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Letter to stakeholders

DearStakeholdersNRAs ACERand Commission,

The power sector is facing unprecedentedransformationsand challenges triggeredby changesin the
way power is producedand consumed,the growing EU integration,and new regulatoryrequirements
The dramatic impact of the Coronaviruson economiesand organisationshas addedfurther complexity,
to this landscape,increasingthe challengesto both standard operations and change management

processes

We believe that these developments further increase the need for and the value of information.
Information allows stakeholdersto monitor the progressof existinginitiatives,to havea better vision of
the next steps neededand ultimatelyto be better preparedto take informeddecisions

This has beenthe central thought in drafting the secondissue of the CACMAnNnnualReport to provide
stakeholdersmoreinformation,a wider perspectiveand more up to date data.

ATransparency and
stakehol der s;
Is key to support an effective
EU mar ket 1 nt
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Letter to stakeholders

As anticipatedin the first issue the CACMANnnualReport,this secondissue extendsthe overviewof the
operationsof SDACand SIDCin manyways,as it:

a) addressesa longertimespan both looking back (2017 2019) and looking ahead (2020 2022), in
orderto betterreflecttrends and seasonalvariations

b) increasesthe numberof indicatorsfor SIDCreflecting both the changesintroducedby the 2"d Wave
Golive and the improvementsin the reportingfunctionalitiesof IT solutionsin place

c) Bringsforward the releaseof the publicationto July, in orderto providea more timely support to
St a k e h meédibeinfosmation

Furthermore, it includes new sections on: the NEMO Committee activities, the aggregated market
outcomeshby biddingzonesfor SDACand SIDCand an ad hoc dedicatedparagraphprovidinginsights on
the A S D deCuplinge v e.Withregardsto the overallstructure of the Report,it mirrorslasty e aand s
is basedon two chaptersby timeframe and four sub-chaptersby topic.

In additionto the descriptiveinformation,the Reportincludessome useful information for Stakeholders
and policy makers interestedin the completionof the SingleDayAheadand SingleIntradaymarket
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Letter to stakeholders

In the SDAC the current algorithm performance is very positive, and adequate for supporting the
mergingof MRCand 4MMC. Furthermore|ts performancecan accommodatethe extensionof the MNA
projectsto the Nordicand Baltic Regions as well as the usageof Flow Basedin Coreand Nordicregions,
thus supportingthe full integrationof the EUinto a SingleDayAheadMarket

It is worth noting that the extensionsrelatedto MNA and FB have not beencompleted,due primarily to
local delaysin testing activities.

As for the go-live of the 15/30 min MTU, major delays are expected Thesenew requirementsare not
currently supported by the algorithm and would necessitate the developmentof a Ac r-m& tsc h i
functionality, which is currently not available These topics are addressedin the SDAC chapters
dedicatedto Scalabilityand R&D

In ordernot to interferewith the programmedextensionof the SDACto all EU the implementationof the
15/30 min MTU go-ive in the day-aheadtimeframe may needto be postponedto after 2023. Delaying
this would also allow for a proper assessment of time and cost for delivery for the required
functionalitiesand performanceimprovements as part of the ongoingR&Dprogramme
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Letter to stakeholders

In the SIDQ after the successfulgo-live of the A S e cw an\d @ Ngvember2019, the so calledA T h i
w a v godive remainsthe next milestone neededto complete the extensionof the SIDCto almost the
entire EU Dueto testing issueson the Frenchborder,the A T h\Wa \dgo-live will be delayedto Q1-21.
Furtherimprovementssuch as the treatmentof losses,FB supportand the cross-matching functionality
inclusion,or amendmentsof system designshould be evaluatedin the perspectiveof such completion

With regardsto the intraday Auctions or IDAs introducedby A C E Rlecsionon CZIDCRo ensurelD
capacity pricing,the 2023 go-live could be affected by the implementationof the 15 mins MTUin the DA
timeframe.

The information providedabove clearly evidencesthe complexitiesof having a consistent and reliable
planningfor the changemanagementprocess Thisis especiallytrue whenindividualpartiesand groups
are involved in multiple, overlapping and interdependent processes within a constantly evolving
regulatoryframework
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Letter to stakeholders

We hope that this second instalment will reaffirm the positive feedback received last year and
demonstrateour commitmentto alwaysimprovethe quality and the valueof the information we release
to all the Stakeholders

In the yearsto come,we will endeavourto providegreaterinsights and status of advancementson the
elementsabove,so as to include in the relevantsections the various steps which should lead to the
implementationsof the Intraday Auctions (IDAS)

Werenewour commitment to work with StakeholdersNRAs, ACERand the Commissionin achievinga
fully integrated,well-functioning,efficient and transparentEuropeanElectricityMarket,in all the relevant
Foraandthrough all the valuablechannels

CosimoCampidoglio

Chairman of the All NEMO Committee
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Regulatory framework

Annex | to the ACER Decision 04/2020 on the Algorithm
Methodology of 30 January 2020 (hereinafter referred to as
Algorithm Methodology provides the regulatory framework for this
CACM Annual Report. It includes the methodology for the price
coupling algorithm, the continuous trading matching and the
intraday auction algorithm also incorporating a common set of
requirements in accordance with Article 37(5) of the Commission
Regulation (EU) 2015/1222 of 24 July 2015 establishing a
guideline on capacity allocation and congestion management
(CACM)

The reporting obligations to comply with CACM Annual Report are
listed in the Algorithm Methodology. This report is elaborated in
cooperation with TSOs and is structured in the following manner,
for both ex-ante market timeframes:

1. OPERATIONSREPORT,consists of:

a) Report on incidents : According to article 4(17) and 5(17) of

b)

the Algorithm Methodology, it provides a list of incidents in
the operation of the relevant algorithm and the application of
back-up and fall-back procedures. It includes an explanation
for their occurrence, as well as remedies applied or
anticipated to prevent their recurrence;

Report on the decisions on requests for change: According
to article 19(11) of the Algorithm Methodology, it indicates
the decision for each request for change, the criteria and the
principles behind such decision as well as the assessment
report as required under article 17(12) of the Algorithm
Methodology; and

Report on the application of corrective measures:
According to article 12(13) of the Algorithm Methodology, it
indicates the corrective measure applied, the reasons for
applying it and provides additional information on plans for
future measures to address these problems.
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Regulatory framework

2. REPORTON THE OUTCOMEOF THE MONITORING OF THE 4. REPORT ON RESEARCHAND DEVELOPMENTACTIVITIES

ALGORITHMPERFORMANCE According to article 8(3) of the According to article 11(8) of the Algorithm Methodology, it
Algorithm Methodology, it contains the items listed in Annex 3 provides the status of the research and development activity
and Annex 4 to the Algorithm Methodology, all cases of and the planning of the future research and development
performance deterioration or non-compliance with an activity, including an estimation of the identified workload and
implemented functionality, an analysis on the usage of each the associated budget.

product and its impact on algorithm performance (for SDAC
only), a description of the reasons for these occurrences and
remedies or future improvements (as referred to in article 5 of
Annex 3 and article 5 of Annex 4 to the Algorithm Methodology)
and a presentation of the conclusions made in cooperation with
the relevant stakeholder fora.

In addition, article 20(3) of the Algorithm Methodology sets the
obligation to publish all the above-mentioned reports.

3. SCALABILITY REPORT According to article 9(4) of the
Algorithm Methodology, it provides the outcome of the
assessment of the estimated level of scalability for the coming
years and an explanation as to whether this level meets
adequate scalability requirements. This section also includes
the assessment of the effective usage, anticipated usage and
usage range. Finally, it provides the prospective projects
scoped as part of research and development with estimated
workloads.

ALL

? NEM\.) —

COMMITTEE




NEMOs & NEMO Committee

NEMOs are the Nominated Electricity Market Operators
designated by the competent national authorities to run the Day
Ahead and Intraday markets according to CACM Currently there
are 16 NEMOs designated for both DA and ID, with the exception
of Nasdag and EXAAwhich are designated only for the Day Ahead
market.

The All NEMO Committee is the body established by NEMOs to
facilitate their cooperation in the delivery of common European
tasks. It manages the presentation of the Terms Condition and
Methodologies expected under CACM(the so called MCOPIlan,the
relevant Methodologies and the contractual framework among
NEMOs and with TSOs) and ensures NEMO representation,
r s j dg mklvetngnRand legal compliance.

Further info about NEMOsand the NEMO Committee can be found
at
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http://www.nemo-committee.eu/

NEMO Committee Activities

NEWADHERENCEa newly appointed NEMO (Nasdaq) adhered to
the NEMO cooperation, signing the ANCA and the ANDOA (see
later point on contracts)

REPORTINGPublication of 2018 Cost Report,2018 CACMReport
COMMUNICATION Launch of NEMOcommittee website

NEMO REPRESENTATION preparation and representation of
NEMOs positions in public fora (including among others the
Florence Forum and the MESC)and in institutional fora (including
the EC Governance Working Group and the Trilateral Coordination
Group)

METHODOLOGIES

- Algorithm Methodology . Amendments requested by previous
version of Algorithm Methodology, including binding
provisions related to algorithm change control, algorithm
performance monitoring, introduction of intraday auctions as
a solution to provide intraday capacity pricing according to

11

@B D Qdecision No. 014/2019. Submitted for approval to
ACERoON July 2019, according to new ACERRegulation, and
approved by ACER in January 2020 with amendments.
Deliveredin cooperation with TSOs

- ID product methodology : Amendment of previously approved
ID product methodology, which include descriptions of the
products being supported in IDAs. NEMO only, approved by
ACERIn January 2020.

CONSULTATIONS

- Launched: Public consultation on Algorithm Methodology
review including algorithm change control and algorithm
monitoring, plus SIDC requirements annex amendment for
supporting ID auctions, plus SIDCproduct methodology.

- Replied: Response to TSOs consultation on co-optimised
allocation process of cross zonal capacity for balancing
exchanges. Response to ACER consultation on Algorithm
Methodology.
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NEMO Committee Activities

CONTRACTSAND GOVERNANCE

12

ANCA: All NEMO Cooperation Agreement, envisioned in the
MCOPIan, legal basis for the general NEMO cooperation

ANDOA All NEMO Day Ahead Operation Agreement, legal
basis for the NEMO cooperation in the operation of the DA
markets

DAOA the Single Day-Ahead Coupling Operations Agreement,
the legal basis for the joint NEMQQTSO cooperation in the
operation of the DA markets

ANIDOA All NEMO Intra-Day Operational Agreement, legal
basis for the NEMO cooperation in the operation of the ID
markets

IDOA Single Intra-Day Coupling Operations Agreement, the
legal basis for the joint NEMOJTSO cooperation in the
operation of the ID markets

Joint governance: High level design of the day-to-day
management of the single day-ahead and intraday coupling
between the TSOsand NEMOs,according to Article 10 CACM

FURTHERTASKS

IDA: The NC finalised a high level design for the

implementation of Intra Day Auctions, complying with @B D QR r

decision on Intra day Cross Zonal Capacity Pricing. Such
proposal has been delivered to the SIDC Steering Committee
for the finalisation of the technical requirements and the
subsequent implementation in the coming years.
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ENTSO-E

Enabling the European energy
transition through:

- European long term grid
planning

- European security analysis
- Technical/market rules

- European platforms

- Standardisation & research

- Regional & global
cooperation
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Single Day -Ahead Coupling

Executive summary SDAC singic pay-Ahead Coupling

The SDAC covered wide variety of EU areas, including 27 Countries, traded volumes grew to 1 500Wh
High level market data with clearing prices heavily declining with respect to 2018, grouping in three main areas and prices
g mf hmf eqnl "gntmc 3/ §g§.LVg sn 40 g§g.LVg-

SDAC operations continued to be reliable. The number of confirmed operational incidents was low, and
hm khmd p06. RO7 mtladgr cdrohsd sgd ehqgrs ohds.|

Operations report caused by the SDAC algorithm or procedures, but was the result of a local IT issueMany RfCs of
increasing complexity went live, including the CWE MNA, and no corrective measures have been
triggered.

The performance of the SDAC algorithm continued to be highly positive.The usage of products

Performance experienced a modest growth with respect to 2018 (+ 9%) while the Time To First Solution (TTFS)

Monitoring report remained well below the 12 minutes allowed for algorithm running. Optimality and Repeatability

bnmshmtdc sgd fnnc odgengl mbdr eqnl pO06. 07 -

For the period 20200R022, the demand for scalability is expected to increase significantly. The
simulations confirm that the SDAC algorithm is expected to be able to support the completion of the

Scalability report SDAC with the extension to all the EU of the existing requirements and functionalities. On the other hand
the implementation of 15/30 mins MTU will require performance improvements, and potentially new
functionalities, both expected after 2023.

In 2019 NEMOs and TSOs launched arfircl&D Programme in the SDAC JSC, spanning 3 years and with
R&D report an overall budget of5 4 / Thegfirst positive outcomes will be implemented in the next Euphemia
version. ALL
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sipc¥

After the go-live of the second wave in November, traded volumes reacheds7 TWh and over 30 millions
of trades, withan udq fd bkd ghmf oghbd "~ gntmc 3/ §g.LVg

Many RfCs has been implemented to improve the performances of the systems to prepare with the
second go-live wave. Despite the growing complexity of SIDC the amount of the incidents is lower.

The level of usages drastically increased due to the Second Wave gdive, including network complexity
and number of NEMOs supported. Executed orders and trades nearly doubled, showing a significant
upward trend throughout the year, with a further jump after November, confirming the lively interest of
Market Participants for the new Market. The time performance of the systems proved fairly stable. On
average, liquidity looked concentrated in the last trading hours before delivery.

The stress tests for existing features have always been successful, proving the resiliency of the solution.
More significant performance impacts are expected from up coming RfCs, aimed at implementing
requirements such as the cross-matching of different products and the treatment of losses .

The major future changes which may be subject of the R&D are ShippingJ]Enduring solution, intraday
auctions, losses and cross-product matching, extended use of 15/30 minutes level, flow based
allocation.
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SDAC Single Day -Ahead Coupling
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SDAC main features

NEMOrequirements

d] Block products (simple, linked, exclusive)
dl Pun&merit orders

d] Complex Orders

d] Aggregated MTUs orders (curves)

TSOrequirements

d] ATCand Flow based (PTDFconstraints)

d] Intuitive flow-based

d] Network constraints : Ramping, losses, minimum stable flows...

CACMrequirements
Adequate optimality
Adequate scalability
Adequate repeatability
MNA

MTU: 60 min

[ajayajaya

Systems release(s)
d] Euphemial10.3 (from 03/04/2019)
dl PMB10.2 (from 03/04/2019)

17

Single Day -Ahead Coupling — ———

Geographical scope

d MRC(PT,ES,FR,IT,DE,BE,NL, LU, UK, IE,AT, SI,HR,BG,GR, PL,
LT,LV,EE,FI, SE,DK,NO)

a 4MMC (HU,CZ,SK,RO)

*MRC member not coupled

I MRC members (operational)
[ MRC members (not-operational)

I 4 MMC members (operational)
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High level market data

In 2019, the SDACcovered most of the EU,despite still being divided in two regions (MRCand 4MMC, with
Greeceand Bulgaria being supported in isolated mode).

The «topology» of the coupling remained stable. It included 27 Countries, 61 bidding zones, 35 TSOs
and 16 NEMOs((including Nasdag, not operational during 2019).

The «economic dimension» of the coupling grew to 1,500 TWh, the welfare managed by the algorithm
reached an average of 8.8A gper session, of which 8.7A gwere from MRCand 99.9 L gfrom 4MMC.

The clearing prices declined significantly compared to 2018, mainly due to lower gas prices. Average
prices can be grouped into three main areas: Southern Countries (Italy, Iberia, Slovenia) with annual
average prices around 51 § . L V Gontinental and Nordic Countries (France, Germany, Belgium,
Netherlands, Nordics) around 40 § . L Vand Eastern Countries (4MMC) around 46 § . L Vigourly

Single Day -Ahead Coupling

prices ranged between -83 and 1,250 § . L Vggrificantly less than the absolute min and max prices
set in the related methodology.
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— High level market data

Price indexes are computed excluding hourly prices in zones with
no traded volume on a daily basis or in days of decoupling. Yearly
prices are computed as simple averages of hourly prices.

Traded volumes are computed based on purchase volumes in
each bidding zone.

TRADEDVOLUMES(TWh)
Annual Daily average Daily minimum  Daily maximum
1486 4.08 3.27 4.87

Monthly traded volumes (TWh)

TP P e ape®E

Feb 2019 Apr 2019 Jun 2019 Aug 2019 Oct 2019 Dec 2019
Jan 2019 Mar 2019 May 2019 Jul 2019 Sep 2019 Nov 2019

Single Day -Ahead Coupling — ———

CLEARING PRICES

Annual mean (, / MWi),
Hourly Hourly
minimum maximum
9
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Operations report

In this section, 2017-2019 SDAC operational events are reported, including: the
incidents, requests for changes and corrective measures. Such events are separately
reported for both the MRC and 4MMC regions, at the level of the two coupled areas, not
at NEMO,TSOor country level.

INCIDENTS

As for the 2018 report, incidents are classified according to two criteria (severity and
causes), with a classification in SDACwhich is similar but not identical to that applied in
SIDC(giventhe differences in the two technical solutions).

d] The incidents in 2019 experienced a significant fall, compared to 2017, with the
majority of these not visible to market participants.

d] As regards severity, the most critical incident in SDACwas the one that lead to a
partial decoupling, the first such event in the history of the SDAC,which occurred
on 07/06/19. The incident was not caused by the SDACalgorithm or procedures,
which performed as expected, but by an internal IT issue at EPEX(more details are
provided in dedicated paragraph on Decouplingincident 7th June 2019).

Single Day -Ahead Coupling

ADuring 2019, the CWE
MNA went live.

The first decoupling
event occurred, due to

oc al

|l Ssues
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— Operations Report Single Day -Ahead Coupling

d] 40%of the incidents were not visible to market participants in

MRC while in 4MMC the share of incidents not visible to the CORRECTIVEMEASURE(CM)
market participants was 90%. As in previous years, the most
frequent cause for incidents in MRCfell in the category 2 Ns g d
(73%), that is incidents that are mainly related to technical
issues belonging to local NEMO or TSO systems. In 4AMMC,
interface issues and system bugs were the type of incidents
with higher occurrence.

q I? 2019, no corrective measures were triggered.

REQUESTS-ORCHANGE(RfC)

RfCs are classified per type of requirement, the same
classification is used in SDACand SIDCdespite the differences of
the two technical solutions.

d] The most important RfCs implemented in 2019 were the go-
live of Euphemia 10.3 on 03/04/2019 and the CWE MNA
implementation which went live on 02/07/2019.

d] The comparison with the year 2017 shows that, during the
last two years, the SDAC project has managed a growing
number of RfCs of increasing complexity, while maintaining a
high level of reliability of the algorithm performance.

ALL
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— Operations Report: Incidents a] severity

MRC

AMMC

2019

2018

2017

2019

2018

2017

Annual

o

o

10

16

Single Day -Ahead Coupling — —

30

20

Severity 1
Incidents that led to
decoupling

Severity 2
Incidents where message of
risk of decoupling was sent

Severity 3

Incidents that were visible
to market participants but
risk of partial decoupling
message was not sent

Severity 4

Incidents that were not
visible to market
participants
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— Operations Report: Incidents q] causes Single Day -Ahead Coupling  ———

Monthly Annual

MRC s Other

2019
Human error

2018 Unusual process

[N
w »

Interface issue

2017 6 1
- System bug

0 10 20 30 Configuration
2019 1 3 3 1
2017 1 10 1
0 5 10 15 20
ALL
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— QOperations Report: Incidents

Decoupling incident 7

The root cause was a defect in the Trading System of EPEXenabling an
unsupported order to be entered by one of its market participants.

This led to technical issues on EPEX side, that prevented the
participants from submitting their orders and, which could not be
resolved in time to meet the critical deadline of the Partial Decoupling
at 12:40.

The local problem was outside the control of other NEMOs/TSOs

In an attempt to avoid the decoupling and minimise the impact on
market participants, the agreed procedures (especially timings) were
not fully followed on 07/06:

The partial decoupling declaration was postponed by 9 minutes,
following information from EPEXthat local IT issues were being solved.

Finally the issue could not be solved within these 9 minutes. This led to
a further chain of events where subsequent processes were triggered
too late.

Following the partial decoupling of CWE and GB from MRC, shadow
auctions for cross-zonal capacity were run by JAO:

24

Single Day -Ahead Coupling

th June 2019

dZz For DEODK2 and NLONO: Due to the 9 min delay, shadow auction
results were received too late by market participants making it
impossible to consider allocated capacity when bidding at Nord
Pool.

dZz Local auctions were run by EPEXfor each local national market
area.

LESSONSLEARNED

dl Incident management procedures are in place and constantly
improved based on operational experience.

d] Ensuring the integrity of IT systems utilised by individual Parties in
the joint SDAC process is of utmost importance. Monitoring
centralised mapping of risk areas and centralised reporting of
integrity testing to be evaluated.

d] Leading principle: procedures must be followed, as they are
designed to maintain the functioning of the market evenin case of
(partial) decoupling. Any derogation, even with good intention, can
induce cascade consequences on other processes. If procedures
are deemed too stringent, instead, they should be reviewed.

ALL
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— QOperations Report: Incidents

Decoupling incident 7

d] Proceduralimprovements were analysed:

25

ql

ql

ql

Adjust fall-back procedures and deadlines to ensure they
hold and can be met by all parties including market
participants in exceptional circumstances.

Some extra time could be allocated to the ordinary process
(calculation of market results) and deadlinesto trigger partial
and full decoupling could be postponed by 10 minutes in
total without endangering other processes. Advanced
assessment among the Parties is ongoing on the matter.

Shadow auction process timing is being reviewed and
reinforced.

Training of operators (of NEMOs and TSOs) focusing on
decoupling situations across MRC must be improved.

There is a need for better preventive communication and
training for market participants.

Ensure all affected NEMOs and TSOs are invited to the incident
committee.

Single Day -Ahead Coupling  ———

th June 2019

INVESTIGATIONREPORT
The full investigation report was published on 15t October 2019:
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http://www.nemo-committee.eu/assets/files/sdac-report-on-decoupling.pdf

— Operations Report: Request for change ( RfCs)? Single Day -Ahead Coupling =

MRC 2 oo Other

2019 1 4 1
System Release

2018 1 3 s 1 Network topology
Geographical extension
2017 Products extension
0 2 4 6 8 10 MNA implementation

2019

,3 __________________________________________________________________
I [
2 D wem -
S DN . 2018
1 _____________________________________________________________
05

1 23 4|56 7|8 9 10|11
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— QOperations Report: Incidents Single Day -Ahead Coupling

Decoupling incident 7t June 2019

DESCRIPTION

On 7" June 2019, CWE and EPEXGB were partial decoupling due MRC Areas with the same
colours coupled, borders

to IT problems at EPEXwhich prevented it from submitting its labelled with @)
order books to the MRC within the procedural timings. were decoupled

The following borders were affected:
dz CWEinternal borders
dz CWEexternal borders

This caused the splitting of the MRC area into five areas: GB, Italy-
Slovenia and Croatia, Nordics, SWE, plus the individual Countries :
usually included in the CWE N/

—

7
The % md ~ dul xdgcoupling was a consequence of the ” vt
geographical location of the decoupled NEMO. Different i Rl ’
procedural arrangements could not have produced a different '

outcome. On that date, the CWE MNA was not yet in operation,
therefore EPEXwas the only NEMOactive in CWE

>>> q
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— Operations Report: Request for change ( RfCs) 2

MRC

4AMMC

28

Single Day -Ahead Coupling

Requirement Specific Go-live Date Reason Initiator/Owner Details Outcome/date
Network topology NEMO Link Q1 2019 Other TSOs Go-l?ve on 31/01/2019
Cobra Cable Q2 2019 Other TSOs Golive on 16/04/2019
System release PMB 10.2 and Euphemia 10.3 Q2 2019 CACM NEMOs MNA support Golive on 03/04/2019
MNA implementation CWE MNA Q3 2019 CACM NEMOs/TSOs Golive on 02/07/2019
Other Harmonisation min and max price Q3 2019 CACM NEMO Golive on 01/07/2019
Network topology EIecLinkCabIeT _ _ Q4 2019 Other TSOs G(}I!ve on 01/10/2019
Montenegro bidding zone in ltaly Q4 2019 Other TSO Golive on 10/12/2019
Requirement Specific Go-live Date Reason Initiator/Owner Details Outcome/date
System Release PMB 10.2 and Euphemial0.3 Q2 2019 CACM NEMOs Golive on 13/05/2019
Other Update of procedures Q2 2019 Other NEMO Update for MNA  Golive on 14/05/ 2019
Other Harmonisation min and max price Q3 2019 CACM NEMO Golive on 1/07/2019
System Release ETS 3.3.1 and Euphemia 10.3 Q3 2019 CACM NEMO Golive on 1/07/2019
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Performance monitoring report

During 2019 the performance of the SDACalgorithm continued to be highly positive.

29

The usage of products continued to show moderate growth, with respect to both
2018 (+9%) and 2017 (+15%), with seasonalincreases during the winter.

The Time To First Solution (TTFS) d] despite the implementation of a growing
number of increasingly complex RfCs Qjremains well below the 12 minutes allowed
for algorithm running. The average annual TTFSis stable at 3.4 minutes, showing a
significant improvement in performance. It was able to absorb the increase

recorded since October 2018 ddue to Irish market coupling go-live and DE/AT
border split.

Optimality and Repeatability continued to show good performances, as shown in
previous years.

Single Day -Ahead Coupling  ———

Al'he performance of the
SDAC algorithm
continued to be highly

reliable, ensuring yearly

average TTFS of 3.4

mins, well below the

maximum the 12 mins
all owed.
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— Performance monitoring report

For performance monitoring, the indicators considered are listed in
the draft annex 3 of the AM approved by ACERwith decision 4/2020.
The chapter addresses the past three years spanning from 2017 to
2019 in order to allow for a better appreciation of trends and
seasonality.

The daily values for these indicators were considered as well as the
maximum, minimum and average values observed throughout the
year, these are reported in the following slides. When relevant,
monthly values are also reported.

Following the approach from the 2018 report, usage of inputs to the
algorithm and output of the algorithm are computed separately for
MRC and 4MMC Regions, while the algorithm performance
indicators are calculated only on the MRC perimeter, due to its
greater scope and complexity.

Notes on the calculation of these indicators are included at the end
of the report as Annex 2.

USAGEINDICATORS

d] The data on the table show the actual level of usage of inputs to
the algorithm separately for MRC and 4MMC regions. The
greater dimension and complexity of MRC with respect to
number and type of both orders used and network constraints
respect to 4MMC is reaffirmed. The following analysis then

30

ql

focuses on the trend observe in MRC region.

In 2019, we see a general increase in the average values for
product usage (slides 32-33) indicators with respect to 2018.
The indicators growth in 2019 with respect to 2018 is on

average 9%, with the exception of = mt | afdickede "~ | hk hdr |

which increased more (+177%). It is worth noting that 2018
figures had experienced a steep decline compared to 2017.
When compared with the average values of 2017, the 2019
product usage indicators show an average growth of 15%.

The indicators related to geographical extension usage (slide
36) are by their nature more stable than the ones for product
usage. The major variations can be traced back to the CWE
MNA implementation and are reflected in the number of NEMOs
and in the number of NEMO trading hubs. The slightly lower
number of bidding zones is due to their remodelling in Italy, as a
result of the suppression of some production poles.

All indicators related to network constraints usage (slide 36)
show an increase, in particular in the number of PTDF,following

the DE/AT splitting in 2018. The average annual value for this
indicator shows growth of +132% with respect to 2018 and. .-
+432%with respect to 2017.
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— Performance monitoring report

The analysis of time series shows a seasonal effect in the usage
of different kind of orders, with an increase during the winter
period. This is particularly evident when observing the trend of
the total number of blocks orders (slide 35).

PERFORMANCEDATA

q]

31

The analysis of TTFS shows a slight improvement. Data shows
that the algorithm was able to absorb the increase in TTFS
observed in 2018 after the Irish market coupling go-live and
DE/AT border split on 1/10/2018. The performance of the SDAC
algorithm continued to show high reliability, with a yearly
average of 3.4 mins (in MRC perimeter), and monthly values
decreasing gradually from April 2019, following the entry in
operation of Euphemia 10.3. The improvement in performance
in 2019 with respect to 2018 can be observed by comparing the
TTFSduration curves for these two years (slide 40).

The welfare indicators show good quality of solutions, with
negligible changes in the overall welfare for either first to final
solution found in the standard 12 mins and for final solution to
the one after extended calculation time. A decrease of both
indicators with respect to the end of 2018 is observed, even in
presence of comparable usage level, showing an improvement
of the algorithm performance also in the optimality indicator.

q]

Single Day -Ahead Coupling

The level of repeatability proved to be adequate also in 2019: the
repeatability level measured by the frequency indicator shows a
level of repeatability per delivery day always higher than 97.82%,
and more than half of the sessions in MRC proved to be fully
repeatable over the relevant values. Furthermore the impact of
differences over the relevant values, whenever present, proved
to be, in the vast majority of the cases (around 83% of the
sessions), lower than 1%.

OUTPUTINDICATORS

ql

Data shows that the daily welfare contribution of the MRC
reached on average 8.7 A g stmilar to the levels observed in
2018. The contribution of 4MMC, although modest, reached
about 100 L g anincrease compared to 2018 amounts.

With the go-live of Euphemia 10.3 in April, a further reduction
was recorded in the time spent on the different phases of the
algorithm calculation process. This follows a drop already
recorded in June 2018 with the go-live of Euphemia 10.2.

Curve orders are responsible for the majority of the traded
volumes, followed by merit orders, block orders and complex
orders.
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— Performance monitoring report: Usage indicators aq MRC Single Day -Ahead Coupling  =——

L Year 2017 Year 2018 Year 2019
Usage indicators
Indicators to describe the Usage of SDAC MRC MRC MRC
products (Annex 3 of AM Article 10)
Avg Min Max Avg Min Max Avg Min Max

Total number of steps at bidding zone level 132 609 106 894 193 008 146 278 116 902 186 151 162 366 116 830 188 059
Total number of block orders 3938 2818 5027 4 265 3245 5219 4351 1311 5459
Total number of block order exclusive 112 68 148 129 101 163 135 32 172
groups

Total number of linked families 102 41 205 52 22 90 144 68 257
Total number of complex orders 83 73 91 91 73 113 105 22 115
Total number of demand merit orders 811 462 1183 781 456 1230 927 400 1215
Total number of supply merit orders 36 886 31886 42 496 38 486 34 301 44 213 39495 32949 44 196
Total number of PUN orders 5336 4044 20 613 5 065 3694 6 371 5416 4 585 6 215

* This figure is the sum of number of points or steps of the aggregated bid curves or stepwise curves in all bidding zones in # 24 hours of the day respectively.
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— Performance monitoring report: Usage indicators a 4MMC Single Day -Ahead Coupling  =——

L Year 2017 Year 2018 Year 2019
Usage indicators
Indicators to describe the Usage of SDAC 4AMMC AMMC AMMC
products (Annex 3 of AM Article 10)
Avg Min Max Avg Min Max Avg Min Max

Total number of steps at bidding zone level 15934 11 749 19 787 14 517 11 401 16 912 14 384 10 425 17 221
Total number of block orders 156 33 310 172 91 267 141 62 236
Total number of block order exclusive 3.7 0 8 3.4 0 8 48 0 8
groups

Total number of linked families 2.6 0 14 2.8 0 8 5.1 0 28
Total number of complex orders q q q q q q ql q q
Total number of demand merit orders q q q q q q ql q q
Total number of supply merit orders q ql q q q d q da qa
Total number of PUN orders q ql q q q q q ql q

* This figure is the sum of number of points or steps of the aggregated bid curves or stepwise curves in all bidding zones in # 24 hours of the day respectively.
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Single Day -Ahead Coupling

a MRC?3

— Performance monitoring report: Usage indicators
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Single Day -Ahead Coupling

a MRC?3

— Performance monitoring report: Usage indicators
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— Performance monitoring report: Usage indicators 3) g MRC Single Day -Ahead Coupling =

Year 2017 Year 2018 Year 2019
Usage indicators MRC MRC MRC
Avg Min Max Avg Min Max Avg Min Max
2) ) ) Number of bidding zones 56 56 56 57 56 59 55.3 55 57
Indicators to describe .
geographical extension of the Total number of flow-based bidding zones 4 4 4 4.2 4 5 5 5 5
SDAC Number of scheduling areas 56 56 56 57 56 59 57 55 60
(Annex 3 of AM Article 11) -
Number of NEMO Trading Hubs 56 56 56 57 56 59 64 55 73
3) ) ) Total number of bidding zone lines 72 72 72 74 72 77 75 71 78
Indicators to describe the network -
i otal number of flow-base constraints
constraints Total number of flow-based PTDF constraint 666 355 1215 1256 342 5454 3545 240 6 046
(Annex 3 of AM Article 12) Total number of scheduling area lines 72 72 72 74 72 77 82 73 88
Total number of NEMO Trading Hub lines 72 72 72 74 72 77 108 73 139
Number of NEMO Trading Hubs Total number of flow-based PTDF constraints - MRC | CWE MNA
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— Performance monitoring report: Usage indicators 3)a) AMMC Single Day -Ahead Coupling =

Year 2017 Year 2018 Year 2019
Usage indicators AMMC AMMC AMMC
Avg Min Max Avg Min Max Avg Min Max
2)
Indicators to describe Number of bidding zones 4 4 4 4 4 4 4 4 4
geographical extension of the
SDAC
(Annex 3 of AM Article 11) Total number of flow-based bidding zones q q q q q d q q q
Number of scheduling areas 4 4 4 4 4 4 4 4 4
Number of NEMO Trading Hubs 4 4 4 4 4 4 4 4 4
3)
Indicators to describe the network  Total number of bidding zone lines 3 3 3 3 3 3 3 3 3
constraints
(Annex 3 of AM Article 12)
Total number of flow-based PTDF constraints q q q q q q q q q
Total number of scheduling area lines 3 3 3 3 3 3 3 3 3
Total number of NEMO Trading Hub lines 3 3 3 3 3 3 3 3 3
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— Performance monitoring report: Performance indicators

4)

Single Day -Ahead Coupling — ———

Year 2017 Year 2018 Year 2019
Performance MRC MRC MRC
Avg Min Max Avg Min Max Avg Min Max

(a) Increment of economic surplus with

0.000180% 0.000000%  0.002700%

0.000280%

0.000000%

0.006500%

0.000190%

0.000000%  0.006600%

1) respect to the first OK solution (%)
Ability to maximise economic
surplus
(Annex 3 of AM Art. 7) (b) Economic surplus gain after increasing 0.000062% -0.000714% 0.003974% -0.000020% -0.003379% 0.005780%
allowed calculation time by 10 minutes (%) ’ ’ ’ ' ' '
2.a) Algorithm repeatability. Repeatability frequency indicator, measured as
number of equal values over total values for the relevant results(%) [bigger is .
better] Not available 99.70% 97.82% 100% 99.65% 97.79% 100%
2.b) Algorithm repeatability. Repeatability impact of differences indicator,
measured as average of the contributions of the sums of absolute values of
differences over the sum of the absolute values, for all the relevant results (%) 0.54% 0% 5.49% 0.61% 0% 5.46%
[lower is better]
3) Algorithm scalability (Annex 3 of AM Art. 9) TTFS (min) 2.90 1.47 6.51 3.39 1.27 8.90 3.43 1.22 9.63
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— Performance monitoring report: Performance indicators
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— Performance monitoring report: Performance indicators
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— Performance monitoring report: Performance indicators
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— Performance monitoring report: Output indicators

aq MRC

Single Day -Ahead Coupling

Year 2017 Year 2018 Year 2019
Output indicators MRC MRC MRC
Avg Min Max Avg Min Max Avg Min Max
1) Indicators on Maximisatonof Dbnmnl hb rtgoktr ne ehgqr&556836 r n&a1566% m 0869.661  8689.352 6620911  11202.909 8 699.904 5021.165  10599.728
the maX|m|_sat|0n the first
of economic economic
surplus (Annex 3 surplus Dbnmnl hb rtqgoktr ne sgd &5R6832%  r 6 84%.654 n ml0 '3&9.57(9 8 689.376 6 620.919 11 202.914 8 699.920 5021.166 10 599.741
of AM art 13)
Total number of matched blocks 614 337 1321 661 312 1310 734 279 1388
Total number of matched complex orders 30 0 64 24 0 61 33 8 59
Total number of matched non-PUN merit orders 28 758 24 067 33 458 30505 23 870 36 107 31589 26 319 35878
Total number of matched PUN orders 3 866 3022 18 473 3270 2,482 4090 3566 2996 4910
Evolution of
number of Total matched volume from curves (MWh) 5569 813 4 508 438 6 734 519 5748 521 4 353 570 7 450 242 5713 252 2013112 7012071
matched orders  Total matched volume from blocks (MWh) 374 146 224 228 567 041 321327 191 392 485 469 353316 193 884 538 100
(T,\‘mhr)“amhed volume from complex orders 213814 1075 490 711 150 012 773 360 887 184038 19 611 388 800
2)Indicators to R ;
describe the I%iﬂﬁ%%”dmwﬂm”mmpum"wm 751674 524 355 955 109 753 386 542 159 952 441 763 679 544118 985 874
status of orders
(Annex 3 of AM art Total matched volume from PUN orders (MWh) 783673 511 697 992 506 799 350 542 070 987 055 791716 526 042 1034 136
14
) Number of PRBs in the final solution 22 3 121 21 3 96 17 2 58
Number of PRMICs in the final solution 1 0 5 1 0 6 1 0 9
Maximum Delta P in the final solution 4 0 75 5 0 42 4 0 117
Paradoxically Maximum Delta MIC in the final solution 0 0 29 1 0 22 2 0 43
rejected orders g ity loss in the final solution’ | & ( 24524 0.123 429.797 30.077 0.128 288.491 20.266 11,429 257.420
PRMIC utility loss in the final solution' j g ( 2.374 0 191.484 4.690 0 182.568 11.669 0 305.054
Volume of PRBs in the final solution (MWh) 27 444 1230 99 528 26 488 1 304 128 893 22 645 289 110 496
Volume of PRMICs in the final solution (MWh) 5123 0 42180 4343 0 39 796 7557 0 42 809
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— Performance monitoring report:

Output indicators

a 4MMC

Single Day -Ahead Coupling

Year 2017 Year 2018 Year 2019
Output indicators 4AMMC 4MMC 4MMC
Avg Min Max Avg Min Max Avg Min Max
1) Indica}tors on Maximisation of Dbnmnl hb rtgqoktr ne ehqr s74%88 r nk4-6%R nm 122293 92.485 49.200 135.220 99.868 57.503 142.714
the maximisation the first
of economic economic
surplus (Annex 3 surplus Dbnmnl hb rtgoktr ne sgd efAfHmd k r nd-695 h n m 1222¢3( 92.485 49.200 135.220 99.868 57.503 142.714
of AM art 13)
Total number of matched blocks 104 43 193 115 43 231 78 23 140
Total number of matched complex orders q q q q q q q q q
Total number of matched non-PUN merit orders a q q q q q q q q
Total number of matched PUN orders q q q q q q q q q
Evolution of
number of Total matched volume from curves (MWh) 331388 266 877 440 326 324737 269 164 402 593 332302 254023 411575
matched orders Total matched volume from blocks (MWh) 27 863 10 033 66 510 35289 12281 69 320 30856 6 448 72798
Total matched volume from complex orders
P a a q a q a a q q
(MWh)
2)Indicators to Total matched volume from (non-PUN) merit
describe the orders (MWh) ( ) q q q q q q
status of orders
(Annex 3 of AM art Total matched volume from PUN orders (MWh) q q q q ql ql ql ql ql
14
) Number of PRBs in the final solution 1 0 6 1 0 7 1 0 8
Number of PRMICs in the final solution 0 0 0 0 0 0 0 0 0
Maximum Delta P in the final solution 1 0 14 1 0 19 1 0 15
Paradoxically Maximum Delta MIC in the final solution 0 0 0 0 0 0 0 0 0
rejected orders  oop wtility loss in the final solution” | g ( 2.460 0 77.636 4531 0 134.691 2.722 0 70.587
PRMIC utility loss in the final solution’ j g ( 0 0 0 0 0 0 0 0 0
Volume of PRBs in the final solution (MWh) 1250 0 15 463 1793 0 20 603 1551 0 16 360
Volume of PRMICs in the final solution (MWh) 0 0 0 0 0 0 0 0 0
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— Performance monitoring report: Output indicators

aq MRC

Single Day -Ahead Coupling

- Year 2017 Year 2018 Year 2019
Output indicators
MRC MRC MRC
Avg Min Max Avg Min Max Avg Min Max
TTFS (s) 174.0 88.1 390.7 203.7 76.5 537.1 205.6 73.6 577.9
Input data reading time (s)" 21.2 5.4 46.5 12.9 5.0 28.0 9.4 2.0 29.0
Input data delivery day creation (s)* Not available Not available 10.7 0 30.0
Time to solv? the root node for the master 36.3 76 163.1 223 4.0 1015 96 50 220
computer (s)
; ; Time to solve the root node for the job that
. Time spent in ever
3) IT calculation process phase gf the y found first solution ()’ 36.3 7.6 163.1 27.5 6.0 1015 14.8 6.0 51.0
(lASr)mex 3 of AM Article algorithm calculation
process Number of successive improvements of the
solution in the given timeframe
This indicator measures the number of OK
solutions that improve a previously found 3.3 1 8 3.9 1 9 3.2 1 8
solution during the optimization process limited
by the amount of time available for running the
SDAC algorithm
Total number of nodes in the master branch
and bound tree 1045 13 3987 1557 83 3940 873 27 2292
* Some time measurements in the calculation are overlapping (parallel processes).
** Zero nodes in the master branch can happen when the root node directly resolves to an optimal solution.
ALL
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— Performance monitoring report: Output indicators

q

4AMMC

Single Day -Ahead Coupling

- Year 2017 Year 2018 Year 2019
Output indicators
4AMMC AMMC 4MMC
Avg Min Max Avg Min Max Avg Min Max
TTFS (s) 4.3 2.1 9.4 2.6 1.8 35.0 3.0 1.8 7.4
Input data reading time (s)" 2.5 0.7 7.0 0.8 0.0 1.9 0.2 0.0 1.0
Input data delivery day creation (s)* Not available Not available 0.7 0.0 3.0
Time to solv? the root node for the master 08 04 20 05 00 11 0.2 0.0 12
computer (s)
; ; Time to solve the root node for the job that
. Time spent in ever
3) IT calculation process phase gf the y found first solution ()’ 0.8 0.4 2.0 0.4 0.0 1.1 0.0 0.0 0.0
(lASr)mex 3 of AM Article algorithm calculation
process Number of successive improvements of the
solution in the given timeframe
This indicator measures the number of OK
solutions that improve a previously found 13 1 S 13 1 4 1.5 1 9
solution during the optimisation process limited
by the amount of time available for running the
SDAC algorithm
Total number of nodes in the master branch -
and bound tree 23.6 0 5786 15 0 2027 104 1 9850
* Some time measurements in the calculation are overlapping (parallel processes).
** Zero nodes in the master branch can happen when the root node directly resolves to an optimal solution.
ALL
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— Performance monitoring report:  analysis on the usage of Single Day -Ahead Coupling
each product and its impact on algorithm performance

The assessment of the individual impact on performance of each
product complies with article 8.3.a) of the Algorithm Methodology
approved by ACERon January 2020.

The outcome of such analysis is still under assessment at the
moment of writing to ensure the full consistency and reliability of the
outcomes. Therefore, it will be included in an enhanced version of
this report as soon as it is available.
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Scalabllity report

For the years 2020-2022, the demand for scalability is expected to increase significantly,
due to many Requests for Change planned to go-live during this period, already included
in the Roadmap (the main RfCs being the merger of MRC and 4MMC, the extension of
MNA to the Nordics and the Baltics, the extension of the Flow Based approach to the
Nordic and CORERegions), as well as to an exogenous growth trend in the usage of
products.

With respect to the scenarios included in the 2018 Report, the simulations ran on this
new scenario confirm that the SDAC algorithm is expected to be able to support the
completion of the SDACwith the extension to all the EU of the existing requirements and
functionalities, with a TTFSincreasing from 3.4 to 4.1 min.

Such simulations, however, are based on crude assumptions on the future network data
related to Nordic and COREFB, for which complete data are missing, and do not include
a modelling of 15/30 min MTU.

The simulations including the impact of 15 min MTU, ran over a simplified scenario with
only 15 mins applied throughout all bidding zones (s.c. Big Bang approach), showing no
support for the functionality under the current Euphemiarelease and hence exposing the
need to finalise the industrialisation of the solutions included in the R&Dplan.

>>>

Single Day -Ahead Coupling — ———

Al'he SDAC algorithm is
expected to be able to
support the completion
of the SDAC. The
Implementation of the
15/30 mins MTU shall
require widemerformance
Improvements

ALL
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— Scalability report

In this section, the scalability of the SDACIis assessed, simulating
the performance of the scalability indicator in relation to the
expected evolution of foreseen requests for change (included in the
roadmap), as well as to the exogenous usage of requirements. This
exercise is carried out for the 2020-22 period, as understood at the
end of 2019, and using the latest available version of the SDAC
Algorithm (Euphemia10.4).9

ROADMAP

The Roadmap anticipates the impact of RfCs expected to go-live in
the next three years. Based on this three scenarios have beentested.

- Scenario 1 (c.d. SDAC completion) : including the anticipated
usage of existing products and requirements in 2020, plus the
MNA extension (to Nordic, Polish and Baltic Regions), the
geographical extension (merge of MRC and 4MMC regions,
Greece,Bulgaria) and the modelling of the new Alegro cable.

- Scenario 2 (c.d. SDAC completion & FB): including Scenario 1,
plus the FB extension to COREand Nordic Regions (which can
be simulated but with crude assumptions on the final network
topology data) and without the modelling of the Alegro cable,
since the corresponding modeling is not yet available in the FB
model data. The underestimation of the impact of the Alegro

48

cable should be partially compensated by the release of
Euphemia 10.5 which alleviates FB processing problems.

- Scenario 3 (c.d. Full CACM Requirements): including Scenario
2 assumptions, plus anticipated growth to 2022, plus go-live of
15 mins MTU throughout EU (c.d. Big Bang approach, simulated
on a 90 days batch exploded by 4).

ANTICIPATEDUSAGE

The expected usage of products and requirements reflects the
actual usage recorded in 2019 and projected 20200R2 usage by
applying the historical growth of each product/requirement usage
projected into the future (ranging between 0% and 65%, for full
details see slide on anticipated usage).

In general,the large increase of the usage values in 2022 reflects not
only the multi-year growth rate but also the fourfold increase in the
size of the problem due to the shift to 15 minutes. The assumption
of quadrupling the input was made only for hourly granularity orders
(curves, merit orders, pun, complex orders), while for multi-hourly
products (block orders) a conservative assumption was made and
only the multi-year growth rate was applied, with a consequent
potential underestimation of the impact on performance.

ALL
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— Scalability report

SCALABILITYINDICATOR

The resulting value of the scalability indicator confirms that the
SDACalgorithm is able to support the s.c. Scenario 1 as the average
value of the TTFS estimated for 2020 is 5.4 mins, consistently lower
than 10 mins.

The same applies for the s.c. Scenario 2, for which the average value
of TTFSfor 2022 is estimated at 4.1 mins, consistently lower than 8
mins.

Together these two scenarios show that the SDACalgorithm is fully
able to support the extension of the existing requirement (in
particular products, FB, MNA) to all EU, thus ensuring the SDAC
completion. In this perspective it should be noted that, starting from
April 2020, the maximum computation time allocated to the SDAC
algorithm increased from 12 to 17 mins.

Inversely,the simulations also show that the SDACalgorithm is not
currently able to support the s.c. Scenario 3, which also incorporate
a widespread replacement of the 60 mins MTU currently applied with
15 mins MTU. In such a case, indeed, the simulations do not provide
results for any session before 30 mins, taking often much longer,
proving that the algorithm is not yet capable to support the

49

increased demand for scalability.

Last but not least, it should be noted that Scenario 3 assumed the
implementation of the so called X AhBang °
simultaneous implementation of the 15 mins throughout the EU,and
thus mimics 2025 conditions. In order to implement 15 mins, lacking
coordination of local derogations,a 2 Rs d o'vdha gdn woulyl be
needed, with 15 mins being applied in some countries while others
would have 30/60 mins MTU, as a result NRAs granting derogations
to the balancing regulation. This would require developing a so called

c r -oatching f un ct i aonaatch product of different MTUs

)but also cross border flows of different MTUs. The go-live of such

functionality, including the several processes related to the local go-
lives, is not foreseen before the end of 2023, and is expected to have
an adverse impact on performance, which is currently not possible
to estimate.
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— Scalability report

Roadmap of RfCs (operational)

Single Day -Ahead Coupling

Requirement Specific Go-li ve Date Reason Initiator/Owner Details 2020 2020 + FB 2022
Harmonisation of Maximum and N7 Implementation of a dynamic maximum price = X %
HMMCP Minimum clearing prices (HMMCP) 2019-07-01 HMMCP NEMOs/TSOs definition in MRC A A A
Network topology COBRA cable 2019-07-02 TSO TSOs Inclusion of a new DKI-NL line in MRC topology X X X
Multi-NEMO CWE MNA 2019-07-02 CACM NEMOS/TSOs 'rgg%‘:]“"“on of multi-NEMO framework in CWE X X
Additional Bidding Zone on ltalian 19/09/2019 New bidding zone on the Italian market to
Network topology market for Montenegro connection COMPLETED CACM TSOs manage the interconnection with Montenegro X X X
Network topology ElecLinkcable (temporary setup) 2019-10-01 TSO TSOs Introduction of a new FR-GB line A A A
Implementation of loss -factor on DK1(A}XNO2
Network topology Losses on Skagerrak cable 2020 TSO TSOs area connection. Cable between Norway and X X X
Jutland/Denmark.
Network topology Bulgaria-Romania Coupling Dec. 2020 TSO TSOs Couplln_g of the Bulgarian bidding area with the X X X
Romanian one
Addition of allocation and ramping constraints
Network topology AIIocatlon.and Ramping constraints Dec. 2020 TSO TSOs onlIT NORD_blddlng zone crossk.)ord.er A A A
on the Italian Northern borders exchanges (=capacity and rampinglineset
constraints)
S o The algorithm shall be fully reproducible, i.e.
System release ACtIVatlon.Of full reproducibility ALM Art. 4 (14) CACM NEMOs allow obtaining identical solutions in case of A A A
functionality 1.02.2020 rerun
Multi-NEMO Nordic MNA June 2020 CACM NEMOs/TSOs ~ Introduction of multi -NEMO framework in the X X X
Nordic region
Multi-NEMO NASDAQ in Nordic 2021 CACM NEMOs Entrance of NASDAQ in the Nordic region X X X
ALL
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— Scalability report

Roadmap of RfCs (operational)

Single Day -Ahead Coupling

Requirement Specific Go-live Date Reason Initiator/Owner Details 2020 2020 + FB 2022

Network topology ElecLink cable (final setup) May/June 2020 TSO TSOs Introduction of a new FR-GB line X X X

System release PMB 11.2 + E10.4 2020-06-04 NEMO NEMOs New versions of PMB + Euphemia X X X
Possibility to limit in import or export the net

Network requirement Bounded net positions in Belgium 2020-06-16 TSO TSOs position of the Belgian bidding zone (BZ), per X X X
period

Network topology IFA2 2020-06-23 TSO TSOs Introduction of a new FR-GB line X X X

Multi-NEMO Baltic MNA 2020 (no precise date) CACM NEMOs/TSOs Introduction of multi -NEMO framework in the A A A
Baltic region

Multi-NEMO Polish MNA Q3 2020 CACM NEMOsTSOs  hroduction of multi NEMO framework in X X X

System release PMB 12 + E10.5 Q32020 NEMO NEMOs New versions of PMB + Euphemia A A A

TBD (after E10.5 Golive for the use of the 'extended LTA B ~ B
System release Extended LTA formulation . : ' NEMO/TSO NEMOSs/TSOs inclusion’ functionality that will be introduced in A A A
introduction) X

E10.5 in CWE area

System release Changes in algorithm timings 2020-07-08 NEMO NEMOs Algorithm calculation time to be increased from A A A
12 to 17 minutes

Network topology DEJATAPLARM Coupling Under revision TSO TSOs Implementation of DEGATAPLAKM X A A
NTC coupling

CACM/ Implementation of FB Capacity Calculation in X
Network topology CORE FB Q4/2020 Core CCR NEMOs/TSOs the CORE region A X X
ALL
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— Scalability report

Roadmap of RfCs (operational)

Single Day -Ahead Coupling  ———

Requirement Specific Go-live Date Reason Initiator/Owner Details 2020 2020 + FB 2022
Sﬁggrs?g:lcal Introduction of the Greek market 2020-10-01 CACM NEMOs Insert Greek BZ and market orders within MRC X X X
Network topology Coupling of the Greek market 2020-10-01 CACM NEMOs Connect the Greek BZ with Italy X X X
Implementation of Multi-NEMO arrangements B ~ ~
Multi-NEMO NorNed MNA 2020-10-30 CACM NEMOs/TSOs on the NO2NL (NorNed) interconnector A A A
(MNA NorNed)
Implementation of an HVDC line between
Network topology ALEGrQcable introduction Nov 2020 TSO TSOs Belgium (BE) 'and Germany Amprion schedullng X A A
area) using a 'evolved hybrid flowbased
modeling
Network topology CWE in Plain ElowBased Samg as ALEGrO TSO TSOs SW{tch from intuitive to plain flow -based in CWE X X X
technical go-live region
Network topology ~ New cable NordLink 2020-11-17 TSO TSOs sgm‘;‘;b'e 1 400 MW between Germany and X X X
Removal of Great Britain bidding zones &
2020-12-31 interconnections from MRC coupling in case of B B B
Brexit Hard Brexit Enduring Solution STANDBY Other NEMOs/TSOs hard Brexit. Will only be implemented in case of A A A
no deal situation between UK and EU (discardec
otherwise)
New interconnection between SK and HU
New interconnection between
Network topology SK and HU by end of 2020 TSO TSOs MAVIR: For now, this is to our knowledge not X X X
considered as part of CORE FB data
Multi-NEMO NASDAQ in CWE 2021 CACM NEMOs Entrance of NASDAQ in CWE region A A A
Coupling of Bulgaria with the Addition of a new interconnection between B
Network topology Q1/2021 TSO TSOs Greece and Bulgaria, effectively coupling A X X
Greek market ; - .
Bulgaria (for now operated in MRC but isolated)
ALL
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— Scalability report Single Day -Ahead Coupling

Roadmap of RfCs (operational)

Requirement Specific Go-live Date Reason Initiator/Owner Details 2020 2020 + FB 2022
Network topology New cable North Sea Link Q1/2021 TSO TSOs greigiﬁable 1400 between Norway and Great A X X
Functional addition to the "external constraint"
. . functionality, allowing to limit the Belgian net
? ~ ~ ~
System release H"?‘”d"”g of coIIe.ctlon of she}dow .TBD (aftgr E10.6° TSO TSOs position. The specific shadow prices for these A A A
prices for allocation constraint introduction) . .
constraints would now be retrieved from
Euphemia algorithm and shared as SEC results
. CACM/ Implementation of (plain) FB coupling for the %
Network topology Nordic FB Q2/2021 Nordic CCR TSOs Nordic region A X X
Network topology New cable FAB link 2022 TSO TSOs New France-Alderney-Britain cable A X X
Network topology VikingLink cable introduction Q4/2022 TSO TSOs New cable between Denmark and UK A X X
Network topology New |n'_[erconnect|on between Q4/2022 TSO TSOs New AC cable between Sl and HU A X X
Slovenia and Hungary
Network topology N_ew ca_ble between Ppland and by 2025 TSO TSOs New (undersea) HVDC line between PL and LT A A A
Lithuania (Harmony Link) areas
. New (undersea) HVDC line between % ~ %
Network topology New cable HansaPowerBridge by 2025 TSO TSOs DE (50Hertz) and SE4 (SVK) A A A
Increase in ATC capacity between Spain and B B B
Network topology ESOFR capacity increase by 2025 TSO TSOs France (both senses), from 2 800 MW to A A A
5000 MW (+2 200MW increase)
ALL
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— Scalability report

Roadmap of RfCs (operational)

Single Day -Ahead Coupling  ———

Requirement Specific Go-live Date Reason Initiator/Owner Details 2020 2020 + FB 2022
Unknown (not part of ~ B B
Network requirement Interconnector ramping CACM future TSO TSOs Implementation of "minute by minute" ramping A A A
requirements)
According to ACER's decision of 24.04.2018, by
System release Implementation of 15-min MTU Unknown CACM NEMOS/TSOS 01.01.2021, MTU shall be implemented on each A A X
for MRC areas border as equal to the shortest common ISP of
the corresponding bidding zones
. . Flow-based approach to be applied on I'FNorth % % %
Network topology Flow-based in region IT-North Unknown CACM TSOs according to art 20.3 of CACM A A A
Network topology FR-T capacity increase Unknown TSO TSOs Increase in ATC capacity with +1200MW A A A
between France and ltaly
Network topology Inclusion of BELEN Unknown CACM Unknown New Montenegro PX BELEN A A A
Network topology Celtic Interconnector by 2026 TSO TSOs New interconnection between France-lreland A A A
Network topology Removal of LBI bidding zone Unknown TSO TSOs EQ:r:r;oval of Lithuania Belarus Import bidding A A A
ALL
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= Scalabllity report

Roadmap of RfCs (functional)

Single Day -Ahead Coupling — ———

Requirement Specific Go-live info Reason Initiator/Owner Details
Network requirement Interconnector ramping Unknown (r_10t part of CACM TSO TSOs Implementation of "minute by minute" ramping
future requirements)
Network requirement Limitation of BZ net positions £10.4 TSO TSOs Possibility to _I|m|t in import or export the net position of the Belgian bidding zone
(B2), per period
Network requirement Support of parallel ATCs £10.4 TSO TSOs Capablllt_y of the a_llgorlthm to support the definitions of multiple line between the
same pair of bidding zones
Network requirement Evolved ElowBased Already available but not in TSO TSOs Implementation of ‘evolved flow-based' capability via the implementation of virtual
operation yet areas
. . @kknv enq sgd cdehmhshnm ne nqcdqgr tn
Order requirements :])er?eer;creonses(—)nljgt;:ﬂl}lljr;der er:;c:i)gsvaelltable but notin CACM NEMOs such as 15 minutes, 30 minutes and hourly. The algorithm shall be able to cross
9 P y match these products. MTUs shall be configurable per bidding zone.
Network allocation under Allow for the definition of heterogeneous MTU network allocations. The MTU shall
Network requirement E10.6/? CACM NEMOs/TSOs be defined per interconnection (i.e. interBZ line). The corresponding BZs shall have
heterogeneous MTUs - .
their markets designed for the support of such property
The Algorithm shall be able for each MTU to facilitate the Advanced hybrid
Network requirement Advanced hybrid coupling Unknown TSO TSOs coupling, where realised crosszonal capacity transactions are taken into account
in the margin of the Flow-based critical branches (using virtual bidding areas).
Algorithm requirement Full algorithm reproducibility Avallable_ln E10.4_but not CACM NEMOs The algorithm shall be fully reproducible, i.e. allow obtaining identical solutions in
foreseen in operation yet case of rerun
Algorithm requirement Scalability _Contlnuous CACM NEMOs The algorlthm_ shall be a_ble to cope with the complexﬂy _of MRC coupling whatever
improvement the geographical extension / network change / competition aspects
Order requirements Scalable Complex Orders E10.5 NEMO NEMOs Improved modelling of complex orders, where the variable term is removed and

replaced with a Minimum Acceptance Ratio per period
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— Scalability report

Roadmap of RfCs (functional)

Single Day -Ahead Coupling  ———

Requirement Specific Go-live info Reason Initiator/Owner Details
Ognbdrr Xydgn a >k mbdcZXz9 sgd “u  hk a
Network requirement "zero balanced" FB domain TSO TSOs critical network elements applies from zero exchanges and
pre-existing exchanges are transmitted aside;
Constrain the increase/decrease of scheduled exchanges over one
E10.4: suoported for sinale DC interconnector and/or a combination of DC interconnectors
Iines:' - Supp 9 from a MTU to the following MTU or between the last MTU from
Network requirement ramping and pre-existing TSO TSOs the day before ar_1d the first MTU of the followlng day Faklng into
nominations . account the nominations of long term capacity allocations, i.e.
Support for linesets to be . S - ! :
defined physical transmission rlghts, Whe_re applicable. The cons_tralnt
shall be handled on a single DC interconnector and multiple DC
interconnectors in combination;
Algorithm requirement FB shadow prices CACM NEMOs Shadqw prices pf t?ntlcal network elements as needed for flow-based
capacity allocation;
Available margin on critical network elements or the remaining
Network requirement Updated RAM TSO TSOs allowable scheduled exchange on the network element in case of
flow-based approach.
Allow for a separate treatment of LTA constraints, aside the "virgin" flowbased
Network requirement Extended LTA inclusion E10.5 TSO TSOs domain, in order to decrease the total amount of constraints and to only consider
LTA in case violations are observed. Aims to improve the algorithm performance.
Delivery of Shadow Prices for . . - -
Algorithm requirement bidding zone net position £10.6 TsO TSOs Expose the shadow prices relative to the enforcement of bidding zone net position

constraints

limits through the interfaces
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— Scalability report: Anticipated usage Single Day -Ahead Coupling  ——

Years
Usage indicators actual scenario 1 scenario 2 Scenario 3
2019 2020 2020 + FB 2022 + 1
(Y) (Y+1) (Y+1) (Y+3)
Total number of steps at bidding zone level 176,751 187,634 187,634 820,537
Tot. number of block orders 4,493 5,290 5,290 5,585
Total number of block order exclusive groups 140 196 196 205
1) Total number of linked families
Indicators to describe the Usage of SDAC products 66 93 93 127
(Annex 3 of AM Article 10) Total number of complex orders 105 109 109 112
Total number of demand merit orders 927 1,196 1,196 6,749
Total number of supply merit orders 39,496 40,578 40,578 170,866
Total number of PUN orders 5,417 5,901 5,901 27,257
Number of bidding zones 59 63 74 74
2) Total number of flow-based bidding zones 5 7 39 39
Indicators to describe geographical extension of the Number of scheduling areas 62 66 77 77
SDAC (Annex 3 of AM Article 11) Number of NEMO Trading Hubs 68 116 150 150
Number of NEMOs 11 13 13 13
Total number of bidding zone lines 78 94 108 108
3) i
Total number of flow-based PTDF constraints
Indicators to describe the network constraints n W ! 3,545 27,274 6,590 26,365
(Annex 3 of AM Article 12) Total number of scheduling area lines 86 104 118 118
Total number of NEMO Trading Hublines 111 278 352 352
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— Scalability report: Performance indicators 6) Single Day -Ahead Coupling  ———

Algorithm scalability Distribution of TTFs (min)
Topology statistics as percentage of 2019 Scalability assessmeqturation curves
Number of bidding —threshold 12 min ===threshold 17 min ==2019 ==—2020 =——2020 + FB
zones
Total number of NEMO Total number of flow- 18
Trading Hub lines based bidding zones
Total number of VA Number of scheduling 16
scheduling area lines \p areas
/ 14
Total number of flow- 4~ Number of NEMO
based PTDF constraints Trading Hubs
12

Total number of bidding Number of NEMOs

zone lines Usage as percentage of 2019 usage 2020 forecast avg: 5.4 min

Number of points in £ 10 ]
curve orders at 5 2020 + FB forecast avg: 4.1 min
—2019 —2020 —2020 + FB——2022 bidding zone level g
Total number of Zﬁ:glsr;:rg%%:r?; 8 f
PUN orders D e 2019 actual avg: 3.4 min
6
Total number of Tot. number of
supply merit orders Q block orders
4
Total number of Total number of T
demand merit block order 2 “
orders exclusive groups
Total number of Total number of 0
complex orders linked families

session
—2019 —2020 — 2022
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Single Day -Ahead Coupling — ———

R&D report

The first R&D activities started in 2019, delivering the first highly promising prototypes,
particularly in relation to the introduction of a new product (Scalable Complex Order),
which could ideally prove less demanding on the algorithm than the existing Complex

O_rdersz and a revisi_on of the LTA inclusion in the_ PTDF model. As a consequence they ;[R&D Programme

will be implemented in the next release of Euphemia10.5.

Givenlocal derogations to the balancing regulation and assuming a 15-minute stepwise IaunChEd by SDAC JSC
implementation in SDAC,R&D activity will need to incorporate into its planning a further Starting in 2019: a

stream dedicated to the development of the s.c. Z b g-matahing et mb s h.ntmvillk h s X . .

needto define timescales, costs and expected impact on performance. 3 years plannlng with an

overall budgetob 5 0-k N
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— R&D report Single Day -Ahead Coupling

THEPAST

Through the years, NEMOs have promoted an orderly evolution of the SDACAlgorithm,
s.c. Euphemia, in order to cope with the scalability challenges raised by the increase in
the geographical scope, the product mix, the network requirements and the overall
usage of available requirements.

This has called for a continuous R&D activity aiming not only to develop new
requirements, but also to improve the design and the performances of Euphemia. The
result has been a level of performance, measured by the TTFS,which has always proved
to be very good and to go beyond operational constraints.

The result has been an algorithm able to couple a significant part of EU,to find quality
solutions under tight time constraints and challenging mathematical requirements. >>>
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BACKGROUND: PAST EVOLUTIONS OF EUPHEMIA

SCOPE EXTENSIONS

Single Day -Ahead Coupling — ———

________________________________________________________________________________________________________________________

i Go-live AMMC Flow-based network Serbia AT-SI coupling

DE/AT coupling

CWE MNA

Ireland

________________________________________________________________________________________________________________________

________________________________________________________________________________________________________________________

In 4 years, approx. growth:

E L — . From 50k to 75k hourly orders (+50%) E
:iE---II-Ill.....I..........ll.lll From 2500 o 4 000 blocks (+60%) |

________________________________________________________________________________________________________________________

________________________________________________________________________________________________________________________

: PUN search improvement PRB reinsertion

: Z N\ L2 N 2 N\ Z N2

, S 7 N 7 S 7 S 7S ] ]

. Better handling of Branching strategy Multiple computation
| numerical difficulties improvement threads in parallel

____________________________________________________________________________

* Only main
changes are
shown

____________________________
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THER&D PLAN

With the approval of CACM and the related methodologies, further challenging
requirements have been introduced in terms of dimension (a wider geographical scope,
higher usage from market participants, more complex network topology), market design
(MNA, new demanding network constraints, 15 mins MTU, v) and algorithm performance
(optimality, scalability and repeatability).

To be ahead of the change and keep on ensuring the best level of performance evenin the
new demanding environments, NEMOsand TSOslaunched in 2019 a forward-looking R&D
program, aimed at increasing both the scalability of Euphemia and the quality of the
solutions in terms of welfare.

- The overall programme spans 3 years time (2019-2021) and has an overall budget of
650] g

- Proposals address three areas of research (hardware, software and market design) and
are grouped by estimated impact on the algorithm (non- disruptive, moderately
disruptive, highly disruptive concepts) and lead time (short-medium-long term).

- Outcomes are assessed against the estimated impact on scalability (TTFS decrease),
optimality (optimality gap measurement, number of PRB),repeatability.
>>>
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THE R&D PLAN
SDAC GROWING CHALLANGE

Adress continuously growing
demand for scalability

* SDAC - increased product usage
* Core Flow based

* Nordic Flow based

* 15 min

Assure CACM compliance
* Optimality Gap measurements

* Repeatability
» Scalability

SHORT TERM

Short Term Relief Measures

MEDIUM TERM

Single Day -Ahead Coupling — ———

LONG TERM

Results R&D Part 3

Results R&D Part 4

Results R&D Part 2

Results R&D Part 1

m

EUPHEMIA LAB

63

R&D Part 1 Non disruptive redesign / Fast / Cheap

R&D Part 2 Hardware evolution

R&D Part 3 More disruptive market redesign / Longer lead time

Non linear pricing — Convex Hull Pricing-

R&D Part 4

Costly, lengthly, many changes,
long lead time after R&D
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2019 OUTCOMES

During 2019, after a diagnostic phase, two research iterations of six
months each have been carried out in order to address the R&D
topics reported in the following table, and more extensively
addressed below. During 2019 R&D focused mainly on solutions
expected to provide faster outcomes, in order to immediately
improve Dt o g d | dcalaRility given the scalability challenges
mentioned previously. The most promising areas for improvement
have already been addressed and delivered the first positive
outcomes. As a consequence they will be implemented in the next
release of Euphemia10.5.

- Scalable Complex Orders (SCOs) This is a market design
change, introducing a revised version of the already existing
complex orders, which should prove more scalable. The
prototype version yield very good results both in terms of
scalability (TTFSreduced by 34%) and of optimality (welfare gap
reduced by nearly 100%), hence has been included in the DA
products consultation launched by the NEMO committee in April
2020. For a detailed description, please refer to the related
consultation documents.

64

Complex order first. This is a software change, moving the
heuristics needed to manage the COs from the end to the
beginning of the process to solve the problem. Evenin this case
early prototypes provided good performances in terms of
scalability (TTFSreduced by 34%) and reduction of Paradoxically
Rejected Blocks (-28%).

Network topology. Further market design research has been
finalised, making the implementation of the Flow Base model &
the LTA inclusion less performance demanding (TTFS reduced
by 56%).

Further ideas have been prototyped during 2019, but have not
yet been approved for launch into production. They include both
ideas to be further worked through and early dismissals.

Distributed architecture. This is a Hardware improvement,
aimed at increasing scalability and optimality by parallelising
computation not on different cores of the same machines but on
different machines, in order to overcome memory bandwidth
constraints. Early prototypes show a reduction in the TTFS by
24%. Such solution will be further assessed and considered for
future releases of Euphemia.

Dismissed ideas. Further solutions have been dismissed after
preliminary prototypes showed little benefits.
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— R&D report

FUTURER&D

The delivered R&D shall significantly improve Euphemia
performance, supporting operations in the years to come.
Nevertheless,to properly support the go-live of 15 mins, further R&D
will be neededin coming years. This shall include a) cross-matching
functionality ; b) changes to existing heuristics; ¢) changes to product
design; d) alternative pricing rules.
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R&DPROGRAMMEFORTHE PRICECOUPLINGALGORITHM

Single Day -Ahead Coupling

R&D topic Description lteration #*  Status Outcome
SCO reduces
A more scalable alternative to MIC which preserves . - the average TTFS by more than 34%
Scalable Complex Orders (SCO) economical & operational advantages for bidders. L Delivered - the average optimality gap by 99,6%
Industrialisation in E10.5
COFreduces
. A search of combination of complex orders . - The average TTFS by 33,8%
Complex Orders First (COF) before searching for a selection of blocks supporting it. L Delivered - The number of PRB by 28% on average
Industrialisation in E10.5
Approximate PTDF Polytopes Deal with additional PTDF constraints due to network 1 Delivered TTES gains
changes
Diagnosis Analysis of data batches 1 Delivered
Preparation of iterations, 1 Delivered
wrap up prototype
Distributed architecture Parallelisation without harc_iwa_lre bottlenecks: 2 Delivered In current design reduces the TTFS by 24%
several computers each with its own resources.
WP on FB models & Extended Avoid the many virtual branches by introducing relatively few 5 Delivered Solution with better improvement than the PTDF prototype (see
formulation for LTA extra variables. iteration 1). Average TTFS reduced by 56%. Industrialisation in E10.5
. Improve the reuse of PUN solutions across different jobs and N The maximum gains are bounded by the_tlmes spentin the PUN
Treat PUN first o . 2 Early dismissal searches. Launching PUN searches at different stages of the search
parallelisation of PUN Search vs other computations. .
process does not improve the TTFS.
Benders cuts for CO and blocks Add |n'format|on'on _leed anq Variable Terms when rejecting 2 Early dismissal Do not improve gap or TTFS despite custom strategies
infeasible combinations of mics and blocks.
Improving data cleaning Transform interpolated curves into steps. 2 Early dismissal Non-promising test results
Diagnosis Update and analysis of new data batches 2 Delivered
Preparation of iteration, wrap up .
2 Ongoing**

prototype

*|teration 1: March Q]August 2019; Iteration 2 : September 20190]February 2020
** |teration 2 finished in February 2020, the wrap up prototype is being prepared (update from April 2020)
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