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The Long Term Development Statement (LTDS) requires Distribution Network Operators
(DNOs) to provide publicly available network planning data mandated through their licence
conditions (SLC25). The LTDS should be high value data that allows users to evaluate
opportunities to connect to the network and also to enable flexibility services. The guidance
in this document to modernise and digitalise the LTDS is a foundational step in enabling a

net zero energy system.

In 2020, Ofgem set out the next steps for progressing the reforms of the LTDS.! The
reforms commenced in August 2021 and aim to improve network visibility and support an
effective connection regime for distribution level resources. Technical developments were
delivered through the LTDS reforms Working Group (LTDS WG) of industry experts.
Participants included representation across network operators, end users, software vendors

and academics.

In April 2023, the LTDS WG concluded, delivering a proposed updated set of data standards
implementing the Common Information Model (CIM) for the LTDS requirement on network
planning data. The outputs from the LTDS WG development process are the following

technical documents along with supporting artefacts:

- LTDS Grid Modelling Guidelines: these overview the grid modelling approach and
detail the grid model data requirements of the LTDS CIM revision

- LTDS Data Exchange Specifications (this document): these outline the detailed
information and requirements related to the exchange of LTDS grid model data
using the CIM

The guidance provided in these documents is not mandatory at this stage, and LTDS data
should continue to be provided as per the current Form of Statement.? Through
consultation Ofgem intend to update the Form of Statement to mandate the additional

requirement of grid model data using the CIM as detailed in the guidance documents.

1 Next steps on our reforms to the Long Term Development Statement (LTDS) and the Key
Enablers for DSO programme of work | Ofgem

2 Direction pursuant to paragraph 25.2 of the electricity distribution licence relating to the
preparation and maintenance of the Long-Term Development Statement | Ofgem



https://www.ofgem.gov.uk/publications/next-steps-our-reforms-long-term-development-statement-ltds-and-key-enablers-dso-programme-work
https://www.ofgem.gov.uk/publications/next-steps-our-reforms-long-term-development-statement-ltds-and-key-enablers-dso-programme-work
https://www.ofgem.gov.uk/publications/direction-pursuant-paragraph-252-electricity-distribution-licence-relating-preparation-and-maintenance-long-term-development-statement
https://www.ofgem.gov.uk/publications/direction-pursuant-paragraph-252-electricity-distribution-licence-relating-preparation-and-maintenance-long-term-development-statement
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This document provides the proposals for the detailed information and requirements related
to the exchange of LTDS grid model data. It overviews the underlying information model and
describes the LTDS profiles and serialisation requirements in detail. It is intended primarily
as a resource for developers of data exchange interfaces. It may also be a useful reference

for grid modellers interested in understanding exchanged data in more detail.

1.1 Background

When the CIM is used to support data exchange among applications, there are three levels
of definition:

e The underlying canonical information model provides the data structure for all

exchanges.
e Profiles define the structure of a specific type of data exchange. A profile is a
subset of the classes, attributes and associations of the information model.

e Exchanged data is an instance of data conforming to a profile expressed using a

specific serialisation method.

In line with those levels, this document is divided into three main sections:
e Section 1.2 LTDS Information Model describes the information model which
underlies all LTDS data exchanges and outlines the approach used in its definition.
e Section 1.3 LTDS Profiles describes the profiles which define the content and
structure of specific sets of LTDS grid model data and the approach used in their
definition.
e Section 1.4 LTDS Serialisation provides information on the serialisation of LTDS
grid model data into CIM XML (the serialisation method currently defined by the
International Electrotechnical Commission (IEC) CIM standards).

Additional reference information is provided in a collection of Appendices.

The foundation of the proposed LTDS grid model data exchange is provided by the CIM and
the IEC standards which leverage it. The CIM information model is described in IEC 61970-
3013. CIM profile standards are defined by IEC 61970-452%, IEC 61970-453>, IEC 61970-

3IEC 61970-301:2020+AMD1:2022 CSV | IEC Webstore
4IEC 61970-452:2021 | IEC Webstore
5IEC 61970-453:2014+AMD1:2018 CSV | IEC Webstore



https://webstore.iec.ch/publication/74467
https://webstore.iec.ch/publication/64844
https://webstore.iec.ch/publication/64268
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456°, 61970-4577, and IEC 61968-138, along with IEC 61970-600-1° and IEC 61970-600-
219, which together are known as CGMES (Common Grid Model Exchange Standard).

The CIM information model and IEC CIM-based profiles, as well as the LTDS information
model and LTDS profiles are expressed in a data modelling language call Unified Modelling
Language (UML). More can be learned about the use of UML by CIM from Section 4 of EPRI’s
Common Information Model Primer: Eighth Edition??.

1.2 LTDS Information Model

The CIM is an information model that defines a common industry structure for a broad range
of data critical to electric utilities, including grid model data. It can be utilised for a number
of purposes, but its primary purpose is to structure shared data. When used as the basis for
a specific data exchange implementation, like LTDS, it typically needs to be extended to meet
local requirements. A standard approach to defining information model extensions is
described in the ENTSO-E CGMES Profiling User Guide v1.0'? and has been followed in

creating the LTDS information model.

Because ongoing alignment with the IEC 61970 family of standards is key to the long-term
usefulness of LTDS data, several “layers” of extensions are employed in the definition of the
LTDS information model:

CIM information model

European <<European>> extensions

’ Network Codes <<NC>> extensions ‘
‘ Great Britain <<GB>> extensions ‘

LTDS information model

The CIM information model, expressed in UML, is maintained using a structured, collaborative

process sponsored by UCA International'® (UCAI). Its content is periodically snapshotted and

6 JEC 61970-456:2021 | IEC Webstore

7IEC 61970-457:2021 | IEC Webstore

8 JEC 61968-13:2021 | IEC Webstore

9IEC 61970-600-1:2021 | IEC Webstore

10 TEC 61970-600-2:2021 | IEC Webstore

11 Common Information Model (CIM) Primer: Eighth Edition | EPRI
12 CGMES profiling User Guide (entsoe.eu)

13 Home - UCAIug



https://webstore.iec.ch/publication/68054
https://webstore.iec.ch/publication/31929
https://webstore.iec.ch/publication/34213
https://webstore.iec.ch/publication/63866
https://webstore.iec.ch/publication/63867
https://www.epri.com/research/products/000000003002006001
https://eepublicdownloads.entsoe.eu/clean-documents/CIM_documents/Grid_Model_CIM/CGMES_Profiling_User_Guide_v1.0.pdf
https://www.ucaiug.org/default.aspx
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published as the IEC 61970-301 standard, the current version of which is IEC 61970-
301:2022. The CIM information model forms the base on which a set of extensions (the
European <<European >> and Network Codes <<NC>> extensions) developed by the
European Network Transmission System Operator for Electricity (ENTSO-E) are layered.
Together those layers form the base for the Great Britain <<GB>> extensions required to

support data exchanges in Great Britain, including (but not limited to) LTDS.

The scope of the CIM information model is broad and the grid model portion of CIM includes
numerous classes not relevant to LTDS grid model data exchange. Those classes fall into the
following general categories:
e Classes describing dynamic (sub-cycle) transient behaviours of generators, loads
and protection equipment.
¢ Classes describing HVDC equipment
e C(Classes describing measurements and measurement values

e Classes which support the description of schedules

The UML class diagrams below cover the portions of the CIM information model relevant to
LTDS. Each of the diagrams contains a group of related classes which model a particular type
of grid equipment or a particular type of grid-related data. The diagrams appear in the
following order:
e Diagrams of groups of classes describing the physical grid and its operating state:

o Building block classes

o General equipment, control and external modelling classes

o Switch-related classes

o Circuit-related classes

o Transformer-related classes

o Transformer tap changer-related classes

o Load-related classes

o Generation-related classes (2 diagrams)

o Shunt and static VAr compensator-related classes

o Limits-related classes

o Containment-related classes (grouping of grid equipment by facility and

region)
o Geospatial location-related classes
o System capacity and connection activity classes
e Diagrams of groups of classes describing the results of power flow analysis:
o Classes describing grid topology (output of topology processing)

o Power flow solution-related classes
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A diagram describing a set classes which support display layout definitions

Each diagram contains classes from the underlying CIM information model along with related

European, Network Codes and Great Britain extension classes. The class colouring convention

followed in the UML class diagrams is illustrated below:

class key /

Base CIM

«European»
Eu Extension

«NC»
NC Extension

«GB»
GB Extension

«enumeration»
Base CIM
enumeration class

«European,enumeration»
Eu Extension
enumeration class

«NC,enumeration»
NC Extension
enumeration class

«enumeration,GB»
GB Extension
enumeration class

The Building Block diagram includes:

The foundational CIM classes (e.g., Identified Object, PowerSystemResource,

ConductingEquipment, Terminal, ConnectivityNode, BaseVoltage)

Two

classes

BusNameMarker)

used

for

grouping

and

naming

(e.g.,

ReportingGroup,

class BuildingBlock /

«European»
ExtEuldentifiedObject

+

«European

+ energyldentCodeEHc: String [0..1]

shortName: String [0..1]

i

IdentifiedObject

>

>

aliasName: string [0..1]
description: String [0..1]
mRID: String [0..1]

+
+
+
+ name: String [0..1]

<

Power:

S | +PowerSystemResource  0..* #
e

ReportingGroup
+ReportingGroup 0..1 +BusNameMarker

+BusNameMarker

0..

Equipment

aggregate: Boolean [0..1
inService: Boolean [0..1]

b

networkAnalysisEnabled: Boolean [0..1]
normallyinservice: Boolean [0..1]

BaseVoltage

+BaseVoltage

M

+ReportingGroup  0..*

BusNameMarker

+ priority: Integer [0..1]

+Terminal

0.1

ACDCTerminal

+ connected: Boolean [0..1]
+ sequenceNumber: Integer [0..1]

0.." +ConductingEquipment 0.,
ConductingEqui

i

Terminal

+Terminals 0.1

+ nominalVoltage: Voltage [0..1]

0.1 +ConductingEquipment

1 +Terminals

+ phases: PhaseCode [0..1]

0.7 +ConnectivityNode

«enumerati...

PhaseCode
ABCN = 225
ABC =224
ABN =193
ACN =41
BCN =97
AB =132
AC =96
BC =66
AN =129
BN =65
CN =33
A=128
B=64
C=32
N=16
sIN =528
s2N = 272
s12N =784
s1 =512
52 =256
s12=768
none =0
X=1024
XY =3072
XN = 1040
XYN = 3088

ConnectivityNode
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The ConductingEquipment RegulatingControl and External diagram includes:

The RegulatingControl

class

(which

generator, tap changer and shunt compensator modelling)

The CIM classes used to support external network modelling (BoundaryPoint and

Externallnj

ection)

The BusbarSection and BusbarGroup classes

Several

is referenced by classes that support

ConductingEquipment subtype classes which have no additional

associated objects (e.g., SeriesCompensator, Ground, Junction, Clamp)

class ConductingEquipmentControlExternal /

«enumerati...
PhaseCode

ABCN = 225
ABC =224
ABN =193
ACN = 41
BCN =97
AB =132
AC =96
BC =66
AN =129
BN =865
CN =33
A=128
B=564
C=32
N=16
sIN=7528
$2N =272
s12N = 784
s1 =512
§2 =256
s12 =768
none = 0
X =1024
XY =3072
XN = 1040
XYN = 3088

§

£

«enumeration»
RegulatingConti

RegulatingControl

voltage
activePower
reactivePower
currentFlow
admittance
timeScheduled
temperature
powerFactor

——

?

SeriesCompensator

| Ground ‘

r: Resistance [0..1]
ro: Resistance [0..1]
varistorPresent: Boolean [0..1]

varistorRatedCurrent. CurrentFlow [0..1]
varistorVoltageThreshold: Voltage [0..1]

x: Reactance [0..1]
%0: Reactance [0..1]

+H

discrete: Boolean [0..1]
enabled: Boolean [0..1]
maxAllowedTargetvalue: Float [0..1]
minAllowedTargetValue: Float [0..1]
mode: RegulatingControlModeKind [0..1]
monitoredPhase: PhaseCode [0..1]
targetDeadband: Float [0..1]
targetvalue: Float [0..1]
targetvalueUnitMultiplier: UnitMultiplier [0..1]

+RegulatingControl | 0.

+Terminal |0..1

+ConductingEquipment 0.

1

<

t

+Terminals

«Europeany
BoundaryPoint

FoE R T S

«European»

fromEndisoCode: String [0..1]
fromEndName: String [0..1]
fromEndNameTse: String [0..1]
isDirectCurrent: Boolean [0..1]

isExcludedFromAreainterchange: Boolean [0..1]

toEndisoCode: String [0..1]
toEndName: String [0..1]
toEndNameTso: String [0..1]

[l

Clamp

i

lengthFromTemminal1: Length [0..1]

7

==

BusbarSection

+BusbarSection
B

0..

0..

+BoundaryPoint

0.1

«European»

+ConnectivityNode

+Terminals 0.1

+ConnectivityNode

IdentifiedObject

+ ipMax: CurrentFlow [0..1]

I +EquivalentEquipments

1.

Jo.

i

1

t

+EquivalentNetwork

EquivalentBranch

EquivalentShunt

Equivalentinjection

negativeR12:
negativeR2 1

negativex12
negativex21:
positiveR 12:
positiveR21:
positivex12:
positivex21-
1 Resistance

121 Resistance [0..1]

Resistance [0..1]
Resistance [0..1]

+ b: suseptance [0..1]
+ g: Conduaance [0..1

Reactance [0..1]
Reactance [0..1]
Resistance [0..1]
Resistance [0..1]
Reagance [0..1]
Readanc [0..1]
[0.1]

maxP: ActivePower [0..1]
maxQ: ReactivePower [0..1]
minP: ActivePower [0..1]
minQ: ReactivePower [0..1]
p: ActivePower [0..1]

q: ReactivePower [0..1]

r: Resistance [0..1]

r0: Resistance [0..1]

r2: Resistance [0..1]

regulationCapability: Boolean [0..1]

R

x: Reactance [0..1]

x21: Reactance [0..1]
ZzeroR12: Resistance [0..1]
zeroR21: Resistance [0..1]
zeroX12: Reactance [0..1]
zeroX21: Reactance [0..1]

B ks S e

regulationStatus: Boolean [0..1]
regulationTarget: Voltage [0..1]
x: Reactance [0..1]

x0: Reactance [0..1]

x2: Reactance [0..1]

+BusbarGroup

«GB
BusbarGroup

1
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The Switch diagram shows the CIM classes which support switching device modelling:

class switch /

?

Switch

locked: Boolean [0..1]
normalOpen: Boolean [0..1]
open: Boolean [0..1]
ratedCurrent: CurrentFlow [0..1]

Cut >
retained: Boolean [0..1] «GB»
+ lengthFromTeminall: Length [0..1] «deprecated» Protectedswitch

+ 4+ + +

+ switchOnCount: Integer [0..1] .
+  switchonDate: DateTime [0..1] e
Disconnector + makingCapadty: CurrentFlow [0..1]

4 £

Protectedswitch

+ breakingCapacity: CurrentFlow [0..1]

B ?

Breaker ‘ LoadBreakSwitch

GroundDisconnector

+ inTransitTime: Seconds [0..1]

DisconnectingCircuitBreaker

The ACLineSegment diagram shows the CIM classes which support circuit modelling:

class ACLineSegment /

IdentifiedObject

+First_Terminal o MutualCoupling

+ConductingEquipment g, * e N
graup 0- 1 +HasFirstMutualCoupling boch: Suseeptance [0..1]

b +Terminas distance1 1 Length [0..1
+second_Terminal 0. distance1 2: Length [0..1

L - =] 1

1 +HassecondMutualCoupling distance2 2: Length [0..1

1

g0ch: Conductance [0..
r0: Resistance [0..1]
x0: Reactance [0..1]

Conductor

+
+
+
+ distance2 1: Length [0..
+
+
+
+

+ length: Length [0..1]

p

ACLineSegment

boch: susceptance [0..1]

beh: Susceptance [0..1]

g0ch: Conductance [0..1]

gch: Conductance [0..1]

r: Resistance [0..1]

ro: Resistance [0..1]
shortCircuitEndTemperature: Temperature [0..1]
x: Reactance [0..1]

x0: Reactance [0..1]

+
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The PowerTransformer diagram shows the CIM classes which support transformer modelling:

class PowerTransformer /
e «enumeration,GB»
TranformerEnd EarthingMethodKind
«GBy» notApplicable
+ earthingMethed: EarthingMethodKind [0..1] resistance
solid
Q‘ throughEarthTransformer
reactance
[prent | 1 conductingEquipment 0-.* +Terminal o Zo =y
ConductingEquipment - | —— | Transformerend
1 +Terminals Terminal 0.1  +Transformerend
A 0..* | +ConductingEquipment + bmagsat: PerCent [0..1] +TransformerEnd 0.1
+ endNumber:Integer [0.1]  [T— —— ————— """ phaseTapChanger
+ grounded: Boolean [0..1] ! FPhaseTapChanger
0.1 | +Basevoltage + magBaseU: Voltage [0..1]
+ magSatFlux: PerCent [0..1]
* +Transformerend 0.1 z
pasellil +BaseVoltage o0 |y rground: Resistance [0..1]
aseVoltage
%€ _Jo Transformerends| + Xground: Reactance [0.1] |1 tRatioTapChanger Rali0TapChanger
EarthFaultCompensator PetersenCoil
+ r Resistance [0..1] + mode: PetersenCoil ind [0..1]
+ nominalU: Voltage [0..1] cenumerations
+ offsetCurrent: CurrentFlow [0..1] | |patersenCoilModeKind|
+ positionCurrent: CurentFlow [0..1]
Groundingimpedance. + xGmundng'Reanante[O..Wl fixed
+ xGroundMin: Reactance [0..1] manual
+ x:Reactance [0..1] + xGroundNominal: Reacance [0..1] automaticPositioning
«GB» «enumeration,GB»
PowerTransformer ReverseFlowCapabilityKind
«GB» sameAsNormal
«enumerations
+ reverseFlowCapability: ReverseFlowCapabilityKind [0..1] differentFromNormal PowerTransformerEnd = iy
notYetDetermined lli=etiEn
+ b:Susceptance [0..1]
+ bo: Susceptance [0..1] D
: + connecionkind: WindingConneation [0..1] Y
PowerTransformer + g: Conductance [0..1] 7
+ beforeshCircuitHighestOperatingCurrent: CurrentFlow [0..1] +PowerTransformer 0.*| + g0 Conductance [0..1] ‘Z(::
i + phaseAngleClock: Integer [0..1
+ beforeshCircul hestOperatingVoltage: Voltage [0..1] o PowerTransformerend P gl ger [0..1] Ay
+ beforeShort nglePf: AngleDegrees [0..1] + r:Resistance [0..1]
+ highSideMinOperatingU: Voltage [0..1] + r0:Resistance [0..1] !
+ isPartOfGeneratorUnit: Boolean [0..1] + ratedS: ApparentPower [0..1]
+ operationalvaluesConsidered: Boolean [0..1] + ratedU: Voltage [0..1]
+ vectorGroup: string [0..1] it x:Renctancel (T
+ x0: Reactance [0..1]

The TapChanger diagram shows the CIM classes which support transformer tap changer
modelling:

class TapChanger /

+Terminal 0. S,
L ———— PowerSystemResoure
Terminal 0.1 " RegulatingControl
+RegulatingControl TapChanger Schedule modelling is out of
+Terminal [0..1 scope for LTDS
+ control€nabled: Boelean [0..1] R -
+ highStep: Integer [0..1] N (s )
TapChangerControl 0.1 +TapChanger | initialDelay: Seconds [0..1] SeasonDayTypeSchedule
.|+ lowstep: Integer [0..1]
" +TapChangerControl 1.
+ limitVoltage: Voltage [0..1] pChang + ItcFlag: Boolean [0..11
+ lineDropCompensation: Boolean [0..1 :
e . [ [0.11 + neutralstep: Integer [0..1] TapChanger 0.
+ lineDropR: Resistance [0..1] + neutralU: Voltage [0..1] TapSchedule
+ lineDropX: Reactance [0..1] + normalStep: Integer [0..1] 1 +TapSchedules
+ reverseLineDropR: Resistance [0..1] + step: Float [0..1]
+ reverselineDropX: Reactance [0..1] 4 subsequentDelay: Seconds [0..1]
+TransformerEnd | 0..* l%
+Transformerend +PhaseTapChanger‘
r o PhaseTapChanger ‘
TransformerEnd - A
+TransformerEnd 0..1 RatioTapChanger
1 +RatioTapChanger| + stepVoltagelncrement: PerCent [0..1]
«deprecateds PhaseTapChangerNonLinear
+ teulControlMode: Tr ontrolMode [0..1] + voltageStepincrement: PerCent [0..1]
+RatioTapChanger | 0. + xMax: Reactance [0..1]
«deprecated»
+ XMin: Reactance [0..1]
+RatioTapChangerTable| 0.1 PhaseTapChangerLinear

\dentifiedObjed + stepPhaseShiftinaement: AngleDegrees [0..1]
. + xMax: Reactance [0..1]
RatioTapChangerTable

- «deprecateds»
+RatioTapChangerTable + xMin: Reactance [0..1]

PhaseTapChangerSymmetrical

+RatioTapChangerTablePoint |7

TapChangerTablePoint, Q—i RatioTapChangerTablePoint PhaseTapChangerTabular PhaseTapChangerAsymmetrical

|

" + winding ConnecionAngle: AngleDegrees [0..1]
+ b:perCent[0..1] .
+ g PerCent[0.1] +PhaseTapChangerTabular| 0
+ rPerCent[0..1]
+ ratio: Float [0..1] +PhaseTapChangerTable |o0.1
+ step: Integer [0..1] PhaseTapChangerTablePoint
© xperceaa <t D +PhaseTapChangerTablePoint 1 IdentifiedOect
+ angle: AngleDegrees [0..1] PhaseTapChangerTable

1. +PhaseTapChangerTable

11
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The EnergyConsumer diagram shows the CIM classes which support load modelling:

class EnergyConsumer /

ConductingEquipment «enumeration»
PhaseShuntConnectionKind
D=1 IdentifiedObject
_ Y=2 LoadResponseCharacteristic
EnergyConnection Yn
A 1 + exponentModel: Boolean [0..1]
G + pConstantCurrent: Float [0..1]
+ pConstantimpedance: Float [0..1]
ExtEnergyConsumer] + pConstantPower: Float [0..1]
+EnergyConsumer 0.1 | +  pFrequencyExponent: Float [0..1]
ST - " + pVoltageExponent: Float [0..1]
customerCount: Integer [0..1] 0 FloadResponse) . yconstantCurrent: Float [0.1]
grounded: Boolean [0..1] + qConstantimpedance: Float [0..1]
p: ActivePower [0..1] + qConstantPower: Float [0..1]
pfixed: ActivePower [0..1] + qFrequencyExponent: Float [0..1]
pfixedPct: PerCent [0..1] + qvoltageExponent: Float [0..1]

phaseConnection- PhaseShuntConnectionKind [0..1]
q: ReactivePower [0..1]

qgfixed: ReactivePower [0..1]

gfixedPct: PerCent [0..1]

ConformLoad

+EnergyConsumers 0.1

IdentifiedObjea | TLoadGroups

IdentifiedObjec
EnergyArea

LoadGroup |y« .ypioadAres

+Conforr[{.oadcroup 0.

+ConformLoadSchedules

+NonConformLoadGroup o

NonConformLoad

0.* +LoadGroup

onformLoadGroup

ConformLoadschedule

+SubloadAreas |

Schedule modelling is out of
scope for LTDS

1.7 +LoadAreal

SeasonDayTypeSchedule

NonConformLoadschedule

1 +NonConformLoadschedul

12
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The RegulatingCondEq diagram shows the foundational CIM classes which support generation

modelling:

class RegulatingCondEq /

ConductingEquipment

EnergyConnection

shuntCompensator

—_—

ExtRegulating Condeq
RegulatingCondEq

+RegulatingCondEq 0.1

StaticvarCompensator —————————> +

controlEnabled: oolean [0.11| "

§

§ob

ExternalNetworkinjection

PowerElectronicsConnection

governorSCD: ActivePowerPerfrequency [0..1]
ikSecond: Boolean [0..1]
maxInitialSymShCCurrent CuentFlow [0..1]
maxP: ActivePower [0..1]

maxQ; ReactivePower [0..1]
maxROTOXORatio: Float [0..1]
maxR1ToX1Ratio: Float [0..1]
maxZ0ToZ1Ratio: Float [0..1]
mininitialSymShCCurrent: CurrentFlow [0..1]
minP: ActivePower [0..1]

minQ: ReactivePower [0..1]
minROToXORatio: Float [0..1]
minR1ToX1Ratio: Float [0..1]

minZ0ToZ1 Ratio: Float [0..1]

p: ActivePower [0..1]

q: ReactivePower [0..1]

referencePriority: Integer [0..1]
voltageFactor: PU [0..1]

U U U Y

maxIFault: PU [0..1]
maxQ: ReactivePower [0..1]

+RegulatingControl RegulatingControl

+PowerElectronicsConnection  0..*

minQ: ReactivePower [0..1]
p: ActivePower [0..1]

q: ReactivePower [0..1]
rateds: ApparentPower [0..1]
ratedU: Voltage [0..1]

+ ok

«deprecated»
+ r Resistance [0..1]
r0: Resistance [0..1]
n: Resistance [0..1]
x: Reactance [0..1]
x0: Reactance [0..1]
xn: Reactance [0..1]

+ o+

RotatingMachin:

e

+PowerElectronicsUnit

0.1

PowerElectronicsunit

+ 4+ o+

y2value: Float [0..1]
y3value: Float [0..1]

+Curve y1Unit: UnitSymbol [0..1]

y2Multiplier: UnitMultiplier [0..1]

Unitsymbol [0..1]

[FH T,

x2: Reactance [0..1]

+SynchronousMachines| 1..*

CurveStyle

constantyVvalue

straightLineYValues

ReactiveCapabilityCurve

+ coolantTemperature: Temperature [0..1]
+ hydrogenPressure: Pressure [0..1]

+ p:ActivePower [0..1] +RotatingMachine
+ q: ReactivePower [0..1] B
Asynchionousrac L + ratedPowerFactor: Float [0..1] | % +GeneratingUnit GeneratingUnit
+ ratedS: ApparentPover [0..1]
generator + ratedU: Voltage [0..1]
motor ‘% ‘%
AsynchronousMachine synchronousMachine NG
CoolantType
+ asynchr hineType ind [0..1] + avRToManualLag: Seconds [0..1]
+ converterFedDrive: Boolean [0..1] + avRToManualLead: Seconds [0..1] 2
+ efficiency: PerCent [0..1] + baseQ: ReactivePower [0..1] hydrogenGas
+ ialrRatio: Float [0..1] + condenserP: ActivePower [0..1] water
+ nominalFrequency: Frequency [0..1] + coolantCondition: Float [0..1]
+ nominalSpeed: RotationSpeed [0..1] + coolantType: CoolantType [0..1] «enumerationy
+ polePairNumber: Integer [0..1] + earthing: Boolean [0..1] synchr hineOperati
+ ratedMechanicalPower: ActivePower [0..1] + earthingstarPointR: Resistance [0..1]
+ reversible: Boolean [0..1] + earthingStarPointX: Reactance [0..1] generator
+ rrl: Resistance [0..1] + ikk: CurrentFlow [0..1] condenser
+ rr2:Resistance [0..1] + manualToAVR: Seconds [0..1] ol
+ rxLockedRotorRatio: Float [0..1] + maxQ ReactivePower [0..1]
+ tpo: Seconds [0..1] + maxu: vohage [0..1] <enumerations
+ tppo: Seconds [0..1] + minQ: ReactivePower [0..1] shortCircuitRotorKind
+ xIrl: Reactance [0..1] + minU: Voltage [0..1]
+ xIr2: Reactance [0..1] + mu: Float [0..1] salientPolel
+ xm: Reactance [0..1] + oper Sync! hineO [0..11 salientPole2
+ xp: Reactance [0..1] + gPercent: PerCent [0..1] trboSeries]
+ xpp: Reactance [0..1] + r:Resistance [0..1] twrboSeries2
+ xs:Reactance [0..1] + r0: Resistance [0..1]
+ r2:Resistance [0..1] P
+ referencePriority: Integer [0..1] SynchronousMachineKind
IdentifiedObjec + satDirectSubtransX: PU [0..1]
Curve + satDirectsyncX: PU [0..1] generator
+ satDirectTransX: PU [0..1] condenser
CurveData curveStyle: CurveStyle [0..1] + shorCircuitRotorType: ShortCircuitRotorkind [0..1] generatorOrCondenser
tCurveDatas xMultiplier: UnitMultiplier [0..1] + type: SynchronousMachineKind [0..1] motor
xvalue: Float [0..1] xUnit: Unitsymbel [0..1] + voltageRegulationRange: PerCent [0..1] generatorOrMotor
ylvalue: Float [0.1] 4 = y1Multiplier: UnitMultiplier [0..1] + XO0: Reactance [0..1] motororCondenser
+

generatorOrCondenserOmotor

+lnitiallyUsedBySynchronousMachines

+ReactiveCapabilityCurves |0.." 0..1 | +InitialReactiveCapabilityCurve
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The GeneratingUnit diagram shows the classes that supply additional detail for generation

modelling:

class GeneratingUnit /

1 «enumerations
PowerSystemResoure
Equipment
A A offAGC
OnAGC setpoint
plantControl pulse
ExtHydroPump -
eg gCondt onnection 0.* PowerElectronicsUnit HydroPump ExtGeneratingUnit|
PowerElectronicSCONNECHON Sm— &
| +PowerElectronicsUnit | T MaxP: ActivePower [0..1] +  pumpDischAtMaxtead: VolumeFlowRate [0..1] GeneratingUnit
+  minP: ActivePower [0..1] 5 0.1
: i + allocSpinResP- ActivePower [0..1]
+ pumpl [0.1] +  autoCntriMarginP: ActivePower [0..1]
+  pumpPowerAtMinHead: ActivePower [0..1] + basep: ActivePower [0.1]
0.1 0. v D + controlDeadband: ActivePower [0..1]
| + controlPulseHigh Seconds [0..1]
e + controlPulseLow: Seconds [0..1]
HydroPowerPlant + [0.1]
+ efficiency: PerCent [0..1]
| «GBo + genci 2 0.1
discharging + energystorageCapaaty: RealEnergy [0..1] + genCa G (0..11
full Lot boode? - -PU[0.1]
waiting + batteryState: BatteryStatekind [0..1] 0.1 (Y +HydroPowerPlant + governorSCD: PerCent [0..1]
charging + ratedE: RealEnergy [0..1] * highcomroh o Aciverowss o H
empty + storedE: RealEnergy (0..1] PowerSystemResoune. + InitialP: ActivePower [0..1]
HydroPowerPlant + longPF: Float [0..1]
+ lowControlLimit: ActivePower [0..1]
cnumerStOnNGS NC» + dischargeTravelDelay: Seconds [0..1] + ActiveP 0.1
+ genRatedP: ActivePower [0..1] + maxEconomicP: ActivePower [0..1]
+ hy ype: Hyd: 10..11 + 2 [0.1]
electrolyticCell WNC» + penstockType: String [0..1] +  maxOperatingP: ActivePower [0..1]
fuelCell +  kind: PowerElectricalChemicalUnitKind [0..1] + plantDischargeCapacity: VolumeFlowRate [0..1] + minEconomicP- ActivePower [0..1]
other + Length [0..1] +  minimumOffTime: Seconds [0..1]
+ pumpRatedP: ActivePower [0..1] + minOperaungP: ActivePower [0..1]
+ surgeTankCode: String (0..1] + modelDetail: Classification [0..1]
+ surgeTankCrestLevel WaterLevel [0..1] + nominalP: ActivePower [0..1]
) +  normalPF: Float [0..1]
eenumerations 0.1 +HydroPowerPlant + penaltyFactor: Float [0..1]
RegulanngCondis) | +RotatingMachine HydroPlantStorageKind + raiseRampRate: ActivePowerChangeRate [0..1]
RotatingMachine + ratedGrossMaxP: ActivePower [0..1]
n TUnOfRiver +  ratedGrossMinP: ActivePower [0..1]
plumpedsmrage + ratedNetMaxP: ActivePower [0..1]
STRege + shonPF: Float [0..1]
| ..
+RotatingMachine Y- + startupCost Money [0..1]
— Io.. '] 0.1 |+ startupTime: Seconds (0..1]
1|+ tielinePF: Float [0..1]
Curve| +GrossToNetActivePowerCurves i Percent [0.1]
FuelType IdentifiedObjea - + variableCost Money [0..1]
FossilFuel
e 0.7 | saroceneraunguns B DY AVARARA
oll + fossilFuelType: FuelType [0..1]
gas + fuelCost: CostPerHeatUnit [0..1] cenumerations
lignite + fuelDispatchCost: CosPeteatunit [0..1] i HydroGeneratingUnit
hardCoal + fuelffFactor: PU [0..1] + Length [0..1]
olishale + fuelHandlingCost: CostPerHeatunit [0..1] francis + energyConversionCapability: 0.1}
brownCoallignite| | + fuelHeatContent Float [0..1] pelton + hydroUnitWaterCost: CostPerVolume [0..1]
coalDerivedGas | | + fuelMixture: PerCent [0..1] kaplan + twrbineType: HydroTurbineKind [0..1]
peat + fuelSulfur: PU [0..1]
other +  highBreakpointP: ActivePower [0..1]
0.* +TI «enumerations
+ [0.1]
+FossilFuels 1
T + OMCost: CostRerHeatunit [0..1] generator
CAESPlant 0.1 +ThermalGeneratingUnit PumpAndGenerstor
ExtNuclearGe
= energyStorageCapaaty: RealEnergy [0..1] | ~CAESPlant 0.1 RO e e
+ ratedCapacityP: ActivePower [0..1] -
«enumeration,NCs
[N NC»
binaryCycle GeothermalGeneratingUnit
CombihedCyciletant ~CombinedCyclePlant . UrySem -
+_combCyclePlantRating: ActiveFower [0..1] flashsteam «NC»
other +  kind: GeothermalUnitkind [0..1]
cenumerati... IdentifiedObjed
OtherfuelKind «GB «GBy
Ohiestun 0.*  +ThermalGeneratingUnit FlywheelUnit
+Otherfuel 0.1
waste «GB» Otherfuel <>
+ otherFuelType: OtherFudKind [0..1] + energyStorageCapadty: RealEnergy [0..1]
IdentifiedOt
«enumerat... fer bject . PowersystemResource| . sqlarpowerPlant 8
ioFuelKind B>
BioFuel +BioFuel 0.1 0.1 +50larG 1
1
landfiliGas Pes
+ 5 0..1]
biomass ype ! i
other “ < WindGeneratingUnit
o 0.1 4WindG + windGenUnitType: WindGenUnitkind (0..1]
C +Co o.*
+ cogenHPsendoutRating: Float [0..1] senumerations
+ cogenHPSteamRating: Float [0..1] WindGenUnitKind
+ cogentPsendoutRating: Float [0..1] ihore
+ cogenLPSteamRating: Float [0..1] onshore
+ ratedP: ActivePower [0..1]
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The ShuntCompensator diagram shows the CIM classes which support shunt compensator

and static VAr compensator modelling:

class ShuntCompensator /

+RegulatingCondeq  ¢..1 PowerSystemResource | +RegulatingControl 0.1 ACDCTe
I~ RegqulatingControl Y — 1 Terminal

RegulatingCondEq 0. {RegulatingControl 0. +Terminal
StaticvarCompensator ShuntCompensator
+ capacitiveRating Reactance [0..1] + aVRDelay: Seconds [0..1]
+ inductiveRating: Reactance [0..1] + grounded: Boolean [0..1]
+ q: ReactivePower [0..1] + maximumsSections: Integer [0..1]
+ slope: VoltagePerReactivePower [0..1] + nomu: Voltage [0..1]
+ svcControlMode: sVCControlMode [0..1] + normalsections: Integer [0..1] CRNTRETw
+ voltageSetPoint: Voltage [0..1] + phaseConneaion: PhaseShuntConnectionKind [0..1]| | PhaseShuntConnectionKind
+ sections: Float [0..1]
cenumer e + voltageSens| : VoltagePerReactivePower [0..1]
svccontrolMode «deprecated»
. + switchOnCount: Integer [0..1]
EEETEE e + switchonDate: DateTime [0..1]

voltage 4&

LinearShuntCompensator

+ bOPerSection: Susceptance [0..1]

+ bPerSection: Susceptance [0..1]

+ gOPersection: Conductance [0..1]

+ gPersedion: Condudanc [0..1]

huntC Point
+ b Susceptance [0..1] 1.% +NonlinearshuntCompensator.
+ b0: Susceptance [0..1] Non! <huntc o 1Ncmlmearshum(:cvm[:.vensa[m
+ g Conductance [0..1] +NenlinearshuntCompensaterpoints
+ g0: Conductance [0..1]
+ sectionNumber: Integer [0..1]

The OperationalLimitSet diagram shows the CIM classes which support the modelling of
limits:

class OperationalLimitset /

«enumeration Europe...
«GB» LimitKind
OperationalLimitType
«enum, Europeany
«GB» patl
+ transformerRewerseFlow: Boolean [0..1] patit
tatl
«European» e
OperationalLimitType s entified Objec
highvVoltage P S £
ACDCTerminal
«Europeans lowVoltage § OperationalLimitset
+  kind: LimitKind [0..1] operationalvoltageLimit 0.1 | +Terminal
alarmvoltage «GB» .
Z% warnifo¥olizcy + validFrom: MonthDay [0..1]
stability + validTe: MonthDay [0..1] Terminal

IdentifiedObject
OperationalLimitType

+OperationalLimitset

+ acceptableDuration: Seconds [0..1]
+ direction: Operati imitDirectionKind [0..1]
+ isinfiniteDuration: Boolean [0..1]

+OperationalLimit

IdentifiedObjea
OperationalL

IdentifiedObjea | ¢, +OperationalLimitSet
OperationalLimit <>

+0 imitType g,

+OperationalLimitvalue

«enumeration»
OperationalLimitDirectionKind ActivePowerLimit ApparentPowerLimit
high + normalva!ue. AdivePover [0..1] + normalvalue: ApparentPower [0..1] Equipment
low + value: ActivePower [0..1] + value: ApparentPower [0..1]

absoluteValue

CurrentLimit VoltageLimit

+ normalvalue: CurentFlow [0..1] + nomalvalue: Voltage [0..1]
+ value: CurrentFlow [0..1] + value: Voltage [0..1]
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The EquipmentContainer diagram shows the CIM classes which support the containment in

grid equipment in facilities and regions:

class EquipmentContainer J

entifiedobe | +PowerSystemResources 0.1 [ jgenuniedobjea
D PowerSystemResource 0..% +PSRType PSRType
_ Connectivi +COﬂﬂeC(iVlWNOdeCOﬂ(ﬂiﬂef 0.* de. edObjea
EquivalentNetwork > . c
g 1 +ConnectiviyNodes | COnMnectivityNode

0.." +EquipmentContainer

Equipment

EquipmentContainer

+Equipments 0.1

0." +AdditionalEquipmentContainer

+Ad

onalGroupedEquipment  0..*

i

ConductingEquipment

T
+Condud ipment 0..*

Voltagelevel
gelevels
+ highVoltagelimit: Voltage [0..1]
+ lowVoltagelimit: Voltage [0..1]
0..1 +Bays «enumerations
Bay BusbarConfiguration
0.7
0. | +voltageLevel +VoltageLevel
+ bayEnergyMeasFlag: Boolean [0..1] singleBus
p— +  bayPowerMeasFlag: Boolean [0.1] doubleBus
+BaseVoltage 0..1 1 |+Basevoltage n + breakerConfiguration: BreakerConfiguration [0..1] m thTransfer
1 BreakerConfiguration
—— = + busBarConfiguration: BusbarConfiguration [0..1] ringBus
_—_"— singleBreaker
Basevoltage breakerAndAHalf
doubleBreaker
noBreaker

The Geographical Location diagram shows the CIM classes which describe the geospatial

location of grid equipment and facilities:

class GeographicallLocation /
= IdentifiedObject
PowerSystemResource wersystemResources 0 Location ocauons 0.1/ coordinatesystem
. +Loc -
0. + direction: String [0..1] 0.*  +CoordinateSystem +  ¢rsurn: String [0..1]
+ electronicAddress: ElectronicAddress [0..1]
+ geolnfoReference: string [0..1]
i i N + mainAddress: StreetAddress [0..1] PositionPoint
Equipment| | ConnectivityNodeContainer + phonel- TelephoneNumber [0..1]
+ phone2: T .11 ~Location 0."| + groupNumber: Integer [0..1]
+ secondaryAddress: StreetAddress [0.1] | 1 L pqsitionPoints | T sequenceNumber: Integer [0..1]
+ status: Status [0..1] + xPosition: String [0..1]
ConductingEquipment| |EquipmentContainer + type: string [0..1] + yPosition: String [0..1]
+ zPosition: String [0..1]
«Compounds
StreetAddress «Compound» «Compound>»
ElectronicAddress TelephoneNumber
+ language: String [0..1] WorkLocation B
+ poBox: String [0..1] + emaill: String [0..1] + areaCode: String [0..1]
+ postalCode: string [0..1] + email2: String [0..1] + cityCode: String [0..1]
+ status: Status [0..1] + lan: String [0..1] + countryCode: String [0..1]
+ streetDetail: StreetDetail [0..1] ServicelLocation + mac String [0..1] + dialout String [0..1]
+ townDetail: TownDetail [0..1] — + password: stiing [0..1]| |+ extension: String [0..1]
+  accessMethod: String [0..1] + radio: String [0.1] + internationalPrefix: String [0..1]
o o = - BGG'W‘EO--‘: + userlD: String [0..1] + ituPhone: String [0..1]
+  siteAcessProblem: String [0..1 2 .
i — e + web: String [0..1] + localNumber: String [0..1]
+ addressGeneral: String [0..1] + code: String [0..1]
+ addressGeneral2: string [0..1] + country: 5tring [0..1]
+ addressGeneral3: string [0..1] + name: string [0..1] «Compound»
+ buildingName: String [0..1] + section: String [0..1] Status
+ code: String [0..1] + stateOrProvine: String [0..1]
+ flooridentification: Stiing [0..1] +  dateTime: DateTime [0..1
+ name: String [0..1] i+ reasangsuinlI el
+ number: String [0..1] +  remark: String [0..1]
+  prefix: string [0..1] + value: String [0..1]
+ suffix: String [0..1]
+ suiteNumber: String [0..1]
+ type: String [0..1]
+ withinTownlimits: Boolean [0..1
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The System Capacity diagram shows the CIM classes which support the modelling of various

types of capacity information and connection activity modelling:

class SystemCapacity /

= <
«GB» =
ShortCircuitResult A
e «enumeration,GBy

+ faulKind: shortCircuitFaulkind [0..1] ShortCircuitFaultKind

+ peakCurrent: CurrentFlow [0..1]

+ symmetricalBreakingCurrent: CurrentFlow [0..1] threePhase «GB>

+ symmetricalBreakingCumentAngle: AngleDegrees [0..1] singlePhase FirmCapacity

T\ GB: BusbarGroup cu
ore + 0.1
‘ +SummaryShortCircuitResult  o..1 BusbarGroup GB» N ﬁrmCapa(lt\/SUmm.EE AﬂlvePov’»er !
<GBy - o1 FirmCapaciry| + firmCapacitywinter: ActivePower [0..1]
summaryshortCircuitResult ‘ 0.* +BusbarGroup
«GB»
+MaximumLoadina 0.1 +BusbarGroup 0.1 PastYearConnectionActivity
«GBy “eGB» «GB»
MaximumLoading 0.0 ~BusbarGroup 0.1 +PastyearConnectionActivity | g,
. “BusbarGroup| 0.1 generationBudgetEstimatesProvidedCapacity: ActivePover [0..1]
«GB» generationBudgetEstimatesProvidedCount: Integer [0..1]

+ maxLoadingSummer: AgwsPower [0..11 s generationConnectionOffersAcceptedCapadty: AdivePower [0..1]
+ maxLoadingWinter: A(uvePovyer [0..1] kb generationConnectionOffersAcceptedCount: Integer [0..1]
+ gAmMaxLoadingsummer: ReactivePower [0..1] +BusbarsSection | 1. generationConnectionOffersMadeCapacity: ActivePower [0..1]
+ QqAtMaxLoadingWinter: ReadivePower [0..1] generationConnectionOffersMadeCount: Integer [0..1]

loadBudgetEstimatesProvidedCapacity: ActivePower [0..1]
loadBudgetEstimatesProvidedCount: Integer [0..1]
loadConnectionOffersAcceptedCapacity: ActivePower [0..1]
loadConnectionOffersAcceptedCount: Integer [0..1]
loadConnectionOffersMadeCapacity: ActivePower [0..1]
loadConnectionOffersMadeCount: Integer [0..1]

de b e A e e e

The CIM UML information model is maintained using Sparx System’s Enterprise Architect
tool4, The Enterprise Architect file
Appendix_1_CIM100v111_UK_LTDS_AlIProfiles_3July2023pab2.eap containing the complete
LTDS information model (underlying CIM information model along with related European,
Network Codes and Great Britain extensions) is supplied as Appendix 1 — LTDS Information
Model and Profiles. The Appendix_1_CIM100v111_UK_LTDS_AllProfiles.eap file contains not

only the LTDS information model, but also the LTDS profile in subpackages under the main
Model:

4 EI Model

> [ TC57CIM
> [s=] EuropeanCIMExtensions
LTDSInformationModel
b [B] TC57CIMProfiles
b [E] LTDSProfiles

The top three packages (boxed in green) comprise the information model, the lower 2
packages make up the profiles. The TC57CIM package contains the underlying CIM
information model, the EuropeanCIMExtensions package contains European and Network
Codes extensions and the LTDSInformationModel package contains the Great Britain

extensions defined for LTDS.

14 Enterprise Architect | Sparx Systems
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The above diagrams are located in LTDSInformationModelDiagrams sub-package of the
LTDSInformationModel package:

4 @ Model

[ [®] TC57CIM

I> [*] EuropeanCIMExensions

4 LTDSInformationModel

[+ &1 DocLTDSInformationModel
48 LTDSInfermaticnModelDiagrams

Key
BuildingBlock
ConductingEquipmentControlExternal
Switch
ACLineSegment
PowerTransformer
TapChanger
EnergyConsumer
RegulatingCeondEq
GeneratingUnit
ShuntCompensator
OperationalLimitSet
EquipmentContainer
Geographicallocation

SystemCapacity

56 4B B 4B 4B A8 G5 46 4B 4B 46 4B 4B 46 46 4B

DiagrarmLayout
ExtGEProduction
ExtGEQperationallimits
ExtGESummaryResults
ExtGETransformer
ExtGEShortCircuit
InfLTD5Extensions

[+ TCSTCIMProfiles

- [2] LTDSProfiles

oooooo

1.3 LTDS Profiles

1.3.1 CIM grid model profiles

CIM generally defines a profile as “a subset of the classes, attributes and associations of the
information model”. CIM exchanges of grid model data refine that definition a bit further and
consider a profile to be “a non-overlapping subset of CIM classes, attributes and associations
defined to organise grid model data and support its exchange". CIM grid model profiles
organise grid model data primarily for the purpose of studies which involve power flow
calculation, i.e., they describe inputs such as the physical model and the grid operating state

as well as the output of power flows as a separate exchange from the inputs.
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The CIM grid model profiles, like the grid model-related portion of the CIM information model,

contain a broader scope of information than is required by LTDS. The CIM profiles of relevance

to LTDS and their groupings are as follows:

The Physical group of profiles describes the grid itself, providing information
about the behaviour, connectivity, and geospatial location of the equipment that
makes up the electrical system. Profiles in the Physical group are:

o The Equipment profile which describes basic equipment and connectivity
and provides the foundation on which the data of the other Physical profiles
are layered.

o The Short Circuit profile which describes equipment electrical behaviour
characteristics essential to the execution of short circuit studies.

o The Geographical Location profile which describes the geospatial location
of equipment, facilities, and load and generation.

The Situation group of profiles describes a grid operating state and is used, in
conjunction with foundational Physical data, as input to network analysis. It has a
single profile:

o The Steady State Hypothesis profile which represents load and generation
injections, the operating state of the switching equipment and control
settings.

The Solution group of profiles describes the output resulting from a successful
power flow execution. It has two profiles:

o The Topology profile which describes the output of topology processing
which eliminates closed switches and zero impedance branches.

o The State Variables profile which describes the output of a power flow
calculation, including node voltage and angle and active and reactive power

flows.

An additional profile, the Diagram Layout profile, describes the layout of CIM objects for

visualisation on a display. It can reference objects and attributes from any of the other

profiles.

1.3.2 Approach to LTDS profile development
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IEC standard profiles of relevance to LTDS grid model data exchange are defined by the
61970-45x set of standards'>16:17, the IEC 61968-13 standard!g, and the IEC 61970-600-21°
standard. The usual approach to the definition of profiles for a specific implementation of
CIM-based data exchange (like LTDS) is to start with a set of relevant IEC standard profiles
and modify them as necessary to meet local requirements. The LTDS profile development
process followed this philosophy, but did so using an unusually rigorous methodology, in
which each LTDS profile was defined as a “delta” from an underlying standard profile. As a
result, developers and data modellers using the LTDS profiles are provided with a clear,
concise identification of changes from a known existing profile. This approach is intended to

ease both initial implementation efforts and facilitate longer term solution evolution.

The standard CGMES v3.0 exchange profiles - as expressed in IEC 61970-600-2 - were
selected as the underlying standard profiles. This was done for a variety of reasons:
e The CGMES v3.0 profiles align very closely with the IEC 61970-45x set of standards
and incorporate relevant modelling (primarily related to geographical location) from
IEC 61968-13.
e There is continuous ongoing CIM and CGMES alignment activity occurring within IEC
with support from ENTSO-E community via the established formal liaisons.
e The CGMES standards are intended to meet the requirements specified in European
Network Codes.
e CGMES v3.0 is the most recent, approved version of the CGMES standard, correcting
a number of issues present in earlier versions.
e Interfaces based on CGMES v3.0 are implemented on several vendor tools (and the
clear expression of differences will enable those tools to more easily accommodate
LTDS data).
e The use of CGMES v3.0 enables the future evolution of LTDS to take advantage of
European advancements.
It is hoped that expressing LTDS profiles as deltas from CGMES v3.0 profiles will set a
precedent for the definition of other local CIM-based profiles, particularly in the United
Kingdom. If used widely, this approach to profile definition has the potential to make data

more accessible and tools more interoperable across Europe.

15 JEC 61970-452:2021 | IEC Webstore

16 JEC 61970-453:2014+AMD1:2018 CSV | IEC Webstore
17 JEC 61970-456:2021 | IEC Webstore

18 JEC 61968-13:2021 | IEC Webstore

19 TEC 61970-600-2:2021 | IEC Webstore

20


https://webstore.iec.ch/publication/64844
https://webstore.iec.ch/publication/64268
https://webstore.iec.ch/publication/68054
https://webstore.iec.ch/publication/34213
https://webstore.iec.ch/publication/63867

— LTDS Data Exchange Specifications

The definition of LTDS profiles as deltas to CGMES v3.0 is accomplished via a “layered”
approach not unlike the layered approach to information model definition described above.
Two LTDS “difference” profiles are defined for each CGMES v3.0 profile:
e An “LTDS deviation from CGMES” profile, which describes differences from the data
structure defined in a CGMES v3.0 profile.
e An "LTDS extension to CGMES"” profile, which describes additional data structures not
defined by a CGMES v3.0 profile.
The complete profile stack (including the CIM standard profiles on which CGMES v3.0 profiles

are based) looks like this:

IEC standard profiles

CGMES v3.0 profile

“LTDS deviation from CGMES” profile

LTDS profiles

While the layered approach offers significant benefits, it is not an approach that has been
used elsewhere, so tooling has not (yet) been specifically developed to support it. The LTDS
layered profiles were defined primarily using existing tooling, but there is an area where
future tool development would be useful. A bit of background information is necessary to

understand where the additional tooling support is needed.

Several profiling tools, among them CimConteXtor?°, use UML as the mechanism by which a
profile designer specifies the information model subset comprising a profile. (CimConteXtor
is the most widely used profiling tool in Europe and is an add-in to the Sparx Enterprise
Architect application.) Other profiling tools leverage mechanisms other than UML to express
profile design. Regardless of the mechanism used for design, once profile design is complete,
the profiling tool produces a machine readable version of the profile expressed in Resource
Definition Framework Schema (RDFS). (As an example, after a profile is designed in
CimConteXtor, an RDFS description of it is created by a companion tool called
CimSyntaxGen?t.) The IEC 61970-501 standard?? describes the mapping of CIM grid model
profiles expressed in UML to their RDFS equivalents.

20 CimContextor | Zamiren
21 CimSyntaxGen | Zamiren
22 TEC 61970-501:2006 | IEC Webstore
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In LTDS profile definition, the three individual profiles (CGMES v3.0, LTDS deviation from
CGMES, and LTDS extension to CGMES) are first defined in UML and then each is expressed
in RDFS. The rules regarding the changes to be made to the underlying RDFS profile by
applying the two “difference” RDFS profiles are clear and can be implemented by a “profile
merging” software tool. A beta version of a profile merging tool (called CimPal and available
here: https://github.com/griddigit/CimPal) has been created and was used to produce a
complete set of final LTDS RDFS profiles.

‘ CGMES v3.0 UML profile CGMES v3.0 RDFS profile

‘ “LTDS deviation from CGMES” UML profile LTDSdeviationCGMES RDFS profile LTDS RDFS profile

‘ “LTDS extension to CGMES” UML profile LTDSextended RDFS profile

LTDS UML Profiles machine-readable RDFS profiles machine-readable
(defined by profile designer) (created by profiling tool) final LTDS RDFS profile

The final LTDS RDFS profiles are included, along with the CGMES v3.0 RDFS profile and the
two difference RDFS profiles, in Appendix 6 — LTDS Profiles in RDFS.

The expression of merged LTDS profiles in UML is the area where additional tooling support
would be useful. The beta profile merging software works sufficiently well to support the use
of LTDS profiles in LTDS grid model data exchanges, but a means of creating a merged profile
in UML would be helpful. It would provide a human-understandable profile definition which

could then be used as the direct source for a machine-generated final RDFS profile.

1.3.3 LTDS layered profiles in UML

This section contains a set of UML diagrams which detail the layered profiles used to structure
LTDS data exchanges. Because UML does not exist for merged profiles, each diagram
illustrates a base CGMES v3.0 UML profile (or portion of a profile) along with its two
corresponding LTDS “difference” profiles (LTDS deviation from CGMES and LTDS extension
to CGMES). The diagram layers are illustrated in the Key diagram below. The upper layer
shows the CGMES v3.0 profile classes, attributes and associations. The middle layer shows
the LTDS deviations from the upper layer:

e Classes (of any kind, including <<enumeration>> classes) which are eliminated
completely in creating the merged LTDS profile are shown in grey. Eliminating a class
eliminates all of its associations, whether or not the association is shown.

e Classes where CGMES v3.0 attribute requirements are modified when the merged

LTDS profile is created are shown in pink. Modifications take one of three forms:
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The lower |

o Attribute exists in CGMES v3.0 and is not defined in LTDS (these are indicated
with an <<LTDSnotDefined>> stereotype)

o Attribute is required in CGMES v3.0 and is optional in LTDS (the usual
convention of [0..1] after the attribute name indicates this)

o Attribute is optional in CGMES v3.0 and is required in LTDS (the usual
convention of nothing after the attribute name indicates this)

ayer shows the LTDS extensions to the upper layer, with classes and/or attributes

to be added in creating the merged LTDS profile indicated in blue. Associations to be added

are indicated by blue association lines.

class Key /

CGMES v3.0 other profile class T

CGMES v3.0 class CGMES v3.0
sent on n h Enumeration Class

Present anty for,contexCELLg ) Class defined in other profile and

- class detail provided on another diagram referenced by this profile’s assodation

or

- class is referenced by association in this <other profile name>
profile, but is not instantiated in this profile

Class is described on this diagram.

Class (either
enumerated
in LTDS and
LTDs profile.

LTDS deviation from CGMES

LTDS deviation from CGMES
CGMES v3.0 class

ordinary class or . i .
L Class describes differences E -

class) is not defined " h 1 0.| present only to support

- : between LTDS attributes and

is not present in the

attributes present in CGMES v3.0.

Class detail provided on another

s diagram. Present only for context.

LTDS extension to CGMES

«enumeration»
LTDS extension to CGMES
Enumeration Class

LTDS extension to CGMES CGMES v3.0 class

&<— (GB>»
A class (or its attributes) used by Present only to support
LTDS but not present in CGMES v3.0. association extension.

The UML profile diagrams below appear in the following order:

Diagrams of the Physical profile group:

o Equipment and Short Circuit profile diagrams of building block classes

o Equipment and Short Circuit profile diagrams of general equipment, control
and external modelling classes

o Equipment and Short Circuit profile diagrams of switch-related classes

o Equipment and Short Circuit profile diagrams of circuit-related classes

o Equipment and Short Circuit profile diagrams of transformer-related
classes

o Equipment profile diagram of transformer tap changer-related classes

o Equipment profile diagram of load-related classes

o Equipment and Short Circuit profile diagrams of generation-related classes
(3 diagrams)

o Equipment profile diagram of shunt and static VAr compensator-related
classes

o Equipment profile diagram of limits-related classes
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(¢]

(¢]

Equipment profile diagram of containment-related classes

Geographical Location profile diagram of geospatial location-related classes

e Diagrams of the Situation profile group:

o

(o]

Steady State Hypothesis profile diagram of control and external modelling
classes

Steady State Hypothesis profile diagram of switch-related classes

Steady State Hypothesis profile diagram of transformer tap changer-
related classes

Steady State Hypothesis profile diagram of load-related classes

Steady State Hypothesis profile diagrams of generation-related classes (2
diagrams)

Steady State Hypothesis profile diagram of shunt and static VAr
compensator-related classes

Steady State Hypothesis profile diagram of limits-related classes

e Diagrams of the Solution profile group:

(o]

(o]

A Topology profile diagram of classes describing the output of topology

processing

A State Variables profile diagram of power flow solution-related classes

e A diagram of the System Capacity profile (an LTDS-extension profile with classes

describing system fault levels, loadings and capacities, along with connection

activity)

e A diagram of the Diagram Layout profile classes

1.3.3.1 Physical profile group

Taken as a whole, the 20 diagrams of this section describe the LTDS Equipment, Short Circuit

and Geographical Location profiles.
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These diagrams show the basic building block portions of the Equipment and Short Circuit

profiles:

This

class EquipmentProfileBuildingBlock

CGMES v3.0 N N
IdentifiedObject
+ description: string [0..1]
> + mRID: String <3
+ name: String 1
«European, deprecateds
>+ energydentCodeic: siring [0..1] < }———
+ shortName: String [0..1]
BusNameMarker
+ReportingGroup 0.
PowerSystemResource | ReportingGroup €t 4 prionty: Integer (0.1
[ﬁ +BusNameMarker /\0..1
+Terminal | 1.*
Equi) 3
Gtz ACDCTerminal
+ aggregate: Boolean [0..1] -
+ normallyinService: Boolean [0..1] i [ e
+BaseVoltage " ? i i
BaseVoltage o 0. j *+Condua 1ent g« Termings +Terminals 0.1
- - 1 Conduc i —
+ nominalVoltage: Voltage | 0.1 +ConductingEquipment _______— ~ | ™1 +Terminals | + phases: PhaseCode [0..1][0.." +ConnectivityNode

«enumerati...
PhaseCode

ABCN = 225

XYN = 3088

LTDS deviation from CGMES
IdentifiedObject

«European, LTDSnotDefineds
+ energyldentCodeEic: String [0..1]
+ shortName: String [0..1]

+ReportingGroup  g_«
ReportingGroup p<— ke
.1 ker |

Equipment

«LTDSnotDefined»

+ normallylnservice: Boolean [0..1] +Terminals 1
Terminal - Cconnectivity
0."  +ConnectivityNode

LTDS extension to CGMES

class ShortCircuitProfileBuildingBlock /

CGMES v3.0 IdentifiedObject

+ mRID: String

PowerSystemResource,

A

Equipment

A

Terminal

LTDS deviation from CGME

PowersystemResource

A JA

ConductingEquipme.

LTDS extension to CGMES
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These diagrams show the portions of the Equipment and Short Circuit profiles which support

general equipment, control and external modelling:

class Equi ileConducti i ontrolExternal /

CGMES v3.0

PowerSystemResource ‘

«European»
BoundaryPoint

«Europeans

+ fromEndisoCode: String
«enumerations + fromEndName: String
RegulatingCont ind RegulatingControl + fromEndNameTso: String
Fauipni + isDirectCurrent: Boolean [0..1]
voltage + mode: RegulatingControlModeKind + isExcludedFromAraiterchange: Boolean [0..1]
activePower + toEndisoCode: String
reactivePower +RegulatingControl | 0..* + toEndName: String
currentFlow + toEndNameTso: String
admittance
timeScheduled +BoundaryPoint | 0.1
temperature
powerFactor Terminal | 11 «Europeans
+ConnectivityNode
+ConductingEquipment  g_x )
Conductingequi +Terminals
i Terminal ConnectivityNode
1 +Terminals 0.*  +ConnectivityNode Y
SeriesCompensator | Ground | ‘ EquivalentEquipment ‘ ‘ Cannedar‘ Clamp

+ lengthFromTeminal1: Length [0..1]

BusbarSection

+ r Resistance /\
+ x:Reactance
i anch q Shunt Equivalentinjection

r: Resistance + b:Susceptane maxP: ActivePower [0..1]

21 Resistan [0..1]| |+ g Conducance maxQ: ReactivePower [0..1]
x- Reactance minP: ActivePower [0..1]
X21: Readanc [0..1] minQ: ReactivePower [0..1]
regulationCapability: Boolean

+ o+ o+

Fr—

LTDS deviation from CGMES

«Europeans
BoundaryPoint

«European, LTDSnotDefined»
fromendisoCode: String
fromEndName: String
fromEndNameTso: String
isDirectCurrent: Boolean
isExcludedFromAreainterchange: Boolean
toEndisoCode: String
toEndName: string
toEndNameTso: String

+ okt

Branch

EqQ Shunt

LTDS extension to CGMES

+Busbarsection 1| identifiedObfect

€GBy ———> «GB»

usbarGroup BusbarGroup
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class shortCircuitProfileconductingequipmentControlexternal /

CGMES v3.0

PowerSystemResource

A

A\

JAY

£\
EquivalentEquipmen:

A\ A

«Description»
SeriesCompensator

Connector

A

varistorVoltage Threshold: Voltage [0..1]

+ r0: Resistance

+ vanstorres e e «Descriptions «Description» «Description»
+ varistorRatedCurrent: CumentFlow [0..1] - 5 - QR .
- Eq h E¢ Injection BusbarSection
+

X0: Reactance negativeR 12: Resistane - Resistance + ipMax: CumentFlow [0..1]

r0: Resistance
r2: Resistance
x: Reactance

X0: Reactance
x2: Reactance

negativeR 21 Resitance
negativex12: Readane
negativeX21: Readance
positiveR12: Resistance
positiveR21: Resistance
positiveX12: Reactance
positiveX21: Reactance
ZeroR12: Resistance
zeroR21: Resistance
zeroX12: Reactance
zeroX21: Reactance

R+t

U PR Y

LTDS deviation from CGMES IdentifiedObe
PowerSystemResource
A

/\

[ conduci

EquivalentEquipmen
£\ T

«Description»
i jection

A

«Description»
SeriesCompensator

«Descriptions.
i anch

LTDS extension to CGMES

These diagrams show the switching device-related portion of the Equipment and Short Circuit

profiles:

class EquipmentProfileSwitch /
CGMES v3.0
ConductingEquipmenn|
cut Switch
= lengthFromTeminal1 - tength [0.1]| L]+ normalOpen: Boolean
+ ratedCurrent: CurrentFlow [0..1]
+ retained: Boolean
N\ A
| Breaker ‘ ‘loadBreakSwil(h
LTDS deviation from CGMES R
Switch
+ ratedCurrent: CurrentFlow
«LTDSnotDefined»
+ retained: Boolean
LTDS extension to CGMES

27



Report — LTDS Data Exchang

e Specifications

class shortCircuitProfileswitch /

CGMES v3.0

LTDS deviation from CGMES

LTDS extension to CGMES

ProtectedSwitch

+ breakingCapacity: CurrentFlow

«GB»
+ makingCapacity: CurrentFlow

These diagrams show the circuit-related portion of the Equipment and Short Circuit profiles:

ofileACLin /

CGMES 3.0

Conductor

+ length: Length [0..1]]

?

ACLinesegment

bch: Susceptance

gch: Conductance [0..1]
r: Resistance

x: Reactance

++ + +

LTDS deviation from CGMES

Conductor

+ length: Length

LTDSextension to CGMES

class ShorCircuitProfileACLineSegment /

CGMES v3.0

ConductingEquipment

IdentifiedObject

+ mRID: String

§

MutualCoupling
A [ac } +First_Terminal o.*
N ~ |+ boOch: Susceptance
Terminal N di 11: Length
. 1 +HasFirstMutualCoupling| + distance eng
AC“EF“;'”““"” + distancel2: Length
e + distance21: Length
+ boch: Susceptance +Second_Terminal o + distance22: Length
+ goch: Conductance " |+ goch: (?unductance
+ r0:Resistance T~ +HasSecondMutualCoupling © F0- Resistance
+ shoncCircultEndTemp erature: Temperature N + X0:Reactance
+ x0:Reactance Equipment
LTDS deviation from CGMES
Equipment IdentifiedObject|
ConductingEquipme:
A\ +First_Terminal 0.+ T
lACDCTerminal]_— -

/\

r

rerminal |1° +HasFirstMutualCoupling M ICEEY

Second_Terminal o

+HasSecondMutualCoupling

«Descriptiony
ACLineSegment

4LTDSnotDefined»

+ boch: Susceptance

+ gOch: Conductance

+ shorncCircuitEndTemperature: Temperature

LTDS extension to CGMES
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These diagrams show the transformer-related portion of the Equipment and Short Circuit

profiles:

class FquipmentProfilePowerTransformer /

CGMES v3.0

+ConductingEquipment

BaseVoliage

+ConductingEquipment ~ 0.."

+BaseVoltage

IdentifiedObjea

1 +PhaseTapC! hanger‘

Tr nd

end -1

+ endNumber: Integer

+BaseVoltage

‘ EalmFauerompensamrh—‘ PetersenCoil

0.%
+TransformerEnds

+Tre

+RatioTapChange

+Transformerend

PhaseTapChanger

5

+ o+

N + rground: Resistance [0..1]
EarthFaultCompensator P«Das(rlpl:l:]n?l + xground: Readane [0.1]
+ r Resistance [0..1] <— L
+ mode: PetersenCoilModeKind
Q + nominalU: Voltage
+ offsetCurrent: CurrentFlow [0..1]
«Descriptiony + positionCurrent: CurrentFlow [0..1] «Description»
Groundingimpedance + xGroundMax: Reactance PowerTransformerEnd
+ xGroundMin: Reactance
 x Reactance 1 <GroumaNamsal T + s
+ pl lock: Integer
«enumerations + r0:Resistance
GRS PetersenCoilModeKind + XO0:Reactance
PowerTransformer
= = = fixed
beforeShCircuitHighestOperatingCunent: CurrentFlow [0..1]
manual

beforeShCircuitHighestOperatingVoltage: Voltage [0..1]
beforeshortCircuitAnglePf: AngleDegrees [0..1]
highSideMinOperatingU: Voltage [0..1]
isPartOfGeneratorUnit: Boolean
operationalvaluesConsidered: Boolean [0..1]

A «enumeration»
PowerTransformerEnd windingConnection
] + b:Susceptance D
Groundingimpedance + connecionKind: WindingConnection [0..1] Y
+ g Conductance [0..1] z
——————__ +PowerTransformer 0|t T Red“?[a"[e D
PowerTransformer + rateds: ApparentPower [0..1] zn
1.1 +PowerTransformerend| + ratedU: Voltage A
+ x:Reactance 1
LTDS deviation from CGMES
| Earthfaul(EompensamrI‘f]—‘ Petersencoil
A PowerTransformerEnd
+ connectionKind: WindingConnection
Groundingimpedance| + ratedS: ApparentPower
LTDS extension to CGMES
Ty e «enumeration,GB»
Eartl ind
PowerTransformer «enumeration,GB» «GB»
LEEEss + earthingMethod: EarthingMethodkind MRS
GRS = i resistance
. . sameAsNormal i
+ reverseFlowCapability: ReverseFlowCapabilityKind solid
differentFromNormal throughEarthTransformer
notyetDetermined reactance
class Shonc|n:uileflIePowerTranslormer/
CGMES v3.0
ConductingEquipment IdentifiedObject
TransformerEnd

+ grounded: Boolean

automaticPositioning

LTDS deviation from CGMES

Equipment|
ConductingEquipment

7 \

EarthFaultCompensator
AN

; «Description»
- PetersenC

IdentifiedObjea
TransformerEnd

«Descriptiony
PowerTransformerend

«enumerationy

PetersenCoilModeKind

+

«Description»

«Description
PowerTransformer

«LTDSnotDefined»
+ bO: Susceptance
+ go0: Conductance
r0: Resistance

LTDS extension to CGMES
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This diagram shows the transformer tap changer-related portion of the Equipment profile:

class FquipmentProfileTapChanger /

CGMES v3.0

+Terminal

+TransformerEnd | g, *

+Transformerend

TapChangerControl

+TapChangerControl

+TapChanger

—>

PowerSystemResource
TapChanger

highStep: Integer
lowstep: Integer
licFlag: Boolean
neutralStep: Integer
neutralu: Voltage

1.

+ 4+ + o+t

+TapChanger

+Tapschedules

TransformerEnd

+Transformerend 0.,

1

17 +RatioTapChanger

RatioTapChanger

+ stepVoltagelncrement: PerCent

+RatioTapChanger| 0..*

+RatioTapChangerTable | 0..1

IdentifiedObjea
RatioTapChangerTable

+RatioTapChangerTable /|\ 1

TapChangerTablePoint

+RatioTapChangerTablePoint| 1..*

b: PerCent [0..1]
g: PerCent [0..1]
- PerCent [0..1]
ratio: Float [0..1]
step: Integer

x: PerCent [0..1]

FF——

< )—‘ RatioTapChangerTablePoint

0.1]

normalStep: Integer Q—‘
+PhaseTapChanger [

PhaseTapChanger ‘

PhaseTapChangerLinear

+
+

pi hiftincrement:
XMax: Reactance

«deprecated»

+

xMin: Reactance

¢ PhaseTapChangerTablePoint

PhaseTapChangerTabular

+PhaseTapChangerTabular|0..*

+PhaseTapChangerTable |1

1

+PhaseTapChangerTablePoint ﬁ,ﬂ"ﬁedﬁbjgg

+ angle: AngleDegrees

1.

+PhaseTapChangerTable

?

PhaseTapChangerNonLinear

+ voltagestepincrement: PerCent

+ xMax: Reactance
«deprecated»

+ xMin: Reactance

PhaseTapChangerSymmetrical

PhaseTapChangerAsymmetrical

+ windingConnectionAngle: AngleDegrees

PhaseTapChangerTable

LTDS deviation from CGMES

PhaseTapChangerLinear

«deprecated, LTDSnotDefineds
+ xMin: Reactance

PhaseTapChangerNonLinear

«deprecated, LTDSnotDefin...
+ XMin: Reactance

LTDS extension to CGMES
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This diagram shows the load-related portion of the Equipment profile:

class Equi ofileEnerg /

CGMES v3.0

IdentifiedObject
LoadResponseCharacteristic

+ exponentModel: Boolean
+ pConstantCurrent: Float [0..1]
+ pConstantimpedance: Float [0..1]
+ pConstantPower: Float [0..1]
+ pFrequencyExponent: Float [0..1]
+ pVoltageExponent Float [0..1]
+ qConstantCurrent: Float [0..1]
EnergyConsumer + (qConstantimpedance: Float [0..1]
- 0.1 | T dConstantPower: Float [0..1] .
+ pfixed: ActivePower [0..1] +EnergyConsumer + qFrequenc/Exponent Float [0..1] ldentifiedObjea
+ pfixedPct: perCent [0..1] 0. + qVoltageExponent: Float [0..1] EnergyArea
+ gfixed: ReactivePower [0..1] - +L A A
+ gfixedPct: PerCent [0..1]

+SubloadAreas |

IdentifiedObje | +LoadGroups

LoadGroup

SubloadArea

1." +subloadArea 1.r +LoadArea

+Cun‘fum|LuadGmup 0." SeasonDayTypeSchedule
' conformLoadSchedule

ConformLoad

+EnergyConsumers 1 +NonConformLoadGroup ~ 0-.* SeasonDayTypeschedule

NoncConformLoad NonConformLoadGroup
e +LoadGroup = S NonConformioadschedulesNonConformladScheduie

+ConformLoadSchedules

LTDS deviation from CGMES

EﬂEleDHSI.IIIIEI
«LTDSnotDefined»
[\

pfixed: ActivePower [0..1]
T

+
+ pfixedPct PerCent [0..1]
+ gfixed: ReacivePower [0..1]
+
~+ConformLoadGroup 0." SeasonDayTypeSchedule
ConformLoadSchedule

1

+LoadGroups +SubLoadAreas 1

SubLoadArea LoadArea

f

" +subLoadArea +LoadArea

gfixedPct: PerCent [0..1]

StationSupply

1

+EnergyConsumers

ConformLoadGroup

ConformLoad
+ConformLoadSchedules

+EnergyConsumers 1 - +NonConformLoadGroup 0.% SeasonDayTypeSchedule
NonConformLoad e LoadGroup onformLoadGroup|— onformLoadSchedule

1 +NonConformLoadSchedules

1.

+LoadGroup:

LTDS extension to CGMES
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These diagrams show the generation-related portion of the Equipment profile:

class Equi i i ..rnmqu/

CGMES v3.0

ConductingEquipme |

EnergyConnection

shunic. 5
: - ondEg|o ontrol

+RegulatingCondE RegulatingControl
o

ExternalNetworkinjection PowerElectronicsConnection
+PowerElectronicsConnection 0~
+ governorSCD: ActivePowerPerFrequency + maxQ: ReactivePower [0..1] crronraT
+ maxP: ActivePower + minQ: ReactivePower [0..1] |1 +PowerElectronicsUnit
+ maxQ: ReactivePower + ratedS: ApparentPower [0..1]
+ minP: ActivePower + ratedu: Voltage [0..1]
+ minQ: ReactivePower
RotatingMachine 0
+ hine N
+ actor: Float [0..1] o -
" G a
+ ratedS: ApparentPower [0..1]|1.. +GeneratingUnit eneratng
+ ratedu: Voltage [0..1]
«enumerations
SynchronousMachineKind
generator
. r - e condenser
synchronousMachine ynchronousMachine e
+ nominalFrequency: Frequency [0..1] + maxQ; ReactivePower [0..1] motor
+ nominalSpeed: RotationSpeed [0..1] + minQ: ReactivePower [0..1] generatorOrMotor
+ qgPercent: PerCent [0..1] CCOEIE Sz
+ type: synchronousMachinekind generatorOrCondenserOmotor
1..* | +InitiallyUsedBySynchronousMachines
IdentifiedOb ject
CurveData Curve

+CurveDatas !

curveStyle: CurveStyle
XUnit: UnitSymbol
Y1Unit: Unitsymbol
y2Unit: UnitSymbol [0..1]

+ xvalue: Float
+ ylvalue: Float 1.0 +Curve
+ y2value: Aoat [0..1]

+ o+ o+

0..1 | +InitialReactiveCapabilityCurve

«enumeration»
CurveStyle ReactiveCapabilityCurve

constantYValue
straightLineYValues

LTDS deviation from CGMES

LTDS extension to CGMES
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class EquipmemProIiIeGenera(ingUnil/

CGMES v3.0

PowerElectronicsConnection,

+RotatingMachine

neleg |+PowerElectronicsConnection 01

+PowerElectronicsuUnit

PowerElectronicswindunit

Equipment «enumeration»
Ge ontrolSource
4 unavailable
offAGC
PowerElectronicsUnit AT
+  maxP: ActivePower [0..1] ‘ e plantControl
+ minP: ActivePower [0..1] 0.1 | +HydroPump HydroPumps | 0.*

i

Generatingunit

+HydroPowerPlant |0..1

BatteryUnit

+ ratedE: RealEnergy

Power

genControlSource: GeneratorControlsouree [0..1]
governorSCD: PerCent [0..1]
longPF: Float [0..1]

PhotoVoltaicUnit

HydroPowerPlant

+ hydroPlantstorageType: HydroPlantstorageKind

1
+RotatingMachine

“+HydroPowerPlant | 0..1
0.1

1

«enumeration»
HydroPlantStorageKind

GrossToNetAc

+Generatingunit
Curvel, GrossToNetActivePowerCurves

+HydroGeneratingUnits | 0.." +G Jnit

ActivePower [0..1]
maxOperatingP: ActivePower
minOperatingP: ActivePower
nominalP: ActivePower [0..1]
ratedGrossMaxP: ActivePower [0..1]
ratedGrossMinP: ActivePower [0..1]
ratedNetMaxP: ActivePower [0..1]
shortPF: Float [0..1]

startupCost: Money [0..1]
startupTime: Seconds [0..1]
totalEfficiency: PerCent [0..1]
variableCost: Money [0..1]

R PR U

ranoRver A AR
e «enumeration» HydroGeneratingunit
HydroTurbinekind
Siolgag . + dropHeight: Length [0..1] NuclearGeneratingunit
e + energyConversionCapability: HydroEnergyConversionkind [0..1]
pelton + turbineType: HydroTurbineKind [0..1]
kaplan
HydroEnergyConversionKind JdentifiedObjec
«enumeration»
FossilFuel B
1T
gi:fl’inﬂéceneralur FuelType +FossilFuels +ThermalGeneratingUnit ThermalGeneratingunit
pUIE + fossilFuelType: FuelType [—
coal 0. 1
oil
gas PowersysemResoure)] _0-1 +ThermalGeneratingunit
ignite
hardCoal CAE +CAESPlant 0.1
oilshale
brownCoallignite FowersystemResource)_0-1 +ThermalGeneratingUnits
coalDerivedGas
e CombinedCyclePlant | “compinedcycleplant 0.*
i 0.1 +ThermalGeneratingunits
Power: -
CogenerationPlant |, cogenerationPlant 0.*
oW e
+SolarPowerPlant 0.*
«Europeans SolarG: i
SolarPowerPlant [~ ™o arGener nits
«enumeration»
‘WindGenunitKind
W o 0. ‘WindGi
@i «Europeany P
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GeneratorControlSource
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% GeneratingUnit
+ maxOperatingP: ActivePower [0..1]
|Power IEﬂlnni(sUni[l ‘ HydroPump + minOperatingP: ActivePower [0..1]
+ ratedNetMaxP: ActivePower
+ maxP: ActivePower
«LTDSnotDefined»
+ genControlSource: GeneratorControlSource [0..1]
+ governorSCD: PerCent [0..1]
(GrossToNetActivePowerCurve. + longpF: Floar [0.1] ) -~
+ maximumAllowableSpinningReserve: ActivePower [0..1]
+ nominalP: ActivePower [0..1]
+ i [0..1]
HydroGeneratingunit + ratedGrossMinP: ActivePower [0.
HydroEnergyConversionKind HydroTurbineKind + shortPF: Float [0..1]
«LTDSnotDefined + startupCost: Money [O.
+ dropHeight: Length [0..1] + startupTime: Seconds [0..1]
+ energyConversionCapability- HydroEnergyConversionKind [0..1] > totalEfficiency: PerCent [
+ turbineType: HydroTurbineKind [0..1] + variableCost: Money [0..1]

CombinedCyclePlant

«Europeany
@ i Solar
«Europeans

WindGenUnitKind

«enumerations
WindPowerPlant

WindGeneratingUnit

«LTDSnotDefined»
+ windGenUnitType: WindGenUnitKind

LTDS extension to CGMES
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o + energystorageCapacity: RealEnergy

GB:

BioFuelKind
«GBy 1

anaerobicGas Th ~+BioFuel
landfillGas
sewageGas «CBr 0." 4 ThermalGeneratingUnit
biomass + bioFueType: BoFuelKind
other

33



Report - LTDS Data Exchange Specifications

This diagram shows the generation-related portion of the Short Circuit profile:

class ShorCircuitProfileRegulatingCondEq /

CGMES v3.0

‘onductingEquipme |

EnergyConnection

ShuntCompensaror

RegulatingCondEq

«enumeration»

«Description»
ExternalNetworkinjection

iksecond: Boolean [0..1]
maxInitialSymShCCurrent: CumentFlow
maxROToXORatio: Float
maxR1ToX1Ratio: Float
maxZ0ToZ1Ratio: Float
mininitialSymShCCurrent: CunentFlow
MinROTOXOR: Float
minR1ToX1Ratio: Float
minZ0ToZ1Ratio: Float
voltageFactor: PU [0..1]

bk b bk

RotatingMachine

shortCircuitRotorKind

salientPolel
salientPole2
turboSeries1
turboSeries2

«Descriptions
AsynchronousMachine

«Description»
SynchronousMachine

converterFedDrive: Boolean
efficiency: PerCent

ialrRatio: Float

polePairNumber: Integer
ratedMechanicalPower: ActivePower
reversible: Boolean
rxLockedRotorRatio: Float [0..1]

SR

PR

earthing: Boolean

earthingStarPointR: Resistance [0..1]
earthingStarPointX: Reactance [0..1]
ikk: CurrentFlow [0..1]

mu: Float [0..1]

I Resistance

r0: Resistance

r2: Resistance

satDirectSubtransX: PU

satDirectSyncX: PU [0..1]
satDirectTransX: PU [0..1]
shortCircuitRotorType: ShonCirasitRotorkind [0..1]
voltageRegulationRange: PerCent [0..1]
X0: Reactance

x2: Reactance

LTDS deviation from CGMES

Equipment
ConductingEquipme.

JA

r

‘ Shunl(‘ompfnsatar}—[>"

RegulatingCondEq

«Description»
ExternalNetworkinjection

«enumeration»

RotatingMachine
ShortCircuitRotor}

AN

»

AN

7

«Description»

AsynchronousMachine

«Description»
synchronousMachine

LTDS extension to CGMES
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These diagrams show the shunt and static VAr compensator-related portions

Equipment and Short Circuit profiles:

of the

class Equi ofile: /

CGMES v3.0 e

771 | +RegulatingCondEq

0.1 +RegulatingControl

1.1

RegulatingCondEq

0.7

Reg
on(rm

+Terminal

StaticVarCompensator

ShuniCompensator

+ capacitiveRating: Reactance

+ inductiveRating: Reactance

+ slope: VoltagePerReactivePower
«deprecated»

+ svCControlMode: SVCControlMode [0..1]

avRDelay: Seconds [0..1]
grounded: Boolean [0..1]
maximumSections: Integer
nomu: Voltage
normalSections: Integer

P —

+ voltageSetPoint Voltage [0..1] voltageSensitivity: g

[0.1]

«enumeration,... I%

svccControlMode

LinearShuntCompensator

reactivePower

voltage + bPerSection: Susceptance

+ gPerSeaion: Conductance

huntC Point

+ b:Susceptance

I +NonlinearshuntCompensator

+ g Conductance +NonlinearShuntC

Points 1

NonlinearShuntCompensator

+ sectionNumber: Integer

LTDS deviation from CGMES

StaticVarCompensator

«LTDSnotDefined, deprecated»
+ sVCControlMode: SVCControlMode [0..1]
+ voltageSetPoint: Voltage [0..1]

LTDS extension to CGMES

class ShortCircuitProfileShuntCompensator ,/

CGMES v3.0

«Description
LinearShu ntCompensator

«Descriptions
huntC: Point

+ bOPerSection: Susceptance
+ gOPersecion: Condudance

+ bO: Susceptance
+ g0: Conductance

LTDS deviation from CGMES

ShuntCompensator

«Descriptions
LinearShuntCompensator

«Descriptions
huntC Point

LTDS extension to CGMES
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This diagram shows the limit-related portion of the Equipment profile:

class FquipmentProfileOperationallimitSet /

CGMES 3.0

«enumeration,Europe...
LimitKind

«enum, Europeans
patl

patlt

tatl

w + sequenceNumber: Integer
et

highVoltage +Terminal/]\ 1 4
lowVoltage
operationalvoltagelimit Terminal
IdentifiedObject Gl iz

warningVoltage
OperationalLimitType
P P! stability

AcCDCTerminal

+ phases: PhaseCode [0..1]

+OperationalLimitset 0..*
+OperationalLimitSet

+ acceptableDuration: Seconds [0..1]
+ direction: OperationalumitDirectionkind | - operationalLimitType g+
+ isinfiniteDuration: Boolean -

IdentifiedObjea
OperationalLimitSet

IdentifiedObjea 0.
fe) e jrmit

+Operationallimitvalue 1

+OperationalLimit

«European> )

+ kind: LimitKind +OperationalLimitSet

+Equipmenty| 0.1

«enumerations ActivePowerLimit ApparentPowerLimit
OperationalLimitDirectionKind
+ normalvalue: ActivePower + normalValue: ApparentPower i
high Equipment
Inhw - N ; B + aggregate: Boolean [0..1]
absolutevalue CurrentLimit VoltageLimit + normallyinsence: Boolean [0..1]

+ normalValue: CumentFlow + normalValue: Voltage

LTDS deviation from CGMES

OperationalLimitSet.Equipment
assodiation is <<LTDSnotDefined>>

LTDS extension to CGMES

OperationalLimitSet

OperationalLimitType

«GB» From: MonthDay
+ transformerReverseFlow: Boolean [0..1] + validTo: MonthDay




Report - LTDS Data Exchange Specifications

This diagram shows the portion of the Equipment profile which supports the containment of
grid equipment in facilities and regions:

class

/

CGMES 3.0

PowerSystemResource.

| £Connectivi ontainer ..+
Connec
Connec
1 +ConnectivityNodes - et
GeographicalRe
quil + 0.1
EquipmentContainer +Region/\1
+ aggregate: Boolean [0..1] 0.7 .
- +EquipmentContainer
+ normallyinSenice: Boolean [0..1] quip
+Regions | 0.
0.+ +Region
Line Objea
fLines 0.1 |sybGeographicalRegion
ItageLevels ! 0.+  +Region
ConductingEquipme | VoltageLevel - = Substation
0. F, i
+ConductingEquipment | 0..* + imit: Voltage [0..1] ItageLevel 0.+
+ lowVolagelimit: Voltage [0..1]

%‘1 Bay
0..* [+VoltageLevel ays

+Basevolage \/0.1 !

+BaseVoltage

BaseVoltage

+ nominalVoltage: Voltage

LTDS deviation from CGMES

EquivalentNetwork

Voltagelevel

ConnectivityNode.ConnectivityNodeContainer
assodiation is < <LEDSnotDefined>>

«LTDSnotDefined»
+ highVoltagelimit: Voltage [0..1]
+ lowVoltagelimit: Voltage [0..1]

LTDS extension to CGMES

+PowerSystemResources !
- +PSRType

0.1
+AdditionalGroupedEquipment N
E - >|E
Jo. +Additi i ontainer J
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This diagram shows the Geographical Location profile:

class Geographicall ocationProfile /

CGMES v3.0

IdentifiedObject

+ mRiDisting <<
+ name:sting [0..1]

f

Location

+Locations

| |Coordinatesystem

+ mainAddress: StreetAddress [0..1]

0." +CoordinateSystem

+Location 0..*

+ crsUrn: String

WorkLocation

Servicelocation

+H Attt

code: String [0..1]

+Power: es ]
1 +Location
Equipment
«Compound»
StreetAddress
+ language: String [0..1]
+ poBox: String [0..1]
+ postalCode: String [0..1]
+ status: Status [0..1]
+ streetDetail: StreetDetall [0..1]
+ townDetail: TownDetail [0..1]
«Compound» «Compounds «Compoundx»
Status. StreetDetail TownDetail
+ dateTime: DateTime [0..1 addressGeneral: String [0..1] + code: String [0..1]
+ reason: String [0..1] addressGeneral2: String [0..11| |+ country: String [0..1]
+ remark: String [0..1] addressGeneral3: string [0..1] + name: string [0..1]
+ value: string [0..1] buildingName: string [0..1] + section: String [0..1]
+

stateOrProvince: String [0..1]

flooridentification: String [0..1]
name: string [0..1]

number: String [0..1]

prefix: String [0..1]

suffix: string [0..1]
suiteNumber: String [0..1]
type: String [0..1]
withinTownlimits: Boolean [0..1

1~ +PositionPoints

PositionPeint

[T

sequenceNumber. Integer [0..1]
xPosition: String

yPosition: String

ZzPosition: string [0..1]

LTDS deviation from CGMES

Location

«LTDSnotDefined»

+ mainAddress: StreetAddress [0..1]

Compound»

StreetAddress
Compound» Compounds. «Compounds
Status StreetDetail TownDetail

WorkLocation

ServiceLocation

LTDS extension to CGMES

IdentifiedObject

+ desaiption: String [0..1]

1.3.3.2 Situation profile group

Taken as a whole, the 8 diagrams of this section describe the LTDS Steady State Hypothesis

profile. Note that an anomaly in CIM and CGMES profiling has left multiple Equipment subtype

classes out of the Steady State Hypothesis UML profile. All Equipment subtype classes should

be present in the Steady State Hypothesis profile and should

inherit the required

cim:Equipment.inService attribute. Notes have been put on diagrams to identify these

classes.
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This diagram shows the building block-related portion of the Steady State Hypothesis profile:

class SteadyStateHypothesisProfileBuildingBlock /

CGMES v3.0

PowerSystemResource

IdentifiedObject |

+ mRID: String

§

ACDCTerminal

+ conneded: Boolean

Equipment

+ inService: Boolean

ConductingEquipme;

«Description»
Terminal

LTDS deviation from CGMES

AcCDCTerminal

«Description»
Terminal

LTDS extension to CGMES

This diagram shows the portion of the Steady State Hypothesis profile which relates to

conducting equipment, control and external modelling:

class SteadyStatet isPr

ontrolExternal /

CGMES v3.0

Because Equipment is concrete, the .inservice attribute of the
foll owing concrete classes shown on the Equipment profile
diagram corresponding to this diagramare considered to be
included in the SteadyStateHy pothesis profile:

¢ Busbarsection

Clamp

Ground

EquivalentBranch

EquivalentShunt

Junction

SeriesCompensator

The same is true of the following classes shown as concrete on
other Equipment profile diagrams

e ACLineSegment

*  PowerTransformer

IdentifiedObjed
PowerSystemResource,

Equipment

«Description»
RegulatingControl

+ inService: Boolean

FRr——

discrete: Boolean

enabled: Boolean
maxAllowedTargetValue: Float [0..1]
minAllowedTargetvalue: Float [0..1]
targetDeadband: Float [0..1]
targetValue: Float
targetValueUnitMultiplier- UnitMultiplier

EquivalentEquipmen

«Description»
Equivalentinjection

p: ActivePower

q: ReactivePower
regulationStatus: Boolean [0..1]
regulationTarget: Voltage [0..1]

[LTDS deviation from CGMES

[LTDS extension to CGMES
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This diagram shows the switching device-related portion of the Steady State Hypothesis

profile:

class SteadyStateHypothesisProfileSwitch /

CGMES v3.0

vy
«Descriptions
Disconnector

«Description»
Fuse

Equipment

+ inService: Boolean

«Descriptiony
Switch

+ locked: Boolean
+ open: Boolean

«Description»
GroundDisconnector

A\

N\

Protectedswitch

A\

«Description»
Breaker

LoadBreakSwitch

«Descriptions

«Description»

Jume «Description»

DisconnectingCircuitBreaker

LTDS deviation from CGMES

«Descriptions
Switch

«LTDSnotDefineds
+ locked: Boolean

LTDS extension to CGMES

This diagram shows the transformer tap changer-related portion of the Steady State

Hypothesis profile:

class SteadyStateHypothesisProfileTapChanger /

CGMES v3.0

PowersystemResource
TapChanger

+ controlEnabled: Boolean
+ step: Float

«Description» | PhaseTapChanger |
RatioTapChanger % % l%

RegqulatingControl

«Descriptions
PhaseTapChangerLinear

«Description»
PhaseTapChangerTabular

PhaseTapChangerNonLinear|

«Descriptiony
TapChangerControl

«Description»
PhaseTapChangerSymmetrical

«Descriptions
PhaseTapChangerAsymmetrical

[LTDS deviation from CGMES

[LTDs extensions to CGMES
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This diagram shows the load-related portion of the Steady State Hypothesis profile:

class Steady y isProfileEnergy /

CGMES v3.0

Equipment

+ inService: Boolean

ConductingEquipment|

EnergyConnection

«Description»
EnergyConsumer

+  p: ActivePower
+ q: ReactivePower

I

«Description»
ConformLoad

«Description»

«Description»
NonConformLoad

StationSupply

LTDS deviation from CGMES

«Descriptions

«Descriptions
NonConformLoad

ConformLoad

«Description»
StationSupply

LTDS extension to CGMES

These diagrams show the generation-related portion of the Steady State Hypothesis profile:

class SteadyStateHypothesisProfileRegulatingCondEq /

CGMES v3.0

Equipment

+ inService: Boolean

«Description»
RegulatingCondEq

+ controlEnabled: Boolean

«Description

ExternalNetworkinjection

«Description»
PowerElectronicsConnection

+ p: ActivePower
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+ q: ReactivePower generator
generator condenser
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LTDS deviation from CGMES

«Descriptiony
ExternalNetworkinjection

LTDS extension to CGMES
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class anngunn/

CGMES v3.0

following Equipment profile concrete classes are also

«  HydroPump

s PowerElectricalChemicalUnit
s PowerElectronicswindunit

. PhotoVoltaicUnit

Because Equipment is concrete, the .inservice attributes of the

considered to be included in the SteadyStateHy pothesis profile:

Equipment

+ inService: Boolean

PowerElectronicsUnit

«enumerations «Descriptiony
BarteryStateKind Batteryunit
discharging + batterystate: BatteryStateKind
full + storedE: RealEnergy
waiting
charging
empty

«Description»

+ mormalPF: Float

«Description»
HydroGeneratingUnit

«Descriptions
ThermalGeneratingUnit

«Descriptions
SolarGeneratingUnit

«Descri

WindGenerai

LTDS deviation from CGMES

BatteryUnit

«LTDSnotDefined»
+ batteryState: BatteryStateKind

LTDS extension to CGMES

GeneratingUnit

«NC,Descriptions
GeothermalGeneratingUnit

This diagram shows the shunt and static VAr compensator-related portions of the Steady

State Hypothesis profile:

class y T

/

CGMES v3.0

Equipment

+ inService: Boolean

EnergyConnection

«Descriptions
RegulatingCondEq

+ controlEnabled: Boolean

i

i

«Description»
StaticvarC

ShuntCompensator|

+ q: ReactivePower

+ sections: Float

«Description»

earShuntCompensator

«Descriptions
NonlinearShuntCompensator

[LTDS deviation from CGMES

[LTDS extension to CGMES
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This diagram shows the limit-related portion of the Steady State Hypothesis profile:

class SteadyStateHypothesisProfileOperationallimitSet /

CGMES v3.0

IdentifiedObgct
OperationalLimit
[\

«Description»
ActivePowerLimit

«Descriptions
ApparentPowerLimit

+ value: ActivePower

+ value: ApparentPower

«Description» «Description»
CurrentLimit 'VoltageLimit
+ value: CurrentFlow| |+ value: Voltage

LTDS deviation from CGMES

«Description»

ActivePowerLimit VoltageLimit

«Descriptions ‘

LTDS extension to CGMES

1.3.3.3 Solution profile group

The two diagrams of this section describe the LTDS Topology profile and the LTDS
StateVariables profile.

This diagram shows the Topology profile:

class TopologyProfile /

CGMES v3.0

identifiedObject

+ description: String [0..1]

+ MRID: String

+ name: String [0..1]
«European, deprecateds
+ energyldentCodeFic Suing [0..1]
+ shortName: String [0..1]
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0.
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Equipment
*L/_M“W,mge o +TopologicalNode
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Equipment Equipment
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1 +Ti INod:
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LTDS deviation from CGMES
aDescriptions ACDC Terminal
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\ J S
DCTopalogicalNode DCBaseTerminal

«Descriptions
DCTerminal
«Descriptions
ACDCConverterDCTerminal
sDescriptions
Terminal

LTDS extension to CGMES
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This diagram shows the State Variables profile:

class StateVariablesProfile

CGMES v3.0

IdentifiedObject
> mRib string <

> + name: String

+DCTopologicalisland 1"\'#
DCT

| P 2| DCTe | ACDCTerminal
L1 +DCT
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SvPowerFlow !
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1
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0.1 ! + qinjection: ReactivePower [0..1]
+AngleRefTopologicalNode
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svstatus st !
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Equipment ?
Svswitch +Swswitch +switch
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+SvShumCompensatarSections Pl
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+ gamma: AngleDegrees | | + uv: Voltage

LTDS deviation from CGMES

| LTDS extension to CGMES

1.3.3.4 System Capacity profile

This diagram describes the LTDS System Capacity profile. It is an LTDS extension profile.

class SystemCapacityProfile /

LTDS extension to CGMES

wenumeration,GBs
shoriCircuitFaulikind
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1.3.3.5 Diagram Layout profile

This diagram describes the LTDS Diagram Layout profile.

class DiagramLayoutProfile /

CGMES v3.0

identifiedObject

+ description: String [0..1]

—— [+ mRD Suing <J}——— Dpiagramstyle
+ name: String
. 0.1 /\+Dlagramstyle
0..1|+IdentifiedObject
0..* | +Diagram
Diagram

VisibilityLayer ‘
+ orlentation: OrlentationKind
+ drawingOrder. Integer [0.. I[‘\ + x1initialView: Float [0..1]
- View. Float [0..1]
+ ylinmalview: Float [0..1]
+ y2InitialView: Float [0..1]

1 /\+Diagram
+VisibleObjects | 1
0.* |+DiagramObjects 0..* | +DiagramElements

+VisibilityLayers |0

+DiagramObjectstyle 0
) Osgamobjecsite_0.of Diagramobject RO
—— 0] StyledObjects| . grawingorder: Integer [0..1] Orlentationkind
+ IsPolygon: Boolean [0..1] positive
£ offserx: Float [0..1] negative

Ol
DlagramobjectPoint |, piagramobjecrpoints 1|+ offsexY: Float [0..1]
+ sequenceNumber: integer [0 u%‘ + rotation: AngleDegrees [0..1]

+Diagramobject
+ xPosition: Float
+ yPosition: Float
+ zPosition: Float [0..1]

2..*| +Diag ObjectPoints TextDiagramObject
0..1\// +DiagramobjectGluePoint L4 _teae

DiagramObjectGluePoint
|

LTDS deviation from CGMES
Idemtifiedobject |

< name: Stiing ln,.ui

LTDS extension to CGMES

Appendix 1 - LTDS Information Model and Profiles contains the .eap file in which all three of

the layered profiles (as well as the LTDS information model) are described. The lower two
packages in the Appendix_1_CIM100v111_UK_LTDS_AllIProfiles_3July2023pab2.eap file
contain profile definitions:

e The CGMES v3.0 profiles are in the TC57CIMProfiles package

e The two LTDS “difference” profiles are in the LTDSProfiles package.

4 EI Model
> (=] TC570IM
p [l EuropeanCIMExtensions
b LTDSInformationModel
b [B] TC57CIMProfiles
b [2] LTDSProfiles

The underlined sub-packages of the IEC61970Profiles package contain the UML profile
definitions used by CGMES v3.0:
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(4 £1 1EC61970Profiles M

4 21 1EC61968Profiles

\ » £33 GeographicalLocationProfile)

4 53 part4s2
b E:l CoreEquipmentProfile
p £ OperationProfile
b 21 ShortCircuitProfile
4 3 part453
p £ DiagramLayoutProfile
4 53 Part4s6
b E:l SteadyStateHypothesisProfile
p O TopologyProfile
b 1 StateVariablesProfile
b B3 Part457
b E3 Parte002

4 51 part13

The LTDS “difference” profiles are defined in the RequiredProfiles sub-package of the

LTDSProfiles package:

4101 LTDSProfiles N

\.

41 RequiredProfiles

LTDSdeviationCGMESEquipmentProfile
LTDSextendedEquipmentProfile
LTDSdeviationCGMESShortCircuitProfile
LTDSextendedShortCircuitProfile
LTDSdeviationCGMESGeographicallLocationProfile
LTDSextendedGeographicallLocationProfile
LTDSdeviationCGMESSteadyStateHypothesisProfile
LTDSextendedSteadyStateHypothesisProfile
LTDSdeviationCGMESTopologyProfile
LTDSdeviationCGMESStateVariablesProfile
LTDSSystemCapacityProfile

LTDSdeviationCGMESDiagramLayoutProfile

1.3.4 Constraints

CIM RDFS profiles are critical to the definition of data to be exchanged, but their capability

to support validity checking is fairly limited.

RDFS profiles are good for defining a scope of data that has understood, shared meaning and

providing the structure to which that data must conform. An RDFS profile can:
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Specify the classes, attributes and associations for which there is a defined
meaning

Specify allowed attribute values for certain datatypes (booleans, enumerations)
Specify that an attribute must be populated (i.e., it is required) or may be
populated (i.e., it is optional)

Specify that an association must exist

Specify an upper bound on the number of instances of an association that may
exist

Require that an object exists, but only by means of a required association.

There are many other types of requirements that RDFS profiles cannot express. They include:

The allowed value (or value range) for an attribute

The conditions under which an optional attribute must be populated

The conditions under which an optional association must be present

The number of associations (within the allowed multiplicity range) that must or
may be present and under what conditions

The number of objects of a given class must be present in a data exchange

The ability to specify these more involved data requirements is an essential pre-requisite to

validating exchanged grid model data. Constraint languages - like Shapes Constraint

Language (SHACL) or Object Constraint Language (OCL) - are the vehicle by which these

more specific, more complex data requirements are described. Typically, constraints are

defined in conjunction with every profile, both standard profiles and local implementation

profiles. Constraints are also described for combinations of profiles, which are used in

validating models containing data conforming to multiple profiles. The set of constraints to

be used in validating LTDS grid model data exchanges currently includes a selected subset

of CGMES v3.0 constraints, and ultimately will include both those and a set of LTDS-specific

constraints:

IEC standard profile constraints
CGMES v3.0 profile constraints y subset of CGMES v3.0 profile constraints

combined constraints

CIM and CGMES standard profile constraints ‘ LTDS profile constraints

used for LTDS validation

constraints used to validate LTDS CIM XML data files

A note on CGMES current practice for SHACL constraints: To allow all cardinality and value

validation to be done using one rule source, CGMES v3.0 includes SHACL constraints which

duplicate the RDFS definitions regarding attribute and association cardinality and attribute
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datatype. These constraints are generated from the RDFS profile definitions. This practice

will be followed when the LTDS constraints are defined.

A document containing a table of the subset of CGMES v3.0 profile constraints used by LTDS

is provided in Appendix 9 - LTDS Constraint Descriptions. Machine-readable versions of the

constraints can be found in Appendix 7 — LTDS Constraints in SHACL.

1.3.5 Creating CIM XML for LTDS and CGMES v3.0

It is recognised that tools with CGMES v3.0 interfaces might want to read a file produced
primarily for LTDS purposes. To enable this, a special type of CIM XML file, conforming to
both CGMES v3.0 and LTDS profiles and containing both CGMES v3.0 and LTDS data, needs

to be created by the producing tool.

In CIM-based data exchanges, the interface of a consuming application is designed to receive
and process data conforming to a specific profiles or set of profiles. Because the CIM XML file
is expressed in RDF/XML, a consuming application can simply ignore data it doesn’t
understand - data not defined by the profiles it is designed to consume - without affecting
the readability of the data which it does expect. This feature of RDF/XML (and other graph-
based data exchange syntaxes) means that a CIM XML file conforming to both a CGMES v3.0
profile and an LTDS profile can be read by a consuming application designed to receive data

that conforms to one of the profiles, to the other of the profiles, or to both profiles.

Creation of the special type of CIM XML file depends on conditions being satisfied by both the
producing tool and the grid modeller:
e The modelling tool producing the CIM XML file needs to:
o Internally support all required LTDS and CGMES v3.0 data
o Be capable of exporting a file:

» Whose data conforms to the union of CGMES v3.0 profile
requirements and final merged LDTS profile requirements. (The
union is essentially the most stringent expressed by either profile.)

» That identifies both profiles with a md:Model.profile record in its
header.

e The grid modeller needs to ensure that all data required by either LTDS or CGMES
v3.0 is populated. (See the Modelling aligned with CGMES v3.0 constraints section
of the LTDS Grid Modelling Guidelines.)
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1.4 LTDS Serialisation

In CIM-based data exchanges, serialisation is the process of readying data for exchange. It
includes:
e Creating context information for the data being shared and

e Expressing data in a particular syntax (format)

The IEC 61970-552 standard??® specifies serialisation conventions - for both context and
syntax - to be used by CIM-based grid model data exchanges. The syntax called for by IEC
61970-552 is RDF/XML. Grid model data context is defined by IEC 61970-552 in the form of

a header whose structure is described in UML.

The IEC 61970-552 standard is currently under revision, with the next version promising
major improvement in the definition of context. The planned improvements will support
accurate, detailed modelling of grid model context in machine-readable form. They will also

implement the metadata features recommended by Ofgem?* and others as data best practice.

This proposed version of the LTDS Data Exchange Specifications calls for serialisation
according the existing IEC 61970-552 standard. If the revisions to IEC 61970-552 are
complete by the end of consultation, the intent is to revise this document to leverage the

new approach to context definition.

LTDS grid model data exchange requires that context be defined sufficient to organise the
data exchanges shown below. The header described by IEC 61970-552 is used to supply
some of the organisational information. A variety of other mechanisms are used to supply
the remainder of the context required to organise LTDS data. They include:

e The grouping of files into .zip files

e .zip file naming conventions

e The presentation of collections of .zip files on websites.

23 TEC 61970-552:2016 | IEC Webstore
24 Consultation on updates to Data Best Practice Guidance and Digitalisation Strategy and
Action Plan Guidance | Ofgem
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Starting from the top and moving down into lower organisational levels, the context for the

provision of LTDS grid model data is defined using the following:

A web page location allows the LTDS data for a licence area to be identified. (This

corresponds to the upper green area on the diagram above.)

Within the web page, links to .zip files whose names follow specific naming

conventions allow the identification of the following sets of grid model information:

o The National Electricity Transmission System (NETS) Maximum Demand

“solved case”
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o The NETS Minimum Demand “solved case”
o The Existing System Capacity “case”
o The five Future Year System Capacity “cases”
o Planned grid Development Projects
(The links to .zip files correspond to the solid grey shapes in the diagram above.)
e Within each .zip file, there is one or more CIM XML files. CIM XML files can be
either Full Models (which are shown as white parallelograms with black borders in
the diagram above) or Difference Models (shown as white triangles with black
borders).
e Within each CIM XML file, the IEC 61970-552 header defines additional context

information.

The conventions to be followed in describing the context of LTDS grid model data are defined

below, with examples provided where appropriate.

.zip file naming

For the NETS Maximum Demand “solved case”

LTDS_<licence area>_<publication year>-<period>_GBMaximum_<date/time of maximum>h_v<version number>.zip
For the NETS Minimum Demand “solved case”

LTDS_<licence area>_<publication year>-<period>_GBMinimum_<date/time of minimum>h_v<version number>.zip
For the Existing System Capacity “case”

LTDS_<licence area>_<publication year>-< period>_SystemCapacity_Existing_v<version number>.zip
For the five Future Year System Capacity “cases”

LTDS_<licence area>_<publication year>-<period>_SystemCapacity_FY<yyyy>_v<n>.zip
For all “firm” future development projects

LTDS_<licence area>_<publication year>-<period>_<project ID>_v<version number>.zip

Where
e <licence area> is one of the following:

o EELC (for East England operated by UK Power Networks)
o EMEB (for East Midlands operated by National Grid Electricity Distribution)
o LOND (for London operated by UK Power Networks)
o MANW (for North Wales, Merseyside and Cheshire operated by SP Energy Networks)
o MIDE (for West Midlands operated by National Grid Electricity Distribution)
o NEEB (for North East England operated by Northern Powergrid)
o NORW (for North West England operated by Electricity North West)

o HYDE (for North Scotland operated by Scottish and Southern Electricity
Networks)
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o SPOW (for South and Central Scotland operated by SP Energy Networks)
o SEEB (for South East England operated by UK Power Networks)
o SOUT (for Southern England operated by Scottish and Southern Electricity
Networks)
o SWAE (for South Wales operated by National Grid Electricity Distribution)
o SWEB (for South West England operated by National Grid Electricity
Distribution)
o YELG (for Yorkshire operated by Northern Powergrid)
<publication year> is the 4-digit year of the publication
<period> is a 2-digit number reflecting the publication cycle number within the year
<date/time of maximum> and <date/time of minimum> are expressed in yyyy-mm-dd_hhmm
format
<version number> is 1 for the .zip file initially published in a publication cycle and is
incremented by 1 for any correction publication of the .zip file done thereafter in
the cycle
<yyyy> is a 4-digit future year
<project ID> is a unique identifier, not longer than 24 characters, for the project. The

project ID should persist through LTDS publication cycles.

.zip file content

For the NETS Maximum Demand “solved case” and NETS Minimum Demand
“solved case” .zip files, there are 4 CIM XML files with the following names and
contents:
o Physical.xml containing a Full Model with grid objects conforming to three
merged LTDS profiles (Equipment, Short Circuit and Geographical Location)
o DiagramLayout.xml containing a Full Model with grid objects conforming to
the merged LTDS Diagram Layout profile
o Situation.xml containing a Full Model with grid objects conforming to the
merged LTDS Steady State Hypothesis profile
o Solution.xml containing a Full Model with grid objects conforming to two
merged LTDS profiles (Topology and State Variables)
For the Existing System Capacity “case” .zip file and for each of the five Future
Year System Capacity “case” .zip files, there are 2 CIM XML files with the following
names and contents:
o Physical.xml containing a Full Model with grid objects conforming to three
merged LTDS profiles (Equipment, Short Circuit and Geographical Location)
o SystemCapacity.xml containing a Full Model with grid objects conforming

to the merged LTDS System Capacity profile
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e For each planned grid Development Project .zip file, there is one CIM XML file
called Physical.xml which contains a Difference Model whose grid objects are those
defined in three merged LTDS profiles (Equipment, Short Circuit and Geographical
Location).

CIM XML file content

The data described for the instance file header is based on CGMES v3.0. The CGMES v3.0 is
using the definitions defined in the IEC 61970-552. The UML diagram presented below
describes the header UML that is used by CGMES v3.0. The header information appears at

the beginning of every CIM XML file.

class Docu mentHeaderProfile/

+SupersededBy 0..*
emd»
| Model

«mds»

emds
created: DateTime
description: String

+Supersedes 0..% | +
+Depending 0..* | + modelingAuthorityset: URI

profile: URI [1..n]
scenarioTime: DateTime
version: 5tring

emds»
‘ +DependentOn 0..*

«dmp «md»
DifferenceModel FullModel
+ forwardDifferences: Statements [1..n] rags
+ preconditions: Statements [1..n] QUIDBasedOn = {59587B8B-1082-451f-929E-8107D1F936
+ reverseDifferences: Statements [1..n] nsprefix = md
rags nsuri = http:/ fiec.ch/TC57 /61970-552 [ModelDesai ption / 1#

QUIDBasedOn = {39132026-9039-4a3f-9961-71F5529CEAAT}
nsprefix = dm
nsuri = http://iec.ch/TC57/61970-552 /DifferenceModel/1 #

«Compound,rdfs
Statements

+ object: String
+ predicate: Sting
+ subject: String

The Model class defines the header information and the md:FullModel and
dm:DifferenceModel objects used in exchanges inherit the Model attributes and associations.
For LTDS it is defined that all the md:Model attributes, except .version, are required in both
the md:FullModel and dm:DifferenceModel objects of LTDS data exchanges. The .version is
attribute is considered optional. The md:Model.Supersedes association is not used by LTDS

and the md:Model.DependentOn association is conditional.
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A CIM XML file with a md:FullModel header supplies a “snapshot” of grid data reflecting a
given moment or condition. Grid instance data, conforming to one or more profiles, follows
immediately after the md:FullModel header object.

A CIM XML file with a dm:DifferenceModel header describes changes to grid data. The
changes are described by of two sets of grid model instance data embedded in the
dm:DifferenceModel header:

e One set of objects, and their attributes and associations, define items to be added
to an existing Full Model - these are the Statements of the
dm:DifferenceModel.forwardDifferences.

e A second set of objects, and their attributes and associations, define items to be
deleted from an existing Full Model - these are the Statements of the
dm:DifferenceModel.reverseDifferences.

Together they describe the net effect of a set of grid changes. The objects making up the
forward differences and reverse differences are CIM grid objects which conform to the class,
attribute and association structure defined by one or more profiles, although they cannot, on

their own, be expected to conform to the multiplicity rules specified by the profiles.

Full Models
In LTDS grid model data exchanges, a Full Model CIM XML file contains the following

statements:
<md:FullModel rdf:about="urn:uuid: ">
<md:Model.created > T Z</md:Model.created>
<md:Model.scenarioTime> T :00.000Z </md:Model.scenarioTime>
<md:Model.description> </md:Model.description>
<md:Model.modelingAuthoritySet> /Itds/ </md:Model.modelingAuthoritySet>

<md:Model.version> r717</md:Model.version>

<md:Model.profile>http://ofgem.gov.uk/CIM/LTDS/ </md:Model.profile>
<md:Model.profile>http://ofgem.gov.uk/CIM/LTDS/ </md:Model.profile>
<md:Model.DependentOn rdfiresource="#_ ">

</md:FullModel>

... grid objects ...
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The statements in are RDF and namespace definitions that appear in any CIM XML file

containing a FullModel.

The statements in blue are the md:FullModel definition, where the fields describe

the following:

In <md:FullModel rdf:about="urn:uuid: ">,
is the unique identifier of the FullModel expressed in Universally Unique
Identifier (UUID) form.

e In <md:Model.created> T Z</md:Model.created>,
T is the date/time that the Full Model was serialised.
e In <md:Model.scenarioTime> T :00.000Z</md:Model.scenarioTime>,

T is the date/time that the Full Model represents. The
conventions for its population in LTDS data exchanges are given in the table
below.

e In
<md:Model.description> </md:Model.description>,
is a free form text field containing a locally
meaningful description of the CIM XML file.
e In
<md:Model.modelingAuthoritySet> /ltds/ </md:Model.modelingAuthoritySet>

o is the URL of the DNO’s main website.

o is one of the following (same list as for .zip file names):
= EELC
= EMEB
= LOND
= MANW
= MIDE
= NEEB
= NORW
= HYDE
» SPOW
= SEEB
= SOUT
= SWAE
= SWEB
= YELG

In <md:Model.version> r17</md:Model.version>,
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is any text string a DNO chooses to use to represent a version. It is totally
unrelated to the version number appearing in the .zip file name.
In <md:Model.profile>http://ofgem.gov.uk/CIM/LTDS/ </md:Model profile>,
is one of the following:
= Equipment
» ShortCircuit
= GeographicallLocation
= DiagramlLayout
» SteadyStateHypothesis
= Topology
» StateVariables
= SystemCapacity
The conventions for its population in LTDS data exchanges are given in the
table below. Note that there may be one, two or three md:Model.profile
statements.
In <md:Model.DependentOn rdf:resource=# />,
is the unique persistent identifier of a Full Model on which this Full Model
depends. The conventions for its population in LTDS data exchanges are given
in the table below. Note that there may be zero to many

md:Model.DependentOn statements.
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.zip file CIM XML file | Full or header header header
Difference .DependentOn is .scenarioTime represents profile name(s)
Model UVUID of (to which grid object
content conforms)
NETS Maximum Physical Full Model -none- date/time of GB maximum demand | Equipment
Demand “solved ShortCircuit
case” GeographicallLocation
DiagramLayout | Full Model Physical Full Model in same as Physical DiagramLayout
same .zip file
Situation Full Model Physical Full Model in same as Physical SteadyStateHypothesis
same .zip file
Solution Full Model Physical and Situation Full | same as Physical Topology
Models in same .zip file StateVariables
NETS Minimum Physical Full Model -none- date/time of GB minimum demand Equipment
Demand “solved ShortCircuit
case” GeographicallLocation
DiagramLayout | Full Model Physical Full Model in same as Physical DiagramLayout
same .zip file
Situation Full Model Physical Full Model in same as Physical SteadyStateHypothesis
same .zip file
Solution Full Model Physical and Situation Full | same as Physical Topology
Models in same .zip file StateVariables
Existing System Physical Full Model -none- date/time for which Equipment
Capacity “case” SystemCapacity data is valid - a ShortCircuit
date close to the date of publication | GeographicalLocation
DiagramLayout | Full Model Physical Full Model in same as Physical DiagramLayout
same .zip file
SystemCapacity | Full Model Physical Full Model in same as Physical SystemCapacity
same .zip file
Future Year Physical Full Model -none- date/time for which Equipment
System Capacity SystemCapacity data is valid - a ShortCircuit
“case” date in the appropriate future year GeographicallLocation
DiagramLayout | Full Model Physical Full Model in same as Physical DiagramLayout
same .zip file
SystemCapacity | Full Model Physical Full Model in same as Physical SystemCapacity

same .zip file

57



Report — LTDS Data Exchange Specifications

Difference Models

In LTDS grid model data exchanges, a Difference Model CIM XML file contains the following
statements:

<dm:DifferenceModel rdf:about="urn:uuid: VU/D" >

<md:Model.created > yyyy-mm-dat hh:mm:nn.nnnZ</md:Model.created >
<md:Model.scenarioTime> yyyy-mm-daT hh:mm:00.000Z </md:Model.scenarioTime>
<md:Model.description> description of the set of changes</md:Model.description>
<md:Model.modelingAuthoritySet> ODNO website URL/Itds/licence area</md:Model.modelingAuthoritySet>
<md:Model.version>nn</md:Model.version>
<md:Model.profile>http://ofgem.gov.uk/CIM/LTDS/ profile name</md:Model.profile>
<md:Model.DependentOn rdf:resource="#_UU/D"/>
<md:Model.DependentOn rdf:resource="#_UU/D"/>
<dm:forwardDifferences parseType="Statements”

... grid object additions ...
</dm:forwardDifferences>
<dm:reverseDifferences parseType="Statements”>

... grid object deletions ...
</dm:reverseDifferences>

</dm:DifferenceModel>

The statements in are RDF and namespace definitions that appear in any CIM XML file
containing a Difference Model.
The statements in green are the Difference Model definition, where the light green fields
describe the following:
e In <dm:DifferenceModel rdf:about="urn:uuid: UU/0">, UU/D is the unique identifier of the
Difference Model expressed in Universally Unique Identifier (UUID) form.
e In <md:Model.created> yyyy-mm-daT hh:mm.nn.nnnZ</md:Model.created >, yyyy-mm-

daThh:mm:nn.nnn is the date/time that the Difference Model was serialised.
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e In <md:Model.scenarioTime> yyyy-mm-ddt hh:mn.00.000Z</md:Model.scenarioTime>,  yyyy-mm-
ddathh.mm is a date/time of relevance to the Difference Model. The conventions for
its population in LTDS data exchanges are given in the table below.

e In <md:Model.description> description of set of changes</ md:Model.description>, description of set
of changes is a free form text field containing a locally meaningful description of
what the set of changes in the CIM XML file represents.

e In <md:Model.modelingAuthoritySet> ODNO website URL/Itds/ licence
area</md:Model.modelingAuthoritySet>

o DNO website URL is the URL of the DNO’s main website.
o licence area is one of the allowed values from the list outlined for
the md:modelingAuthoritySet statement of a Full Model.

e In <md:Model.version> nn</md:Model.version>, nnis any text string a DNO chooses to use
to represent a version. It is totally unrelated to the version nhumber appearing in
the .zip file name.

e In <md:Model.profile>http://ofgem.gov.uk/CIM/LTDS/ profile name</md:Model.profile>, profile name
is one of the following:

o Equipment

o ShortCircuit

o GeographicallLocation
The conventions for its population in LTDS data exchanges are given in the table
below. Note that there may be one, two or three md:Model.profile statements,
depending on the nature of the grid change being described.

e In <md:Model.DependentOn rdfrresource="#_0U/D"/>, UU/D is the unique persistent
identifier of a Difference Model on which this Difference Model depends. The
conventions for its population in LTDS data exchanges are given in the table below.

Note that there may be zero to many md:Model.DependentOn statements.
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.zip file CIM XML Full or header header header
file Difference .DependentOn is .scenarioTime profile name(s)
Model UVUID of represents
individual Physical Difference other individual anticipated Development Equipment
Development Model Development Project Project ShortCircuit
Project Difference Models, if in-service date/time GeographicalLocation

any
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Common Grid Model Exchange Standard (CGMES)

The CGMES is a CIM-based profile and usage standards developed by the European Network
of Transmission System Operators for Electricity (ENTSO-E). Version 3.0 of CGMES (CGMES
v3.0) is described by IEC 61970-600-1:2021 and IEC 61970-600-2:2021.

Common Information Model (CIM)
The CIM is an information model described by IEC 61970-301:2020 and expressed in UML.
Its classes, attributes and associations provide the semantic model on which profiles are

based.

Common Information Model in Extensible Markup Language (CIM XML)
CIM XML is CIM-based instance data expressed in Extensible Markup Language (XML). For
grid model CIM XML, the RDF/XML syntax is typically used.

Difference Model
A Difference Model is an instance of a dm:DifferenceModel. It describes an update to a
FullModel. It is composed of
e a header which provides limited context information and
e two sets of CIM grid instance data, both of which conform to the same profile(s).
One set describes objects/attributes/associations to be added, the other set

describes objects/attributes/associations to be deleted.

Distribution Network Operator (DNO)
A DNO is a company that owns, operates and maintains an electric distribution network in

Great Britain.

European Network of Transmission System Operator for Electricity (ENTSO-E)
ENTSO-E is the European association for the cooperation of transmission system operators
(TSOs) for electricity.

Full Model
A FullModel is an instance of a md:FullModel(which is a header which provides limited context
information) along with a set of CIM grid instance data conforming to a profile or combination

of profiles.

High Voltage Direct Current (HVDC)

HVDC is direct current used for the bulk transmission of power at voltages above 100kV.
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International Electrotechnical Commission (IEC)
The IEC is an international standards organization that prepares and publishes international

standards for electrical, electronic and related technologies.

Long-Term Development Statement (LTDS)

The LTDS is a statement published by a DNO in Great Britain pursuant to provisions of
paragraph 25.2 and 25.3 of the electricity distribution licence granted to it under section
6(1)(c) of the Electricity Act 1989.

National Electricity Transmission System (NETS)

NETS the transmission grid in Great Britain, consisting of high voltage electric lines owned or
operated by transmission licensees within Great Britain, in the territorial sea adjacent to
Great Britain and in any renewable energy zone, and used for the transmission of electricity
from one generating station to a substation or to another generating station or between
substations or to or from any interconnector.

A profile, in CIM-based grid model data exchange, is a non-overlapping subset of CIM classes,

attributes and associations defined to organise grid model data and support a data exchange.

Profile
A profile, in CIM-based grid model data exchange, is a non-overlapping subset of CIM classes,

attributes and associations defined to organise grid model data and support a data exchange.

Resource Definition Framework / Extensible Markup Language (RDF/XML)
RDF/XML is a syntax, defined by the W3C, to express (i.e. serialize) an RDF graph (data
expressed as triples) as an XML document. In CIM-based implementations of grid model data

exchange, grid instance data is serialised into RDF/XML.

Resource Definition Framework Schema (RDFS)

RDFS is a W3C-defined language for representing the structure of a set of data.

Shapes Constraint Language (SHACL)
SHACL is a language for validating RDF graphs against a set of conditions. In CIM-based grid
model data exchange, the RDF graph is grid instance data expressed in RDF/XML.
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LTDS Information Model

e Appendix 1: LTDS Information Model and Profiles
This is the EnterpriseArchitect .eap file which includes LTDS information model and the

profiles, both required and optional.

e Appendix 2: LTDS Information Model Diagrams and Descriptions

This is a Word document with machine-generated diagrams from .eap showing the relevant
portions of the underlying information models (base CIM, European extensions, Network
Code extensions, and Great Britain extensions) with definitions for all Great Britain extension

classes, attributes, associations.

LTDS Profiles and Constraints

e Appendix 3: LTDS Profile Classes and Attributes
This is an Excel spreadsheet summarizing:

e (Classes and attributes used by LTDS

e LTDS vs CGMES profile classes and enumerations.

e Appendix 4: LTDS Layered Profiles
This is a Word document with machine-generated content from .eap with diagrams showing

each LTDS deviation and extended profile and including version information for each profile.

e Appendix 5: Short Circuit Result Profile
This is a Word document with machine-generated content from .eap including diagrams and

description of classes, attributes and associations of the short circuit result optional profile.

e Appendix 6: LTDS Profiles in RDFS

This is machine-generated information which represents the RDF schemas of all profiles.
RDFS is generated for individual profiles i.e., LTDS deviation profiles and LTDS extended
profiles as well as for merged profiles where the resulting RDFS is a merge of CGMES v3.0
RDFS, LTDS deviation profile and LTDS extended profile.

e Appendix 7: LTDS Constraints in SHACL
This is machine-generated information of SHACL based constraints. These constraints are
validating cardinalities of associations, attributes, their datatypes and relationship. SHACL

constraints are generated only for the merged profiles.
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e Appendix 8: Equivalent Infeed Impedance Calculations

In the previous version of LTDS the positive and zero sequence impedance parameters (R1,
X1, RO and X0) were explicitly specified. In this version of LTDS these values can be
calculated using the single and three phase fault current magnitudes and angles. This

appendix is a Word document which describes the equations to calculate impedances.
e Appendix 9: LTDS Constraint Descriptions

This is a Word document containing tables with descriptions of:
o Relevant CGMES v3.0 constraints
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