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BRITISH STANDARD

National foreword

This British Standard is the UK implementation of

ENIEC 61970-301:2020+A1:2022. It is identical to

[EC 61970-301:2020 incorporating amendment 1:2022. It supersedes
BS EN IEC 61970-301:2020, which will be withdrawn on 5
September 2022.

The start and finish of text introduced or altered by amendment is
indicated in the text by tags. Tags indicating changes to IEC text carry
the number of the [IEC amendment. For example, text altered by IEC
amendment 1 is indicated by @ R

The UK participation in its preparation was entrusted to Technical
Committee PEL/57, Power systems management and associated
information exchange.

A list of organizations represented on this committee can be obtained on
request to its committee manager.

Contractual and legal considerations

This publication has been prepared in good faith, however no
representation, warranty, assurance or undertaking (express or
implied) is or will be made, and no responsibility or liability is or will be
accepted by BSI in relation to the adequacy, accuracy, completeness or
reasonableness of this publication. All and any such responsibility and
liability is expressly disclaimed to the full extent permitted by the law.

This publication is provided as is, and is to be used at the
recipient’s own risk.

The recipient is advised to consider seeking professional guidance with
respect to its use of this publication.

This publication is not intended to constitute a contract. Users are
responsible for its correct application.

© The British Standards Institution 2022
Published by BSI Standards Limited 2022

ISBN 978 0 539 17346 8
ICS 33.200

Compliance with a British Standard cannot confer immunity from
legal obligations.

This British Standard was published under the authority of the
Standards Policy and Strategy Committee on 30 September 2020.

Amendments/corrigenda issued since publication

Date Text affected

31 August 2022 Implementation of IEC amendment 1:2022 with
CENELEC endorsement A1:2022
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EUROPEAN STANDARD EN IEC 61970-301:2020+A1

NORME EUROPEENNE
EUROPAISCHE NORM April 2022

ICS 33.200 Supersedes EN 61970-301:2017 and all of its
amendments and corrigenda (if any)

English Version

Energy management system application program interface
(EMS-API) - Part 301: Common information model (CIM) base
(IEC 61970-301:2020)
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Internal Regulations which stipulate the conditions for giving this European Standard the status of a national standard without any alteration.

Up-to-date lists and bibliographical references concerning such national standards may be obtained on application to the CEN-CENELEC
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EN IEC 61970-301:2020+A1:2022 (E)

European foreword

The text of document 57/2210/FDIS, future edition 7 of |EC 61970-301|, prepared by IEC/TC 57
"Power systems management and associated information exchange" was submitted to the IEC-
CENELEC parallel vote and approved by CENELEC as EN IEC 61970-301:2020.

The following dates are fixed:

+ latest date by which the document has to be implemented at national (dop) 2021-05-01
level by publication of an identical national standard or by endorsement

+ latest date by which the national standards conflicting with the (dow) 2023-07-31
document have to be withdrawn

This document supersedes EN 61970-301:2017 and all of its amendments and corrigenda (if any).

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. CENELEC shall not be held responsible for identifying any or all such patent rights.

This document has been prepared under a mandate given to CENELEC by the European Commission
and the European Free Trade Association.

Endorsement notice

The text of the International Standard IEC 61970-301:2020 was approved by CENELEC as a
European Standard without any modification.

In the official version, for Bibliography, the following notes have to be added for the standards
indicated:

EC 61850-7-3 NOTE Harmonized as EN 61850-7-3

IEC 61968-11:2013 NOTE  Harmonized as EN 61968-11:2013 (not modified)

EC 61970-501 NOTE Harmonized as EN 61970-501

IEC 62325 (series) NOTE  Harmonized as EN IEC 62325 (series)
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EN IEC 61970-301:2020+A1:2022 (E)

European foreword to amendment A1

The text of document 57/2439/FDIS, future IEC 61970-301/AMD1, prepared by IEC/TC 57 "Power
systems management and associated information exchange" was submitted to the IEC-CENELEC
parallel vote and approved by CENELEC as EN IEC 61970-301:2020/A1:2022.

The following dates are fixed:

+ latest date by which the document has to be implemented at national (dop) 2022-12-29
level by publication of an identical national standard or by endorsement

+ latest date by which the national standards conflicting with the (dow) 2025-03-29
document have to be withdrawn

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. CENELEC shall not be held responsible for identifying any or all such patent rights.

This document has been prepared under a Standardization Request given to CENELEC by the
European Commission and the European Free Trade Association.

Any feedback and questions on this document should be directed to the users’ national committee. A
complete listing of these bodies can be found on the CENELEC website.

Endorsement notice

The text of the International Standard IEC 61970-301:2020/AMD1:2022 was approved by CENELEC
as a European Standard without any modification.
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Annex ZA
(normative)

Normative references to international publications
with their corresponding European publications

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments)

applies.

NOTE 1 Where an International Publication has been modified by common modifications, indicated by (mod), the relevant

EN/HD applies.

NOTE 2 Up-to-date information on the latest versions of the European Standards listed in this annex is available here:

www.cenelec.eu.

Publication Year
IEC 61850 series
EC 61850-7-4 2010
IEC 61968 series

EC/TS 61970-2 -

UML 2.0 -
Specification

Title

Communication networks and systems
for power utility automation - Part 10:
Conformance testing

Communication networks and systems
for power utility automation - Part 7-4:
Basic communication structure -
Compatible logical node classes and
data object classes

Application integration at electric utilities

- System interfaces for distribution
management - Part 1: Interface
architecture and general
recommendations

Energy management system application
program interface (EMS-API) - Part 2:
Glossary

Object Management Group: UML 2.0
Specification
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EN/HD Year
EN 61850 series
EN 61850-7-4 2010
EN IEC 61968 series
CLC/TS 61970-2 -
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ENERGY MANAGEMENT SYSTEM APPLICATION
PROGRAM INTERFACE (EMS-API) -

Part 301: Common information model (CIM) base

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with
may participate in this preparatory work. International, governmental and non-governmental organizations liaising
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence between
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

6) All users should ensure that they have the latest edition of this publication.

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of patent
rights. IEC shall not be held responsible for identifying any or all such patent rights.

International Standard JEC 61970-301 has been prepared by IEC technical committee 57:
Power systems management and associated information exchange.

This seventh edition cancels and replaces the sixth edition, published in 2016. This edition
constitutes a technical revision.

This edition reflects the model content version ‘IEC61970CIM17v38’, dated ‘2020-01-21’, and
includes the following significant technical changes with respect to the previous edition:

a) Added Feeder modelling;

b) Added ICCP configuration modelling;

c) Correction of issues found in interoperability testing or use of the standard;

d) Improved documentation;

e) Updated Annex A with custom extensions;

f) Added Annex B Examples of PST transformer modelling; Documents
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g) Added Annex C HVDC use cases.

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

FDIS Report on voting
57/2210/FDIS 57/2224/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.

A list of all parts of the IEC 61970 series, under the general title: Energy management system
application program interface (EMS-API), 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 website under "http://webstore.iec.ch" in the data related to
the specific publication. At this date, the publication will be

* reconfirmed,

e withdrawn,

* replaced by a revised edition, or
*+ amended.

IMPORTANT - The 'colour inside’' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this document using a colour printer.
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INTRODUCTION

This document is part of the IEC 61970 series which define an application program interface
(API) for an energy management system (EMS). IEC 61970 was originally based upon the work
of the EPRI Control Center API (CCAPI) research project (RP-3654-1). The principle objectives
of the EPRI CCAPI project were to:

e reduce the cost and time needed to add new applications to an EMS;

e protect the investment of existing applications or systems that are working effectively
with an EMS.

The principal objective of the IEC 61970 series is to produce documents which facilitate the
integration of EMS applications developed independently by different vendors, between entire
EMS systems developed independently, or between an EMS system and other systems
concerned with different aspects of power system operations, such as generation or distribution
management systems (DMS). This is accomplished by defining application program interfaces
to enable these applications or systems access to public data and exchange information
independent of how such information is represented internally.

The Common Information Model (CIM) specifies the semantics for this API. The Component
Interface Specifications (CIS), which are contained in other parts of the IEC 61970 series,
specify the content of the messages exchanged.

The CIM is an abstract model that represents all the major objects in an electric utility enterprise
typically needed to model the operational aspects of a utility. This model includes public classes
and attributes for these objects, as well as the relationships between them.

This document defines the CIM Base set of packages which provide a logical view of the
functional aspects of an Energy Management System including Supervisory Control and Data
Acquisition (SCADA). Other functional areas are standardized in separate IEC documents that
augment and reference this document. For example, addresses distribution
models and references this document. While there are multiple IEC standards dealing with

different parts of the CIM, there is a single, unified information model comprising the CIM behind
all these individual standards documents.

The International Electrotechnical Commission (IEC) draws attention to the fact that it is claimed
that compliance with this document may involve the use of a patent concerning a computer-
based implementation of an object-oriented power system model in a relational database. As
such, it does not conflict with the development of any logical power system model including the
Common Information Model (CIM), where implementation of the model is not defined.

The IEC takes no position concerning the evidence, validity and scope of this patent right.

The holder of this patent right has assured the IEC that he/she is willing to negotiate licences
either free of charge or under reasonable and non-discriminatory terms and conditions with
applicants throughout the world. In this respect, the statement of the holder of this patent right
is registered with IEC. Information may be obtained from:

ICL

Wenlock Way
West Gorton
Manchester
M12 5DR
United Kingdom

Attention is drawn to the possibility that some of the elements of this document may be the
subject of patent rights other than those identified above. IEC shall not be held responsible for

identifying any or all such patent rights. Documents
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ISO (www.iso.org/patents) and IEC (http://www.iec.ch/tctools/patent_decl.htm) maintain on-line
data bases of patents relevant to their standards. Users are encouraged to consult the data
bases for the most up to date information concerning patents.
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ENERGY MANAGEMENT SYSTEM APPLICATION
PROGRAM INTERFACE (EMS-API) -
Part 301: Common information model (CIM) base
1 Scope

The common information model (CIM) is an abstract model that represents all the major objects
in an electric utility enterprise typically involved in utility operations. By providing a standard
way of representing power system resources as object classes and attributes, along with their
relationships, the CIM facilitates the integration and interoperability of network applications
developed independently by different vendors, between entire systems running network
applications developed independently, or between a system running network applications and
other systems concerned with different aspects of power system operations, such as generation
or distribution management. SCADA is modelled to the extent necessary to support power
system simulation and inter-control centre communication. The CIM facilitates integration by
defining a common language (i.e. semantics) based on the CIM to enable these applications or
systems to access public data and exchange information independent of how such information
is represented internally.

The object classes represented in the CIM are abstract in nature and can be used in a wide
variety of applications. The use of the CIM goes far beyond its application in an EMS. This
document should be understood as a tool to enable integration in any domain where a common
power system model is needed to facilitate interoperability and plug compatibility between
applications and systems independent of any particular implementation.

Due to the size of the complete CIM, the object classes contained in the CIM are grouped into
several logical Packages, each of which represents a certain part of the overall power system
being modelled. Collections of these Packages are progressed as separate International
Standards. This document specifies a Base set of packages which provide a logical view of the
functional aspects of Energy Management System (EMS) and power system modelling
information within the electric utility enterprise that is shared between all applications. Other
standards specify more specific parts of the model that are needed by only certain applications.
Subclause 4.3 of this document provides the current grouping of packages into standards
documents.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies.
For undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC 61850 (all parts), Communication networks and systems for power utility automation

IEC 61850-7-4:2010, Communication networks and systems for power utility automation —
Part 7-4: Basic communication structure — Compatible logical node classes and data object
classes

IEC 61968 (all parts), Application integration at electric utilities — System interfaces for
distribution management

IEC TS 61970-2, Energy management system application program interface (EMS-API) —
Part 2: Glossary ocuments
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Object Management Group: UML 2.0 Specification — http://www.omg.org

3 Terms and definitions

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

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp

3.1

energy management system

EMS

computer system comprising a software platform providing basic support services and a set of
applications providing the functionality needed for the effective operation of electrical
generation and transmission facilities so as to assure adequate security of energy supply at
minimum cost

3.2

application program interface

API

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

3.3

unified modelling language

UML

formal and comprehensive descriptive language with diagramming techniques used to
represent software systems, from requirements analysis, through design and implementation,
to documentation

Note 1 to entry: UML has evolved from a collection of methods contributed by different practitioners into an
International Standard (ISO/IEC 19505, published in 2012). The CIM relies on UML for defining the model, and
automated tools generate the documentation, schemas, and other artefacts directly from the UML. A basic
understanding of UML is necessary to understand the CIM.

3.4

profile

subset of CIM classes, associations and attributes needed to accomplish a specific type of
interface

Note 1 to entry: This may be expressed in XSD, RDF, and/or OWL files. A profile can be tested between
applications. A profile is necessary in order to “use” the CIM. Several profiles are defined in other parts of the
IEC 61968 and IEC 62325 series.

4 CIM specification

4.1 Overview

The CIM model is described in the Unified Modelling Language (UML) which is maintained as
a UML file managed by a UML editing tool. The UML file exists in two different formats:

e a tool proprietary format,

e a standardized xmi format.
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The CIM model is described in Clause 6, which is a report generated from the UML file. The
name of the UML file use to generate Clause 6 is:

e iec61970cim17v40_iec61968cim13v13a_iec62325cim03v17a.eap

This file can be obtained from CIM users group.

4.2 CIM modelling notation

The CIM is defined using object-oriented modelling techniques. Specifically, the CIM
specification uses the UML notation, which defines the CIM as a group of packages.

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.

4.3 CIM 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. Entities may have
associations that cross many package boundaries. Each application will use information
represented in several packages.

Different groups of packages are assigned to different working groups within the IEC for
convenience in managing and maintaining them.

WG13 packages are included in this document and contained under the IEC61970 package.
The IEC61970 packages do not depend upon other outside packages. As shown in Figure 1,
the IEC61970 package and its subpackages are used as a core or base model for other CIM
packages. The dashed lines indicate dependency relationships, with the arrowhead pointing
from the dependent package to the package on which it has a dependency. WG14 packages in
the IEC 61968 series describe additional parts of the CIM that deal with other logical views of
utility operations including assets, locations, activities, consumers, documentation, work
management, and metering. WG16 packages in the |[EC 62325 series describe electric energy
markets.
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TC57CIM

tags
nsprefix = cim
nsuri = http:/ /iec.ch/TC57 /CIM100#

(from Model)

IEC61970
IEC61970:2IECE1970CIMVersion
Base Dynamics
date: Date [0..1] = 2020-01-21 {readOnly}

|‘€" | + version: String [0..1] = IEC61970CIM17v38 {readOnly}
rﬁo;ﬁfcwgm “\\ (from IEC61970)

| ~
~
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(from rc}zc\w)
Y
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|
|
|
|
|
|
|
! - -
| IEC61968 IEC61968:2IEC61968CIMVersion
|
|
|
|
|
|
|
|
|
|

| + date: Date [0..1] = 2019-03-21 {readOnly}
+ version: 5tring [0..1] = IEC61968CIM13v12 {readOnly}

A (from TC57CIM) A\
|

IEC62325::IEC62325CIMVersion

IEC62325

fq\\ (from TC57CIM)
|

+ date: Date [0..1] = 2018-01-30 {readOnly}
+ version: 5tring [0..1] = IEC62325CIM03v17a {readOnly}

PackageDependencies PackageDependenciesCIMVersion

+ date: Date [0..1] = 2019-09-20 {readOnly}
+ version: 5tring [0..1] = 9 {readOnly}

(from TC57CIM)

Figure 1 — Defined dependencies between CIM packages
and packages’ versions information

Note that the package boundaries do not imply application boundaries. An application may use
CIM entities from several packages. It is also anticipated that CIM packages outside of this
document will have dependencies upon some of the packages described in this document, and
particularly the Domain and Core packages, though other dependencies will also exist.

Figure 2 shows the packages defined for |[EC 61970-301 CIM Base and their dependency
relationships.
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Figure 2 — CIM |EC 61970-301 package diagram

4.4 CIM classes and relationships

441 Classes

The class diagram(s) for each CIM package shows all the classes in the package and their
relationships. Where relationships exist with classes in other packages, those classes may also

be shown.

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

It should also be noted that the CIM is defined to facilitate data exchange. As defined in this
document, the properties of CIM entities are modelled, but not their behaviour. For a specific
interface, a profile is defined consisting of subsets of CIM classes, attributes, and associations.

A profile defines the message payload for an interface.
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 class. Only the
attributes that are important for the integration and interoperability of power system applications

are included in the class descriptions.
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Each attribute has a type, which identifies what kind of attribute it is. Typical attributes are of
type Integer, Float, Boolean, String, Date, and Decimal, which are called primitive types.
However, many additional types are defined as part of the CIM specification. For example,
ShuntCompensator has a "maxU" attribute of type Voltage. The definition of many shared types
is contained in the Domain package. The UML stereotypes of Primitive, enumeration,
ClMDatatype, and Compound are added to classes used as types. The CIMDatatype stereotype
is used with a specific CIM semantics for a simple value with additional attributes describing
the unit and multiplier of the value, e.g. unit, multiplier. This implies custom mapping to
serialization artefacts such as RDFS, OWL, and XSD. Classes with these stereotypes do not
participate in generalization or association relationships and are simply used as types for
attributes. The enumeration stereotype is used to describe an attribute with an enumerated list
of choices. The Compound stereotype is used to describe sets of related attributes that are
commonly reused. Compound classes may consist of Primitive, enumeration, CIMDatatype or
other Compound classes as long as the Compound classes do not recurse.

All CIM attributes are optional in the sense that profiles using the CIM may eliminate any
attributes.

Relationships between classes reveal how they are structured in terms of each other. CIM
classes are related in a variety of ways, as described in 4.4.2 to 4.4.4.

4.4.2 Generalization

A generalization is a relationship between a more general and a more specific class. The more
specific class can contain only additional information. Generalization provides for the specific
class to inherit attributes and relationships from all the more general classes above it.

Figure 3 is an example of generalization. In this example taken from the Wires package, a
Breaker is a more specific type of ProtectedSwitch, which in turn is a more specific type of
Switch, which is a more specific type of ConductingEquipment, etc. A PowerTransformer is
another more specific type of ConductingEquipment. Note that PowerSystemResource inherits
from class ldentifiedObject which is not on the diagram. Therefore, IdentifiedObject is shown in
italic type in the upper right corner of class PowerSystemResource.
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IdentifiedObject

Core’PowerSystemResource

]

Core::Equipment

Core::ConductingEquipment

1

Wires:-Switch

i

Wires::ProtectedSwitch

1

Wires::Breaker

Figure 3 — Example of generalization

4.4.3 Simple association

An association is a conceptual connection between classes. Each association has two
“association ends”. The “association ends” were called “roles” prior to the UML 2.0 specification.
Each association end describes the role the target class (i.e. the class the association end goes
to) has in relation to the source class (i.e. the class the association end goes from). Association
ends are usually given the name of the target class with or without a verb phrase. Each
association end also has multiplicity/cardinality, which is an indication of how many objects may
participate in the given relationship. In the CIM, associations are not named, only association
ends are named. For example, as shown by Figure 4, in the CIM there is an association between
a BaseVoltage and a VoltagelLevel. Multiplicity is shown at both ends of the association. In this
example, a VoltagelLevel object may reference 1 BaseVoltage, and a BaseVoltage may be
referenced by 0 or more VoltagelLevel objects.
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