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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FRAMEWORK FOR ENERGY MARKET COMMUNICATIONS -

Part 301: Common information model (CIM) extensions for markets

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object /6f TEC is to promote
international co-operation on all questions concerning standardization in the electrical and elegtronic fields. To
this end and in addition to other activities, IEC publishes International Standard echnical §pecifications,

Technical Reports, Publicly Available Specifications (PAS) and Guides (hexe “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IE terested
in the subject dealt with may participate in this preparatory work. i and non-

governmental organizations liaising with the IEC also participate in this araton. korates closely

consensus of opinion on the relevant subjects since each ica i épresentation from all
interested IEC National Committees.

Publications is accurate, IEC cannot be
misinterpretation by any end user.

4) In order to promote international uniformity i s i undertake to apply IEC Publications
transparently to the maximum extent posgible |n th' i and regional publications. Any divergence
between any IEC Publication and the corre i
the latter.

6) All users should
No liability shall

Power systems management and associated information exchange.

The text of this standard is based on the following documents:

FDIS Report on voting
57/1438/FDIS 57/1469/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

Throughout this document, references are made to the UML model. References to specific
UML packages and classes are made by citing the name of package or class in single quotes,

example, ‘IEC 61970’ or ‘IdentifiedObject’. Documents
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A list of all parts of the IEC 62325 series, under the general title: Framework for energy
market communications, can be found on the IEC website.

The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be

* reconfirmed,

* withdrawn,

* replaced by a revised edition, or
+ amended.

IMPORTANT - The 'colour inside' logo on the cover page ‘©of thispuklicationy indicates
that it contains colours which are considered to~b or e correct
understanding of its contents. Users should therefore print t document using a

colour printer. /\
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INTRODUCTION

This International Standard is part of the IEC 62325 series for deregulated energy market
data exchanges. This standard was originally based upon the work of the European
transmission system operators TF 14 EDI (Electronic data interchange) and the EPRI TR
1009455 and TR 1011431 (CIM extensions to support market operations, phase 1 and

phase 2).

The principal objective of the IEC 62325 series of standards is to produce standards which
facilitate the integration of market application software developed independently by different
vendors into a market management system, between market management systems and
market participant systems. This is accomplished by defining message exchanges to enable
these applications or systems access to public data and exchange informga independent of
how such information is represented internally.

exchange. The profile specifications, which are contained i ' IEC 62325
standards, specify the content of the messages exchanged. ile~y ificatigns in other

The CIM is an abstract model that rep ajor objects in an electric utility
enterprise typically needed to model the pects of a utility. This model includes
public classes and attributes for these ©bj he relationships between them.

of applications. The useQf the ar beyond its application in a market management
system. This standard e undersiood, as a tool to enable integration in any domain
where a marke@e 4 i g facilitate interoperability and plug compatibility
between applicati s independent of any particular implementation.

The IEC 62325 s a series of standards. IEC 61970 standards define the
EMS application IEC 61968 standards define System
interfaces_fok distr agement. IEC 62325-301 corresponds to the IEC 61970-301
and the/l andards that describe parts of the common information model
relevant ces for EMS, DMS and MMS systems. While there are multiple
IEC standard ith different parts of the CIM, there is a single, unified information

model comprising ¢ IM behind all these individual standards documents.
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FRAMEWORK FOR ENERGY MARKET COMMUNICATIONS -

Part 301: Common information model (CIM) extensions for markets

1 Scope

This part of IEC 62325 specifies the common information model for energy market
communications.

The common information model (CIM) is an abstract model that regresents all the major

objects in an electric utility enterprise typically involved in utility electricity
market management. By providing a standard way of representing pow gsouyrces as
object classes and attributes, along with their relationships, the/G egration
of market management system (MMS) applications develop by different
vendors, between entire MMS systems developed independe an”MMS system
and other systems concerned with different aspects of ma ahagement, such as capacity

management system.

Due to the size of the 9 cldsses contained in the CIM are grouped into
a number of logical pa ¢ hick represents a certain part of the overall power
system being . y

international standard i articilar Jnternational standard specifies a set of packages

The following documents, in whole or in part, are normatively referenced in this document and
are indispensable for its application. For dated references, only the edition cited applies. For
undated references, the Ilatest edition of the referenced document (including any
amendments) applies.

IEC 61968-11, Application integration at electric utilities — System interfaces for distribution
management — Part 11: Common information model (CIM) extensions for distribution

IEC 61970-301, Energy management system application program interface (EMS-API) —
Part 301: Common information model (CIM) base

IEC 62325-450, Framework for energy market communications — Part 450: Profile and context
modelling rules

Object management group: UML 2.0 specification — available at <http://www.omg.org>
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3 Terms, definitions and abbreviations

For the purposes of this document, the terms and definitions given in IEC 61970-2 as well as
the following apply.

3.1 Terms and definitions

3.11

Application program interface

API

set of public functions provided by an executable application component for use by other
executable application components

[SOURCE: IEC 61970-2:2004, 3.4]

3.1.2
CIM model manager
CIM compliant model manager

3.1.3

Extensible markup language

XML

is a markup language that defines a sgt of rul
both human-readable and machine-rea/degbje

uments in a format that is

nod@ do

3.1.4
XML schema description
XSD
is an XML-based languag€ us

3.1.5

intra-day marke
intra-day schedu
day ahead markets

3.1.6
load forecas
load fore

3.1.7
Market managem
MMS

computer system comprising a software platform that provides basic support services and a
set of applications with the functionality needed for the effective management of the electricity
market

Note 1 to entry: These software systems in an electricity market may include support for capacity allocation,
scheduling energy, ancillary or other services, real-time operations and settlements.

3.1.8
scheduler
scheduling system for resources

3.1.9

third party access

concept in market management systems which allows third parties to use the transmission
system on an equal basis
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3.1.10
Unified modeling language
UML

modeling language in the field of object-oriented software engineering that is maintained by
the Object Management Group

3.1.11

RDF schema

RDFS

W3C recommendation which provides basic elements for the description of ontologies

3.1.12

Ontology web language

OWL

W3C recommendation which provides a knowledge representati
ontologies

3.2 Abbreviations

3.21
B and S
billing and settlement

3.2.2
CRR
congestion revenue rights

3.2.3
DAM
day ahead market whi

3.2.4 Q
DMS

distribution managgin

t and schedules of resources

3.2.5
EMS
energy o

3.2.6
MDMS
meter data management system

3.2.7
RTM
real time markets which finalize dispatch for system resources

4 CIM specification

4.1 CIM modeling notation
The CIM is defined using object-oriented modeling techniques. Specifically, the CIM

specification uses the unified modeling language (UML) notation, which defines the CIM as a
group of packages.

Documents

Document Sharing Hub

Full document details: IEC 62325-3012014


http://www.avadocuments.com/doc/iec-62325-301-2014
http://www.avadocuments.com/doc/iec-62325-301-2014

- 28 - IEC 62325-301:2014 © IEC 2014

Each package in the CIM contains one or more class diagrams showing graphically all the
classes in that package and their relationships. Each class is then defined in text in terms of
its attributes and relationships to other classes.

The UML notation is described in Object Management Group (OMG) documents and several
published textbooks.

4.2 CIM packages

The CIM is partitioned into a set of packages. A package is a general purpose means of
grouping related model elements. The packages have been chosen to make the model easier
to design, understand and review. The common information model consists of the complete
set of packages. Entities may have associations that cross many packag oundaries. Each
application may use information represented in several packages.

The comprehensive CIM is partitioned into groups of packages fo
and maintaining them. IEC 62325-301 includes the following packages

anaging

e ‘MarketCommon’
e ‘MarketManagement’
e ‘MarketOperations’
Packages used by the IEC 61970-30

standard describe additional parts a
operations including wires, topology,

es used by the IEC 61968-11
Wit er logical views of utility

, assets, location, activities,

Figure 1 shows package ies \J¥t C 62325’ package and its subpackages
depend on the ‘IEG 6 3 ) packages. The ‘IEC 61970’ package is used by
the IEC 61970 g model that represents power system resources
and their relationshi 8’ package is used by the IEC 61968 series of
standards describj f Utility operations, including assets, location, activities,
customers, doc nagement and metering models. The dashed line
indicates a d atiorship, with the arrowhead pointing from the dependent package
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class PackageDependencies /

TCE7CIM::Combinedverzion

+ date :Date [0.1] = 201 3-03-07 {readOnlyl
+ wersion :String [0.1] = iecB1970CIMIEvD. .

{read onlvl

IECE1970

)"\ {from TCERCMAG fﬁ r\.\
! \

|
| I
%

IECE1970::IECE1970CIMVYerzion
+ date :Date [0.1] = 2011 -09-04 {readOnly}
+ wersion :String [0..1] = IECE13F0CIM1EvO] {readonly}

IECE1968: 1ECE]

+ date :Date [0.1] = 201 I/SEIXQ\Q’eadC}\\; \ >
+ wversion String [0.1] = IECE]E}QEIM] 2N fredonl

I
|

|

i

| i

| | i

J‘ J" IECE1968

]

' 4 (From ToEFCIME /,'1

-
-

Pk P
—

~
\ !
~ " From TCEFTInG /1 I
- b ) !
!
Y . i )
\. ! !
Y ! !
i

N

zélﬁa{}_\uz%}sm arsion

+ datE/bz‘Eo\[D\k]\= M—UAD}{T‘{&%W}
+  wefaion Strihg 00N = IECE 205G IMO2v0S freadOnlyl
N

BN

\%d
N > 6’3:(} R);iennes(ﬂll‘h‘ersmn

te :Date [0. 1]—}01] -05-07 {read Only}

\ ve\mn SWI] =E {readOnly}

N\

IEC

1604/14

Figure 2 sho
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class Main

IECE2325CIMYersion

+ date :Date [0.1] = 2013-03-07 {readonly}
+ wersion :String [0..1] = IECE2325CIMO2v0S fread Only}

MarketCommon

7 R
- A
= - A
- - \‘(\
MarketOperations Harket%g&@enk\|

O

IEC 1605/14

Clause 6 contains the spe CIM packages.
NOTE The conten C } q_this\speXification were auto-generated from the CIM UML electronic
model release IEC 62325¢ 09, which is ayailgble through the CIM Users Group.

4.3.1

The cla ach CIM package shows all the classes in the package and their
relationship ationships exist with classes in other packages, those classes are
also shown.

Classes and objects model what is in a power system that needs to be represented in a
common way to market applications. A class is a description of an object found in the real
world, such as a bid, registered resource, or registered load that needs to be represented as
part of the overall electricity market in an MMS. Other types of objects include things such as
schedules and measurements that MMS applications also need to process, analyze, and
store. Such objects need a common representation to achieve the purposes of this standard
for plug-compatibility and interoperability. A particular object in a power system with a unique
identity is modeled as an instance of the class to which it belongs.

The CIM is defined to facilitate data exchange. As defined in this document, CIM entities have
no behavior. IEC 62325-450 Profile and context modeling rules defines the modeling
principles to generate a profile and the modeling framework principles to define the message
payload.

Classes have attributes that describe the characteristics of the objects. Each class in the CIM
contains the attributes that describe and identify a specific instance of the clas§)@autnaents
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attributes that are of public interest to MMS applications are included in the class
descriptions.

Each attribute has a type, which identifies what kind of attribute it is. Typical attributes are of
type ‘Integer’, ‘Float’, ‘Boolean’, ‘String’, ‘Datetime’, ‘Date’, ‘Duration’, and ‘Decimal’, which are
called primitive types. However, many additional types are defined as part of the CIM
specification. For example, ‘RegisteredGenerator’ has a ““maxDependableCap’ attribute of
type ‘ActivePower’. The definition of many shared types is contained in the ‘Domain’ package
described in Clause 6. The UML stereotypes of ‘Primitive’, ‘Enumeration’, ‘CIMDatatype’, and
‘Compound’ are added to classes used as types:

e The ‘CIMDatatype’ stereotype is used with a specific CIM semantics to describe a type
that has several attributes {*value’, ‘unit’, ‘multiplier’, enominatorUnit’,

e The ‘enumeration’ stereotype is used to describe the with an

enumerated list of choices.

e The ‘Compound’ stereotype is used to describe s refated al{ributes that are
commonly reused. ‘Compound’ classes may cagnsis i ;
‘Primitive’, ‘enumeration’, ‘CIMDatatype’ or othgr ° QOUR clses as long as the

any attributes.

Relationships between classes reveal/how_theyware
classes are related in a variety of ways asribd N 4.3.2,4.3.3 and 4.3.4.

4.3.2 Generalizatio

A generalization a more general and a more specific class. The
more spemﬁc@ 3 i additional information. For example,
‘RegisteredGener is a_s ific sbcl s of ‘RegisteredResource’. Generalization provides
for the specific clas i ibutes” and relationships from all the more general classes
above it.

Figure 3 is 2 0P éralization. In this example taken from the ‘MarketCommon’
packagey aNMg icipant” is a more specific type of ‘Organisation’. ‘Organisation’ also
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class DucumentatiunExamplelnheritance/

Core::
Identified Object

Common::0rganisation

MarketCommon::
MarketParticipan

A~ A
Q N

ample of)generalization

A

4.3.3 Simple@

An association is” g
“association end

association gnfthgoes 19) |
. Associa n end e usually given the name of the target class with or without a
. , adverb) phrase. Each association end also has

is an indication of how many objects may participate in the given

example, in the € ere is an association between a ‘MarketParticipant’ and ‘MarketRole’
(See Figure 4 which™s taken from the ‘MarketCommon’ package). Multiplicity is shown at both
ends of the association. In this example, a ‘MarketParticipant’ object may reference 0 or more
‘MarketRole’ objects and a ‘MarketRole’ may be referenced by 0 or more ‘MarketParticipant’
objects.
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class DocumentationExampleAssociation /

MdlentifiecObjacy

Organisation MarketCommon::MarketRole
+MarketParticipant +MarketRole

MarketCommon::

+ roleType :MarketRoleKind [0..1]
o.= 0.7+ status Status [0..1]
+ type :String [0..1]

MarketParticipant

IEC 1607/14

Figure 4 — Example of simple association

4.3.4 Aggregation

Aggregation is a special case of association. Aggregati that t relationship
between the classes is some sort of whole-part relationship the whole class “consists
of” or “contains” the part class, and the part class is “pe s. The part class
does not inherit from the whole class as in generalization. 5 illustrates an aggregation

between the ‘EnergyProfile’ class and the ‘EnergyTrangagtion’ ich is taken from the
‘Externallnputs’ package. As shown n_be a member of one
‘EnergyTransaction’ object, but an ‘E
‘EnergyProfile’ objects. In the context as an\information model, aggregation does
not have a precise or formal interpretati S a._simpte—association and is intended to

clazs Documentation Examp@.gg}&iqétiun \)

N
Frofilk 3 r
CELmen
Externallnp +BEgergyProfile +EnergyTransaction
] e Externalinputs::
AR

A
X

4.4 CIM model concepts and examples

1 EnergyTransaction

[EC 1608/7

Figure 5 — Example of aggregation

4.4.1 ‘MarketCommon’ package
The common market model describes the market participants and the role they are assuming

in the market. Defined market roles are supplied by a list (‘MarketRoleKind’). A market
participant could play several roles in a market, as shown in Figure 6.
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clas=s MarketCommonDocumentation /

folenrifiec dbject Fowerfpstemfesource

Common::0rganization MarketCommon::ReqgisteredResource

MarketCommon::
MarketParticipant

+hlarketParticipant 0.

+MarketRole |07
J'D'i':'ﬂ.I‘IFIEDrﬂ.IE‘_,I'E'E.I"
MarketCommon::MarketRole
+ roleTvpe :MarketRoleKind [0..1]

+ s=status Status

+ type Strihﬁ

XK\

IEC 1609/14

the common rket qpodel to generate a profile. The profile, in such a case, is to be used
when the electrici arket is mainly based on regulated Third Party Access, i.e. transmission
system operators have to allow any electricity supplier non-discriminatory access to:

o the transmission network to supply customers

e and the wholesale and retail market transactions (bilateral or through a power exchange)
being the way to exchange the energy

The ‘MarketManagement’ package refers to what is later called the European style market.
Figure 7 shows an overview of the layered modeling framework to build from the CIM down to
the specification of messages. This layered modeling framework defines the way from the CIM
concepts of the ‘MarketManagement’ package through the definition of a market profile to
generate the contextualized documents for information exchange.
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Figure 7 — Market management model overview

As shown in Figure 7, for each business process necessary to run an electricity market, a

dedicated set of contextualized documents is provided. As indicated in Figure 7, the market

profiles are specified in IEC 62325-351 and the contextual documents are described in

IEC 62325-451-1, IEC 62325-451-2, etc.
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Figure 8 shows the classes of the ‘MarketManagement’ package.

class Harkel“anagemenlOverview/

AttributelnstanceComponent !
MarketAgreament +AttributalnstanceComponent

o.¢

+AttributelnstanceComponent .
Ioleniffed’Dbject
Iofentifec b ect Common::Document
Process
FProcess il tiffeddbect
+MarketDocument +zalftiarket Document Common::Organization
w 0.
a. [ | 0.#
+hfarketDocument MarketDocument
o.®

+Pariod + harketDacurnent +hdzrket Docurent 0/
Feriod b - i
; ; +MarketDocu@\
N W
. \{arket rticigant

o.®
+hdarketParticipant

e H-harketDocument 0.*

T
(s |1 0.#
+Feriod +Period F“x To.~ T hfar ketDocument
+Feriod +Frice | 0% +Market Docurnent
hita rket Document
P +AceTariffTvoe +Dortajn

+Foint (0.7 +Paint [0..1

+Foint o.*
g FFain iR biecY
[ 0.+ AceTariffType +Domai ain

+hdarketRole |0
Iclentifiec! b et
0.7 | +hceTariffType +Timekeries\ 4 ==
+Faint 0.5 FAceTariffType N MarkerCommegg
o= +Foint +Unit |0.. - - MarketRole
Fies
P D’Ob'}\
Unit irnesah R
TimeSeries : +T eSeries
I
+unt A
a.s Iclenrified b ject
# +TimeSeries = R
+Timeserias }_| e | D.. . b auction
. U +Auction
. S +NimeSeri TlmeSerles
+FReazon - irpeSer Timefaries
Timeteries imaSeries
Reason \
+Reasan i gason N\ imeSeries " N
\\/. o il tiffeddbect
= Tjmeferies . . i
0. +MarketEvaluationPaint MarketEvaluationPFoint
S{—Reason >
N >

j +FlawDirection
Market Objectswtus Nr ket jectSta\;/\\>
N FlowDirection
0.# o
\\};ﬁr}m +MKktPSRType

PSRType 0.

+hateAnddrTime

iy DateAndOrTime

0.

+RegisteradRezource

Fowertpstemfesounce
BidTimeSeries

MarketCommon::
Registered Resource

IEC 1611/14

Figure 8 — Market management model

In this market management model a key role is given to the concept of ‘MarketDocument’, i.e
the transactions on the electricity market are based on contractual exchanges of information
between market participants through a given set of documents depending upon the business

process.

As shown in Figure 7, for each business process necessary to run an electricity market, a
dedicated set of contextualized documents is provided. As an example, here is a non-
exhaustive list of processes:
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e The acknowledgment process: As the information exchange is based on contractual
exchanges, it is of matter to have a functional acknowledgment for the exchanged
document, and not only a technical acknowledgment;

e The scheduling process: This process describes the way of exchanging information related
to schedules, i.e. generation schedules, load schedules, bilateral trade schedules, power
exchanges trade schedules, etc;

e The settlement process: This process describes how to exchange the information
necessary to settle the electricity market, i.e. the comparison of the scheduled energy and
the actual meters;

e The transmission capacity allocation and nomination process: This process describes the
explicit and implicit auctions of transm|SS|on capamty for cross border trades It includes

e The reserve resource process: This process describes the
generation units and the dispatchable load, are scheduled, and

purpose
o etc.
The ‘Process’ class (see Figure 8) enables to define a~givemdocument the process to

different processes such as forecast long term

be underlined, i.e. the
market participants (i.e.

Within a ‘MarketDocument’, anoth
‘TimeSeries’ concept (see Figure
‘MarketParticipant’ class) playing a role €’ class) in a market business process
(i.e. ‘Process’ class) can exchange s ‘ g/price related to an energy domain
area (i.e. ‘Domain’ class) i 3 sych as “internal trade”, “cross-border
trade”, “primary reserve” S

the basis on which puilt in order to manage energy exchanges, bid,

capacity allocation, en

9,
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To handle quantities and prices in a contractual way for the electricity market, attributes of
type ‘Decimal’ have been introduced in the modeling.

4.4.3 ‘MarketOperations’ package

4.4.31 Market operations

The ‘MarketOperations’ package describes a consistent set of classes to be used together
with the common market model (and other parts of the CIM described in IEC 61970-301 and
IEC 61968-11) to generate a profile. The profile, in such a case, is to be used for US style
electricity market that is mainly characterized by day ahead unit commitment by a market

operator, intraday and real time balancing through central dispatch, and settlement based on
locational marginal prices.

This kind of US style electricity market also includes the auction of congestion revenue rights
which are financial instruments that market participants purchase to hedge against congestion
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costs. Meter data management and billing and settlement are also included. The
‘MarketOperations’ package includes models to support these characteristics.

Subclauses 4.4.3.2 through 4.4.3.6 describe major concepts referenced in the
‘MarketOperations’ package.

4.4.3.2 Market operator software systems

Figure 10 shows the software systems of a typical operator of US style electricity markets that
are referenced in the ‘MarketOperations’ package. The market operator may also be known as
a regional transmission operator (RTO) or independent system operator (ISO). The systems

are identified as follows:

EMS/ Intra
M
SCADA Scheduler DAM M }%
\ SOA Adapter \ \ SOA Adapter \ SOA Adapter SO\}\Adapte A Kdapter \

SOA Adapter</> > SOA Aéépé\ 95/'\ Adapter SOA Adapter ‘ SOA Adapter ‘
CIM Model < aé\»\/

Manager Forecast BandS MDMS CRR

IEC 1613/14

Figu perator software systems for US style electricity markets

4.4.3.3 Regionaltransmission operator interfaces

Figure 11 illustrates an overview of the UML interface model for a regional transmission
operator (RTO) to support the interfaces illustrated in Figure 10. The major classes are briefly
summarized: The classes ‘AggregateNode’ and ‘Pnode’ are used to model pricing nodes
where locational marginal prices are averaged with a weighted average calculation. The class
‘LocalReliabilityArea’ is used to identify and model load pockets within the RTO. The class
‘MktConnectivityNode’ is used to extend the IEC 61970 ‘ConnectivityNode’ class with market
data. The classes ‘TransmissionRightChain’, ‘ContractRight’, and ‘MSSAggregation’ are used
to model legacy contracts for use of the transmission system and to represent grandfathered
transmission ownership rights. The classes ‘Organisation’ and ‘MktOrganisation’ identify the
RTO. The classes ‘SecurityConstraints’ and ‘SecurityConstraintSum’ are used to model
system constraints such as nomograms that approximate transient stability constraints. The
classes ‘HostControlArea’, ‘SubControlArea’, and ‘AdjacentCASet’ are used to model data to
support control area operations. Resource models and participating transmission owner data
are included through associations with their associated classes. More details of the RTO

model are included in Clause 6.
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Figure 1 Regional transmission organization for US style electricity market
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4.4.3.4 Resource model

Figure 12 illustrates a high level view of the UML model that supports the resource model
data for US style electricity market. The class ‘RegisteredResource’ is a parent class with the
following subclasses: ‘RegisteredLoad’, ‘RegisteredinterTie’, and ‘RegisteredGenerator’. The
‘RegisteredResource’ class has associations with the classes ‘AggregateNode’, ‘Pnode’ and
‘MktConnectivityNode’ to support aggregated and physical resources. The associations to the
‘AggregateNode’ and to ‘AggregatedPnode’ (association is inherited from ‘Pnode’) support the
aggregated resource definition on an aggregated node or aggregated pricing node basis. The
associations to ‘IndividualPnode’ (inherited from ‘Pnode’) and ‘MktConnectivityNode’ support
the physical resource definition on a pricing or connectivity node basis. Additional
associations are also available through the subclasses ‘RegisteredLoad’, ‘RegisteredinterTie’
and ‘RegisteredGenerator’ to support both aggregated and physical resources by a direct tie
to the physical resources defined in the power system network model. ‘RegisteredLoad’ has
the association to ‘MktEnergyConsumer’, ‘RegisteredinterTie’ has the association to
‘Flowgate’ and ‘RegisteredGenerator’ has the association to ‘MktGeneratingUnit’
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Figure 12 — Registered resource reference definition for US style electricity market

4.4.3.5 Bid/Offer model

US style electricity markets are based on offers to sell and bids to buy electricity products that
are cleared by a market operator subject to network and resource constraints. Bids and offers
include price quantity pairs and technical data related to the ability of the market participant to
deliver the quoted products.

Figure 13 shows the overview of the classes and associations that are used to del offers
and bids. The term bid is used to include offers to sell and bids to buy one.or morﬁ!mtﬂiﬂents
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products. The ‘Bid’ class is a subclass of the ‘Document’ class from the ‘IEC 61968’ package.
Bids are further classified as ‘ResourceBids’ or ‘TransactionBids’. ‘Resource’ bids are bids
that are based on physical (or virtual) resources that are inside the footprint of the RTO and
thus under the direct operational control of the RTO. ‘TransactionBids’ are bilateral
agreements made between market participants that are reported to the RTO for inclusion as
constraints in the market clearing. The RTO determines whether the bilateral agreements can
be consummated while maintaining system reliability standards.

Bids are associated with scheduling coordinators that submit them on behalf of market
participants as shown by the association between the ‘Bid’ class and the
‘SchedulingCoordinator’ class. While the association between the ‘Bid’ class and the
‘SchedulingCoordinator’ class is optional, it shall be noted that if this association is optional,
then the association between the ‘Bid’ class and the ‘MarketParticipant~class shall be

A further association between the ‘Bid’ class and the ‘M3 S Mdi s which market
the bid is intended for (day ahead, real time, etc)

class Partit:ir.limtl&it:IS/J
i b_,rerr
ommon::Dosument
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Figure 13 — Bid definition for US style electricity market
Figure 14 shows further details of bids/offers.
The ‘Bid’ class is associated with a ‘ProductBid’ class, which in turn is associated with the

‘BidPriceSchedule’ class. The class ‘BidPriceSchedule’ defines bid schedtiles mment
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product bid to use specified bid price curves for different time intervals. This simplifies the
modeling of bids that are made for multi-interval time horizons. The bid schedule is the set of
consecutive intervals for which the bid is valid.

A bid may also be a self schedule, meaning that the market participant would like to operate
the resource according to a certain (for example minimum) schedule. The market operator
determines whether this resource can run with the submitted self schedule while system
reliability criteria are met. These self schedules are settled at the LMPs determined during the
market clearing. The class ‘Bid’ is associated with the class ‘ProductBid’, which is associated
with the class ‘BidSelfSchedule’ to support the modeling of self schedules. The class
‘BidSelfSched’ is associated with the class ‘ContractRight’ which may be used to model the
use of legacy contracts to support self schedules

This model also supports bids with part of the range of bid classified a self schedule and
part as regular bid. <\
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Figure 14 — Resource bid schedule definitions for US style electricity market

4.4.3.6 Market clearing results

Figure 15, illustrates the major classes used to communicate the results of a market clearing
run for a US style electricity market. The class ‘Market’ is used to model the type of market
(day ahead, real time, or intraday). The class ‘MarketFactors’ is used to model the market
time horizon. The class ‘LossClearing’ is used to model electrical losses during the market
horizon. The class ‘GeneralClearing’ is used to model the identity of the market interval. The
class ‘PnodeClearing’ and its associations are used to model the cleared pricesm@etuw'Ients
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marginal prices) of the run. The class ‘ResourceClearing’ is used to model market clearing
results on a resource basis. The class ‘AncillaryServiceClearing’ is used to model the clearing
results for ancillary services on a market region basis. The class ‘ResourceAwardClearing’ is
used to model further details of the resource clearing. The class ‘ConstraintClearing’ is used
to model the exchange of data on constraints which are binding constraints in the optimal
market clearing solution.

class MarketClearing /

folentiffecidbject
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ket clearing for US style electricity market
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IEC 62325-301 defines the CIM along with IEC 61970-301 and IEC 61968-11.

4.5.2 Process for amendments to the CIM

It may be desirable to amend the CIM to either revise the existing model or to extend the CIM
to model additional elements of an electric utility power system. The recommended process
for such amendments is as follows.

a) Prepare a use case(s) to describe the desired changes. This should include proposed
changes to the appropriate class diagrams showing new/revised classes, attributes, and
associations.

b) The use case(s) is then reviewed by the appropriate working group to decide if the
requested changes should be treated as revisions to the current CIM standard, or if they
should be treated as private amendments, not requiring a change to the standard itself.

c) Proposed amendments accepted by the working group will be added to a list of
outstanding issues, and at the appropriate time, a new version of the CIM model will be
prepared and an update made to the appropriate IEC CIM specification.
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4.5.3 Changes to the CIM UML model

From a modeling perspective, when the CIM is extended, the approach is to start with the
existing CIM UML model. The extensions may be added in any of several ways that are
available in UML, but in all cases the approach is to inspect the current model and determine
the best way to build off of the existing class diagrams. The extensions may take the form of
any of the following, starting from the simplest to the most complex:

e adding additional attributes to existing classes;

e adding additional associations between two existing classes;

e adding new classes that are specializations of existing classes;

e adding new classes via associations with existing classes.

The main objective is to reuse the existing CIM to the maximum
packaging point of view, extensions should be made to existing pa

is still a single model.

4.5.4 Changes to the CIM standards documentsg

whether the changes constitute upda
new part 3xx specification is required.
the IEC standard CIM.

4.5.5 CIM profiles

An implementation of the &M« i lasses, attributes, or associations in the
standard CIM specific ; t Wit CIM standard. Profiles may be defined to
specify which elements sh i d (i.e\, mandatory elements) in a particular use of the
CIM, as well as @\ aseVrofiles are defined in the Part 35X, and 45x series

of standards and

In IEC 62325-450,
from the CIN ti odel down to the specification of messages based on CIM

A full discuss of the rules for IEC 62325 series profiles is presented in the IEC 62325-450
document. Please~tefer to this document for a complete explanation and a full description of
these rules.

4.6 Modeling tools

The entire CIM UML model exists as an Enterprise Architect project file and is viewable with
that tool, including the class diagrams and descriptions of classes, attributes, types, and
relationships. Viewing the CIM in this fashion provides a graphical navigation interface that
permits all CIM specification data to be viewed via point-and-click from the class diagram in
each package. A free viewer is available through Sparx Systems.

Ideally, the CIM information model is independent of any specific UML tool, though experience
has shown that exchanges between different tools are often less than perfect. Until tool
interoperability is proven effective, future changes to the CIM specification, resulting in new
versions of this standard, will be incorporated first into the Enterprise Architect project
description to ensure a single source for the CIM model data.
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5 Detailed model

5.1 Overview

The common information model (CIM) represents a comprehensive logical view of market
operations system information. This definition includes the public classes and attributes, as
well as the relationships between them. Subclause 5.2 describes how Clause 6 is structured.
Clause 6 is automatically generated from the CIM model.

5.2 Context

The CIM is partitioned into subpackages. Classes within the packages are listed
alphabetically. Native class attributes are listed first, followed by inherited jputes in order

class, followed by inherited associations in order of depth of inheritaRce, then alphabetically
iations are d

For each package, the model information for each class stibedy in attribute and
association end tables. Attribute and association epnd 3 2five and inherited
attributes is listed as shown in Table 1 and Table 2. aqy i d atfributes or association
ends the “description” column will contain text indicafi attributes is inherited from a

specific class. The description column fer nati / asspciation ends contains the
actual description.

Table 1 —Attribut

(_\ - .
name t§Qe \3 description

native1 hs\[at \/f(floating point native attribute of the class is

cumentation

(\ described here.
native2 ijvePower Documentation for another native attribute of
type ActivePower.
Name FN ~ > Inherited from class IdentifiedObject

Table 2 — Association ends documentation

[mult [mult to] name type description

from]

[0..7] [0..1] PSRType PSRType PSRType (custom classification) for this
PowerSystemResource.

[0..1] [0..*] Measurements Measurement The Measurements that are included in

the naming hierarchy where the PSR is
the containing object

[1..1] [0..*] OperatingShare OperatingShare The linkage to any number of operating
share objects.

[0..7] [0..*] PsrLists PsrList

[1..1] [0..1] OutageSchedule OutageSchedule A power system resource may have an
outage schedule

[0..7] [0..*] ReportingGroup ReportingGroup Reporting groups to which this PSR

belongs.
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[mult [mult to] name type description
from]

[0..1] [0..*] DiagramObjects DiagramObject inherited from: IdentifiedObject
[1..1] [0..*] Names Name inherited from: IdentifiedObject

As shown in Table 2, in an association ends table, the first column describes the multiplicity at
the other end of the association (i.e., the multiplicity of the class for which association ends
are being described). The multiplicity of the association end itself is included in brackets. The
association end name is listed in plain text. The class at the other end of the association is
listed in the “type” column. A multiplicity of zero indicates an optional association. A
multiplicity of “*” indicates any number is allowed. For example, a multiplicity of [1..*] indicates
a range from 1 to any larger number is allowed.

In the case that a class is an enumeration, the attributes table is replacé nums table
as shown in Table 3, since enumeration literals have no type. inherited
enumeration literals for an enumeration class.

Table 3 — Enums documentatio

AN
literal des ti\oQ )
native1 This is the firy/native eﬁ(ﬂ?ﬁs@n va}@e.
native2 This is thﬁe\“&or@nﬁtiv’geweeralue.
native3 /‘here/e’?gtyﬁcally(no @h}riﬁd ttributes for enumerations.
N/

N\

veloped, standardized and maintained by the

6 Top package IEC 62325

6.1 General

The IEC 62325 subpa
IEC.

Figure 16 shows c;
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class Main

IECE2325CIMVYerszion

+ date :Date [0.1] = 2013-03-07 {readOnly}
+ wersion :String [0.1] = IECE232ECIMO2w0 {read onby}

MarkerCommon

-7 ™
- A
- - A"
- - \\'
- Ay
-

- \(\
MarketOperations Harketyan{g%en\J

N0

IEC 1619/14

6.2 IEC 6232@V

IEC 62325 versio

e 4 > Attributes of IEC 62325::IEC 62325CIMVersion

name X

type

description

date=2013-03-07 (const) Date Form is YYYY-MM-DD for example for January
5, 2009 it is 2009-01-05.

version=IEC 62325CIM02v09 String Form is IEC 62325CIMXXvYY where XX is the

(const) major CIM package version and the YY is the
minor version. For example
IEC 62325CIM10v03.

6.3 Package MarketCommon

6.3.1 General

This package contains the common objects shared by both MarketManagement and
MarketOperations packages.

Figure 17 shows class diagram MarketCommon.
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