CIM for Generation Side

utilising CIM extensions to support effective power generation in a more

varied and complex generation ecosystem
SmartGrid Forum CIM2022, 2022-03-22
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This is Statnett

* Statnett SF is the Norwegian Transmission System Operator (TSO). Statnett
SF own, operates and maintains the high voltage power grid in Norway.

e
Regional 7‘ \Q/MJL‘/)‘

Control Centre ] /

* Statnett SF operates and owns about 11 000 km high voltage power line
and 166 power transformation substation.

Monitoring

* Statnett SF has the responsible for the power interconnection to Sweden, Center
Finland, Russia, Denmark, Germany, Great Britain and the Nederland's.

* Statnett SF has about 1300 employees and located all over Norway. Main
office is in Nydalen, Oslo.

* Statnettis a state enterprise owned by the Norwegian state through the ,
Ministry of Petroleum and Energy. ) T i

Control Centre
(south)

* Qur mission is securing power supply through operations, monitoring and = 3 N National
= Control Centre
preparedness, facilitating the realisation of Norway's climate objectives, =t
and facilitating creation of value for our customers and the society in

general.
The future is electric 2



Generation information exchange

Power System Analytic tools
Asset Management
Measurement

Fault handling

Operation Planning

System Development Planning

Statnett

The code families
Connection Operations Market
Demand Connection Code Operations Capacity Allocation & Congestion Management
Reguirements for Generatars Emergency and Restoration Forward Capacity Allocation

High Voltage Direct Current Connections

Electricity Balancing




Statnett
The IEC Common Information Model (CIM) -What

Is It?
» A set of standards in enable system integration and information

exchange based on a common information model

» A key differentiator: The CIM standards are based on a Unified
Modeling Language (UML) based information model representing real-
world objects and information entities exchanged within the value chain

of the electric power industry

* Provides common semantics for all information exchanges
» Referred to as Model-Driven Integration (MDI)
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Statnett
Coverage by semantic standards

KNX, BacNet,
Echonet,
Profibus,

OpenADR, SEP, ...
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Statnett
Standard interoperability

IEC Common Information Model
Common information model for power
electronic that cover power system,
CI M asset management and market
management.
IEC Substation Automation

Common communication

protocol for the complete S _
Cross discipline information model that

substation than handle - _ _ :
measurement. control and coverer buildings lifecycle involving

design, procurement, assemble and

operation.

ISO Building Information Model

protection.



IEC CIM Interface Reference Model (IRM) - Business

Functions
IEC 61968-1:2020
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Business Functions

Asset Management (AM)
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Catalogue Management (CM)
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Asset Record M anagement
(ARM)

Asset Management Planning
IAMP)
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Business Objects

Colour scheme

D Define in this package
[:] Define n another package

== AssetCompliance
Reporting
Compathlk Unis / Catalogue
____________ ‘::3 Data
]
I
i
Asset Work Re cords. |
i
:
- X Asset Data
———————————————————————————————— d-- =
]
_________________ ! T
\ '
Asset Work History ] '
! :
i
Aszet Maintenance | :
1
Plans 4! i ]
! !
0 i
/A ' I
! Work Orders X !
F------ foom===ac = X i
| : .
1 i 1
1 Il 1
| i '
_______ e i 1
1
____________________________________________ [
1
i
1
1
!
i
i
i
1

Budget Allbcation




Business Functions

Predictive Operation Planning (POP)
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Availability Request

Management (ARM)
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Energy Forecasting (EF)

Predictive Energy
Scheduling (PES)

R
A
Switch Action Scheduing
(5AS)

Business Objects

Colour scheme

Network Model

D Define in this package
D Define in another package

Availability Permission

Availability Schedule

Energy Forecast

Market Merit Order

_________ =
——————— I 1
| |
1 ]
U
_______ P e
_____ N
| | !
ot o e o e O o o e o ey s e )
1 i .
i 1 '
L cd oo alnoimks o oo o e i 0 o D) o O S O ) o 3 ) 3 (3 s
| 1 !
i | !
1 1 .
1 i '
bEoltomo oo s oo m o oo o i i i
1 1 !
i | -
1 | .
sspsssmeslssssssassssssssssssssasas
1 1 !
| | |
i ! -
1 1 .
1 1 '
1 1 '
: ! | | Operational Settings
- - Schedule
F=1===--r=--£=
i
) i
] 1

Switching Schedule

Energy Schedule

Unplanned Customer
Outage

Incident




Statnett
Name vs ldentifier

Core::ldentifiedObject

+ aliasName: String [0..1] ¢ mRI D

N ﬂf;gmgfr?n;tFon%}01l e Master resource identifier issued by a model authority. The mRID is

+ name: String [0..1] unique within an exchange context. Global uniqueness is easily
achieved by using a UUID, as specified in RFC 4122, for the mRID. The

use of UUID is strongly recommended.

ebf62dd6-eebe-4e2c-8ead-43a9c/d24078

* name

* The name is any free human readable and possibly non unique
text naming the object.

g



ISO/IEC 81346 !

Industrial systems, installations and equipment and industrial products —
Structuring principles and reference designations

RDS

Reference Designation System

k

The standard is often shortened to
“‘RDS”. In its most simple form it is used
to label (tag) systems within systems.

(Note that the exception is RDS-pp who is NOT
supported by IEC/ISO it is not a part of this series).




The product aspect is used to

highlight the constructional

relations (assembly) of the
m components of the object.

The function aspect is used
to highlight the functional
relations among the
components of the object.

The location aspect is used to
highlight the spalial relations
among the components of the
object.

IEC 1388/09

Core concept 1: Only view one
aspect of an object at the time.

I Product Aspect
B Functional Aspect
Location Aspect
Type Aspect




Inside a rl-lydropower Plant

o Dam ~ Powerhouse -
Reservoir -

Transformer

Intake Gate Penstock Turbine

Hydropower In Details | CsanyiGroup
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BasicintervalSchedule
——> Core:: Equipment,
RegularintervalSchedule Generatingunit
Equipment
+HydroPump HydroPump
1
HydroGeneratingUnit
0.x
+HydroPumpOpSchedule +HydroPumps
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http://www.csanyigroup.com/hydropower-in-details
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UML description a Hydro Turbine

IdentiffedObject
Assets-Assetinfo

IdentifiedObject
Assets:AssetDeployment

+ deploymentState: DeploymentStateKind [0..1]
+ deploymentDate: DeploymentDate [0..1]
+ likelihoodOffailure: Integer [0..1]

«deletex
+ breakerApplication: BreakerApplicationKind [0..1]
+ transformerAp, on: TransformerApplictionKind [0..1]
LITEETE - + facilityKind: FacilityKind [0..1]
AngleKind A
vertical |
horizontal \
‘0
\
\
\
«NEK» \
Turbineinfo A \
TurbineGovernorinfo \
«NEK» \‘
+ angleKind: AngleKind [0..1] «NEK» ) 1
+ ratedP: ActivePower [0..1] + WFEDEﬂQ"M'O"- string [0..1] «NEK»
+ inertia: Seconds [0..1] + minGovernorsCD: PerCent [0..1] TubineGovernorDeployment
+ minOperatingP: ActivePower [0..1] HeatTurbinelnfo + maxGovernorSCD: PerCent [0..1] _?\-\m,
+ nominalSpeed- RotationSpeed [0..1 R + getDroop: Boolean [0..1] - 0.1| «NEK»
+ typeDesignation: String [0..1] + putDroop: Boolean [0..1] + getLimitedFrequencysensitivity: Boolean [0..1]
+ supportislandMode: Boolean [0..1]
«NEK» “
HydroTurbinelnfo <NEK»
HydroTurbineGovernorinfo
«NEK»
+ supportReservoirLevelGoveming: Boolean [0..1]
By U.S. Bureau of Reclamation NEK»
WindTurbinelnfo
NEK» N i E i h i
e e (.01 orwegian Extensions that is
+ rotorDiameter: Integer [0..1]
+ firstShaftTorsionalResonanceFrequency: Integer [0..1]
+ shaftStiffnessConstant: Integer [0..1]

planned to be part of next edition of
61968-11, 61968-13 and 61968-4
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UML description a turbine dynamic stability

+HighPressuresynchronousMachineDynamics 0.1

+CrossCompoundTurbineGovernorDyanmics “rossCompoundTurbineGovernorDynamics

RotatingMachineDynamics
SynchronousMachineDynamics:

SURGE TANK +LowPressureSynchronousMachineDynamics 0.1

SynchronousMachineDynamics |
Dynamics ef the surge tank (osclfallons) : . 0 1 +CrossCompoundTurbineGovernorDynamics
+synchronousMachineDynamics, 0.

HEAD RACE

Byng
icg o the hagy face. p;

ExtEuldentifiedObject
Core::ldentifiedObject

Y

TAIL RAGE UserDefinedModels:: SIaF!dardMof.lels::
TurbineGovernorUserDefined DynamicsFunctionBlock

+ enabled: Boolean [0..1]

Dynamles of graft ube

GOVERHOR and the tall race {surgs wava) _
GovHydrolEEEQ
Dynamics of governor COMSUMER
GovHydrolEEE2

Dynamics of the haad race (surge waves)

Characteristics ol the Inlel regulating davice and the turbine

+TurbineGovernorDynamics
TURBINE/GENERATOR SET

Inerliz of tublne runner, Dynarales and toad
gears, flywheal, genarator curva of censumats

http://www.nzdl.org/

Pmax
Uo
The steady-state 1 / 1 av|Fe Pav Pm
750 load ¢ Transient load : The steady-state load H — = —1 > 1 'Kturb (1 ¢ Anshslv) ——»
: - 1+ sTp Tg _/ s ! Gv 1+ Bturb.sTw
Uc _/
: Pmin

Rperm [«
. 49 - o Rtemp.sTr
Time/(8) 1+ sTr
https://www.jvejournals.com/article/20595




UML description a hydro turbine as asset

Generator

Fil:Water turbine (en 2).svg — Wikipedia

Statnett

«enumerations
DeploymentStateKind

«Compounds»
DeploymeniDate

AssetDeployment

identifiedObjea

notyetinstalled
installed
inService
outOfService
removed

«enumeration»
AssetLifecycleStateKind

manufactured
purchased
received
retired
disposedOf

+ notYetinstalledDate: DateTime [0..1]
+ installedDate: DateTime [0..1]
+ inServiceDate: DateTime [0..1]
+ outOfServiceDate: DateTime [0..1]
+ removedDate: DateTime [0..1]

-

1l Date:

likelihoodOfFailure: Integer [0..1]
facilityKind: FacilityKind [0..1]

deploymentState: DeploymentStateKind [0..1]

dep Depl Date [0..1]
breakerApplication: BreakerApplicationKind [0..1]
transformerApplication: TransformerAppliationKind [0..1]

0..1 | +AssetDeployment

0.1 | +Asset

«Compounds»
LifecycleDate

IdentifiedObjea

Asset

manufacturedDate: Date [0..1]
purchaseDate: Date [0..1]
receivedDate: Date [0..1]
installationDate: Date [0..1]
removalDate: Date [0..1]
retiredDate: Date [0..1]

+ o+ o+t

«enumeration»
InUseStateKind

«Compounds»
InUseDate

inUse
readyForUse
notReadyForUse

+ InUseDate: Date [0..1]
+ readyForUseDate: Date [0..1]
+ notReadyForUseDate: Date [0..1]

ok F btk R+

kind: AssetKind [0..1]

type: String [0..1]
utcNumber: String [0..1]
serialNumber: String [0..1]
lotNumber: String [0..1]
purchasePrice: Money [0..1]
critical: Boolean [0..1]
position: String [0..1]

electronicAddress: ElectronicAddress [0..1]
lifecycleState: AssetLifecycleStateKind [0..1]

lifecycleDate: LifecycleDate [0..1]
inUseState: InUseStateKind [0..1]
inUseDate: InUseDate [0..1]

acceptanceTest AcceptanceTest [0..1]

baselineCondition: String [0..1]
baselineLossOfLife: PerCent [0..1]
status: Status [0..1]

retiredReason: RetiredReasonKind [0..1]

«enumerations
RetiredReasonKind

environmental
excessiveMaintenance

obsolescence
other
sold

+Assets

+AssetContainer

AssetContainer



https://no.wikipedia.org/wiki/Fil:Water_turbine_(en_2).svg
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UML description a Wind unit impact on the Power System

Figure 1

PowerSystemResource

(1) pre-charge res,  (2) chopper res. Equipment

+ aggregate: Boolean [0..1]
EnergyConnection + normallyinSenice: Boolean [0..1]
RegulatingCondEq|
coupled inverter systam g”d Generatingunit
I + genControlSource: GeneratorControlSource [0..1]
| L + governorSCD: PerCent [0..1]
+ longPF: Float [0..1]
+ maximumAllowableSpinningReserve: ActivePower [0..1]
PowerElectronicsunit + maxOperatingP: ActivePower
t i + minOperatingP: ActivePower
PowerElectronicsConnection +PowerElectronicsUnit T e 0.1 i ncmlr?all" AC?iVEPOWEI’ T
+ maxQ: ReactivePower [0..1] |1 +  minP: Activepower [0..1] + ratedGrossMaxP: ActivePower [0..1]
v - + minQ: ReactivePower [0.1] [+PowerElectronicsConnection  0..1 + ratedGrossMinP: ActivePower [0..1]
DC-link -:hu::ppar + ratedS: ApparentPower [0..1] For P Acti [0.1]
+ ratedu: Vohage [0..1] + shortPF: Float [0..1]
+ startupCost: Money [0..1]
+ variableCost: Money [0..1]
«enumeration» + startupTime: Seconds [0..1]
GeneratorControlsource PowerElectronicswindunit + totalEfficiency: PerCent [0..1]
crowbar AL filker .
unavailable
offAGC

ONAGC
PhotoVoltaicUnit BatteryUnit
o res plantControl
{3} cf har + ratedE: RealEnergy

© https://www.electronicproducts.com/
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UML description a Wind unit dynamic stability

Figure 1

(1) pre-charge res.  (2) chopper res.

coupled imertar systam grid

e

DG:Iink choppar

AG fiter L
(3) crowbar res.
© https://www.electronicproducts.com/
750 The steady-state
[ load : Transientload ; The steady-state load

. H A ) . A i
0 10 20 30 40 50 60
Time (s)

© https://www.jvejournals.com/article/20595
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UML description a Wind turbine as asset

IdentifiedObjea
AssetDeployment
«Enumeration» «Compound» ploy
W|nd turbine DeploymentStateKind DeploymentDate + deploymentState: DeploymentStateKind [0..1]
notYetinstalled + notYetlnstalledDate: DateTime [0..1] - depluymeml?ate: DjapluymentDatg '°,"” .
. . ) + breakerApplication: BreakerApplicationkind [0..1]
installed + installedDate: DateTime [0..1] _— R
i B R + transformerApplication: TransformerppliationKind [0..1]
inService + inServiceDate: DateTime [0..1] Fhe C—
. . N . + likelihoodOfFailure: Integer [0..1]
outOfService + outOfServiceDate: DateTime [0..1] + fadlityKind: FacilityKind [0.1]
removed + removedDate: DateTime [0..1] m B i i
0..1 | +AssetDeployment
0..1 | +Asset
IdentifiedObjea
Asset
gear box «Compoundy + kind: AssetKind [0..1]
controller- blade «enumeration» LifecycleDate + type: String [0..1]
AssetlifecycleStateKind L facturedDate: Date [0..1] + uI(Number: S_[nng [0..1]
+ purchaseDate: Date [0..1] -+ serialNumber: String [0..1]
manufactured P 3 i i + lotNumber: String [0..1]
purchased + receivedDate: Date [0..1] + purchasePrice: Money [0..1]
received + installationDate: Date [0..1] + critical- Boolean [0..1]
retired + removalDate: Date [0..1] .
. o tiredDate: Date [0..1] + position: String [0..1]
disposedOf Bl B D13 L + electronicAddress: ElectronicAddress [0..1]
+ lifecycleState: AssetlifecycleStateKind [0..1]
+ lifecycleDate: LifecycleDate [0..1]
+ InUseState: InUseStateKind [0..1]
+ inUseDate: InUseDate [0..1]
+ acceptanceTest: AcceptanceTest [0..1]
+ baselineCondition: String [0..1]
+ baselineLossOfLife: PerCent [0..1
rotor «enumeration» «Compound» +  status: Status [0..1] L !
InUees = + retiredReason: RetiredReasonKind [0..1]
inUse + inUseDate: Date [0..1]
readyForUse + readyForUseDate: Date [0..1]
notReadyForUse + notReadyForUseDate: Date [0..1]
«enumeration» TAssets | 0.
RetiredReasonKind
- +AssetContainer 0.1
) 5 . environmental
© Encyclopaedia Britannica, Inc. e A
facilitiesUpgrade
failed
obsolescence
other

sold
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Energy System (ES) CIM Data sharing interfaces

Plant Reference
Data
Water Chemistry . Chemistry
Sampling i Analyticsl
T v
Radiological Radiation
. . | +—]
Monitoring Protection
 —
Work | Maintenance | |
Management | Analytics
?
| |
Operating . Thermal .
Measurements | Performance

ES-CIM Software Artifacts
https://github.com/epri-dev/ES-CIM/tree/main/Software%20Artifacts

1 www.epri.com © 2021 Electric Power Research Institute, Inc. Al rights reserved

The future is electric
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ES-CIM Extensions for Power Generation

business Power Generation CIM Ex[ensions/

| Asset | [ PowersystemResource I
[ AssetContainer | lConnectiviwﬂodetontainer]

7 7

i

[ Facility ] | PWRSteamGeneratorAsset

7

l EquipmentContainer ]

2 7

| PWRSteamGenerator | [ GeneratingUnit

]

[ Generationstation ] |

System

GenerationUnit

‘ NuclearGeneratingUnit

i

| NuclearGenerationStation

7

NuclearGenerationUnit

7

PWRNuclearGenerationUnit

For more details contact Justin Thibault (jthibault@epri.com) or Sean Crimmins (scrimmins@epri.com)

2 WWW.epri.com

The future is electric

& 2021 Electric Power Research Institute, Inc. All rights reserved.
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CIM Support for Asset Health Information

 The skeleton is there

Asset and its components - Asset and AssetContainer classes, and their
children

Nameplate — Assetlnfo child classes

Model/Manufacturer — ProductAssetModel and Manufacturer classes
Test/Inspection/Maintanance Results — ProcedureDataSet child classes
Network model role — PowerSystemResource child classes
Measurements — Measurment and MeasurementValue child classes




CIM Support for Asset Health Information Statnett

AssetiInfo::Switchinfo IdentifiedObject | £ assetinfo +A Model IdentifiedObject
= ratedVoltage :Voltage [0..1] —D‘ A 1{ del
<+ ratedCurrent :CurrentFlow [0..1] L 3

~+Assetinfo [ 0.1

= isSinglePhase :Boolean [0..1]
= isUnganged :Boolean [0..1]

= breakingCapacity :CurrentFlow [0..1] %

ProductAssetModel

< modelNumber :String [0..1]

= modelVersion :String [0..1]

+ corporateStandardKind :CorporateStandardKind [0..1]
usageKind :AssetModelUsageKind [0..1]

weightTotal :Weight [0..1]

+ProductAssetModels (0"

+Manufacturer (0.1

+Assets (0.
- . PRI OrganisationRole
IdentifiedObject | +powerSystemResour 3 A eaLs hect Manufacturer
Core::PowerSystemResource = Asset
type :String [0..1]
utcNumber :String [0..1]
serialNumber :String [0..1]
FPowerSystemResource | 0..1 lotNumber :String [0..1]
purchasePrice :Money [0..1]
critical :Boolean [0..1]
electronicAddress :ElectronicAddress [0..1]
lifecycle :LifecycleDate [0..1] g Docinent
X acceptanceTest :AcceptanceTest [0..1] et ~Procedures
~Measurements | 0.7 s ok > Procedure
initialCondition :String [0..1]
+Measurements et S ... 0."
IdentifiedObject initialLossOfLife :PerCent [0..1] =+ kind :ProcedureKind [0..1]
Meas::Measurement 0." status :Status [0..1] = sequenceNumber :String [0..1]
" x <+ instruction :String [0..1]
= measurementType :String [0..1] FAssets | 0.
= phases :PhaseCode [0..1] +Procedure | 0..1
= unitMultiplier :UnitMultiplier [0..1] 0..1 | =AssetContainer
<+ unitSymbol :UnitSymbol [0..1]
b +ProcedureDataSets | 0.

Document
ProcedureDataSet

+ completedDateTime :DateTime [0..1]
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Benefit of adapting IEC Common Information Model (CIM)

» Business Capabilities
» System Development Planning (SDP)
« System Operation (SO)
» Market Participation

« Study and Simulation

» Steady-State Power Flow analysis

® TranSIGnt Stablllty an aIySIS Kirchhoff's current law (KCL) | Kirchhoff's voltage law (KVL)
2L=0 I=L+I, | Y V=0 V,=V,+V,
k=1 k=1

KIRCHHOFF'S CIRCUIT LAWS

« Application Services

« Power System Analytic tools
« Asset Management

* Asset health

« Fault handling




