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Before We Start...

The CIM was developed by electricity industry experts for use by the
electricity industry

The CIMis a collection of 2,0000+ classes documented using
Unified Modeling Language (UML)

Our first few slides provide a brief introduction to the UML




UML Basics: Classes & Attributes

Class

Equivalent to a
database table \ IdentifiedObject
Assets -ProductAssetModel

+ modelNumber: String [0..1]

+ modelVersion: String [0..1]

+ styleNumber: String [0..1]

+ usageKind: AssetModelUsageKind [0..1]
. + catalogueNumber: String [0..1]
Attribute + drawingNumber: String [0..1]

EqUivalent toa + instructionManual: String [0..1]
database column + overallLength: Length [0..1]
+®weightTotal: Mass [0..1]

Attribute Multiplicity
Attribute Type How many can be listed.
Here, units of Mass Here, zero or one (aka “optional”)




UML Basics: Associations

Sl (e i o HEig Multiplicity (Left-to-Right)
A Product is related to zero or one

Manufact : Broduct th A Manufacturer is related to zero
anufacturer, i.e. a Product cannot have to many Products
multiple Manufacturers

OrganisationRole| o 1 IdentifiedObject
Assets ‘Manufacturer Assets: -ProductAssetModel

modelNumber: String [0..1]
modelVersion: String [0..1]
styleNumber: String [0..1]

usageKind: AssetModelUsageKind [0..1
catalogueNumber: String [0..1]
drawingNumber: String [0..1]
instructionManual: String [0..1]
overallLength: Length [0..1]
weightTotal: Mass [0..1]

Association
Here, a Manufacturer is
related to a Product

+ + + + o+ A+ +




UML Basics: Inheritence

Inheritance
A parent class not shown on the diagram.
Here, AssetInfo inherits from IdentifiedObject

ldentifiedObject,
Assetinfo::Assetinfo

Inheritance
The “pointed to” class is the
parent class and the child class
inherits all Attributes and w ZF
Associations of the parent.
Here, ConductingAssetInfo Assetinfo::ConductingAssetinfo
inherits from Assetinfo ratedCurrent: CurrentFlow [0..1]

ratedFrequency: Frequency [0..1]
ratedVoltage: Voltage [0..1]
phaseCount: PhaseCountKind [0..1]




The “Grid” Package

« Any power grid can be described and used as the basis for
utility software solutions, such as planning analysis simulators
and real-time grid management tools

« The ability to create a representation of the power grid was the
motivation behind the original CIM development work and the
core of many interoperability successes around the world

 The representations of a particular grid is not static, the CIM
tracks current, past, and many potential future grid
configurations.
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AL A AL A A Connectivity
Measurements
Dynamics

Now Hours Days Months IEC 61970

Realized Digital Twin History Many Potential Digital Twin Futures




Grid Profiles

Data exchanges for “digital twins” of T & D Grids are
performed using “chunks” of the CIM called profiles:

« Connectivity (CN) maps each piece of Equipment though one
or more Terminals to Connectivity Nodes; a true network
representation

« Electrical (EL) adds the relevant data needed for planning and
operations to use these models, such as impedances, tap
changer settings, and voltage limits

 Asset (AA) provides Asset data for the specific devices
deployed in the field. CN and EL profiles simulate potential
future grid configfurations; the Assets “plug into” the
Equipment roles.
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Gri d P rOﬂ |es (Continued)

Additional profile “layers”:

« Geographic Location (GL) adds the geospatial location of the equipment.

« Diagram Layout (DL) adds a schematic layout for display in tools and wallboards
« Dynamics (DY) add additional details to simulate dynamic response

« Measurement Configuration (MC) tracks how field devices report information
 Topology (TP) collapses the representation and identifies islands
 Steady-State Hypothesis (SSH) documents the inputs to a power flow analysis

« State Variables (SV) documents the outputs of a power flow analysis.




The “"Enterprise” Package

« The “"Enterprise” Package tracks the
transaction information across the power
system.

« covers many functions to support the various
utility systems including a meter data
management system (MDMS), an customer
information systems (CIS), an outage
management system (OMS), a work
management systems (WMS), an asset
management systems (AMS), etc.

e Tracking individual transactions among utility
systems, all with unique identifiers, allows for
data correlation and orchestration.

“Enterprise”
Assets
Metering
Operations
Outage
IEC 61968

&

llG rid"
Equipment
Connectivity
Measurements
Dynamics
IEC 61970




Enterprise Profiles

IEC 61968-3: Network Operations (NO)

« Measurements & Controls
 Switching Plans, Actions, & Events

« Planned & Unplanned Outates

« Incidents, Faults, and Trouble Tickets

IEC 61968-4: Records And Asset
Management (AM)

« Catalogue Management

« Asset Record Management

« Asset Monitoring & Decision Support
« Maintenance & Inspection

IEC 61968-6: Maintenance & Construction (MC)
 Service & Work Requests

« Maintenance, Service, Switching, and Trouble Orders

IEC 61968-8: Customer Support (CS)

o Customers & Service Locations
e Accounts & Agreements
 Pricing Structures

e Transactions & Payments

IEC 61968-9: Meter Reading & Control (MR)

« Locations & Communicatios Configuration
« Usage Readings
 Events & Controls




CIM: Organasation & Organisation Role

) ) AgentRole
«enumeration» «enumeration»

OrganisationCategoryKind AgentRoleKind ; kind: AgentRoleKind [0..1]
globalLocationNumber: String [0..1]
isicV4: String [0..1]

literals literals
adhoc Person

association Organisation %

board Customer
committee
company Organisation

consortium - - OrganisationRole
- isLegalEntity: Boolean [0..1]
cooperative 0.*

corporate g Tatn category: OrganisationCategoryKind [0..1]
coun legalEntity: LegalEntityKind [0..1]
department yatID: String [O..U

governmentAgency iso6523Code- String [0..1]

group
hybrid
institution

judicialBody ) +ParentOrganisation 0..1
«enumeration»

LegalEntityKind

+SubordinateOrganisation 0..*

+ + A+

MarketRole

legislativeBody
political

section literals
subcommittee corporation

+ type: String [0..1]

team generalPartnership

unit governmentOwnedEnterprise
limitedLiabilityCompany Step 1.
limitedPartnership

nonProfit Instantiate Organisation Step 2:
soleProprietorship AttaCh Role(s)

statutoryCompany




UML.: Asset Catalog

Step 1: Step 2: Step 3:
Instantiate Product Link To Manufacturer Instantiate/Link
To Asset Info

ProductAssetModel Manufacturer

modelNumber: String [0..1]
modelVersion: String [0..1] Organisation that manufactures
catalogueNumber: String [0..1] asset products.
drawingNumber: String [0..1] : -
instructionManual: String [0..1]
overallLength: Length [0..1]
weightTotal: Mass [0..1]

Assetinfo

Asset model by a specific
manufacturer. Set of attributes of an asset, representing typical datasheet information of a
physical device that can be instantiated and shared in different data exchange
contexts:

— as attributes of an asset instance (installed or in stock)

— as attributes of an asset model (product by a manufacturer)

- as attributes of a type asset (generic type of an asset as used in
designs/extension planning).




UML.:
Grid-Edge
Device
Asset Info

Step 1:
Instantiate
Grid-Edge Device

Here, Specialized
as an Inverter

Assetinfo

1

ConductingAssetinfo

ratedCurrent: CurrentFlow [0..1]
ratedFrequency: Frequency [0..1]
ratedVoltage: Voltage [0..1]
phaseCount: PhaseCountKind [0..1]

ShortCircuitResponse

faultSequenceType: PhaseCodeExtension [0..1]
terminalVoltage: PU [0..1]

outputCurrent: CurrentFlow [0..1]
outputCurrentAngle: AngleDegrees [0..1]

!

GridEdgeDevicelnfo

ratedVoltageMin: Voltage [0..1]
ratedVoltageMax: Voltage [0..1]
apparentPowerMaximum: ApparentPower [0..1]

Inverterinfo

Step 2:

Associate Releated Data

activePowerRatingUnityPowerFactor: ActivePower [0..1]
activePowerRatingOverExcited: ActivePower [0..1]
activePowerRatingUnderExcited: ActivePower [0..1]
powerFactorOverExcited: Float [0..1]
powerFactorUnderExcited: Float [0..1]
reactivePowerlnjectedMax: ReactivePower [0..1]
reactivePowerAbsorbedMax: ReactivePower [0..1]
susceptanceOffline: Susceptance [0..1]
operatingCategoryNormal: String [0..1]
operatingCategoryAbnormal: String [0..1]

InverterCapabilities

isProtectionCapableEnterServiceAfterTrip: Boolean [0..1]
isProtectionCapableFrequencyTrip: Boolean [0..1]
isProtectionCapableLimitActivePower: Boolean [0..1]
isProtectionCapableMomentaryCessation: Boolean [0..1]
isProtectionCapableVoltageTrip: Boolean [0..1]
isModeCapableFrequencyActivePower: Boolean [0..1]
isModeCapableActivePowerReactivePower: Boolean [0..1]
isModeCapableConstantPowerFactor: Boolean [0..1]
isModeCapableConstantReactivePower: Boolean [0..1]
isModeCapableVoltageActivePower: Boolean [0..1]
isModeCapableVoltageReactivePower: Boolean [0..1]




UML: Asset

Step 2: Step 3:
Link To Product Link To Asset
in Asset Catalog Owner (or Owners)

Step 1:
Instantiate Asset

OrganisationRole

Asset

ProductAssetModel

utcNumber: String [0..1]

serialNumber: String [0..1]
electronicAddress: ElectronicAddress [0..1]
lifecycleState: AssetlLifecycleStateKind [0..1]
lifecycleDate: LifecycleDate [0..1]
inUseState: InUseStateKind [0..1] Z%

+ modelNumber: String [0..1]
+ modelVersion: String [0..1]

AssetOrganisationRole

inUseDate: InUseDate [0..1]
status: Status [0..1] _
kindOther: String Ownership

+ + 4+ +++++ o+

AssetOwner

+ share: PerCent [0..1]




The "Markets” Package

« Transactions like bids and offers, clearing
results, dispatches, and settlement
information are all modeled to support energy,
capacity, and Essential Reliability Service

markets. Enterprise Markets

Assets Energy Markets
Metering Flexibility Services

Includes the concept of locational marginal Operations Virtual Grid

ricing and, not surprisingly, ties directly to the Outage Resources
R 2 ' P I Y IEC 61968 IEC 62325

"Grid Package” so that financial transactions \V
can be aligned with the physics of the power ,\
system. .
”Grld"
Equipment
Connectivity
Measurements

Dynamics
IEC 61970




IEC 62746: The Customer Interface

e IEC 62746 is the newest CIM series which
manages information exchanges between utility
systems and customer systems

e First release covers: Customer
. . m IEC 62746
e Resource Definitions

 Offers & Schedules
« Clearing Awards & Instructions

: : .. Enterprise Markets
« Time-Series Data Submission IEC 61968 - |EC 62325

« Price-Based Service/Dispatch
Grid
IEC 61970




CIM: Market Product & Grid Service

«enumeration»
CommodityCodeKind

literals
electricity
cole
naturalGas
propane
hydrogen
water

MarketProduct

+ + HIH +

marketProductType: String [0..1]

commodityCode: CommodityCodeKind [0..1]
flowDirectionCapability: FlowDirectionCa pabilityKind [0..1]
reportingTimelnterval: Seconds [0..1]
minMeasurementAccuracy: PerCent [0..1]

«enumeration»
FlowDirectionCapabilityKind

literals
bidirectional
consumptionOnly
productionOnly

«enumeration»
GridServiceCategoryKind

literals
energyFlexibility
frequencySupport
voltageSupport
powerLimit
reserve
restoration

CommodityDefinition

GridService

o+t

gridServiceCategory: GridServiceCategoryKind [0..1]
minNotificationTime: Minutes [0..1]
minResponseTime: Seconds [0..1]
minDeliveryDuration: Minutes [0..1]
minRecoveryTimelnterval: Minutes [0..1]
minUpRampRate" ActivePowerChangeRate [0..1]
minDownRampRate: ActivePowerChangeRate [0..1]
isFirmResponse- Boolean [0..1]
isClosedLoopControl: Boolean [0..1]
isDistributionOperatorRequest: Boolean [0..1]
isTelemetryRequired: Boolean [0..1]
isAggregrationAllowed: Boolean [0..1]

Location-Based
Product/Service

Location
(Node or Zone)




CIM:Virual Power Plants

RegisteredResource

isAggregatedRes: YesNo [0..1]
marketParticipationFlag: YesNo [0..1]

maxOnTime: Float [0..1]

minDispatchTime: Hours [0..1]

minOffTime: Float [0..1]

minOnTime: Float [0..1]

registrationStatus: ResourceRegistrationStatus [0..1]

CommodityDefinition

ResourceCapacity

capacityType: ResourceCapacityType [0..1]
maximumCapacity: Decimal [0..1]
unitSymbol: UnitSymbol [0..1]
unitMultiplier: UnitMultiplier [0..1]

+AggregatedRegisteredResource 0..*

i

RegisteredDistributedResource

distributedResourceType: String [0..1]

loadCriticality: PriorityKind [0..1]
energyDownRampRate: ActivePowerChangeRate [0..1]
energyUpRampRate: ActivePowerChangeRate [0..1]
maximumResponseTime: Seconds [0..1]

+RegisteredResource 0..*

Where Is It?
(Node or Zone)

What Can It Do?
(Which Grid Services?)

How Big Is It?
(Resource Capacity)

Is It An Aggregation?
(IsYes, Pointer to Parent)




ThankYou

Scott Coe, Ph.D.
Scott.Coe@ GridOptimize.com
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