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The role of the "Data Model" to achieve interoperability (*)
The IEC «Common Information Model» case
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Summary
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* The contribute of the "Model Data" to achieve systems interoperability
 The SG-CG approach for the implementation of interoperable systems
 The «Common Information Model» (“CIM”) Data Model
e Application's context related to «CIM» Data Model
e Standardized representation of electrical networks
 Management of Energy Market
e System integration at Utility level
e Active customers management

 «CIM» Data Model perspective

Conclusions
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Energy@home vision:
an Energy Box to increase efficiency and to provide Value Added Services

"Weather @ -
forecast

Smart Grid

Connection Point Storage

Energy Box
(CEMS)

? Network |

Signals

Heating

The Smart Grid requires a Smart Home able to increase efficiency through:
> making users aware of their consumptions > driving users towards efficient behaviours
> supporting users to exploit ToU Pricing > making flexibility a service from the house to the grid

Communication is the main enabler of these scenarios (Device2Device in the HAN, Grid2CEMS, ...)

Ricerca sul Sistema Energetico - RSE S.p.A.




RSE
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History and Mission

» Established at the end of 2005 as a separate company, currently owned by
GSE (Gestore Servizi Energetici)

* From ENEL R&D Division, through CESI (strong liaison with Enel, Terna,
electric power utilities), today RSE (Ricerca sul Sistema Energetico)

* The mission is to take over national and international funded research
programs and contracts on electroenergy sectors

http://www.rse-web.it
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Research focus

* RSE develops research activities of public interest in the electroenergetic sector,
with emphasis on experimental pilot applications

e Comprehensive and system-based approach with valorisation of multi-
disciplinary competences

* Oriented to benefit national electrical system users and industrial operators

* Wide-spread dissemination of public domain research results and technology
transfer
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Interoperability
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What is «interoperability» ?

It is the ability that systems have to exchange informations
and use them in order to perform required functions
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The waves of networking

Source: Silicon Labs. Thomson Reuters, Morgan Stanley
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Interoperability as a key success factor
The roles of Standards to achieve interoperability

Source: Silicon Labs. Thomson Reuters, Morgan Stanley
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Internet of things
From the management of "things" to the provision of “services”

Today “Internet of things” is often
conceived as a remote ((
control/monitoring of "things." T

(e.g., turn on the home heating) ))) Remote
LN

Asset

Tomorrow “Internet of things” will use
heterogeneous informations, with the
purpose of providing services.

(e.g. management of home comfort , considering
weather forecast , costs, habits, ...)
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The contribute of the "Model Data" for
the systems interoperability
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The integration of systems

* The prerequisites for the realisation of complex systems like «Smart City»
and «Smart Grid», is the integration of a lot of systems

* The integration of systems needs the adoption of standard solutions that
can guarantee interoperability

* |In front of complex context like this, it’s not enough to manage big data
and/or specify new communication protocols

* Aglobal approach is needed, by increasing the value of “data” through a
description of their meaning

* |n this way simple data become "information" that means «knowledge» of
a context/domain
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Data, information, knowledge

* Data
It is a well-known element (e.g. number, word) which does not need relations with

others elements to exist, but taken by itself does not communicate anything
(e.g. the term «ground» is a word, of which we do not know the specific meaning)

* Information
It is an element or a datum permitting to know something, because it is inserted

in a context
(e.g. «ground» in the context of an electrical circuit)

* Knowledge
A set of experiences and contextual information which provide a model to

evaluate and include new experiences and informations
(e.g. «ground» in an electric circuit has relations with «phase» and «neutral» ...)
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How modeling the knowledge of a domain?

* To express the knowledge of a domain (e.g. electrical domain) it is firstly necessary

to define the semantic, which means give a meaning to information
(specifying what it means «ground» in the electric context)

* |tis also necessary define the relations between information
(«ground» has relations with «neutral» and «phase», it is a specialization of the «conductor» concept ...)

* The semantic definition of the information and its relationship with other

informations, represents the knowledge base of a domain
(knowledge of electrical domain)

* This «knowledge» could be described in a formal way by «Data Models» or
«Ontology»

* The sharing of a common «Data Model» provides a basis for understanding
information exchanged between systems, enabling in this way their smart use
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Example of a common semantic shared by different systems

class DocumentationExamplelnhe... /
IdentifiedObject .
PowerSystemResource The name ar'ld the meaning of
a Class and its Properties are
4& defined unambiguously
Equipment
ﬁx Eg.
Breaker The property «ratedCurrrenty
o T : T
ConductingEquipment ;:Prg;z:;igﬂgi Seconds [0-1] of the Class «Breaker»

+ breakingCapacity :CurventFlow [0.1] will be interpreted with the
ZSwrtch ‘ .

Z% + pormalQpen :Boolean [C.1] - meanings of «Nominal
L ratedCurvent CurventFlow [O.2] \ Current» of a «Breaker»

Switch +  switthfnCount nteger [O.1]
+  switchOnDate :DateTime [0.1] by all systems
+  retammed :Boolean [0.1]
LEGUPWENT
+ aggregate :Boolean [0.1]
ProtectedSwitch +  normallylnService :Boolean [0.3]
/ ldentifiedObject
+ aliasName :Stiring [C.3]
+ MRID :String [0.2]
+  name String [C.1]
7
Breaker
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Languages to represent knowledge

* A Data model can be represented as a «class diagram» using UML.
This graphic representation is easy to understand for humans

* The ontology languages like RDF/RDFS and OWL are instead more convenient for
computers

* RDF provides simple features describing a domain.
Being very efficient it is useful to manage big quantity of informations

e OWLis more expressive then RDF, but less efficient

* The «Common Information Model» uses UML to design «Data models»
and, in specific context, RDF to represent concrete instances.

<2xml version="1.0" encoding="UTF-8"2>
- «<rdf:RDF xmins:cim="http://iec.ch/TC57/2009/CIM-schema-cim14#" xmlns:rdf="http://www.w3.0rg/1999/02,
- <cim:WireType rdf:1D="_1004cdffce33466893f9a5c6e3161d90">
<cim:WireType.ratedCurrent»133</cim:WireType. ratedCurrent >
<[cim:WireType>
- <cim:Line rdf:ID="_103f6571a69343f08e852510c3c54881">
<cim:IdentifiedObject.name>F.VER0049 </cim:Identified0bject.name:»

<cim:PowerSy GeoLocation rdf: ="#_3ddbsf208a2c4547a5ed37a7 14a5af8'
<cim:Line Region rdf:resource="#_6e46237bf04a435eb4f4e7dfce85182f'/>
</cim;Line>

- <cim:ConnectivityNode rdf:1D="_1045b7d9ec9542¢1980che4acc87933">
<cim:IdentifiedObject.name >42095E0008_CN-</cim:IdentifiedObject.name:
<cim:ConnectivityNode.ConnectivityNodeContainer rdf:resource="#_ab3c11756d2e4be 7bff8eceobf8bbéfa’/>
«[cim:ConnectivityNode:
- <cim:WireType rdf:1D="_10771e84337b422e90b65d2fb96 1f6f" >
<cim:WireType.ratedCurrent>152</cim:WireType.ratedCurrent>
<[cim:WireType>
- <cim:LoadBreakSwitch rdf:1D="_10d26ae8c2d24c73ac62d9a752ac5318"
<cim:IdentifiedObject.name > F.VER0065_SW_2</cim: IdentifiedObject.name:»
<cim:PowerSystemResource.PSRType rdf:resource="#_be44377fef8340c9885dd41dd7bfod7"/>

<cim:PowerSy Geolocation rdf: ="#_c561944f51d24c6absf350e87e4adaf"/
<cim:Equipment.EquipmentContainer rdf:resource="#_8bec3c6971649deb38ae2457aedf8e4'
<cim:Switch.normalOpen »false</cim:Switch.normalOpen>
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The SG-CG approach to achieve
systems interoperability
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European Commission M/490 mandate on Smart Grid standardization
CEN/CENELEC/ETSI answer to M/490, establishing the «Smart Grid Coordination Group» (SG-CG)

EU Commission

I Ref. Ares{2011)233514 - 0200372011

issuesl m e

Brussels 1* March 2011
EU Mandate M/490 or
" - - Smart Grid Mandate
oh Smart Grid Standardization mmem—
to European SE.: W:.:i:-;::ﬂ g ;::;:m:t to support

accept and work on '

Standardization BENE[EC E ETSI\((%)\
—

Smart Grid Coordination Group

New: oint WEs New jeint W.Gs New: jcint WGs
Existing Was EXisting WGs Existing WGs
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The Smart Grid Plane
defined by SG-CG “Reference Architecture” WG

Information Management

_,/ "

Power System
Primary Equipment #

Customer
{Home, Building,
Industry, EV, Mobility)

Ricerca sul Sistema Energetico - RSE S.p.A. ‘

Domains



Interoperability levels

Function
System 1 Information exchange System 2
Function
Business Layer
System 1 Information Layer System 2
Component Layer
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Interoperability Levels in
Smart Grid Architecture Model (SGAM)

Business Objectives
Palit. ! Reguiat.. Framework

&
Business Layer

Function Layer

Interoperability A
| o de o

Oimension

i strib ution
OER

Domsns Customer
Premise

Ricerca sul Sistema Energetico - RSE S.p.A. ‘



Use Case analysis
(SGAM Function layer)

Primary Substation Control System

omammh
(Data Acquisition /pms Computer

Function) — (NetworkTopology

function)

DER Controller (DER
Control Function)

Volt/Var Control

T~
_—
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Interactions between System and Actors
(Sequence Diagram on SGAM Function layer)

N . )
FPrivagry Substation Control System

% % Volt viar Control %

Distriputipn [ED (Cata DER Controller (DER oME Coprputer
Agguisitipn Function) Contrpl Functipn) (NetworkTopology
1i 1 function)
I ]
: : BW—etwork Topolgy changtzi(}—d
I [ '
ﬁ | Get Distribution Measurgment]) =" |
I | | I
I
| t_‘rﬁ—l Get DER Measurzment!) State Estivaator / :
" " Caleulate Setpoint]) I
[ [ : I
| | |
| .
| tlﬁ Send Setppint]) :
I I |
I I |
I I |
I I I
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Mapping information exchange on standard Data Model
(SGAM Information layer)

N 5 ]
Priary Substation Control System
% % Vit Var Control %
Distribution [ED (Data DER Controlier (DER DMSE Computer
Apquisitign Fungtion) Contrpl Function) (NetworkTopology
ll 1 fungtion)
| ]
II : M ritwork Topol
L 1
o< ] Giet Distribution Measurgmgni]) =
I I
I
h nl Get DER Measurgragn®() State Estivaator /
I | Calculate Setppint])
| |
| |
: lh——:’, Send Setpointl)
| 1
| I
I I
I I

shaas Prasscads 8.1
- seqncaemuc rtage 1)
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Apply a communication protocol
(SGAM Communication layer)

74 Service &3 Operations
= SOAP # PublishEvent
http:/fiec.ch/61968/ EAinput " Message | [=] PublishEvent
) Moutput | ! Message | [el Response
# Request

Blinput [ Message | [E] Request

output | 7 Message | [€l Response

# Response

B1input [F Message | [=] Response

Joutput | ¥ Message | [€] Response
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The process for the development of interoperable systems

Subset,
Constraints Contextual
Model

(Profile)

Manage XSD, OWL, RDFS by

% “Model Driven* technologies

Esempio
XMLSchema

Mapping on
Data Model
(CIM)

{ I' ;.| |

“use case” and D e
definition of P ]
: _ R M
information ; :
exchange —

el et b Mapping data on

Analysis of the i VI W standard protocol
k| (e.g. XML Payload

On Web Service)

XML exchanged data

Volt/Var

(E.g. DMS sends a change of network topology to Substation)
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IEC «Common Information Model» (CIM)
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IEC “Common Information Model”

* The “Common Information Model” («CIM») is a Data Model expressed by
a UML Class diagram

* CIM represents the main resources and the relationship between them,
for the management of the electric system

* Expressing the knowledge associated to the electrical domain, CIM
represent its base ontology
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Example of classes inheritance in «CIM»

FowersystemPespurce

1

Equipment

8

ConductingEquippent

[

I Switeh I
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Example of association in «CIM»

+Operated ByProtectionEquipraent | ProtectionEquipment

o s o, %
ProtectedSwitch +ProtectedSwitches
Iﬂynchrmkﬁefﬂﬁ I IEuth:er-:tg
L )| ]
Recloser Breaker -

i
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Example of aggregation in «CIM»

cGeographicalRegion

=

+R¢gipn (e

+R¢,g|'::-n5 o.%

SubdGeographicalRegion
+R¢.g|'pn i
+Supstations | O.%
Substation _
+Supstation
i e
+Eubstation | 1
+Voltagelevels |O.#
ViltageLave|
+Vipltageleve +Baus
[
0.1 +Bays
o i

Ricerca sul Sistema Energetico - RSE S.p.A.




«CIM» expresses the electric domain knowledge

FowerSystemPespuree
PowersystemBespurce
o1
Measurgragnts Equippngnt
Meaturement o s
ConductingEquipwent o Terminal
E t Ermuna
Cornducting Equip e ) ereninals
EnergyConsupmer B
Switch PowerTransformer Conductor
Broaker
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CIM - Main application contexts
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Main application contexts

e Standardized representation of electrical networks topology
 Management of the electrical market
e System integrations at Utility level

* Management of the active customers
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CIM for standard representation of
electrical networks
(IEC 61970)
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Application context associated with standard representation of
electrical networks

IEC 61970

Market

rprise

Generation
Transmission
Distribution

Customer
{Home, Building,
Industry, EV, Mobility)
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Representation of electrical components and their interconnections

Energy
Consumer

Terminal

_'__‘__,__:—;::-:
—
e -f‘__,-'""-
T
ACLineSegment

ConnectivityNode
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Example of a representation of a distribution grid

4 [PowerTransformer] MV/LY Power Transformer - Substation B2
@ name = MV/LV Power Transformer - Substation B2
@ normallylnService = true
@ wectorGroup = Dynll
[» @ DiagramObjects (1)
[ Location (1)
[» . EquipmentContainer (1)
[ Terminals (2)
4 PowerTransformerEnd (2]
[» [PowerTransformerEnd] MV/LV Substation Secondary
[» [PowerTransformerEnd] MV/LY Substation Primary

4 E [Breaker] Breaker QA4S
@ name = Breaker QA8
@ normallylnService = true
@ noermalCpen = false

@ rated Current = 800.0
(D) breakingCapacity = 50000.0
[> @ DiagramOhbjects (1)

[» Terminals (2)

4 |ﬁ [ACLineSegment] ACLine "B2-E Substation connection” |
@ name = ACLine "B2-E Substation connection”
(@) length = 14.0
() r=00
(D) x = 1.0E-7
(D beh = 0.0

s @ DiagramObjects (1)

= . Ascets (1)

[» Location (1)

[ OperationalLimitSet (1)
3 . EquipmentContainer (1)
[» ﬂ BaseVoltage (1)

[» Terminals (2)
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BN Power Transformer - Substation B2

Substation B2 - Busbar LY
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Breaker 152-0P2

Substation E - Bushar LY

Breaker 152-0P1




Geographical representation of grid

5 e T 4

1h+- Primaria 132/20kV | ) i,

"‘m - w.
.r_;\r ‘1 h;-‘:f;T 1"—.\|‘ ﬁ\r MNode &6
N

[0 -ticde 1300 Node 14

"m nr, [Location] Line 20-21

F | @ name = Line 20-21 ]

i [ . PowerSystemResources (1) # i
l'm NodE B [ CoordinateSystemn (1) /
4 m PositionPoints (2]

fq:\r Mode 23 4 m [PositionPoint]
@ xPosition = 9.208003997802734

e sequenceMumber = 2 ;
(L @ yPosition = 45.46881103515625 -~ :

[ Location (1)

> m [PositionPoint]
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CIM for graphical representation of electrical circuits

Energy Sourc
@ [DiagramObject] HY Busbar Cabina Prirnaria ?

@ name = HV Busbar Cabina Primaria
@ rotation = 0.0
4 DiagramQbjectPoints (2]
4 [DiagramObjectPoint]
(RD) xPosition = 32.0
@ sequenceMumber = 1
(RE) yPosition = 52.0
[> @ DiagramOhbject (1)
> [DiagramObjectPaoint]

HV Busbar Cabina Frimar

Pri
Cabina Primaria 132/20k

Y Bushar Cabina Primar

4 [ 1dentifiedObject (1) : :
[ = [Busbarsection] HY Buskbar Cabina Primaria ] I
4 @ Diagram (1) : :
> @ [Diagram] Cabina Primaria 132/20kY Internal Substation Diagram : :
I I
I I
- - - - - - - - -_—— e — -
Busbar Node 2 Busbar Mode 2 usbar Node 2 Busbar Node Busbar Node EBusbar Mode
SyneMachine GDi Load Node 2; SyncMachine G Load Node 2( Load MNode 1¢ Load Node : SyncMa
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Current use and perspectives of
CIM for electrical networks representation

«  Today “CIM” is used by European Network of Transmission System Operators for
Electricity “‘ENTSO-E” to exchange information at European level.
(https://www.entsoe.eu/major-projects/common-information-model-cim/)

» Inthe future this approach could be applied for information exchange between
transmission and distribution system operators
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CIM for the management of
the energy market
(IEC 62325)
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Application context associated with the management
of the energy market

IEC 62325

Domains Customer
{Home, Building,

Industry, EV, Mobility)
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Extension of the CIM Model for the management
of the energy market

* The native CIM Model, specified by IEC61970-301 and IEC61968-11, was extended
using the definition of classes necessary to implement the energy market management.

* This extension, which is specified by IEC62325-301, is composed by three classes set, or

packages:
MarketCommon (Stakeholders involved in the electrical exchange)
MarketManagement (European Market Model)
MarketOperations (US market Model)
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CIM for system integrations at Utility level
(IEC 61968)
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Application context associated with systems integration

|IEC 61968

Generation
Transmission
Distribution

Customer
{Home, Building,
Industry, EV, Mobility)
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CIM for Utility system integrations

Different software applications use the same informations

Outage

“ \
“"::E‘ New System l
------- /'
//

Every new application/system has to develop (n-1) interfaces
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CIM for Utility system integrations

CIM represents the common semantic reference model for different applications

SC ADA Outage
Management

I CIvl Interface clivl |nte|-face
Middleware services CIM based
| Clblinterface | | Gl Interface | Cli Interface |

GIS Network New System
Planning

Every new application has to develop only one standard interface
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IEC 61968-9 standard for metering

Direct and indirect scope

- - ™y
Area Di«gﬁ;ggfgd s Area Causally/Indirectly
et Impacted by or impacting
{and within scope IEC 61968-9
of [EC 61968)
- \ Customer
Electric Utility ¢
................................................ | SiEndaid orbmpnetiy S
¢ SRS 1 | Communication
L rprise Integration | | Infrastructures
—| Enterprise Infrastructure |
Applications | (e.g. ESB, SOA, . '
{e.g. CIS, WMS,
GI5, MDMS)
IEC 61968-3 Messages
| 61968 message) S}FStEinﬁ
Operations
Applications
Messages defined by
(2.9 OMS.DM3) | \E¢ 610880 are based
upon [EC CIM and
—;—I conveyed using a variety of
i integration technologies Messages defined
| and IEC 61868-100 relevant :tandaﬁst:
., vendors. May use a wide
. wariefy of communication
/ ) technoclogies JJ AN
Device
Mappings, translations
and/or forwarding as Messages defined
neaded Mapping, trans|ations by PAN/HAN
andfor forwarding as specifications
nesded 'y
e AN oy
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IEC 61968-9 standard for metering

The central role of the “End device” and “EndDeviceControl” classes

EndDeviceControl

EndDevice (Instructs an end device to perform a specified action)

(Asset container that performs one or
more end device functions)

DRMS M DM A PAN Devca

¥
create(EndDerice Cantrols) :

\} ealy EndDniceComals) _

AN sndscommand 10
PAMN device
L.
LLEEE_(EJE'_DE"EECETE'E] _ :
L |
P |

Eetmooead

End Device
- Metrology
Communications

-4

Connect /disconnect

Load control
Demand response
Relays

Information display
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created[EndDevceEverts)

Lr=

created(EndDevic eEverts) J

L

| PAMN device nofifies

\ Al of succe sl

1 command comapletion
I -

|

i

PAN device executes
cotmrrand

Event or Control EndDeviceControl | Expected EndDevice EndDevice EndDevice
Description Type Events Domain SubDomain EventOrAction
*15.17.242
Load control initiate, port 0 | *.15.0.54 LoadControl | n/a Start
*15.17.217
Load control *.15.0.55 *15.17.216
stopfterminate, port 1 *15.17.218 LoadCentrol | n/a Step




CIM for the management of the active customers
(IEC 62746)
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Applicative context associated with the management of active
consumers

IEC 62746

Domains Customer
{Home, Building,

Industry, EV, Mobility)

Ricerca sul Sistema Energetico - RSE S.p.A. ‘



Management of the flexibility associated with active customers

Grid and / or Market
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«Grid» — «Active customer» interface architecture

Electrical Power Customer Management
Management System System
Power
Management
systern T B G
ay Interface Gatéway
Infrastructure

L
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Functional architecture for management of active customers
|[EC 62746 appplication context

Smart device®

Simple external
consumer display

i M/441 architecture

n "
S O e snam saam ssam o

+e.g. HBES device, smart appliances, storage, generator, domestic charger for EV, complex display
Actor A and Actor B can be understood as backend system

Source: CEN-CENELEC-ETSI Smart Grid Coordination Group — Sustainable Processes Report
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Development process of IEC 62746 standard

e The IEC 62746 standard for interface between Grid and Active Customers will
be based on current OpenADR 2 specifications (*)

e Contemporary, the current CIM Model will be extended based on Use Cases
associated with the Grid-Active Customer interface

* The final solution will use a new version of OpenADR, based on this extended
CIM Model

(*) http://www.openadr.org/
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CIM - Future expectation
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Main IEC standard for the electrical system management

TEC-62357

< IEC-62351 ‘

TEC
CIM 61850

—
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Preparatory activities to extend the «CIM» approach
on others context of the management of the electrical system

« Harmonization between CIM and IEC 61850
(TC57 - WG19)

« Harmonization between CIM e DLMS/COSEM
(IEC/TS 62056-6-9)

* Representation of IEC 61850 in UML
(TC57-WG10, WG17,WG18 - TC88 JWG25)
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Prospective of definition of a single Data Model
for the whole electrical domain

TEC-62357

/-< IEC-62351

A single «Data Model» for the
whole electrical domain ?

Applicable to
other domain ?

(Gas, water,
waste)

\.
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‘ Conclusions

The development of the Smart Grid needs the integration of many heterogeneous
systems

This process will be based on the “interoperability” concept

The interoperability, both a semantic level and syntactic level, will be facilitated by
the use of “Data Models” (Ontologies)

“CIM” is currently used in many electrical business context.
It represents the most mature Ontology for the electrical domain

CIM should be considered for any new ICT solution for the management of the
electrical domain

For more info on this topics, please refers to: http:/www.rse-web.it/documenti/documento/315346
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