference price model for FCP energy and unintended exchange for all SA CL.

3.5.1. Pricing method for ramping period energy (Art. 8(1) of the CCFR)

Different pricing options were studied for ramping period energy. It has been agreed upon, that the price for
ramping period is EUR 0 /MWh. The reason for this is that this pricing rule does not cause [inancial risks, it
is simple and the cffort for applying it is low. Other pricing rules were investigated. However, since the
turnover (or the most expensive pricing rule wouid have only been around EUR 2 million in SA CE, the effort
to implement a pricing rule is considered as too high compared to the turnover.

3.5.2. Pricing method for FCP energy and unintended exchange (Art. 8(1) of the CCU and
Art. 8(2) of the CCFR)

The CCU and CCFR set the same price for FCP energy and unintended exchange. Pricing rules with separatc
prices for FCP encrgy and unintended exchange were investigated but deemed less appropriate.

The pricing method proposed for settlement of FCP energy and unintended cxchange is shown in Figure 6.
There are two components to the pricing method, which will be explained in the following: the reference
price and the frequency dependency.

For the purposes of financial scttlement ol intended exchanges as o result of FCP and ramping periods, and
unintended exchange, the following frequency ranges arc relevant:

® Adequale frequency range, where the absolute value of the average lrequency deviation Al is less
than 20 mHz. In this case, the pricing method is frequency independent.

e [I'requency-dependent range, where the absolute value of the average frequency deviation Af lies
above 20 mHz.

Reference price: Article 8(1)(a) of the CCU and 8(2)(a) of the CCFR

The sclected reference price is calculated for each TSO-TSO settlement period for all TSOs as the weighted
average of the day-ahead market prices of the Bidding Zone or Bidding Zones for LFC arcas/blocks. The
weighting is done according to the amount of unintended exchange and FCP energy which was exchanged
by the LI'C’ area/block over each TSO-TSO settlement period ¢. Justification of this selection of a reference
price is given in 4.5.4 of this document.

The reference price sets the price for FCP energy and unintended exchange in the adequate frequency range.
For the calculation of the reference price the following quantities are needed:

| Day-ahcad market price for LFC arcasblock m. DAME,,(t): Since a day-ahcad market price is
determined per bidding zones and not LFC area/block, an cquivalent day-ahead market price must
be determined for each LFC block, in case the LFC block does not coincide with a bidding zone. The
details are discussed in chapter 3.5.3.
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2. The volumes of unintended exchange and FCP energy for the LFC arca/block m and the TSO-TSO
settlement period ¢, (Eye + Epep)m(t): This is calculated by the accounting function and the result
is used as an input for the settlement function.

The relerence price for the TSO-TSO settlement period t is calculated as follows:

Zm DAMPm(t) * (Eue F EFCP)m(t)
Zm(Eue + EFCP}m(ﬂ

Frequency dependency: Article 8(1)(b) of the CCU and 8(2)(b) of the CCFR

The frequency dependency can be scen in Figure 6. When the absolute value of the average frequency
deviation over the TSO-TSO settlement period ¢, Af(£). exceeds 20 mHz, a slope of 2 EUR/mHz is applied
to the price (see chapter 4.3). The frequency dependency is stopped at 100 mHz: by greater frequency
deviations, the price is equal to the cne calculated for a frequency deviation of 100 mHz. This avoids the
occurrence of extreme prices (see chapter 4.4).

Pricepy,(t) =

The final price for unintended cxchange and FCP energy is then calculated as follows:

(Price,;(t) = 2 €/mHz + (=100 mHz + 20 mHz) Af(£) < =100 mHz
Price,, () — 2 €/mHz + (Af () + 20 mHz) ~100 mHz < Af(t) < =20 miz
Priceyy pep(t) = Price, ¢ (t) —20mHz < Af(t) < 20 mHz
Price, e (t) — 2 €/mlz + (Af(t) — 20 miz) 20milz < Af(t) < 100 mHz
Price,op(t) — 2 €/mHz + (100 mHz — 20 mHz) Af(t) > 100 mHz
—_— =
&
g lrequency
‘g fee [E/MWI/ml 7]
2.

reference price for the settlement period

-100 ‘ 0 20 100 Al [mllz]
deficit of energy in the system surplus of encrgya the system

Figure 6: Hiustration of the proposed pricing method with a stop of the frequency dependent part at a frequency deviation
of 2100 mHz~

In casc ol'an HVDC system connecting two TSOs of the synchronous arca continental Europe, the frequency-
dependant component may be not applicable.

3.5.3. Determination of the day-ahead market price for each LFC block

ACE and unintended exchanges are defined per LFC arca/block, since the I,FC controllers aim to reduce the
real-time value of ACL to zero for its respective zone. For this reason, accounting and settlement of
unintended exchange can only be performed on an LFC arca/block-level and a day-ahcad market price is
needed for each LFC area/block. Day-ahead market prices are determined however on a bidding zone level.
To overcome this, an equivalent day-ahead market price to be used for each LIFC block is determined in
Atticle 8(1)(a) of the CCU and Article 8(2)(a) of the CCIR as follows:
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- LFC blocks which consist of one LFC arca with one day-ahead market price: The bidding zone
corresponds to the LFC area and the LFC block. Therefore, no special disposition is needed. For cach
LIFC block, the day-ahead market price of the corresponding bidding zone can be used. This is
currently the case of LFC blocks BE, GR, AT, CZ, BG, HU, ES, PT, FR, SK, CH, TR, NL, IT and
RO.

- LFCblocks with several LFC areas, each with unique day-ahead market price: This is, for example,
the case of the LFC block TNG I'TTG+AMPA SO0HZT (Germany) + DKW (Denmark West) + LU
(Luxemburg). The LFC block consists of four L.FC areas. There is onc day-uhead market price for
Germany and Luxemburg and one day-ahead markel price for Denmark West. In this case. Article
8(1)(a)(i) applics: the weighted average LFC block price is calculated by weighting the day-ahcad
market prices of the LFC areas with the respective notified K-factor of each LFC area. Example
calculation for DE-DKW:

kpe * DAMPpg + kg = DAMPpyyy

D =
DAMPpg_pgw = loe + Korw
- Case LFC Block SMM (EMS-CGES-MEPSQ): The SMM LIC block consists of three LFC arcas.

Only one LFC area (RS) has a day-ahead market price. In this case, Article 8(1)(a)(i) applies as
lollows: LFC areas which do not have a day-ahead market price are not considered in the caiculation
of the average weighted price for the LFC block. In the specific case of SMM, this means that only
the price from RS is considered and equals the average price of the LFC block SMM for calculations.

This is also the case for the LI'C block PL/UA, where only PL has a day-ahead market.

[n the case of the LFC block SHB, the LFC arca BA has no day-ahead market price, so the price for
the LFC block is calculated as the weighted average of the prices of SI and HR. wei ghting by the k-
lactors of ST and I1R. Example calculation for SHB:

ka * DAMPSI + kHR * DAMPHR
ks + kyg
- An LFC area, which includes scveral bidding zones: This is the casc of the LEC block/arca [T. The
LFC block consists of one LFC area with several bidding zones and therefore day-ahead market
prices per LFC' area. In this case. Article 8(1)(a)(ii) applies and the TSO operating the LIF(" area may
decide which price or prices to utilise for defining the day-ahcad market price of the LFC arca.
Weighting with the k-factors is not possible, since k-factors are only defined for LFC areas or blocks.

DAJWIE‘”B =

- Case LFC Block AL: There is no day-ahead market price for the LFC block/arca. In this case. Article
8(1)(a)(inn) applics: the imbalance settlement price for that LFC block for that TSO-TSO settlement
period is used instead of a day-ahead market price. In the case of dual pricing, an average price is
calculated.

3.5.4. Usage of day-ahead market prices (Article 9(2))

The EBGL requires that the prices for unintended exchange shall reflect balancing encrgy prices. The pricing
method used is not dircctly bascd on balancing encrgy prices. because main pricing principles are not
harmonised yet and prices, which were generated under different pricing principles (¢.g. pay-as-bid and
marginal pricing) cannot be cousidered together without distortions. The fact that common balancing
platforms will not be available before implementation of FSkar or, at the most, they will be at a very early
phasc (with not much experience), is an additional reason for basing the pricing method initially on day-
ahcad markel prices. Altempting to use balancing prices from the beginning could therefore lead to high
financial risks and arbitrary prices due to unforeseen market issues.

To meet the implementation deadline as required by the EBGL. the pricing method RPM (reference price
model) uses day-ahcad market prices. Additionally, day-ahead market prices reflect balancing energy prices.

14
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as required by the EBGL, because it is very likely that the prices for balancing encrgy are also high in case
of high day-ahcad market prices. This is especially truc if free bids for balancing energy arc allowed.
Additionally. the pricing method RPM is depending on the frequency deviation. The frequency dependency
ol the pricing rules reflects the balancing encrgy prices too, because balancing prices should increase with
increasing frequency deviations as prices resulting from pricing methods depending on frequency deviation
do too.

Nevertheless, there is an intention to use balancing prices to determine the prices for FCP cnergy and
unintended exchange in the future. Therefore, using balancing energy prices shall be reconsidered in the
reviewal mechanisin after the platforms for balancing energy are impiemented.

3.6. Sign convention
To avoid misunderstanding, the sign convention applying to encrgy volumes is the following:

* A positive energy volume corresponds to an export of encrgy by the TSO, i.c. if the TSO is long, the
unintended exchange is positive.

* A negative energy volume corresponds to an import of energy by the TSO. i.c. if the TSO is shorl,
the unintended exchange il negative.

The prices obtain their sign from the mathematical formulas in chapter 4.5.2.

The settlement amount per TSO-TSO settlement period, corresponding to the multiplication of the energy
volumes (of unintended exchange and FCP energy) and the price (for unintended exchange and FCP energy),
are therefore governed by the following sign convention:

e A positive settlement amount corresponds to a payment owed to this TSO: an export of energy when
the price is positive leads to a gain.

* A ncgative settlement amount corresponds o a payment from this TSO: an import of cnergy when
the price is positive leads to a cost.

This sign convention is consistent with the sign convention [or the TSO-TSO settlement of intended
exchanges of energy.
3.7. Single pricing

[Lis worth noting that. in the future, a single price in SA CE for unintended exchange and FCP energy shall
be kepr. due to the fact that it is a zero-sum game. In this sense, the financial flows should only cause
redistributions among the SA CE TSOs, and the same price should be used for the same kind of encrgy. In
addition, keeping a single price would reducc the complexity.

3.8. Critical network situations
In the following, various critical network situations are described and it is analysed il and how they have to
be considered concerning FSkar.
3.8.1. Inter-area oscillations
Analysis

In the SA CE system, a series of unfortunate circumstances can trigger an inter-arca oscillation. Some
parameters that can cncourage inter-arca oscillations are high power transport over long distances or too high
impedance, e.g. caused by an unexpected line opening.

Each factor is usually not critical itself, but the combination can influcnce the system stability and decrease
the general damping,

15
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The SA CE system shows two main oscillation modes:

- North-South mode: frequency oscillating within about 250 ml1z.
East-West mode: frequency oscillating within about 150 mIz.

Spain

Turkey

France 1Tave|]/

Germany

france (Saucats) Denmark

Figure 7: Frequency in different locations of SA CE at East-West mode oscillation on 1 December 2016 (ENTSO-E analysis
of CL inter-arca oscillations of 1** December)

Figure 7 shows the frequencics at different places in SA CE during the last East-West mode oscillation which
was triggered by an unexpected opening of a 400kV line in France. The highest frequency deviations of
140 mllz peak-to-peak were recorded in the Iberian Peninsula. Afler 5 minutes, the oscillation was
completely damped by reduction of schedule cxchanges between Spain and France.

Conclusion

Since inter-arca oscillations occur only rarely with short-term frequency deviations and numerous measures
started to prevent the oscillations, they shall not be considered for the development of a pricing method.
Morcover. inter-area oscillations almost level out over the settlement period of 15 minutes which is an
additional reason not to consider thein.

3.8.2. Network split (Article 8(3))
Analysis
Since 2000, there have been the following big network splits:

- 28/09/2003: Tialys black out

- 04/1172006: UCTE

= 14/1/2012 and 8/05/2012: Turkey

- 30+31/03/2015: Turkey (31: black-out)

By this, one can see that network split happens rarely and represent an exceptional situation.

[T'there is a nctwork split, the TSOs affected by it swilch to an emergency state. According to the ENTSO-E
Network Code on Emergency and Restoration, a TSO is entitled to suspend market activities during
emergency state or black out. Additionally, the TSO is entitled to suspend the operation of its processes
impacted by such suspension. The suspended market activities may include, inter alia, the schedule energy
and cross-border capacity.
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Figure 8 shows the different types of network splits. Situation A) illustrates the system in a
normal state with 4 LFC blocks in one synchronous arca. Situation B) shows the network split of one LFC
block (LFC Block 4) and the other LFC blocks are still in one synchronous area. Situation C) is an example
for a network split which causes formation of two sub synchronous areas.

Situation B: Network split of one LIFC block

sgnchronOus are] m

Situation A: System in a normal state

|
|

" synchronous area Y

B ——

Situation C: Network split into two subsvnciironous arca

sub synchronous area

o B

sub synchronous area

5 {
3 - i
ey |k »

Figure 8: Different types of network splits

Conclusion

No changes will be introduced during a network split of one LFC block (situation B). It the network split
affects more than one LFC block (situation C), FSkar will be done without the trequency dependent part. The
reason for this is that the situation C occurs rarely and suspending the [requency dependency avoids
determining which frequency metering should be used in the sub-synchronous areas, since there are several
system [requencies in this case.

3.8.3. Alert state and emergency state
Analysis

In the SOGL, the following definitions for normal, alert and emergency state can be found concerning
frequency deviation.

Normal state:

- lrequency is within standard Irequency range of + 50 mllz
frequency is within a frequency range of + 50 mHz to = 100 nHz for less than 15 minutes
frequency is within a frequency range of L 100 mIHz to L 200 ml 2 for less than S minutes

Alert slat

7]

- frequency is within a lrequency range of + 50 mHz to + 100 ml{2 for more than 15 minutes
- frequency is within a frequency range of + 100 mHz to + 200 mHz for more than S minutes

Emergency state:
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- frequency is within a frequency range higher than + 200 mHz

Conclusion

The motivation behind looking at alert and cmergency states is that financial risks should be avoided by
eventually proposing amendments to the pricing method in this situation. Nevertheless, large frequency
deviations rarely occur. Therefore, it has been agreed upon not to add any features to the pricing method as a
result of alert or emergency stales, since these extreme situations are alrcady included in the frequency
dependency part.

4. Simulations

4.1. Introduction

Several simulations were performed in order to define the common settlement rules. In this chapter, a small
description of the performed simulations is presented.

Ten difterent pricing methods were initially taken into consideration. After a first analysis, threc promising
pricing methods were identified. In order to determine the most appropriate pricing method, simulations were
carried out for all three pricing methods and compared in detail. Based on the evaluations, the pricing method
reference price model (RPM) has been agreed upon.

The main advantages of the pricing method RPM are that it is considered to create most appropriate prices at
both normal and large frequency deviations and that it is the best one in avoiding perverse incentives and
possibililics to arbitrage. By avoiding perverse incentives, the RPM provides incentives (o have a good
unintended exchange behaviour (Chapter 5.5).

4.2. Description of simulations

The simulations were done for 3 years (2014-2016).
Data description:

e The simulations were carried out with data on LFC block-level.

*  Frequency: the 15-minute frequency data from Vulcanus is used.

e I'CP energy and unintended exchange: Were calculated hased on metering period of 15 minutes.
The AP values ot all LFC blocks (difference between ANES and actual metered data) arc available.
The ramping periods were calculated based on the ANES using the +5 minute ramp for SA CE. The
FCP energy was calculated using the lrequency data and the reported K-factors for the LFC blocks
in SA CL. With this it was possible to calculate the remaini ng unintended exchange.

¢ Day-ahcad market price data: 1Tave been collected for the different LFC blocks. Day-ahcad market
prices were not available for all LIFC blocks and some LEC blocks have two or even more day-ahcad
market prices. In the following, used workarounds are described.

o For Albania and Bulgaria (LFC blocks OST and LSO. respectively). inbalance settiement
prices are used instead of day-ahead market prices.

o For Germany and West Denmark (LFC block TNG ! TTGA AMP1SOHZT : DKW ! LU}, the
weighled average day-ahead market prices were used. Weighting was done with k-factors.

o For ltaly (LFC block Terna), the day-ahead market prices of the northern bidding zone were
used.

o For Poland and Western Ukraine (LFFC block PSE + Western WPS), only the day-ahcad market
prices from PL were used.

o For Slovenia, Croatia and Bosnia and Herzegovina (LFC block SIIB), only the day-ahcad
market prices from Slovenia were used from 2014 to February 2016. Afterwards, the wei ghted
average day-ahead market prices Irom Slovenia and Croatia were uscd.
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o For Scrbia, Montenegro and FYR of Macedonia (LFC block SMM), HUPX prices were used
until February 2016. Afterwards, the day-ahead market prices from Scrbia were used.

o For all other LFC blocks, a day-ahead market prices could be used without the need for a
workaround.

o Insome cases, K-factors were needed to calculate an average weighted day-ahead market prices.
K-factors were taken from subgroup system [requency.

©  15-minute day-ahead market prices were needed for simulations. If day-ahead market prices
were enly available with a resolution of 30 minutes or one hour, it was assumed that day-ahead
market prices in the quarter hours within those 30 minutes or onc hour have remained constant.

e The simulations were conducted with MATLAB,

The purpose of the simulation was to calculate the price for unintended exchange and FCP energy for cach
I5-minute period. Additionally, the amount of FCP energy and unintended exchange was caleulated for each
LFC block and, by multiplying these with the respective prices, the resulting cashflows for each LFC block
could be calculated.

4.3. Analysis and proposal of parameters

Different parameter combinations for the RPM were evaluated. The variable parameters in this model are the
adequate frequency range (+20mtlz in Figure 6), and the slope in the frequency-dependent range (2 €/mHz
in Figure 6). An additional (optional) paramcter is the frequency at which the frequency dependency is
stopped (100 mHz in Figure 6).

Table 3 shows the result of the evaluation. The parameter combination is marked by slope_firequency without
slope. 1f available. the third paramcter is the frequency stop. The results of simulations were analysed
according to the following criteria:

e [inancial risks (avoid high prices and turnover): the parameter combination with the highest turnover
for all LFC blocks in SA CE was assigned a score of -1. The combination with the lowest turnover a
score of +1. All other combinations were assigned a score between -1 and +1, proportional to the
turnover.

e Appropriate incentives to have a good unintended exchange behaviour. For his criterion the TSOs
gave individual scores following a survey which were averaged.

¢ Disadvantage small or big LFC blocks: The average prices for unintended cxchange and FCP encrgy
were calculated for each LFC block in SA CE. It was determined that no parameter combination
represents any advantage for big or small LFC blocks. As a result, all combinations were assigned a

score of 0.
Comparing the results of the cvaluation, it could be observed that a slope of € 4 /MW/mllz should not be

used, because the financial risks are too high and in addition the incentives to have a good ACL behaviour
were rated as inappropriate

The parameter combination 1_00, 2_10 and 2_20 received the best scores. A mark-up, respectively mark-
down in the case of small frequency deviations, is considered as inappropriate, so a frequency range without
slope should be used for small frequency deviations. Thus, the combination 100 was not discarded.

Table 3. Evaluation results for the different parameters

< | = = = = < — — =]
3‘ | v—ll f‘ll ¢I “—4r ﬁll C! '—‘ f\ll
- - — o~ 2] ~ =t -t -

Weighting
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Financial risks: avoid high

prices and turnover 0.45 0,746 | 0,134 0,621

Appropriate incentives to

have a good ACE

behaviour (not oo high
_nor oo low) 05| 0075! 02| -025| 0,125 025)] 03] -038] -011| -0.28

Disadvantages to small or | |
big LT'C blocks 0.05| 0 0 0 0 0/ 0] 0 0 0

Sum 042 030 028 o026 0.4ET 0,53 IR0 000|014

To determine which value (L10 mHz or £20 mHz) is adequate for the frequency range without siope, the
distribution of the absolute values of the frequency deviation [or the years 2014, 2015 and 2016 was analysed:

46% of all 15-minute frequency deviations from 2014 to 2016 are above 10 mtlz.
17% of all 15-minute frequency deviations from 2014 to 2016 are above 20 mHz.

A mark-up, respectively mark-down, ol approximately 17% ol all prices is considered appropriate. Since the
paramcter combination 2_20 additionally received the best scores, it was decided to usc these parameters.

Furthermore, according to the SOGL, FCR providers are requested to start providing the FCR at the frequency
deviation of =20 mHz. This range results from the sum of the “minimum accuracy of frequency
measurement” (+10 mHz) and the “maximum combined effect of inherent frequency response insensitivity
and possible intentional frequency response dead band of the governor of the FCR providing units or FCR
providing group” (£10 milz for SA CE), as defined in the SOGL Annex V. Since one of the goals of
impicimenting FSkar is to reward TSOs with a correct FCR response, this is an additional argument for the
adequate frequency range of =20 mllz.

If, in the future, the settlement period is changed, the size of the deadband should be reconsidered as well.
since balancing eflects over 3 minules are smaller than over 15 minutes.

4.4. Reducing the risk of extreme prices

A price cap Lo avoid extreme prices will not be applied for the following reasons: Since the extreme prices
occur only rarcly, the turnover caused by extreme prices is relatively low compared to the turnover of the
year. Furthermore, a cap on prices might give incentives to those LFC blocks with high day-ahead market
prices fo import unintended exchange energy. Additionally. other mechanisms and platform do not use price
caps and according to EBGL caps for payments or prices arc not allowed unless TSOs agree upon a
harmonised maximum price. Morcover, using a cap prices would distort the true state of the market in SA
CE, because high reference prices caused by high day-ahcad market prices in some LFC blocks would simply
reflect the prices for energy.

However, the frequency dependent part of the prices for FCP energy and unintended exchange at a frequency
deviation of +100 mllz in order to limit high prices caused by extreme frequency deviations, and therelore
limit also the financial risks to TSOs.

To check whether no other workaround is necessary. it will be monitored in the reviewal mechanism
explained in Chapter 6.2 of this explanatory document if too any TSOs arc long in order to profit by FSkar.
This might be possible, because the TSO expect high prices for FSkar based on the day-ahead market prices
known before. If this occurs, a modified workaround may become necessary.

4.5. Risk of arbitrage

There is a residual potential for individual TS() arbitrage, that would be detrimental to the frequency
restoration objectives of SOGL, at the expense of the joint frequency quality and system security, and thus at
the expense of the other TSOs. Even though the RPM is rated as the best pricing method to avoid possibilitics
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to arbitrage, there is still a residual risk of arbitrage. However, this risk is considered (o be limited because
FSkar is, by delinition, a zero-sum game and only leads to distributional effects. This means that some TSOs
will face a positive cashflow and others a negative cashflow. Moreover, it is impossible to predict the exact
settlement prices. The inpul parameters to calculate the settlement prices are the day-ahead market prices
weighted by the unintended exchange volume and the frequency deviation. Since only the day-ahead market
prices are known in advance, the exact settlement prices cannot be determined in real-time.

To minimise this risk. it was discussed to make ACE in each settlement period costlier than the costliest
balancing cnergy activated anywhere in the synchronous area in that settlement period, incentivising
compliancy with the SOGL. Nevertheless, the following arguments led to the final decision.

Financial risk for all TSOs

[n the cvaluation, simulations were used to estimatc the financial impact of different scttlement
methodologics. In two of the considered methodologics, the settiement price was based on the costliest
imbalance price. Imbalance prices were used since actual balancing energy prices from the costliest balancing
energy bids that were activated were not available.

Simulations for 2014 showed that the turnover of these methods is much larger than the turnover of all other
considered methods. For illustration; the turnover of the chosen RPM-spot method was simulated to be around
M€ 70, while for the methods based on the costliest imbalance price this was respectively around M€ 225
and M€ 500. The financial risk for TSOs induced by a reference price based on actual maximum balancing
energy prices would be much higher than with spot prices, especially if market designs and pricing methods
are not harmonised. [For example, in the German and Austrian LI'C blocks, balancing energy bid prices for
alRR up to € 100,000 /MWh can be observed nearly permanently on the German- and Austrian merit order
lists (MOL). In other LEC blocks, maximum balancing cnergy bid prices, almost never exceed a few hundred
€/MWh, cither through another market design or through cffective regulation. Exposing all TSOs to such
comimon excessive price rigks, that arc outside their span of control, is regarded as unacceptable, especially
for small TSOs that run large ACE risks due to large deterministic events.

Risk of an individual TSO influencing the price

For settlement methodologics where the price is based on the costliest activated balancing cnergy bid, the
influence of one single TSO action on the common settlement price can be very big and volatile. For example,
activating a € 100.000 /MWh balancing energy bid by a TSO would not only raisc the balancing cnergy cost
within its control area, but also the cost of settling its own remaining ACE, and that of all other TSOs. Of
coursc, by not activating such a bid both these effects would be avoided, but the [requency restoration process
objective would not be attained. The Reference Price Method on the other hand is based on spot market prices
which cannot be influenced by individual TSOs actions.

Risk of energy control instead of power control

IWprices for unintended exchange are (oo high. there is the risk that TSOs may be tempted to perform energy
control, even if this is not allowed by Articles 143(1)(a) and 145(4)(c) of the SOGL. rather than power control,
which means that individual TSOs may tiy to compensate their ACE from the first part of the settlement
period in a Tater part, contrary to the frequency restoration objective and making frequency unstable.

Not the only measure

TSOs have the legal obligation to balance their ACE to zero within TTRF and respect some quality indicators.,
Additionally. the SOGL foresees a monitoring of the ACE and frequency quality in annual reports.
Unintended exchange is by delinition a zero-sum game. By this, FSkar only has distributional elfects which
means that some TSO will face a positive cash flow and others a negative cash flow within the same
settiement period.
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Compliancy to the SOGL cannot be enforced only by FSkar. On the other hand, financial settlement of ACE
should not be obstructive to fulfil the SOGL frequency restoration objectives.

Impossible to predict the exact settlement price

Although day-ahead market prices arc known before real time. the settlement price of the RPM uses a
weighted average of spot prices in the concerned area. These weights are based on the volumes of FCP energy
and unintended exchange of each LF(' area/block which is not known upfront. Moreover, the frequency
deviation, which is an input parameter for the pricing method as well, is not known in advance. The price
from the RPM can therelore not be known precisely in advance.

S. Planning implementation (Article 4)

5.1. Timetable of implementation

The following timetable shows the time which is needed to implement the ditferent processes and systems
for FSkar.

Table 4: Implementation timetable of FSkar

Task 2019 2020 2021 2022

Quarter 1 20 3] 4f 1| 2} 3| 4 1 2] 3§ 4 1] 2
Development of FSkar
Business requirement
specifications and
Implementation Guide
Inclusion of FSkar in the
SAFA for SA CE
Submission for approval
common settlement rules
Approval of the common
| scttlement rules by NRAs
Change of meters

Change ol [T systems lor
meters

Adjustiments accounting | !
| systems ; |
Laplement scttlement | o !
system i
Implement publication

Go-live of FSkar !

Reviewal mechanism i ' ﬂ

The CCU and CCTR shall be submitted to regulators by 18 months after the cntry into force of the EBGL,
1.c. by 18 June 2019. Regulators have 6 months since submission of the proposals to decide on its approval.

A survey to all SA CE TSOs showed that changing meters and the associated 1T systems will take up to 2
years. This survey is further described in chapter Error! Reference source not found..
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5.2. Reviewal mechanism and possible evolutions of the pricing method

Using balancing energy prices

Article 4(2)(g) of the CCU and CCFR includes a reviewal mechanism for the FSkar, where the settlement
rules are reviewed regarding their effectiveness and appropriateness. The main reason for introducing this
reviewal mechanism is the need to re-evaluate the use of day-ahcad market prices instead of balancing energy
prices. In order to calculate the reference price. balancing energy prices could be used instead of day-ahead
market prices. These prices could be taken directly from the plutforms for exchange of IN, aFRR, mFRR and
RR. Since TSOs balance their system with balaincing energy and not with energy bought on day-ahcad
markets, the reference price could be more cost reflective.

The point in time for the reviewal mechanism has been set at one year after the last go-live of the balancing
platforms. It is considered that one year is enough for gaining experience in the balancing platforms and to
avoid risks due to unforescen market or [T issues during the implementation of the platforms. Duc to this,
there will be enough experience and data gained to consider using balancing energy prices in the FSkar
methodology. In addition, there will also have been experience gained in FSkar so that other aspects of the
mcthodolegy can be reconsidered, il needed.

Once the platforms are operational and there is market data available to analyse it, it shall be investigated if
and which balancing prices should be used in order to calculate the reference price.

Slope and frequency range without slope

The most important parameters of the reference price methods are the slope (EUR 2 /MHz) and the frequency
range without slope (20 mHz). Tt might be that based on operational experience or new analyses, a ncw
combination of parameters is decmed reasonable. By this, it shall be investigated if another combination of
parameters (slope and frequency range without slope) is more uscful.

Others

Therce could be other reasons that lead TSOs to cvaluate changes through the reviewal mechanism. For
example, if in the future it is observed that TSOs are exposed to high financial risks because of FSkar. possible
amendments to the pricing methodology can be investigated, such as price caps or further reducing the
frequency deviation at which the slope stops.

6. Metering

The implementation of FSkar in SA CE will imply changes for some of the metering devices installed in the
mterconnections, to increasc the granularity of metering data to a TSO-TSO settlement period of 15 minuics.
Eventually, changes affccting IT will be necessary too. Furthermore, it is possible that the required granularity
will be shorter than 15 minutes in the future. Consequently, it is uscful to know the minimum granularity
capability available for the existing meters.

in order (o have the information on the existing interconnectors, the scope and timing ol the changes forescen,
a survey was conducted to all TSOs from SA CE in July 2017. According to the responses received, most of
the metering devices had a current granularity set to 15 minutes (78%), followed by a 19% of the devices
with a longer granularity setting of 1 hour. For those devices that were going to require changes, on site
reconfiguration and physical replacement were the most frequent expected changes (61%). The expected
timeframe for these changes was up to 2 years.

At the end of 2018. a new survey was conducted among those TSOs that required metering changes. The
information on those devices with granularity greater than 15 minutes was updated, obtaining as a main result
that most of the changes required for the TSO-TSO settiement period of 15 minutes have been already done
and. for the pending cascs, the changes are forescen before FSkar implementation date (Dec, 2020).
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7. Data

7.1. Data exchange overview

Figure 9 illustrates an overview of the data exchange needed for FSkar between the LIPC areas, the accounting
and settlement entities, the verification platform, the platforms for balancing cnergy, and the SG SF.

|
S i
Verification | S S
|
| Platform J i FCR SGSF |
L s RS Cooperauon i
A Bodend i _
ANES ‘ Day-ahead
ncl. RR) | ; af K-faclor
Accounting data ( ) \ market prices
{incl. VTL
exchanges) < ] 1
e T e o i s s o
; CC North ¥ Physical |
ecounting Rl —————— o any , Transparercy
R o unintended exchange
i Price
| Financial flows
Accounting ' VoLl = i a]
reports TSOs

Seltlement
reports / Invoices

Figure 9: Data exchange between different entities for FSkar

Table 5 describes the individual exchanges in more detail.

Data

Table 5. Data exchange with entities and transparcncy platform

| Explanation
Data sent to accountmg entities

| ANES (incl. RR)

Accountin&data

| Will be sent onge__p_ej \Agk ng day. jﬁshmgn_ g@ll._@j&__ _Qetalls in chapter ?’.5 '

Data sent to settlement entity

‘Will be sent once per week. 15 min verified values. Calculated by the

Will be sent once per wee« 15 min venﬂed valuesr Detalls in chapter 7 2

| ANES (incl. RR)

'FCPE, RPE and UE
Price for FCPE and
UE

AP
R | accounting entity
af
Day-ahead market
| prices o
k-factor

Will be sent once per day. 15 min values. Details in chapter 3.5.3

For SG SF. Will be sent once p per year
For FCR cooperation. Will be sent once per week or once per day (depending

_on the procurement). Details in chapter73
_Will be sent once per day. 15 min verified values

Data sent to transparency platform

| Financial flows

_ Datasenttothe TSOs
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Accounting reports A daily report shall be sent daily. A final weekly report shall be sent weekly.
Settlement reports Will be sent once per week.
| Invoices Will be sent once per month i o )

7.2. f-measurement

Introduction

The frequency deviation is one important parameter (o determine the price for unintended exchange and FCP
cuergy. How to collect, process and distribute [requency data is described in this chapter.

Analysis

Swissgrid provides the frequency data. The data are received directly from the Load Frequency controller

in 1-scc resolution. This data is also used by the platform Vulcanus and are published under the section

“lrequency statistics” at Swissgrid’s website. The argumentation why f{requency data from Swissgrid

shall be used is as follows: Swissgrid sets the frequency set point and Swissgrid's frequency data are also

used in reporting of the ENTSO-E Regional Group Continental Europe (RG CE) committee (LFC report,

Vulcanus).

—  The Laufenberg node is used for measurement. [n case this node is out of operation, there is a priority
rule defining [rom which of the other 22 metering points of Swissgrid to take the data.

= The measurement of the frequency deviation is defined as: (actual — nominal (set point)).

= Available data by Swissgrid: nominal value, AT (the duration of (requency deviation within a predelined
time frame) and Af. Only the frequency deviation is needed, in which the nominal frequency is already
taken into account.

Swissgrid’s system transforms the data in 15-minute resolution and exports them to Vulcanus. An

additional export will be set up lor sending the data o Amprion, for validation purposes, and the validated

data will be then distributed to the settlement entity.
—  The validation process is defined as follows:

e Swissgrid sends, on a weekly basis, the data ol the frequency deviation in a | 5-minute resolution to
Amprion.

e Amprion compares the data provided by Swissgrid with Amprion’s data for each 15-minute interval.

*  Asa [irst step, Amprion checks whether both measurements for cach 15-minute interval lies within
the adequate frequency range {currently defined as +20 mHz). In case both measurements fulfil this
condition, then the validation process is completed and the data provided by Swissgrid will be used
in the settlement process.

e In case at least one measurement, either the one from Swisserid or the one from Amprion ot both,
lic outside the adequate frequency range (currently defined as <20 mllz), Amprion checks whether
the absolute difference between the two measurements for the respective 15-minute interval is higher
than 3 mllz'.
= Incase the absolute difference is lower or equal to 3 mHz, the data provided by Swissgrid will

be used in the settlement process.
— In casc the absolute difference is higher than 3 mHz, the arithmetic mecan of the two
measurements will be used in the settlement process.

" A comparison of the data for the frequency deviation in [S-minute resolution for the year 2016 between Swissgrid and
Amprion was conducted. The results showed that the absolute difference between the two data scts was lower or equal to 3
mHz in 99.24% of all measurcments in the given year.
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o There might be exceptional cases, in which a measurement(s) for a specific 15-minute interval(s)
might be missing either from Swissgrid or Amprion, duc to potential [T problems. In such cases, the
respective measurement(s) of the other TSO shall be used in the settlement process.

7.3. Day-ahead market prices
The following remarks concern the delivery of day-ahead market prices:

- LFC areas send the day-ahead market prices for their LEC areas, if available. to the entity entrusted
with the settlement function. The different cases for LEC arca/block/bidding zone configuration have
been deseribed in Chapter 4.5,

- Since seltiement shall be done once per month it should be sufficient to send the day-ahcad market
price data once a day.

- The settlement enlity shall calculate the equivalent prices for LFC blocks according to the rules above
cstablished in the CCU, before performing a calculation of the price for unintended cxchange and
FCP energy lor SA CE.

- Prices are sent in EUR/MWh.

7.4. k-factor

SG SF determines once per year the k-factor for each LFC area. This information must be send by SG SF to
the settlement entity.

There is an FCR cooperation consisting of Belgium, Netherlands, Germany, Switzerland, Austria and I'rance.
Within this FCR cooperation, a common procurement is done. The results of the procurement will lead to a
change of the k-factor since FCR is the most important component of kAf. The joint k-factor of the
participating countrics remains however equal to the sum of the k-factors determined by SG SE.

Procurcment is done weekly. By this, changes of the k-factor due the FCR cooperation have to be
communicated fo the settlement entity.

7.5. Accounting data

The accounting data refers to the validated data for metered exchanges over tie-lines, also over virtual tie-
lines (V'IL). between neighbouring TSOs. or the agreement on accounting data by the TSOs, there is already
an established process described in the SAFA. This process is continued and the accounting data is further
sent to the accounting entities. Exchanges done through [GCC and PICASSO will be performed through
virtual tie-lines and are as such included in this accounting data.

7.6. Aggregated netted external schedules (ANES)

The ANES shall include all exchanges of energy which are performed based on schedules. This includes
market cxchanges as well as other TSO-TSO exchanges. The ANES are to be taken from the Verification
Platform for the purposes of FSkar. since the data on the Verification Platform is already verified. It is worth
noting that, at the current time, MARI and TERRE plan on exchanging energy through schedules to be
included in the ANES.

7.7. Unintended exchange and FCP energy

There is alrcady a process for calculating unintentional deviation values in the accounting cntitics for the
compensation programme. The accounting entities do already have the ANES available. The accounting
entities shall send the unintentional deviation to the settlement entity on a daily basis. The ACLE, KAf and
ramping period volumes will then be calculated by the scttlement entity.
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7.8. Data delivery setup

Frequency: the frequency data are already available at the accounting system from Swissgrid. About
two months were required to set up the exports to the scttlement entity. Moreover, it required some
time to sct up the validation process at Amprion. This was also cstimated to be possible within a few
months,

AP: The accounting entities will send the AP values to the scttlement cntity. Based on this
information, the k-factors and frequency deviations, the settlement entity will calculate the JACE and
[kAT values and ramping period energy values.

k-factors: for the calculation of kAE. the settlement entity needs the k-factors of the different LEC
arcas or blocks. For this, the values determined yearly by SG SF should be used. Morcover, because
of the FCR cooperation a weekly and cven daily update might be.

Day-ahead market prices: Each LFC area, or alternatively. each LFC block monitor (when agreed by
all LFC arcas of the LLFC block), has to set up a data exchange with the settlement entity. Moreover,
if the LFC block consists of an area with more than two day-ahead market prices, the LFC block
monitor would have to set up an internal process as well, in order to calculate the weighted average
day-ahead market price of the LFC block.
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8. Annex I: CCU and CCFR mapping

This Annex gives a cross-reference between the articles of the CCU and CCFR and this document,
indicating the chapters where more information can be found.

Article 1 Subject matter and scope Chapter 3.1

Article 2 Definitions and interpretation Chapter 3.2 and 3.3

Anic!c. 3 High-level design of the cummg-m scttlcn;}e;lrti Chapter 4.1
1_/\1'ticle 4_Impler;1—e;lt_at}0n o‘r‘rlc common settlement C@f@r 6 ]
' Article 5 Functions of the common settlement B Chapter 4.1, 4.2
Article 6 Settlement period - Chapter 4.3
| Article 7 Volume determination per TSO-TSO settlement period Chapter 4.4

Article 8 Pricing rules for TSO-TSO exchanges within synchronous area
Conlinental Europe

Article 9 Publication and implementation of the CCU/CCFR N/A

Chapter 4.5

\i‘article 10 Language N/A

9. Annex II: Abbreviations

The following abbreviations have been employed in this document.

EBGL Electricity Balancing Guideline
iFT SO Transmission System Operator -
E ACE Area Control Error - - N
" kAT . é{L}lanlgL_ib a ljésislitﬁoftl_u; 1i'e(iﬁ¢;ncy' conitainmc-nl.priurcicss 7
| RP Ramping period o
\ cCu Common settlement rules for Continental Liurope for Unint;hdcd exchange )
T: CIR Common settlcmcpt rulcs_ for Continental Europe for Frequency conlainment
process and Ramping period |
SOGL System Operation Guideline
| SA CE. Synchronous /\z:; Continental F_urop:_ - B
| SG SF | Subgroup System Frequency o N
FCPL, [kAf ) I 1:cqucncy altainmcnt process encrgy o
i RPE - Ramping period cacrgy o o
UF, IAC‘F - iJninle;l_dc_d e:;changé_ ) _
L’}HES Aggregated netted_ ¢xterr§ 7schedules o
‘ I'Skar Financial Settlement of KAf, ACL and ramping period

' RPM Reference Price Model
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