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Foreword

ENTSOE conducted, along with European and American vendors and Transmission System Operators
(TSOs), a common information model (CIM) interoperability test IOPFENTSOE | OP ACI M f or
Developmentan@p e r at i 60 The tést vZad drganised and directed by ENESitom 11 to 15 July
2016atENTSGEG6 s premi ses, in Brussels.

The future ENTSEE CIM-based data exchange format, ENFEQCommon Grid Model Exchange
Specification(CGMES), which is based onéhinternational Electrotechnical Commission (IEC) CIM
standards 61970 (parts 301, 302, 452, 453, 456, 457, 552), was tested in this IOP on a large number of
products. The test is a part of the development process of the EFNT&iImon Grid Model Exchange
Standard.

Key goals were to test and validate the latest IEC draft CIM standards on EMiIcROE baseghe new
version of the ENTS@& CGMES.

The following companies participated with their tools in the testi8, CESI, DIgSILENT, EDF, FGH,
Neplan, Neant, Open Grid Systems, RTE/Tractebel, SiemandSimtec.

The results achieved during the test are in line with the expectations of the participants. The test results are
summarised and presented in detail in this report showing the specific testssfuibeccompleted by each
vendor and the test case files ttiety haveexchanged.

Issues recorded during the testing and proposed resolutions are included in this report, along with some
guidelines on how to implement the CIM standards within the Ti8i®/enterprise. Details on the products
tested and the test procedures are included in the report appendices.

The IOP participanthaveapprovedthe report makingit a basis for further discussions in the ENFBEO
Committees as well as in the IEC TC57/WG13. The implementation schedule for the CZBESubject
to an ENTSCE decision later this year.
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1 Introduction

1.1 Background information

The CIM for grid model exchange enables exchanges for the data necessary for regiondwopean
grid development studies, and for future processes related to network codes.

Grid model exchange is a complex process covering a variety of use cases, which include the exchange of
1 equipment informationi.e. power system equipment daflaaracteristics and connectivity
1 steady state hypothesis data, i.e. information that define the starting conditions for a particular
situation or study;
topology informationi.e. the result of topology processing
information on power system state wdles, which contains the results from inigmwer flow
simulation of the system.

1
1

In addition, grid model exchange can benefit from information related to dynamics, diagram layout and
geographical location for elements in the power systgsupported byilEC TC 57 WG13 ENTSOE
developedhese features in the latest drafts of the ENFESCIM specificationgo cover the specific business
requirements of TSO grid model exchanges. EN-ESOIM specificationsfor grid models exchange are
based on the followingxisting or expected IEC CIM standards:

IEC 61976552: CIM XML Model Exchange Format

IEC 61976301: Common Information Model (CIM) Base

IEC 61976302: Common Information Model (CIM) for Dynamics Specification

IEC 61970452: CIM Static Transmissiodetwork Model Profiles

IEC 619706453: Diagram Layout Profile

IEC 619706456: Solved Power System State Profiles

IEC 61976457: Common Information Model (CIM) for Dynamics Profile

IEC 619684: Application integration at electric utilitieb System interfacegor distribution
managementPart 4: Interfaces for records and asset management.

R R

The Common Grid Model Exchan@pecificatio( CGMES)i version 2.4s a superset of the IEC Common
Information Model (CIM) standar&ENTSOE developedhe specificatiorio meet necessary requirements

for TSO data exchanges in the areas of system development and system operation (e.g. TYNDP and networl
codes) and initially publishetthe specificatiorin December 2013.

TSOs have to usbeé CGMES athebaseline exchange stiard for the implementation of the Common Grid
Model (CGM) methodologiesApplications dealing with data manageméart power systemsas well as
applications supporting the following analysésll exchange their models in accordance with CGMES

1 powerflow and contingencgnalyss,

9 short circuit calculations,

1 market information and transparency,

1 (flow based)apacity calculation for capacity allocation and congestion management, and

1 dynamicstability assessment.
The conformitywith the CGMESof the applications used for operational and system development exchanges
is crucial for theequiredinteroperability of these applications. ENT&herefore developed and approved
the CGMES Conformity Assessment Framework as the guiding principlessfereas si ng appl i
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CGMES conformity. Based on those principles, ENTES@perates a CGMES Conformity Assessment
Process in order to ensure that suppliers of the applications used bypmpedy implement the CGMES

1.2 Objectives

The IEC is publishingniternational standards based on the CIM gsreeraléed abstract information model
and is progressing data interface specifications baseldeo€IM to exchange power system models. The
ENTSOE CGMESIOP is an important step in validating these standasdaell as the new drafif the
ENTSOGE CGMES(currently version 2.5)which specifies those parts of the CIM needed to support the
ENTSGOE business processes.

ThisENTSOE IOP is a stage in the development process of the ENESGGMES version 2.5which will
becomeanofficial data exchange format once endorsed by the ENESOMmittees responsible for the data
exchanges.

Thespecific objectives of the ENTSP IOP 205 were to:
1. Validate the resolution of all issues recorded pirevious interoperabilitytests and CGMES

implementation efforts

2. Validate the ENTSEE CGMES2.5 profiles andlocumerdition The goal was to ensure it is correct,
complete and ready to be used in ENTiS@ata exchanges or identify issues to be corrected before
the release of theénal document.

2 Summary of the testing and discussions

During theCGMESiInteroperabilityassessmertf 2016 whichENTSOE organisedrom the 11" to the 15"

of July at ENTSGE in Brussels43 participants from different TSOs, vendors and Ursitars actively
participated inthe development of CGMES 2.ENTSOE held different presentatisron thenecessary
extensios that are mainly driven by new obligations and business processes from a European network code
perspectiveThe participantactively dicussedoroposals and agreed on making the necessary changes into
the UML of CGMES 2.5. An overview of agreed decisions can be fouagpendix A: Summary of issués
agreementfrom IOP 2016

ENTSGE made le following main extensions to CGMES:

Operatioml limitsin the SSH profile

Power Electronics

Manifest

Network model project

System Integrity Protection Scheif®@P9

Availability planning

Frames

Renewable EnerggourcegRES)

Energy Area

Interarea Exchange

Power System Corridors (PTC)

=4 =48 _8_-9_-8_95_92_-29_-29_--2

Apart from the efforton CGMES 2.5participants presented their efforts atevelopmentsvith respect to
CDPSM,Modelicaand CIM for Dynamics.

Additionally EDF has made efforts to validate CGMES 2.4.15 with its ®igisClipse, and Disnetsimahd
provided an presentation about Distribution datasets, please see references [3] and [4].

ENTSO-E aissL « Avenue de Cortenbergh 100 « 1000 Brussels « Belgium « Tel +32 2 741 09 50 « Fax +32 2 741 09 51 « info@entsoe.eu * www.entsoe.eu



entso®

CGMES Interoperability test 2016

3 Next steps on CGMES 2.5

The intended planning for approval of CGMES 2.5 dedelopment of test configurations is the following:

Sep 2016: ENTS& will publish the IOP report including all CGMES 2.5 documentation

End of 2016: approval by ENTSD

Q1/2017: start IEC process on CGBIR.5 technical specification

Q1/2017: start to develop test configurations for CGMES 2.5

Q2/2017: organize a workshop with vendors to validate the test configurations that will be used for
the CGMES 2.5 conformity assessment process

Before end of 2017: Lnch the conformity process on the CGMES 2.5

2018: run conformity process and plan the implementation of the CGMES 2.5 by TSOs.

=A =4 -8 -8 -9

E

4 Conclusions and recommendations

Various vendors that provide toolsfoii s y st em oper ati onal @f setpam rplnamemit
environment attended ENTSEIOP and validated traraft version 2.5 of the CGMES

The CGMES has a wide scqpe based on the latest IEC draft standaatsl fully covers all classes and
definitions described in IEC 6197452 61970456, 670453, 61976801, 61976802, 61976652, and
61970457.ENTSOE createdte profiles part of the CGME$ a UML environment, which facilitatethe
maintenance process.

The main conclusions of the ENTSDO | nt er oper abi | i Dgveldpraesttadfi OlpEr fad i o
2016can be summased as follows:

1 The IORworkshopdiscussed the example files illustrating the miogportant features of the
ENTSGE CGMESvV2.5. Theparticipantsextensively reviewethe UML andthe documentation of
the CGMES v2.5

1 The outcome of thdiscussios and the final postOP version of the CGME®2.5are a solid basis
for further ENTSGE discussions towards the approval & @GMESv2.5.

9 During the IOP, the participants identified and discussgazbitant issuethatIEC/WG13 need to
addressas well as CGMESelatedmplementationssuesENTSGE IOP participants agreed tre
resolution of these issues.

T ENTSOE IOP participantaire confident thaissues identifiedgince the approval of CGMES v2.4
are sufficientlycovered in the CGME®2.5.

T Some vendors demonstrated that the transformation between distribution network and CGMES is
possible. This is a first step towards the efforts to have closer integration between CGMES and
profiles for exchanging distribution @a(CDPSM)

The following recommendations weagreed:

1 ENTSOE should orgarse a process to prepare test mod#ie $o-called test configuratiopdor
different functionalities and equipment in the CGME3.5 Vendors shall usehese test
configurationdor validation of the production releases ofitheolsthatsupport CGMES2.5. The
process related toonformity of applicatiors with CGMES V2.5 can only betriggeredafter the
approval of the CGMES®2.5 and finalization of the test configurations
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1 ENTSOE needs to developpportive documentation on some of the CGMES profiles to facilitate
the implementation of tlseprofiles and to clarify the use cases.

1 ENTSOE needs to modil£GMES 2.4 OCL rules adevelopnew rules for CGMES 2.5 based on
the outcone of the IOP.

1 Continuous maintenance of the ENTEGCGMES v2.5is necessary in order to facilitatature
development work and implementation of the CGMES.

1 IEC CIM standards should ensure backwards compatibilit respect to both IT and network
modeling.

5 References
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6 Appendix A: Summary of issue® a g r efeom EOR 2046

All participants had discussions on Cifdlated topics during the IOP. Issues related taCihv UML and

the CGMES were identified and mostly resolved. More tB@rpeople participated in the discuss(either
present in the ENTS@& premises or joining remotely via webipafhe outcome of these discussions and
theagreementaresummarsedin this Appendix asssues to be addressed to IEC, CGMESp r igsuds,| e s
and recommendations.

6.1 CGMES 2.5 namespacé backwards compatibility

9 Description
CGMES requirement VERS2, VERS3, VERS4, VERS7 and VERS are describing requirement for backwards
compatibility.
Theobjective is to be fully backwards compatible which is possible with Option 1

Option 1: Two namespaces for the UML and two namespaces for the profile
<?xml version="1.0" encoding="UTFB"?>

<rdf:RDF xmlns:cim="http://iec.ch/TC57/2013/CIMschemacim16#'
xmins:entsoedittp://entsoe.eu/CIM/SchemaExtension/3/1#
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xmins:entsoe24#ittp://entsoe.eu/CIM/SchemaExtension/3/2¢Ins:md="http://iec.ch/TC57/61970
552/ModelDescription/I#xmins:rdf="http://www.w3.0rg/1999/02/22df-syntaxns#'>
<md:FullModel rdf:about="urn:uuid:d400c6&baG4c30-8aed832b0d282e73">
<md:Model.created>20120-24T11:56:40</md:Model.created>
<md:Model.scenarioTime>20126-01T10:30:00</md:Model.scenarioTime>
<mdModel.version>2</md:Model.version>

<md:Model.DependentOn rdf:resource="urn:uuid:2399¢9aB311e0aa800800200c9a66"/>
<md:Model.description>CGMES Conformity Assessment... </md:Model.description>
<md:Model.modelingAuthoritySettp://elia.be/CGMES/2.4.15</md:Model.modelingAuthoritySet
<md:Model.profileshttp://entsoe.eu/CIM/EquipmentCore/3/1</md:Model.peof
<md:Model.profilettp://entsoe.eu/CIM/EquipmentCore/3/2</md:Model.profile
<md:Model.profilettp://entsoe.eu/CIM/EquipmentShortCircuit/3/1</md:Model.profile
<md:Model.profileshttp://entsoe.eu/CIM/EquipmentShortCircuit/3/2</md:Model.profile
</md:FullModel>

Option 2: Replace namespace for the UML and replace namespaces for the profile
<?xml version="1.0" encoding="UTFB"?>

<rdf:RDF xmins:cim="http://iec.ch/TC57/2013/CIMschemecim16#
xmins:entsoedittp://entsoe.eu/CIM/SchemaExtension/3/2#
xmins:md="http://iec.ch/TC57/6197#852/ModelDescription/1#
xmins:rdf="http://www.w3.0rg/1999/02/2pdf-syntaxns#'>

<md:FullModel rdf:about="urn:uuid:d400c63bal4c308aed832b0d282e73">
<md:Model.created>201240-24T11:56:40</md:Model.created>
<md:Model.scenarioTime>20126-01T10:30:004md:Model.scenarioTime>
<md:Model.version>2</md:Model.version>

<md:Model.DependentOn rdf:resource="urn:uuid:2399¢9a8311e0aa800800200c9a66"/>
<md:Model.description>CGMES Conformity Assessment... </md:Model.description>
<md:Model.modelingAuthoritySettp://elia.be/CGMES/2.4.15</md:Model.modelingAuthoritySet
<md:Model.profilettp://entsoe.eu/CIM/EquipentCore/3/2</md:Model.profite
<md:Model.profileshttp://entsoe.eu/CIM/EquipmentShortCircuit/3/2</md:Model.profile
</md:FullModel>

IEC decided to increase the number & €IM namespace every time UML is released (for the 68220

and 61968 etcé).

The objective is to ensure interoperability and enable application which supports CGMES 2.4 to be able to
consume CGMES 2.5 without modification of the application.

After thediscussion on 29 Feb vendors were requested to express (by 4 Mar) their preference on the different
options.
The summary of the preferences is:

- Foroption 1: 4

- Foroption 2: 5

- Both problematid 1
So there is no clear preference.
It shall also be noted théhe plan is to have CGMES 2.5 build on CIM16 and as backwards compatible as
possible.

Perhaps an option 3 can be defined in which the users will be allowed to manage the content of the URIs in
the header. In this way depending on the situation theepairii an exchange could agree what to use.
However, this means that all tools currently supporting CGMES 2.4 also need modification.

New option discussed in the call
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Option 3: One namespace for the UML and two namespaces for the profile
<?xmlversion="1.0" encoding="UTB"?>

<rdf:RDF xmins:cim="http://iec.ch/TC57/2013/CIMichemacim16#
xmins:entsoedittp://entsoe.eu/CIM/SchemaExtension/3/1#
xmins:md="http://iec.ch/TC57/6197852/ModelDescription/1#
xmins:rdf="http://www.w3.0rg1 999/02/2Zrdf-syntaxns#'>

<md:FullModel rdf:about="urn:uuid:d400c6&baG4c30-8aed832b0d282e73">
<md:Model.created>20120-24T11:56:40</md:Model.created>
<md:Model.scenarioTime>20126-01T10:30:00</md:Model.scenarioTime>
<md:Model.version>2</md:Modelevsion>

<md:Model.DependentOn rdf:resource="urn:uuid:2399¢9a8311e0aa800800200c9a66"/>
<md:Model.description>CGMES Conformity Assessment... </md:Model.description>
<md:Model.modelingAuthoritySetstp://elia.be/CGMES/2.4.15</md:Model.modelingAuthoritySet
<md:Model.profileshttp://entsoe.eu/CIM/EquipmentCore/3/1</md:Model.profile
<md:Model.profilesttp://entsoe.eu/CIM/EquipmentCore/3/2</md:Model.profile
<md:Model.profileshttp://entsoe.eu/CIM/EquipemtShortCircuit/3/1</md:Model.profite
<md:Model.profileshttp://entsoe.eu/CIM/EquipmentShortCircuit/3/2</md:Model.profile
</md:FullModel>

1 Agreement
Option 1 is selected,d. include explanation in the Implementation guide for CGEMS 2.5 related to the power
electronics classes, DisconnectingCircuitBreaker and the dynamics profile. The implementation guide should
define business rules to ensure backwards compatibility. itenaics profile is not an issue for backwards
compatibility as no exchanges were performed and no ENH S0Onformity attestation was issued on
applications. The 6197802 standard will be 1:1 with CGMES 2.5 DY profile. Deadline for commenting of
61970302is end of July 2016
The following actions needs to be performed:
0 UML of CGMES 2.5 should be modified
A tag all CGMES 2.5 extension in the UML information model with Entsoe2
A tag all CGMES 2.5 extension in the UML profile model with entsoe2 and associate
it with the namespace http://entsoe.eu/CIM/SchemaExtension/3/2#
A tag the CIM informative part, SIPS, in the UML profile model with icim and use the
namespachttp://iec.ch/TC57/2013/CIMschemaciml16-info#.
0 Implementation guide to be prepared when CGMES 2.5 is approved for implementation
0 Use entsoe2 as the namespace tag in the test file fGEMES 2.5 extension

6.2  Filename convention for operational planning

1 Description
ENTSGE approved file naming convention for operatiop&#nning The document is available here:
http://cimug.ucaiug.org/Groups/ENTSO
E_IOP/2016/Shared%20Documents/ CGMES%202.5%20documentation/File%20name%20convention%20
operational%20data%?20exchanges.pdf

f  Agreement
IOP participants acknowledge the existence of the documermoiNments were expressed

6.3  Operational limits in the SSH

1 Description
For the purpose of operational planning i.e. exchanging temporary operational limits, some EQ classes needs
to be duplicated in the SSH.

ENTSO-E aissL « Avenue de Cortenbergh 100 « 1000 Brussels « Belgium « Tel +32 2 741 09 50 « Fax +32 2 741 09 51 « info@entsoe.eu * www.entsoe.eu


http://iec.ch/TC57/2013/CIM-schema-cim16
http://entsoe.eu/CIM/SchemaExtension/3/1
http://iec.ch/TC57/61970-552/ModelDescription/1
http://www.w3.org/1999/02/22-rdf-syntax-ns
http://elia.be/CGMES/2.4.15%3c/md:Model.modelingAuthoritySet
http://entsoe.eu/CIM/EquipmentCore/3/1%3c/md:Model.profile
http://entsoe.eu/CIM/EquipmentCore/3/2%3c/md:Model.profile
http://entsoe.eu/CIM/EquipmentShortCircuit/3/1%3c/md:Model.profile
http://entsoe.eu/CIM/EquipmentShortCircuit/3/2%3c/md:Model.profile
http://cimug.ucaiug.org/Groups/ENTSO-E_IOP/2016/Shared%20Documents/CGMES%202.5%20documentation/File%20name%20convention%20operational%20data%20exchanges.pdf
http://cimug.ucaiug.org/Groups/ENTSO-E_IOP/2016/Shared%20Documents/CGMES%202.5%20documentation/File%20name%20convention%20operational%20data%20exchanges.pdf
http://cimug.ucaiug.org/Groups/ENTSO-E_IOP/2016/Shared%20Documents/CGMES%202.5%20documentation/File%20name%20convention%20operational%20data%20exchanges.pdf

) entso®@
CGMES Interoperability test 2016

%r’a\tionalLimits

CurrentLimit

+ value: CurrentFlow

¢Oper atione
ldentifiedObject <'_ ApparentPower Limit
VoltageLimit o ¢ ILimit
‘{> Zeqationaluiy + _value: ApparentPower
+ value: Voltage
] cenumer ati one
| < N Oper agieme OperationalLimitDirectionKind
+OperationalLimitValue <> 0.* 0.* ActivePowerLimit

+OperationalLimit high
+__value: ActivePower low
+OperationalLimitTy pe \|/ 1.1

absoluteValue

IdentifiedObject
OperationalLimitTy pe

¢cenumer ation,Ent s

+ acceptableDuration: Seconds [0..1] LimitTy peKind
+ direction: OperationalLimitDirectionKind [0..1]
R cenum, Ent soeq

¢Entsoeé patl

+  limitType: LimitTypeKind patlt

1 tatl
+OperationalLimitSet PowerSystemResource tc

o . +0 tionalLimitSet +Equipment j

IldentifiedObject perationa™im i Core::Equipment 'C_'

o ti ILimitset |o0.* H 01 highVoltage
perationa " Imit>e - | "7|+ aggregate: Boolean [0..1] lowVoltage
+OperationalLimitSet 0.* H operationalVoltageLimit

R alarmVoltage

warningVoltage

Either an association to
Equipment or an association
to Terminal must be supplied,
but not both

+Terminal 0.1

IdentifiedObject
Core::ACDCTerminal

+ sequenceNumber: Integer [0..1]

?

Core::Terminal

+ phases: PhaseCode [0..1]

The value in the SSH does not changevtilae of the EQ, e.g. the operational in SSH are only valid for

the time period of the SSH. The operational limits in SSH are not exchanged in case the value of the
limits is the same as in the EQ.

Timestamp EQ SSH Used value
00:30 CurrentLimit.value =10 100
01:30 CurrentLimit.value =100 | CurrentLimit.value =150 150
02:30 CurrentLimit.value =100 Not a valid option
03:30 CurrentLimit.value =100 100

1 Agreement
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0 The classes that are circled in red will included in the SSH as it is. The attributegnvalue
SSH will replace the value in the EQ.
0 The normalValue attributes will be added to the EQ as ENES®Rtensions to retain the
value before it is substituted by the value of SSH. The value attributes will be kept as it is.
0 The SSH contains the full seft operational limits.
The UML was revieweth the IOR No additional changes are necessary.

6.4  Association PowerElectronicsConnection.PowerElectronicsUnit

9 Description
N/A.

T Agreement
The association remains as it is in the draft CGMES 2.5, i@o%erElectronicsConnection) to 0..1
(PowerElectronicsUnit). The direction is from PowerElectronicsConnection to PowerElectronicsUnit

6.5 Short circuit related attributes on PowerElectronicsConnection class

1 Description
Short circuit attributes should be atlegfextended to match the IEC 609D$8tandard (chapter 3.9), in
particular the ratios ILR/IrM and RM/Xm should be introduced.

Attribute Description

ialrRatio Ratio of maximum short circuit current to the rated current of the motor. Used for sho
circuit data exchange according to IEC 60909 [ILR/IrM]

rxRatio Ratio (R/X) used for short circuit data exchange according to IEC 60909 [RM/Xm]

It could also be useful to check with IEC if a revision of this standard is scheduled for short/medium term.
Moreover, maybe also for HVDC these short circuit parameters should be included.
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3.9 Static converters

Reversible static converter-fed drives (for example, rolling mill drives) are considered for three-
phase short circuits only, if the rotational masses of the motors and the static equipment provide
reverse transfer of energy for deceleration (a transient inverter operation) at the time of short
circuit, Then they contribute only to the initial symmetrical short-circuit current /] and to the
peak short-circuit current i, They do not contribute to the symmetrical short-circuit breaking
current [, and the steady-state short-circuit current /.

As a result, reversible static converter-fed drives are treated for the calculation of short-circuit
currents in a similar way as asynchronous motors. The following applies:
Zm is the impedance according to equation (26);

Ueni is the rated voltage of the static converter transformer on the network side or rated
voltage of the static converter, if no transformer is present;

T is the rated current of the static converter transformer on the network side or rated
current of the static converter, if no transformer is present;
I'ipllyy = 3;

Rw/Xy = 0,10 with X,, = 0,995 Z,,.

All other static converters are disregarded for the short-circuit current calculation according to
this standard.

Srm is the apparent power.

2
Zy=—»t . w1 Yo (26)
TUEY ‘J?-’Im g/l S
V4
Xy = 27)

) 1}1 + (Ry/Xy )

1 Agreement
o No additional attributes are necessary for the PowerElectronicsConnection.
0 WG13 will need to revise short circuit attributes in BwverElectronicsConnection and fix
in CIM17.

6.6  DisconnectingCircuitBreaker

91 Description
N\A.
1 Agreement
o DisconnectingCircuitBreaker should inherit from Breaker
o0 Both DisconnectingCircuitBreaker and Breaker should be concrete classes.

6.7 Boundary profiles (EQ andTP)

1 Description

\__ 

16
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Junction class was added to the boundary profiles in order to resolve an issue related to the ability to declare
GIS coordinated for the boundary points. It looks like the association from terminal to ConnectivityNode and
TopologicalNode g missing which makes the connectivity implicit relying on the containership of Junction,
ConnectivityNode and TopologicalNode
T Agreement
0 Add the associations from Terminal to ConnectivityNode in theBBEXrofile
0 Add the associations from Terminal to TdpgicalNode in the THBD profile.

6.8  Association RegulatingControl. Terminal

9 Description
Inconsistency with 6197852 was found
1 Agreement
0 The associatioRegulatingControl. Terminal should be 0..* at the side of RegulatingControl.
The 6197&452 is already hang this cardinality

6.9 Name related attributes of the IdentifiedObject

1 Description
The CGMES v2.4 has the following rules and cardinalities related to the IdentifiedObject attributes.

() Q ()
= (] — 0 = =
< S| = | go| 2 3 | 82| §
58 5|2 |85/8,| 2,58 8
ok = | S |he|=2 E2l 55| ,
1 IdentifiedObject - | 3| >9| SE|EB| 8| 8
23 E| 2 | Sc|lows|l 85 28| E
£ 5 S| 9| 28| 5 > S®| ®
a 5| 2| Vgl 2 8 o8| s
gle| 2?2 |B P23
.name 32 maximum Vr | Vo | Vo Vr Vr U | Vo
.description 256 maximum Vo | Vo U U U U | Vo
.energyldentCodeEic 16 exactly Vo | Vo U U U U U
.shortName 12 maximum Vo | Vo U U U U U
o | B
= 5|
For ConnectivityNode in 55 >5 | 2
. . C e (U O m
Boundary Equipment profile and g9 SE | ZE
TopologicalNode in the Boundary o 3 3 £ §5
Topology profile =3 o2 | 2
()] =) >
o o
| o
IdentifiedObject.name 32 maximum Vr Vr
IdentifiedObject.description 256 maximum Vr Vr
IdentifiedObjectenergyldentCodeEi( 16 exactly Vo Vo
IdentifiedObject.shortName 12 maximum Vr Vr
.fromEndIsoCode 2 exactly Vr Vr
.toEndlsoCode 2 exactly Vr Vr
.fromEndName 32 maximum Vr Vr
.toEndName 32 maximum Vr Vr
.fromEndNameTso 32 maximum Vr Vr
.toEndNameTso 32 maximum Vr Vr
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Legend:Vri the attribute is present in the profile and required (required means that it is mandatory that this
attribute be present in the instance dat&);- the attribute is present in the profile and optioh&k; the
attribute is not present in the profile.

The current UML and profiling tooling does not allow to define specific rules for the name attribute for each
class due to the inheritance principke. if IdentifiedObject.name is set required then it is required for all
classes which inherit from IdentifiedObject. Please pay attention that .name is required %54 $ntce

the beginning.

There are the following option that could be applied aifgt:

1) Do not apply any change on the cardinalitiesThis means that e.g. for EQ profile all classes that
inherit from IdentifiedObject must have name. A tool that receives data can reject the data if required
attribute is missing

2) Do not apply any change o the cardinalities, but specify that required attribute of
identifiedObject can be exchanged as nuile. <ldentifiedObject.name>< IdentifiedObject.name >

3) Do not apply any change on the cardinalities, but create a table which would specify for which
clases it is not required

4) Change the cardinality to optional and define OCL rules to specify where it is required for each
class

DecisionIOP calls:
1 The issue needs some further discussion. Option 2 seems the most easy to implement ani
requirechanges. It also has the advantages to support specific use cases in which name
exchanged at all.

After the call Jun Zhu summarized the principles and practices related to naming. The discussion will
continue in the next call on 23 May.
Problem Statement
Nami ng i S compl ex i Sssue. Vendor 0s Ssystems have
conventions. But naming is important. Despite th
be specified for modeling entities, namirg gritical for information presentation, such as reporting,
visualization, etc.
The existing CIM profiles are lack of detailed guidance for naming. This issue is further complicated by the
UML and profiling tools, which lack a capability of customizing tardinality specification at the concrete
class level. Consequently, vendors implemented the naming rules inconsistently.
Objective
The objective of this note is to propose

V principles for naming in CIM profiles

V an initial draft of naming rules
CIM Nami ng Principles

V Names are mainly for humans. They shall not be used for any purposes object identification.
Restrictions, such as, AEqui pments of a Subst

V Naming rules shall be driven by the use cdqseainly information presentation), not restricted by
limitations of vendors systems and UML/profiling tools.

V Names are important in many cases. But restrictive requirements on naming may result in the
interoperability issues. For example, the dynamieeaigated names may not be storable in the
underlying data source, resulting in information loss.

V In general,
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o Physical modeling entities, such as Substation, Equipment, etc., require a name to be specified,
while naming is optional for the components tiratke up a physical modeling entity, such as
Terminal, RatioTapChanger, etc.

o0 Conceptual modeling entities may or may not require a hame to be specified depending on
whether these modeling entities shall be presented toigrd. DiagramObjects, for exalap
are meaningless for human audiences. Names shall not be enforced. Topologicallsland, on the
other hand, may require a name to be provided, since they could be shown in the power flow
reports.

o Name of conceptual modeling entities shall be optional edenpossible. For example, if the
conceptual modeling can be characterized by one or a combination of its attributes, then naming
shall be optional. As an example, name for BaseVoltage shall not be required, since it is
characterized by attribute Basetage.nominalVoltage, which could optionally serve as name.

By the same token, if a conceptual modeling entity is uniquely associated with a physical
modeling entity, then its hame can be derived from the associated physical modeling entity if
needed.
- Proposal
The proposal is to:
o0 Describe the above principles in the CGMES 2.5
0 And apply the option 2) Do not apply any change on the cardinalities, but specify that
required attribute of identifiedObject can be exchanged as null i.e.
<ldentifiedObject.namesIdentifiedObject.name >
0 Add a note in the SSH profile that the optional attribute name is not used for classes marked
with description stereotype
T Agreement
0 Keep the empty string as defined in the documentation

0 Ask IEC WG13 to delete name attribute whtris is not needed. Possible approach is to
require names for classes initieag from PowerSystemResoutce

6.10 Review of CGMES 2.5 documentation

1 Description
The IOP participants reviewed the track changes applied in the documentation of the CGMES 2.5.
f Agreement
o A few modifications were agreed and directly inserted in the document
0 The diagram on dependencies needs to be fixed to include the following optional links: DL
to TP, DL to DY, GL to E@BD and SV to TFBD. This resolved issue (CGMERL5).

6.11 IssueCGMES-117 PowerTransformer.isPartOfGeneratingUnit)

9 Description
In CIM16versionPower Tr ansf or mer has an attribute o6i sPar
is a station transformer or not. It is useful when calculating generator and transfop@eéances as per IEC
60909 standard for Fault Analysis. However, swiahsformeihas no association with corresponding station
Generator/sSome background on why the decision was made to not include this association while adding
0i sPart Of Géner tat i bgtUasintkeded Tr ansf or mer

1 Agreement
The issue will be closed by adding the following note to the PowerTransformer
APower Transformer.i sPart Of GeneratingUni't i's rel e
correction factors are calcutat for transformers, since the transformer is not necessarily part of a generating
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unit, while a generator typically is. It is not always possible to derive this information from the model. This
is why the att.ribute is necessary. o

6.12 Issues related to dynarics profile

9 Description
The 61976302 is now in commenting phase in IEC with deadline 29 July.280lLéhanges that needs to be
implemented as country comments should be reviewed.
1 Agreement
0 Xxls table with constrains accepted. Iwill beaddedto the country comments for 61970
302. It will be a leaving document. iihplementation effortfind issues in the futurthe
table will be updated.
0 A proposal for country comments for 619302 was reviewed
0 SVC dynamics the UML and the profilds updagd to be able to exchange user defined
SVC models.
o HVDCdynamics - the UML and the profilés updated to be able to exchange user defined
SVC models. Proposed standard models will be kept in Inf package for future development.
Vendors will review these itheding the documentation by Sep 2016.
0 Modify the descriptions dhe following attributeso change units from m to km and correct
the typical value:
A GovHydroFrancis.h1, h2, hn, zsfc
A GovHydroPelton.h1, h2, hn, zsfc
o A number of changes were agreed dndumented as country comments to 61902

6.13 Support for IEC 61970552 Ed2

9 Description
61970552 ed2 will be used for all the new profiles in CGMES 2.5. First conclusion for part 2 of the new
profiles, we only allow urn:uuid type$he poposal is to use one RDFID format for all profil€ee poposal
is to use only one type of RDFID format during the serialisation. The ¢aal either select which type of
serialisation needs to be applied during the export
Some vendors do not make udeserialization routines but have implemented parsers, which make it time
consuming to implement changes in the code
There is a questionhy WG13did 552 ed.2the reason was mprovements were made with regard to clarity
of specs written in previous daments
CGMES 2.5 should be able make use of RDFID format described in ed1 and ed2 of th&8%21970
Some TSOs need a long time to implement new versions. Reaction ENTISDs rely on CGMES version
2.5 for the business processes they need to implement
T Agreement
0 Use of IEC 6197652 Ed2 for all profiles that are created in CGMES 2.5
A rdfiIDis replaced with rdf:about "urn:uuid:"+mRjD
A rdf:about that refers to rdf:ID shall also be replaced with rdf:about
"urn:uuid:"+mRID reference
0 The existing profiles fron€CGMES 2.4 could be serialised using IEC 61852 Ed1 for
processes that needs backwards compatibility. However, for conformitsliivveed thata
system only can serialise using IEC 61582 Ed2. A CGMES 2.4 importer can also support
IEC 619706552 Ed2
o Ifafile is imported as IEC 6197862 Ed1 with rdf:ID, and then exported according to IEC
61970552 Ed2, the application needs to use rdf:about "urn:uuid:"+mRID if it is an UUID.
If it not an UUID it should be left as is.
0 The preferred serialization f@GMES 2.5 is IEC 6197652 Ed2
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6.14 Issue CGMES169- GeneratingUnit.startupTime

9 Description
In order to addresthe requirementTSOs shall provide the redispatch potential in both directions for
generators that can be started within two hours for thgé $enarios" there is a need to add
GeneratingUnit.startupTime to the EQ and SSH profile

T Agreement
Need to add GeneratingUnit.startupTime to theda(y.

6.15 Transformer issuesi CGMES-146, 148, 157, 158, 170

1 Description

(0]

(0]

(0]
(0]

The equations for symmetrical andasymmetrical PST included in the
ENTSOE_CGMES_v2.4 28May2014 PSTmohglpdf could be optimized. Thke
equations are also included in the CENELEC technical specification and in edition 6 of the
619706301.

There is a problem with the sign of the Winding@ection Angle and its interpretation.
What is the difference between +60 ah@d0 (+30 and150,.+90and90) or-60 and +120.

There is a strong need to precisely describe those otherwise we won't get interoperability at
all.

Is it allowed for the value ofthe field voltageStepincrement of the object
PhaseTapChangerNonLinear to be negative?

Is it allowed to have negative values for parameters of transformers and perhaps lines in case
these are not equivalents? How this is to be validated?

May a RatioTapChager have a negative StepVoltage Increment?

What is the correct interpretation of the B,G paransetethe PowerTransformé&nd model

in CGMES?

T Agreement
Add the following notes to the CGMES 2.5 documentation:

(0]

(0)
(0)

Angle sign convention: Positive value indicatepositive phase shift from the winding
where the tap is located to the other winding (for awirading transformer).
RatioTapChanger.stepVoltagelncrement: Both positive and negative values are allowed.
PhaseTapChangerNonLinear.voltageStepincremenh Baositive and negative values are
allowed.
PhaseTapChangerAsymmetrical.windingConnectionAngle: Both posdive negative
values are allowed
The following note will be added to the PowerTransformerEnd and ACLineSegment:
A "Negative reactance values arelidafor transformers."- to be added to the
PowerTransformerEnd
A "Negative reactance values are not allowed for ACLineSegments. Instead it is
recommended to model series compensators explicitlyd be added to the
ACLineSegment
Interpretation of parameteof PowerTransformerEnd
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A A two winding PowerTransformer has two PowerTransformerEnds. This gives the
option to specify the impedance values for the equivalentqgoiel completely at
one end or split them between the temds. The impedances shall be specified at
the primary voltage side
A Left side is the fAprimaryodo (high volta
o PowerTransformerEnd.x shall be consistent with PhaseTapChangerLinear.xMin and
PhaseTapChangerNonLinear.xMin. In case of inconmgigtePowerTransformerEnd.x shall
be used. PhaseTapChangerLinear.xMin and PhaseTapChangerNonLinear.xMin will be
removed in future versions of CIM.

6.16 Issue CGMES60- RegulatingControl

1 Description
IOP 2014 agreed to add the extensionRegulatingControl.minAbwedTargetValue and
RegulatingControl.maxAllowedTargetValuas proposed in the CGMES v2.5.xx. Due to Network code
requirement GEN5, which is "For a power Generating Module in Power Factor control mode, each TSO shall
specify maximum and minimum power facvalues".. The comment on the requirement is "Only if power
factor control is set, e.g. at wind farms"

The following note was inserted to RegulatingControl in order to specify the usage of the attributes.
AfRegul atingContr ol . mi mddtingCommldnbdliogee Tanget\Malueeare aequired R e
for the following cases:
- For a power generating module operated in power factor control mode, each TSO shall specify
maximum and minimum power factor values;
- Whenever it is necessary to have an offteemarget voltage for the tap changer regulator. For
instance, due to long cables to off shore wind farms and the need to have a simpler setup at the off shore
transformer platform, the voltage is controlled from land at the connection point for thefveind farm.
Since there usually is a voltage rise along the cable, there is typical and overvoltagedok\g@mpared
to the on shore station. Thus in normal operation the tap changer on the on shore station is operated with ¢
target set point, wbh is in the dwer parts of the dead band.".
 Agreement
The following note should be added to the RegulatingControl:
RegulatingControl.minAllowedTargetValue and RegulatingControl.maxAllowedTargetValue are required
for the following cases:
o For a power genetiag module operated in power factor control mode, each TSO shall
specify maximum and minimum power factor values;
0 Whenever it is necessary to have an off center target voltage for the tap changer regulator.
For instance, due to long cables to off shomeddarms and the need to have a simpler setup
at the off shore transformer platform, the voltage is controlled from land at the connection
point for the off shore wind farm. Since there usually is a voltage rise along the cable, there
is typical and ovendtage of up 24 kV compared to the on shore station. Thus in normal
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operation the tap changer on the on shore station is operated with a target set point, which is
in the lower parts of the dead band.".
RegulatingControl.minAllowedTargetValue and Reguig@ontrol.maxAllowedTargetValue define the min
and max allowed RegulatingControl.targetValues. RegulatingControl.minAllowedTargetValue and
RegulatingControl.maxAllowedTargetValue are not related to RegulatingControl.targetDeadband and thus
they are not trated as an alternative of the RegulatingControl.targetDeadband.

The RegulatingControl.minAllowedTargetValue and RegulatingControl.maxAllowedTargetValue values are
needed due to limitations in the local substation controller. The RegulatingControl.tadeddd is used to
prevent the power flow from move the tap position in circles (hunting) that is to be used regardless of the
RegulatingControl.minAllowedTargetValue and RegulatingCamaxAllowedTargetValue values

6.17 Issue CGMES159- HVDC

1 Description
Are thereany rules or expectations about transformers being in series with DC equigtreggms our
implementers expect and have seen only models with transformers in series with DC converters. This has to
do with the converter angle limits being faidgrrow and transformers are normally needed to tap in order
to control DC voltages. We would need to do a workaround in one of our systems if there are to be models
with no transformers in series, though we certainly could do this if it is neatled.oher implementations
expect in this regard, aiifdit is worth discussion time?

1 Agreement
For CSC HVDC the transformer must be modelled explicitly. The way to validate this is not resolved.
Add note to the CsConverter

6.18 OperationalLimitSet.active in the EQ profile

1 Description
N/A
f Agreement
The attribute should be in the SSH as required attribute

6.19 Issue file header

9 Description

CGMES 2.4 does not define clear rules related to the EQ profiles and file header content.
f Agreement

The CGMES 2.5 documentation shoirdlude the following rules:

0 The profile references in the file header speciid@svhich profile®validation the instance
file data is valid for.

0 The instance data file can contain data from multiple profiles (such as ShortCircuit or
Operation) withoutbeing declared in the header profile references. However, the data
belonging to nordeclared profiles does not need to be imported arekperted as the
profiles are not defined in the file header. The user shall be informed if the data is not
imported.

o0 Modify the rule Theom ddarRinadty 5. 1 of5. ] given
classes/attributes/associations stereotyped with "Operation" or "ShortCircuit" shall be
respected if the exchange requires the i
i[ R. 4. 5SThelcardinality of given classes/attributes/associations stereotyped with
"Operation” or "ShortCircuit" shall be respected if the exchange requires the inclusion of
"Operation" or "ShortCircuit". The respective profile URI shall be declared in the file header.
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If the profile URI is not included in the header all classes/attributes/associations part of the
undecl ared profile are considered optional

6.20 Issue CGMES119

1 Description
CGMES states that the following attribok eageAndgE
parameters should be interpreted as an fAopen cil
vendors are on the opinion that a change of the meaning of those two parameters is necessary so that th
vol tage sourgeAmg¢e ot medivielot a ageMagni tudeodo par
corresponding connected busbar (closed circuit voltage). This way is found much more logical and useful.
Current description of internal voltage of energy source and open circui §olghse angle of the
independent device while itdssconnected from the netw@k Connecting such device to the network would
result in results difficult to predict. On a mid/high voltage all devices are controlling voltage and angle on
busbars
1 Agreement
o EnergySource.activePower and EnergySource.reactivePower in thar88efining PQ
generation. EnergySource.voltageAngle and EnergySource.voltageMagnitude are not
exchanged in the EQ.
0 Add this in the CGMES 2.4.15 Implementation guide.
o EnergySourceoltageAngle and EnergySource.voltageMagnitude are specified as voltage
characteristics imposed on the node (at the Terminal).
o EnergySource.voltageAngle and EnergySource.voltageMagnitude are moved to SSH.
o Thefollowing use case needs to be documented
A This is understood such that a transmission high voltage solution exists and the
consequences of that solution is studied on a connected distribution network. The
voltages and angles from the solved transmission level solution is then used as input
to the digribution network.
A The solution from the transmission level may have used and equivalent of the
distribution network so it is difficult to tell whether that transmission level solution
is based on an open or closed circuit representation of the distnilnatiwork.

6.21 Issue CGMES140

9 Description
The CGMES should state if the association Terminal. TopologicalNode should be exportedrietaimau
Breakers in case of nodweaker model exchange. CGMES issue should be recorded. In addition, this leads
to:

o aneror in ClMdesk AThe two Terminals of t|
CIMdesk behaviour should be checked when the CGMES is specified.
o A warning in ClMdesk fiThe two nodes that t

Vol tagelLevel 0.
T Agreement
Include the following in the documentation:
There are two different use casekated to the associatidrerminal. TopologicalNode
A reduction away of the Switching details to create-tmasich style model intended
for traditional planning only.
A keep the detailed model including the Switches and provide topology results also
about the Switches.
0 In cases ofreation of a bubranch model from a nodeeaker model neretained Switches
are of no interest and their Terminal. TopologocalNode referestadisnot be included.
o Ifinstead the model is intended to stay nbdeaker it is of interest to know
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(0]

(0]

(0]

A if a Switch has been reduced away indicated by the two Switch
Terminal. TopologocalNodes referring the same TopologicalNode.
A if an open Switch connectvb different TopologicalNodes that is useful when
studying the consequences of closing the switch.
In this case Terminal.TopologocalNode shall be included for all Switches.
If the two sides of a Switch are connected to the same ConnectivityNode this Bhould
considered an error.
A Switch with the two sides connected to the same TopologicalNode is valid and normal
situation, if not retained.
A Switch connecting BusbarSections at different VoltageLevels is an error.

6.22 Changes related to Manifest, Frame, netwd Model Project, Study, Availability Plan

1 Description

N/A

1 Agreement

(0]

(0]

The DateTimelnterval compound in IEC61970/Base/Domain needs to be added to the
DomainProfile and linked to all the attributes used in Availability Profile.

The following note is added to the DateTimelnterval:

The note for the class DateTimelnterval shall be understodthéerval between two date

and time points, where the interval include the start time but excludes end time, start <=
interval defined <wed."

DateTimelnterval.start has the descriptititart date and time included in the in the defined
interval."

DateTimelnterval.end has the descriptittind date and time where the interval is defined
up to, but excluded.".

It wasagreed to include Compound, including 0..n, in the serialization support as defined in
IEC 619706552 Ed2.

Add extensionModelSpecification.type of String with the description "The type of model
that is specified, e.g. planning, operation etc. It could ialslude reference on the profiling
version it supports, e.g. CGMES 2.5, CIM16 et€He attributes is included in the Manifest
profile.

Rename AvalilabilitySchedule.daytimeRestitutionDuration to
AvailabilitySchedule.daytimeReinstatementDuration

Rename AuilabilitySchedule.eveningRestitutionDuration to  AvailabilitySchedule.
eveningReinstatementDuration

Rename AvailabilitySchedule.maxRestitutionDuration to AvailabilitySchedule.
maxReinstatementDuration

Rename AvailabilitySchedule.weekendRestitutionDuratidle  AvailabilitySchedule.
weekendReinstatementDuration

Change the association AvailabilitySchedule.AvailabilityPlan from [0..1] to [in.Xhe
Availability Plan profile

Change the reverse association AvailablityPlan.AvailatSthedule from [0..n] to [1n] in

the Availability Plan profile

Change the association name between AvailabilitySchedule.Schedule and
AvailabilitySchedule.DependentOnSchedule so that the cardinality and direction becomes
correct. (notes needs to be swapped as well)

Change the assation Manifest.ManifestSpecification to Manifest.Specification so that the
naming as similar to the other classes in the package.

Change the association NetworkModelProject.ProjectSpecification to
NetworkModelProject.Specification so that the naming adaino the other classes in the
package.
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o Change the association name between NetworkModelProject.Project and
NetworkModelProject.DependentOnProject so that the cardinality and direction becomes
correct. (notes needs to be swapped as well)

o0 Change the assiation name between NetworkModelProject.ShadowProject and
NetworkModelProject.SilhouetteProjectProject so that the cardinality and direction becomes
correct. (notes needs to be swapped as well)

o Change NetworkModelSpecification.OutageSpecification to
NetwolkModelSpecification.AvailabilityPlan.

o0 Change PowerFlowOperation.algorithm from String to a new enumerator,
PowerFlowAlgorithmKind,  with the following types [fullNewtonRaphson;
fixedSlopeNewtonRaphson; fastDecoupled; gaussSeidel, modified&Gadsk
dcPowerFlow]

o0 Add attribute PowerFlowOperation.enableTransformerTapControl as Boolean with the
following note "True means transformer tap adjustment is set to enabled.”

0 Add attribute PowerFlowOperation.enableSwitchShuntControl as Boolean with the
following note "True means switched shunt adjustment is set to enabled"

0 Add attribute PowerFlowOperation.enableStaticVarCompensatorControl as Boolean with
the following note "True means switched shunt adjustment is set to enabled"

o Change the association AvailabilityRI&®rojectSpecification to
AvailabilityPlan.Specification

0 Add attribute PowerFlowOperation.slackDistribuiond as new enumerator,
SlackDistributionKind, [LoadDistribution, GenerationDistribution]

0 Add attribute PowerFlowOperation.enablelnterchangeCorgrBbalean with the following
note "True means area interchange control is enabled."

0 Change PowerFlowOperation.tolerance to PowerFlowOperation.pTolerance as ActivePower
with the following note "The active power tolerance for the given power flow solution."

o Add PowerFlowOperation.qTolerance ReactivePower with the following note "The reactive
power tolerance for the given power flow solution."

0 Add attribute PowerFlowOperation.voltageLimitAngle as «CIMDatatype» AngleDegrees
with the following note "The maximurallowed voltage angle between two buses for the
given power flow solution”

0 Aot of the classes, attributes and associations are missing notes. It was agreed to add items
that are missing notes before the release.

0 It were agreed to add the following exampd the test model:

A Project that are linked with Availability plan.
A Project that are linked between two TSO (MAS).

o0 DCSwitch is deleted from the Availability Plan profile and the association with
AvailabilitySwitchAction

0 The associatioAvailabilitySwitchAction.Switch is changed from 0..1to 1

0 AvailabilitySchedule.AvailabilityPlan should be 1 in the extension package. The proifle is
already restricted.

0 Add attribute AvailabilitySchedule.priority, integer. Description: 0 means igmaogity, 1
means the highest priority, 2 is the second highest priority.

6.23 Issue- OperationalLimitSet

1 Description
N/A
T  Agreement
The attributeOperationalLimitSet.active in the EQ profile should be in the SSH as required attribute
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6.24 Discussion Area Interdhange Control and Energy Area

9 Description
Presentation was given by ENTSOmainly focussing on Area Interchange control and the EnergyArea
extension in the UML.

o The presentation and IEEE document describing the Area Interchange Control were
uploaded to the folder: http://cimug.ucaiug.org/Groups/ENTSO
E_10P/2016/Shared%20Documents/Forms/Allltems.aspx?RootFolder=%2fGroups%2fEN
TSO%2dE%5fIOP%2f2016%2fShared%20Documents%2fReference%20Documents&Fol
derCTID=&SortField=Modified&SortDir=Asc&View=%7bCC9311C1%2d793D%2d463
A%2d8760%2d698EO03DBCF55%7d

A Presentation http://cimug.ucaiug.org/Groups/ENTSO
E_IOP/2016/Shared%20Documents/&ehce%20Documents/DAY1_SPOC_TO
P06%20CGMES%20related%20topics. pdf

A Algorithm http://cimug.ucaiug.org/Groups/ENTSO-
E 10P/2016/Shared%20Documents/Reference%20Documents/Improved%
20Area%?20Interchange%20Control%20for%20Newton%27s%20Method%
20Load%20Flows.pdf

0 Some vendors already have implemented the principles of Area laepeicontrol in their
tools; some have not yet implemented this type of functionality.

o It was pointed out that there is a need for having both generation slack (part cthe D
process) and load slack{D in the Area Interchange control.

0 Some vendors ragd the question that additional documentation is needed on the proposed
extension in the UML. This request is being acknowledged by ENESthere will be
additional context given in the description field of the UML, however precise process
descriptions annot be given at this stage.

1 Agreement

o EnergyGroupp andBlockDispatchorder.ghould follow load convention were production is
tagged as negae and consumption is positive

0 The need of having a separate profile for exchanging the Energy Area (oofsttepower
flow) was discussedt ivasagreel to use EQ and SSH for the items related to given MAS
and use the new profile ArealnterchangeControl (AIC) for the control setting that may in
some cases be outside a given MAS control.

o Itwasdiscussed if AlQorofile need toreflectboththe definition of the area that should be
controlled and another for the set points. Since this is a very small profile conteas, it w
decided to keep it as one profile.

o0 The minimum requirement for the EnergyArea is thatduldhandle the same use cases as
the current Load Model distribution, but also include generation.

0 The IOP recommended to get more example on the use of the model in regards to the different
processes, 2, D-1 and ID (intraday). One of the items to clgy is the use of isSlack in
particularly regards to the area interchange tolerartds.will be done when CGMES 2.5 is
approved.

0 Add attribute EnergyGroup.normalP as ActivePoiélormal active power for the energy
group The attribute is part of the Ef)ofile.

0 Change ProportionalDistributionComponent.distributionFactor of typet EdcActivePower
so thatthe representation are clearly defined. The factor is given by the distributionFactor as
ActivePower (MW) over EnergyGroup.normalP in ActivePower. e Thattribute
ProportionalDistributionComponent.distributionFactor is moved to SSH.

0 Add ProportionalDistributionComponent.normalDistributionFactor as  ActivePower
optional field in EQ.

0 Move EnergyGroup.isSlack to the SSH profile and make it mandatory, se taat change
between time interval.
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Add EnergyGroup.isNormalSlack as Boolean optional attribute in EQ.

Move BlockDispatchOrder.p from SSH to EQ

Change EnergyGroupfpom Mandatory to optional [1..1] to [0..1].

The possibility to connect the following skes to the SeasonDayType patteas discussed

EnergyGroup, ProportionalDistributionComponent and BlockDispatchinstructiorasit w

decided to wait with this until CIM is updated with improved SeasonDay pattern that will

work for operational and lorggrm planning.

o0 Change SchedulingArea to EnergySchedulingArea to achieve consistency with IEC CIM 17.

0 Move the EnergyGroup.BlockDisptachinstruction from EnergyGroup  to
EnergySchedulingArea.

0 Add an additional association between EnergySchedulingArea.BlockEhdpstruction to
indicate the active BlockDispatchinsruction. This association should$®sH.

o Additional documentation and information is requested by vendors that support the
modelling decisions that have been made in the UML extensions

0 Adding ControlArea in the AIC profile as discussed, but agreed to leave it in EQ for
backward compatibility.

o BlockDisparchlinstruction.BlockDispatchOrder is changed from 0..* to 1..*

0 Add new class: BoundaryFlow between EnergyCongestionZoneBorder and Terminal.

class ArealnterchangeControlProfile /

O 00O

Core::ldentifiedObject <} Core::ACDCTerminal ’
+ description: String [0..1]
+ mRID: String [0..1]
+ name: String
¢Entsoeé ‘ Core::Terminal ’
+ energyldentCodeEic: String
+ shortName: String [0..1] +Terminal 1

¢Entsoe2eé

+BoundaryFlow |0..*

¢Entsoe2e
BoundaryFlow

¢Ent soe2e
+ positiveFlowIn: Boolean [0..1]

+BoundaryFlow 0.*

¢Ent soe2e
+Eber gy CongestionZoneBorder \Vl

¢Ent soe2e
Energy CongestionZoneBorder

¢Entsoe2e
+ crossZonalCapacity: ActivePower [0..1]
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6.25 Market Schedule Profile

9 Description
Market Schedule Profile- IEC 62325451-2 Scheduling business process and contextual model for CIM
European market:
0 ENTSOE presented the existing standard that needs to be purchased from IEC,
https://webstore.iec.ch/publication/6843
0 ENTSOE presented the XSD that is uploaded into folder:
http://cimug.ucaiug.org/Groups/ENTSO
E_IOP/2016/Shared%20Documents/Forms/Allitems.aspx?RootFoldéGretfs%2fEN
TSO%2dE%5fIOP%2f2016%2fShared%20Documents%2fXSD%5fMarket&FolderCTID=
&SortField=Modified&SortDir=Asc&View=%7bCC9311C1%2d793D%2d463A%2d8760
%2d698E03DBCF55%7d
Alternative 0: PT CGM WR does not provide any guidance or recommendation. Leaugpthasindividual
agreement between TSOs and vendors.
Alternative 1: PT CGM WR2 recommend the use of IEC 623251-2 Schedule. Sub alternative would be
if we should include it in IOP. This is developed by CIM for Market and European Market.
Alternative 2:Developed a CIM/XML based format that include this information.

The production units in the market does not always magaaore with the units defined in the operation,
CGM.
Alternative 1 is the one to start with.

1 Agreement
The I0OP recommended that ENTEOprovide guidelines and example on how to IS& 62325451-2
together with CGMES 2.5 to generate the necessary IGM for the CGM process

6.26 Discussion onPower Transfer Corridor, SIPS Contingency modeland remedial
actions

9 Description
The presentation is added to the |IOP SharePoint under Reference Document:
http://cimug.ucaiug.org/Groups/ENTSO
E_IOP/2016/Shared%20Documents/Reference%20Documents/20160714 CGMES_IOP_SIPS.pdf
The challenge with creating a SIPS model that would work for-ferrg planning using bdsranch,
operational planning using notbeeaker and operation using réiahe measunment wasdiscussed.
 Agreement

0 Add a note to CircuitShare: CircuitShare.contributionFactor is only informative for the user.
The system should use contingency analysis to calculate the real contribution based on the
available network modéf needed for otlr calculation

o0 It was pointed out that the SIPS allows for sharing of Protective Actions among different
triggering conditions.

0 The IOP agreement that SIPS should, when possible, have multiple trigger condition and/or
ProtectiveAction that would make itvork in all differentenvironmens. However, it vas
agreed to exdude classes and reference teasurement in the profile CGMES 2.5.

o0 If a generator is taken out by disconnecting switch it should be also be a protective action
that take generator out of s&e,i.e. EQuipment.inService = false.

o It was discussed if there is a need to create a ProtectiveActionTerminal that are instructing
the terminal connected. This could save the need for duplicating Protective Action between
nodebreaker and bulranch. SiceTSO business processa® moving in the direction of
nodebreaker it was decided to not add this class.
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o0 Decided to keep inService flag as this allows simply changing matrices during the
calculations instead of having to running topology processesgioontingency analysis.
0 The current Gate logic model is not necessary well suited for future SIPS configuration that
is using more programmable logic rather than just gate logic. WG13 together with ENTSO
E will be looking into the possibility to support.@ language or other logic description
languages. Linked to IEC 61850 could also be relevant. If possible it would be good to have
the same "code" in the control centre" as used in the fi@.recommendation is that
vendors are looking at PLC languagether scripting languages that could replace the CIM
UML based exchange.
o It was agreed to make the following changes to SIPS:
A Add Entsoe2 extension ProtectiveActionAdjustement.value as Float with the
following note "The value that should be used for smfient. The type is defined
by kind attribute. byPrecentage means the value new value = existing value *
attribute value, for 10% reduction the value would be 90, for a 15% increase the
attribute value would be 115.
A The following existing attribute be tak out of the profile:
E ProtectiveActionAdjustement.byPrecentage
E ProtectiveActionAdjustement.byValue
E ProtectiveActionAdjustement.setValue
A The enumeratds kept unchanged evenitfincludes the Measurement value that is
not supported in the profile.
o It was discussed if thereis any need to add DCCondutionEquipment as
ProtectiveActionEquipment. It was decided not to add danbeaddedlater, if needed
0 It was discussed how Circuit and PowerTransferCorridor that are shared between TSOs (or
MAS) shoutl be handled. IOP agreed to add the following to the BoundaryEquipmentProfile:
A LineCircuit
A PowerTransfeCorridor
A There is no need to add any attributes or associations to them.
0 IOP agreed to add a new element in the LimitTypeKind enumerator &#edity
0 The need to be able to model preventive remedial action using the SIPSvasdé&cussed
One proposal asto just add a flag on RemedialActionScheme to state tlesethere
preventive remedial actions. However, these are changes that do not have any triggering.
They are actions that are valid for a given time. They cannot be exchartbe EQ. So it
was discussed to add a new profile. This will need to be dareupcoming profile version.
It will however, be investigated the possibility to use project and study from the Manifest
profile to achieve the same.
0 IOP agreed to do the following changes in the Circuit model to make it mdéire iwith
CIM17 model of Feeder
A Add association Circuit.ldentifier to Terminal [0..1] and the reverse
Terminal. TerminalCircuit [0..1]. The direction should be from Circuit to Terminal.
A Remove association between PowerTransformerEnd to PowerTransformerCircuit
A Remove association Circudentifier to Equipment
0 CDPSM testsvereperformed during the IOP 20H&dwere presented
A I0OP discussed iIENTSOE should make changes to the StateVariableProfile to
accommodate the needs from CDPSM.dsdecided not to make any changes.
0 ENTSOE asked gndosif theywould like ENTSOE to follow up with support for CDPSM
as part of IOP and Conformity.endos stated that thig of interest as long asig possible
to separate the need for conformity between CGMES (Transmission's need) and CDPSM
(Distribution needs). Everyone agreed that it would be really good to have systems that
support both.
0 Contingency profile (isSUEGMES175)1 It is agreed to add IdentifiedObject.description
in the contingency profile as optional attribute.
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o Rename DifferentialMoel to DifferenceModel
o0 ChangeFrameworkldentifiedObjeanodelAuthority from optional [0..1] to mandatory
[1..1]

6.27 Issue related to limits discussion

9 Description
There is a need to add the classes Sensor (and its specialisations), Wavetrap, SurgeArfrestioinaichtor
to the CGMES 2.5 Equipment profile since they have limits which may affect the transfer capacity of a
branch. This is a real use case curreatlyenneT TSO

T Agreement
Add in the EQ profile the following classes that are under Auxiliaryigaent in the 61970:
AuxiliaryEquipment, Sensor, CurrentTransformer, WaveTrap. The association
AuxiliaryEquipment.Terminal should be added as well

6.28 Issue CGMESS80

1 Description
Detailed explanation of the proposal for extension is available gpgicimug.ucaiug.org/Groups/ENTSO
E_IOP/2016/Shared%20Documents/IssueList/Issue_80_TERNA%20HVDRI®RELS%20FOR%20C
GMES%20EXTENSION_v5.docx

T Agreement

o Converter reactive power consumption related extendtoneeds more discussion and
eventually a formula could be included in order to also match with the concept that will be
used for dynamics. Thesige is postponed to CGMES 2.6.

o Filters The issue is postponed to CGMES 2.6. It is advised that
ACDCConverterShuntCompensator is associated with LinearShuntCompensator instead of
ShuntCompensator

0 The upgrade of the HVDC model should include the connedbietveen converter
transformers and DC systems and allow transformers to control DC voltage and firing angle.

6.29 IssueCGMES-171

9 Description
The PerLengthDCLineParameter are not consistent with the parameter of the DCLineSegment in Ohm in
respect to its linéength.There is no rule on which parameters would have priority in case of inconsistency.
Furthermorethe PerLengthDCLineParameter as well as both version of the impedances are optional, which
means that you might end up with two worst case scenarios:
1. Having no impedances at all
2. Having both impedance versions which are inconsistent.

There is a need to agree ovotrules:
1. Even though both impedances are optional, there should be a rule which forces at least one version
2. In case of inconsisteies, which parameters should have higher priority
1 Agreement
o Make DCLineSegment.capacitance, DCLineSegment.inductance and
DCLineSegment.resistance required attributes.
0 Add a notePerLengthDCLineParameter is optional. The calculations arsllmasthe dat
in DCLineSegment
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6.30 Issue CGMES172

9 Description
Thereareeme i ssues related to the usage of the cl ass
o xUnit, ylUnit and y2Uni't t y p epecifysalsoothen i t S
UnitMultiplier? For example, Reactive Capability curparameters use W and VAr as
UnitSymbol but the values are entered as MW and MVAr and this is a bit confusing for me,
ols it possible to add in the 6UnitSymbol o
1 Agreement
o UnitMultiplier is not exchanged. It defined thathe multiplier s:
A M for W, VA, VAh, Wh, VArh and Var
Ak for volt
A 1 for all the rest of UnitSymbol values

6.31 Issuel DC switching devices

1 Description
There is no Aopenii parameter for any DC s wiThischi ng
kind of makes them unusefull, since they do not really have any kind of meaning. If there is no specific reason
they have been moded like thatjt is neededo add the parameter tihe CGMES2.5.

T Agreement
It will be considered for future versismof the CGMES that would support DC grid. Perhaps DCSwitch.open
should be added in the SSH and DCSwitch.normalOpen in the EQ.
DCSwitch should be ignored if included in the instance data.

6.32 Issue CGMES160

1 Description
The main issués the differencédetween exchanging a solved stathich we don't need to changend
exchanging a model to be used for studies with significant changes in power flow conditions after exchange.
A solved state can always be manipulated to fit CGMES allowed regulatimglcsetiemes with onlgne
active regulating contrddus and the rest of the controlling element locked at its current position based on
station control distribution. However, this control will only be valid for this solved state and not for other
power flow situations’ which is insufficient for studies on our system.

The idea of a common target value requires rules for MVAr distribution on different components. If we used
voltage control, SVCs and generators will take priority over tap changer conswiiiethed elements like
capacitor banks and shunt reactors. Dynamic reactive reserves will then be used first, static reactive reserve
will first be used after dynamic reserves are fully utilized. This is the wrong way around, and will lead to
erroneous caity limits for us.

At least some additional priority between multiple control elements must be added if control of a component
MVAr isn't allowed.
1 Agreement
0 Rename PowerFlowOperation.enableStaticVarCompensatorControl to
PowerFlowOperation.staticVarCommpsatorControlPriority, type Integer. Description: 0
means not used, 1 means highest priority.
0 Rename PowerFlowOperation.enableSwitchShuntControl to
PowerFlowOperation.switchShuntControlPriority, type Integer. Description: 0 means not
used, 1 means highggriority.
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0 Rename PowerFlowOperation.enableTransformerTapControl to PowerFlowOperation.
transformerTapControlPriority, type Integer. Description: 0 means not used, 1 means highest
priority.

0 Rename PowerFlowOperation.varLimit to PowerFlowOperation.respeit) type
Boolean, Description: True means that VAr limits are respected during power flow
calculation.

6.33 Issue CGMES165

9 Description
There is inconsistence between OCL rules and notes.
T Agreement
0 The OCL rules need to be developed on the basis of thattatbed to the DCConverterUnit
0 The OCL script on the ConductingEquipment should be updated to exclude
PowerTransformer. The updated rule is the following:
inv conductingEquipmentVoltage: (

(
(self.ocllsKindOf(PowerTransformer))
) or
(
(self.BaseVltage =null) and
(self.EquipmentContainer <> null) and
(self.EquipmentContainer.oclisKindOf(VoltageLevel))
) or
(
(self.BaseVoltage <>null) and
(
(self.EquipmentContainer = null) or
(
(self.EquipmentContainer <> null) and
(self.EquipmentContainer.oclisKindOf(VoltageLevel)) and
(self.EquipmentContainer.oclAsType(VoltagelLevel).BaseVoltage =
self.BaseVoltage)
) or
(
(self.EquipmentContainer <> null) and
(not self.EquipmentContainer.oclisKindOf(VoltageLevel))
)

o Itis confirmed that the OCL rule on the EquivalentBranch is correct. It is possible to have
only 2 Terminals.

6.34 Issue zip

1 Description
N/A

T Agreement
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0 CGMES ruleshould be added to CGMES 218 the future applications shall support cimx
file extension, which is a zip file.

6.35 Issue CGMES166

9 Description
There is a need to define clear rules for sign convention of attributes in SSH, SV and EQ profiles
1 Agreement
0 Load sign convention for SSH and SV is used for attributes where the sign conisgention
specified. For reactive power (e.g. on RotatingMachine, StaticVarCompensator, etc.)
positive means inductive.
o For EQ ratings the equipment is used as a reference rather than the node.

6.36 Issues CGMES173 and CGMES174

1 Description
The grounding modelsi changes in CGMES 2.4. Ground and GroundDisconnector are new classes.
GroundDisconnector is now a two terminal devitiere is a need tolarify how grounding should be
modelled using CGMES 2.4 in regards to BaseVoltage, VoltageLevel, GroundDiscommec@round.
Relevant questions are: Should we have one or more BaseVoltage for Ground? Should grounding equipment
be located in a "ground" VoltageLevel or be spread in relevant Bay?
1 Agreement
Add the following CGMES rule:
0 CGMES rule: There shall not beyaground voltage level. The ConnectivityNode connected
to the Ground instance belongs to the same containment instance as the grounding device.
This means that the Ground instances are contained in the same voltage level where other
switching devices areootained with a nozero BaseVoltage.

6.37 Issue CGMESS8

9 Description
In some TSOs, planning and operation models have different detailing on the equipment. In
principle, are all the generators in operation "real” generators (not an aggregation of underlying
production) However, that is not always the case. Particularly with small embedded generators,
Distributed Energy Resource (DER) is very difficult to get a model without using equivalent
aggregates. In some cases, the dynamic and-ahoutt data are onlavailable on the aggregated
units.
It is suggested to add an association from Equipment to Equipment with the following note: "Only
Unit of the same type, e.g. HydroGeneratingUnit, can be aggregated to the same type where
Equipment.aggregate = true. Equignt.networkAnalysisEnable can only be true on the aggregated
equipment or the detail equipment.”
WG13 has agreed to addjuipment.networkAnalysisEnakie CIM17.
This will only affect the EQ profile.

- Proposat
See InfoCore in the UML. Check also tthescriptions of the attributes/classes
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+DetailEquipment 0..* +AggregatedEquipment 0.1 p-.._ | In qeneral shoula
HydroCenerating
zEntsoes Equipment. aggres
ENTSOEEquipment2 Equipment. ]
eguimTent ar the
zEntsoes
+ networkAnalyticEnable: Boolean [0..1] = true
=Entsoes

Core:.ENTSOEEquipment

7

[ Fowersyste mkesource

«Entsoes
+ inService Boolean [0..1]

CoreEquipment

+ aggregate: Boolean [0..1]
+ normallyinService: Boolean [0.1]

T Agreement
0 The issues postponed for future versions of CGMES. The use cases need to be described

6.38 Issue CGMES145

9 Description
Related to the CGMES GL profilexPasition, yPosition and zPosition attributeghe Position class are
defined as string types. Shoul dndét these be flo
enforced. If they are strings, then import software must determine if decimals or commas are used in the
number. For thamatter, there is no limitation to what alpha/numeric string is put into the attribute.

T Agreement
Add a note to PositionPoint in the GL: The attributes xPosition, yPosition and zPosition are treated as float
and follow regional séihgs. Decimal degreese used

6.39 Issue stereotypes in SSH

1 Description
There are wrong stereotypes in the SSH
T  Agreement
o0 Remove Operation and ShortCircuit from GroundDisconnector
0 Remove Operation from StationSupply
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7 Appendix B: Framework for model exchangé' use cases and requirements
i for information (2014)

7.1 Context

7.1.1 Introduction

This document was originally created within the scope of the ENESROFI project but will become an
extension to CGMES (probably version 2.5) from ENTE@s well as becoming an IEC standard. It will

also make reference to other documents in progressa glossary.

Network Code Operational Security Article 17 states that TSOs shall exchange network model (structural)
data and Article 19 states that TSOs and DSOs shall exchange power grid model (structural) data.

This document addresses these requirgsigy specifying how network models that represent a partial power
networks are described and how the partial network models fit together to form composite network model
that represent a larger network. The standard also specifies how boundaries fartisthangtworks are
described and how partial network models are merged to form larger models suitable for network
applications.

The purpose of describing network parts like this is to enable automated processes for exchange and merge
of these parts intoomplete network models that can be used in network calculations.

The description of the equipment and components within network model as well as the power system state
are not described in this standard but in other specifications as CGMES from ENAIHOEC 61976452,

IEC 61970456 from IEC.

The resulting standards, Framework for Model exchange FRM, consist of an extension of the canonical CIM
model as well as a profile derived from it. The exact document structure is yet to be decided.

7.1.2 Requirements

Theneed to operate the power system closer to its limits is increasing and as a consequence system securit
needs to be evaluated more frequently. As a result system operators need for accurate network models an
power system state data are increasing. Bysf@erators also need to consider the neighbouring power grids

to a larger extent than before. Hence the exchange of network models and power system states are increasin
both in terms of size of the exchanged power grid models and exchange frequency.

Network models for operational planning and operations have traditionally been managed by separate
organizations within a system operator. As a result two different models of the same network have been
managed in parallel which is a source of errors and @drk. To avoid redundancy it is expected that the
same network model will be used for both operation and planning.

Planning models has traditionally been4{banch and operational models ndateaker. CIM support both,

hence using the CIM as basis enalphsing busbranch and nodbreaker models.

Increasing and more frequent network model exchanges require tracking and identification of the exchanged
data.

In addition to model their own network a TSO or DSO also model their neighbours networks. Tieis crea
duplicate work where a network is modelled multiple times for each TSO/DSO. The duplication also
introduce errors and inaccurate or outdated representations of networks. By sharing a model once created by
its responsible TSO/DSO with other TSOs/DSO¢ retluce duplicate work and improve data quality.
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7.2 Scope

This standard specify how regional or partial network models are described and how they fit together to form
a larger composite models that is used in network related calculations.
This specification is intended to support network model exchange use cases including but not limited to

T Congestion forecast processes (I DCF, DACFé)

Capacity allocation process (2DCA¢)

Outage planning coordination

Creation and maintenance of operational modaisss TSOs/DSOs

Consolidation of power system projects in base models

Long term extension plannin@YNDP projects)

Exchange of grid study cases

he purpose of the data models provided by the Framework for Model exchange FRM standard is to describe

the ator/organization roles responsible for a power grid model that is an elaboration on the existing

CIM ModelingAuthority concept.

the power networks that is related to the existing CIM ModelingAuthoritySet concept.

audit trails needed to track the power grilat build up a composite power gird model.

the work flows used to assemble composite power gird model from regional power grid models.

how ModelingAuthoritySet data is used as input to functions that process the data, e.g. merge of power

grids, runningpower flow etc.

Not covered by this profile is the description of power networks themselves. Data models for this already

exist and are

1 equipment data and basic topology is described in the in the CGMES equipment EQ profile as well as
IEC 61970452.

1 powerflow initial conditions is described in the CGMES steady state hypothesis SSH profile and IEC

61970456.

power flow resulting topology is described in CGMES topology TP profile and IEC é4%5.0

power flow results described in the CGMES state variablepr8ies and IEC 6197@56.

display layout described in the CGMES display layout DL profile and IEC 64930

1 dynamic data described in the CGMES dynamic data DY profile and IEC €870

Data according to these standards as well as this standard appgldd Dataset documents. CIM Datasets
can have different formats, a commonly used format both for the ENH SGMES and the above IEC
standards is CIMXML described in IEC 619%82.

The header in IEC 6197862 has a reference to the CIM ModelingAuthoréy8hat identifies the model
data in a CIMXML document. As stated above the CIM ModelingAuthoritySet is elaborated in this
specification to distinguish the different types of network models.

e —a o _a _a o

=

= =4 —a -8

= =4 A

7.3 Use cases

7.3.1 Actors
Large interconnected power grids typically spaar continents covering many different countries, states or
regions. To monitor and control the power grid, system operators have evolved e.g.

9 Distribution System Owner (DSO)
I Transmission System Owner (TSO)
1 Regional Transmission System Owner (RTO)
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1 Independent Transmission System Owner (ISO)

1 Security Coordinator (SCI)

1 ENTSOE

A system operator (SO) is typically responsible for the power grid in a country, state or region, these are
PowerGridRegions.

In large power grids, system operators have the redplitysior a part of the power grid. To avoid
duplication of work and increase quality of data the system operators share their data with each other and
exchange power grid models.

Larger consumers or producers connected to a network may also have togexdata with the system
operators.

Transmission Level
Security Coordinator
Network Model

Transmission Level

@ TSO

Network Models

$ é ﬁ@ é é } Distribution Level

DSO
Network Models

Arrows indicate model (EQ profile) exchanges between actors
- TSO<->Security Coordinator

- TSO =TSO

- DSO<>TSO

- DSO < DSO
Figure 1 Overview on Actors and Their Data Exchange

In Figurel The TSOs and DSOs may share the grid models with each other. The TSOs will also make their
network models available to a Security Coordinator that builds a complete model for a larger region.

7.3.2 Network Model Framework Parts
7.3.2.1 Network Regions And Boundaries

Figure2 shows an example with four TSOs and two DSOs used to explain how their nisteiviked into
parts.
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Figure 2 network model example

Power networks operated by system operators TSO A, TSO B, TSO E, TSO F, DSO C and DSO D are
connected with tie lines and transformers. Each of the networks are describeddiynaindicated with

frames inFigure2.

The tie lines between the TSOs have one boundary point each. They ar&igrdéR and are also called
x-nodes. The grey shaded areas where the boundary points are located are boundaries. Note that a bounda
appear between two parties and hence are bilateral.

TSO A is connected through transformers to a distribution network run bylb&@ TSO B is connected
through other transformers to a distribution network run by DSO C. Both DSOs have both wind and solar
power. The distribution networks are ategional networks. The boundary between the TSOs and the DSOs
are also defined by bouady points at the transformers, redHigure2.

In CIM the boundary points correspond to ConnectivityNoB&gire3 shows a more detailed example of a
boundary with CIM objects.
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/ Network Region TSO A \ / Network Region TSO B \
GeograpicalRegion / Boundary \ GeograpicalRegion
* TSOAi TSOB +
‘ SubGeograpicalRegion ‘ ‘ SubGeograpicalRegion ‘
Substation ACLineSegment Line ACLineSegment Substation
> -

Con. | Con. | B Con.

\_ /AN AN )

Figure 3 Detailed CIM data diagram for the tie line between tsamd &0 b

The cim:ConnetivityNodes at the tie lines are contained by cim:Lines while the cim:ConnetivityNodes at
transformers are contained by cim:Substations. The cim:Lines and cim:Substations are in the boundary. Note
that the tie line cim:ACLineSegmeritscontained by the cim:Line in the boundary but is defined within the
scope of the TSO network regions.

Also note that the references from the TSO A and TS@tork regions points into the boundary. Hence
they will be fdangl iumlgno Tharedre two use eases that mamagéstihis tiffeeentlyp o
1 The boundaries are already implemented demarcating an existing network model region.

1 The boundaries are not implemented and need to be imported.

A TSO that models its own network will do so wagfore any boundaries has been defined. Hence the TSO
will have a description of the boundary and it will be used in the negotiation on what the explicit boundary
description will look like. Once the boundary is defined the TSOs will have to adjust ¢theiddry models

to fit with the agreed boundary definition. After this a TSO may decide to replace its own built model for the
external networks outside the boundary with models imported from the neighbouring TSOs or DSOs. Note
that the boundary definitioin this case will not be imported.

A TSO or security coordinator that want to i mpor
implemented will import also the boundary definitions.

7.3.2.2 Network Edges

In the ENTSGE congestion forecast procesgds C F DACF, D2CFé) t bomagesiddO t h
forecast will use scheduled power flow exchange values at the boundaries. This means that network regions
need an injection at the boundary points holding the scheduled power flow exchange values.

A network edge describe aquivalent injection that act as a replacement métavork region at a specific
boundaryThe network model ifrigure4 is usedm the regional congestion forecast done by TSO A.
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Figure 4 Example where TSO A has replaced TSO B and TSO E with Network Edges

By separating the networkdge from the network boundary better modijais achieved and gives the
flexibility to combine and evaluate network models of different types.

7.3.2.3 Network Equivalents

A complete network model is composed by merging network model parts, e.g. regions, boundaries and edges
The resulting model may be ¢g@r than needed by a system operator (SO), Security Coordinator, ERITSO

or other party. Hence there may be a need to remove parts of the network. The removed parts can be replace
by an equivalent derived in different ways

1 The simplest is an edge as désed in sectiory.3.2.2
1 The equivalent can be handmade according to some heuristic method.
1 The equivalent can be created by a network reduptiogram.

An edge works well for grids that spread radially e.g. a distribution grid or the first congestion forecast step
where boundary exchanges are kept constant.

A meshed network surrounding a regional network may not be suitable for the simplanstgel & system
operator (SO) will have to decide on the remote network parts to replace. This include the steps

1 identify the boundaries where to place the equivalent.

1 decide how to create the equivalent, e.g. heuristically or by network reduction.

1 replacethe equipment at the far side of the boundary with the equivalent.

It may be the case that multiple equivalents are needed at the boundary due to changing conditions, e.g. winte
and summer.

When TSO A fronfFigure2 plans and operates its network it needs to model the whole TSO B and DSO D
power grids. TSO A also want to model bigger wind parks and solar plants in the DSO C power grid and does
that byreplacing the DSO C power grid with a load and generating unit abtiredary points.

The TSO A and TSO B iRigure2 are connected with four tie s at boundaries AE and BF to TSO E and

F. TSO A now want to replace both TSO E and F with an equiv&enire5 show a fully reduced version

of theTSO E and F grids iRigure?2.
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Red lines and symbols show nvB Equivalent of TSO E and TSP F
equivalent elements EF
®
L
YNMB AE ¢ ®NMB BF ¢
TSOA NMB

Al
GV / TSO B

Figure 5 Equivalent from Fully Reduced TSO E and TSO F Networks

The example irFigure 5 show how all equipment is replaced by the equivalent elements (yellow color)

including the boundary EF.
When creating the equivalent some real equipment may be kept and while others is repioegl are
network model mixing real equipment with equivalent elements. The resulting equivalent will be treated the

same as the exampleHigureb.
Figure6 show the TSO A power grid with a partially reduced version of the TSO E and TSO F grids as well

as an equivalent of the DSO C grid.

Equivalent of TSO E and TSO F
NMB
Red lines and EF =
symbols show °
equivalent -
elements
[
'NMB AE ¢ INMB BF @
TSO A NMB
EF 9)
V TSO B
®NMB AD eNMBBC ®
DSOD

Figure 6 Power grid model as seen from TSO A

In Figure 6 equivalent elements are colored yellollhhe DSO C transformers have been replaced by an
equivalent load and generating ufihe tie lines between TSO A and TSO E as well as TSO B and TSO F
has been kept but the rest of the equipment has been replaced by equivalent elements.

\___M
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In a meshed networik may be that the equivalent connect with multiple boundaries and that the boundaries
are reduced away within the equivalent. The examplEgjure5 andFigure6 however show the boundary
between TSO E and TSO F has been retained and this is the recommended practice.

7.3.2.4 Framework for Model Excharg

Sections7.3.2.1 7.3.2.2and7.3.2.3have defined different types of network models and actors responsible

for them. To reason about and describe network models a data model is needed. This data model is named

Framework for Model exchange, FRM. Tt&ta model contain the following concepts

1 A description of the actors responsible for network models, this already exists in CIM and is the
ModelAuthority.

1 A description of the network model parts as describe in previous sections. These are frametsvork par
descriptions.

1 A description of network model parts specific to an actor and one or more CIM profiles. These are
network model part specifications.

1 A description of network model data being exchanged.

A frame work part description contain information as

1 Responsible ModelAuthority

1 A description of the network region it concerns. Network regions ar@wemapping and there is just
one description per region.

The network model part specifications are needed because a TSO or DSO may have their owof ersion
particular frame work part. Hence multiple network model part specifications may exist for a particular frame

work part.

Network model part specifications do not consider the evolution in time. As a network model evolve over
timeitchanges,e.g.dieo power system projects. An instance
parto. Data describing a model part is

1 A data set with the data describing the actual power system objects according to existing profiles, e.g.
EQ, SSH, DL etc.

9 The pointin time for which the data is valid.

1 A version of the data set.

7.3.3 Network Models

A network model is a complete network that can be used in network applications e.g. power flow calculations
and studies.

Network models are composed from the network parts fasedein sectiorError! Reference source not

found.. The composition process require the boundaries to be in place and known before the composition can
start. As discussed in semt 7.3.2.1there are two cases on how the boundaries are treated

I The boundaries are already implemented demarcating an existing network model region

1 The boundaries are not implemented and need to be imported.

In the first case the complete network model is created by composing the network model regions outside the
boundary with the existing network and its boundaries.

In the second case boundaried amrtwork model regions are composed.

To instruct the composition process on what network components to include a description is needed. The
description is a composition or assembly instruction.

Once all network parts has been gathered according to th@sdmn or assembly instruction they can be
merged into the complete network model. An assembly manifest record what network model parts that were
actually merged. The assembly manifest tells a user of the network model information as

1 The identification 6the merged network model parts.
1 When the network model was composed and by whom.
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It may or may not be that case that the individual network model parts are distinguishable. That depends of
how the party performing the composition decide to treat theithdil network model parts.

7.3.3.1 Data Exchange

7.3.3.2 Overview
The exchange of network models has two phases

1 Exchange of data that describe the network model parts to be exchanged.
1 Exchange of network model data according to profiles EQ, SSH, DL, DY etc.
This document describe the data model needed to describe the data exchanged in the first phase. Sectio

7.3.2.4define the concepts that is usedtistsection.
The sequence of data exchanges that take place in the first phase are exchange of

1 ModelAuthorities. This is probably in the form of a public document issued by an central authority as
ENTSOE.

1 Frame work parts including boundary and networldetigart descriptions. This may also be a public
documents issued by the ModelAuthorities or by ENTESO

1 Model part specifications is published by each ModelAuthoritiy implementing a network model part for
a frame work part.

After this all actors have mairte readable information about each other and are now prepared to start the
second phase with exchange of model parts including data sets.

7.3.3.3 Operational model Exchange Case

This section describes the exchange of operational models between System Opéatosddls are used

in SCADA/EMS systems. The network frdRigure2 is used as example.

Each TSO inFigure 2 build a network model by extending its own regional network model with partial
models from their neighbouring TSOs, DSOs and larger power grid users. The parts of the neighbouring
networks of nterest is where measurements are available to support state estimation. Networks further away
is normally represented by some an equivalent.

With reference td-igure2 and TSO A perspective TSO A will receive EQ model parts from its neighbors
TSO B, TSO E, TSO F, DSO D and DSO C.

From this TSO A may replace some of the model parts with equivalents and then compose a complete network
model.Figure5 andFigure6 are examples on what the resulting network models may look like.

7.3.3.4 DACF Exchange Case

7.3.3.4.1 Overview

This section describes the DACF exchange case.

The network that is used as basis is fiéigure2. The TSOs in figure 1 runs DACF for their regional grid
and deliver the results to the security coordinator that assembles the DACF case by coimpasmignal
model parts and rerun DACF for the composed network model.

7.3.3.4.2 TSOA

TSO A may have a real time system operating with a network model as descrifigdret and running
power flows, e.g. with a State Estimator, creating SSH and SV data sets.

The dayahead congestion forecast (DACF) will run on a smaller model than the real time model described
in section7.3.3.3 The DACF model will include the TSO own power network model part with boundary
injections fixed to scheduled values.

For TSO A the DACF network model is showrFigure?.
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Figure7 TSO A DACF Network model

The dark grey areas Figure7 represent edges with simple boundary injections matching the scheduled tie
flows.
TSO A has several options for the DSO D grid

1 Reduce the network parts with less impact on TS@d\keep major load and production units

1 Completely replace the network parts with injections representing major load and production units
1 Keep the boundary with DSO D

1 Remove the boundary and integrate the DSO D equivalent into the own network.

In Figure7 the boundary TSO A and DSO D has been kept, major load and production units have been placed
directly at the boundary. Keeping the boundary is thetrflexible solution and allows for replacing the
equivalent depending on changing conditions in the DSO D network part without impacting the own network

model part.
TSO A will deliver the following model parts to the security coordinator assuming thabthwlary and

edge EQ model parts are exchanged separately

The TSO A EQ model part.

The outage schedule for the TSO A model part.

The SSH data set for the TSO A model part.

The TSO A version of DSO D EQ model part.

The SSH data set for DSO D model part.

I The SSH data sets for the edges to TSO B and TSO E.

7.3.3.4.3 The Security Coordinator

For each TSO the security coordinator will receive the EQ model parts and SSH data sets that was used ot
created by each of the local TSOshe security coordinator will build a ogplete network model by
composing the model parts. This result in a power grid model as shdguie8.

= =4 —a —a A
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Figure 8 Security Coordinator Network Model

The security coordinator will do the following

1 Merge the TSO model parts.

1 Check boundary mismatches by comparing injections from the boundary SSH data sets for the edges.
1 Merge the TSO SSH dasets to a single set of injections.

8 Appendix C: Power system project for information (2014)

8.1 Introduction

The document is describing requirement, test configuration, test procedure, information model, profile to
support a "paper" baseénteroperability test of Power System Resource variance as part of the ENTSO
Common Grid Model Exchange Standard (CGMES).

8.2 Requirement

8.2.1 Information items
CIM incremental are currently defining the changes to the network model. We need to get additinal met
data to describe the content of the changes.
The additional metdata MUST give information on:
1 Date and time the changes will be added to the network model.
i State the realization of the changes is. A minimum would be to separate in planning, in build,
cancelled and commissioned changes.
1 Date and time the new equipment would be in of service. Updated and deleted equipment will follow
standard outage handling.
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1 Grouping of set of changes that belongs together but do not have the same commissioned data, e.g
a project that consist of depended subprojects that will be commissioned before the main project (that
has been approved by the government).

Version on the changes. It is not practical to support tacking on changes on changes.

Necessary references tgarticular situation (EQ, SSH, TP, SV). In some cases a project is only
commissioned (including in a planning model) in a certain situation.

1 Dependency between projects. In case on alternative solutions of a problem.

E |

The additional metdata SHOULD giveriformation on:

Date and time the changes was actual added to the network model.

Date and time the changes was cancelled.

Mutual excluded changes. Alternative dependent changes that will NOT be implemented together.
Priority of alternative changes.

=a =4 -8 -9

Theadditional metadata COULD give information on:
1 Type of changes. A classification that would help systems on an information bus to identify changes
that are relevant for their system without investigating all the detail changes.
1 Model responsible. The orgaation that are primary responsible for the model.

8.3 UseCase Overview

The usecase for the metdata for changes are relevant for all the-ecsses that changes to the model is
included.

A change set or group of change sets will in a given organizagienelated on one of more of the following
cases:

1. Created by the network analysing team (System Development Planning, Protection Planning).
2. Construction project (new or maintenance).
3. External organization.

An organisation could have one or moystem that manages change set. A normal minimum would be a
System Development Planning tool and an Operation (EMS/DMS). In many organisations the same changes
are modelled in parallel for both systems. The CIM standard need to support the possibilidetah®o
change set once and reuses it both for System Development Planning and Operation.

In the planning phase there could be multiple systems that are contributing with analysis and modelling on a
given change set. It must be possible to exchange thadgéte additional information between the systems.

The following exchanges are relevant:

System Development Planning

Protection Planning

Market design and planning

Asset Construction

TSO/DSO (DNO), TSO/TSO, DSO (DNO)/DSO (DNO)

Governmentregional/European (ENTS8)

Research projects challenging different solutions (minor impact in terms of exchanges)

=4 =4 -a-_a_-8_-4a_-2

~

As construction is finalising, the fAas buil do mo
following system and busineasriction:

1 Outage Management/Scheduling System (OMS/OSS)

1 Market Management System (MMS)
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Operation Planning and Operation (EMS/DMS)
Grid Settlement
Data Warehouse, measurement historian

= —a =9

8.4 IOP Test Cases

8.4.1 Purpose

The aim of this test is to demonstrate the abditthe tool to administrate Power System Project (PSP).
The test will verifying the following functionality:

Add changes/increment to a Power System Project
Change attributes including dates on the project
Change status of a project

Split a projecinto two depending projects

Create competing project

The following main use cases are covered:

Cross border MAS projects

Project Schedule Alternatives

Project Lifecycle

= =4 -8 —_a_a_8_9_49_-2°

8.4.2 TU PSP1: Cross border MAS projects

The test handles the exchange of changes to mitdelszpresent the construction of a new line between to
existing substation that is located in two separate MAS. The Boundary point needs to be defined and to
different users should make the construction separate and on a later stage merge. Twoeattennatition

of a generating unit should be evaluated.

MAS1 MAS?2

dm:Line +cim:ACUneSegmenet

b B

QGountry / MASBorder

Three actors are involved:
1 User W with system & are updating MAS
1 User W with system §are updating MAS
1 User W with system Sare merging change in MA®ith changes in MAfand make dependent
change to both MAS.
The sequence of steps is the following:
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User W through system Screate (or request) a Boundary point from system S

User U, through system Sbuild the ACLineSegment up to the Boundary Point

User U through system Stransfer the change set to Systegn S

User W using system gsdownload the Boundary point information from systegn S

User W build the ACLineSegement from the Boundary point

User W through system gtransferees the change set yat8m $

User W through system&are merging the change set

User W though system Sare providing power flow study that covers both MASd MAS
including both change set

User W through system &are making change two changes, add generator G tasaohsA in
MAS;, and add generator G to substation B in MAese changes are mutual excluded. One
of the changes should be included in a given study.

User W through system C is transferring all changes to both systeandbsystem &

User W through gstem S and User W through system gare calculating two cases for both
MAS; and MAS including all changes. Each of the case will be based on the mutual excluded
changes

User W through system Sand User B through systera &e transferring there reswb system

Sc.

sd IOP.PSP.1.1 - Cross border MAS projects /

i

User A
I
|
|
I
|

X X X

System A User C System C
I
|
|
I
Create(Project) !

F

Create(x-node) !

se
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

Cre: ate(x—n:ade)

Add(x-node)

Add(ChangeSet) -
L

Export(Project)

|

|

»
<

|

|

|

|

|

|

|

|

|

|

Export(Project)

Yy

B e i g

ENTSO-E aissL « Avenue de Cortenbergh 100 « 1000 Brussels « Belgium « Tel +32 2 741 09 50 « Fax +32 2 741 09 51 « info@entsoe.eu * www.entsoe.eu



entso@

CGMES Interoperability test 2016

sd IOP.PSP.1.2 - Cross border MAS projects /

X X X X

UserB System B User C System C
| |

| |
| Create(Project) |

)

Get(x-node)

Add(ChangeSet) |

Export(Project) |

|
|
|
|
|
|
|
|
|
|
|
'
Get(x-node)
|
|
|
|
|
|
|
|
|
|
|
|
'

Export(Project)
L L |
| | |
| | |

. A, AR

sd IOP.PSP.1.3 - Cross border MAS projects /

x x

User C System C
| |

| |
| _ ) |
| Assemble(list of Project) |

|«

Add(ChangeSet)

|
Export(list of Project) |

= 0
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sd IOP.PSP.1.4 - Cross border MAS projects /

X X

User A System A u
1 ]

c System C
l l
l
l
l

GetUpdate(Project) -

e b )
>+0

GetUpdate(Project)

y

GetDependent(Project) -~
>

Get(Project)

Yy

Assemble(list of Project)

Create(list of Study)

Export(list of Study)

y

e R

e

User B with System B does the same.

8.4.3 TU PSPO02: Project Schedule Alternatives

There is a need to connect a major generating unit, G, to the network. Through analysing studies it is found
that it should be connected together vtfth construction of substation D. However, it not yet decided if this
should be done though projeagtd? project B.

Project R include the construction of ACLineSegmentsubstation D, generating unit G connected to
substation D and ACLineSegmest

Project B include the construction of ACLineSegmgntsubstation D, generating unit G connected to
substation D and ACLineSegmegt

Project R and project Pare competing project (mutually excluded). Both projects include the construction
of ACLineSegmetp, substation D and generating unit G connected to substation D. However, in project P
are the construction of ACLineSegmentequired before energising the generator. In projecr® this
construction scheduled after the energising.
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Qb B

cim:Line + cim:ACLIneSegmenet

SUbA .

*  abc

The sequence of steps is the following:

E R EE | = E EE |

User U through system Simports project Pand B

User U through system sSbuild and calculate a case includinga®d export the results

User Uk through system Sbuild and calculate two case based paml export the results. One case
does not include the ACLineSegment

User W through system Schange one parameters ACLineSegmgenthis one change should be
reflected in both project;Rnd B.

User U, through system Sbuild and calculate cases iGcluding R and case g€including B.

User U, through system Sexports the change and the result from the casa@case £

User W through systemgimports project Pand B

User W through systemg&mports the change done by usarthrough system Sand calculate the
case Gand case £
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sd IOP.PSP.2.1 - Project Schedule Alternatives /
User A System A
| |
| |
| Import(list of Project) > |
|
Build(Case) > I
|
|
|
Export(Case) >JI_
|
|
|
Update(ChangeSet) >l
|
Build(Case) >l
|
|
Export(ChangeSet) > |
I
Export(Case) >l
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sd IOP.PSP.2.2 - Project Schedule Alternatives/

Import(list of Project)

Import(ChangeSet)

Build(Case)

8.4.4 TU PSPO03: Project Lifecycle

The developments of a project lifecycle from an analytic case to a commission the changes. The project
evolution is starting witlone project that is split into subproject with more detail in the change set. The update
to the project is alternating between two users and with two different systems.
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sd IOP.PSP.3.1 - Project Lifecycle/

X

Syst?m A

Uselr A
| |
| |
| |
! Create(Project) !
Add(ChangeSet)

Build(Case)
Export(Project) |

Export(Case)

L

T 1 1

T 1

sd IOP.PSP.3.2 - Project Lifecycle/

X

User B

Import(Project)

>0

System B

Build(Case)

Export(Case)

Update(Project)

Build(Case)

Export(Case)

Export(Project)

TUTUTUTUTUTY
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Stage 1. Early Analysis Stage
This stage is focused on low detailing and manyrdtitve projects or solutions to a given problem.
Exchanges of alternative project are covered in another test use case. The project is created with a chang
set including the addition of an ACLineSegment, ca. 150 km duplex parrot, between two existagsuy
Sub A and Sub E. Add Transformer of 300 MVA to substation Sub E.
The attributes are taken as standard catalogue values.

cim:Line + cim:ACLIneSegmenet

b A SQUbE

The following analysis/operation should be able to be done:

Power Flow solution including theew line segment
Shortcircuit level (balanced 3 phase)

Display diagram including the new line segment

Rough geographical location information

Positive system model adequate (including dynamic model)

= =4 —a —a A

Stage 2. First Public Analysis Stage
The alternativesire limited, but existing. The key point is to find out as much as possible to evaluate the
"best" alternative from the previous stage. The output of this stage can be used as requirement for Reques
for Proposal (RFP) for the project and the equipmentiaitipn.
Exchanges of alternative project are covered in another test use case.
It is now clear that an existing substation, Sub D', needs to be "moved" and enhanced to become Sub D. The
exact schedule does not need to be defined, but sufficientgtaiginuse of temporarily configuration needs
to be defined so that a reasonable confidence of the approached will work.

{da5Q

cim:Line +cim:ACLIneSegmenet cim:Line + cim:ACLIneSegmenet

b A Qb D UbE

The following analysis/operation should be able to be done:

Power Flow solution including the new lisegment

Shortcircuit level (balanced 3 phase)

Earth fault /Single phase short circuit calculationplfhase faults)

Display diagram including the new line segment

Rough geographical location information

Positive and zero sequence system model necessatyd{ng dynamic model)

=A =4 -a_-a_-a_-9

Stage.3. Application of License Stage
At this stage there is normally only one alternative. This model is updated to reflect the chosen project vendor
and equipment. The detail needs to be so that each operating stage can zml dnalietail. Standard
catalogue values are replaced with vendor catalogue values.
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It is now clear that the line will go by substation Sub B. This will trigger that the line between Sub B and Sub
C will be removed after Sub A and Sub B are connectedfullh@moved can only be done when Sub D is
"moved" and connected the line already constructed from Sub B and Sub E.

The sequences of the subproject are described in the diagram below.

Will be

removed

/
/
/
/
/
/

b C

cim:Line +

// cim:Line +
/ cim:ACLIneSegmenet

{da5Q

cim:Lline +
cim:ACLIneSeg
menet

|

cim:Line +

cim:Line +cim:ACLIneSegmenet

?_\-\.
()
-y

—,

cim:ACLIneSegm cim:ACLIneSegmenet
UbA ™ bB Qb D
Sub A Sub B Sub D Sub E
&) k>
J H’
Sub C
Sub A Sub B Sub D Sub E

l

-

|_lr‘
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Sub C
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l
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Sub A Sub B Sub D Sub E
Sub C
Sub A Sub B Sub D Sub E
SubC
Sub A Sub B Sub D Sub E
Sub C
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Sub A Sub B Sub D Sub E

Py _, 1

===

| ==
,

55§

Sub C

=)
|

b

The followinganalysis/operation should be able to be done:

Power Flow solution including the new line segment

Shortcircuit level (balanced 3 phase)

Protection planning and fault analysis (all fault types)

Display diagram including the new line segment

Accurate geogrdpcal location information

Positive and zero sequence system model necessary (including dynamic model)

E I

Stage.4. Build/Construction Stage
The project is updated by subproject are update with detail separately. Vendor catalogue values are replacec
with acual "measured" values. Part of the project is committed to the base mdmeldasodel. Breaker
information, measurement and control information are added to support an EMS model. Only additional
breaker information will be part of this test case.
The sibproject (or full project) that includes the “lgild" information will be imported to a State Estimate
based system (EMS).
Planned outage, switch plan and EMS based analysis are not included in this test case.

Stage.5. Operational Stage
The changes aradded to the base model. Operations of the added equipment are controlled by planned
outage. Changes to the model are handled as new change set rather than update to existing change set.
Planned outage, switch plan and EMS based analysis in additianttarfalysis including protection are not
included in this test case.

8.4.5 TU PSP04: Power System Resource Variance Study
A System Development Planning study normally start with a given future base model. This model will include
the collection of most probabilistic changes up to the data of Power System Resource variance Study.
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9 Appendix D: Variation handling 7 use cases ah requirements i for
information (2014)

9.1 Context

9.1.1 Introduction

The goal of this document is to facilitate the production of the Common Grid Model as defined in Article 33
of the Capacity Allocation and Congestion Management Network Code, Article X3pefational
Security Network Code, Article 9 of the operational Planning and Scheduling Network Code when
handling asset variations.

Each TSO or Regional Merging function is responsible for supplying an accurate Individual Grid model
(IGM) of their networks). As time passes it is likely that networks will change due to the following types of
variations or outages:

- Power System Resource Variations investments and modifications in the infrastructure: this could
vary in number depending on the size or claxipy of the network per year. Variations could be defined
by the: Asset Management Department, System Development Planning several times per year by means
of "Variations" and "Expansion Stages" in the equipment model. These Variations are time bound and
are activated automatically, depending on the calculation target time. There could also be power system
variations due to modelling changes eg: redefining a Shunt compensator from Lineaslittellion

- Planned outages Up to tens of variations per weeklaRned variations are prepared weekly by
operational planners. For this purpose, "Planned Outages" are prepared iAt@urRéxpansion stages
and operational scenarios. These stages and scenarios are activated automatically, depending on th:
calculationtarget time.

- Forced outagesSeveral hundreds of possible incidents at any moment. Forced variations are defined as
contingencies and are processed one by one during-ttjecémtingency analysis process. Any Forced
Outage that can not be returned witbperational window should become a Planned Outage for return.

- Operational variations: Modification of the operational conditions during the business day: up to tens
of variations per day. Operational variations are entered by the operational planakrgl®rant hours.
These modifications are entered and stored into the-fdR4ds expansion stages and operational
scenarios and are activated automatically, depending on the calculation target time. Any topological
reconfiguration, tap positions, ratinggoduction, consumption, remedial actions and SIPS.

For change due to an: Power System Resdteication or Planned Outage, these changes would be captured
aheadofreal i me occurrence and should appear irgectain TS OCE
the case of an asset variation. Or as part of the relevant time stamp Scenario for a Planned Outage.

Operational Variations depending on the nature of this change and if -anglination is needed with other
parties, such as DSO or DNO, this fa to the network would also appear contained in the Scenario file as
part of a TSO6s | GM submission. However if this
conditions as observed by a TSO0OO6 sorecpmblematic fo specifygi n e
and capture ahead of raahe.

In both these instances the duration of these variations is likely to be controlled by actual system conditions
and hence the duration may not be predictable.

For Forced Outages these arelii@ly to be known about ahead of réimhe switch out of the system plant.

So this change would start in an Inttay timescale. Then depending on the length of the outage it should
then form part of the TSO06s S errasalved and a knawh time fors u c
return to service has been defined. In effect the Forced outage will become a planned return to service.
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Looking at each of these types of changes to a TSO network in more detail:

9.2 Building Scenario

9.2.1 When defining a Scenariahe following decisions need to be taken

All elements are selected for the relevant timing

Assemble the power grid model based on the Framework for Model Exchange given the geographical scope
and relevant / desirégrojects.

Select relevant/desired Plamh@®utages

Variations

Data
uipment
Eaip JE— Power
Parameters System
Projects
- Equipment
Outages Outages

\//\/—\ Consumption
v/\/\ Production
Interchange
v/\/—\ Limits, ratings
T \//\/—\ Voltage

' ‘ Tap positions

))()))

‘ ‘ Switch positions

Time

Scenarios
Figure 1. Shows the various system data sets needed to construct a Scenario

From figure 1:
A Variationsi evolution of data over time

A Power System ProjettSets of changes in to power system equipment and its parameters

11n case of competing projects

\__——/

61
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A Outagei Schedules for unavailability of equipment
A Operational data

I Forecast$ Weather dependent data
A Consumption and DER Production
A Limits, e.g. transmission line current limits
i Schedule$ Plans for
A Production and Interchange, typically from market
A Positionsand Voltage, typically from operations planning
T Patterng Daily and/or seasonal curves recorded from real time data
A Consumption and DER Production
i Conforming that vary over a day
i Non-conforming typically constant over the day
Production
Interchange
Posiions
Voltage

To T Do I

Select the relevant Study Inputs from the Operational Variations:
Switch Positions
Tap Positions
Consumption
Production
Ratings
SIPS
Remedial Actions
Scheduled Inter Change

Each TSO shall collect all Yedthead individual grid condition dafar each scenario.

This data shall be based on realized situations corresponding to the defined scenario or any other means the
is appropriate for the TSO. The scenarios for these timestamps are the ones at which peak and valley deman
occurs in SpringSummer, Autumn and Winter.

9.3 Power System Resource Variations

9.3.1 Addition, Removal Modification of Network Iltems

Network changes occur on TSO networks via project stages. These Projects depending on their size anc
scope can have either a single date and time of start and completion or several stages with each stage havin
start and end dates and times, so in ppiricie t o accurately mimic the cha
IGM(s) to an acceptably detailed time granularity the TSO will decided the detail required in the delta files
for their IGM.

These increments make reversible changes to the network beindada@dethe changes each makes do not
form part of the base model data until such time that the Delta File changes are consolidated and a new bas
data IGM is submitted.
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The submitting TSO(s) will have other data items that are time varying: such as: MRatimgs, Substation
Running Arrangements, Activation Time assessed. TSOs tend to implement these in addition to the network
ahead of the commissioning of the plant item. These data item are then held in the CGM until they become
activated once the actitran time has been reached or passed.

TSO Data Model

Position of
Switches, Taps &
Activation of time

controlled
Base Model Operational Data

Scenario for
XX: XX Hrs

Data

Time controlled
Data Model
Variations

Figure 2. Model & Update Basic Structure

9.3.2 Scenario Variations
The list of data in any IGM used to define a Scenario, contains time varying data which affects the results of
the loadflow calculationThese items are:

Date, Time and Duratidmof calculation being studied

Switch Positions

Tap Positions

Thermal Ratings being applied

Generation levels and Availability

Load Size

9.4 Planned Outages

9.4.1 Commissioning/Decommissioning

2 The supervised time frame for dynamic studies could be an example of Duration

\__’/ﬂ
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9.4.2 Maintenance

9.5 Forced Outages

This type of outage will initially need to be implemented by a TSO in andatyaupdate to their relevant
IGM(s), to better reflect their actual system topology and that being modelled. Depending on the length of
this outage due to the actual naturehaf fault, this outage will become a planned outage for the purposes of
returning the faulted item back into service as

9.6 Operational Variations

9.6.1 Introduction

Some TSOs can use topology changes for the purposes of system voltagenmeanhageimes of low
generation and low demand. These type of network topology changes usually take the form of switching out
of service for a period of time wholly cable branches to remove the MVar gain these branches provide. These
outages are not likely be planned as they will be dependent on the system conditions at any given time.
Some planning when there is a cable branch with a supply transformer, which would require some co
ordination with the relevant DSO/DNO to make this network change actepidinth TSO and DSO.

The duration of such outages will also be controlled by the system requirements on that particular day.

9.7 Equipment/ Topology for Operating IGM/CGMES Studies Process

9.7.1 Introduction

When NodeBreaker modeling is used, the model musttam information that will force the btianch
model that will result from topology processing to have the same bus names and identifiers that would have
resulted from a bubranch model.

9.7.2 Equipment Profile

An equipment file in all cases represents tikediphysical model. It is meant to be invariant as an engineer
studies different operating possibilities. The practical value of this is that when a base case is created and ther
studied under many operating conditions, the equipment instance file dagwmngé and only needs to be
produced and processed once.

9.7.3 Planned Outages
A planned outage normally goes through a process that begins with a request to outage during some time
period. The request is followed by studies to approve the outage. As theetingetam launch an approved
outage, a muklistage switching plan is created that forecasts roughly when switching changes will be
executed.
Our problem in network analysis is to factor the forecasted state of outages into operating studies like. For
this pupose, what we need to know is the expected state of devices at a particular time.
The key fact of an outage, aside from timing, is that there are two ways that the impact of an outage is stated:
T Initially, there is a request to outage equipment. The lidea is that this equipment must isolated
(dead) so that it can be worked on.
1 At some time after approval is given for an outage, the switch statuses are changed. This defines the
isolate and restore status of the desired equipment.
0 The switching planmplements the desired outage, but could isolate more than the actual
request.
1 Note that a request to outage a breaker is not the same as a switching move that opens a breaker. T
isolate a breaker for maintenance you have to open other devices.
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We assumdere that the list of outaged equipment is always available for an outage, and the status are
available to redefine the network configuration

ENTSOE will maintain a set of outages that will support the network configuration changes held in the
central citical outage database.

9.7.4 Commissioning
New construction goes through the same sort of scenario as with outages, although there may be a muct
longer period between conception and execution. The first thing we know is the net impact of the planned
configuraton change. Nearer to construction completion any desired changes of standard substation running
arrangements will be developed.
Any new construction must be added to the initial case for the day, but if it will not be put in service
immediately, rather inust be either marked out of service or switched out of service in that case, so that the
same Equipment model remains in effect until the time of commissioning or removal from the TSO system
and model. There are two ways that this may be accomplished.

T The TSO may have a practice of-baddt dgEQgmmp mer

days or even weeks in advance, but with appropriate switch status to keep it out of service.

9.7.5 Contingencies
Contingencies can be expressed in terms of:
1 The outageequipment
9 The fault location
1 The breaker actions that isolate the fault (if the breakers exist in the model)

Only the first method can be used for #imanch models.
It is also becoming increasingly important to model SIPS installations in contingemysisirccurate SIPS
modeling often requires nodeeaker modeling, but this is ultimately up to the TSO to determine.

9.7.6 Proposal for BusBranch representation in CIM
With this approach, odes are defined by ConnectivityNodes in a boundary EQ instance.i$m® need
for any other boundary file.
In a busbranch model where one end of a line is open and the branch end voltage is to be reported:
1 Open state is indicated by the connected attribute on the line terminal.
1 The Terminal to ConnectivityNodessociation remains with the original ConnectivityNode, so that
Equipment is unchanged by a line opening.
1 The Terminal to TopologyNode association in TP points to a new temporary bus so that the branch
end voltage may be represented.
1 The ConnectivityNodext TopologyNode association in TP remains pointed at the real bus, to indicate
the bus to which the line end will connect when closed.

9.7.7 Function Notation

We are working on a function notation for describing formally how to assemble CIM models and how to
doaument an audit trail of how models were assembled. An introduction to the function notation.
We use the mathematical idea of a function to describe an operation on argument variables, yielding another
variable.

w=f(x,y,z)
Since function resultare data, functions can be embedded as arguments, producing a nested structure of
arbitrary complexity. This will be convenient to capture in exchanges because it will be very natural to model
in XML.
Two kinds of variables (two data types) can be used:

1 CIM datasets are basically profile instances, such as EQ, SSH, TP, SV. They are expressed as:
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o VariableNamé®, where the profile type is given as a superscript.
1 CIM projects are annotated incremental models. They are expressed as:
o &Var i albf?, aiee therofile type is given as a superscript.
In both of the above cases, we would expect that the value of a variable may be expressed either by explicitly
including CIM/XML instances, or by referencing the name and version of an instance that has previously
been made public.
Functions are writtebold, and in this note, we use the following functions:
1 The functionU composes any number of CIM datasets into a resulting CIM dataset.
1 The functioninc applies the first argument, which must be a CIM project, to a second argument,
which must be a CIM dataset. The result is a CIM dataset.
1 The functionTopology takes an EQ dataset and an SSH dataset as input, and produces a TP dataset.
1 The functionPowerFlow takes an EQ dataset, an SSH dataset and a TP dataset as input and produces
a TP dataset.
1 The functionDiff takes to CIM datasets and generates a project representing the difference.

One final notational element, braces { } around a variable indicagé @ similar arguments. For example,
{ Boundary®} could be used to denote all of the bilateral boundary files for a TSO.

9.8 TSO Submits Their Base Case

The first case in any study sequence i s thhday 6bas
or if no network changes have been implemented to a TSO network, then the previously supplied base case
will be used. In the first stage, each TSO must develop a base case representing its footprint. This will include
full EQ, SSH, TP and SV parts

The exchange form has been designed so that if the internal cases are prepared using the same model author
set framework, and the model authority sets representing TSOs and boundaries are preserved in the cas
development, then extracting the paylimdescribed as follows.

The following sections describe the base case payload.

9.8.1 EQ Parts
The EQ parts of the base case are:
1 From ENTSGOGE, the TSO should already have boundary instances of EQ. These are the defined X
Nodes which each neighbour.
1 From the CM, the TSO wil/|l be able to define 6edge
equivalent generators whose terminals associate to-tbenxectivityNodes.

Note: 6Edged models are used to complete ¢
repregnted in detail. When using bilateral boundaries (i.e. connecting a pair of TSOs), two
standard Edge models can be prepared in advance. These simply contain a generator and
Load element at the-Kode whose output can be set to balance tie flow.
1 The TSO deglops and supplies an EQ instance representing their territory and connecting to the
boundary. This model should include any new construction expected to be in service.

If the TSO EQ model needs to be updated for new construction, then this model shderdéd from plans
represented as CIM projects. Such plans would be available @etiteal Outage Databasend would have
names by which they can be referenced. In order to develop an EQ model for time T, all projects priorto T
must be incorporated in sequence, since the incremental operator is sequence dependent:

TSO%=Inc( &S0 éInc( @T8.0Inc( @S DSCG%hw)))
In all cases, whether the TSO uses-btanch or nodéreaker modeling approach, the EQ model
incorporates any new construction changes, but is not impacted in any way by outages or switching plans.
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9.8.2 SSH Parts
SSH containseveral major subsets of data. Here we are only talking about how to set up the data that
represents device status.
1 No SSH boundary instance is required.
1 One SSH instance is required for each edge model containing the equivalent generator output, but
thereis no data in an edge model that affects status of equipment.
1 The main SSH instance corresponds 1:1 with the TSO EQ model. It needs to reflect all device status
properly for the time T.
0 Status consists principally of switch status, branch end statussgiog demove status.
0 Base values of status would be taken from current state or from normal scenarios.
0 Planned outages are then added if applicable:
A Set equipment remove flags based on the equipment to be on outage.
A If the model includes breaker detaiheh any active switching state(s) Must be
added.
0 Restoration must be a similar processe either for conclusion of a planned outage or to put a
new construction change into effect.
0 The branch end state of the tie at theotle may not be opened.

Outage plansvill result in theCGMES Outage databasexpressed as CIM SSH projects. These projects
will have names and versions by which they can be referenced, in a directory outages.
The end result for the TSO SSH may then be expressed as:
TSOSHr=Inc( &40 éinc( @E@TSYInc( &%,aSCw)))
Note that SSH also contains energy injections and voltage regulation that the TSO must set up, but we are
not covering that part of the process here.

9.8.3 TP and SV Parts
Once the EQ and SSH parts ardnd, the TSO can run a power flow and validate that they have the correct
complete state. The analysis will first generate a TP and then compute an SV solved state.
1 The topology processing at the TSR¥gional Merging Functionsiust produce one TP instanfor
the entire submitted case.
o It will include all TopologyNodes, including the-Xodes.
o It will define the associations from all terminals of TSO equipment to TopologyNodes and
from all ConnectivityNodes to TopologyNodes.
1 Similarly, the solution at the TSQRegional Merging Functionsnust produce an SV instance
corresponding to the entire submitted case.

9.8.4 Base Case Exchange
Assuming bilateral boundary and edge files, the payload (in function notation) then consists filea zip
including:
1 For each neighbor, k, a boundary file Bouné8ryor a reference to a stored boundary)
1 For each neighbor, k, an edge file Edydor a reference to a stored boundary)
T TSO%=Inc( &S0 éInc ((eT8,0Inc( &F50SGFAhw) ) ) , Ehere
represents planned construction i
For each neighbor, k, an edge file Etije
1 TSCSH=Inc( &%4,0 éinc( @TSQYInc( 27¥$aSCw) ) ) , SHhere
represents planned outage or restoration step i
TSO™r = Topology (U ({ Boundary% }, TSOF% ) , U (TSO**H |, { Edge™*H} ) )
1 TSOVr = PowerFlow (U ( { Boundary% }, { Edgef< }, TSOF% ), U (TSC*H; | { Edge™sH} ) ,
TSO™r)

e

e
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The profile instances being exchanged would also be accompanied by an ausliptesked in the above
functional notatiori this is the main purpose for developing it. For example, the’fs@stance shown

above would not simply be one SSH instance with no clue as to how it was prepared. Instead, there would be
a reference to thstarting SSH, plus the references to each planned outage that was added. Combined with
versioning on these datasets, this gives the user a very compact method of checking the content of a giver
exchange.

9.9 Incremental Hourly / Seasonal Time Period Submissits

A sequence of times cases: hourly or seasonal, for the different time stamps and delivery periods. The base
case is a full description. The hourly cases may be sent in incremental form.

9.9.1 EQ Parts
Nothing required. EQ will not change in DACF.
In other pocedures, this might differ and incremental EQ updates may be desired.

9.9.2 SSH Parts
New full SSH should be sent for each hour, since energy injections everywhere will change. New outage or
restoration steps may be included by the same procedure outlirtbd fmase case.

9.9.3 TP and SV Parts
New full TP and SV should be generated for each hour.

9.9.4 TSO Hourly Exchange
Same as base except that EQ is not repeated.

9.10 Case Assembly for Hourly / Seasonal Time Periods

The submitted TSO cases must be assembled to produce a complete cases. The procedure is the same f
each time period, the first case is where most of the problems will be detected, if they exist. This section
assumes that case assembly is producing tive @GMES.Sectiord.11 describes modifications necessary

for security coordinators that are covering only part of the total footprint.

The followingsections assume that every TSRefgional Merging Functiohas completed their exchanges

as described above.

9.10.1 EQ Parts
Edgé® parts may are ignored in assembly of the CGMES case. All other EQ parts compose without any
change.
CASE% =U ({ TSO*%}, { Boundaryr})
Where
{ TSO?r} is the set of submitted TS®instances
{ Boundary%r } is the set of bilateral boundary instances. Each has been included with two
submissions, but only one is needed.
This result is the same for all relevant time pesiod

9.10.2 SSH Parts

Each pair of edge SSH parts must be checked for compatibility of assumptions prior to going ahead with case
assembly. The two SSH for each edge should have exactly the same set of generators referenced and th
values of the generation showddree closely on the tie flow. If this is not true, then the process has to go
back to the TSO(s)Regional Merging Functian

Provided that the edge models agree, they can then be completely ignored in the assembly of the case becau:
the essentially juscancel each other out. The submitted TSO SSH parts then compose without any change.
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CASESSH = U ({ TSO®S%})

9.10.3 TP
The TP could be assembled by composition of the TSbut note that such composition must recognize
that there would be duplicatetd§pologynodes and be smart enough to ignore duplicates.
In practice, one would probably just produce a new complete TP by running topology processing, and the
point of composig the TS+ would be to diff against the computed TP as a check.
CASE"r = Topology ( CASE%r , CASESHr)
Or
CASEPr6 UW=({ TSO™r}) , where the composition operator must recognize the duplicate X
TopologyNodes and combine to one
The result of diférencing should be an empty project:
@eNu | Diff (EASE™"6 , "GASE
Note that in order fdDiff to be valuable here, it is a requirement offtbpology operator that it will generate
the same MRID for each planning bus. i.e. When the planning bus name is generated, that generation proces
must always assign the same MRID.

9.10.4 SV
A power flow for the case can be generated from a flat start, ignoring thimsslof the submissions.
CASEVr = PowerFlow ( CASE%r , CASESH |, CASE 1)

This case solution can then be compared to the submitted cases, but with a little special processing to adjus
for the angle reference of each submitted cases.

I Find each TSO ference bus angle in the new solution.

9 Calculate the difference at the reference between the CGMES case and each TSO cases.

1 Adjust each TSO case SV by the difference for that TSO case.

1 Then compare the SV directly.

An alternative procedure that could befus is to use the submitted case solutions as the basis for selecting
starting values for the power flow, but some special logic would be required to rationalize the differing angle
references.

9.11 Security Coordinator or Partial Cases

In practice, the CGMES8ases will exist for all planning contexts, and for irdeg, the submissions from
TSOs may be assembled into intermediate, overlapping security models. The only real difference in
requirements is the net territory encompassed by the final assembly.

9.11.1 EQ Partsi Partial Framework Basics
A parti al mo d e | assembly needs a 6frameworkdé def
The framework is established as follows:
1. The TSOs to be included in detail are identified as a set: { Detaf%$0O
2. All bilateral boundaries touching a member of this set are identified and classified as either: {
InternalBoundary®r} and { EdgeBoundar§?r}. (Edge boundaries are those that have only one of
its participant TSOs in the security region.)
3. For eaclEdge Boundary, an Edgeis required.

The easiest method by far for creating edges is to use the same edge models that are used by the TSOs
submitting their footprints. The only disadvantage of this approach is that it may force the inclusion of more
detail TSOs in order to get enough accuracy.
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9.11.2 SSH, SP, SV
All the other parts follow the same procedure as giv&eittiorD.10, except that Ed§&"need to be retained
for each Edge? in order to supply the equivalent generation at the ties.

9.11.3 More Sophisticated Reduction

The recourse if more sophisticated simplifioatis required at the edges is to create Reducet®0dels

that fit into the same boundaries. Usually, this requires digging into the makeup of the TSO model and
extracting the major bulk power elements. If the TSO in question separates the modekigoefk power,

the process can be quite a bit simpler. Usually, a Reducé@®W8lDcomplete more than one edge, but the
important thing overall is to wind up with a set of parts that compose to the desired total footprint. Also,
whereas Edge models froTSO submittals can very easily be grabbed and used as is, a Reduc¢aaiagO

need to be rgenerated for each case from submitted TSO detail.

9.12 Use cases

9.12.1 Timing of the outage planning process according to NC OPS

The timings defined in NC OPS are based:omrent best practices as well as information requirements for
different processes and assessments. First, a point in time has to be defined when a first Availability Plan,
coordinated between all parties, and assessed by all on its feasibility issesthbin important tradeff

has to be made here: the later this time point is set, the more and better information is available to all parties.
However, as a view on these Availability Plans and their feasibility is necessary for executing several tasks
(generation Adequacy assessments, ebosder exchange capacity calculations), for contracting third
parties, and to serve as a basis for planning all othefRet@vant Assets.

As in most systems, some kind of Yedread coordination process is alreadyablished (e.g. in continental
Europe an extensive Yeahead Outage Coordination Process already exists today), the Network Code also
refers to this horizon for establishing a feasible starting point. After thisAesad phase, a continuous
process otipdating and assessing the feasibility of the coordinated Availability Plans is introduced, to allow
for a maximal flexibility of planning the Availability Status of Relevant Assets.

In this YearAhead coordination process, deadlines are set to ensatreefevant information on the
Availability Status of Relevant Assets is available when it is needed for linked processes (for example
Security Analysis, System Adequacy assessment and Capacity Calculation).
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The sequence of tasks that are to be perfoimétte YearAhead coordination process, and that determine

the time flow and deadlines of this process are depicted in the scheme below. Important to note is that the
coordination process between all parties is very much condensed in this diagram tmago&ksary clutter

and to focus on the time flow of the process.

The main driver for the deadlines set for the different tasks are the preliminary outage plans which need to
be available at the beginning of September to be used as an input for-thargagan generation Adequacy
assessment and for lotgym Capacity Calculations.

Some deadlines reported in figure below are not reflected as requirements in the code and serve simply as al
indication for the time flow of the process.

Year-Ahead Outage Coordination

Outage Planning
Agents

Outage Planning

TSO Adjacent TSOs Region European level

Dafine Year.
ahwad soenanos

Agree Lpon

plitting AC and
DC exchanges

¥
Construct 1 IGM
per SCanans

WA Availabiling
Plan proposal

Plan
Interconnection

¥ cutages

Pan-EU Winsar
adaquacy
aasessmenl

Plan imermal
Relevant Grid
Elemant cutages

Descibe outage
candilions and
pre-fault ramadial
actions

Predminary Year-
Ahead Awvallabllity
Plan + constraints
& preventive
aclions

nECEssarny
modifications or
exira remedial
actions

‘Coordinated Year-
Ahmad Availability
Plans +
constraints &
presantive actions

Coordinated Year-
Ahead Availability
Planz

Figure 3. Condensed view on ¢hyear ahead coordination process, focussed on time flow and data links
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9.12.2 The year ahead outage coordination phase
To illustrate the YeaAhead outage coordination described in Articles 35 to 39 of the NC OPS, below a
flowchart giving an overview of theoordination process is included.

Year Ahead Coordinated Outage Planning
] Inkormed by TSO Iriurmed by 19O
Lo e st rear s
L. Yo o et o - e of
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— dorment by 150
soxa v o st s e
st gea of -t pact of
prishury gt
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Figure 4. Overview on the year ahead outage coordination phase, focussed on interaction between parties

9.12.3 Updates to the year ahead availability plan

Article 41 of the Network Code describes how all parties can initiate a chatingedmordinated Availability

Plan. To clarify the described procedure Figure 3 and Figure 4 below present the procedure to be followed as
a flowchart, for respectively changes initiated by an Outage Planning Agent, and changes initiated by a TSO.
Importart to stress here is the meaning of the coordination process to be initiated when Outage
Incompatibilities are detected. The exact implementation of this process is not described in this Network
Code. This is done on purpose to allow the current best ggadtistalled in the different systems to be
honoured. To this end, Article 40 makes a specific reference to the applicable legal framewaork for elaborating
this coordination process.

As an illustration, in the coordination process, it could happen nihatder to allow accepting the initial
change request, the Availability Plan of other parties must be modified. According to national legislation,
bilateral contracts or any other agreed upon mechanism, this could lead to financial compensation from the
change initiating party to the changing parties. This Network Code therefore does not oblige nor forbid the
instalment of this kind of mechanism, and leaves it open to be regionally or nationally decided.

What is however enforced by this Network Codeng after this coordination process, a feasible coordinated
Availability Plan must be achieved.
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Figure 5. Update procedure for a change initiated by an Outage Planning Agent or DSO
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Figure 6. Update procedure for a change initiated by a TSO

9.12.4 Availability of information
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Rdevant information is shared between TSOs not only on a regional level, but on-thiel&kkale through

the means of an ENTSPE Operational Planning Data Environment (OPDE). Every TSO is obliged to load
and update its data (regarding Availability Pland ather information necessary for Security Analysis and
coordination) under a common format on this environment, where it is accessible by all EU TSOs (and RSCls
operating within this area). This principle allows a TSO to filter the data that is deereeantéfor its
purpose, with the access to the full flitle dataset if desired. The data used to develop TSO Availability
Plans is limited to those network assets which are named as Relevant assets by the operating TSO. The dat
to be used from the OPDE uksfor network security analysis-@odination is a large data subset.

Currently no such single centralized data environment exists for sharing relevant information concerning
Availability Plans between TSOs. Having such a data environment should gresglyaed stimulate
collaboration and coordination between TSOs, provides an environment where needed information can be
found on request, and enforces TSOs in using common data formats, common timelihés arwbrtain

leveli common methodologies.

The dda that a TSO will be required to provide to allow another affected TSO(s) to determine the effects a
specific grid element outage(s) will have on its system will vary depending on the time scale that the TSO(s)
are looking at. The flags are specified iR®Article 32 (4) are:

1. Available
2. Unavailable
3. Testing this is applied to items during their commissioning phase or post maintenance work only.

Looking at Year Ahead to Week Ahead Time scales
All grid elements of a transmission or relevant distributionesyghat should be provided but not limited to
the following:
Transmission system element name, dates from and too when Unavailable, with times if known.
Generating unit name and dates when either available or Unavailable. Capability of the unit is
availabe or if restricted what the revised capability is planned to be.
For any large demand connection its name and dates when it is Available or Unavailable or if there
is a change in the capability this should be listed.
For any new Grid Element, Generating @Bemand unit a TSO must manage this data in their
submitted I GM(s) so that it will be flagged a
of this phase should be provided, along with the capability or restriction to be imposed and the times.
If a TSO wanted to have new elements in their IGM(s) significantly before they are due to undergo
commissioning then they should be flagged as Unavailable.
Similarly for Grid Elements, Generators or Demand units that are to be removed from a TSO
transmissia system, the point at which they arelanger available for configuration or production
they should be flagged as Unavailable. At some point in the future after-tereissioning date
the relevant TSO would have to reflect the changes to their Basmialata file of their IGM, to
remove the items that are beingaenmissioned. Although this type of element outage has no end
date, since there will be no return to service, a date which extends past the date of deletion from a
TSO system will be needeThe ENTSGE Operational Planning Data Environment and the TSO
IGM(s) will then have to be updated and aligned by the relevant TSO to reflect the removal of
equipment from their transmission system.
For all the above if a time for the commencement @mdoval of the Unavailability or restriction can be
given in a granularity of hourly time blocks this is required. Similarly if there is a known Emergency-or Non
work completed time to return to Service any item to be Available this should also be panddaaly date
restrictions to the return to service timings. If for any outage there will need to be a change to the TSO
transmission system configuration, this information should also be available.
D-2 and D1 Time Scales
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For these time scales dependingtbe market type and its time scales for Generation or Demand, that is
operated in a particular Bidding Zone or area covered by a particular RSCI, the greater data clarity if available
as to the planned/scheduled Generation or demand unit profilefsailhble this increased clarity should

be reflected in the available in both the ENFE@perational Planning Data Environment and the various
IGM(s) provided for these time scales.

In these time scales a greater clarity as to the necessary systemretioiigshould be known by a TSO.
Hence any specific system reconfigurations that will be required to facilitate a particular grid element outage
can reasonably be predicted. This data should also be available.

Intraday Time Scales

In this time scale the ost significant changes to the transmission system will be Forced Outages. These
outages will not have been planned and may pose the greatest risk to the security and/or stability of a particular
TSO(s) transmission system. Neighbouring and/or regionadiypgd TSO(s) should have agreed critical
assets that will be monitored for such an outage. The impact on the capability or availability of the identified
critical system network assets should be updated on the EfeTS@erational Planning Data Environment

and similarly reflected in updated IGM(s) from affected TSO(s).

Once the full implications of any Forced Outage has been determined by the TSO, the details of the outage,
the duration for rectification of the transmission system of this outage shoulthde available via the
ENTSGE Operational Planning Data Environment and updates to-thardl D2 IGM(s) as necessary.

The linking of data made available in the ENFE@perational Planning Data Environment and a data item

in a particular TSO submittedsM has not yet been specified, but this functionality would facilitate data
alignment between these two data blocks, especially for those TSO(s) wishing to use availability data about
another TSO network which is or likely to impact the operation of traismission network.

9.12.5 Data exchanges and parties involved in Outage Gardination
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Figure 7. Overview of related systems. Human users with full rights are in the grey box, Automated users
are in the dark blue box and skhmnawd praiviec it i
users of human users with restricted access rights are in the light blue box

This is an example of the exchanges between neighbouring TSO(s) carrying out Owtedipatimn.

The tool is designed as an application accessible thrdwglinternet. It is secured by individual login
password access extendable via a user token. Different ways how TSO users can access the tool via th
I nternet are shown in Figure 6. The standard c
Alternatively, this could be extended via a VPN tunnel (or alternatively secured connection) and a firewall.

If users cannot connect via a secured gateway e.g. due tebétlate connection users are allowed to access

the tool with reading rights only without dtidnal security standards beyond the standard {pgssword
access. However, this is up to individual TSOs b6
Following Figure6, three different major types of roles are required, a stamskrda system administrator

and a local TSO administrator. TSOs decide on the rights which are related to each of their defined user roles.
Therefore, operational planning staff can have different rights depending on their individual TSOs.

9.12.6 Business nees
The following business needs can be distinguished:

1 a need for outage planners to upload their planned outages to the tool from their administrative (ERP)
tools and be able to see data from their neighbours in the tool, so they can simulate the ithpeact in
local LF tools by manually entering these outages. A flag showing the status of the outage: Accepted,
Requested (Roughly planned) or Rejected. This is a minimum requirement. This should be possible but
even more (see next point):

1 aneed for outagdgnners to download data about their neighbours from the tool and load this into their
local LF tool, so they can analyse the impact in their local LF tool. It should be possible to download the
agreed critical network of neighbouring TSO(s), e.g. afivaht outages and use this data with their local
tool. Implementation of this outage data is the responsibility of individual TSO(s). In a later stage a
Adownl oadodo directly to LF Tools should be poss
tod is a very simple description, but imagine a download directly to a tool that creates the IGMs together
with additional information.

1 a need for outage planners to upload their planned outages to the tool from their administrative (ERP)
tools, make changge.g. shift dates) in and be able to download their own modified data from the tool
into their | ocal ERP t ool s, so they donot have
a manual ugand download, later it should be more or lesfiamn| i neo ( al-twagg up
automatic update based on changes on both sides, either on a local tool or directly in the . There maybe
a need for the Outage @uodinating TSO to be able to modify another TSOs outages following agreement
by all rdevant/affected TSO(s).

1 a need for outage planners to upload their planned outages to the tool from their administrative (ERP)
tools and be able to analyse the impact in the CTDS environment, make changes if necessary and
synchronize their local ERP toolds mentioned above: Between outage information download and
impact analysis (with LF and CA calculation) there happens a lot more (IGM creation, validation,
merging, etc.). So this possibility is not covered so far but as an idea already existing,

I Whatis already described as a similar use case is the grid security assessment that is planned as a twz
step approach. The minimal solution here is to have a grid map where planned outages can be displayec
so it is visible on a glance that in a certain redmra certain period of time there a a lot of outages and
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this situation has to be further investigated e.g. by doing some additional coordination and/or LF+CA
calculation (this is already the second approach).

1 A user interface for the outage planners Hame equipment (also interface with the ERP tools) and an
interface based on switches for the LF tool (so topological changes can be made).

9.13 Attributes that need to be exchanged
For the interface between the local ERP tools and the environment therigllatiributes are relevant:

Case data:
case ID 1 case ID is an identifier individual for each case
1 starts with TSO code and is a T$@ique code with letters or numbers
1 the number of digits is not limited
project ID / name 1 if multiple cases belontpgether, one common project ID for these cases has

determined by the requesting TSO
i additional to case ID

date of last change | { versioning of the case
1 date and time of last change of the case information of the requesting TSO

Status Information 1 Status

Grid Element Data:
Element ID 1 Enter the code which is used for the unig § EMFIP required

identification of this grid element.

Coding Scheme | 1 Enter the name of the coding scheme used]

Long Name 1 The long name for the grid element(s) hastq  EMFIP required

provided.

1 The following naming convention should |
used for new grid elements:

1 Substation: Voltage level (optional), name

1 Line: Voltage level (optional), Subst.
Subst.2, Subst. X (in alphabetical order), na
(optional)

1 Transformer: Voltage level®ptional), Subst.
name

1 For a transition period the long name fig
could also be used for UCTE coding f

elements

Element Type LINE (internal overheadline or cable) 1 EMFIP required only for identifieq
TIE (tieline) Critical Network elements
DCL (DC-line)

TRA (transformer)
BUB (busbar)

=A =4 =4 -8 A
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CAP (capacitr)

IND (inductor)

GEN (generating unit)
LOAD (consumption unit)
SUB (substation)

PPL (powerplantine)

Voltage Level

[kV]

=A|=2 =2 =4 =4 4 =4

Voltage level of the grid element

1 EMFIP required

Status

To be markedvhether element is "active" @
"inactive"

After an element reaches its end of time it
not simply deleted from the REF data base
its status is changed from active to inactive,

1 EMFIP required

Notification

Add the TSO(s) that should be notified tlal
case or a change to a case for an element
uploaded/inserted to OPDE (i.e. for creat
of the observability area).

Only the "responsible” TSO can fill in othg
TSOs to be notified. If a TSO wishes to
added to "Notification" he has to contabe
responsible TSO by email or phone.

1 EMFIP required

Responsible

TSO that is responsible for reference d
maintenance and can send cases (ou
planning/availability data for this element).

Exceptions:
If the element type is TIE more than one TS
can be listed here. The following rules a
applicable:

The TSO, that is listed first is responsible
reference data management

All TSOs listed under "responsible" can se
cases (outage planning/availability data for t
element).

All TSOs listed undefresponsible " must b
listed under "coordination" as well. (Importa
for filtering purposes and for coordinatig
process via MLTOP)

1 EMFIP required

Planning Region

Is the element part of a planning or mar
region eg: DACH, CCE, CWE etc.

1 EMFIP required

Co-ordination

Insert the ISO country code for all TSO(s) w
have to coordinate for this element (g
tielines)

- TSOs that are listed in this column must 1

be put to the "notification area" as they will

1 EMFIP required
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notified by the "Coordination process" abg
cases and changes to a existing case

1 - The responsible TSO(s) must be put alsg
this column (for filtering purposes "show a
grid elements where | am in coordination")

Cap Calclf Either yes O6Y0 or nd9fY EMFIPrequired
Relevance

Part d Multipod | § Enter the element ID which is used for t|

[ID of Multipod] unique identification of the multipod.

Special relation § Add here the element ID of the element that | |

to another a special relationship to this element(s).

element [ID]

1 This information is needed fo
interdependency checks.

Remarks 1 If needed any additional information can | T EMFIP required

provided here.

Unavailability Information:
Case type The case type indicates the status of the invol § EMFIP required
grid element(s):

1 OUT: outaggelement is out of operation)

1 1BBO: single bus bar operation (only va
for Element type Substation "SUB")

1 xBBO: multi-bus bars operation (only vali
for for Element type Substation "SUB");
field "Operational hint for Substation" it cg
be indicated witch element is connected
which busbar

1 AUX: auxiliary bus bar operation (element
IN service but connected via Auxilian
busbar)

I SSS: special switching state (for elems
types Substation "SUB", "LINE" an
Transformer "TRA"); Elements are |
service lot in a special switching state

T AR: protection f
reclosingi is switg
1T BBprot: protecti on
protectioni is swit

1 ON: line in operation if off is the default sta|
of the element

1 NEW: new element which is not yeh
operation

1 EOL: End of lifetime, element is availab
but cannot be used anymore

I ITS: interim solution: element is availab
only for a limited period of time
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Alternating 1 If two elements are used alternatingly, b¢ 1 EMFIP required
elements belong tthe same case ID and i
"X" is required in this column.

Status Information:
Status Always filled even if no coordination necessary | 1 EMFIP required
this element.

The following status of the unavailable gr
element(s) are possible:

1 ROP=roughly planned

1 PID=planned in details

 CAN=Cancelled

Outage Time:

Start date 9 start date of the unavailability 1 EMFIP required
1 date format DD.MM.YYYY

Start time 1 start time of the unavailability 1 EMFIP required
1 time format hh:mm [CET/CEST)]

End date 1 enddate of the unavailability 1 EMFIP required
1 date format DD.MM.YYYY

End time 9 start time of the unavailability 1 EMFIP required
1 time format hh:mm [CET/CEST]

offset [+F | 1 additional time period in calendar days | f EMFIP required

days] which the unavailability can be startedrlier

or finalized later

Time profile:

Daily /| 1 tobe marked with "X" if the outage or spec| 1 EMFIP required

Continuously switching state is repeated every d
referring to the specified times

Mo-Fri 1 to be marked with "X" ilunavailability is on| § EMFIP required
all week days

Saturday 1 to be marked with "X" is unavailability is ol § EMFIP required
Saturdays

Sunday 1 to be marked with "X" is unavailability is ol § EMFIP required
Sundays

excluded dayg 1 dates when the unaiability does not exist | 1 EMFIP required

[date; date] 1 date format DD.MM.YYYY

Restitution Information:
max 1 maximum restitution time in hours
1 If norestitution time possible = "N"; if "0"=element can be switched back on "g

daytime 9 restitution time during daytimia hours

nighttime 9 restitution time during nighttime in hours
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weekend

9 restitution time on weekends in hours

Outage Information:

Cause of request

1 Indicates the reason for the outage

remarks 1 more specific information about the outage can be providesl such as informatio|
about substations and their operation or location specific information su
"between Pylons 123 and 127" (free text)

location 1 specification of the location of the unavailable grid element (free text)

Attributes for local approval process information:

Co-ordination | This field is used for coordination by both, t| § EMFIP required

status requester TSO and the requested TSO
the confirmation status must be entered here.
following status are possible:

f
f
f

REQ=requested
REJ=rejected
CON=confirmed

casereference | |

if two cases affect each other and the statu| |

(change one turns to "approved", the status of the of

request) must be changed to "cancelled" and the cas
of the replacing case must be entered herg
tracking reasons

rejection 1 If the request is rejected the reason for |

remark

rejection can be entered here

Generating Unit / Consumers/Compensation Elements:

unavailable 1 Enter the unavailable capacity in MW fi 1 EMFIP required
capacity generation units/consumers and in Mvar
compensation elements (IND, CAP)
installed 1 Capacity in [MW] for generation an| 1 EMFIP required
capacity consumption units
1 Capacity in [Mvar] for compensatio
elements such as CAP and IND
1 Negative sign (") must be used fo
consumption units and and IN@generation
units and CAP are given as positive value
fuel type of| § For generation units add the fuel type of { § EMPFIP required

generation unit

unit

ENTSO-E aissL « Avenue de Cortenbergh 100 « 1000 Brussels « Belgium « Tel +32 2 741 09 50 « Fax +32 2 741 09 51 « info@entsoe.eu * www.entsoe.eu




entso®

CGMES Interoperability test 2016

9.13.1 Introduction

Network models which will be used to construct the various CGM(s) whidsed on blocks of data. These

will be: Network Topology data, Changes to Network Topology data and Scenario data. The method by which

the TSOs will provide data to the Central Merging Function so that the CGM(s) constructed from the various

IGM(s) will as true as possible representations of the networks on the ground at the various times both now
and in the future.

9.13.2 Base Network Topology Data

The Base Network topology file will for the base data set defining the network of any TSO. To minimise the
necessit to continue to resend this data file every time there is a change to the TSO Network. A change file
that can be applied to the Base Network file which will implement the change to the base data set so that it
reflects the network as on the ground.

At reqular intervals a new Base Network Topology file should bsutemitted to consolidate all the change

files and remove any doubt as to the actual network topology.
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9.14 Glossary of terms

For the purpose of this specification the following relevant definitibradl apply:

Term
(N-1)-Criterion

(N-1)-Situation

Aggregated
External Schedule

Allocation Constraints

Bidding Zone

Capacity Allocation

Common Grid Mode

Congestion

Congestion Income

Nettec

Definition

the rule according to which elements remaining in opere
within TSO6s Responsi bili
the Contingency List must be capable of accommodating
new operational situationithout violating Operationa
Security Limits

the situation in the Transmission System in whict
Contingency from the Contingency List has happened

a Schedule repsenting the netted aggregation of
External TSO Schedules and External Commercial T
Schedules between two Scheduling Areas or betwe
Scheduling Area and a group of other Scheduling Areas
the constraintsot be respected during Capacity Allocati
that are needed to maintain the transmission system w
Operational Security Limits and were not translated
Cross Zonal Capacity or are needed to increase the effic
of Capacity Allocation. Allocation @nstraints may includt
constraints related to generation or generation rese
within a Bidding Zone or, constraints related to changt
power flows on interconnection between consecutive Ma
Time Units (ramping constraints) and constraints relate
transmission losses on interconnections between Bid
Zones;

the largest geographical area within which mai
participants are able to exchange energy without cap
allocation

the attribution of cross zonal capacity

a Europeafwide or multipleTSO-wide data set describin
power system characterisiqgeneration, loads and gr
topology) and rules to change these characteristics di
capacity calculation, created through the merging of rele
data;

a situation in which an interconnection linking natiol
transmission networks cannot accommodate all phy:
flows resulting from international trade requested by ma
participants, because of a lack of capacity of
interconnectors and/or the national transmission sys
concerned

the revenues received as a result of Capacity Allocation

Source
NC OS, Article 2

NC OS, Article 2

NC OPS, Atrticle 2

NC CACM, Article
2

Commission
regulation (EU) No
543/2013f 14 June
2013, Article 2
Commission
regulation (EU) No
543/2013 of 14 Jun:
2013, Article 2

NC CACM, Article
2

Regulation (EC) Nc
7142009 of the
European

Parliament and o
the Council of 13
July 2009, Article 2
NC CACM, Article
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Term
Constraint

Contingency

Control Area

Coordinated Capacit

Calculator

Countertrading

Critical

Element

Critical

Cross Zonal

Cross Zonal Capacity

Cross Zonal Capacity

CrossBorder Flow

Network

Network
Element Flow Margin

Definition
a situation in which there is a need to implement Reme
Action in order to respect Operational Security Limits

the identified and possible or already occurred Fault o
el ement wi thin or out si d
including not only the Transmission System elements,
also Sgnificant Grid Users and Distribution Netwo
elements if relevant for the Transmission Sysi
Operational Security. Internal Contingency is a Continge
within the TSO6s Responsi
is a Contingency o ublity Ardee
with an Influence Factor higher than the Continge
Influence Threshold

a coherent part of the interconnected system, operatec
single system operator and shall include connected phy
loads and/ogeneration units if any

the role of calculating Cross Zonal Capacity, at least
regional level and managing the validation process;

a cross zonal exchange initiated by system oper:
between two bidding zones to relieve physical congestic

a network element either withintadding zone or betwee
bidding zones taken into account in the capacity calcule
process, limiting the amount of power that can be exchal

the maxmum additional flows allowed on Critical Netwol
Elements as a consequence of the changes in Net Pos
resulting from Capacity Allocation in Capacity Calculati
Region;

across a border between two bidding zones;

the capability of the interconnected system to accommc
energy transfer between bidding zones

the capability of the Interconnedt&ystem to accommoda
energy transfer between Bidding Zones. It can be expre
either as a Coordinated Net Transmission Capacity valt
Flow Based Parameters,

a physical flow of electricity on a transmission network ¢
Member State that results from the impact of the activit
producers and/or consumers outside that Member Sta
its transmission network

Source
NC OPS, Article 2

NC OS, Article 2

Commission
regulation (EU) No
543/2013 of 14 Jun:
2013, Article 2

NC CACM, Article
2

Commission
regulation (EU) No
543/2013 of 14 Jun:
2013, Article 2
Commission
regulation (EU) No
543/2013 of 14 Jun:
2013, Article 2

NC CACM, Article
2

NC CACM, Article
2

Commission
regulation (EU) No
543/2013 of 14 Jun:
2013, Article 2

NC CACM, Article
2

Regulation (EC) Nc
714/2009 of the
European

Parliamet and of
the Council of 13
July 2009, Article 2
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Term
Day Ahead Market

Dynamic Stability
Dynamic Stability

Assessment (DSA)

Exceptional
Contingency

Explicit Allocations

External Commercia
Trade Schedule
External TSO Schedult

Flow Based Approach

flow Based Parameters

Forward

Forward
Allocation

Capacity

Generation Shift Keys

Implicit Allocation

Definition

the market timeframe until the Day Ahead Market G
Closure Timewvhere commercial electricity transactions i
executed the day prior to the day of delivery of tra
products for each mket time Unit,

a common term including the Rotor Angle Stabili
Frequency Stability and Voltage Stability

the Operational Security Assessment in terms of Dyne
Stability

the loss of a busbar or more than one element such a
not limited to: a common mode Fault with the loss of m
than one Power Generating Module, a common mode |
with the loss of more than oeC or DC line, a commor
mode Fault with the loss of more than one transformer
the allocation of cross zonal capacity only, without
energy transfer

a Schedule representing the commercial exchangt
electricity between Market Participants in differe
Scheduling Areas

a Schedule representing the exchange of electricitysQisl
between different Scheduling Areas

a method for capacity calculation in which the exchar
between Bidding Zones are limited by the maximum flc
on the Critical Network Elements and Power Tran:
Distribution Factors;

the available margins on critical network elements v
associated power transfer distribution factors

the timeframe in whichransmission rights are allocate
ahead of the Day Ahead timeframe

the attribution of Long Term Cross Zonal Capacity throl
an auction

a method of translating a Net $ton change of a givel
Bidding Zone into estimated specific injection increase:
decreases in the Common Grid Model,

a congestion management method in which energ
obtained at the same time as cross zonaloiypa

Source

NC CACM, Article
2

NC OS, Article 2

NC OS, Article 2

NC OS, Article 2

Commission
regulation (EU) No
543/2013 of 14 Jun
2013, Article 2

NC OPS, Article 2

NC OPS, Article 2

NC CACM, Article
2

Commission
regulation (EU) No
543/2013 of 14 Jun:
2013, Article 2

NC FCA, Article 2

NC FCA, Article 2

NC CACM, Article
2

Commission
regulation (EU) No
543/2013 of 14 Jun:
2013, Article 2
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Term

Individual Grid Model

Interconnector

Internal
Trade Schedule

Intraday Market

Long Term

Market Congestion

Market Participant

Net Position
Netted Area
Position
Network

Network Operator

Nomination

Commercia

Definition

a data set describing power system characteri
(generation, load and grid topology) and related rule
change these characteristics during capacity calonl:
prepared by the responsible TSOs, to be merged with
Individual Grid Model components in order to create
Common Grid Model;

a transmission line which crosses or spans a border bet
Member States and whiclonnects the national transmissi
systems of the Member States

a Schedule representing the commercial exchangt
electricity within a Scheduling Area between differe
Market Participants or between Nominated Electrit
Market Operators and Market Coupling Operators

the electricity market which operates for the period of t
betwesn Intraday Cross Zonal Gate Opening Time
Intraday Cross Zonal Gate Closure Time, where comme
electricity transactions are executed prior to the deliver
traded products after Day Ahead Market Gate Closure 1
for Standard and NeStandard Irmaday Products; ;

a time period longer than 24 hours;

a situation in which the Economic Surplus for the single ¢
ahead or intraday coupling has been limited by the C
Zonal Capacityor other active Allocation Constraints;

market participant within the meaning of the Regulat
(EU) No 1227/2011 of the European Parliament and of
Council of 25 October 2011 on wholesale energy ma
integrity and transparency;

the netted sum of electrigitexports and imports for eac
Market Time Unit for a Bidding Zone.

the netted aggregation of all A&ternal Schedules of &
area

plant and apparatus connected together in ordeansrit
or distribute electrical power

an entity that operates a Network. These can be either a
a DSO or CDSO

the notification of the use of Long Term Cross Zo
Capacity by a Physicdlransmission Rights holder and the
counterparty to the respective Transmission Sys
Operator(s)

Source

NC CACM, Article
2

Regulation (EC) Nc
714/2009 of the
European

Parliament and o
the Council of 13
July 2009, Article 2
NC OPS, Article 2

NC CACM, Article

2

NC FCA, Article 2

NC CACM, Article
2

NC CACM, Atrticle
2

NC CACM, Article

2

NC OPS, Atrticle 2

NC RfG, Article 2

NC RfG, Article 2

NC FCA, Article 2
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Term
N-Situation

Offered Capacity

Operational Security

Ordinary Contingency

Out-of-Range
Contingency

Planned

Power

Distribution Factor

Profile

Redispatching

Reliability Margin

Remedial Action

Transfei

Definition
the situation where no element of the Transmission Sy:
is unavailable due to a Fault

the cross zonal capacity offered by the transmission cap
allocator to the market

keeping the Transmission System within agreed Operati
Security Limits;

the loss of a Transmission System element such as, bt
limited to: a single line, a single transformer, a single ph
shifting transformer, a voltage compensation installa
connected directly to the TransmimsiSystem; it also mear
the loss of a single Power Generating Module conne
directly to the Transmission System, the loss of a sil
Demand Facility connected directly to the Transmiss
System, or the loss of a single DC line

the simultaneous loss, without a common mode Faul
several Transmission System elements such as, bu
limited to: two independent lines, a substation with m
than one busbar, a tower with more than two circuits, or
more Power Generating Facilities with a total lost capa
exceeding the Reference Incident

an event known ex ante by the primary owner of the dat

a representation of the physical flow on a critical netw
element induced by the variation of the net position ¢
bidding zone

a geographical boundary betweene bidding zone an
several neighbouring bidding zones

a measure activated by one or several system operatc
altering the generation and/or load pattern in order togeh
physical flows in the transmission system and reliev
physical congestion

the necessary margin reserved on the permissible loadi
a Critical Network Element ori@ss Zonal Capacity to cove
uncertainties of power flows in the period between
capacity calculation and real time, taking into account
availability of Remedial Actions;

a measure activated by one or several TStmnually or
automatically, that relieves or contributes to reliev
Physical Congestions, for example redispatching
countertrading.. They can be applied-fasglt or postfault
and may involve costs;

Source
NC OS, Article 2

Commission
regulation (EU) No
543/2013 of 14 Jun:
2013, Article 2

NC CACM, Article
2

NC OS, Article 2

NC OS, Article 2

Commission
regulation (EU) No
543/2013 of 14 Jun:
2013, Article 2
Commission
regulation (EU) No
543/2013 of 14 Jun:
2013, Article 2
Commission
regulation (EU) No
543/2013 of 14 Jun:
2013, Article 2
Commission
regulation (EU) No
543/2013 of 14 Jun:
2013, Article 2

NC CACM, Article
2

NC CACM, Article
2
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Term

Remedial Action with

costs

Remedial
without costs

Action

Rotor Angle Stability

Scheduled Exchange

Stability Limits

Structural Congestion

System Security

Transitory Admissible

Overloads

Transmission Capacit

Allocator

Voltage Stability

YearAhead
Margin

Forcas

Definition

aRemedial Action with direct payments made to procure
service which may include but shall not be limited
Countertrading and Redispatching;

a Remedial Action without direct payments by a TSO;

the ability of synchronous machines to remain
synchronism under {$ituation and after being subjected
a disturbance

the transfer scheduled between geographic areas, for
Market Time Unit and for a given direction;

the permitted operating boundaries of the Transmis
System in terms of respecting the constraints of Vol
Stability, Rotor Angle Stability and Frequency Stability

congestion in the Transmission System that can
unambiguously defined, is predictable,, is geographic
stable over time and is frequently reoccurring under com
circumstances;

the ability of the power system to withstand unexpec
disturbances or contingencies;

the temporary overloads of Transmission System elen
which are allowed for a limited period and which do |
cau® physical damage to the Transmission System elen
and equipment as long as the defined duration and thres
are respected

the entity empowered by TSOs to manage the allocatic
cross zonal capacits

the ability of a Transmission System to maintain accept
voltages at all buses in the Transmission System unee
Situation and after being subjected to a Distuckan

the difference between the yearly forecast of availi
generation capacity and the yearly forecast of maxin
total load taking into account the forecast of total genere
capacity, the forecast of availéity of generation and the
forecast of reserves contracted for system services

Source

NC CACM, Article
2

NC CACM, Article
2

NC OS, Article 2

NC CACM, Article
2

NC OS Article 2

NC CACM, Article
2

NC CACM, Article
2

NC OS, Article 2

Commission
regulation (EU) No
543/2013 of 14 Jun:
2013, Article 2

NC OS, Article 2

Commission
regulation (EU) No
543/2013 of 14 Jun
2013, Article 2
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9.15 EMFIP Data to be exchanged

Data Items to be supplied by TSO, DSO or Generators:

Out-turn total Load per Market time unit

Forecast total load 90, W-1, M-1 and Y-1

planned and unplanned unavailability of consumption units (.100 MW)
Y -1 forecast Margin

Future changes to transmission infrastructure [including interconnectors]
Plannedand unplanned availability of transmission infrastructure
Estimation and offer of cross zonal capacities

Use of cross zonal capacities

Congestion management measuresi[spatching and countertrading]
Total installed capacity [Production units =>1 MW]

Details of existing & planned production units [=> 100 MW]

D-1 estimate of scheduled generation

D-1 forecast of RES production

Planned and unplanned availability of generation [=> 100 MW]

Actual aggregated generation by production type

Actual or estimated RE output

=44 -—a-_a_-8_8_9_9_9_-42_-42_-98_-2_-29_-2_-2°

10 Appendix E: Profiles for capacity calculationi use cases and requirements
for information (2014)

10.1 Context

10.1.1 Introduction

Article 16 of Regulation (EC) No 714/2009 states that the maximum capacity of the interconnections and the
transmissiorsystems affecting crogsorder flows shall be made available to market participants, complying
with safety standards of secure network operation and that network congestion problems shall be addresset
with nondiscriminatory markebased solutions which give efficient economignsils to the market
participants and TSOs involved.

This Regulation defines common rules for capacity calculation and allocation in the day ahead and intraday
timeframes and is meant to introduce an ultimatelyviitle system of daphead and intraday maetk
coupling.

To implement market coupling, the available crbesder capacities need to be calculated jointly by the
TSOs. For this purpose, they establish a common grid model including estimates on generation, load and
network status for each hour. Theadable capacities will normally be calculated according to theatied
flow-based calculation method, a method that takes account that electricity can flow via different paths and
optimises the representation of available capacities in meshed grids.

The available croskorder capacities are one key input for the further calculation process, in which all EU
bids and offers, collected by power exchanges, are matched, taking into account the availabted®oss
capacities in an economically optimal man. Market Coupling ensures that power usually flows from low
price to high price areas. The Market Coupling Operator, hereinafter MCO, uses a specific algorithm to match
bids and offers in an optimal manner. As a monopoly function, the MCO functiobenittgulated. The

results of the calculation are made available to all power exchanges omsceraminatory basis. Based on

the results of the calculation by the MCO, the power exchanges inform their clients on the successful bids
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and offers. Subsequéytthe energy is transferred across the network according to the results of the MCO
calculation. A similar process applies for the single intraday market coupling, with the exception that it uses
a continuous process of auctions throughout the day armhadatingle calculation as in dapead.

The capacity calculation covers the day ahead and intraday market timeframes. Capacities will be updated in
a timely manner based on latest information through an efficient capacity calculation process.

Capacity catulation will be coordinated at least at a regional level to ensure reliable capacity calculation and
that optimal capacity is made available to the market. Common regional capacity calculation methodologies
will be established to define inputs, calculatapproach, and validation requirements.

There are two permissible approaches when calculating cross zonal capacity: Flow based or coordinated ne
transmission capacity based. The flow based approach is preferred over the coordinated net transmissior
capadty approach for day ahead and intraday capacity calculation where interdependencies of cross zonal
capacity between bidding zones is high. Flow based approach should only be introduced after market
participants have been consulted and given sufficiemiapagion time to allow for a smooth transition. The
coordinated net transmission capacity approach may be applied in regions where interdependencies betweel
cross zonal capacity are low and there is no added value to apply the flow based approach.

A commongrid model representing the European interconnected system, will be established to calculate cross
zonal capacity in a coordinated way. The common grid model will include a model of the transmission system
and with the location of generation and load sinilevant to cross zonal capacity calculation. The provision

of accurate and timely information by each TSO is essential to the creation of the common grid model.

The common grid model will require each TSO to prepare an individual grid model of themsrsd send
it to TSOs responsible for merging them into a common grid model. The individual grid models will include
information from generation and load units.

TSOs will use a common set of remedial actions to deal with both internal and cross zgesticns. TSOs
will coordinate the use of remedial actions in capacity calculation to facilitate more efficient capacity
allocation.

Bidding zones will be defined to ensure efficient congestion management and overall market efficiency.
Bidding zones can bsubsequently modified by splitting, merging or adjusting the zone borders. Bidding
zones will be consistent across different market timeframes.

10.1.2 European electricity markets

With the opening of the electricity markets in Europe by the Directive (EU9&8&®),ced on 19 February

1999, it was obvious that the European market integration would not lead to a copper plate. The variety of
the generation mixes among the fifteen member states and the available transfer capacity of the
interconnectors resulted ind initiative for regional markets interfaced by bottlenecks, rather than one single
market with a unique price. European authorities quickly understood this situation and defined a new
European Regulation enforced since 1 July 2004, which promotes rbadexl congestion management
mechanisms, capable of providing efficient use of the interconnectors as well as supporting appropriate
market signals giving the right incentives for investments in transmission capacity of generation capacity.
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74

EU Vision

‘

27 Individual electricity markets One Integrated (internal) electricity market

Figure 8. Integration ofelectricity markets in Europe

10.1.3 Market splitting

Market splitting is an implicit auction process where the capacity is traded simultaneously with the energy.
In case of congestion, the market is split into two or more bidding zones (price areas). Eaghzoidel is

then balanced while fully utilizing the transfer capacities between the bidding zones.

Larger areas with uniform prices are important for the competition and the market splitting approach therefore
has many advantages from this point of vielwe Bconomic outcome from market splitting would be quite
similar to the outcome from market coupling, but the process of getting there is different.

Market splitting is applied in the Nordic market, where the following steps are taken:

1 The whole market idivided into smaller bidding zones, mainly defined along the structural bottlenecks

(power transfer corridors).

I The TSOs calculate the transfer capacity for each corridor and the capacities for each hour are allocated
to the power exchange for trade in thay-Ahead market. Information on capacities are given to the
markets every morning.
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1 Market participants can then submit their bids in a bidding zone. Transactions must be balanced for each
bidding zone.

1 Market clearing is performed for each hour by thiedaat 2 AM Day Ahead of operation.

1 First an uncongested market clearing is performed for the whole market. Flows between bidding zones
are checked against the available transfer capacity. In case of violations, the market is split into two
bidding zonesnd clearing is done for each zone.

1 This iteration process continues until all corridors are within their limits. All market participants will be
compensated and charged according to the market prices in the area they are located.

T The mar ket ohligationsiwithin paghnbidding zone are then the basis for a nodal schedule of
generation infeed, which are submitted to the TSOs and will be the basis for calculating deviations from
the schedules and for billing purposes.

The market splitting method reijes a centralized market operator that combines the bids in a market clearing
procedure. The market splitting stimulates the competition due to a relative amount of market participants
within the same bidding zones. The implicit auction principle guaearthat the capacity is made available

to the market participants in a ndiscriminatory way since no single market actor can reserve the capacity
for its own use. In case of congestion all the market participants can readily see the impact, sifgasthe pr
will rise in the deficit area. This gives the right incentives to the market participants at both sides of the
congested corridor. The price in an area also reflects the value of the electricity for the market participants.
Congestion between the bidd zones will generate a congestion rent to the TSOs, which is equal to the
difference between the gross payments by load and the total payments to the generators. According to the EL
Directive this congestion rent can only be used for transmission tajpagstments, reduced tariffs or
countertrade. In the market splitting method the central load dispatch has been replaced by market forces.
This gives as result a system where generation and load are balanced already in the planning phase.
During the oprating hour there is a decentralized dispatch where the generators follow their schedules. The
System Operators will take care of the imbalances occurring after the planning by using the balancing market.

10.1.4 Flow-based market coupling

New regulatory guidelias of the EU prescribe the implementation of Flmged Market Coupling.. In the
Flow-based Market Coupling the commercial energy bids and available capacity are evaluated
simultaneously in an iterative process which should lead to a more efficienttteesafission capacity with
respect to commercial value. Optimization is performed based upon commercial bids and the assumed linear
relation between accepted bids and physical flows in the flow gates, defined in the Power Transfer
Distribution Factor (PTDFMatrix.

Flow-based Market Coupling is an implicit auction similar to the market splitting, but performed in an
opposite order. Firsteachsabar ket i s c¢cl eared, and then the- marKk
based model | i nlgioz each dMear Kidte c @aauspelai nngood. e A ifinffg oo wc o n' s
flows that can be exchanged between the different electric systems, taking into account the mutual influence
of the exchanges. A fADecentr al i zaecdordiNbded karket arGomg p | i
different markets, using their own market rules in each area.

A simplification must be made, considering that a joint system can be operated as a numberpfigingle
regions, connected with the other regions by interconnecitis real flow between different nodes is
modelled by flow factors and the limits between nodes are calculated taking into account the influence of the
bottleneck capacities on the-galled critical network elements (not necessarily the interconnectors).
Bottleneck capacities (&< and Fej) and flow factors (PTDF) need to be estimated and published in advance

to inform users and updated before operation of theAbsad market by the TSOs. This information is
required by the DayAhead markets to descriltlee state of the simplified transmission model used for the
Flow-based Market Coupling.
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10.2 Use cases

10.2.1 Introduction

Capacity calculations that take into account the bottlenecks in the grid require a model that is a physical
description of the network by raes of its critical network elements which might be congested as a result of
crossborder market activity.

The ability to transmit power shall be calculated for each state of operation. This applies both to transmissions
within each subsystem and to exafas between subsystems. Most frequently, this is achieved by means of

a transmission corridor (connecting line) being defined, and static and dynamic simulations determine how
much power can be transmitted in any direction through the corridor beforeatheverloads, voltage
collapse and/or instability arise following a dimensioning fault. In the corridor, an arbitrary number of lines
on different levels of voltage can be included.

10.2.2 Power transfer corridors

From time to time there are certain parts of ¢iel where transmission demands exceed transmission
capacity. When this happens a restriction will occur in the transmission network. Power Transfer Corridors
(PTC) are defined in the EMS as a mean to handle and supervise this type of restrictiopeviretisystem.

A PTC is a terminology to express thelNcontingencies from experience and offline studies. A PTC is a
way to monitor that operation is secure against a failure in the power network. Monitoring PTCs are of
primary importance for the reliadbperation of the transmission system at some TSOs.

PTCs can be related to stabilityvoltage collapse and thermal limits. A PTC consists of one or more
branches. PTC Limits are determined in two ways, either Operator defined limits, or limitateal duy

Network Applications using (M) contingency analysis based on thermal, voltage collapse and stability
criteria.

Regardless of the nature of a PTC, the power transfer in a PTC is a sum of weighted flows on a set of branches
The PTC shall be defined as:

PTC <name>= W1 * Branch_ 1 Flow + W2 * Branch_2
Branch_n_flow

Whn: A weighting factoif 1.0 < =W >=1.0

Branch_flow: The MW or directional MVA flow of Branch_n

Realtime and study Networknalysis functions shall check and report violations of PTC limits the same
way as branch limit violations. PTC limits shall be determinetiranbased on thermal, voltage collapse and
stability criteria.

A user interface shall be provided to displaydPmformation. For each PTC, this information shall include
the equipment names and limits of the branches. This PTC information shall be used by Network Analysis
functions to check and report PTC limit violations. Remedial actions that will remove Pi@ititations

shall be suggested by Network Analysis functions.

Short time limits for the branches shall be used for PTC limit calculations. If the warning limit for the branch
is violated the alarm limit shall be used.

The information available for th@perator referring to a particular PTC shall include PTC name, calculated
power flow, thermal limit, voltage limit, dynamically stability limit, Operator defined limit and percentage
loading referred to the limits.

The Operator shall be able get more detbinformation about a particular PTC regarding the contingencies
leading to the respective limits and details about the calculation leading to the limit. A list of the lines defined
for a particular PTC with their weighted flow and respective limitsl fleatvailable.

Some examples of usdefined PTCs are explained below.

Examplel The PTC ATummsjtRdeal / Kobbel v

The PTC is defined as the weighted sum of the following 4 branches:

M 300 Tunnsjgdal Namsos (L1_flow)

M 300 Tunnsjgdail Verdal (2_flow)

N 420 Kobbelv Ofoten (L3_flow)
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M 220 Nedre Rgssagal _Gejman (L4_flow)
PTC flow=L1 flow + L2 flow + L3_flow + L4 _flow

In this example all weighting factors are 1.

The user defined PTC limit is 1200MW and is based on stability criterxbgrience.

ENTSO-E aissL « Avenue de Cortenbergh 100 « 1000 Brussels « Belgium « Tel +32 2 741 09 50 » Fax +32 2 741 09 51 « info@entsoe.eu * www.entsoe.eu



entso®

CGMES Interoperability test 2016

Example 2: A PTC when 420 Dagahlore is out of service.
The PTC is defined as:

S 300 HemsilSogn (L1_flow)

S 300 NesSogn (L2_flow)

PTC_flow = 0.4 * L1_flow + L2_flow

In this example all weighting factors are 0.4 and 1.

The PTClimit is depending on the temperature. For instance if the temperature is 20° C the short time limit
is 605MW and the alarm limit is 520MW, but if the temperature is 30° C the short time limit is 520MW and
the alarm limit is 435MW.

10.2.3 Critical network elements for CWE area

10.2.4 Definition

The essential part of the advanced floased approach is to make the contingency analysis an integral part
of the allocation process and perform it with ¢t
Thus, the crittal network elements include a number of combinations of network elements with additional
constraints, such as unplanned production, demand side changes, storage capacity and forced outage
equipment.

Using the whole network and the relevant constrauatsid result in an enormous amount of constraints: e.g.

an entire N1 analysis of the grid of the region would include about 100 million constraints.

The observation of the grid is reduced t omantsnumb
or combination of lines (like power transfer corridors) that significantly influence theloooder allocation

and that are at risk to be constrained due to network security reasons, and that can include a number of
combinations with additional cstraints.

The following scheme illustrates the process: only the black lines will be considered in the simplified model
in combination with a number of contingency cases:

Critical network element

Non-Critical network element

Figure 9. Grid model and critial network elements

Each critical network element is represented in the-flased allocation mechanism by means of:
their PTDF (Power Transfer Distribution Factors),

the flow that is already present prior to the allocatiog)(F

the maximum allowablfow (Fnay), €xpressed in A

a Flow Reliability Margin (FRM), expressed in MW

a final adjustment value (FAV), expressed in MW

the direction of the flow that triggers the violation of the limit

= =4 -4 —a A -2

The critical network elements are constituted of the following:
1 Alltie lines: tie lines are of course very sensitive to ctomsler exchanges, so that all of them should be
included in the set of critical branches.
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1 The internal lines that are critical to crdssrder exchanges: some internal lines are sensiblysexito
crossborder exchanges and can be the reason for a limitation oftwwodsr exchangésin this case,
they are included in the set of critical network elements.

1 Allthese elements can be mixed with additional constraints: unplanned produeti@ndiside changes,
storage capacity and forced outage of equi pment
network element under constraint conditions varies with the dispersion ofbenaks exchanges and
hence the market scemari

Limitations in both directions of a network element are represented by one critical network element in each
direction.

Example 3: The possible limiting constrains due to one interconnection line in all network situations could,
for example, be represteal by 6 critical network elements: 1 normal (N) situation and 2 different constraining
N-1 situations, each in both directions.

10.2.5 Computation

The exact determination of critical network elements is decided by each TSO, with respect to the expertise
of their internal network, expertise on the criticality of each element in its network and the conditions (load,
generation, topology, etc) forecést day D.

Though, this approach can be completed by reducing mathematically the amount of those constraints which
are redundant compared to other more strict ones. This approach can be useddelegfiwa of the critical
branches and contingenciehieh are possibly congested and discard the ones which cannot be binding.
The network elements within the grid that wild.l |
time, due to topology changes, maintenance, grid reinforcements etoe S&iew and update of the critical
network elements file that is used for the allocation will be a continuous task for operation.

Typically, the number of critical network elements in the CWE region varies between 1000 and 2000, whereas
the total numbenf nodes of the whole 400 and 225 kV is approximately 10,000. Mathematical filtering
however allows reducing the amount of constraint to less than 100 in practical cases (and this without altering
in any manner the network security).

10.2.6 Maximum allowable flow (Fmax)

The Fmax is a physical quantity of each critical network element. Depending on the equipment of the precise
critical network element and on the possible remedial actions available on the network, this value can be set
at:

The maximum value of thgrotective relay that limits the power flow

The thermal limit of the equipment

The value that will induce a voltage collapse

The value that will induce instability

In some cases, the physical value can be modified to take into account the congedtimovalied by
remedial actions.

= =4 —a —a -

8 It should be noted that the influence of those lines is only linked to the physicsnettrk, but is completely

independent of the methodology that is used to evaluate the maximunbardmsexchanges. In the case of an

ATC based methodology, the impact of these lines is also taken into account incukediaralof the ATC. This

practice is coherent with the Congestion Management Guidelines, that state that the cross border capacity should not be
limited in order to solve internal constraint, except for reasons of operational security ainbekne
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If one line is represented by n critical network elements (e.g. 2 directions and 2 situations, 1 NBnd 1 N
then the Fmax will generally be the same for these n critical network elements. Though, in some particular
casesvhen different remedial actions can be used in different situations, they can be different between N and
N-k situation, and even between two differerk Nituations.

10.2.7 flow reliability margin (FRM)
Some uncertainty is created through this process, andrigyrdae to:
1 The grid forecast two days ahead

1 The linear representation of the grid by means of PTDF

The uncertainty involved in the flovased process must be quantified and discounted in the allocation
process, in order to prevent that on day D the TSOs are confronted with flows that exceed the maximum
allowed flows. In order to cover this uncertairfyr, each critical network element a Flow Reliability Margin
(FRM) is defined, that quantifies how the uncertainty impacts the flow on the critical network element.
The FRM reduces the available space on the critical network elements because a pdreefghée must

be reserved to cope with these uncertainties.

For each critical network element, the capacity that can be put at the disposal ofdheaddallocation by

the market coupling is defined asiki FRM - Fret.

The FRM for each criticahetwork element can neither be obtained from th2dP base case nor is it a
physical quantity of the line; the FRM is based on operational experience with-2kd-/Bow-based
procedure.

The FRM can be split into two margins:

T FRMZ1: uncertainty linked tthe grid forecast two days ahead. This margin can be quantified for instance

by comparing the forecasted flow and the realised flow on each critical network element
1 FRMZ2: uncertainty linked to the linear representation of the grid by means of PTDF.arhis can be
quantified by comparing the results of an AC loadflow and of a DC loadflow.

The testing of the flovibased methodology conducted by R4CA working group allowed to define a global
methodology to primarily set the FRM of each critical networknelet to 10% of Fmax, which gives FRM
values between 150 MW and 300 MW for a 380kV line, and, between 30 MW and 60 MW for a 220 kV line.
Though, this first setting of the FRM of each critical network element and will be subjected to a continuous
observatio and adjustment process by the responsible TSO, during operational testing and after starting of
the FBMC.
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10.2.8 PTDF matrix computation
The following picture illustrates the computation of the PTDF matrix which is to be calculated for each base
case situatio:

9
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Figure 10.FB parameters computation: PTDF matrix

The process described in figure 3 is repeated for every hub. PTDFs are also computed for every constraint
condition when deeed relevant by the TSOs. An exchange of 1 MW from zone A to zone B (for example)
is equivalent to:

'y SEOKI yF8R YT Kz An exchangérofm h
0KS NBEFSNByOS y2R to the reference

This property holds duetothei near ity of the PTDF c#orhpibtoa tPiTdDr s( L
therefore easily derarveefde rbeyn cseudb tPrTaDcFtsi ncgo miphuet efidh ubbe
The following picture shows an example of a PTDF matrix:
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Figure 11.Example of a Dutch PTDF matrix
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10.2.9 Generation and load shift keys, (Power Shift Key)

The GSK, Generation Shi ft Key, is the best TSOsb

on each generator. By default the scaling of the generation in the price area has been panfarpredhta

basis, which means that the ratio of each generator to the total generated power in the country remains
unchanged.

Optionally, a different GSK can be defined by each TSO, based on its experience of the producers on its
network. The use of GSis a simplification of the complex problem of generation scaling, and it introduces

an error that must be quantified precisely and taken into account while assessing the FRM.

The Generation Shift Key file defines the nodes which will participate in ¢hergtion shift applied for

various <calculations. It can either contain the
The GSK algorithm for balance adjustments purposes shall consider the operational limits of
generators.

Optionally a Ist of nodes can be defined that participate in the Load Shift. A percentage value has to be
defined between GSK and LSK; in case no LSK is defined the percentage for GSK is 100%ypes of
shift can be defined in GSK and LSK lists:

1) PROP: proportionallya base case generation or load

2) FACT: according to the participation factors

3) RESERVE: proportionally to the remaining available capacity

4) MERITORDER: generating nodes shift according to different merit order lists for shifting up and
down

10.2.10Adjustment of the calculated flows
In the flows observed in the base case)(fhe impact of the simulated crelssrder trade is reflected. The
flows are adjusted in accordance to the graph below, by using the PTDF computed before:

Fmax
FRM

Margln RAM

—> Fref D trade of

' ref day Fref

! > Y/M trade of  Y/M trade of i
ref day day D

Figure 12.Adjustment of thecalculated flows

~
Qx s.u<

The Flowbased Market Coupling calculation will then compute the Remaining Available Margin (RAM) for
every Critical Network Element:
Y® 04 OwOi"®@ "OYO mh
YO0 04 dwOi Q°Q 0 "YOXO'W'QQn IQETAYS Q00 ® OYD T

In this equation, LTA is the Long Term Allocated value for the Critical Network Element i, and FAV is Final
Adjustment Value
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F l FRM: Flow
max - ye N
Reliability Margin
N
F . ax-Fres-FRM-FAV
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Ref D Reference Flow of the S
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Reference Exchanges Fres
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10.2.11Critical network elements for Nordic area
PTDF

In the Nordic, it is possible toave different pricing areas within one or several countries, this means that one
TSO control area can be divided in several pricing areas with a related GSK. Currently in the CWE area there
is one GSK per country (Control Block), this will not be theedasthe Nordic. It is to note that those areas

may change geographically from one day to the other.

Area "A" Area "B"

PTDFY = X..,9sk®PTDFS,  and Y qgsk® =1
P’I'DF,‘J = Sensitivity of line i,j to injection in area "A”"
PTDng = Sensitivity of line i,j of injection in node "a"
gsk® = Weight of node a on the PTDF of area "A"
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10.3 Attributes that need to be exchanged

10.3.1 Critical Network Elements,Associated Data and Additional Contraints
Case Information:

Document identification

Document version

Sender identification

Receiver identification

Creation date & time

Constraint time interval Start Date&Time End Date&Time

E R

Critical Network Element:

1 Domain (to check)

1 Equipment tree to monitor : identify by MRID

1 Imax of this equipment tree (in A), included in reference of relevant limit set; Direction :
Monaodirection (equipment monitored when active flow is in one direction), or BiDirection
(Equipment monitored whatever active flow direction)
Flow Reliability Margin(FRM) : Margin chosen by a TSO for a critical network element (in MW)
FAV : Final Adjustment Value (in MW) will increase or decrease the remaining available margin
(RAM) on a Critical Network Element, for simulating implicit remedial actions or as a cosiseg|
of the verification phase of the FleBased domain

E |

Fault or Constraint (linked to one Critical Network Equipment to monitor)
T Identifier of the Fault/Constraint
Name of the Fault/Constraint
Equipment tree 1 name of outage, with MRID
Equipment tree name of outage, with MRID (in case of multiple tripping2Nor example)
Impact of this issues on Critical Network Element : Unplanned production, demand side changes,
storage capacity

1
1
1
1

Remedial Actions (linked to a Fault/Constraint)

9 Identifier of tre Remedial Action

1 Name of the Remedial Action

91 Detailed Description

9 List of Actions :
1 For example Equipment Tree MRID and element name
T value (Open, close interconnector, tap poc:c
T Any ot her remedi al action : Change in Proc

10.3.2 Other Data to exchange
External constraints

9 Creation date & time

 Constraint time interval

 Domain

1 Max export (MW)

1 Max import (MW)
Power Shift Key

9 Creation date & time
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Constraint time intervabate&time
Domain
Production

T Node name

1 Factor or meribrder list

= —a =9

1 Load
T Node name
1 Factor or merit order list

LTA/NTC files (used as a reference)

Netted AC Commercial exchanges on every European Border
1 Name of the border CountryA=>CountryB
1 Value of the exchange (MW)

10.3.3 Transparency (Data to exchange to Market Partiesstill under discussion with NRA and MP
Anonymize Presolved Parameters
1 PTDF parameters are sent, but without FRM, Fmax, FAV and Fref values. The anonymization
procedure takes the generated ID for each GBnfination of Monitored Equipment, Critical
Network Element and Remedial Action) and generates random number ranging from 1 to a count of
the Variation
1T RAM (MW)

10.4 Glossary of terms

For the purpose of this specification the following relevant definitions apply:

Term Definition Source

(N-1)-Criterion the rule according to which elements remaining in opere NC OS, Article 2
within TSO6s Responsi bili
the Contingency List must be capable of accommodating
new operational situationvithout violating Operationa
Security Limits

(N-1)-Situation the situation in the Transmission System in whict NC OS, Article 2
Contingency from the Contingency List has happened

Aggregated Nettec a Schedule repreating the netted aggregation of . NC OPS, Article 2
External Schedule External TSO Schedules and External Commercial T
Schedules between two Scheduling Areas or betwe
Scheduling Area and a group of other Scheduling Areas
Allocation Constraints the constraints tde respected during Capacity Allocatiic NC CACM, Atrticle
that are needed to maintain the transmission system w 2
Operational Security Limits and were not translated
Cross Zonal Capacity or are needed to increase the effic
of Capacity Allocation. Allocation Qustraints may include
constraints related to generation or generation rese
within a Bidding Zone or, constraints related to changt
power flows on interconnection between consecutive Ma
Time Units (ramping constraints) and constraints relate
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