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ticipant (node) in themarket platform. Tie novel market platform will be based in some of the most recent
advanced ICT technologiesabling orchestration of distributed multiodal systems
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EXECUTIVE SUMMARY

Thedocumentmainly introduces the functional and technical specification of the solutions planned for the
Work Package 10WP10) As an introduction, a brief description of the relevant market timefrarfogs
wholesale and balancing markets is made. The overviewdeslthe timeframes of forward, deahead,
intraday and balancing energy marketghile considering the latest EU regulatidm.addition, the existing
good practiceof price coupling regions presented. Thérief description mainly builds on thprevious
reports from the CROSSBOW projeamely Deliverable 1.1: Regulatory and Legislation Framew¢iks,
and Deliverable 10.1: National balancing and wholesale electricity markets structure and prifg]ples,

The main part of the document, functional and technical specificationmaae for following solutions that
will be developed withinwP10

- Intraday Market platform(ID platform)

- System market platform for the mFRRFRR platforiy

- System market platform for the aFR&ERR platform)

- Measurement of energies withiautomaticFrequency Restoration Proces$RIp.

Due to the complexity of the aFRRd aFRR platform, the development of the solution will enthatstage
of functional specificationThe demonstration and software solution will be prepared for the rest of the
solutions within WP 10.

Thefunctional specificationaddressed brief descriptions of the solutions and included

- The relevant participants on the markdD platform open to similar market participants as the -day
ahead market, mFRR & aFRR platform anticipates the participation of B&andee Providers and
Transmission System Operators;

- The relevant timeframes and time constrain@ate Closure Times for all abewentioned trading
platforms

- Standard products faall above mentioned trading platforms;
- Algorithms required for the operation of trading platforms;
- Results of matchind@ platform) and results of the optimisation (NFRR & aFRR platform).

Thetechnical specificatiorgives the details of software architiece where each component is described
with implementation detailstogether with the technologieased Furthermore, the document describes the
packaging and deployment possibilities for the Trading platform. The second part of the technical
documentationprovides a detailed description éfie platform functionalities where each functionality is
defined with the characterizatiorof process flows, roles and responsibilities, functional requirements, and
wireframes.

The CROSSBOW Trading platforms (ID platform arRRnptatform) could be used by other products
developed in the CROSSBOW project. To allow other products to use the trading platforms and to allow
automatic exchanges of message to and from the trading platform, an Application Programming Interface
(API) wa designed. In the Appendix of the document, the Integration API is specified.

The solution:Measurement of energies within aFRRvill be developed independently of the trading
platforms mentioned aboveThe proposed method foBalancing Energy for upwhraFRRUPAFRand
Balancing Energy falownwardaFRRDWAFRcalculation (measurement/calculation of balancing energies
within aFRP) based on omainute profiles, leads to stable and small errors (less than 1%) in all the studied
situations. That makes ¢hmain result as the achievement of a significantly improved accuracy of the UPAFR
and DWAFR measurement by the metrological meters as proposed, compared to the current solution based
on energy management systenEN/ Supervisory Control and Data Acquasit(SCADAmMeasurements.
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The highest errors in the proposed solution are below 1%, compared to 10% in the current solution (so errors
of at least 10 times better in terms of accuracy). Therefore, the most important advantage of this method is
the signifi@ant increase of accuracy by measuring such energy (by reducing measurement errors for a size
order).
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1 Introduction

1.1 Purpose of the document

This document is aimed faresent the results of the second task in Work Package 1QQ)yV®/holesale and
Ancillary Market toolsetThe main goal fothis taskwasthe preparation ofa novel market design with a
minimum set of harmonized rule®r crossborder wholesale andbalancing energynarkets The above
mentioned chaacteristicsare included in the functional specificatioof the solutions developed within
WP10 The definition ofthe functional specificatioiook into account the feedback from the Transmission
System Operators (TSOs) frdBouth Eastern Europe (SEE) in the CROSSBOW project. The functional
specificationalsoserved as aguideline for preparinghe technical specifications for theolutions and the
possibilities for the integratiowith the product presented.

The document presents the work doirethe T10.2 related to the:
- Brief overview of relevant market timeframesd solutions developed within the VB,
- Definition of functional specifations related to the/WPL0;
- Definition of technical specificatisrrelated to theWPLO;

- Integrationof other CROSSBOW products with the WP10 solutions via an Application Programming
Interface (API)

1.2 Scope of the documen

The report introduces theariousmarket timeframesncludingforward, dayahead, intradayand balancing
energy marketsRelevant legislation and relgtion from the EU is considered in the analysis coupled with
some findings from the previous work done in CROSSBOW, nameliverable 11: Regulatory and
Legislation Frameworkgl] and Deliverable 10.1: National balancing and wholesale electricity markets
structure and principleq2].

The functional specificatiopresentsthe most relevant information required for the solutions developed in
2t MnX Ay Ot dzRA yhiadady R&ket/platforn{ID platfadBystem market platform fanFRR
(MFRR platform)System market platform for aFRR (aFRR platjoamd Measurement of mergies within
automatic FrequencRRestoration Process (aFRP). The functional specification inawgkaseral description
of solutions, as well as its operation. Additionailhyputs required for normal operation of the solutions and
relevant market timefames are presented.

The technical specification gives the details of software architecture where each component is described
with implementation details tgether with the used technologies. Furthermore, the document describes the
packaging and deployment possibilities for the Trading platform. The second part of the technical
documentation provides a detailed descriptiontbe platform functionalities where each functionality is
defined by characterizing itsprocess flows, roles and responsibilities, functional requirements, and
wireframes.

In the appendix, this document provides a detailed specification of the CROSSBOW Trading platform
integration API.The content of the AR3pecificationis intended for the developers of client applications
integrating with the tading platform that will be developed in the scope of WP10. The APl is based on RESTful
technology (based on HTTP) where data is transferred in JSON format. The specification of the API describes
its endpoints together with themodels used fodata exchanged in the request and response messages.

! Due to the complexity of the aFRId aFRR platforngoftware development ofthe aFRR platforrwill end atthe
stage of functionaspecification
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1.3 Structure of the document

The contents of the present document are divided itchaptess.

Chapter 2 briefly presents and describethe timeframes for forward, daghead, intraday and
balancing markethrough the latest network codes amdosszonal capacity allocation EU and SEE,
as wellaslatestgood practicesegarding market timeframes

Chapter 3 introduces thesolutions planned for the WP10 arfdnctional specifications of the
Wholesale and Ancillary markeébolset AM) LINE R dzO (i Q a Thei farktidrialAspegifications
include brief description of the solutions, relevant inputs and their characteristiggrithms
required for the operation and outputs from the platform

Chapter 4 addressesthe relevant AM product characteristics, such as the effects of the
harmonisation of market rules for the ID platform and mFRR platfamwell as the possible
enhanced participatio of flexibility assetand parameters of the Measurement of energies within
aFRP solutign

Chapter5 presents the technical specification for the three solutions developed more in detail. ID
platform and mFRR platform will be developed as a software and therefopécable software
technicalspecification is included. Measurement of energies within aFRP solution includes meter,
communication and control specifications;

Chapter6 of the documents dedicated for the conclusion.

The document has an appendixK I G Ay Of dzZRS&a (GKS TFTANRG OSNARAZ2Y 27
Integration Specificationf-or eachAPlendpoint, a detailed description of the functionality and technical
details is providedThe API Specification is intended to help the developers of the client applications to
integrateand communicate withhe solutions presented in the WP10.
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2 Market timeframes and croszonal capacity allocation

The complexity of the electricity market, which is mainly due to the natuits ghysical product, demands

that different segments are analysed and developed separatetiepth. Different market timeframes, in
terms of forward market (FMyJay-ahead market (DAM), intraday market (IDM) and balancing market (BM)
(often fragmented even further), are regularly discussed in isolation to the others. In addition, the issue of
crossborder capacity allocation is just as complex and significant t@ Iseparate topic itself. The EU
Network Codes (NC) also follow this apprqoaaddressiig each codea particular aspect. However, together
they define the EU Electricity Market Target Model that encompasses all segments and furth@imerto
harmonise market rules between timeframes and physical borders in order to establish a more efficient pan
European market.

In order to better understand the different segments and theeitinkages, it is important to first take a
broader look at the Target Model and the associated timeframes. Then, market rules, such as gate opening
and closure times, can be adjusted in order to achieve this harmonisation.

The NCs setting the frameworfor the Target Model are the scalled Market NCs: Regulation (EU)
2016/1719 establishing a guideline on forward capacity allocation (BJARegulation (EU) 2015/1222
establishing a guideline on capacity allocatésmd congestion management (CAJ¥))and Regulation (EU)
2017/2195 establishing a guideline on electricity balancing (E[lBGEpr clarity, the Target Model in terms
of timeframes is presented ihablel.

FM DAM IDM BM
Managing risk Managing energy System management
- Market players maaging - Market players balancing - TSO balancing the system i
price risks their physical positions real time
- Forwards, futures and - Operational planning, - Redispatching, frequency
transmission rights capacity allocation, control and incidents
congestion management management
FCA CACM EBGL

Tablel: Market timeframes[1]

2.1.1 Forward Market Timeframe

Tablel clearly demonstrates the four market timeframes within the Target Model, including the associated
market, function and NC. The function, or reason for the existence of the FM is in fact risk management. In
this timeframe, market acta can manage future price risks by trading financial products. This is primarily
done in the form of Financial Transmission Rights or Physical Transmission Rights wiik-ar-siskbit
method.

The FM is closely regulated by FCA, which defines forwaeatitg allocation as the attribution of lortgrm

crosszonal capacity (CZC) through an auction before theatmad time frame[3]. Among else, FCA
introduces the role of the Coordinated Capacity Calculator (CO®).rdgional entity is tasked with
calculating the available CZC, based on data provided in the Common Grid Models (CGM) for different time
horizons (from dayghead up to year ahead). The Regulation recommends a coordinated Net Transfer
Capacity approactof CZC calculations, but also leaves the possibility to apply ebised approach. For

that purpose, each capacity calculation region should establish a common capacity calculation methodology
based on the specificities of the region and run it on alsiajocation platform. Article 6 of FCA prescribes
GKFG artt ¢{ha Ay SIOK O LI OAktér@d crddszdnd) cpakitii id clgulatdd I A 2
F2NJ SFOK F2NBINR OF LI OAGE FEt20F0A2Y YR +G €SIad
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Deadines in forward capacity allocation do not influence time schedules in IDM an BM directly, which are

the subject of this report. However, for consistency of this section, it should be noted that according to Article

Hp om0 2F C/ ! I Auttdirheats di dréatlytallo® NBRh grosszGhal Eapacity, if the
curtailments concern a time frame of more than 48 hours ahead of the start of the delivery day. In case of
curtailment of longterm transmission rights, including nominations in regpafcsuch rights, within 48 hours

ahead of the start of the delivery day, TSOs in each capacity calculation region shall applyaheathgnd
AYUNIXRFEE OFLI OAGe OFfOdZ A2y LINRPOS&aa |a NBFSNNSBF
Firmress of allocatedcrods2 y I f Ol LI OAGAS&aT ! NIAOtS po o6mM0uX LINBaA
longterm transmission rights to ensure operation remains within operational security limits prior to the day
FKSFR FTANXYySaa RSIRftAYySéo

2.1.2 Dayaheda and Intraday Markets Timeframe

The DAM and IDM are the shadrm wholesale market solutions closer to the hour of operation. They are
both tools for managing physical energy, and as such, market participants trade electricity on the DAM in
order to optimise their shortterm positions, while the IDM serves as an opportunity to correct the traded
volumes and thus limit imbalances and balancing costs. Typically, the IDM is structured to provide continuous
trading up to 30 minutes prior to delivery. Firstlige TSOs publish their power transmission capacity on the
IDM, and then the market participants can trade different products usually on aéirat firstserved basis.

The sum of volumes traded in the DAM and IDM constitute the final schedule for prsdarmg consumers.

Due to the proximity to realime operation, the communication between the power exchange and TSOs in
terms of nominations and available capacities is very significant.

The rules for this timeframe are defined in CACM. The Regulationgtyr recommends a flowased
approach for CZC calculation as well as implicit allocation of energy and capacity at copuled DAM and IDM.
For this purpose, CACM prescribes establishing national designated National Electricity Market Gperators
(NEMOs) and a Market Coupling Operd{@d1CO). An important distinction is that the NEMO is a market
player, while the MCO concerns a function and does not require to be a separate entity.

CACM allocates tasks to NEMOs and to the MCO function. NEMOacslaalimarket operators in national

or regional markets to perform single dapead and intraday coupling in cooperation with TSOs. A national
b9ahQa GFala INB (G2 NBOSAGS 2NRSNEI LISNF2NXY YI G§OF
andcledA y3AT AdSd (GKS WHieLMAOItQ GFrala 2F | L266SN SEOF
and IDM coupling tasks.

For the operation of coupled DAMs and IDMs, CACM prescribes establishing a common methodology for the

markets based on the charactstics of the coupling region and creating a single allocation platform by the
MCO. The single allocation DAM platform runs a Price Coupling Algb{8imgle DasaAhead CouplirRy and

2CACM, Article 25 STAYAGA2YAY aWy2YAYlF SR St SOGNROAGE YINYSG 2L
competent authority to perform tasks related to singledayk S+ R 2NJ aAy 3t S Ay iNF RIFe& 02 dzLJ

3CACM, Article25 STA Yy MIYA Ny W3 G2dBNIAG2NI 6a/ ho FdzyOirazyQ YSIya (KS
ahead and intraday markets for different bidding zones and simultaneously allocatinezomesiscapacities

4CACM, Article 25 S T A y AMLINRAYOSY OR dzLJE A y 3 IgofitEh2 uddd in iSingle dagh@ad aupling ko6 |
simultaneously matching orders and allocating cfpssal capacities

5 CACM, Article 2 Definitions:6Wa A y 3t S IRR 802 dzZLX Ay3IQ YSkya (KS FdzOGA2yAY 3
matched and crosgoral capacity is allocated simultaneously for different bidding zonesinthé d&8 I R Y I NJ S ¢
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the single allocation IDM platform applies a Continuous Trading MajcAlgorithn¥ (Single Continous
Coupling - continous matching of bids and offers (bilateral phisical trading) on a single platform).

Vital for explicit DAM auctions is that the MCO receives accurate and timely information on the remaining
available CZC ardclear deadline for capacity allocation in the FM. For this reason, Article 14 in CACM defines
the capacity calculation tim&ames (dayahead and intraday tm& NI YS&a0 FyR GAYAy3Y ¢
ahead market timerame, the capacity calculation shalk based on the latest available informatiorhe
information update for the dayahead market timeframe shall not start before 15:00 market tinfewo

days before the day of delivegy T IAlyTROsdn each capacity calculation region shall ensure thasro

zonal capacity is recalculated within the intraday market tirikame based on the latest available
information. The frequency of this recalculation shall take into consideration efficiency and operational
securite ® LY | RRA GRrépgsal fobdapliR K B EAPNY Yy Saa RSFREfAYS adAal
TSOs shall develop a common proposal for a singladesd firmness deadline, which shall not be shorter

than half an hour beforethe ddy KS+ R YI NJ S&G 3+ S Of 2 a 02NBmnésaof$ag @ Ly
I KSFR OFLIOAGE IYyR Itf20FGA2y -abéhy firinkds Xeadide, ebldd || Ra Y
coordinated capacity calculator may adjust crassal capacity and allocation constraints provided to

NBf SO yi b 9Afterdhé dajralffdad fimhess® deadline, crossonal capacity which has not been
allocated may be adjusted for subsequent allocatignsP | NIFArinesS of intvaday capacity stipulates

G K I { Y-zohal inBdayicapacity shall be firm as soon as it is affoBag ®

Chapter 5 of CACM specifically deals with timing related to singtaltegd coupling. The following excerpts
are important to note:

 Article46-t NE GA &AA2Y 2 Each gbadiimatedRapécltyTalcdlatanshall ensure thedss
zonal capacity and allocation constraints shall be provided to relevant NEMOs in time to ensure
the publication of crosszonal capacity and of allocation constraints to the market no later than
11.00 market time dayahead (2) If a coordinated capdgicalculator is unable to provide for cress
zonal capacity and allocation constraints one hour prior to theatagad market gate closure time,
that coordinated capacity calculator shall notify the relevant NEMOs. These NEMOs shall
immediately publish a atice for market participants. In such cases, ciossal capacity and
allocation constraints shall be provided by the coordinated capacity calculator no later than 30
minutes beforetheday KSI R YIFNJ SG 3IFGS Ot 2adzNB GAYSET

f Article 47¢ Operation of singlelayt K S R O 2 dihé daygh#ar marketvgate opening time
shall be at the latest 11:00 market time deghead;(2)The dayahead market gate closure time in
each bidding zone shall be noon market time -déngad. TSOs or NEMOs in the region baseden th
CEE region or its neighbouring countries may set a different gate closure time until this region has
joined single dayahead coupling; (3) Market participants shall submit all orders to the relevant
NEMOs before daghead market gate closure time, in acdance with Articles 39 and 40; Each
NEMO shall submit the orders received in accordance with paragraph 3 to perform the MCO
functions in accordance with Article 7(2) by no later than a time specified by all NEMOs in the
proposal for a single price amling algorithmset out in Article 37(5); (5) Orders matched in single
dayl KSR O2dzLJ Ay3d akKlkft 6S O2yaARSNBR FANNDET

6 CACM, Article 2 Definitions:d WO2 y 1 Ay dz2 dza (G NJ RA Yy 3 Ydlgorihk asgddn sindledrdradayl K Y Q
coupling for matching orders and allocatingss] 2 y I £ OF LI OAGASE O2yldAydz2dzat & é

7 CACM, Article 2 Definitions:édWa Ay 3t S Ay GNI RFe 02dzL Ay3IQ YSIya G4KS 02y
matched and crosgonal capacity is allocated simultaneously for different bidding zones in the iptradeket

8 CACM, Article Z5SFAYAGAZ2YyAaY AWYIFIN]SG GAYSQ YSIya OSYidNrft 9dz
GKAOKS@PSNI Aa Ay STFSOG¢
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 Article48c5 St AGSNR 2F NBadzZ Gax aomoO b2 fFGSNI GKFY 0:¢
set out in Article 37(1)(a),laNEMOs performing MCO functions shall deliver the singleatiapd
coupling results: (a) to all TSOs, all coordinated capacity calculators and all NEMOs, for the results
specified in Article 39(2)(a) and (b); (b) to all NEMOs, for the results spegified INIi A Ot S 0 6 H (
Each NEMO shall inform market participants on the execution status of their orders without
dzy2dzaAGAFALI 0t S RSt @é¢a
Similarly, Chapter 6 defines the operation of IDM and stipulates the following with regard to timing:

1 Article 58¢ Provision of input data, (1tach coordinated capacity calculator shall ensure that cross
zonal capacity and allocation constraints are provided to the relevant NEMOs no later than 15
minutes before the intraday crosgonal gate opening timg(2) If updatesto crosszonal capacity
and allocation constraints are required, due to operational changes on the transmission system,
each TSO shall notify the coordinated capacity calculators in its capacity calculation region. The
coordinated capacity calculators sHathen notify the relevant NEMOs(3) If any coordinated
capacity calculator is unable to comply with paragraph 1, that coordinated capacity calculator shall
notify the relevant NEMOs. These NEMOs shall publish a notice to all market participants without
dzy 2dzA GAFALF 0t S RSt @deT

 Article59-h LISNI GA2y 27F aAy3at Fheinyfaildykréskohal ga dmslireitivnd = ¢ X
shall be set in such a way that it: (a) maximizes market participants' opportunities for adjusting
their balances by trading in théntraday market time frame as close as possible to real time; and
(b) provides TSOs and market participants with sufficient time for their scheduling and balancing
processes in relation to network and operational securii) One intraday crosgonal gae closure
time shall be established for each market time unit for a given bidding zone border. It shall be at
most one hour before the start of the relevant market time unit and shall take into account the
relevant balancing processes in relation to opéi@nal security;(4) The intraday energy trading for
a given market time unit for a bidding zone border shall start at the latest at the intradayzonab
gate opening time of the relevant bidding zone borders and shall be allowed until the intraday cro
zonal gate closure time; (5) Before the intraday cio@sal gate closure time, market participants
shall submit to relevant NEMOs all the orders for a given market time unit. All NEMOs shall submit
the orders for a given market time unit for single rolaing immediately after the orders have been
received from market participants; (6) Orders matched in single intraday coupling shall be considered
FTANNT XET

1 Article60c5 St A GSNE 2F NBadzZ 6a aomu ' ff b9ah dudJSNF 2|
trading matching algorithm results: (a) to all other NEMOs, for results on the execution status per
trade specified in Article 52(1)(a); (b) to all TSOs and scheduled exchange calculators, for results
single net positions specified in Article 52(1)(B);If, in accordance with paragraph 1(a), any NEMO,
for reasons outside its responsibility, is unable to deliver these continuous trading matching
algorithm results, it shall notify all other NEMOs; (3) If, in accordance with paragraph 1(b), any NEMO,
for reasons outside its responsibility, is unable to deliver these continuous trading matching
algorithm results, it shall notify all TSOs and each scheduled exchange calculator as soon as
reasonably practicable. All NEMOs shall notify the market particgpeoricerned; (4) All NEMOs shall
send, without undue delay, the necessary information to market participants to ensure that the
FOGA2ya &aLISOATFASR Ay I NIAOEtS&a cy FYR 1006000 OFY

2.1.3 Balancing Market Timeframe

The BM is a mechanism for TSOs to secure access to sufficient amount of capacity and energy to balance
differences between supply and demand in rdale. There are in fact two NCs that support the
harmonisation of balancing across Europe, the aforemertibEBGL anBegulation (EU) 2017/1485 of 2
August 2017 establishing a guideline on electricity transmission system operation (BDGL9quency
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related ancillary services are distinguished as Frequency Containment Reserve (FCR), Frequency Restoration
Reserve (FRR) with automatic activation (aFRB)n@mual activation (mMFRR), and Replacement Reserve
(RR). The following diagram describes the function and relationships of these services:

RRq Replacement
reserve

FCR; Primary | aFRR; Secondar
reserve reserve

- Semiautomatic/manual
activation
- Min time of activation 15mi

- Automatic activatior| - Automatic activatiol
-Up to 30s - 30s to 15min

/

Frequency

>

/. \
\

/ \
v L\ \/ g

to to+30s to+15min to+45min totl
hour

Figurel: Organisation of balancing energy in Europe (SoJi2j

Balancing
energy

As shown irFigurel, the first service to respond after a disturbance in system frequency is FCR, then if
necessary, aFRR is usually activated to aid FCR. Both of these are activated automatically. When the
automaticresponse is not sufficient to restore nominal frequency, mFRR is activated for a maximum duration
of 15 minutegfor scheduled activationith the possibility to stack multiple mFRR products at a time. The
activation of RR is done in exceptional cases and it has a minimum actitiaté of 15 minutes. This process

is followed by procuring balancing energy on the BM for up to a couple of hours in advance. The balancing
process and BM are explained in more detail in Deliverable D10.1 of this P§dject

In terms of timing, the system balancing timeframe is constrained by the IDM closure sidenand the
required time for communication, security and ramp rate of generators beforetimmal. EBGL Article 24
supports this statement, stating thétalancing energy gate closure times need to be harmonised across all
BMs at least for RR, mFRR andr&t; and that they must be as close to ré¢imhe as possible and not before

the IDM gate closurg5]. On the other hand, SOGL strictly regulates the operational planning procedure
during this perid, which itdefines to be no longer than 15 minutg§]°.

Furthermore, EBGL stipulates that CZC calculation and allocation for provision of balancing services should
be scheduled as close to rdahe as possible, for the reason of not disrupting and limiting the previous
energy trading market timefrags. In addition, according to Article 3&xchange of balancing capacity (7),
G¢{ha akKltft y20 AyONBlIaS G4KS NBtAlILoAftAGE YINBAYy O
to the exchange of balancing capacity for frequency restoration @&& I YR NBLIX | OSYSy i
allocated for the exchange of balancing energy or sharing of reserves shall be used exclusively for RR, mFRR,
aFRR, while the reliability margin calculated pursuant to CACM shall be used for operating and exchanging

9SOGL, Article 8Definitions, (72)WOf 2 & i AUY2S NBUHSF ya GKS GAYS I LJa%enzhe y 2
last intraday gate closure and ret@éine
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FCR nly (Article 3& General requirements, Exchange of balancing capacity or sharing of reserves, (4)). The
alYS I NIAOES oy>X Ay LI NJI-Zond tdpacitgpallocdted I theNdkohege Yof o 2 K
balancing capacity or sharing of reserves hasieen used for the associated exchange of balancing energy,

it shall be released for the exchange of balancing energy with shorter activation times or for operating the
AYOLflyOS ySiagay3a LINRPOS&aa¢d

Most of the CROSSBOW Project participating countries tades steps to establish national BMs and to
participate in EU projects in support the implementation of the balancing[NCblevertheless, a uniform
implementation of all Market and System Operation NCs across all countries is a prerequisite for the
establishment of a functional regional BM.

2.1.4 Market Coupling in EU and SEE

The EU Eledtity Market Target Model aims to ultimately achieve Europedse shortterm price
formation. This requires harmonisation of market rules across Europe and price coupling of regions, a process
that is prescribed in CACM and currently ongoing through uarregional projects. NeRU countries, for

which CACM is not mandatory, are taking steps towards the fulfilment of the requirements for coupling too.
As presented in Deliverable 1.1 of this Projgdt the inclusion of Energy Community Contracting Parties
from SouthEast Europe is driven by the target of implementing a comoapacity calculation in the region

and the technical assistance for early implementation of CACM. As sucEUh@ROSSBOW participants do

not have designated NEMOs yet, however steps towards market coupling are being[igkdine DAM

market coupling status in the region is summarisefigure2, taken from the aforementioned Deliverable.

4MMC, coupled
2014, using PCR
solutions

both/multiple sides taking steps
steps taken from one side

no steps taken / considering options
ﬂ - .

Figure2: Market coupling developments in the regiofSource[1])

The regional DAM developments are explained in detdil]inbut the most important conclusions are:

1 The Price Coupling of Regions (PCR) Prageat key project contributing to European market
integration and harmonisation; as such BSP Southpool, CROPEX, IBEX, SEEPEX, Opcom and the Gree
DAM are all service users or members of PCR (algorithm);
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1 Slovenia and Croatire alreadycoupled within MRC;d®nania is coupled within 4AMMC;
9 Other regional or bilateral coupling projects are either planned, in negotiation or moving forward.

The aim is to integrate the Western Balkan 6 countries with theatead MRC as well. The current
developments represent gepwise approach to ensure all prerequisites are met before achieving this goal.
With that in mind, clearly the relevant NCs must be implemented in all countries in order to harmonise
market rules, but furthermore, all market deadlines must be coordin@teaiccordance to the rules defined

in the NCs and already established practices in coupled European markets. In addition, the CZC computation
methodology, information exchange and security considerations must be taken into account and coordinated
with market gate opening and closure times.

There are developments in IDM coupling as well, with the Cross Border Intraday Initiative (XBID) that
launched in June 2018. The purpose of the initiative is to enable efficient continuouszor@sintraday

trading andmove towards a single paBuropean IDM. Currently, the following countries take part in the
initiative: Belgium, Denmark, Germany, Estonia, Finland, France, Latvia, Lithuania, Norway, the Netherlands,
Austria, Portugal, Sweden and Spain. The initiativeoanced an expansion towards the end of 2019 by
integrating the IDMs of Bulgaria, Croatia, Czech Republic, Hungary, Poland, Romania and Blovenia

The IDM coupling solution is based on implicit continuous trading but supports explicit trading on some
borders. It uses a single algorithm that connects the informatiomwailable CZCs submitted by TSOs and
different trading systems operated by power exchanges. The algorithm allows bids and offers submitted in
different bidding zones to be matched if there is sufficient CZC available.

The information in the previous séohs on the relationship between the different markets and timeframes

is summarised inFigure 3. In fact, the Energy Community Secretdfiaises this representation to
demonstrate the interlinkages between the markets and the necessity of implementing the EU electricity NCs
for the longterm goal of establishing a functional SEE regional electricity market. Here it is given for clarity.

FCA <= interlinked => CACM | BAL <= SO
> A A T L PRI R
%Ef;, . o e of
8
Balancing e
market B
Intraday implicit Deli of i
Daily rights
| implicitely allocated I o S
M nle( 1) (daily rights + FTR
or unused PTRs)
: - o=
orward Marke STy : I - — - time
ong te - cal/Financial nghts - > & R SRS S Dellvery
Allocation of forward rights on long-term basis ~~ Price coupling - auction Countinous mechnsims ~ Exchnage of ' Real-ime reserve
through auctions as PTRs or FTR (tradable mechanism managed by PXs  With complementary balancing activation, re-
rights), with capacity module. auctoins (PXs+capacity) products offered dispatch,
Single allocation office for capacity allocation. Flow-based or NTC-based. Flow-based or NTC- by MPs countertrading...

based

Figure3: EU Target modet Interlinkages between Market Network Codes (Sour&)

10 https://energy-community.org/
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2.1.5 Applied solutions in price coupling regions

Asexplained above, the longest market timeframe is the FM which can take place years ahead up to a day
ahead of delivery. Due to the extensive time period there can be multiple capacity auctions taking place on
yearly, seasonal, monthly, weekly, and dailgibaHowever, the only auction that could have an impact on

the organisation of the DAM is the daily auction. Namely, the DAM cannot commence prior to the publication
of daily capacity allocation results.

The NCs stipulate coordinated approach to capac#igulation and allocation. The Sotast European
countries are in fact members of capacity allocation officéise Coordinated Auction Office in South East
Europe and the Joint Allocation Office. In their allocation rules, both offices define thésrpsblication
deadline to be 9:40 the day before delivg8y], [10].

As it can be observed fnothe market coupling initiatives presented above, for harmonising WP10 products
with the operation of the rest of the market timeframes, the most relevant timing practices are those applied
within MRC and 4MMC. For example, the DAM routine adopted by §REEM 1] is the following:

1) available transmission capacities are reported by respective TSOs before 10:00
2) market participants must submit their bids and offers before the gate closure at 12:00

3) prices are calculated between gate closure and 12:42, at which point preliminary results are
published for information purposes only

4) final results are published betwedr?:55 and 13:50
5) trades are invoiced between buyers and sellers until 15:00.

After the results publication, market participants can adjust their schedules on the IDM. Available
transmission capacitieare once again announced by the TSOs, after which point trading can commence.
Established IDMs offer various products. However, matches are typically concluded-oarfiesfirstserved

basis. Once a transaction is confirmed to the corresponding markicipants, it is reported back to the
TSO.

The most impaant point of information exchange is the publishing of available CZC, which in effect marks
the beginning of the IDM process. If the capacity allocation is done explicitly, as is for example the case on
the France- Italy and Austria- Italy borders, thé represents another important process that needs to
conclude prior to IDM opening. For the aforementioned borders, CZC allocation is performed by JAO and
there are two auctions, the first oneffering products for each hour of the day from 00:00 untild®and

the second for hours between 16:00 and 24:00. The first auction closes at 15:55 the previous day, while the
second at 10:00 on the day of delivery. The rules do not prescribe a deadline for results publication, but
stipulate that they are publishegis soon as possible. The deadline is defined with each auction specification.

Another example of explicit intraday capacity allocation is the Romagnidungary border. There,
TRANSELECTRICA holds six sessions fopfowsegments each day. The schedslte following (where H
is the first hour of delivery in the fotrour segment]12]:

1) H-6 hours: available capacities are published

2) H-4 hours: gate opening

3) H-3 hours: gate closing

4) H-2:30 hours: deadline for results publication

5) H-1 hours: deadline for confirmation of final nominations.

However, perhaps the best example is the XBID market schedule since it is the most advanced IDM coupling
project. It is based omontinuous trading using a shared order book concept and a separate capacity
management module to offer continuous CZC allocation to users. All borders, exceptd&@Garoeany have

implicit CZC allocation. The XBID geographical area is divided intoteedarket Areas (MA) and trading
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firstly opens within each of themintra-MA trading, and then they are coupledcrossMA trading. Hourly
products are offered in all MAs, while some allowriiute, 30minute and user defined products as well.
This allovg different zones more flexibility in terms of IDM rules, including products and deadlines, while still
accomplishing the goal of market couplifig]. Table2 and Table3 summarise gate opening and closure
times for the different products in intrMA and crosdMA trading respectively (D is the time of delivery).

Table?2 Intra-MA trading deadlines in XBID (SourfE3])

Product German Austria France Nethertand) [~ Nordics & Iberia
TSO areas s & Belgium  Baltics
Gate Al 18:00 15:00 15:00 14:00 14:00 14:00
opening
15-min | D-30 min D-30 min / / / /
Gat 30-min | D-30 min / D-30 min / / /
ate
closure | 1 hour | D-30 min D-30 min D-30 min D-5 min D-60 min* D-60 min
User | 530min | D30min | D30min | DS5min | D60 min* /
defined

* D-30 min for Finland and Estonia
/ - not offered

Table3 CrossMA trading deadlines in XBID (SourfE3])

German Austria France Netherlands| Nordics & Iberia German
TSO areas & Belgium Baltics TSO areas
Gate . : . . . . .
) 22:00* 18:00 22:00 22:00 14:00* 18:00** 22:00
opening
Sote D-60 min
closure
Germanyg Austria: 15min
Products | Germanyc France: 3émin
All others: 1 hour

* 18:00 for GermamAustria and Germany Denmark 1
** Pending decision by ACER to move to 14:00

In all transitions between market timeframes, it is crucial to coordinate the timgubfication of available
CZCs. As mentioned in Sectibh.2 Article 58 of CACM stipulates that each CCC must notify relevant NEMOs
of CZC and allocation constraints no later than 15 minutes before IDMzwos$ gate opening time. Lastly,

it is impotant to stress that the IDM should aim to remain open for as long as possible, but taking into
consideration the required time for communication, security and ramp rates of generators. This should also
leave sufficient time for the BM timeframe immediatglior to reaktime.
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3 Functional specificatiorof AM

3.1 Solutions presented in the WP10

¢KS /wh{{.h2Qa 22N)] tFO1+r3S 062t0 mn Aa GAGESR / wh
Under this WP, three products based only on software solutionsbeiltleveloped. The three software
solutions will be:

- Intraday Energy Market platform (ID platform)
- System Market platform for mFRR (mFRR platform)
- Measurement of energies within aFRP

The leadeifor the definition and development of the first twsoftware solutions (ID platform and mFRR
platform) is University of Ljubljan@JL) and the leader of théVleasurement of energies within aFRP is
Romanian Energy Center (CRE)

The development of the products could be divided into two stages, functionalfigagion definition and

technical specification definition. The functional specification definition approach included an iterative
FSSRolF Ol t22L) oAGK (KS -usefshpiodiding relevankKc®mmiemishtd the. proéucta Sy
functionalities. Basedn the feedback, functional specification for the products was created, updated and
defined. The functional specification addresses:

- Brief descriptions of the solutions;

- Data required as inputs for thelution functionalities

- Algorithms used in the solign;

- Relevantimeframes

- 5Fd0F &aSyd 2dzi & 2dzillzia 2F (KS az2fdziaAzyaQ 2

Technical specification regarding the software and system architecture, as well as, the technologies that will
be used in the development of the software adopted a mdesed loop approach. Only the standards used

for the data exchange models between the market participants and the platform were presented to the end
users for feedback. The technical specification addresses:

- Software architecture;
- Packaging and deployment
- Technologies used

One more solution was planned for the WP10, System market platform for aFRR. Due to the complexity of
the aFRR platform and aFRP process itself, the solution will not be demonstrated. The aFRR platform would
NBlj dzA NB Ay G S3INJI (A 2y which id, & th&rRolnént] duyoBscopd ofithie Projec HoweseY, &
the functionalities of the aFRR platform will still be described indb@ment

3.2 Intraday Energy Markeplatform

The Intraday Energy Market (Ipiatform will represent a wholesalmarket conducted in an intraday con-
tinuous modeThe region of the ID platform will include countries of the TSOs that are part of the CROSS-
BOW project. TSOs from CROSSBOW will represent most of the countries from the SEE

w

NOTEThe development of the ID lptform will take place in the nextask of the WP10. The task T10.83:
Development of CROSSBOW Wholesale and Ancillary Market tooBeting the development, some
minor changes could béntroduced and implemented but the main functionalitiespresented inthis
document will remain.
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The ID platform will be developed as a software demonstration and will not achieve the production ready
status.The language of the ID platform, its features and the description of its operation Vitdlesh.

In the preparsion of the functional specification for the ID platform, relevant implementation projects from

EU were investigated and considered. Ciosgler Intraday (XBID Proje¢iy] started as a joint initiative by
various Power Exchanges in cooperation with the TSOs from 11 countries. The main goal of thesphaec
creation of a joint integrated intraday croé®rder market and enable continuous crdssrder trading

across Europe. In the first diwe stage in June 2018 no CROSSBOW TSOs were members of the initiative and
no CROSSBOW TSO participated inrddirtg. In the second glove stage, the following three CROSSBOW
TSOs are said to join XBID: Bulga(iaSO), Croatie(HOPS) and RomanigdTRANS). The remaining five
CROSSBOW TSOs are not involved in the project.

3.2.1 Brief descriptionand main functionalities of the platform

The ID platform will represent a wholesale electricity markethiere market participants NIP9 can trade
based on closed contracts. A closed confragpresens an agreement where the details of the trade are
determined in advance. Thguantity and price of the supplied energy is agreed on before the delizsy.
viations of the delivered energyom the quantity agreedn the closed contract are subjected to imbalance
settlement

The ID platform could offer its MPs 24/7 trading withgeéined energy product§.he ID platform will enable
crossborder tradingamong multiple countrieand increase the efficiency compared to the single ctmss

der intradaytrading that is sometimes still present in the countr@fsthe SEEThe main goal is to create a
single platform that would collect ordefer both types (bid and ask), as well as intraday CZC. The platform
would enable market participants (MPs) from one country to view orders from another country. Similarly,
orders can be matched between two MPS from different countries present on the platidrenonly con-
straint for crossborder trading is the available CZC.

The continuous trading matching algorithm will be usgfl G KS / wh { { . h2mQr& préciSely LIt | ( F
Payashbid algorithm will be used for matching orders on the platfoiithe trading will be based on a single
currency eur@ € 0

All MPs (trade's and suppliers) from the daahead market will be able to particifgmon the ID platformMPs
will be ableto trade the predefined products on the market, as well as send ordéts the necessary
specified parameterwhile stating the desired price and quantitylarket will open at 1®0(CET) and close
for each product separatelyarket will close 30 minute before thestart of the fulldelivery periodfor a
specific product.

) ID platform
1.cz¢e Order book + matching | 3. Summary
- Order depth filling up
- In case of matching orders, a deal is
concluded
- If the deal is crosborder, the CZCs
2. Orders

are updated

Figure4: General process of the ID platform

11 Opposed to the closed contract is the @peontract which is mostly used for final consumers, where the price is
usually fixedand the qantity of the contract cawvary.
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Orders of any type can be submitted in all market areas of the platform. If there is enough CZC available,
orders can be matched in different market areas. The matching is done on-eofingt firstserved principle.

The highest buy price and the lowesllg@ice get matched first. The orders that are matched are removed

from the OB and the relevant CZC is updated and sent to the TSOs. Depending on the available CZC the OB is
updated in such way, that the orders exceeding available CZC are removed. Tre Qfated on borders

that were included in the crodsorder flows originated from the crodsorder deal.

All of the abovementioned functionalities will belescribed in more detail in the subchapters that follow.

3.2.2 Crosszonal CapacityCZCandrelevanttimings on the market

Crosszonal capacity (CZC) represetite amount (in MW) that can be used for the crebsrder transfers
between bidding zoneslhe CZC shall be made available to thedviis long as the amount of offered CZC
complies withthe principle of secure network operatiofd,5].

For each bordertwo CZC values will be stored. One for each direction between two market driease
values will be displayed on a separate screen where the market participants will be able thasemaining
CZC in thgeographical region.

Two directions of CZC represaatd impactone ofthe two order types(bid and ask CZC wilhaveto be
available towards the delivering market ardar, the bid orders to be available for tradiramd CZC will have

to be availableaway from the deliveringrea for the ask orders to be available for trading. The total volume
of orders available for each directiahould not exceedhe CZC available to satisfy them. The maximum
volume available is dependent on the available CZC.

Intraday CZC will bgoublishedto the platform by TS®either via API or via thaser interface.The CZC
published to the platform will belefined ona per-hour basisDue to the fact that theminimum product
length on the ID platform will be quartdrour, the platform will have to divide and allocate the CZC on a
guarter hour basis.

The following parameters will have to be defined when publishing the CZC to the platform:
- Date of theCZQin CET,)
- Hour of the CZQn CET,)
- LFC area of the TSO
- LFC area of thdelivering area(for every delivering area);
- Total CZC available in direction away from the delivering af@aVIW);
- Total CZC available in the direction towards the delivering at@aMW).

The CZC will be kept and updated at the platfoifier every corludedcrossborder trade the CZC from
the borders crossed will have to be updateifter every 15 minutes on the platform, the results of the
concludedrades and the crosborder schedules will be sent to the appropriate TSO.

MPs will be able to view theemaining CZQsetween countries participating on the platform on a dedicated
tab on theOrder BookThe tab will be updated after evetsade or after every update of the CZC.

In the Figure5, relevanttimings on themarket for the ID platform can be observethe following Gate
Closure Times (GT@)other time limitationshave been identified:

- CZC GCThe first identified GCThegtween TSOs and the ID platform. TSOs are required to send
the calculated CZC between their borders that are participating on the ID platform. The TSO can
publish the calculated CZC after the close of theat@gad market and before the market opens
(green colour)
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- Market opening: The markeis planned to opetfor all products at 15 CET, after the eayead
market The crosdorder trading will open for all products at 18 Qgtirple colour)

- Crossbhorder schedulesSummary of the crosgorder scheduleis sent from the ID platform to
the relevant TSOavery 15 minutegdark grey colour)

- Market close The market is planned to clogar each product separately, hourbeforethe start
of the delivery, the crossborder trading will close an80 minutes before the start of the delivery
the market will close for a specific prodytiue colour)

Crossborder trading

Market opens closgs for the product
for all products Crossbarder trading QH

opens far all products
ID platform sends the TSOs the
summary fgpthe last 15 minute

CZC are sent to the platform
before the market opens
Trading is active for product QH at time T |Market closes for the
product QH

Figure5: Approximate timings for the IDplatform

Regarding the timeframes on the ID platform, TSOs of the CROSSBOW project haembeaéed . The TSOs
were asked about the market opening time for their IDM and market closing time for their IDM, as well as
the opening times for crossorder trading and closing times for crebsrder trading. Meaningful responses
have been received frolosnian and Herzegovinian, Bulgarian, Croatontenegrin,North Macedonian,
Romanianand SerbianTSOs as well as some other partners from the @HEtries. Their responses are
summarised imable4.
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Bosnia and| 1800 CET| 22:15CETD) 18.00CETD-1) | 22:15CETD)
Herzegovina| (D-1)
Bulgaria 14:00 CET| 1 hour before delivery | No limitation 14:30 CET for daghead
(D) nominations
Croatia 15:45 CE130 minutes beforg 18.00CET (E1) | One hour before delivery fo
(D-1) delivery BiH and Serbian border
Montenegro | 1800 CET| 45 minutes before No limitation 8:00 CET for long term an
(D-1) delivery 14:00 CET for short term
North 1800 CET| 2200CET (D) No PX No PX
Macedonia | (D-1)
Romania 18:00 CET| 2200CET (Dand 1 hour| 4 hours before| 3 hours before the delivery
(D) before delivery the delivery,| trading for 4hour slots
trading for 4
hour slots
Serbia 1800 CET 90 minutes beforg Several days il 1 hour before thedelivery
(D) delivery, plan for 2020 i§ advance for
1 hour before delivery | longterm

Table4: Summarisation of TSO feedback regarding the market timeframes in their countries
Based on the relevant legislatiamd regulatory frameworks analysed in the earlier works within project and
examples ofgood practice from the XBID projeaoupled with the feedback of the current status of the
intraday market in SEE countries presentedabled> (G KS F2fft2¢Ay 3 L5 LI F0F2 NV

- IDM opening time 15:00 CET (E1);

- IDM closing time 30 minutes before delivery;

- Crossborder opening time 18:00CET (E1);

- Crossborder closing time1 hour before delivery.

Authors areaware that the proposed timeframes are currently not directly applicable f@RODSSOW TSOs
Due to the nature of the project (CROSSBOWéseaarch innovation projectjelevant literaturereview, as
well as examples of good practice, the abovementioned timeframes were selected.

3.2.3 Parameters of thesubmitted order

Various products can be traded for on the ID platfofithe main identifier of a product is its delivery period
and product type. Delivery periadentifiesthe starting time of the delivery anthe product type defines
the duration of the delivery. Theinimum product length on the ID platform is 15 minutes. It is represented
with a Quarter hourly product.

All orcers submitted to the platform are required to have the following parameters defined:

- Type of order The direction of the trade can be identified from the type of ordedicates
whether the MP intends to place a buy order (bad)whether the MP intendsa place a sell
order (ask)

- Product type The duration of the order cdpe identified from the product typeOverall, there
are 4 product types on the ID platform
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- Starting time The starting time of the product can be derived from the product identification
number.An identification number PH11 would indicate that thelivery period of the product
will start at 10:00 and last until 11:00

- Quantity: Defines thevolume of the dehand

- Priceoftheordert NA OS ¢gAftt KI @S (2 06S &adzooYAGGSR (2
LINA OS NBazfdziAzy 2F ndnm €kKka?

- Location of the order LFC area will have to lirecludedin order tolocate the bid on the map
and identify the necessaryZC to and from the LFC area.

Four products can b&aded on the platform.The maintwo product types on the ID platform are the
following:

- Quarter hour product(the abbreviation for the product is PQ): The delivery period of the product
lasts 15 minutes. There are 96 PQ products on any given calendar day.

- Hour product(the abbreviation for the product is PH): The delivery period of the product lasts
one hour. Tlere are 24 PH products on any given calendar day.

These two types are not the only products that are available on the ID platform. From the-miemi®ned
PQ and PH products we can derive the following products:

- Half hour product It is comprised of tw®Q products in consecutive delivery periods;

- Block product It is comprised of multiples PH products in consecutive delivery periidek
order means an order with the total delivery period greatiee longest delivery period of that
specific product.

All of the abovementioned parameters that are required farsubmitted order, are summarised Tiableb.

Type of order (direction) Bid or ask (buy or sell)

Product type(duration) Quarter hour (PQ) or hour product (PH)

Starting time of the product (product ID) | Start time(in CET)

Quantity Quantity inMwW

Minimum Quantity (increment) A minimum of0.1 MW and can increase by the 0.1 M
increment

Maximum Quantity A maximum 08,9999 MW

Price of the order eka23 LINAOS NBaztdziazy n

Location of demand Bidding zone/LFC Area

Table5: Summary of the parameters fahe submitted order

3.2.4 Order book(OB)

TheOrderbook (OB)will present the central screen for tH® market platform. All orders (buy and sell) will
be displayed on th©R The orders will be sorted by price, for every product that will be active on that day,
at that time.Some orders could be executed immediately aftentlarepublished.and others & stored and
presented on theOB.Theorders that are added to the OB build order depth.
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Due to the croséorder trading constraint and even though OB containoalers entered in all market
areas, local view of the OB is introduced. Local \dely m&es the orders with enough CZC available to
complete them visible. All orders that are visilole the OB can be matched against each other. If no CZC
exists in a market area, local orders are still visible and can still be tradgtigpr

Bid orders required enough available Cio@ards the delivering areand ask orders require enough
available CZC from the delivering afeam them to be presented on the local OB and able to be matched in

a trade. All bid ordersisiblein the localOB canot exceed the sum dEZQirected towards the delivering

area and all ask ordewssiblein the local OB cannot exceed the sum of CZC directed from the delivering area

The sum of CZC represents all possible routes towards the delivering area or frdelileeing areaOB is

dzLJRF GSR FFGSNJ Fyeé 2NRSNBR NS FRRSR G2 GKS LJX I GF;:
matched (partially of fully).

The OB presentan anonymousentraltrading screeras not identification of the owner of the bichn be

visible or accessedB will offer necessary information and functionalities for continudteding. The

general parts of théD OB consist of

- Product identification andts timing: From the product identification number, the product type
and its $art and end time can be determined

- Closing time forthe trading of the product Represents the GCT fooncluding trades for a
specific product

- Bid orders The price and quantity of the bedtid order typeavailable at the local OB is
presented

- Sell orders The price and quantity of the best ask ordgpe available at the local OB is
presented

- Order depth An order graph depicts the quantity and priceasflers that do not have the best
price. Example of the order depth can be observeBigure6. Example of the order depth can
be observed in. Almost all orders for hotlirections (depending if the number of total orders
exceeds the number of orders that can be presented), their prices and volume can be compared
visually

- Tradehistory: The last successful trade forcartain product is listed on the OB, as well as the
guantity, price and théime of the last trade

Bid ° L Ask °

Figure6: Example of the order depth on the ID platform
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All of the abovementioned parameters that are required for a submitted order, are summarisédlte6.

Tabsfor orders 15min/30min/1h/block

Time of the product HH:MM¢ HH:MM(in CET)
Market closetiime for a specific product HH:MM(in CET)

Bid information Quantity andbest rice of bid
Askinformation Quantity andbest price of ask
Statisticsand relevaninformation per product Highest/lowest prie, order depth
Last deal of the product and time when it was conduc| Yes

(Trade history)

Table6: Summary of the information presented on th@rder Book

Bid and Ask informatiorin Table6, mean that onlythe best bid/ask offers will be presented on the SOBe

bestoffer refers to the price. Fathe bid offer, the highest price a market participastwilling to paywill be
presentedaswella§ KI & 2FFSNR& ljdzZ ydAGed C2NI 6KS a1l 2FFSNE
acceptwilbepreSy i SR a ¢Stf +ta (GKIFIGd 2FFSNRa ljdzr yiArde o

The second parameter for sorting bids is the timestamp. When a market participant enters an order to the
market, a timestamp is assigned to it. If the market participant modifiesrolume or price of the order, the
timestamp is updated. In case two orders have the same price, the one with earlier time stamp will be
presented on the SOB and matched earli@rders are sorted for eaabrder type separately. Bid orders are
sortedin descending order and ask orders ameted in ascending order.

When themarket closedor a certain product, alemaining orderdecome expired and the local view of the
OB is updated. Similarly, when the CZC is updated or a-lboodsr trade is made.Orders are
added/removedrom the local viewdepending on the CZC availabiliti6].

3.2.5 Matching

The platform will make use of the continuous trading matching algoritftmealgorithm collects orders from
bidding zones of ID MPs and continuously matches thehile taking into account the CZthe successfully
matched orders are transformed intbadesand the trades representlosedcontracts to deliver energy

Trading on the ID platform is available after the -@énead market and before thgalancing energy markets
take place.

Matching on thdDplatformwill be based on the pagsbid algorithm As the name of the algorithm denotes
the payashbid algorithm represents a process where market participants receive thetpatavas stated in
their offer. This algorithm provides the market participants with the appropriate economic signals

There ae various parameterthat have to match in order for the deal to lsencluded such as:

- Order type For a trade to be concludedboth order types have to be presentenh different
sides of the tradebid and aslorder,

- Date, time and type Naturally, the datetime and typeof the product have to matcbtherwise
it is not the same product and the trade cannot be conclyded

- Quantity: Currently, only regular types of the order are supported on the ID platform and
therefore the quantity othe opposite orders have to match in full
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- Price Theprice of the ordethat was added to the marketith the later timestamp has tbave
either equal or better pricéhan the best order of the opposite type in order to for a trade to be
concluded instary.

The trading between different market areas is considered ebmsder trading. It is only possible if the
capacities between the areas are sufficient for a specific trade. Orders entered in one area will be displayed
in all order books of other delivgrareas, assuming enough CZC is available between them. When orders
from different market areas are successfully matched together, the required CZC is allocated to that deal
and, in turn, deducted from the overall capacities between the market areas.CZis available between

one participating market are and all other market areas, no ebasder orders will be visib|¢16].

PRICE DETERMINATIEND TRADE CREATION

When a deal is concluded, the price of the trade has to be determWéakn two orders are matad, the
price is determined as the price of tkeder that was present in the C& an earlier timestamp. In case a bid
order is sent to the platform, a new timestanigpcreated for it. If that order is matched against an existing
ask order the lowest sell ordeprice becomes the trade execution prida.case of an ask ordéeingsent

to the platform, the limit price of thexistingbid order becomes the trade execution price.

A trade is concluded when the two orders are matched. One order can match with several other orders
(crossmatching), but a tradean only be made between two orders. The following parameters areatkriv
from the order details and are necessary for a trddé]:

- Price(derived from the OB)

- Quantity (derived from the OB)

- Duration (derived from the OB)

- Timestampin CH, (derived from the OB)
- Cost of thetrade (calculated at the trade)

Thecost of the tradecan be calculated byultiplyingthe quantity of the power tradedNIW) with the price
per energy unit that was determined between the two ordersK a)andthe duration of the product that
was tradedm the deal.The timestamp of the trades is requirgdcase there are multiple trades to determine
the order of best price and to determine the time when timatching algorithm deems a trade executable.

TRADE CANCELLATION

A trade that was already concluded can be cancefladset of market rules lxbeensatisfied Even ifboth
parties of the trade agreen the cancellation of the tradehere are still technical limitations for thenat
need to be satisfied for itsancellationThe trade can be cancelled if countdlocation of CZ(S still possible.
The counterallocation does not need to follow the same patk the original tradebut the same trade
routing plan has to be considered.

3.3 System market platform fomFRR

TheSystem market platform for mMFRRKERR platforjwill representan Ancillary services markettended

for the TSOs to proce the balancing energyThe platform will make use of a TR’ SO model, where
BalancingserviceProvides BSPewill be able to send their offers to the TSO and the TSOs will forward them

to the platform. The mFRR platform, should bolster ngdiscrimination between MPs takirigto account
various technical needs and capabilities of generation sources, energy storage and demand response
solutions The goal is to define the services in a transparent and technologically neutral manner and ensure
non-discriminatory access to all MPas well as take into account the need to accommodate the increasing
share of variable generatiofiL5].
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NOTE: The development of th®ystem marketplatform for mFRRwill take place in the next task of the
WP10. The task T10.3: Development of CROSSBOW Wholesale and Ancillary Market toolset. During the
development, some minor changes could ln@roduced and implemented, but the main functionalitieg
presented in this document will remain.

The mFRR platform will be developed as a software demonstration and will not achieve the production ready
status.The language of the mFRR platform, its feasusind the description of its operation will be in English.

In the preparation of the functional specification for the mFRR platform, relevant implementation projects
from ENTSE were investigated and considered. Manually Activated Reserves Initiativ! )[4 is an EU
implementation project. Its main goal is the creationtod tEuropean mFRR platform. There are 25 TSOs from
GKS 9! GKIFIG IINX YSYO6SNB 2F a!wL LINR2SOG IFyR p ¢
countries Greek TSO (ADMIE) and Romanian TSO (TRANS) are members of the MARI project and the Croatiar
TSO (HOB), Bulgarian TSO (ESO), Serbian TSO (EMS) are observers of the project. The remaining three
CROSSBOW TSOs, namely, Bosnian and Herzegovinian TSO (NOS BiH), Montenegrin TSO (CGES) and N
Macedonian TSO (MEPSO) are not included in the project in any form

3.3.1 Brief description and main functionalities of the platform

In the Guideline on Electricity Balancing (EB@&)European platform for the exchange of balancing energy
for mMFRRshallbe based on théollowingcommon governance principles and business essed5], [15]:

- Platform shall be operated by TS@<y means of an entity the TSOs could create themsglves

- Multilateral TSO¢ TSO model with Common Merit Order L{&MOL)for exchanging the
balancing energy bids from standard products for mFRR

- Activation Optimisation Function (AQF)
- Pricing of the balancmenergy products shall be based on marginal pricing;
- TSQ; TSO settlement functian

With the mFRR platformywe aimed at satisfying all of the above presented objectiveiially, in the
demonstration phase, the platform is planned to be operated by phneduct leader UL. Due to the
technologies used in the development of the platforthe main idea is, that if th@wnership and the
operation of themFRR platformvould orce passto the TSOsIhe TS@ TSO model will be used in the mFRR
platform with the CMOlLintended for crossborder exchangef the balancing energy bids for the mFRR
product The CMOlgoupled with the use of the AQWith the pricingbased orthe marginalpricing should
increase the social welfare in tI&EE regian

5. Algorithm-

2. Bids Common Merit 6. Results

Order List -~
TSO 8. Activation

1. Bids»| TSO 3.Cz€E o requests
Activation
7.CZG

Optimisation
Function

4. Demands
9. TSQ TSO settlement 10. TSQ@ BSP settlement

Figure7: General process of the mFRR platform, Soyrt#] . R
In the Figure? the general process of the CRQ . h2 Qa YCww LIX FuF2N¥XY OlFyYy 0S
into 10 steps:

1. BSP send bids to the TSO
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TSO forwards bids to the platform

TSQupdates any changes in the availability@XC to the platform

TSO forwardthe mFRRIemandsto the platform;

After the GCT, the CMOL is generated and with the help of the AOF, bids and demands are satisfied

Results of the optimisation (selected bids, satisfied demands and-bordsr exchanges) are
forwarded to the TSQs

7. The remaining CZCs dogwarded to the TSQs
8. TSO sends the activation requests to the relevant BSP

o g M w DN

9. The crossorder marginal price process (settlement) takes place @880 settlement)
10. The TSOs settle with the relevant BSP (IB&P settlement)

¢KS 3ISYSNIf LINRBOSaa 2F /wh{{.h2Qa YCww LIEFGF2NY O
daSYR GKS o0ARAa G2 (GKS ¢{ha Ay GKSANI[C/ .f201d ¢KS
GKSANI RSYI yR& (2 { K&m.The £ arelsentQaithe Ylatiorm imndediatély after the
intraday market closes. In case any changes occifrtbk CZC availability changes, the CZC have to be
published to the platform until the GCT for that produlet.the next step, the CMOL isated and the AOF

is used to calculate the results of the optimisation. The accepted bids, satisfied demands and prices are sent
to the relevant TSOs. Following the AOF the remaining CZCs are forwarded to the relevanthESOs.
calculation of financial TSOTSO settlemerand afterwards the TSQBSP settlement takes placehe cycle

for one 15minute productand activation finishesThe process repeats itself 96 times in the day, once for

each 15minute product.

All of the abovementioned functionalitiesvill be described in detail in the subchapters that follow.

3.3.2 Characteristics and parameterd the standard product

There are mangharacteristicghat the BSP#iaveto satisfywhen submitting a balancing energy bid to the
mFRR platformParametersand characteristicean be dividedbetween requiredand variable Required
parameters have to be satisfied and the variable parameters have to be defined, otherwise the bid is
considered as voidBSPs have to satisly leastthe followingrequired parameter$2], [5]:

- Preparation period: The period between the activation request by the TSO and the start of the
ramping period The preparation period is expected to la2.5 minutesdue to the expected
shape of the product;

- Ramping period The time required for the active power outpiatincrease or decrease from the
current set point to the desired ondhe ramping period is expected to last 10 minutes due to
the expected shape of the product;

- Full Activation Time(FAT) The period between the activation request by the T&d@ full
delivery of requested MW powen the balancing energy bidt is the sum of the preparation and
ramping period presented abov@he FAT is expected to not exceed 12.5 minutes due to the
expected shape of the product. Units with FAT lathgan 12.5 minutesshould not be planned
to participate on the marketand may be subject to imbalance settlement in casdaofer
deviations.

- Minimum and maximum quantity Represent theminimum and maximum allowedhangeof
the power output in MW offered to the platform ihe BSPs. Offered power change has to be
reached until the end of the activation tim&he minimum quantity is 1 MW and the maximum
quantity is 9999 MW
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- Deactivation period Representsthe downramping period, the time required fromthe
contractedfull deliverybackto the set pointfrom before the activatiorbegan The deactivation
period is expected to last 10 minutes due to the expected shape of the product;

- Mode of Activation Represents thevay anenergy balancing bid is activate@enerally, it can
be either manual or automatic. For the mFRR platform, mamale is conislered;

- Minimum and maximum duration of the delivery periadrhe time period when the B8Blivers
full requested change of power to the systeBue tothe fact that only scheduled activationill
be allowed, the time of theluration of the delivery period is expected to be 5 minutes

Some of the parameters introducedbove,are visually representeith Figure8.

Start of the ramping
period

Start of the
deactivation period

Start of the
preparation period

Duration of the
delivery period

. N\

Full delivery period

Full activation|time

Figure8: Shape of the standard product, SourfE9]

The other type of parameters are varialgarameters These are the parameters that have to be specified
by the BSPThe following parameterare the variable parameterg]:

- Price of the bid Representsthe prick Y e ka2 @gAGK GKS 3INI ydz | NR (e
- Direction of the bid: Represents either upward or downward direction of th&bmitted bit. It

defines whether the BSP will be obliged to increase or decreageater output;
- Quantity: Represents the amount @hange of the power output of the bid [MW];

- Divisibility: Bids can be either divisible or indivisilgvisibility d the bids is a parameter of the
balancing energy bid that specifies if partial activation of the kadlasvedor not. Indivisible bids
can only be activated in full.

- Location of the bid: The appropriate LFC areamarket area hade defined when sending the
bid to the platform

- Minimum duration between the end of deactivation period and the following activation
Defined as theequired time between one and the other activatigrelevant in case of direct
activation and consequent agations)

- Validity period Represents the time in which the submitted bid is valid and offered by the BSP
to the platform for activation. Should be defined with the start time and end time.
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In the current stage, only scheduled activation was consideredh®rdemonstration and therefore for
functional specificationScheduled activation imostly used as a mean to replace the aFRR baalivated
due a disturbance or to handle forecastieabalances. The scheduled activations take place four time in an
hour (HH:00, HH:15, HH:30, HH4R)is gives BSPs certainfyhe timing on balancing energy bid activations.

All parametersand characteristicfor the balancing energy bihd their indicative valueagre sunmarised in

the Table?.

Direction of the bid

Upward/Downward

Quantity

MW (Minimum 1 MW and maximum 9,999 MW)

Price of the bid

ekaz23yY LINAROS NBazftdziazy

n

Location of demand

Bidding zone/LFC Area

Divisibility Divisible/indivisible

Type of activation Manual

Validity period Start and end time of thperiod have to be specified
Expected preparation period duration 2.5 minutes

Expected ramping period duration 10 minutes

Full Activation Time 12.5 minutes

Duration of delivery period 5 minutes

Expected deactivation period duration 10 minutes

Fulldelivery period 25 minutes

Table7: Parameters of the balancing energy bid

3.3.3 CrossZonal CapacityGZ¢and relevant timings o the market

Crosszonal capacity (CZC) represents the amount (in MW) that can be used for théordss transfers
between bidding zones. TH&ZC shall be made available to the MPs, as long as the amount of offered CZC
complies with the principle of secure tmerk operation.CZC should be efficiently allocatead the balancing

markets, to ensure operational securif5].

The mFRR platform wilcquireCZC after the trading fdhe specific produchasbeen concludean the 1D
platform. Due to the fact that the ID platform and the mFRR platform will be connected, ih@@ossibility
that the intradayCZC will be forwardeidternally (from ID platform to the mFRR platform)

Otherwise, snilarly to the ID platform, the CA£Il be published to the platform by th€SOs either via API
or via the user interfacelhe following parameters will have to be defd when publishing the CZC to the

platform:
- Date of the Cz@n CET);
- Hour of the CZQn CET);
- LFC area of the TSO

- LFC area of the delivering aré¢for every delivering area);
- Total CZC available in direction away from the delivering ag@aMW),
- TotalCZC available in the direction towards the delivering ai@aMW).

D10.2: Novel balancing and wholesale electricity market design

35



and storage units enabling a transnational Wholesale market

G;Sbow CROSS BOrder management of variable renewable energies

After the intraday market closes and the CZC are already sent to the mFRR platform. The TSOs will be able to
continuously update the available CZC for balancing energy exch@zgehould be updated immediately

after it changes or after it has been recalculatbdthe mFRR platform, the remaining intraday CZC will be
considered.

General process of the mFRR platform identifies the following GCTs and time constraints for the operation

- BSP; TSO GCTGCT is only relevant for the BSPs and the TSO in their biddingBsfore the
deadline of25 minutesbefore the start of theproduct BSPs have to submit energy balancing
bids to their TS@purple colour)

- TSOQ¢ Platform GCT TSOs neetb submit a certain percentage &SP bids to the platforrh0
minutes before the start of theproduct At the same time, TSOs have to submit all of their
demands to the platform. Until the GCT, TSOs can change and update their demands, but after
the GCTdemands cannot be changéolue colour)

- CZC GCThe deadline for any updates/changes to the available CZC nsinutes before the
start of theproduct Usually, the CZC is published to the platf@fter the ID market closes.
Recalculations and changes are permitted until the CZG @€ colour,)

- Platform +communicationGCT At least 12.5 minutes have to be allowed between the request
for activation aml full power(T- 12.5 minutes; communication time);

All of the GCTs are summarisedhe Figure9.

BSR; TSO Gate TS Platform Gate
Closure Time (R5) Closure Time (1.0)

Start of the ramp for

/ physical exchange (%)
l\ 12.5 min FAT
/ Communication time TSOBSP

Expected shape of the

Communication time Platform TSO .
physical exchange

TSO processing time

Communication time TS©PRIlatform
CZC Gate Glosure Time
(T-10)

Figure9: Timings for scheduled activation with Gate Closure Times, So[i8g

3.3.4 Parameters of the demand
At least the following18]:

- Direction of therequested activation Represents either upward or downward direction of the
submitted bit. It defines whether th&8SP will be obliged to increase or decrease the power
output;

- Quantity of the demand Represents the amount of change of the power output of the bid in
[MW];

- Elasticity of the demandDefined with the TSO demand pridé provides the TSOs with the
flexibility to determineif their demand has to be satisfied by the platform othié TSO can try
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and find alternativébalancing energgctivations(activation up to a price)nelasticdemanddoes
not have a pricandtherefore, it has to be satisfied at any cdattivation at any price)

- Location of the demandThe appropriate LFC area market blockshould be defined when
sendingthe demandto the platform;

- Type of activation At this stage of the development, only scdled activation was considered.

All demands are considered to be divisible case the balancing energy demaratge higher than the
balancing energy bids and the bids are unable to satisfy all demiumeddemands of all TSOs will be lowered
on a prorata basis.

All parameters for the balancing energy demand and their indicative values are summarised @tk

Direction of the demand Upward/Downward

Quantity MW

Elasticity Elastic/Inelastic

TSO demand price (optional) LF StlFradAaor GKS LINROS akK?z

2F ndnm €ekKka?z

If inelastic, the price should not be given

Location of demand Bidding zone/LFC Area

Type of activation Scheduled only

Table8: Parameters required for théalancing energy demands

3.3.5 Common Merit Order ListGMOI)

In the EBGI[5], CMOL is described as a sorted list of balancing energyTiidsbalancing energy bids shall
consist only oktandard product bidsThe bids on the CMOL will be sortidt by the price andgecondby
the timedamp. The best bids available will be activated first and will have the priority in dispatching.

BSPs shall submit the standard mFRR product bids to the connecting TSO until the appropriate GCT (note that
GCT from BSP to TSO should be sooner than GCT80nto platform)lt is not intended for the TSOs to
forward all of their balancing energy bids to the platforhi®Os should keep a certain percentage of bids for
themselves, for security reasons.

Two CMOLs will be created on the mFRR platform for each quarter hour pra@heCMOL will be intended

for the upward scheduled activation of balancing energy bids aedother one will be intended for the
downward CMOL. Both CMOLSs will contain available standard product bids of the appropriate di@cljon.
bids submitted ireuro () will be considered. Bids in any other currency will be considered void. Furthermore,
bids with any of the necessary parameters missing will be considered void.

FigurelO presents an example of theMOL wherethe heightof each barepresents the pricenie k a for
each bid and the width of each bar represents the quantity for each bMih Supmsedly, there are three
TSO presenvn the market The CMOL for upwar@MOL activation would be sorted in ascending omfer
the price Bids with the samerice, would be sorted by timestamp.
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TSO A

cul

TSO C

Figure10: Example of the Common Merit Order List, Sou{2é]

3.3.6 Activation Optimisation Functior{AOF)

Activation Optimisation FunctiofAOF)epresents the algorithm that will be appli¢d all CMOlsto optimise

the balancing energy bids and demantisKk S ! h C dzi SR A yFRR glI&tformwll be{basedoh Q a
the maximisation of the social welfare in thegion of market participants (SEE regiohdgcording to the
EBGI[5], the AOFshall take into account at least the following:

- Availability of CZC;
- Bids submitted by the TS®@kouldbe included on the relevant CMOL;
- Demands submitted by the TS&would be taken into account

- Activation processes and technical constrains fidifferent balancing energy producthould
be considered

- The possibility ofietting counteracting activation requests fron80s

The use of AOF shoubeé separatedamongCMOLSs with upward and downward balancing energy lesh
TSO should submit trectivation requests for balancing energy b{demands) to the AOF.

In the Table9, the process of the AOF is summarisé&tie inputs to the AOF are the BSP balancing energy
bids, TSO demandmsd availability of CZChe AOF creates a cost cupansisting of the TSO demands and
CMOL for all bids. The optimal social welfare is calculated based on the curve and defined con&traints.
increase of the social welfare is represented asdberease of the balancing energy costs in the redite.
results of the optimisation include satisfied demanaiscepted bids, crodsorder volumes and crodsorder
marginal prices for the activation of balancing energy bids.
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Merged 1. Maximise welfare fon Available CZC List of activated
upward/downward a given set of bids an balancing energy bids
CMOLs (Balancin demands

energy bids)

Available CzC 2. Minimize the amoun{ The sum of activate( Crossborder volumes
of mFRR powe| bids, satisfied demandg and crossborder
exchange on eac| crossborder exchangey marginal prices for the
border between bidding is zero (for every LF| balancing energy

zones (LFC areas)

area)

resulting from activion
of bids

Demands from the TS(

Used CZC for ead

(activation requests fo border

balancing energy bids)

Table9: Inputs, objectives, constraints and outputs fromthé Cww LI [AQFF 2 Ny Q &

In the Figurell, we can observéhe merged CMOLS for upward and downward activatidre CMOLSs are
merged in such a wathat the bids from BSP awupled with the demands ém the TSOs in the other
direction, [19].

The green lingpresents a downward TSO demantganing thatTSO is willing to pagomeone to reduce
their production coupled with upward BSP bids, meaning thatprice BSPs would be willing to be paid to
increase their production.

The blue line presents ¢hupward TSO demand, meaning that TSO is willing to pay someone to increase thei
production coupled with downward BSP bid#ich represent the price BSPs would be willing to pay to
reduce their production.

Depending on the price, the tw8MOLSs are created (one for each directidn)the illustrative examplén
Figurell, the downward TS@emandswould besatisfied in full and thepward TSO demand would be only
partially satisfiedThe marginal price imarked with the red db
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Upward BSP bid Upward bids +

Downward TSO demant

Upward TSO demand

.-I Downward BSP bid

Downward bids +
Upward TSO demands

Downward BSP bid

>

Downward TSO demand

Downward TSO demand

Figurell: Example of mergingf the bids on the CMOL with the TSO demands, So(it&}, [20]

3.3.7 Crossborder marginal pricing
According to thd5], the pricing method shall:
- Be based on marginal pricing (pastcleared);
- Provide market participant witthe correct price signals.

Thepricing and settlement process will be based on ctomgler marginal pricing, which is based on {aey
cleared marginal pricing. The pagcleared algorithm makes use of tipeice of the last bid of a standard
product, that has been activated to satighe balancing energy demands falt market participantsThere
are certain advantages of the pricing algorithm, includifyj:

- Compliance with the EBGL;

- Level playing field for all participant§no congestions occur, BSPs in the same ge¢the same
price;

- BSPs should not be inclined to aalghremium to the price, which can, in turn, provide us with
better social welfare andives better price signal;

- If a congestion occurs in the area, the congestion rent is introduced.

The crossorder marginal pricing algorithm is presentedrigurel2. The price will be calculated within the
AOF and will depend on the congestions in the afBao @ses can be identifite The case with no
congestions between the LFC areas and the case vehevagestiobetween two neighbouring areascurs

No @mngestion between the LFC areas

In the case where no congestion is present in tegion of market participants, the highest activated bid
price defines the TSOTSO settlement pricaas well as TSOBSP settlement price. The price that every BSP
receives for having its balancing engigds activated is the same for all BSFeprocess of price definition

can be seen ifrigurel2. For the sake of clarity, only twbSOs are considered for tRegurel?, as well as all
bids having the same volum&he example shosvthat when a demand from TSO A and TSO B is activated
with the help of a CMQIA common marginal price is creatfat both TSOs.
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Price

TSO A

<—Demand—>l VolumeMW

Figurel12: Example of crossorder marginal pricingvith no congestion Sourcq20]

Due to the amount of energy activated in tihegion A, TSO B has to pay the proportional share of the
increasedcoss. The cosincreased due to théigher number of activations originating from the areab&.

it can be observedhe demand in the area A is two and the demand in the area B is three. But due to prices
and CMOLthe TSO with the higher demand (in our case TSO B)tpdkie TSO Aor one bid The TS@

then pays for the one bid to the BSP that provided it. All cost diffegmee paid through the TSOTSO
aSidt SYSyd oA 0K -bardeSnmamiteppricé2 y ¢ ONR & &

Congestiorbetween the LFC areas exists

In casewvherethere is no CZC available between the LFC areas or if the CZC are not sufficieotnmodate
0KS ¢ { ha comyéstioh gcBurdgain, for the sake of clarity, only two TSOs are considered, as well
as all bids having the same volume.

oyS 2F GKS YCww LI FGF2N¥VQa TSI G dzhdch reguife$ dufficledffa2 6 S
As a result, congestions are likely to ocbacause omFRR activation®ifferences in the price in the area
and the operation of the AO&re likelyto cause the energy flows to form from the cheapest area towards
the more expensive onén case of congestions, the price differerfcengestion rentpetween thearea will
results in the amount thenore expensive eeais willing to pay and the amount treheager area is willing to
receive
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TSO A

__________ MPB

_______ M PA

MPs

<—Demand—>I

Figurel3: Example of crosborder marginalpricing, with congestion, Sourcgl9]

In the Figurel3 we can observe the effect of congestion on crbssder marginal pricingUnlike inFigure
12, where the cros$order marginal primg without congestion resulted in a singhearginal price, two
marginal prices are presenthe TSO B will be settled at a higher marginal price than T8@ ASO A had
requested activation of twdids and the TSO B requested activation of three bids.

In the TS@ BSP settlement, TSO A is required to pay BSPs from the reffiothfee activated bidsit the

lower marginal price A&and TSO B is required to pay its BSPs for the activation of twabttie higher
marginal price Bln the TSQ@, TSO settlement, the TSO B is required to pay TSO A for one activated unit at
the higher marginal price,But the TSO A will pay its BSPs at the lower marginal prigdé\difference
between the amount that the TSO A receives from TSO B and the amount that the TSO A needs to pay to its
BSPs is called the congestion reDue to the fact that TSOs need to remainafigially neutral in the
balancing process, the congestion revitl be shared between the TSOs, in this case, between TSO A and B.

3.4 System market platform for aFRR

As described in thgreen notebelow, only these functional specification will be made for the aFRR platform
and no software develpment will take placeThepartialfunctional specification ardeveloped as if software
development would take placafterwards.

The aFRR platformvould represent an Ancillary services markatended for the TSOs to proaithe
balancing energyThe platform will make usef a TSQ@ TSO model, where BSPs will be able to send their
offers to the TSO and the TSOs will forward them to the platform.

In the preparation of the functional specification for taBERR platform, relevant implementation projects

from ENTS@& were investigated and consideretihe Platform for the International Coordination of
Automated Frequency Restoration and Stablgst&n Operation (PICASSO[21] is an ENTSEE
implementation project. Its main goal is the creation of the Europ#eRR platform. Thereel6 TSOs from

the EU that are members ICASS@roject and10¢ { ha G KI G I NBE 20aSNIBSNBR D ! Y
countries thereare no TSOs that are members of the PICASSO prajethdGreek TSO (ADM]Bomanian

TSO (TRANSJroatian TSO (HOP8)Ylgarian TSO (ESO) are observers of the project. The remfanimg
CROSSBOW TSOs, namely, Bosnian and Herzegovinian TSO (I$8®iBiH),SO (EM$)pntenegrin TSO

(CGES) and North Macedonian TSO (MEPSO) are not included in the project in any form.
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NOTE: Thefurther software development of the System market platform for aFR&not plannedin any
other task in the WP100nlythese partial functional specificatiorfor aFRR platfornare developed.Some
minor changes could be introduced and implementad the extensive description but the main
functionalities presented in this documenwould remain.

Both,theYCww YR GKS | Cww LJ I G4§F2N)Y LINBaSyEur§Ranplaf- (G KA &
form for the exchange of balancing energy, and therefore, some notions and definitions may be shared. In
order to not repeat the same definitions and functionalitiageference to a subchapter in the mFRR may
beincluded

3.4.1 Overview of the general process

1. Bids TSO

3.CzC 2. Bids

—& Algorithm *—

Common Merit
Order List
+
Activation
Optimisation Function

4. aFRR demané 4. aFRR demand

L4 5. aFRR exchange 5. aFRR exchange e

i R Figur§14: general process of thevaFARR pIatfquource[Z?] R
IntheFigurel4dii KS 3ISYSNI f LINROSaa 27F GKS /ywhsdnfed hdafa I Cw
mainly be diided into 5 steps

1. BSP send bids to the TSO

TSO forwards bids to the platform

TSO updates any changes in the availability of CZC to the platform
TSO forwardghe calculated aFRéRmandsto the platformnt

After the GCT, the CMOL is generated and with the help of thetA®BFRR powenterchange is
calculated and sent to thErequency Restoration Control Error (FREZE)stment process.

o~ DN

The general process can be divided and described as folkivgsly, the BSPs send the bids to the TSOs in
GKSANI[C/ .f201® ¢KS aSO2yR adGSL)I Aa ¢gKSy (GKS ¢{ha
.h2Qa YCww LI IFTGF2NYV¥e ¢KS / %/ FTNB aSyda d2 GKS LI I
case any changes occur of if the CZC availability changes, tlharCEZ€updated angublished to the plat-

form until the GCT for that producthe TSOs forwards the calculated aFRR demands in their LECtarea

platform. Based on the balancing enerbids, demands and available CZC, the ab&&ncing energy
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exchange is calculated and sent to the TSOs. The output of the AOF can be directly used in the FRCE adjust-
ment process.

Based on the comparison done in PICASSO pi@ggthe Control Demand Model was selecisithe
control exchangenodel for the interaction between the AOF and the control loopERERdjustment
processn each LFC are@ihe FRCE represents the error of the frequency restoration process, iwhich
equivalent to theArea Control Error (ACE) of the LFC argican be seen in the frequency deviation if the
geographical area of the LFC aosaresponds to the synchronous ardaach LFC area is required to have a
single controller to manage the activation of aFRR, Ij&]s

3.4.2 Characteristics and grameters of the standard product

Most parameters of the afRstandard product are similar to the ones presented in the mFRR subchapter
3.3.2 Therefore, thedescription of theparameters will not béncluded in this chapteHoweverthe ex-
pected values of required and variable parameters wilintti®duced. Similarly to the standa product for
the mFRR, the following required parameters have to be satiffietthe aFRR product

- Full Activation TIimgFAT)

- Minimum and maximum quantity

- Deactivation period

- Validity period

- Divisibility;

- Minimum duration betweendeactivation period and the following activation

- Mode of activation

Preparation period duration and ramping period duration were not proposed to be harmonised at this
point. Nonethelessthe FAT has to be satisfied faunit to be able to participate on the aFBRtform.
Based on the comparison done in the Implementation project PICERF@he technical and economic
assessmenguggested that the FAT should by 7.5 minutes at this time in prdjbetrefore, the same value
is proposed.

Minimum and maximum quantity of the aFRR product will be similar to the one from mFRR platform. The
minimum quantity will be 1 MW anthe maximum quantity will be 9,999 MW.

The deactivation periotbr the aFRR product is to be similar to the proposed FAT. The duration period of
the deactivation would therefore be 7.5 minutes.
The minimum period of validation of the bid shall be at le&sminutes.

Due to the nature of the aFRP and the fact that activations of balancing energy are almost continuous, all
bids have to be divisible. The time required between the deactivation period and reactivation period of a bid
will have to be zeroThebids have to be available for activation almost continuously.

Mode of activationfor the aFRR product will be automatic onBoth, sendingof the balancing energy
demandsto the platformandsending theresults from theAOF from the platformiowards the LFC area will
be done automaticallyThe activation signals will be sent in the form of setpoiatthe LFC area.

The other type of parameters are varialparameters.The following parameterBave to be specified by the
BSR[5]:

- Price of the bid
- Quantity;
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- Location
hyte oO0AR& &dzooYAGGSR Ay SdaNP 6ev gAff 0SS 02y aiRSN
Furthermore, bids with any of the necessary parameters missing will be considered void. The price of the bid
gAftt KIF@S (KS NBaheduattityihasyo be specifiett when submétigla bid.
Similarly to the mFRR product, the location hasbe specified in order for crodsorder activations to
function properly.

All parameters for the balancing energy bid and their indicative values are summarisedriabiieé0.

Direction of the bid Upward/Downward

Quantity MW  (Minimum 1 MW and maximum 9,999 MW
granularity 1 MW

Price of the bid eka2X LINKAOS NBaztdziazy n

Location of demand Bidding zone/LFC Area

Divisibility Divisible/indivisible

Type of activation Automatic

Validity period Start and end time of the period have to be specif
(minimum 15minutes)

Full Activation Time 7.5 minutes

Expected deactivation period duration 7.5 minutes

Table10: Required parameters for the aFRR balancing energy bid
As it can be observed frofrablel0, the level of harmonisation of the aFRR standard producbislass

strict compared to the mFRR. The number of harmonisation parameters is lower, but their limits are
stricter.

There arealso some specifics considering the balancing energy demands of the aFRR product, compared to
the mFRR one. All TSO demands are considered to be ineflastito the proximity of the aFRR timeframe

with the real time and the fact that TSOs should alwagsrzlined to regulate the FRCE in their LFC area
towards zero

3.4.3 Definition of relevanttimeframes

General process of the aFRR platform identifies the following three GCTs and time constraints for the
operation:

- BSPg TSOGCTGCT is only relevant for the BSPs and the TSO in their bidding zone. Before the
deadline of 25 minutes before the start of the product, BSPs have to submit energy balancing
bids to their TSO. From the gate opening time until the GCT, the BSpdate, clange and
resubmit the bids. After the GCT, all bids are final and can only be excluded from thex@NMOL
the TSO intervention;

- TSC Platform GCT TSOs need to submit the BSP bids to the platform 10 minutes before the
start of the productAt the same tine, TSOs have to submit all of their demands to the platform
in the aFRP, the submission of demands to the platform is automatic

- CZC GCThe CZC are first sent to the aFRR platfaiter the intraday. After each CZC allocation
(i.e. crosshorder mFRR activatiorthe CZC are updated. The CZC can be changed until the GCT
of 10 minutes before the start of the product
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The harmonisation of abovenentioned timeframes is crucial to ensure a level playing field for all BSPs
different LFC areas. Thieadline, 25 minutes before the start of delivery if required in order for TSOs to be
able toperform the required technical processes and create local merit order lists. After the TSO GCT, the
local merit order lists are sent to the platform, where theg anerged into a CMOL.

The timeframes are relevant for every cycle of optimisation and therefore are occurring almost continuously.
The collection of the bids from BSPs to the TSOs is not the scope of the aFRR platform.

¢CKS FCww LI FGF2N¥VQa (A YRgEraa3 W& gwith tNeGD ddiNBRERR laterR A y
timeframes.

3.4.4 Crosszonal capacity (CZC)

In the previous subchaptebout the CZCnamely, subchapteB.2.2(CZC in ID platform) and subchapter

3.3.3(CZC in mFRR platforitme CZC has been described in deféile method for TSOs to publish the

relevant CZC to the platform was described, as well as the required parameters that have to be ifdteded.
aFRR CZC differs in a way that the valuesbwifrovided on a near real time basis (before every control
cycle) because the algorithm matching is near continuous.

In case the neighbouring TSOs both submit the CZC on their border and the CZC does not match, the lower
amount will be selected.

The aFRR platform would require available CZC to use either for exchange of balancing energy or for
imbalance netting processakh participating TS®ould be requiredo publish theavailable CZ@cludng

all of its borders that are participating on the aRPplatform.CZC will be updated gradually, with its update
frequencyincreasing lhe closer itgetsto the real timeoperation. The gradual increase is planned to follow

the following procesq22]:

- Available CZC after ID markethe first CZC that are sent to the aFRR platform and serve as a
basis for future updates are thatraday CZCThe intraday CZC can be sent directly from the ID
platform or submittedby the TSOs to the aFRR platform

- Available CZC after the RR and mFRR activatibhe available CZC are firstly updated atier
earlierbalancing processes (such as RR and mFRR markets). TthatG@Z@llocated earlier in
the balancing process cannot nalocated lateron; some congestions could occur in the
synchronous ared&xcept for someommon usages of balancing reserve originatiog sharing
of reserves in the LFC block or between them, the CZC cannot be reserved activatioms. later

- Certain updates or recalculations of the available CZC after the ID maifRae to remedial
actions, updates of CA©uld be submitted to the pl&rm. Updates could be submitteat any
time if CZC has beeecalculated or used in any other way

- Additional security constraintsAdditional restrictions of the available CZC could be published
due to certain operational security ceiderations. The TSOcan request additionaCzZC
restrictionsto the aFRR borders, but thexplanation of the limitations should be included.
Operational restrictions could includeexpected flows within its own area due to some other
power flows, congestions within the LB@aor events of an outages that reduce CZC

3.4.5 Common Merit Order ListGMOL

In the previoushapter about the mFRR platformamely, subchapte3.3.5the CMOL has been described in
detail. For every control cycléand for the shortest validity period)f the aFRP process, two CMOLs will be
created, one for upward and the other for downwaadtivation The CMOLs will be sorted by prigh the
goal of activating the most economical bids fif48].
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The requested activation of the balancing energy will not be limitethe amount of TSOs submitted bids.
TSOs will be granted full access to the CMOL, meaningth80 would be able to activate higher amounts

(all amount) of balancing energy from th#1OL.The benefits of full access include better regulation of the
FRCE towards zero and restoration of system frequdiwsn though the TSOs are will be granted full access

to the CMOLpne of the constraints will still be the availability of CZC in ohAsgossborder activations.

Having this in mind, TSOs would still be motivated to procure a certain amount of aFRR energy locally or to
haveit prepared as a falback method[22].

In casehe amount of TSO demand exceeds the amount of bids from the BSPs, access to the local merit order
list will be prioritised for each TSO and for all submitted paisfurther presented in subchapt8r4.6about

the AOFThe merged CMOLSs also serve as an input t@ptiisation of activated bids for the relevant set

of demands.

3.4.6 Activation Optimisation FunctionAOR

In the previous chaptertaout the mFRR platform, namely, subchapde3.6the AOF has been described in
detail. In this subchapter, the inputs, objectives, constraints and outputs of thewhlDBe presentedThe
aFRR platform is based on the TS0 exchange modeheaning that the AOF will only send out the results
of the optimisation to the relevant TSO in the LFC af&a. AOF will b&iggered with a fixed interval. The
time between one AOF trigger and the other should not exceed 10 secdi@sinputs should be updated
between the two AOF triggers.

INPUTS

Due to the nature of the aFRR platform (near continuous), the inputs will have to be updated at every TSO
control cycle wthin the LFC area (between 1 and 10 seconti®. latest available inputs will always try to be
used forthe optimisation, in order, to keep the algorithm as up to date as possible and therefore as relevant
for the FRCE to move towards zefidie AOF requiss the following three inputs in order to successfully
optimise the operation of the aFRR platforf®2]:

- Merged CMOLSAIl bids in both direction@upward and downwardyill be merged, including the
availability list of the aFRR balancing energy,bidsase some bids are momentarily unavailable
due to previous activations or expired validity period:

- Available CZC CzC will be updatethroughout the operation of the aFRR platform. When
approaching the real time, the update of CZC will be no longer possible. Available CZC will also
present one of the constraints for the AOF;

- TSOdemandd A YAf NI & (2 GKS YCww LI} I (FqiNdforitheCQa A
optimisation of demands against bids and the creation of chmssler power flows

OBJECTIVES

The AOF will tryo satisfy the objectives based on priority rules. Whbka objective with higher rank is
satisfied, and in case there are multiple variations that satisfy the higher rank objective, the next on rank
objective will be taken into account. There are four objectives present in the operation of the A@QHKF aind
them are briefly presentetelow, [18]:

- Maximise satisfaction of the aFRR demand of individual LFC afdasfirst objective is strongly
dependent oncontrolling theFRCHEowards zero. The TSOs will all be granted full access to the
CMOL As much aFRR bids should be activated as requireejidate the FRCE towards zero.
Until all aFRR demands aatisfied, the objective is not fulfilled

- Minimise the volume of the selected standard aFRR balancing energy product bidsase
there are multiple instances of activation where all aFRR demands are satibigedext
objective should be considered and netting of the aFRR demands ghetéken into account.
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Where possible and if not affecting the amount of satisfied demands, netting of the aFRR
demands should take placH.the amount of satisfied demands is not affected, the objective is
not satisfied until all othe aFRRlemands are nettd;

- Maximise the economic surplusrhe third objective is related to activating the most economic
set of bidsEven the first objective will first use bids from ttog of the CMOL, meaning that the
most economical bids will be used first. In case all efakRR demands are satisfied afdf
them are netted against each other, the crdssrder flows and requested activations should be
selected to minimise the costs of balanging

- Minimise the number of crossed borders and exchanged aFRR prodifctdl o the above
objectives are satisfied, theperational security should be considered, meaning that the amount
of exchanged crossorder aFRR products should be minimised

In case not all of the aFRR demands could be satisfied even if considering just the first objectli8€slae
not granted full access to the CMOL anymdiiee TSOs will have priority for their local bids compared to the
rest of the TSOs.

CONSTRAINTS

The only constraint that will be submitted to the platforas an inpuis the available CZC. CZC is required for
all forms of cros$order activations andnbalance netting. In addition to the CZC availability, the AOF should
take into consideration the surof activated bids, satisfied demands and crbssder exchangesThe sum
should be equal to zero for every LFC area.

OUTPUTS
The followingoutputs will be sent from the AOF to the relevant LFC areas of the TI8Ps,

- The aFRR power exchange between the TSO borddris AOF output could hesedas an input
to the local FRCE adjustment process in every LFC area. In the output, all of tHeoocdess
power exchanges will be captured. The output will consisiegfoints for different BSP units.

For the TS@ TSO settlement purposes, a list ofigated balancing energy bids should be stored, as well as
the crossborder volumes and crodsorder marginal prices for ea@rea without a congestion.

In the Tablell, the process of the AOF is summarised. The inpeésied for a successful operation of the
AOF, objectivesaf KS ! hCQ&a 2LISNI A2y FyR Ada O2yadluddessiyiida |1
cycle of the optimisation
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Merged 1. Maximise the Available CZC List of activated balancing

upward/downward amount of satisfied energy bids

CMOLs (Balancin aFRR demands, wit

energy bids) aFRR activations

Available CzC 2. Minimize  the| The sum of activate¢ Crossborder volumes and
volume of activated bids, satisfied crossborder marginal
aFRR balancing ener{ demands, crosborder | prices for the balancin
bids exchanges is zero (f¢ energy resulting  from

every LFC area) activation of bids
Demands from the TSC 3. Maximise the Used CZC for each border

(activation requests fol welfare for a given se
balancing energy bids) | of bids and demands

4. Minimize  the
amount of aFRR powe
exchange on eac

border between
bidding zones (LF
areas)

Tablelly Ly Llziaz 2062S0iGA@Sazy O2yaiNIAydGa yR 2dzillzia ¥
All demands are considered to be divisible. In case the balancing energy demands are higher than the
balancing energy bids and the bids are unable to satisfy all demands, the demands of all TSOs will be lowered
on a prorata basis. The TSOs that have piledi the aFRR platform with molmlancing energy bids than
demands will have all of their demands satisfied in full. The TSOs that have provided the aFRR platform with
more balancing energy demands that bidsl] have only partially satisfied demands.

3.4.7 Crossborder marginal pricing

In the previous chapter about the mFRR platform, namely, subch@g8efthe crossborder marginal pricing

has been described in detailith examples for different situations that could arise. All of the principles
introduced in that chapter will remain the same for the aFRR platform and therefore, they will not be
repeated.The crossorder marginal price will be calculated for every angested areaThe cros$order
marginal price will serve as an input to the TSTH0 settlement and TSP settlement.

3.5 Measurement of energies withimFRP

3.5.1 Brief description and main fuctionalities

Herewith are presentedhe main principlesfor measuringthe energ used in the active frequengyower
secondary regulation (aFRR) by its components:

- UPAFR"Balancing Energy for upward aFRR";
- DWAFRbh. I f I yOAy3 9ySNH2 F2NJ R2gy st NR | Cwwé

The main idea in the proposed solution is based on the measuremeahayusing oneminute load
profiles, recorded in metrology meters, to measure theergyused in the aFRP frequenpgwer control (f

P). Increased accuracy and metrology principles will incr&&® confidence, improving fairnesand
transparency in the measurement of these services, following a transparent competition that will lead to the
development and maturity of the balancing market and, implicitly, to increased consumer safety.
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3.5.1.1 From aFRR active power reserve, to balancingmgies under aFRP

Within the technological ancillary services, the most important ones are those related to the "Active Power
Reserves", which distinguish the "aFRR of Active Power", by its parameters "aFRR Regulation Band" (BRS) and
"Halfband Regulation".

This proposed solution deals with methods for determining URAB&®ancing Energy for upward aFRR" and
DWAFR"Balancing Energy for downward aFRR" used for aFRP

The following issues are presented in this praggbapplication:

- The possibility to use as low as possible (in our case theomete load profiles) baseline energy
meter for measuring UPAFR and DWAFR in;aFRP

- The ability to define and monitor the quality of service provided (aFRP) using the metrblogica
devices (energy meters).

The Figure 15 representsan operating case for an assumed generator considered to supply balancing
energies. As general approach, we consider that this generator is available to provide both mFRR and aFRR.
It is visible that within first 15 minutes, the generator is operating around the Pop(T1) level of 80MW. Then
the generator receives a dispatch order for mFRR ifisaltion and at minute 15 is moving to another
operating position with Pop(T2) at 100MW. In both cases, the generator also receives regulating impulses for
aFRR and its generation goes upward and downward around Pop. The generator is injecting upward and
downward active energy (UPAFR and DWAFR) with a dedicated band for aFRP adjtRimERE 60 MW,

and these energies above Pop and below Pop are subsequently aggregated for determination of the activated
energies. The real generated active powes Bvolves within the range of aFRP based on ordered value
(Peong), for each moment during each 1 hour dispatch interval (1 hour is our case example but dispatch interval
can be also 15 min or 30 min). All areas above Pop (T) are integrated to calculatewithiRRe dispatch

interval and correspond to the sum of A02 + A04 + A06 + A08 + A10. Accordingly, all areas below Pop (T) are
integrated for DWAFR calculation over the same dispatch interval and correspond to the sum A0l + A03 +
AQ05 + A7 + A09.
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Legend PIMW]

UPAFR '

L] .

DWAFR BRS(T,)=

60 MW

Ao 100 — . - BRS(T,)=
60 MW

Pop(T,)=100 MW | :
Pna(T,) = 80 MW 60 | . N v N I
DD(T,)=20 Mw | Pop(Tx)=80MwW 60 | | . : :
Pna(T,) = 80 MW i |Peons(tl) . :
DD(T)=0MW 40 1 [ o :

(Pop=Pna+DD)
(Pop = Pna + DD) 50 [T , ....... .........
A 0 | : 7 : Lo
BRS - band for aFRP adjustment 0 15 U 3'0 4s t2 6'0 Time [min]
OR — AFRP regulating order

Pcons - the reference active power
Pop - operating active power Dispatching interval (1 hour)
Pna - active power according to notification

DD - Dispatch Order

Crs - binary control status

Figurel5: Examples of measurement of aFRP control services

Within the aFRP control service, the following values are measured:

- The adjustment band (ancillary service as reserve of active power) made available by the BSP
over thegiven time period, which is the integral over time of the available adjustment range. For
a constant value of regulation band within the given time interval, the quantity of "regulating
band" is equal to the area of the rectangle surface Power band x dmahés measured in hMW
(we will use this equivalent measurement unit to avoid confusion with the real energy produced
for balancing) Thus, a 24MW band provided for a full hour would produce 24 x 1h = 24 hMW.

- The energiegieneratedduring the aFRReparaed forthe upward and downward around Pop,
i.e. UPAFR and DWAHRHg(rel5). The point of operation of the generatBs, is determined by
the Approved NotifiedPower (R») and Dispatcher Order (DD) as follows:(P) = R (T) + DD (T).
Beside this, the regulating impulse is ordering upward or downward energies.

3.5.2 General process of the aFRP energies measurement

3.5.2.1 Measuring energy on the balancing markethe current method.

According to the Commercial Code2(Romanian), the measurement of the energies mobilized for aFRP in
the balancing market is centralized in the EMS/SCADA system, actually measuring the "demand for energy"
(control order). Se€igurel6. At European level, the measurement of the energies mobilized in the balancing
market can be done both by measuring the "order for balancing energy" or byumegshe "actually
delivered balancing energy".
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Figurel6: Exchange of data between TSO, Balancing Market and Dispatch Unit for Measurement by EMS/SCADA
Realtime automated calculation is performed by the central frequepoyver aFRR control (by EMSCADA
- AGC (Automatic Generation Control)) for each dispatched unit operating in aFRR control, simultaneously
with the issuing of the Adjustment. Rigurel7 shows the variation curves of: regulating order, ordered
generator output,real generator output (best that could be obtained) and associated regulating power in
upward and downward directions:

Figurel?: Power values in the aFRR contrePf
In Figure 17 the errors introduced by the balancing energy measurement method can be sensed by
"integrating the control order" (green curve) instead of measuring the real produced energies (violet curve),
the error level being proportional to the areas between the green curve and the violet curve.

3.5.2.2 Measuring energy on the balancing markethe proposed method.

The proposed solution configuration to measure energies within aFRP is based on the usage abgicet
meter with oneminute profiles and one associated SW platform.
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