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INTERNATIONAL ELECTROTECHNICAL COMMISSION

APPLICATION INTEGRATION AT ELECTRIC UTILITIES -
SYSTEM INTERFACES FOR DISTRIBUTION MANAGEMENT -

Part 1: Interface architecture and general recommendations

FOREWORD

e International Electrotechnical Commission (IEC) is a worldwide organization for standardization"com
national electrotechnical committees (IEC National Committees). The object of IEC\is to p
brnational co-operation on all questions concerning standardization in the electrical and-eléctronic fie
£ end and in addition to other activities, IEC publishes International Standards, Tec¢hnical Specific
Chnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter)\ referred to as
blication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee inte
the subject dealt with may participate in this preparatory work. Internationaly governmental an
ernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates
h the International Organization for Standardization (ISO) in accordance-with conditions determin
eement between the two organizations.

e formal decisions or agreements of IEC on technical matters expressy/as nearly as possible, an intern
sensus of opinion on the relevant subjects since each technical committee has representation fri
brested IEC National Committees.

L Publications have the form of recommendations for intepnational use and are accepted by IEC N
Immittees in that sense. While all reasonable efforts are/made to ensure that the technical content
blications is accurate, IEC cannot be held responsible “for the way in which they are used or fi
interpretation by any end user.

order to promote international uniformity, IEC National Committees undertake to apply IEC Publig
hsparently to the maximum extent possible in(their national and regional publications. Any dive
ween any IEC Publication and the corresponding national or regional publication shall be clearly indic
latter.

~

itself does not provide any attestation\of conformity. Independent certification bodies provide con
essment services and, in some areas, access to |IEC marks of conformity. IEC is not responsible f
vices carried out by independent certification bodies.

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

mbers of its technical committees and IEC National Committees for any personal injury, property dam
er damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fee
enses arising out Of Jthe publication, use of, or reliance upon, this IEC Publication or any oth{
blications.

ention is drawn te the Normative references cited in this publication. Use of the referenced publicat
ispensable for.the correct application of this publication.

ention is\drawn to the possibility that some of the elements of this IEC Publication may be the sub
ent rights. IEC shall not be held responsible for identifying any or all such patent rights.

brising
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liability shall attach to IEC ‘or/its directors, employees, servants or agents including individual expeits and

age or
5) and
er [EC

ons is

ject of

atiohal Standard IEC 61968-1 has been prepared by IEC technical committee 57: H

ower

systems management and associated information exchange.

This third edition cancels and replaces the second edition published in 2012. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) update of IRM section, which has been out of date since the 2nd edition;

b)
c)
d)
e)

update to IRM model using ArchiMate modelling language;

addition of missing business functions and business objects;

al
al

ignment with newly released documents from the technical committee;
ignment with IEC 61968-100;
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f) update of annexes.

The t

ext of this standard is based on the following documents:

FDIS Report on voting
57/2174/FDIS 57/2186/RVD

2020

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 |
A lis
integ
on th

The (

the gtability date indicated on the IEC web site under "http://webstére.iec.ch" in the

relate
e rg
e W
e rqg

e amended.

reator I trafted e tSOHEED es—Parte-

of all parts in the IEC 61968 series, published under the general title~Applid
ration at electric utilities — System interfaces for distribution management, canh be
e |[EC website.

ommittee has decided that the contents of this publication will remain unchanged
d to the specific publication. At this date, the publication will be

confirmed,
thdrawn,

placed by a revised edition, or

ation
ound

until
data

IMPQ
that
unde
colo

it contains colours which .are’ considered to be useful for the co
rstanding of its contents. Users should therefore print this document usi
r printer.

RTANT - The 'colour inside' logo_on the cover page of this publication indic:[ates

rect
g a
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INTRODUCTION

IEC 61968 is a series of standards:

IEC 61968 Title
part
1 Interface architecture and general recommendations
2 Glossary
3 Interface for network operation
4 Interface for records and asset management
5 Interface standard for operational planning and optimisation
6 Interface for maintenance and construction
7 Interface standard for network extension planning!
8 Interface standard for customer support
9 Interface for meter reading and control
11 Common information model (CIM) extensions for distribution
13 CIM RDF model exchange format for distribution
100 Implementation profiles

The

intra-
the m
at pr
middl|
appli
and i
by cg
need
appli
serie
operd
supp
serie
amon
gatewv

EC 61968 series is intended to facilitate inter-application integration, as oppos
application integration of the various distributed)software application systems supp
anagement of utility electrical distribution networks. Intra-application integration is g
bgrams in the same application system, usdally communicating with each other
eware that is embedded in their underlying runtime environment. Additionally, the
cation integration tends to be optimized for close, real-time, synchronous conneq
hteractive request/reply or conversation communication models. The IEC 61968 s

bd to
brting
imed
using
intra-
tions
eries

ntrast, is intended to support theninter-application integration of a utility enterprise that

5 to connect disparate applications that are already built or new (legacy or purch
cations) each supported by dissimilar runtime environments. Therefore, the |IEC 6
5 is relevant to loosely.coupled applications with more heterogeneity in langu
ting systems, protocol§,,;and management tools. The |IEC 61968 series is intend
brt applications that need to exchange data on an event driven basis. The IEC 6
5 is also intendedsto* be implemented with middleware services that broker mess
g applications and complementing, but not replacing, utility data warehouses, data
ays, and operational stores.

Fault Management (FM) Network Model Engineering Design | [Asset (AM
(NMM) (EDM) [ (WMZ)

mergency Simulation
Training (EST)

ased
1968
hges,
ed to
1968
ages
base

P
le—cmmmm

.““”
—

m
g
5
<
B3
o
9
g
S
g

v
Lo Information Exchange P
0
o e Customerglanagemem
________________ =
A 0
Predictive Operation [ ~~~~~""""""" - Ammmmmmmmmeooes External to IEC (EXT)
Planning (POP) ¥ T T
i i I
| 1 |
i i I
i i i
i i h

-

0
System Development
Planning (SDP)

4
Retail Market Operation
(RMO)

(MCM)

!
Market Operation (Moﬂ [ Market Compliance j [Ma'ke‘ Setibment (Msﬂ

Figure 1 — High-level IEC IRM business functions

1 Under consideration.

IEC
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Figure 1 clarifies the scope of IEC IRM in terms of business functions.

As used in the IEC 61968 series, distribution management consists of various distributed
application components for the utility to manage electrical distribution networks. These
capabilities include monitoring and control of equipment for power delivery, management
processes to ensure system reliability, voltage management, demand-side management,
outage management, work management, and network model management. The distribution
management system could also be integrated with premise area networks (PAN) through an
advanced metering infrastructure (AMI) network. Standard interfaces are to be defined for
each class of applications identified in Clause 3, Interface Reference Model (IRM), except for
those in the group EXT (External to IEC).

In thl distribution management domain it is important to keep in mind the basic méaning of
the fqllowing terms:

e mlanagement: effective regulation and direction;
e alitomation: working without human participation in accordance with prexdefined rule sets;

e system: a set of organized operations working to support a patticular activity (get of
applications). Generally, a system in the context of this werk) is a computer-hased
technology.

In thg world of integrated systems, systems can also be a subiset of a larger system, a system
of syptems or a set of federated systems. A system composed of coordinating subsygtems
may support activities more efficiently than the subsystems-operating independently.

As thle size of an organisation increases so does the complexity of the tasks and information
exchTTr:ge associated with the tasks. Furthermore,-the deeper the data structure is within a
system the less transparent it is to the end user.“This suggests the need for data stewarfdship
to avopid:

e efrors arising from multiple points ofdata entry;
e lack of consistency with software-interfaces;
e expensive changes with new*dr. upgraded software;

e loss of governance of authorised data.

The gtandardisation of data facilitates the reduction of errors, reduced time for data entry|, and
imprdved process confrol.

The IEC 61968 series recommends that the semantics (domain model) of system interfages of
a compliant utility inter-application infrastructure be defined using Unified Modelling Landuage
(umj).

The Extensible Markup Language (XML) is a data format for structured document interchange,
particularly on the Internet. One of its primary uses is information exchange between different
and potentially incompatible computer systems. XML is currently recommended to define
grammar/syntax for profiles of a compliant utility inter-application infrastructure. A CIM profile,
in accordance with IEC TR 62361-103, is derived from the CIM canonical model, which is
maintained in the form of a logical information model using UML. Once defined, the profile can
be used to generate an associated schema definition, most commonly (but not exclusively) as
an XML Schema (XSD) or Resource Description Framework Schema (RDFS). The instance
data for given information exchange must then conform to the schema defined for the profile
in order to be valid. This can take into account additional restrictions that are defined for the
profile over what is defined by the CIM, as almost everything is otherwise optional in the CIM
by virtue of its role as a logical information model. Where applicable, IEC 61968-3 to -9
and -13 will define the information recommended for ‘message payloads’. Message payloads
will be formatted in accordance with industry requirements and technology development such
as XML Schema for IEC 61968-3 to -9 and RDF Schema for IEC 61968-13 with the intent that
these payloads can be exchanged using common integration technologies such as SOAP,
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JMS, RESTful HTTP, or Web Services (WS). It is the intent of the IEC 61968 series to be
leveraged by Service-Oriented Architectures (SOA) and to encourage the usage of Enterprise
Service Buses (ESB). In the future, it is possible that payload formats other than XML could
be officially adopted by the IEC 61968 series for specific parts or information exchanges.

The organization of IEC 61968-1 is described in Table 1.

Table 1 — Document overview for IEC 61968-1

Clause Title Purpose

1. thrr_\n thrr_\n of lIEC 619068.1

2. Normative references Documents that contain provisions which, through referenceyin/this text,
constitute provisions of this International Standard.

3. Terms and definitions The terms and definitions relevant to IEC 61968 series js d€scribefl.

4. Interface reference The domain relevant to IEC 61968 series is described. For each|relevant

model business function, a list of abstract components\ is provided, which is
described by the functions performed by the component. Parts IEC 61968-
3 to -9 define interfaces for these abstract components.

5. Interface profile Utility inter-application integration environmental requirements are
described. Abstract message passingy services are defined jand are
available for applications to communicate information to other applications,
including publish and subscribe sérvices.

6. Information exchange Requirements and recomméndations are provided for information

model exchange between applications/functions listed in the IRM.

7. Component reporting Recommendations fof, )audit trails and error message |handling

and error handling authentication necesSary to support utility inter-application integration are
described.

8. Security and Recommendations for security and authentication necessary to| support

authentication utility inter-application integration are described.

9. Maintenance aspects General maintenance recommendations are specified.

Informative Use of IEC 61968 series | The \‘methodology used to determine interface architecture
Annex A recommendations for utility inter-application integration is describgd.
Informative Inter-application Some typical performance recommendations necessary to supp¢rt utility
Annex B integration performance, inter-application integration are described. These recommendatiops are of
considerations a general nature as specific implementation requirements will|vary by
utility.
Informative Views of data«n\a This annex describes some of the underlying principles of defjning the
Annex C conventional electric reference data dictionary of IEC 61968-11.
utility
Informative Relevant-ArchiMate This annex describes the ArchiMate notations used in the IEC|61968-1
Annex D Defipitions for IRM IRM modelling.
Informative ©1968:ED2 Interface This annex provides the mapping between the 61968-1:2012 ED2 |nterface
Annex E profile mapping to profile and ArchiMate 3.0 from Open Group Standard that is used for this

ArchiMate

Edition (ED3).
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APPLICATION INTEGRATION AT ELECTRIC UTILITIES -
SYSTEM INTERFACES FOR DISTRIBUTION MANAGEMENT -

Part 1: Interface architecture and general recommendations

1 Scope

This
majo

2020

inforrhation exchange.

This
an In
interf|
They

erface Reference Model (IRM). Subsequent clauses of this documentiare based on

part of IEC 61968 is the first in a series that, taken as a whole, defines interfaces-for the
elements of an interface architecture for power system management and assogiated

Hocument identifies and establishes recommendations for standard intérfaces bas¢d on

each

hce identified in the IRM. This set of standards is limited to the définition of interfaces.
provide for interoperability among different computer systems, platforms, and langyages.

IEC §1968-100 gives recommendations for methods and technologies to be usgd to
implement functionality conforming to these interfaces.

As u

comp
inclug

ensu

e system reliability, voltage management) Ydemand-side management, o

mandgement, work management, network model:management, facilities management

mete

sed in IEC 61968, distribution management consists“of* various distributed appligation
onents for the utility to manage electrical distribution networks. These capalbjilities
le monitoring and control of equipment for powet\delivery, management processes to

itage
and

ing. The IRM is specified in Clause 3. The<]IRM defines the high-level view of the TC 57

refer¢nce architecture and the detailed in therelevant 61968 series, 61970 series or §2325

serie

5. The goal of the IRM is to provide*a common relevant context view for TC 57 that

covels domains like transmission, distribution, market, generation, consumer, redgional
reliahility operators, and regulators.

2 Normative references

The f{

contgnt constitutes requirements of this document. For dated references, only the e

cited
any g

IEC 4
mang

applies. For undated references, the latest edition of the referenced document (incl
mendments)«applies.

gement— Part 3: Interface for network operations

IEC

ollowing documents, are referred to in the text in such a way that some or all off their

dition
uding

1968-3( Application integration at electric utilities — System interfaces for distriQution

1968-4. Application integration at electric utilities — defﬂm interfaces for distribution

management — Part 4: Interfaces for records and asset management

IEC 61968-5, Application integration at electric utilities — System interfaces for distribution
management — Part 5: Distributed energy optimization?2

IEC 61968-6, Application integration at electric utilities — System interfaces for distribution
management — Part 6: Interfaces for maintenance and construction

IEC 61968-8, Application integration at electric utilities — System interfaces for distribution
management — Part 8: Interfaces for customer operations

2 Under preparation. Stage at the time of publication: IEC/AFDIS 61968-5:2019.


https://iecnorm.com/api/?name=95fc96a622f5e9c102a62daffb84c3a6

IEC 61968-1:2020 © |IEC 2020 -1 -

IEC 61968-9, Application integration at electric utilities — System interfaces for distribution
management — Part 9: Interfaces for meter reading and control

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

IEC 61968-13, Application integration at electric utilities — System interfaces for distribution
management — Part 13: CIM RDF Model exchange format for distribution

IEC 61968-100, Application integration at electric utilities — System interfaces for distribution
management — Part 100" Implpmpnfnfinn 'nrnfilpc

IEC §2351-11, Power systems management and associated information exchange <“Data and
communications security — Part 11: Security for XML documents

IEC TR 62361-103, Power systems management and associated information excharige —
Intergperability in the long term — Part 103: Standard profiling

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminological databases for usé in standardization at the follpwing
addrgsses:

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

e |0 Online browsing platform: available athttp://www.iso.org/obp

Wherg there is a difference between theldefinitions in this standard and those contained in
other| referenced IEC standards, then‘those defined in IEC 61968-2 shall take precedence
over the others listed, and those defined in IEC 61968-1 shall take precedence over those
defingd in IEC 61968-2.

3.1

DMS
Distrjbution Management System
system consisting of ‘various distributed application components for the utility to mgnage
electrical distributienhetworks

Note 1| to entry:( These capabilities include monitoring and control of equipment for power delivery, managdement
procegses towensure system reliability, voltage management, demand-side management, outage manag¢ment,
work management, automated mapping and facilities management.

3.2
IRM
Interface Reference Model

standard interfaces for TC 57 cover domains like transmission, distribution, market,
generation, consumer, regional reliability operators, and regulators defined using The Open
Group ArchiMate standard

Note 1 to entry: The high-level view defined in 61968-1 Interface Architecture and General Requirements, defines
the Business Layer context model using Business Function and Business Objects.

3.3
profiles
subset of the CIM used to define a specific message in a given context
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3.4

use case

specification of a set of actions performed by a system which yields an observable result that
is, typically, of value for one or more actors or other stakeholders of the system.

Note 1 to entry: There are two types of Use Cases:

e Business Use Cases describe how Business Roles interact to execute a business process. These processes
are derived from services, i.e. business transactions which have previously been identified.

e System Use Cases describe how System and/or Business Roles of a given system interact to perform a Smart
Grid Function required to enable / facilitate the business processes described in Business Use Cases. Their
purpose is to detail the execution of those processes from an Information System perspective.

Note 2 to entry: Since a Smart Grid Function can be used to enable / facilitate more than one business pregess, a
System Use Case can be linked to more than one Business Use Case.

[SOURCE: SG-CG/M490/E:2012-12]

3.5 | Abbreviated terms

CIM Common Information Model

DER Distributed Energy Resource(s)

DERMS Distributed Energy Resources Management System

DMS Distribution Management System

EMS{API Energy Management System Application Program Interface
RDF Resource Description Framework

UML Unified modelling language

XML eXtended Markup Language

XSD XML Schema Definition

4 Interface reference model

4.1 Domain

Withih this document, the distribution management domain covers all aspects of managgment
of ut(lity electrical distribution networks. A distribution utility will have some or all df the
respgnsibility for monitering and control of equipment for power delivery, managgment
procgsses to ensure\ system reliability, voltage management, demand-side management,
outade management,-work management, network model management, facilities management,
and metering.

The distribution management domain may be organised as two inter-related types of busjness,
electricity.supply and electricity distribution. Electricity supply is concerned with the purghase
of electrical energy from bulk producers for sale to individual consumers. Elecfricity
distribuiion covers the management of the physical distribufion nefwork that connecis the
producers and consumers. In some countries, the responsibility of organisations may be
legally restricted and certain sections of the document will be inapplicable.

A utility domain includes the software systems, equipment, staff and consumers of a single
utility organisation, which could be a company or a department. It is expected that within each
utility domain, the systems, equipment, staff and consumers can be uniquely identified. When
information is exchanged between two utility domains, then identifiers may need extending
with the identity of the utility organisation in order to guarantee global uniqueness.
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4.2 Business functions

Various departments within a utility co-operate to perform the operation and management of a
power distribution network; this activity is termed distribution management. Other departments
within the organisation may support the distribution management function without having
direct responsibility for the distribution network. This segmentation by business function3 is
provided in the Interface Reference Model (IRM), which is described in detail in 4.3.

The use of a business-related model should ensure independence from vendor-produced
system solutions. It is an important test of the viability of this document that the IRM be
recognisable to utility staff as a description of their own distribution network operation and
mangcnlcllt.

Q
Major utility business functions and sub-functions of the IRM are shown in Figure(ﬁfn that
not all the functionalities listed are relevant to a given utility but all are relevant for different
utilities. Since IRM covers the IEC TC 57 context, not all interfaces are,relevant for a
distribution utility. However, it is noteworthy that more and more inter-a@tion interfaces
are blecoming intra-application interfaces. With the increase amount of mittent resoprces
(Distibuted Energy Resource (DER)) in distribution network, the distqi%tion utility becpmes
more| dependent on traditional transmission business functions. @ribution is also |more
dependent on traditional market business functions. ©

IEC

Fi&h@Z — Defined business function for Interface Reference Model (IRM)

4.3 T&érface reference model

4.3.1 General

The Common Information Model (CIM) Interface Reference Model (IRM) utilizes The Open
Group ArchiMate Modelling language to describe the business functions, business objects
and business roles involved in the different major business systems that build up the power
utility business capabilities.

3 The work of the CIRED Working Group on Distribution Automation, published in 1996, is fully acknowledged in
the segmentation.
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The major business functions and business objects are listed in Subclauses 4.3.2 to 4.3.17.
These business functions and objects describe the business layer that provides the business
input for developing the data objects that represent the CIM profile (logical representation of
the schemas) in the application layer.

The goal is to create and maintain a common IRM for IEC TC 57 that cover domains like
transmission, distribution, market, generation, consumer, and regional reliability operations.

The IRM provides a business context for the profiles defined in IEC TC 57. Vendor-produced
system solution will have different coverage the IRM. It has not been the intention to describe
the current functionality delivered by those systems, but rather develop a generic context view
that Will not need to be changed based on new types of offerings by vendors, nor chandes in
regulption or technology.

The I[RM ArchiMate model is not intended to replace the existing UML modelling, but father
complement it for addressing architecture issues.

The modelling strategy for creating the IRM is to identify the relevant business objects that
are being realised through one or more data objects (IEC 61968-3 to(=29; -13), also called CIM
profiles. The relevant business functions that consume or produce-the business objects|have
been|identified to create the relevant context for the business/objects and to describe| their
purpgse. The major business functions are used to identify the high-level context that QIM is
addregssing. These business functions are then broken ¢down to sub-business functions.
Howgver, only the business functions that access certain business objects are modelled.|Note
that some valid business functions are not modelled~a@s sub-business functions due tp the
reasgn that they do not access any business objects“other than those accessed by the top
businfess function. All business objects that are accessed by a top business function arg also
accegsible by the sub-business function. All business objects are allocated to one major
businless function but can be accessed by.multiple functions. The colour scheme gf the
business object in the all diagrams for Subtlause 4.3 indicate if the business object beJongs
to thg business function modelled in the same diagram or others.

The lise of access relationship (atrow from business function) does not indicate information
flow, [e.g. if the business object is.produced or consumed by the business function. The Use of
the arrow is just for showing thé business object's responsibility. IRM does not defing any
businless process or link to any data object. This information will be maintained in the different
standards that use the IRM.-The ArchiMate notation used in IRM is listed in Annex D.

4.3.2] Asset Management (AM)
4.3.2{1 Gengeral

The AssetsManagement (AM) package in the CIM IRM defines the business functiong and
businless \objects involved in balancing of costs, opportunities and risks against the dgsired
perfolmance of assets, to achieve the organisational objectives. The relationships between
the business functions and business objects are described in Figure 3.

This package is interlinked with Work Management (WM), Engineering Design Management
(EDM), Network Model Management (NMM) and Network Operation (NO) packages.

The Institute of Asset Management (IAM) defines the scope of Asset Management to include
the following concepts:

e organisational strategy plan;

e organisation and people;

e asset knowledge;

e asset management decision making;

e asset management strategy and planning;
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o lifecycle delivery including acquire/design, operate, maintain and dispose;

e risk and review.

CIM, in Asset Management, is focusing on creating an information model and document
messages (CIM profiles) that support the management of (primarily) the physical assets
lifecycle including design/acquisition, operations, maintenance and renewal/disposal to
ensure safe, secure, cost-effective (value-for-money) operation of power systems.

IEC 61968-4 defines the document messages (i.e. CIM profiles) for asset management. The
asset management system does not need to support the business layer defined in this
package for being CIM compliant. The compliance is defined by the support of the document
messjage (i.e. CIM profile). However, vendors and utilities are encouraged to link appligation
function requirement or capability to the business function defined in this package.
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Business Functions

Business Objects

( Asset Management (AM) O‘J """"""""""""" > Asseé Compliance Colour scheme
<\<\<\<\ : Secing [:] Define in this package
D Define in another package
--------------------------------- > Asset Catalogue
Catalogue Management
Asset Work Record

Asset

/Asset Record Management|
— (ARM) '

Plan

¢

Work Order

(AMP)

Budget Allocafion

Asset Monitoring (AM)

o

T
: N\

Envifonmental Ins; n
: D
'

Recofd,

_________ - L "R CEXXETES Asset Failure,

Asset Test Result

Asset Decision Support (ADS)

Asset Condition

"""""""""""""""" Asset Analytics Result

Asset Maintehance
Strategy

Network Operation
Asset Financial Network Model Ever’:t

------------------- > Performance

IEC
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The Asset Management (AM) business function coordinates
activities of an organisation to realise value from assets.

Asset Management (AM)

Assets are in general considered to be items, thin
entities that have potential or actual value to an o

gs or
rganisation.

This business function is focused on physical assets in the

power system.

Asset Management involves the balancing of cost

opportunities and risks against the desired performance of
assets, to achieve the organisational objectives (see

ISO 55000).

Asset Decision Support (ADS)

N

The Asset Decision Support (ADS) business functjon involves

strategy definition and prioritization, maintenance

strategy

planning, risk management, programme nranagenient and

decision-making. The central aspect ofjassét deci
is analytics. It drives the condition, configuration,
performance, operating costs, and, flexibility of the
with the aim of maximising value!

Bion support

asset base,

The Asset Decision Support-(ADS) business functjon involves

also the following businessyfunctions:
e Asset Criticality Analysis (ACA)

The business function of developing an understanding of the

role of each assét’te deliver the required function,
associated with operating a particular asset.

e Failure Made Effect Analysis (FMEA)

The business function to determine the potential f
systems, subsystems, equipment, component and
cansequences with the goal of mitigating or reduc
associated with the identified failures to safely an

and the risk

hilures of
their

ng the risks
i reliably

operate those assets. This will also assist to idenfify the best
strategies to maintain these assets throughout thqir lifecycle.

Asset Management Planning (AMP)

The Asset Management Planning (AMP) business

function

involves the specification of the activities, resourdes and

timescales required for an individual asset, or a g

ouping of

assets, to achieve the organization’s asset management

objectives.

Reliability trends and the evaluation of corrective
needs to be performed.

The grouping of assets may be by asset type, ass
asset system or asset portfolio.

Bctions

et class,

An asset management plan is derived from the strategic asset

management plan.

Asset Monitoring (AM)

The Asset Monitoring (AM) business function invo
inspection, testing, measurement, and monitoring
assets in order to understand, assess and manag
condition and performance.

ves
of the
b their

Asset Record Management (ARM)

The Asset Record Management (ARM) business f

inction

involves the registration and maintenance of the legal (e.g.
ownership), commercial (e.g. supplier), financial (e.g. different
type of cost), technical and managerial information for:

. Substation and Network Assets

The electrical substation and network assets that

a utility

owns, or for which it has responsibility, maintained in an
accurate asset register developed around an asset hierarchy
that supports advanced asset management functions.

e Energy Resource Asset

Record of the Energy Resource, including Distributed Energy
Resource (DER), that can be aggregated to provide power

necessary to meet demand. These resources refe

rto

distributed generation, storage, load management, combined
heat and power and other sources involved in electricity
supply, both in stand-alone and interconnection applications.
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e Non-Electrical Grid Asset

The non-electrical assets (e.g. poles, cross-arms,

utility owns, or for which it has responsibility, maintained in an
accurate asset register that supports advanced asset

management functions.
e Non-Grid Asset

The non-grid assets (e.g. tools, vehicle, etc.) that

owns or responsibility for that is not related directly to the

network grid.

etc.) that a

a utility

Catalogue Management (CM)

The Catalogue Management (CM) business function involves

the maintenance of the collection of information-re
available types of products and materials thatare
design, build or install, maintain or to operate, ass
having common characteristics that distinguish th
a group or class are defined into asset'type. Mang
manufacturer product specification forgiven asse
management of the engineering désigh asset type
specification. 2

garding
used to

pts. Asset
pse asses as
gement of
types and

4.3.2|3 Business objects

Asset]

The Asset buéiness object includes legal (e.g. ow
commercijal (e<g. supplier), financial (e.g. different
cost), teehnical and managerial information for su
network, energy resource (including distributed er]
resoufce (DER), and non-electrical assets.

ldentification numbers (specification number, prod
serial number) are central items that allow for coll
additional information associated with the asset.

hership),
type of
bstation and

ergy

uct number,
bction of

Asset| Analytics Result

The Asset Analytics Result business object includ
analytic scores for the asset, asset type or group
(e.g. breakers from a given manufacture) that des|
criticality to the organisation, performance targets
standards, non-conformance criteria, operating c
replacement value, downtime impact and health a

Es various
bf asset
cribe the
or

st,
Esessment.

Asset| Catalogue

Q

The Asset Catalogue (AC) business object includg
information of asset grouping with relevant specifi
provide information on a given set of generic assg
be used in strategic planning, design/acquisition,
maintenance and renewal/disposal.

s the

cation to

t material to
bperations,

Asset|Compliance @rting

D
\<</C)

The Asset Compliance Reporting business object
compliance to organisation realisation of asset m4
regard to value, efficiency and effectiveness, inte
execution and leadership against regulatory, stan
business requirements.

This could include reporting on compliance to mai

describes
nagement in
rity,

lard and

htenance

Dtldtcyy, IIId;IItUIIaIIbU c)\cuuﬁuu, Ult:iivcldluit:b, darl
improvement.

Reporting can be done on individual asset, asset type and
asset group in regard to operational, reliability and security

I continual

standards and regulations. It can also include their impact on
the environment in regard to government regulation.

Asset Condition

The Asset Condition business object describes a given asset
or asset type key performance indicators for given operational
condition, performance targets or standard, operational safety
and reliability assessment.

Asset Failure

The Asset Failure business object describes the failure history
or statistics associated with a given asset, asset type or asset
group (e.g. breakers from a given manufacturer). This
includes burnout and accidents.
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Financial Performance
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The Asset Financial Performance business object

includes the

evaluation of return-on-investment (ROI) for a given asset,
asset type or asset group by comparing resource investment
and cost for lifecycle management against performance and

availability.

Asset

Functional Characteristics

The Asset Functional Characteristics business obj
describes the combination and interdependencies

ect
of asset

data (technical information), engineering data, design
parameters, environment conditions (both static and dynamic),
asset condition data and asset maintenance strategy to form
the safe operational space and operational constraints. For
example, inherent/permanent thermal rating of assets

deployed in the network including changes in eled|
performance limits based on temperature, wind"'sp
solar radiation, which set the frame for a yariety o
operational limits on network elements.

trical asset
eed and
f actual

Asset]

Maintenance Plan

The Asset Maintenance Plan business/object spe

ifies the

activities, resources and timescales.required for an individual

asset, or a grouping of assets, to\achieve the org4g
asset management objectives’and prevent expect
asset failure.

nization’s
bd impact of

Asset

Maintenance Strategy

The Asset Maintenance ‘Strategy business object
the business and campliance requirements in regd
provided to stakehalders, such as safety, return o
investment, return’ on assets, return on equity and
levels.

The orgarisation's appetite for risk (safety, financ
environment and reputational) and its performanc
to be’explicitly stated or be possible to be derived

Asset maintenance is a key lever to deliver busing
outcomes and the strategy defines the alignment
combination of technical and financial manageme
equipment/assets that are "fit for purpose”, "safe
"financially sustainable" over the short and long td
includes the asset lifecycle of design/acquisition,

maintenance and renewal/disposal.

fHescribes

rd to value
h
service

al,
b goal need

ss
hnd

ht to provide
o use" and
rm. This
bperations,

Asset

Test Result

The Asset Test Result business object describes

monitoring, inspections, a formal evaluation task,

self-test (BIST) activities. This is the result of meg
tests and gauges applied to certain characteristic
an item/thing or activity. The results are usually ¢
specified requirements and standards for determir
the item or activity is in line with these targets. St
Inspection Procedures ensure consistent checking
interpretation of the result. These include results

laboratory work.

he result of
and built-in
surements,
in regard to
bmpared to
ing whether
hndard

and

rom

Asset]

Work Recerd

The Asset Work Record business object describe
completion including close work orders (time and
consumption), post-work documentation needed f
updating/cleaning-up the asset record. As part of
execution, additional business objects such as Fa

the job
material

r

work

lure Record,

A T = A i it Dot oA
ASSTU reStnesStur ASSeroonaritom Data ana <SS

Result can be produced.

t Analytics

4.3.3

4.3.3.

Customer Management (CM)

1 General

The Customer Management (CM) package in the CIM IRM defines the business functions and
business objects involved in the management of customer data and records, customer trouble

calls,

customer installation,

customer agreements and settlement (creating the billing

components that are aggregated as part of the billing process) and the development of new
products. The relationships between the business functions and business objects are
described in Figure 4.
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This package is interlinked with End Device Operation (EDO), Predictive Operation Planning
(POP), Retail Market Operation (RMO), Work Management (WM), Fault Management (FM),
External to IEC (EXT) and Network Operation (NO).

Business Functions Business Objects
Q > Incident Colour scheme
Customer Management | |77 [ % B .
H Fault Assessment D Refinelinjibispackage
e P - - - - oooocooooooooooooooa D Define in another package
Estimated
TrOTTECam e
Management (TCM) fa=eceeeeeemnmneecececeemeemnnehocceadonend Q
Trouble Ticket
------------------------------------------------- =
/
oV
Network Connection| T
Network Connection| -
< Assessment 1 \klaged Customer
Q """""""""""""""""""""""""""""""" Outa
ge
T e (T T --?&
Customer Installation fa))
Management (CIM) |~ -~ - [ E=E =R R (~ 3
------------------------------------- -3
Unplanne@me
oy a Connection
— Feasibility
'
3 PEEEEEEEEE .
: ' Customer
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ko, oonemoncenooenooneoomo:| OB - oo oo ccorreoonoed |
N

IEC

Figure 4 — Customer management business functions and business objects
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Customer Account Management (ACT)

The Customer Account Management (ACT) business function
includes the creation, ongoing management (including
responding to customer inquiries relative to their account),
account billing, and account closing.

Account Settlement (AC)

The Account Settlement (AC) (or Billing Management or
Customer Settlement Management) business function involves
the settlement calculation based on the customer agreement
and the Settlement Quality observation (typically through a
meter reading). This produces the items, statements or billing
components that are used in the billing process for invoicing

the customer.

Contract Management (CM)

The Contract Management (CM) (or Contraet Admjinistration)
business function involves the management of
contracts/agreements with customer injregdrd to dervices to
the customer installation, maintenance,and creati¢n of new
customer installation.

Custdgmer Installation Management (CIM)

The Customer Installation Management (CIM) busfiness
function is managing the information related to thg customer
installation and connectionjte-the grid. This includes line
extension, fuse and capacity description, inspectipn and
survival, meter installation and interconnection of f[additional
devices (e.g. solar(panels through an inverter) to fhe grid.
This also includées’the work definition, work task breakdown
and request far asschedule of the work.

Customer Programme Management (CPM)

The Custemer’Programme Management (CPM) bysiness
functiop-ifivolves the creation and maintenance of|programs
made available to customers such as various rate|options or
programs which will affect their usage/billing (e.g.|demand
response (DR)).

Trouble Call Management (TCM)

The Trouble Call Management (TCM) business fufpction
manages the receipt of information from and communications
to customers or other observation related to servi¢e to one of
more customers. This involves the matching up of|previous
reported trouble ticket, know incident (in the related area) or
unplanned (some cases planned) outages.
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4.3.3.3 Business objects

Billing Component The Billing Component (or Settlement Statement, Customer
Settlement Statement or Customer Billing Statement) business
object describes the line items that constitute the charges and

payment created as part of settling the contract signed with
the customer. This provides some of the input to invoicing

were pay and receivable and payment agreement
included.

is not

Connection Feasibility

The Connection Feasibility business object described the

result of a feasibility study for connection.

Cust

mer

The CUStomer busSMess object descrbes an matv
or business that has or has had an agreement Wit
in regard to provide goods or services.

jual person
h the utility

Custag

mer Agreement

The Customer Agreement (or Customer Contract)
object describes the commitment between the ser|
and a customer. The agreement deScthibes the asy
service in regard to quality, availability and respor

business

ice provider
ects of the
sibilities.

Energy Agreement

The Energy Agreement (or EAgrgy Contract) busir
is a specialisation of Custermer Agreement where
commitment is in relation té’the delivery of energy
given customer installation and customer. In somq
could also describe”agreement in regard to active
is delivered or consumed as well.

ess object
he

to or from a
cases, this
power that

Grid Connection Agreement

The Grid Agreement (or Grid Contract) business g
specialisation.of Customer Agreement where the
is in relation to the connection into the grid, distrili
transmission.

bject is a
ommitment
ution or

Network Extension Agreement

TheNetwork Extension Agreement (or Network E
Contract) business object is a specialisation of CU
Agreement where the commitment is in relation to
an existing customer installation or the creation o
customer installation.

tension
stomer
extending
a new

Custqg

mer Energy Programme

The Customer Energy Programme business objec|
the product that a customer can be entered into a
with. It normally describes a way for a utility to co
customer installation as a reserve for balancing th
regard to demand (or in some cases production st
customer is compensated for providing the flexibil
the flexibility is activated. This could be a demand
product or other power effect control program.

describes
jreement
htrol the

e grid in
rplus). The
ty and when
response

Custag

mer Inquiry -

The Customer Inquiry business object describes t
from a given customer.

e inquiries

Custag

mer Installation

The Customer Installation business object describ
content of the installation on the customer premis
to installation, premise, point of delivery and devi
meter for meter reading) and their location (direct
to the connection to the grid).

es the

Bs in regard
e (e.g.a

y or relative

Troub

le\Ticket

The Trouble Ticket business object describes the

event and/or

bylllptulllb tildt Iiay Ur Tiay IIUt dllllUbt ﬁIU HII\J “Idt
by a customer or third-party observer. The trouble

is reported
ticket might

be linked to an Incident, Unplanned Customer Outage or in

some cases a Planned Customer Outage.

4.3.4

4.3.4.1

Emergency Simulation (ES)

General

The Emergency Simulation (ES) package in the CIM IRM defines the business functions and
business objects involved in training, planning and simulation of emergency situations. The
relationships between the business functions and business objects are described in
Figure 5.
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The emergency simulation includes training and planning for both internal enterprise and
external cross utility/entity corporation. Both are in the horizontal and vertical domain, e.g.
TSOs-TSOs and TSOs-DSOs coordination.

This package is interlinked with Network Model Management (NMM) and Network Operation
(NO) packages.

Business Functions Business Objects

(—\Q Colour scheme
I - T L. liccasd Network Model Define in this package
o

E] Define in another package.

( Network Situation
N
e Q ----------- - -> Compliance Test Result A\ N
Emergency Compliance Testing C
(ECT) (
_ P B e e CE T
Compliance Test Plan
( )
< -------- = = === Post Event Assessment
Real-Time Operational Simulation f:\
Training (ROST) / }
'
/ H
'
s . ] :
- J |
'
System Defence Plan i
'
'
'
cecbomy - !
'
e B ok v e e e e e e e -
'
'
w2
'
A
Alarm Training (AT) E
% Supervisory Control and
oo = N Data Acquisition Configuration
'
'
'
|
. '
RN i
'
A
Restoration Simulation Training
’ et R TR e CEEE E L e EC E e EEtes>

Restoration Plan

IEC

Figure 5 — Emergency simulation training business functions and business objegts
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Emergency Simulation (ES)

The Emergency Simulation (ES) business function involved
operational training and operational planning with the use of
network and situation simulation to prepare for emergency

situations.

Alarm Training (AT)

The Alarm Training business function involves trai

interpreting alarms and how to change the networl
so that the alarm situation is resolved.

ning in
k operation

Emergency Compliance Testing
(ECT)

The Emergency Compliance Testing business function
involves the formal verification of equipment and capabilities

relevant 1or tne sysitem derence plan and the rest

ration plan.

Real-Time Operational Simulation

The Real-Time Operational Simulation Trainihg by

siness

Training (ROST) function involves the training of operators-in.real-fime
operating environment such as control centres to pperate a
plant, facility or grid.

Restoration Simulation Training The Restoration Simulation Training-business fung¢tion

(RST)

involves the training of executing.defence and resforation

plans, e.g. restoration from blackout.

4.3.4

3

Business objects

(

Comp

liance Test Plan

The Compliance Test Plan business object includg
ownership), commercial, (e.g. supplier), financial
different.type of cost), technical and managerial ir]
for.substation and network, energy resource (incly
distributed energy resource (DER)), and non-elec
that are included and used in a defence and resto

Identification of the network function and the phys
are central items that allow for the retrieval of add
information associated with the asset and its netw

bs legal (e.g.
e.g.
formation
ding

rical asset
ration plan.

ical assets
itional
ork function.

Comp

liance Test Result

The Compliance Test Result business object inclu
identification of the asset and network function th
passed the compliancy test.

des the
t has

Restq

ration Plan

The Restoration Plan business object includes thq
technical and organisational measures necessary
restoration of the system back to normal state.

all
for the

Syste

O
3

NS

m Defence Plan OOQ\
@.
Q~

The System Defence Plan business object includg
identification of critical grid elements and their rel
e.g. operator of significant production, the conditi
which the system defence plan is activated. It neg
include the list of measurements that is implemen
be active on the installations that are deemed crit

This includes a protection schema as:

e automatic under-frequency control scheme;

s the

pvant roles,
ns under
ds to

ed and can
cal.

s——gutonTatic scheme against vottage cottapse:

And defence procedures for:

o frequency deviation;

e voltage deviation;
e power flow management;

e demand disconnection.
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4.3.5 End Device Operation (EDO)
4.3.5.1 General

The End Device Operation (EDO) package in the CIM IRM defines the business functions and
business objects for configuration, control and acquisition of information from end devices.
The relationships between the business functions and business objects are described in
Figure 6.

End device is defined as the item that provides the source of the information and the
destination of any control. The business function action is normally triggered by other
businessfunction—e-g—a-meterreading-thatistriggered by billingora-devicecontroltriggered
by a|demand response programme. This is not preventing the underlying technology\fo be
real-time based. The control signal for changing the temperature setting on an air conditjon is
an example of a control that is triggered by the Network Operation business funection| End

devicle operation are independent of technology, ownership or type of device.

This package is interlinked with Customer Management (CM), Work Management (WM) and
Netwprk Operation (NO) packages.

Business Functions Business Objects

Colour scheme

A

End Device Operation

<> <> Telemeter Fault
Q - - A - N Signature
End Device Data 1
Acquisition (EDA) H

C] Define in this package
D Define in another packagp

End Device Reading

End Device Event

End Device Control

(EDC)
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Event
End Device
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End Device ' '
Configuration (EDO) | - - - o o oo cooooooo o T Lo ofooonocomnoon0n00eno000d >
' ' End Device
' Configuration
'
'
'
S B i
S ;

- ——— oo ! Envi
BSETVATIOn Ob- i
Management (ODM) servation

Real-Time
e e L |- - [ e e a6 Measurement
- EE——— :
Observation
Supervision Rule
Settlement Quality
Observation
Meter Data
Mar (MDM) B R
> Meter Data

Figure 6 — End device operation business functions and business objects

IEC


https://iecnorm.com/api/?name=95fc96a622f5e9c102a62daffb84c3a6

- 26 — IEC 61968-1:2020 © |IEC 2020

4.3.5.2 Business functions

End Device Configuration (EDO) The End Device Configuration (ECO) business function
focuses on configuration of an end device including
communication settings, establishing unique identification,
control settings, acquisition setting in regard to measurement,
accuracy, sampling rate and quality monitoring.

End Device Control (EDC) The End Device Control (EDC) business function includes the
ability to control the end device in regard to meet new
configuration settings, operations (e.g. enabling demand
response) or other controls of the system services by network
operation.

End Qevice Data Acquisition (EDA) The End Device Acquisition (EDA) business fuhction includes
all activities that gather non-real-time data fromrap end
device, e.g. a meter, Phasor Measurement)Unit (HMU), or
fault recorder. This includes data such as:

— analogue data such as meter reading;
— discrete data such as on and eff;

—  status; )

(

— control results.

Meter| Data Management (MDM) The Meter Data Management (MDM) business funfction
collects, validates, stores and distributes readingd and event-
related data fromdneters and other end devices td other
enterprise fungtions and systems. The meter data
management fuhction supports diverse end-use applications
includingut not limited to billing, load management, load
forecasting, demand response, outage managemgnt, asset
management and distribution network planning and
maintenance. The function may perform validating, editing,
and estimating (VEE) according to rules establishgd by the
appropriate supervising regulatory agency.

Q
Obsegvation Data Management (ODM) \\S\ The Observation Data Management (ODM) busingss function
$ validates readings and other observation measurgment
‘\Q against agreed quality rules. Observation that doqs not meet

the requirement can be user edited or estimated Hases on

O rules. The appropriate supervision rules for validating, editing
x and estimating (VEE) are normally defined by the [relevant

) ‘C\){‘ supervising regulatory agency.
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The End Device Command business object represent the

End Device Command

command communicated to the end device, e.g. c
temperature setting on the air condition.

hange

End Device Configuration

The End Device Configuration business object describe the

configuration of the end device. This can include

communication settings, establishing unique identification,
control settings, acquisition setting in regard to measurement,

accuracy, sampling rate and quality monitoring.

End Device Event

The End Device Event business object is information provided

py the end device Ddased on tne enad device COonitig

lration and

represents the occurrence of an event that has\bglen under

monitoring. Meter tampering and grounding-error
examples of end device events.

pre

End Device Reading

The End Device Reading business object represe

hts the data

that have been acquired by the end device. A meter reading

that provides the cumulative kWh-value recorded
device from a previous reading, of a meter readin

by a meter
j on an

hourly resolution for a period._are examples of end device

readings. A fault reading ffem’ a remote fault reco

der is also

an example of an end device reading.

Meter| Data Meter data that are‘integrated over a period of time before
being presentedd{or billing or other purposes.

Settlgment Quality Observation The Settlement Quality Observation business objgct describes
the data that\meets the quality required by the seftlement
function.defined in the Market Rules. For example, a meter
reading\can include the cumulative kWh value that needs to
haye‘the previous meter reading subtracted to calgulate the
consumption from previous billing components. The
consumption value could be considered as settlement ready
data that meets the requirement defined in the market rules.

Telenjeter Fault Signature The Telemetered Fault Signature business objectfincludes one
or more remotely monitored measurements from sensors that
are used to identify the location of a Predicted Fa{lt Event.
The Telemetered Fault Signature could be wavefgrm data
from a fault recording device, fault passage and djrection from
fault passage indicator devices, fault distance from a relay,

. fault current from a relay, the open/close status of a switch or
an analogue voltage/flow measurement.

4.3.6 Engineering\Design Management (EDM)
4.3.6(1 General

The Engineering Design Management (EDM) package in the CIM IRM defines the busfness
functionscand business objects involved in creating and maintaining detailed design|(e.qg.
blueprints)” of all the structures that constitute the relevant grid elements. These inglude

o nsmission_line enaineering. distribution endi ina_cenelation
engineering, and so on. Engineering design includes both electrical and non-electrical aspects
at the level of detail necessary to support construction and maintenance activity, and typically
identifies catalogue specifications that are associated with parts of the design. Detailed
schematics are common, and the content describes how asset positions are to be connected
(either mechanically or electrically). Engineering design functions are usually limited to owned
parts of the grid. Engineering design connects the functional requirements to asset
requirements and evolves from the generic requirement on the type of asset to the
documentation of the specific asset. The relationships between the business functions and
business objects are described in Figure 7. The breakdown of the detailed engineering and
detailed design can be found in Figure 8.

Subs on—englneering aNnsm on ne __engalneering a D on__engalnee Nng gene

This package is interlinked with Work Management (WM), Asset Management (AM) and
Network Model Management (NMM) packages.
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For the following domain area; legal, commercial, financial, managerial and organisational
informational model will be harmonised with other exiting standards and information models,

such

as the Building Information Model (BIM).

As an example, this means that CIM does not intend to support Procurement & Supply Chain
Management but provide input in regard to requirements for asset design, operations,
maintenance and monitoring as well as evaluating the delivered or build solution.

The Building Information Modelling (BIM) lifecycle view includes:

e programming (e.g. project and functional requirements);

e C¢

e a
e d

nceptual design;

. dItaiIed design;

alysis;

pcumentation;

e fgbrication;

e C¢
e C(

] O[

nstruction 4D/5D (4D adding time to 3D, 5D adding of cost);
nstruction logistics;

peration and maintenance;

e démolition/renovation.

IEC 4

Engin

1968-6 defines the current document messages/CIM profiles for Engineering Design.

eering Design system does not need tosupport the business layer defined in

package to be CIM compliant. The compliance is defined by the support of the docd

mess
appli

age/CIM profile. However, the vendocr:and utility companies are encouraged td
cation function requirements or capabilities to the business function defined in

package. Since power systems are cohsidered part of the critical infrastructure ar

operd
extra

tion and maintenance involves-a high level of personal safety risk, the CIM standar
focus on information security and personal safety.

this
ment
link
this
d its
d has
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Business Functions
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Business Functions Business Objects

This describe the break-down of the Detail Engineering and Detail Design. The different
Detail Engineering, e.g. Distribution Engineering, are aggregate of Detail Engineering. The
different Detail Design, e.g. Distributed Detail Design, is a specialisation of Detail Design.

A

Detailed Engineering (DE) |- - = = - o o o o o o e e e e e e e m = R =

Detail Design

O o) A

Distribution Engineering (DE)

''''''''''' - > Distribution Detail Design

A

Substation Engineering (SE) L ______|.___] -

Substation Detail Design

N

Transmission Engineering (TE) | _ ____ |.___/|] -
Transmission Detail Design
. /
Q)
Protection Engineering (PRE) . _ _ ____ R
Protection Detail Design
- J

g 0)

Communication Engineering (CE)

Communication Detail Design

A

Plant Engineering (PE)

Plant Detail Design

A

Facility Engineering (FE) _ >

Facility Detail Design

IEC

Figure 8 — Break down of detail engineering and detail design
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4.3.6.2 Business functions

Conceptual Design Development (CDD) The Conceptual Design Development (CDD) business function
involves producing ideas and taking into account the pros and
cons of implementing those ideas. It is also referred to as
Font-End Engineering (FED), or Front-End Engineering
Design (FEED). The purpose is to minimize the likelihood of
error, manage costs, assess risks, and evaluate the potential
success of the intended project construction.

The overall system configuration is defined, and schematics,
diagrams, and layouts of the construction project may be in an
early configuration.

The following are example on consideration that'is done:
e degree of automation;

e rates and levels (e.g. performance,range);
e material specifications (e.g. compatible units)
e standards and guidelines; -

e assumptions, exclusions,@hd potential problgms.

Consfruction Planning (CP) The Construction Plannihg (CP) business function involves the
definition of work order’and the relevant sequencg task based
on the detail design.

<
Construction plagning is the necessary forerunner to
scheduling. Inithis planning, defining work tasks, {fechnology
and construction methods is typically done either
simultane@usly or in a series of iterations.

Design Model Analysis (DMA) The Design Model Analysis (DMA) business functfon involves
the analysis to simulate the performance of the agset structure
based on the detail design. The detail design could represent
Q the structure and/or building in different stages, ag-planned,
\\'Q as-designed, as-built or as-operated.

$ The simulation of measure-based performance is flone as part

%) of Network Operation (NO) for real-time and Systgm

A\ Development Planning (SDP) or other functional gdrea after the

\O fact simulation.
C\)J: Relevant power electronic analysis are:
C)\\ e small signal stability analysis;
5. e dynamic simulation;
O® e geomagnetic induced currents (GIC);
C) e short-circuit calculation;

@’ e line properties calculation;

e electromagnetic transients (EMT);
. protection simulation;

\Q/C) e cost calculation;

Py reliabilit\
Y-
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Design Model Management (DMM) The Design Model Management (DMM) business function
involves the management of information through the whole life
cycle of a built asset. It delivers value by underpinning the
creation, collation and exchange of shared models and
corresponding intelligent structured data.

The focus being the support for:

e provision a "single source of truth" for asset data and
information for all parties to share during design,
construction, and throughout the operational phase of
assets;

o bringing design and operational engineers, processes,
information and technology closer together;

e sharing data and information in a- way] to ensure
traceability and a high level of accuracy:

The generic compatible unit in the conceptual desfgn is
replaced by individual assets or physical objects through the
procurement process.

Asset Documentation (AD) The Asset Documentation (AD))business function [nvolves the
documentation of the built-asset by providing a "single source
of truth" for asset data_throughout the whole lifecycle for the

build asset.

The documentatjonis’guided by the asset managgment policy
and strategy. ,

Standard and Procedure The Standard_and Procedure Development (SPD)|business
Development (SPD) function_involves the development and documentgtion of
standard operating procedures or work instructionfs that detail
all of\the steps involved in a procedure or procesy.

The*development of standard operating procedurgs is central
for TQM (Total Quality Management), HACCP (Hagzard

% Analysis Critical Control Points), ISO 9000 (Internptional
\\,Q Organization for Standardization), and Six Sigma for helping
$ companies maintain process and quality control.

The establishment of measurable conditions and performance
of assets and how they are employed. Characterigtics or

\O attributes of a standard describe its required level| of
\& performance, which typically describes “how much”, “of what
‘\\0 nature” and “how frequently”. Often, engineering gnd design
C) standards reference industry standards and manufacturing
. specifications.
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Detailed Engineering (DE) The Detailed Engineering (DE) business function involves the
detailing to provide a complete description through solid
modelling, drawings as well as specifications.

Solid modelling is a consistent set of principles for
mathematical and computer modelling of three-dimensional
solids. Solid modelling, together with geometric modelling,
forms the foundation of computer-aided design for supporting
creation, exchange, visualisation, animation, interrogation,
and annotation of digital models or physical objects.

The following elements are considered as part of detailed
engineering to provide necessary information for
manufacturing/fabrication/construction:

e operating parameters;
e operating and non-operating environmental sfimuli;
e testrequirements;

e external dimensions;

e maintenance and testabilit); provisions;
e materials requiremenls;,

e reliability requirements;

. external surface treatment;

e design life; \

. pack?ging requirements;

e external marking.

Communication Engineering (CE) The Communication Engineering (CE) business fynction is a
specialisation of Detail Engineering with a focus gn designing
communication and IT infrastructure.

Distribution Engineering (DE) \“Qv’ The Distribution Engineering (DE) business functipn is a
$ specialisation of Detail Engineering with a focus gn designing
70, the distribution system including feeder, fuses, etg.

Facility Engineering (FE) A\ The Facility Engineering (FE) business function is|a
x§ specialisation of Detail Engineering with a focus gn designing
\L‘ microgrid or collection of one or more production,
+ O consumption and storage entities that has a comnjon control
C)\ and forecast mechanism. This would include the gngineering
A of Distributes Energy Resources (DER).
Plant Engi\&ering (PE) The Plant Engineering (DE) business function is 4
specialisation of Detail Engineering with focus on |designing
C) production, consumption or storage plant.
sction Engineering (PRE) The Protection Engineering (PRE) business functipn is a

specialisation of Detail Engineering with a focus gn designing
protection schemes, SIPS (SPR/RAS), configuratipn of
components (e.g. relay, disturbance-monitoring).

7

Substation Engineering (SE) The Substation Engineering (SE) business functio is a
specialisation of Detail Engineering with a focus gn designing
substation including transformation, switching and direct
current transition.

Transmission Engineering (TE) The Transmission Engineering (TE) business function is a
specialisation of Detail Engineering with a focus on designing
transmission lines and connections to distribution, bulk
production and industry.
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4.3.6.3 Business objects

Asset Procedure The Asset Procedure business object includes the step-by-
step work instruction for operating, maintaining, testing and
inspecting the asset.

The Communication Detail Design business object is a
specialisation of Detail Design for communication and IT
infrastructure. E.g. Field Area Networks (FAN) that include
communication with end-devices. Another example is Premise
Area Network (PAN) communication.

Communication Detail Design

The Compatible Unit (PU) business object is a standardised
ASSEMpiy Unftdefimed for generat use by designens, crews and

Compatible Unit

accounting personnel. A compatible unit is made
tasks, vehicle/equipment hours, materials, accoun
information, attachments, default contract/contrac

p of labour
ting
ors.

Concg

bptual Design

The Conceptual Design business object includes f
of the overall system configuration,(and schematig
and layouts of the detail design_in.an early config

Conceptual designs can be made up of individual
by a set of “Compatible Upit§™ or CUs. Line items
Compatible Units are associated with a design dig
location and/or with a@eospatial location.

he definition
s, diagrams,
ration.

line items or
and
gram

Desig

h Model Analysis Result

The Design Model Apalysis Result business objed

t includes

detailed and comiplete description of the analytic fesult of the

analysis that is_ done on the detail design.

Detail

Design

The Detail/Design (DD) business object includes
complete\description of the construction solution {
models, drawings as well as specifications.

Thé.object provides the necessary information for|
manufacturing, fabrication, construction and main

etailed and
hrough solid

enance.

Distri

ution Detail Design

The Distribution Detail Design business object is
specialisation of Detail Design for distribution sys
including feeder, fuses, etc.

This includes, among others, geographical inform
connectivity and ratings.

htion,

Facili

y Detail Design

The Facility Detail Design business object is a sp¢g
of Detail Design for microgrid or collection of one
production, consumption and storage entities that
common control and forecast mechanism. This wq

the design of Distributed Energy Resources (DER).

bcialisation
br more
has a

uld include

Plant

Detail Design 's

The Plant Detail Design business object is a spec
Detail Design production, consumption and storag

alisation of
e plant.

Prote

Ction Detail Design

The Protection Detail Design business object is a
specialisation of Detail Design for protection sche
(SPR/RAS), component (e.g. Relay, disturbance n
configuration.

mes, SIPS
honitoring)

Subst]

ation/Detail Design

The Substation Detail Design business object is a

PN H 41 £t M H £ botati H }
SpetranmSat o o Detatn oeStgnTo—StuoSTato—cr

transformation, switching and transition (DC).

ding

Trans

mission Detail Design

The Transmission Detail Design business object is a

specialisation of Detail Design for transmission lin
connection to distribution, bulk production and ind

e and
ustry.

4.3.7

4.3.7

Fault Management (FM)

A General

The Fault Management (FM) package in the CIM IRM defines the business functions and
business objects involved in fault identification and fault restoration planning using The Open
Group ArchiMate modelling language. The relationships between the business functions and

business objects are described in Figure 9.
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Fault Management gets notifications regarding faults in the electrical network and analyses
those notifications in order to estimate the location of the fault. Fault Management tracks the
fault through the stages of actual location, minimizing the area impacted by the fault, restoring
service to all impacted parts of the network and coordinating permanent repairs. Fault
Management ensures that fault durations and restoration times are correctly captured for
regulatory reporting purposes.

This package is interlinked with Work Management (WM) and Network Operation (NO)
packages.

_ Business Functions Business Objects
Colour scheme
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| Telemeter Faul
' Signature
'
|
""""" '""";'""'""""""">Predicted Fault Event
'
[ EER] ELCETe 4
[ A V4 RN 0. ) e
- Trouble Ticket|
[ BN (5 oooomnoonmotesos > i GO Gt
Asset
=S Y-\ \“‘Envircnmental
EXF ¥ B e U o Information
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.......... o
|
N J 0 Work Order
v
4 Q\ E Field Fault Assessment
y
'
Restoration Operation E Unplanged Custofner
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Figure 9 — Fault management business functions and business objects
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The Fault Management (FM) business function receives

Fault

Management (FM)

notifications regarding faults in the electrical netw

ork and

analyses those notifications in order to estimate the location
of the fault. Fault Management tracks the fault through the
stages of actual location, minimizing the area impacted by the

fault, restoring service to all impacted parts of the

network

and coordinating permanent repairs. Fault Management

ensures that fault durations and restoration times
captured for regulatory reporting purposes.

are correctly

Fault Identification (FI)

The Fault Identification (FI) business function use

s a variety

of inputs in order to identify where the real fault.h
It will also identify the cause of the fault, where\kn

s occurred.
own.

Restoration Operation Planning
(ROP)

The Restoration Operation Planning (ROP) busing
create a plan for handling unplanned orfor¢ed ou
recover to an acceptable operation state It also if
plan to restore the network to its pre-fault conditig
repairs have been made.

ss function
age to
cludes a

n after

4.3.7

3 Business objects

and date that service is expected to be restored fq
particulg(fault. Estimated Restoration Time can b
automatically or can be based on estimates provid
crews/assigned to repairing the fault. The accurag
Estimated Restoration Time can vary through the
thelifecycle of each fault.

Estimpted Restoration Time The Estimated:Restoration Time business object i! the time

ra

e calculated
ed by field
y of

tourse of

determines if this is the actual location. If the pred
location is confirmed, then the assessment is com
predicted fault location is incorrect, the field crew
other possible fault locations and reports the actu
location, completing the assessment. The field cre
subsequently report the cause of the fault, if the d
determined.

Fault Assessment @ The Fault Assessment business object includes the result of
\,\Q analyses data received about the fault, in order to| estimate
$ the probable location of the fault.
Field Fault Assessment A\‘o The Field Fault Assessment business object inclufles the
O information that is provided by a field crew sent td a predicted
B\ fault event. The field crew travels to the predicted|location and

icted fault
plete. If the
investigates
bl fault

w may also
ause can be

Y
te@aﬂlt Event

Incidgnt @ The Incident business object describes an occurrgnce in the
Q, field that impacts or may impact the network grid. JAn incident
O may be reported as part of a trouble ticket. It may[or may not
é be associated with an outage.
Predi The Predicted Fault Event business object includgs the result

of Fault Identification analysing input data, such

S

tetemeteredvatues,TroubteTickets, EnmdDevice £vents and
field Fault Assessment data. The Predicted Fault Event is
described by location, faulty equipment and phases.

Unpla

nned Customer Outage

The Unplanned Customer Outage business object

describes

an unplanned event and the related failure of delivery the

customer the committed service in accordance wit
customer agreement. The customer may or may n
compensated.

h the
ot be
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4.3.8 Compliance Management (CO)
4.3.8.1 General

The Compliance Management (CO) package in the CIM IRM defines the business functions
and business objects involved in definition of the rules and regulations that govern a market
or inter-party operation. The compliance of the parties to the market rules and overall
performance of the market are also included. The relationships between the business
functions and business objects are described in Figure 10.

This package is interlinked with Market Operation (MO), End Device Operation (EDO) and

MM + (CM) I
CustemerManagement(CM)packages-

Business Functions Business Objects

Colour scheme

D Define\in this package
D Define in another package

N

Compliance Management

.............................. R B

Rules
0 N
E « Market Participant
'
i ¢
'
A |
Entity Management EM) E
e
T LN -> Entity Grid Operator
i
- - ] =

Energy Supplier

N

Observation Provider

Entity Qualification (EQ) <

System Operator

Certification

Market Operator

Observation Supervision

Rule
A :
'
Rule Compliance :
Monitoring (RCM) :
'
'
...... - - - e e = §
] > Rule Compliance
' L Assessment
i |
T
0 i Billing Component
.................... | ]
( ) =S e e s
|
'
'
Dispute Resolution (DR) [z ==============---~ F---p---2
< -------------- [~- [~ "~ Tttt TTTTTTT oo Settlement Quality
< ------------------ F---f----zcceccemceccea e Observation
: . Settlement Statement
\ J Dispute Resolution Assessment
Result
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Figure 10 — Compliance management business functions and business objects
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4.3.8.2 Business functions

Compliance Management (CM) The Compliance Management (CM) business function involves

the definition of the rules and regulations that sha

Il govern

any specific market area were one or more parties are

operating.

Dispute Resolution (DR)

The Dispute Resolution business function involves the
handling of resolution of disputes opened by one party with
regards to billing components information that is calculated
from settlement quality observation data. Typically, this could

be resolving a dispute of a charge included in an i

nvoice (or

billing component/settlement statement as supporting

documentation to the invoice) that does not reflec
observation understanding by the receiver ofthed
the one issuing the invoice.

ed the same
harges as

Rule Compliance Monitoring (RCM)

The Rule Compliance Monitoring (RCM) business
involves the monitoring, inspection and testing of
its compliance to the market rulesy These rules re
party to provide market transparency data in a tim|
with required data quality. TheyEuropean Transpa
platform is an example of a(system that supports
function. (

function

b party for
fuire the

ely manner
rency

his business

Compliance Verification (CV)

The Compliance Verifiéation (CV) business functi
the verification and inysome cases certification of
party’s complian€e with a set of market or supervi
An example rule'is the testing and verification of

communication‘links and compliance of metering

quality standards.

n involves
B given
kion rules.

ata to

Entity Management (EM)

The Entity Management (EM) business function in
registration and maintenance of the information of
anditheir roles in the area that is under complianc
governance.

volves the
the entities
e

4.3.8|3 Business objects

Dispufe Resolution Result

O

The Dispute Resolution Result business object ing
interim data about the dispute and data about the
resolution of the dispute.

ludes
final

S
Q-
QO

Enerdy Supplier

The Energy Supplier business object is a speciali3
Party that describes an entity who is responsible f
the energy to a customer in a retail energy marke
to the customer energy agreement.

ation of
or providing
according

Grid Qperator Q\
o)
O
N

The Grid Operator business object is a specializa
that describes an entity who is responsible for opg
power grid that provides connection for a customg
customer connection agreement. The grid operatqg
operate a high-voltage grid, a distribution-voltage
grid or any combination.

ion of Party
rating a

r through a
r may

grid, micro-

Certification

The Certification business object describe a given
compliance with one or more market or supervisio

entity's
n rules. An

example is the certification of meeting the requirement for

acting in the role of metering data provider.

Compliance Assessment

The Compliance Assessment business object describes the

entity's compliance to one or more market rules.

Market Operator

The Market Operator business object is a specialization of

Party that describes an entity who is responsible f

or operating

one or more market places by matching bids and offers and

that confirms a trade and/or market prices.

Market Participant

The Market Participant business object is a specialization of
Entity that describes an entity who participates in one or more
markets through buying, selling, transmission, or distribution
of energy, capacity or ancillary services into, out of, or
through one or more areas of the power grid.
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Rules The Rules business object describes the rules that applies to
all entities in a given market or inter-party operation. It
describes the different roles that can be performed by the
different parities to meet the covered compliance.

Observation Provider The Observation Provider business object is a specialization
of Entity that describes an entity who is responsible for
providing observation data that meets settlement quality
requirements to other relevant parties that is operating under
the same governance rules.

Observation Supervision Rule The Observation Supervision Rule business object is a
specialization of the Rules that describes the rules which
observations that are going to be exchanged need to follow
between parties in a compliance market.

Entity] The Entity business object describes the role’that|is governed
by compliance.

System Operator The System Operator business objéctyis a special|zation of

Entity that describes an entity whol\isresponsible for a stable
and balanced power system operation for a given [part of the
power grid.

4.3.9 Market Operation (MO)
4.3.9/1 General

The Market Operation (MO) package in the CIM IRM%\defines the business functiong and
businless objects involved in market trading, markéet ‘definition and market operations| and
market monitoring. The relationships between the\business functions and business objects
are described in Figure 11.

This package is interlinked with Customer, Management (CM), Predictive Operation Plahning
(POR), End Device Operation (EDO), External to IEC (EXT), Network Operation (NO), Market
Settlgment (MS), Retail Market (RM))*Compliance Management (CO) and Network Model
Mandgement (NMM).

The Market Operation business function includes energy trading by market participants as
part ¢f their business strategy“and tactics to achieve their business goals.

Market operation can\be split into energy markets and capacity markets. Capacity mgrkets
provide a market-based procurement of transmission and generation capacity. It can| also
handle capacity.inirelationship to the balancing energy market and/or emergency restofation
capagity (e.g,-black start).

Energy markets can be split into financial markets that are used for hedging against pricg risk
and risk of energy delivery, spot trading (e.g. day-ahead or intra-day energy marked) to
handle short 1o medium-term balancing of supply and demand and real-time balancing of
demand and supply in the presence of prediction inaccuracy or forced unavailability of
equipment.

The CIM currently supports many types of market implementations. The IRM provides a set of
business functions and objects to describe common implementation of market operation but
not necessarily complete for all markets at the moment.

Market Operation (MO) provides the operation instruction to Network Operation (NO) that is
responsible for reliable operations of the power grid. It also provides forecasts or pattern-
based instructions to Predictive Operation Planning (POP) in regard to price inelastic units, so
that a maximum utilisation of the network can be performed in the future without
compromising the operational security of the network. Predictive Operation Planning (POP)
provides Market Operation (MO) with market constraints, that in most cases are derived from
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the underlying grid constraints (e.g. line unavailability), in regard to the expected future
operation.

Business Functions Business Objects
Colour scheme
Market Participant
Q _____________________ [ D Define in this package
Market Operation (MO) | . e ] Forced Unavailability| D Define in another package
_____________________ [ S
' Market Rules
""""""""""""""" Network Model
Market Trading (MT) | _ _______ U P
> Trade Bid
—_— : :
() R e CTTTTTTITtttIioooontoo€35- T3 Market Definion
Market Definition ' '
Management (MDM) ' ' N
_________ R __________ll______:_________> Price Nodes
_________ . ____»_____:_______:_____________/:_\_- - _.__.~. Energy Congestion
' .., I N, N~ = Zone

m i Meter Grid Area
0 o~
F
Market Capacity Clearing !
______________ (O JE
SScoc” noocoouakoosor Sow ioooacooo
.............. )
""""""""""""""""""""""""" Network Capacity
"""""""""""""""""""""""" Assessment

Market Result

Adequate
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Market Energy Clearing (MEC)

Frequency
Restoration Reserve

Market Merit Order

Market Scheduling (MS)
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Figure 11 — Market operation business functions and business objects
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4.3.9.2 Business functions

Market Operation (MO) The Market Operation (MO) business function involves the
provision of a market-based allocation of energy, capacity and
ancillary services based on bid-based market clearing. Market
Operations produce schedules and balancing dispatch
instructions that are feasible considering market and grid
constraints.

Market Ancillary Clearing (MAC) The Market Ancillary Clearing (MAC) business function
includes provision of ancillary service based on clearing bids
and offers for the volumes of ancillary service required to
maintain the defined grid security and reliability.

Market Capacity Clearing (MCC) The Market Capacity Clearing (MCC) business'\funjction
includes provision of generation and transmission|capacity
based on bids and offers for the same capacity prpduct.
Options for allocation of transmission include expllicit auctions,
secondary trading of transmission rights,"and impllicit auctions.
Long-term generation capacity can'inyolve bilateral market
mechanism or centrally run auctignsmarket.

Market Definition Management The Market Definition Management (MDM) businegs function
(MDM) provides a definition of theynarket products, and the market
timelines including gate ‘closures.

For the European style market, this would include|the
definition of the ghergy congestion zone (e.g. Biddling Zone).

Market Energy Clearing (MEC) The Market Efiergy Clearing (MEC) business funcfion includes
provision'of energy based on clearing all the bids fand offers
for energy

Market Scheduling (MS) The #arKet Scheduling (MS) business function in¢ludes the
creation of schedules based on a market result trgde for
energy, transmission, and ancillary services.

Market Trading (MT) @) The Market Trading (MT) business function involvges the
\Q market participant's decision making, strategic ang tactical, for
$ creating bid and offers on market products.

4.3.9(3 Business objects

Enerdy Congestion Zone °. The Energy Congestion Zone business object inclides the
@ description of the board of the delivery of energy §nd capacity
O market products. Market participants' bids and offers can be
C) cleared without congestion constraints. This is usg¢d in a
N\ zonal-based market, such as the European-style market.
N

Markgt DefinitionQ. The Market Definition business object describes the market
O definition, including products and pricing.

L N
Markgt Mec’t) rder The Market Merit Order business object is a colle¢tion of
Q/ market bids ordered by economic priority for a given market
AN service. Each underlying market offer is related tog market
TESOUTCE.

Market Result The Market Result business object describes the matched and
cleared result of the trading. It includes the identification of
resource, product and matched price.

Market Schedule The Market Schedule (MS) business object includes the
market resource allocation for a given product based on the
Market Result. If multiple market resources can provide the
product, the Market Merit Order is used to distinguish.

For ancillary services, this could mean the providing reserve
capacity.

Meter Grid Area The Meter Grid Area business object includes the description
of an electrical area that has metered flow in and out of the
area. Only a single entity is responsible for the metering of the
area.
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Unified Pricing Location The Unified Pricing Location business object is a set of
network nodes at which energy is injected or withdrawn from
the network. The price of energy and ancillary services at
each node within a pricing location is the same. The price of
energy and ancillary services may be unique at different
pricing locations. This is used in a nodal-based market, such
as the North American-style market.

Trade Bid The Trade Bid business object can be a bid or an offer on an
identified resource and product with a price dependency. The
bid/offer can be a curve of quantity of product offered or
demanded at different price levels.

4.3.10 Market Settlement (MS)
4.3.10.1 General

The Market Settlement (MS) package in the CIM IRM defines the business functiong and
businless objects involved in the settlement of market contracts for-‘emergy and cappcity:
including energy, ancillary services and the deployment of reserve forreal-time balancing of
supply and demand. It includes the settlement of bilateral contraects ‘(non-standard contracts)
and the settlement for the use of the transmission and distribution network. The relationjships
betwe¢en the business functions and business objects are described in Figure 12.

¢

This package is interlinked with Customer Management,(CM), End Device Operation (EDO),
Exterpal to IEC (EXT), Network Operation (NO),{Market Operation (MO), Compljance
Manggement (CO) and Network Model Management\(NMM).

CIM gurrently supports two styles of markets;, North American and European-style markets.
Somg business functions, roles and objects,may only apply to a particular style of markef].

Market Settlement includes the calculation of payments and charges for ancillary servicgs as
well as payments or charges (penalties) for following (or not following) the instructions igsued
by the Market Operator for balancing’the power grid in real-time.
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Figure 12 — Market settlement business functions and business objects
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4.3.10.2 Business functions

Market Settlement (MS)

The Market Settlement (MS) business function inc
settlement of market contracts for energy and cap

ludes the
acity:

including energy, ancillary services, and the deployment of
reserves for real-time balancing of supply and demand. It
includes the settlement of bilateral contracts (non-standard
contracts) and the settlement for the use of the transmission

and distribution network.

Grid Settlement (GS)

The Grid Settlement (GS) business function includes the
settlement for the use of the transmission and distribution

network.

Market Credit Clearing

The Market Credit Clearing (MC) business fungtio
the calculation of the total loans by borrowers and
of loans from lenders. The totally exposurg ean in
that is not settled, trade settled but notjinvoiced, 4
invoiced but not paid. In some markets; the cleari
by separate financial institution that net the expos
different markets.

h involves
total supply
tlude trade
nd trade

hg is done
ure in all

Market Settlement Verification (MSV)

The Market Settlement Verification (MSV) busineg
includes the verification of the market settlement
payment and charges. It'is sometimes referred to

s function
ttatements
las "Shadow

Settlement". This could_provide the input to dispute resolution.

The business function might also include the calc
shares of the payment and charges to the organiz
partners. ¢

lation of
Ational

Market Trade Settlement (MTS)

The Market Trade Settlement (MTS) business fun
includes-the settlement of standard market produg
tradedyon a market place. The products include ef
capacity, ancillary service and deployment of res¢g
redl-time balancing.

Ction
ts that are

ergy,
rves for

Trade Data Management (TDM)

N
Q\,

The Trade Data Management (TDM) business fun
involves validation and aggregation of cleared tra
creates settlement quality data defined by the ma

Ction
le data and
ket rules.

Transit Settlement (TS) |

Q\

O
\l:\'

@\

The Transit Settlement (TS) business function inc
settlement of the use of the grid for wheeling tran
between third parties that are outside of the footp
by the grid.

udes
actions
int served

4.3.1D.3 Business objects

Credif Assessment

o

D
o

The Credit Assessment business object describes]
calculating the total debt or financial obligation ex
given party.

the result of
posure of a

N
Settlement@‘ity Trade
NS

The Settlement Quality Trade business object dedcribes the

data that meets the quality required by the settlen
defined in the Market Rules.

ent function

Settlement data may include the measurement of

energy

produced and consume, instructions issued by market
operators to resources, and the response of market resources

to these instructions.

Settlement Statement Assessment

The Settlement Statement Assessment business object

describes the result of comparing the billing
components/Settlement Statement from another p

arty with the

internal calculation based on observation and trading records.
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4.3.11 Network Model Management (NMM)
4.3.11.1 General

The Network Model Management (NMM) package in the CIM IRM defines the business
functions and business objects for establishing and maintaining the functional description of
the network grid that is provided by the currently installed asset (as-built model), the planned
installed asset (future model) or the potential installation (what-if/hypothetical model). The
relationships between the business functions and business objects are described in
Figure 13.

The feeus- i i A jd-that-can-be-used j Hferent
ation,

contipgency analysis as part of security assessment and stability analysis.

It majntains the main representations of the power system for network analysis functions, so
that 3gll analyses share the same source information.

Netwprk Model Management (NMM) handles both internal enterpriseyelements and dross-
entities, both in the horizontal and vertical domain, e.g. TSOs-TS0s and TSOs-DSOs
coordination.

This package represents the business layer that provideshe“business input for develpping
data pbjects that represent the CIM profiles in the application layer.

This | package is interlinked with the Network{)Operation (NO), Engineering Dgsign
Manggement (EDM), System Development Planning (SDP) and Predictive Operation Plapning
(POP) packages.
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Business Functions Business Objects

Colour scheme
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D Define in another package
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Q .................. Ak Post Event Assessment
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Network Case
fmm e
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'
'
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'
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'
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IEC

Figure 13 — Network model management business functions and business objects
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4.3.11.2 Business functions

Energy Connection Management (ECM) The Energy Connection Management (ECM) business function
involves the coordination of the relevant connection data and
the documentation of the conditional approval of connecting
power system elements to the network grid. This includes, but
is not limited to, power-generating facilities, transmission
system, high-voltage direct current cables, distribution system

and demand facilitates.

Model Part Management (MPM)

The Model Part Management (MPM) business function
involves the governance of the master set of models and
model parts so they are fit for analytic purpose. This includes

dal &l i &l £

build, and

ReaerCooraatori—aRa—€of

)
a7
release management, timeline management for hg
current and future models. Provide synchronisatio
external Model Part Management function-from ot

authorities.

+ L
g utratoR—verstoft

ndling past,
n with the
her model

Network Modelling (NM)

C

The Network Modelling (NM) businessfunction pr
means to maintain a network modehas a master r

bvides the
epository for

the power system resources that.are part of the model

responsibility area. The repository should provide

means for

accessing network models.forthe past situation, durrent as-

built and future situations.~The network models re
functional description 6f.the power system needed
supporting differenfranalyses. The functional mod

bresent the
for
el may differ

from the functional representation given by the aspet that is

providing the functionality.

Relevant modelling fragments are:

e  Supstation modelling

e JransSmission network modelling

o . Distribution network modelling

. Production and consumption modelling

e Market modelling

e Electrical diagram modelling

e Transient/dynamic modelling

e Short-circuit modelling

e Protection modelling

e  System Integrity Protection Scheme (SIPS)
e Role and actor modelling

e Pattern and hypothesis situation modelling

e Training simulation modelling

Sapervisory Control and Data

The Supervisory Control and Data Acquisition Mo

felling

involves the establishment and maintenance of th
and validation description of the network grid. Thi

Acquisition Modelling (SCDAM) (SCDAM) business function includes the modelling of alarm
setting and monitoring, acquisition configuration,
measurement and signalling structure and quality [constrains.

Netwgrk Case*Management (NCM) The Network Case Management (NCM) business function

P situation
b includes

management of the test cases for the validation.

Model Situation Management (MSM)

The Model Situation Management (MSM) business function

involves the establishment and maintenance of representative
situations that can be taken as historical events or statistical
analyses to be used in the validation of the model and in
different analysis. The situation includes a description of the
operational condition, operational settings and estimated
injections on the network.

Model Validation Management
(MVM)

The Model Validation Management (MVM) business function
involves the testing and validation of the network model to see
if it is fit for purpose and can be used by the intendent
analysis. The quality of the model is established by running it
against predefined test cases.

In the cases where the as-build model is used in a state
estimation, the model evaluation should then be managed by
this function to improve the model as possible.
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4.3.11.3 Business objects

Model Validation Specification The Model Validation Specification business object includes
the validation rules and criteria for model validation.

Network Case The Network Case business object includes the Network
Model and the Network Situation that together with test case
settings defined a Network cases used for analytic and
validation of the model.

Network Connection The Network Connection business object describes the
conditional requirement for connecting equipment to the
network grid.

Netwdrk Model The Network Model business object includes the\functional
description of the network grid that used in ohe o more
network analysis.

Supeifvisory Control and Data Acquisition Configuration | The Supervisory Control and Data Acquisition Mog@lel business
object includes the necessary inforpation to suppprt

Supervisory control and data acquisition of the equipment that
is controlled by the utility.

4.3.12 Network Operation (NO)
4.3.12.1 General

The Network Operation (NO) package in the CIM IRM defines the business functiong and
business objects involved in monitoring and operating\the power grid as a whole system or
the eptities responsible for part of the whole system. The relationships between the busfness
functions and business objects are described in Figure 14.

This package is interlinked with Fault Management (FM), Predictive Operation Planning (POP),
End Pevice Operation (EDO), External to, [EC (EXT), Market Operation (MO) and Nefwork
Modgl Management (NMM).

The Network Operation business*function includes real-time operation, which handleg the
execlition of planned actions ip‘addition to ensuring that the power grid is operating| in a
secufle and balanced state.~lt>also includes obligated operation planning that handleg the
"lookiahead" function to .ensure that the "near future" operation based on committed
schedules is an operationiin a secure and balanced state.

That Ja system is in‘secure and balanced state means that there is balance between supply
and gemand angd\that the system can handle pre-defined unanticipated loss of system
equigment wjthout violating operational requirements in regard to voltage, frequency| and
opergtional_stability limits.

The instrlGction on balancing of demand and supply are solved outside Network Operation
(NO). Tn the area of Market Operation (MO), this instruction will be provided by the market. In
the case of no market, the same business object needs to be provided. The instruction could
be cost based, and in that case the operating costs need to be provided.

The Network Operation business function also includes the post event analysis to evaluate a
historical incident or situation of interest for identify a root cause of a fault or create training or
plans for preventing similar occurrence in the future.
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Figure 14 — Network operation business functions and business objects

4.3.12.2 Business functions

The Network Operation (NO) function includes business activity directly involved with
monitoring and operating the power grid as a whole system or the entities responsible part of
the whole system.
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The Obligated Operation Planning (OOP) business function

Obligated Operation Planning (OOP)

involves the "look-ahead" function to ensure that t

he "near

future" operation, based on committed schedules is operation

in a secure and balanced state. That a system is i

n a secure

and balanced state means that there is balance between
supply and demand and that the system can handle pre-

defined unanticipated loss of system equipment w

ithout

violating operational requirements in regard to voltage,

frequency, and operational stability limits. In the c
violation, predefined remedial action is applied.

ase of a

Energy Balancing (EB)

The Energy Balancing (EB) business function involves the

evaluation of the balancing instruction that is pre

ared as part

of planning activity that ensures that energy supp
energy demand.

ly meets

Energy Scheduling (ES)

The Energy Scheduling business functionf inyolveg
establishment and commitment to a givien €nergy

consumption, production, direct current and area

exchange. This also includes energy.scheduling f
intermittent or price inelastic preduction that is pa
Distributed Energy Resources XDER).

The Energy Scheduling (ES)*business function is:
e involved in optimising*production;
e cost based;

e involved i schedule-marked

/agreements;

energy

e seasof based;
e involved in predictive analysis based on histo

e . \involved in the establishment of the most red
forecast possible with relevant uncertainty.

Power import scheduling and optimisation aims to|
the cost of imported power by keeping the averag
power close to the contracted value, making use d
plants, load switching or load shedding.

This business function includes scheduled energy|
such as:

e market outcomes;

. unit schedules;

e net or bilateral interchange schedules;
e direct current tie schedules;

e phase-shifter schedules.

the
schedule for
nter-

=

rt of

purchases

rical logs;

listic energy

minimise
E imported
f peak

quantities,

Obligated Reliability Assessment
(ORA)

The Obligated Security Assessment business fund
"look-ahead" analysis based on current network o
state and the committed schedules to assess if fu
operation is in a secure and balanced state. That
in a secure and balanced state means that there i

tion is the
beration

ure network
b system is
B balance

between-supply-and-demand-and-thatthe-system

can handle

Yo
pre-defined unanticipated loss of system equipme
violating operational requirements in regard to vol
frequency, operational stability limits. In the case
violation, predefined remedial action is applied. It

nt without
tage,

of a

is

particularly relevant to perform this prior to taking equipment
out of service.

Post Event Analysis (PEA)

The Post Event Analysis (PEA) business function includes the
evaluation historical incident or situation of interest to identify
the root cause and taking steps to prevent a similar
occurrence in the future. Training, remedial action plans or
other prevention schemes could be created based on a post
event analysis.
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Real-Time Operation (RTO) The Real-Time Operation (RTO) business function includes
the execution of the planned action in regard to changing the
network operational state. In addition, it monitors the current
state of the network to ensure that the power grid is operating
in a secure and balanced state. Predefined and activated
remedial action will be executed when the pre-condition is
met.

- 51—

That a system is secure and balanced state means that there
is balance between supply and demand and that the system
can handle pre-defined unanticipated loss of system
equipment without violating operational requirements in regard

to voltage, frequency, and operational stability li

its.

Real-Time Data Acquisition (RTDA)

The Real-Time Data Acquisition business funetioh
the collection and validation of measurements (ang
observations that are used to determent the presg
the system that is under the entities' control. This
include acquisition of measurements-and observa
are outside the entity's responsibility,/but where tH
equipment that is defined as relevant to determing
the responsible system. The measurements and o
could include: (

e traditional SCADA po'ints and analogues;
e manually collected*and entered data;
o phasor dataf
e data genérated by other systems, such as:
- _generating plants;
#) \JEC 61850 systems;

M= lower or higher-level operations' activitieg.

The common denominator for this data is that it is
data treated as raw input, as opposed to a setting
instruction or request received from some other sy
other words, the source of the data is completely

the acquisition and use of the data. It is not a coo
integration of peer intelligence.

includes

nt state of
could

ions that

e

the state of
bservations

sampled
or

stem. In
gnorant of
dinated

State Evaluation (SE)’

.
N

This State Evaluation business function includes 3
that evaluates the current state of the grid. In gen
involves analytical processes that use acquired da
network models as input, and that generate evalu
grid from varying perspectives, such as:

e topology analysis, feeder tracing, island dete

Il activity
eral, this

ta and
htions of the

tion;

C o state estimation;

e contingency analysis;

e dynamic stability analysis;
e alarms;

e reserve calculations;

Switching Management (SM) The Switching Management business function includes all
activity involved in supervising execution of switching orders

and outage restoration.

e Execution of switching steps can involve
operations of devices via SCADA and/or
settings on system controls.

remote
modifying

e Execution incorporates critical safety procedures.

e Wherever there is concern about the impact of switching
on the grid, analytical evaluation of the security of the
state that switching will establish is usual. The types of
analysis are similar to real-time state evaluation except
that power flow or optimal power flow replaces state
estimation.
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System Control (SC)

The System Control business function includes any activity
(other than Switching Management) which issues instructions
to field controls in order to change the state of the grid. These
controls may be closed loop or man-in-the-loop. Controls can
be divided into active and reactive domains and generally use
either raw measurements or the evaluated state as the input
to control logic, which then develops a proposed change.
Such control logic can be quite complex, even involving
analyses based on algorithms such as optimal power flow.
Control functions also may include follow-up logic to confirm
that an issued control was in fact executed in the field and/or
to assess whether the impact of the control was as predicted.

4ol

Controls are important to model in analytical simulations, and
a key distinguishing characteristic is whether‘the/¢ontrol can
be represented by standard block diagram_ compopents or
whether one has to incorporate the control/softwafe in order to
simulate.

Active controls include:
e AGC, LFC;

e active reserve manaqeﬁlent;

e controllable load management;

e remedial action~scheme settings;
e security c'on'strained dispatch.
Reactive controls include:

o  reacfive reserve management;
. VoItV Ar optimization;

« \.DER settings;

o FLISR.

4.3.1

Netw

P.3 Business objects

brk Operation business objects are listed in this subclause.

Energ

y Contract

-

Q
C)O

The Energy Contract business object includes the|conditions
for demand response and provision of ancillary services or
any other energy contract that is relevant for operptional
control.

Enerdy Schedulce)Q§v
3
N

The Energy Schedule business object includes th{
for consumption (conformed or non-conformed, in
demand response), production (primarily intermitt
inelastic production), direct current and area inter
This also includes the energy forecast for intermit
inelastic production that is part of Distributed Ene

b schedule
tluding

bnt or price
exchange.
ent or price

aqy

=R

n 2=\
NESUUTLTS (ULETN ).

Forced Unavailability

The Forced Unavailability business object includes the
description of a piece of equipment's unavailability by the
utility owing to operating constraints or in the course of
restoring an unplanned outage in the same part of the

network.

Frequency Restoration Reserve

The Frequency Restoration Reserve business object is a

specialisation of Market Result that describes:

e aFRR - automatic frequency restoration reserve;

¢ mFRR - manual frequency restoration reserve;

e nFCR - frequency containment reserve - normal
situation;
e dFCR - frequency containment reserve - disturbed

situation.
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Network Operation Event The Network Operation Event business object include:
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e event logs that capture outage and other relevant

information;

e records for equipment to ascertain the cause of its
incorrect operation;

e planned and unplanned maintenance data including root
cause and repair/replacement details.

Control Execution The Control Execution business object includes the control

commands to remotely operated devices and monitors the

responses back to ensure correct operation or create an alarm

if the operation fails.

Frequency Response Activation

The Frequency Response Activation business obj
the description of activation of frequency feserve
correct an over or under frequency event.

bct includes
n regard to

Switch Execution

The Switch Execution business objéctyincludes th
of the act of manually opening orcloSing a switch
crew, rather than via remote control.

b description
by a field

Post [Event Assessment

C
The Post Event Assessment(business object desc
results of post-event analysis.

ribes the

Real-Time Measurement

The Real-Time Measurement business object incl

measurements frem.any source. Examples includg:

- RTUY; P

- PMUj

- IgCP;

- . AMI;
—_\'smart devices;
—  protection;

- IEC 61850.

ides

State [Assessment ‘\Q\\

The State Assessment business object includes:
e alarms to indicate system failure and respons|

e load estimation calculated on a more granul

e required;

hr basis than

load forecasts, based on specified conditigns, weather

and other events;

e load flow/voltage profile of the network By analysing

operating conditions and predicting and

voltage problems;

preventing

e protective relay setting that can be adjust¢d based on

conditions such as weather and operational ¢

e protective relay analysis to coordinate protec

such as opening a breaker after a high
detected;
e weather data to predict

bnditions;

ive schemes
current is

impacts on the electrical

networks, especially where outages are likely to occur

due to heavy storm activity. Temperature and wind speed
are sometimes used to calculate dynamic load limits on
electrical network assets.

State Evaluation Result The State Evaluation Result business object includes the
solved power flow or state estimator results for the network

model being evaluated.
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Switch Order The Switch Order business object includes a sequence of
switch open/close operations, tagging operations, device
setting changes, other network operations and safety
procedures to change the configuration of the network to
achieve a particular business goal. The business goal could
be to isolate part of the network in order to allow crews to
work safely, to isolate a fault or to optimize the network based
on various criteria, for example. Switch Orders can also be
used to coordinate live line work safely.

The switch order records the result of the switching
operations, including who performed the switching and when
the switching operation was performed, Both the control room
operator and field crews, if any, are recorded with| the switch
order.

This information:

e includes a view of all incoming work.on the systems. Work
details are recorded for each ,set of switghing actions
(examination of manual andémote-controllefl operations,
work characteristics, and crews involved in the work);

e provides a view of all (Switching states in addition to the
open or closed state ofthe switch or device. This includes
operational tags used to prevent device oprations and
safety documents—'to transfer authority hetween the
control roomyand/field crews.

¢

4.3.13 Predictive Operation Planning (POP) ~
4.3.18.1 General

The Predictive Operation Planning (POP) package in the CIM IRM defines the busjness
functjons and business objects involved in predicting the operational condition basdd on
forecpst, operational pattern (e.g. season=based operation) and different scheduling options.
The different operational conditions are’ evaluated against the target for transfer cappcity,
opergtional security (e.g. support_for N-1) and availability scheduling. The Predigative
Opergation Planning (POP) could:“be seen as an optimisation between these |[three
contradicting requirements. However, not all utilities or business processes include all Tf the
relevant business functions/and business objects. The relationships between the busjness
functions and business objects are described in Figure 15.

e

This |package is in;eFIinked with Network Operation (NO), Market Operation (MO), [Work
Manggement (WM),—~Asset Management (AM), Network Model Management (NMM) and
Systgm Development Planning (SDP) packages.



https://iecnorm.com/api/?name=95fc96a622f5e9c102a62daffb84c3a6

IEC 61968-1:2020 © |IEC 2020

Business Functions

A

Predictive Operation Planning
(POP)

foae)

Availability Request
Management (ARM)

A
Energy Forecasting
(EF)
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Business Objects

Colour scheme
D Define in this package

Network Model

Availability Permission

Availability Schedule

Energy Forecast

D Define in another package

Predictive Energy
Scheduling (PES)

A
Switch Action
Scheduling (SAS)

A

Predictive Operational
Condition Planning
(OCP)

A

Predictive Security
Assessment (PSA)

R

Predictive Adequate
Assessment (PAAY

A
Predictive Operational
Capacity (POC)

~—

Energy Schedyle

______________________ Market Merit Order

Unplanned
Customer Outape

Operational

Settings Schedule

Switehing Schedule

Incident

{ ¢

Environment,

p Planned Customer
Forecast '

'

'

Outage

Asset

\
H
Network Situation 8
h
H

Asset Conditign

Remedial Action
Schedules

_____________________ =>| Adequate Assessment

Network Capacity
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Switch Ordel

Figure 15 — Predictive operation planning business functions and business objects

IEC
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4.3.13.2 Business functions

Predictive Operation Planning (POP) The Predictive Operation Planning (POP) business function is

involved in forecasting future operation situations

with an

acceptable level of reliability, the inclusion of what-if

scenarios and risk assessment.

This includes adequate management that requires
operators and planners to take into account sched

system
uled and

reasonably expected unscheduled availability of equipment,
while maintaining a constant balance between supply and

demand.

Avaitabitity RequestMamagermemnt

(ARM)

e Avatabitity Reguest MamagementtARMbost
function involved the management of request fory
elements available or unavailable for the network
This includes, but is not limited to, requesting for:

e taking a grid element out-of-service*for ma
other work;

e setting a grid element in-to=service after
construction;

C
e coordination with pether entities that h
responsibility and would be affected by th
availability;

e coordinating/with the Work Management td
schedule for the availability;

e coordinating with Market Operation to inforn
or to{minimise the impact to the market;

e inform relevant entities about forced una
A _Customer outage;

o\ coordinating the resolution of forced una
customer outage planned and schedule.

Different scheduling alternatives might be created
their impact on the transfer capacity and the oper
security of the grid.

1ess
haking grid
operation.

ntenance or

ork or new

pve system
e change of

establish a

h the market

vailability or

vailability or

to evaluate
htional

Predictive Operational €ondition
Planning (OCP)

The Predictive Operational Condition Planning (O
business function involved the scheduling of:

e device status (switch status, tap position,
position);

e control settings (voltage regulation, flow regu
e monitoring (operational limit determination,

elements, topology limitation (power transf|
and stability limits.

This also includes planning and optimisation for Dj
Energy Resources (DER) in regard to power charg
settings.

CP)

shunt bank
ation);
critical grid

er corridors)

istributed
cteristics

Predictive Adequate Assessment
(PAA)

The Predictive Adequate Assessment (PAA) busir]
is involved in evaluations of the forecasts and schi

ess function
edules for

comsumptiomproductiomcapacity; directcurrenttapacity and

area inter-exchange to assess the capacity adequ

acy. This

includes the evaluation of sufficient resources to provide

customers with a continuous supply of electricity of the proper
voltage and frequency through all time periods.

Resources refer to a combination of electricity generating and
transmission facilities that produce and deliver electricity, and
demand-response programmes that reduce customer demand
for electricity.
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Predictive Operational Capacity
(POC)
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The Predictive Operational Capacity (POC) business function
involves the calculation of cross-zonal capacity and

congestion management in regard to where potential

congestion needs to be resolved though changes
energy schedules. In areas where a balancing ma

in the
rket is in

place, this will be solved as part of operation. However, as
part of predictive operation planning, this business function
needs to use predictive merit order of the energy connection

to simulate the price inelastic.

(PSA)

Predictive Security Assessment

The Predictive Security Assessment (PSA) business function
involves coordination with dependent system operators or

regional security coordinators for assessing differ

ent predicted

grid situation abilities to withstand sudden, unexp
disturbances, such as short circuits or unanti€Cipat
system equipment owing to natural causes\The e
assessment would also involve withstanding distu
caused by manmade physical or cyber-attacks.

bcted

ed loss of
ktended
rbances

Typically, the assessment is done\using an N-1 crjterion,

where loss of any one given equipment will still le
operating inside the defined aperational limits. Ho
methods, such as probabi|i§tic assessment, can a

Ave the grid
Wever, other
so be used.

Switch Action Scheduling (SAS)

The Switch Action Scheduling (SAS) business fun
involved in the scheduling and all relevant coordir
switching action. This)includes the creation of swi
schedules for remobte control switches and for swi
requires the dispatch of crews. Different schedule
alternatives €an be created to be used in an asse
process. <

ction is
ation of
ching
ches that
5
bsment

Energy Forecasting (EF)

44

The Enérgy Forecasting business (EF) function in
forecasting of one or more of the items consumpti
production (primarily intermittent or price inelastic]
direct current and area inter-exchange. This also

energy forecasts for intermittent or price inelastic
that is part of the Distributed Energy Resources (I

volves the
pn (load),
production),
ncludes
production
DER).

3

\
Predictive Energy Schedulin@&S)
\)

The Predictive Energy Scheduling (PES) businesg
involves the establishment of predictive energy sg
consumption, production, direct current and area
exchange. This also includes predictive energy sd
intermittent or price inelastic production that is pa
Distributed Energy Resources (DER).

function
hedule for
nter-
heduling for
rt of
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Adequate Assessment

The Adequate Assessment business object includ

es the

assessment of expected consumption compared to available

production and transmission capacity.

Availability Schedule

The Availability Schedule business object includes the time
intervals during which a grid element is available or not. For
grid elements normally in service, the focus is on the period
that the grid element will not be available to provide

functionality to the network. For grid elements nor
service, or that have been forced out of service th
network constrains or faults, the focus would be o

mally out of
rough
n when it is

back in service. For grid elements in test mode,.th
on the period during which it will be in service:

e focus is

Conti

hgency List

The Contingency List business object inclides thq
elements that should be included as part of contin
assessment.

list of grid
gency

Energ

y Forecast

The Energy Forecast business objéct includes for
consumption (conformed or non-cenformed includ
response), production (primarily intermittent or pri
production), direct currentand area inter-exchang
includes energy forecasts, for intermittent or price
production that is part\of) Distributed Energy Reso

bcast for

ng demand
ce inelastic
e. This also
inelastic
urces (DER).

Operd

tional Settings Schedule

The OperationalSettings business object included
schedule for: ,

e device status (switch status, tap position,
po§it10n);
e control settings (voltage regulation, flow regu

o monitoring (operational limit determination,
elements, topology limitation (power transf|
and stability limits.

the

shunt bank

ation);

critical grid
er corridors)

Plann|

ed Customer Outage

The Planned Customer Outage business object d¢
planned event and the related information in rega
being able to deliver the customer the committed

according to the customer agreement. The custoni
may not be compensated. The customer is inform
advance of planned outages. The reason for the g
normally related to new construction, maintenance
either directly on the customer installation or to a

of the Customer Installation connected to the grid

scribe a

d to not

bervice

er may or

bd in

utages is
or repair

hearby part

Reme

dial Action Schedules ¢

C

The Remedial Action Schedules business object i
description of preventive, curative and restorative
action and the schedule for the activation. Systen
Protection Scheme (SIPS) would be part of the ne
model. However, activation and arming of existing
be part of remedial action schedules. In addition,

proposals for new SIPS as part of system develop
planning.

hcludes the
remedial
Integrity
twork

SIPS would
t includes
ment

Switc

hing”’Schedule

The Switching Schedule business object includes

the

schedule and sequence for the opening and closin

g of

switches.
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4.3.14 Retail Market Operation (RMO)

4.3.14.1 General

The Retail Market Operation (RMO) package in the CIM IRM defines the business functions
and business objects involved in the execution and monitoring of transparent retail markets
that enable efficient handling of the choice of supplier, contractual arrangements, commitment
to customers, data exchange and settlement rules, data ownership and metering responsibility.
The relationships between the business functions and business objects are described in
Figure 16.

This
(POP
Settld

The
energ
cases
well.

QI“I{QSD is—interlinked with Custamer hﬂonognmnni‘ (pl\ll) Pradictive-Oneration Pla
S+ S8R G—AHR HSHoe—haaiageeht ——-8-GHGHY =HOR——a

), End Device Operation (EDO), External to IEC (EXT), Network Operation (NO){M
ment (MS), Market Operation (MO) and Network Model Management (NMM).

Retail Market business function includes the possibility to handle energy supply
y delivery by separating the network connection contract and energy\'contract. In
, the metering responsibility and data exchange are crucial for a retaikmarket that
In the case of long-term energy contracts, the change of supplier{process needs

effici¢nt.

CIM
shoul

currently supports two styles of markets: North American,and European-style markg
d be noted that while there are some examples of succéssful retail markets, in

jurisdictions, retail markets are still in a formative stage.

nning
arket

and
both
vorks
to be

pts. [t
most
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Business Functions Business Objects

Colour scheme
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Figure 16 — Retail market operation business functions and business objects
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4.3.14.2 Business functions
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Retail Market Operation (RMO)

The Retail Market Operation (RMO) business function

provides the execution and monitoring of transpar

markets that enable efficient handling of the choice of supplier
with respect to contractual arrangements, commitment to

customers, data exchange and settlement rules, d
ownership and metering responsibility.

ent retail

ata

Energy Supply Management (ESM)

The Energy Supply Management (ESM) (Retail Supply
Management) business function provides alignment of the
supply agreement between grid operator and (energy) supplier

or the Customer Installation for a given customer.

Retail Market Definition (RMD)

The Retail Market Definition (MD) business functi
a definition of the retail market products and.the r
timelines.

n provides
ptail market

Retail Market Settlement (RMS)

The Retail Market Settlement (RMS) business fun
includes the settlement calculation of*standard cu
energy instruments/retail marketsproducts (tariff e
which the customer can chose. the supplier. The m
product is energy supply, but they could include d
types, like fixed price, markéet’price, etc.

tion

stomer
ements) for
ost normal
fferent

Settlement Quality Observation
Management (SQO)

The Settlement Quality©Observation Management
business function includes processes that provide

quality data for the billing functions. These procegses typically

include measuremeént of energy, correction of errg
resolution of disputes.

(SQO)
settlement

rs and

4.3.14.3 Business objects

Custdgmer Energy Instrument

S

O

4\
xO

N |

The Customer Energy Instrument (Retail Market
Instrument/Product) business object describes thg
(tariff elements) that are included in the contract 3
be settled. The normal product is energy supply, i
could include different types, like fixed price, mar}
etc.

products
nd should
ut they
et price,

Enerdy Supply Agreement ‘\(}‘

<)

.
-

The Energy Supply Agreement business object is
specialization of Customer Agreement that define
the contract between the parties involved providin
customer with an energy service.

a
5 the term of
g the retail

A N
Settlgment Quality Asseé)@\nt

The Settlement Quality Assessment business objq
the compliance with the observation supervision r
the data is fit for purpose.

ct describes
liles to see if

4.3.1p System Development Planning (SDP)

4.3.15.1" General

The System Development Planning (SDP) package in the CIM IRM defines the business
functions and business objects for network development and long-term planning including
extension planning for utilities that do not have system operational responsibilities. The

relationships between the business functions and business objects are described in
Figure 17.
The network development and long-term planning handle both the internal enterprise

elements and the cross entities, both in the horizontal and vertical domain, e.g. coordination
of TSOs-TSOs and TSOs-DSOs.

This package is interlinked with Network Model Management (NMM), Engineering Design
Management (EDM) and Predictive Operation Planning (POP) packages.
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Business Functions Business Objects
Colour scheme
Q --------------------- - - -1 - {EescrEtonkan D Define in this package
Network Connection o
System Development Planning (SDP) Assessment D Define in another package
------------------------------------ >
l@—{ Network Model
<> <> <><> O <> | Network Case
. Network Connection
_ | \
N :
Capacity Calculation Analysis (CCA) :_ [ _> D ——
R
- J
Network Capacity
Assessment
r 0)
Reliability Calculation Analysis (RCA) | _ | _ _ | _ ________________ > Network Reliability
Assessment
g J
( Q\
Protection Analysis (PA) I I P _> Network Protection
Assessment
. J
4 Q\
Transient Stability Analysis (TSA) S U B Y 4 DA > Network Transient
Stability Assessment
- J
Q\
Short-Circuit Analysis (SCA) L - - F %N =] Network Short-Circuit
letwork Short-Circui
Fault Assessment
. J
( Q)
Voltage Stability Analysis (VSAY . - o] oo oo oo oo B st:;w;\i\st::xnt
. J
IEC
igure 17 — System_development planning business functions and business obje¢ts



https://iecnorm.com/api/?name=95fc96a622f5e9c102a62daffb84c3a6

IEC 61968-1:2020 © |IEC 2020

4.3.15.2 Business functions

— 63 —

The System Development Planning (SDP) business function
involves network development and long-term planning. The
business function support cooperation and coordination to
develop a secure, environmentally sustainable and economic

System Development Planning (SDP)

network system aimed at an adequate grid for the
a well-functioning network operation and market o
This is done through good planning with focus on
infrastructure characteristics, efficient asset mana

purpose of
peration.
future
gement,

critical infrastructure protection and system operability

perspective.

Capacity Calculation Analysis (CCA)

The Capacity Calculation Analysis business functi
the establishment of the maximum secure capaeit
network grid.

on involves
of intact

Protection Analysis (PA)

The Protection Analysis business functjoh, involve

5 the

establishment of the necessary protective deviced and their

configuration to ensure necessary\protection of cr
network elements. -

tical

(RCA)

Reliability Calculation Analysis

The Reliability Calculation Analysis business func
the establishment of the nécessary equipment, sy
protective configuration te, meet the required relia
operational goal of new_tonstruction.

ion involves
stem
bility and

Short-Circuit Analysis (SCA)

The Short-Circuit’Analysis business function invol
establishment of\the necessary equipment featur¢
the steady-state operational requirement for supp
different fault-Conditions.

ves the
s to meet
brting

Transient Stability Analysis (TSA)

The Transient Stability Analysis business function
establishment of the necessary equipment feature
the.transient stability operational requirement for
different fault conditions.

involves the
s to meet
bupporting

Voltage Stability Analysis (VSA) \\'Q

The Voltage Stability Analysis business function i
establishment of the necessary equipment featur¢
the voltage stability operational requirement for sy
different fault conditions.

volves the
s to meet

pporting

4.3.15.3 Business objects.:

Netwqrk Capacity Assess

The Network Capacity Assessment business obje
assessment of the maximum secure capacity of a
network grid.

t includes
intact

Netwark Connect@s’essment

y

The Network Connection Assessment business ol
describes the result of the evaluation of the Netwq
Connection and includes any dependent modificat
needed to the network grid to support the evaluatg
Connection.

ject

rk

jon that is
bd Network

Netw¢rk\Protection Assessment

The Network Protection Assessment business obj

pct involves

the assessment of the necessary protective devices and their

configuration to ensure necessary protection of cr
network elements.

itical

Network Reliability Assessment

The Network Reliability Calculation Assessment b

usiness

object includes the assessment of the necessary equipment,
system protective configuration to meet the required reliability
and operational goal of new construction.

The Network Short-Circuit Fault Assessment business object
includes the assessment of the necessary equipment features
to meet the steady-state operational requirement for
supporting different fault conditions.

Network Short-Circuit Fault Assessment

Network Situation The Network Situation business object includes the
description of the operational condition, operational settings
and estimated injections on the network. Different situations
are defined that should be used in training,

simulation/analysis and validation.



https://iecnorm.com/api/?name=95fc96a622f5e9c102a62daffb84c3a6

- 64 - IEC 61968-1:2020 © |IEC 2020

Network Transient Stability Assessment The Network Transient Stability Assessment business object
includes assessment of the necessary equipment features to
meet the transient stability operational requirement for
supporting different fault conditions.

Network Voltage Stability Assessment The Network Voltage Stability Assessment business object
includes the assessment of the necessary equipment features
to meet the voltage stability operational requirements for
supporting different fault conditions.

4.3.1——Work-Management-(WM)
4.3.16.1 General

The Work Management (WM) package in the CIM IRM defines the business functiong and
businJ‘ess objects involved in tracking field service orders through request, schedule, dispatch,
execlition and completion. The focus is on efficient use of available resotrces to meet|work
requifements in regard to time and quality. The relationships between the business fungtions
and Husiness objects are described in Figure 18.

This package is interlinked with Asset Management (AM), Engineering Design Managgment
(EDM), Customer Management and Network Operation (NO) packages.

CIM, |Work Management (WM) is focusing on creating/aninformation model and docyment
messages (CIM profiles) that support the managemeént of resources for executing wark in
regard to customer requests, asset maintenance and./inspection, asset repair and construction
in redard to operation of a power system.

For legal, commercial, financial, managerial™and organisational informational requirements,
CIM focuses on harmonising with other exiting standards and information models, like the
Build|ng Information Model (BIM).

As anm example, this means that CWM for Work Management (WM) is not intended to support
the fyll scope of building and .construction but focus on the part that is relevant for respurce
manggement on internal employees and for in-house equipment.

IEC §1968-6 defines thelexisting document messages/CIM profiles for Work Management.
The Work Management' system does not need to support the business layer defined in this
package to be CliM-eompliant. The compliance is defined by the support of the docyment
messjage/CIM profile. However, vendors and utilities are encouraged to link the appligation
function requirement or capability to the business function defined in this package.

Sincg power systems are considered part of critical infrastructure and operating| and
mainfenance of it involves a high level of personal safety risk, the CIM standard has |extra
focus on information security and personal safety.
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Business Functions

Work Management (WM)

A

00 00

Work Dispatching (WD)

m ..........

Business Objects

Colour scheme

D Define in this package
C] Define in another package

>

p=e > Human Resource
Competence Environmental
Information
'
_________________________ '
""""""""""""> Work

Work Schedule : ; i
'

Environment Forecast

Work Execution (WE)

Construction Work
Execution (CWE)

Maintenance and

Inspection (MAI)

A

Work Recording (WR)

Asset Repair (AR)

N

|
Work Resource '
'

' Work Order

Safety Document

Asset

~
Asset Test Result: Job Safe Worksheet

Asset Work Record

Work Task

Figure 18 — Work management business functions and business objects

IEC
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4.3.16.2 Business functions

Work Dispatching (WD) The Work Dispatch (WD) business function involves
prioritisation and allocation of specific resources, crew,
vehicle, equipment and materials to ensure an efficient work
execution based on current resource availability.

This is real-time work assignment, work execution and crew
status monitoring and management.

Work Execution (WE) The Work Execution (WE) business function involves the

disciplined execution of work tasks to ensure that assets fulfil
their function reliability, effectively and will be available when
TEqUiTEd:

Part of the work execution could be a systematic’step-by-step
work evaluation in regard to safety by evaltiating all the risk

elements of any physical work operation. Measurgs to remove
or reduce the elements of risk are documented.

Asset Repair (AR) The Asset Repair (AR) business fanction involves|disciplined
execution of work related to repair asses after failure or

breakdown or when asset breakdown is imminent|The asset
is repaired to assure that assets fulfil their functiop reliability,
effectively and will be avaitable when required.

Construction Work Execution (CWE) | The Construction Work-Execution (CWE) businesg function
involves the work-that is normally governed by a donstruction
project and executed on a construction site and connected to
a structure (e’g. mast, tower, power line and subst}ation). This
is normally work that builds or constructs new, alters existing
or remoyves/de-commissions asset behaviour and functionality.

Maintenance and Inspection (MAI) The Maintenance and Inspection (MAI) business function
invelves the combination of all technical and admipistrative
actions, including supervision actions, intended tq retain an
asset in, restore an asset to (e.g. adjustment), or feplace an
A asset so that it can perform a required function and/or extend
its service life. It also includes inspections that copstitute an
organized examination or formal evaluation task that involves
the measurements, tests, and gauges applied to gertain
characteristics in regard to an object or activity. The results
are usually compared to specified requirements apd standard
for determining whether the item or activity is in line with

. these targets, often with a standard inspection prqcedure in
place to ensure consistent checking. Inspections gre usually
non-destructive.

@ Example of maintenance work are routine oil chanjges and
painting. Examples of inspection work are pole ingpections,
C vault inspections and substation inspections.

Work |Recording (WR) The Work Recording (WR) business function involves the job
completion or closing of work orders by documentjng time and
material consumed, creating post-work documentation,
recording failures, recording collected data and
measurements, analysis and follow-up of work orders and
measurement of work management/execution performance.

Work Sthedufing (Ws) The Work Scheduting (WS busimness function mvolves work
planning, priority and capacity scheduling, supply of parts,
tools and instruments to ensure an efficient work order
execution. The focus is to ensure that all the tasks that need
to be done will be done in the required time and quality with
little or no waste of human and material resources.

For power system work, safe access to assets is important
and can involve scheduling of access permits and
shutdown/de-energising of conducting equipment.
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The Availability Permission business object includes the
reservation and allowance for supply of parts, tools and
instruments to ensure an efficient work order execution. This
can also involve getting access permits and shutting down/de-
energising conducting equipment to ensure safe working

Availability Permission

conditions.

Job Safe Worksheet

The Job Safe Worksheet business object includes a
documentation of risk assessment that is developed through

the Job Safe/hazard analysis. Each step or task o
work/job identifies potential hazards or risk and a

f the

recommended safest way to do the job.

Safety Document

The Safety Document business object includes th

b restriction

or authorising of works on electrical equipment (fqr example, a
permit to work, sanction for test, limitation, of accdss, or

certificate of isolation), defined based upon organ
practices.

sational

Work

The Work business object includes the schedule fpr the

allocation of specific resources, crew, vehicle, eq

ipment and

materials and work orders (one or more work taskpg) to one or

more assets.

Work |[Order

The Work Order business object includes the identity of the

asset, schedule gonstraints (e.g. done by), prioriti

pation, work-

breakdown-structure (WBS), crew skill requirement, procedure

reference, material, tools, services, testing, etc.
Here ar,e'some Work Order types:

. fequest for maintenance, maintenance order,
refurbish a given power transformer;

e.g.

s.” request for construction work, e.g. line extengion or

construction, substation extension or construction

. request for service, service order, e.g. meter
meter replacement, turn-on, turn-off;

e work request, e.g. forest clearing/thinning;

reading,

e emergency work, that could be triggered by trpuble ticket,

or switch request given by network operation.

Work [Resource

The Work Resource business object includes spe

resources, crew, vehicle, equipment and materialg

needed for executing the work.

ific
that are

Work |Schedule

2\)

The Work Schedule business object includes the

ollection of

work orders and schedules that specify the generic or specific
allocation of vehicle, crew, equipment and materigls.
Normally, the scheduling is done on the generic type; type of

vehicle, type of crew, type of equipment and type

of materials

to enable the allocation to be done as close as pogsible to the

work execution.

Work

The Work Task business object describes the acti

vity that

Teeds to beaccomptishedwithima defimedperiod of time or
by a deadline for completion. One or more assignments on a
task puts the task under execution. A work task can have

dependency to other tasks.
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4.3.17 External to IEC
4.3.17.1 General

The External to IEC package in the CIM IRM defines the business functions and business
objects involved in the interacting with business functions and business objects that are
defined in other packages in the IEC CIM IRM. These functions are defined or
shared/harmonized with other standards that are defined outside the scope of the IEC, e.g.
ISO. The relationships between the business functions and business objects are described in
Figure 19.

Evendfthe-businessfunction-and-business—objectare-defined-to-be-managed-exiernalyto the
IEC, |it does not mean that a profile is not created to handle data exchange béefween
appli¢cations that service a business function external to the IEC and a business, furction

defingd in the other IRM package.
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Business Functions

A

Geospatial Data

Management (GDM)

Environment Information
Management (EIM)
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Business Objects

Colour scheme

D Define in this package
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e ™
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J
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Figure 19 — External to IEC business functions and business objects
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Construction (CO)

The Construction (CO) business function includes

the

production and construction of the product that satisfies the
client requirements based on the detail design and the

execution of the construction.

It also includes a follow-up to ensure sound engin

eering

practices and compliance to all applicable engineering

standards and government regulations during con

struction.

Corporate Strategy Management (CSM)

The Corporate Strategy Management (CSM) business function
describes the overall scope and direction of the corporation

AMdteway T which varous busiesses work together to

archive particular goals.

Customer Relationship Management (CRM)

The Customer Relationship Management (CRM) blusiness

function involves the practices and strategies use
and analyse customer interactions and data throu
customer's lifecycle, with the goal af improving cu
service relationships and assisting\in"customer re

i to manage
jhout the
ptomer
ention and

driving sales growth. This includes marketing camlpaigns,

programmes, promotions, ete:

Envirpnment Forecasting (EF)

The Environment Forecasting business function a
the intensity, nature, and timing of the external fo
may affect the construction, operation and mainte

e estimating
ces that
hance of

power utility asses or'function in regard to performpance, firms,
disrupt or force ehanges to existing plans and strdtegies.

For power, utilities, this is relevant for weather wa
real-time data for load forecasting.

nings and

Envirpnment Information Management (EIM)

The €Envitonment Information Management (EIM)

business

funetion has a multidisciplinary perspective where| the

environment management goal is to provide the n
environmental data, including atmospheric, hydro
geospheric, to the relevant business functions tha
impact assessment and analysis. This includes cr
environment models that are used for forecast an

pcessary
pheric, and
t provide the
pating
hindcast.

Hindcast are commonly used in hydrology for trairjing models

based on observation.

Envirpnment Inspection (El)

The Environment Inspection (El) business functio
inspection of the environmental condition of an ar
to constructing, operating or maintaining power ut

involves
Pa in regard
lity assets.

This is less comprehensive than Land Surveying 4nd is often
done in closer cooperation with inspection of the 3dssets that
are located in the same area. This is typically relejvant for

r inspecting transmission lines where, for example, tree height
or environmental obstacles are also inspected.
Finangial Management (FM) The Financial Management (FM) business functiof involves
the efficient and effective management of financial assets in

such a manner as to accomplish the objectives ofthe
organisation. This includes the evaluation of invegtments in
capital projects, maintenance, and operations. These
processes include risk and benefit costs and impdct on levels

oT service.

The business function includes tracking of amounts owed to

utility for services provided to its customers and o

ther relevant

parties, for example use of its facilities in energy markets,

joint use of its structures and rights of ways.

The business function also includes managing future budgets
and adjustments to existing budgets, which are based on
current and forecasted financial commitments and prioritized

needs.

Budgeting is also included to support the transfer
amounts between all possible source applications

of budget
throughout

their enterprise and a general ledger or budget application.
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Credit Assessment (CS) The Credit Assessment (CS) business function assesses the
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customer's credit based on predetermined terms,
interest rates that apply per period since the billin
became due. Collection is a relevant function that
procedures that a utility follows to ensure that bill

such as

g amount
refers to the
payments

are made along with procedures followed in non-payment

scenarios as indicated by the terms of the custom
agreement. Credit Assessment and Collection are
components of revenue protection.

er
important

Geospatial Data Management (GDM)

The Geospatial Data Management (GDM) business function
involves the creation and management of information that is
directly or indirectly associated with a location relative to the

Earth. This is normally done in cooperation with~o
and graphical technology to update graphic and-a

her design
bn-graphic

information. In addition, it can support services sych as:

e location-based services;

e simple feature access (ISOM9125) that
common storage and access~ model of

specifies a
mostly two-

dimensional geometries (point, line, polygon| multi-point,
multi-line, etc.);
o reference model support (abstract framework or domain-

specific ontology (including power engineerin

b));

e spatial and temparal schemas (exchange proffles);

e geospatial metadata (ISO 19115, ISO 19139)
e map images (Web Map Service (WMS)).

The following geospatial information is relevant fo
management of power systems:

o .\ topographical land data for road network, p

I the

lace names,

administrative/property boundaries and addrefsses;

e land property cadastre data (real estat
ownership and access right information);

e domain-specific data (hydrographic, power
power line, substation, generators), environm

b and land

system (e.g.
ent).

Humg

n Resources Management (HR)

.
N

The Human Resource Management (HR) busines{
involves maximizing employee performance at the
an employer's strategic objectives. The primary fo
management of people in regard to company polig
systems (e.g. benefits, training). The basic functid
staffing, training and development, motivation and

The Human Resource Management business func
responsible for overseeing the design of employed
employee recruitment, training and development,

appraisal, and rewards (e.g. managing pay and bg
systems). HR handle organisational changes and

relations as well as governmental requirements in
employee-based system and competence manag¢g

function
service of
cus is the
ies and

ns are
retention.
tion is

b benefits,
performance
nefit
ndustrial
regard to
ment.

Invoid

e\Management (IM)

The Invoice Management (IM) business function i

volves the

creatiomrof-invoicebaseson bl“illg bUIII'JUIIUIItD (\.r account
settlement statements) by applying discount, sales tax or VAT
(if applicable), terms of sales and method of payment.

The total charges provided by the billing components are
aggregated. In the case, market settlement, where the utility
creating the invoice is neutral, the invoice management

function aggregates both payments and changes i
created invoice.

n the
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Land Property Management (LPM) The Land Property Management business function contains
two aspects in the IRM model: Land Surveying and Address
Management. The Land Surveying involves the technique,
profession, and science of determining the terrestrial and
positions of points to establish maps and boundaries for
ownerships, locations of construction and ground or other
environmental conditions.

The following are relevant surveys for the power utility
industry:

e easement and right-of-way surveys;

° pipeline surveys:

e topographic surveys;
e boundary surveys;
e control surveys;
e construction staking;
e plats and exhibits;
 legal descriptions; 0
e transmission line location;
e transmission line mapping;
e utility corridors;
e plan and ;Jrofile preparation;
e realigiment surveys;
e ROW surveys;
0 rebuild\as-built;
Q o' route studies;
$\\‘Q . substation surveys;
0 . locating tower sites;

A\ e subsurface utility engineering (SUE).
\O Right of Way Survey — Survey performed for the purpose of
) C\}‘ laying out an acceptable route for an easement orjright-of-way
\\ for a road, pipeline, utility or transmission line. Thfs survey
C) would include the establishment of all boundary lifes and road

. crossings along the route.
O® Topographic Survey — Graphic representation of physical
C) features of the land depicting natural and man-malde features,
@ such as fences, buildings, utilities, hills, valleys, streams,

lakes and roads.

O Construction Survey — Construction staking to estgblish the
é correct location of proposed structures shown on ¢ngineering

C) design plans for constructing roads, pipelines, buildings and
other improvements.

service locations, billing, organisations, etc.

The-Address—-Managementtracks—relevant-addresdes for
e ot SgeHeRt—ta6 Ferevaht—aaat

Procurement Management (PO) The Procurement Management (PO) business function
involves selecting products and vendors, establishing payment
terms, strategic vetting, selection, the negotiation of contracts
and actual purchasing of goods.

Management of assets and material items from the time their
procurement is planned to the time that the asset or material
items are installed or used.

Logistics are also included in this business function, which
tracks and manages inventory (assets and material items) that
are stored for later use.
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Project Management (PM)

The Project Management (PM) business function or discipline
involving initiating, planning, executing, controlling, and
closing the work of a team to achieve specific goals and meet
specific success criteria. A project is a temporary endeavour
designed to produce a unique product, service or result with a
defined beginning and end, being time, funding or deliverable
constrained, undertaken to meet unique goals and objectives.

Report Management (RM)

The Report Management (RM) business function coordinates
activity of an organisation to prepare, make, or submit a report

of something observed, investigated, or the like.

The following type or report might be relevant:

e  structure reporting;
e schedule reporting;
e event reporting;

e real-time reporting.

4.3.17.3 Business objects

(

Budgé¢t Allocation

The Budget Allo¢ation business object includes cd
allowance (and potential revenue) for design/acquy
operations, maintenance and renewal/disposal (e,
replacement):“In addition to cost, it can also inclu
planning people, supporting equipment such as ve
equipment (such as machinery, measuring instrun
other tools), consumables and supplies and subcd

st

isition,

g.

le resource
hicles,
ents and
ntracts.

Enterprise Report

The Enterprise Report business object includes th
of valuable data to support efficient and timely de
making in the organisation by the management. T
structured and rendered in a way that essential in
highlighted. The report generally takes the form o
text and tables. The data and information can be

a document or provided as web pages on enterpri

e collection
Lision

he data is
ormation is
graphs,
endered as
Ee portals.

Envirpnment Alert

The Environment Alert business object includes tH
unusual or potentially dangerous or difficult circun
that is typically issued based on the severity and {
environmental event. It includes warnings and wa

e notice of
hstances
iming of an
ches.

nment Event

A

Envir

The Environment Event business object is an acti
associated with an observation of a thing that hap
can influence or affect the behaviour of an asset.
includes events such as major natural events and
disasters.

ity that is
pens that
This

manmade

Envir

nment Fdrecast
C)é.D
N

The Environment Forecast business object includd
estimation of the intensity, nature, and timing of tH

forces that may affect the performance of individupl assets in

the grid or the grid as a whole. This includes foreq

bs the
e external

ast or

hindcast on:

e space (solar flares);

e atmospheric conditions (wind speed gust, humidity etc.);

e geospheric conditions (fire, earthquake etc.);

e hydrospheric conditions (flood level, water
surface temperature etc.).

temperature,

Environment Observation

The Environment Observation business object describes the

recorded environmental data.

Environmental Information

The Environmental Information business object includes

records of observed and forecasted environmenta

directly or indirectly influences the asset or grid behaviour. It

can also be information needed for planning work
asset or the grid.

| data that

done to the
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Environmental Inspection Record The Environment Inspection Record business object describes
the result of the inspection in regard to environmental
information. This could include three levels in relationship to

transmission line, icing, snow depths.

Event Report

The Event Report business object includes the co

llection of

relevant data to support efficient and timely reporting of an
event after its occurrence. An event report could also identify

areas for future tuning and improvements.

Geospatial Record

The Geospatial Record (GR) business object includes
information having implicit or explicit association with a

location relative to the Earth.

The following geospatial information is relevant fo
systems management:

r power

e topographical land data for road nétwork, glace names,
administrative/property boundariestand addrefsses;

e land property cadastre data “(real estat
ownership and access right information);

b and land

e domain specific data (hydrographic, power [system (e.g.

power line, substation;,generators), environm

Geospatial data and infermation is defined in ISO
standard series.

ent.

TC 211

Human Resource Competence

The Human Resolrce Competence business obje
personal information for each employee or contra
includes data_such as job code, employee status,
or place.in‘the organisation, and job-related skills
certification.

Lt contains
tor. It
department
and

Invoide

The.Invoice business object, also called "bill of sale" or

"contract of sale", is a statement given by a seller
itemizing the sale and demanding payment. It incl
identification of instruments, products or services
provided by the seller with the associated quantiti
of the items sold, billing or settlement

components/statements. It can also include disco

to a buyer
Lides the
that are

Ps and price

ints,

applicable sales tax or VAT, or terms of sales and methods of

payment.

Land Survey

The Land Survey business object describes the rgsult of the

land surveying execution and also describes the t
and positions of points to establish maps and bou
ownerships, locations of construction and ground
environmental conditions.

prrestrial
hdaries for
br other

This includes environmental conditions that impadt the
construction, operation and maintenance of the agset. This

includes ground conditions, wind, salt corrosion, i
radiation, water, sand, etc.

be, solar

Proje¢t Plan

The Project Plan business object describes how and when a

project's objectives are to be achieved, by showin
products, milestones, activities and resources req
project.

g the major
bired on the

Regulatory Report

The Regulatory Report business object includes the collection
of valuable data to support the monitoring of compliance to

one or more regulatory rules.

The following type or reporting can be relevant:
e record keeping reporting;

e complaints handling reporting;

e processes and procedures reporting;

e training reporting.
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4.4 General

IEC 61968-1 describes utility inter-application infrastructure recommendations necessary to
integrate components distributed throughout the enterprise. The services and functionalities
described are independent of the underlying integration infrastructure. In the
recommendations listed in this clause, an “event” is a unit of information exchange which is
issued asynchronously by its source (“push”). A “component” is a module of application
software, which could be a component of the integration bus as either a publisher or
subscriber (receiver) of an information exchange.

The business process begins by identifying the information to be exchanged and the
compoefrefits ‘va’i RS vG’; v ’va" o€ G-G"‘ réa &S € ‘G";G‘ and
initiafes the exchange, and zero or more subscribers that will receive the information.

The IEC 61968 series recommends that a compliant utility inter-application infrastructure

ould allow components to exchange information of arbitrary complexity,

ould be able to be implemented using various forms of integrationstechnology (e.gl web
¢rvices, Java EE, message brokers, message-oriented middlewarg,)databases, or ofhers);

ould provide an information exchange model facility that users employ to describe the

the components to which they relate, and it allows the neéw, exchange to be added fo the
old, so that a comprehensive corporate exchange maodel, tailored to a utility’s specific
ng¢eds, can be built rather than a collection of independent models;

d) should allow publisher and/or subscriber component to be deployed by system
adiministrators independently of other components as far as interfaces remain the sane;

e) should ensure that, once a given type ofs\event is published, additional subscfibing
components can be configured to receive ¢the event without having to make any chgnges
oif additions to the publisher's component:

4.5 | Requirements analysis methodélogy

To help solve the problem of effectively sharing information across electric utility departments
and gystems, a common modelling notation or language is needed. A modelling landuage
extends natural language by-‘adding formal constructs to aid in communication by reducing
ambiguity. By using a common modelling language across the utility, utilities can better define
what [information needs té.bé shared across departments.

The ¢hosen modelling language should be rich enough to detail the requirements, graphlically
orienfed (visualsdiagrams) to make it easy to use, widely accepted, and supportgd by
reasqnably priced tools. Refer to Annex A for further information regarding this methodplogy
that has been-used for the development of the IEC 61968 series.

5 Interface prnfilp

5.1 General

Clause 5 is organised in accordance with the interface profile shown in Figure 20.
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52 Business function

5.3 Application adapter

5.4 Interface specification

5.5 Middleware adapter

5.7 Communication service (q
N

5.8 Platform environment ®C9

Figure 20 — Overview of the interface profile and corresponding subclause numbers

The recommendations for all the individual parts in this interface’ profile are explained in $.2 to
5.8.

5.2 Business function

Busirless functions and their accessible objects are defined in the IRM, which can be usg¢d for
use ¢ases and data objects defined in IEC 64968-3 to -9, and -13. The following example
showpk a use of the IRM business functions{in a business use case (Figure 21). In thi$ use
case/ four IRM business functions (WS, WD, WE, and WR) are involved in a “Manage \Work”
business process that is triggered byZa “Work Requested” Business Event in Arch|Mate
termipology. Note that several business objects are involved in this process as well. These
busir:|ess objects are further realized by Data Objects in the Application Layer that wjll be

descillibed in the next section.
[)
D)
( Manage work
Worlf requested
[ ] ) [
3
[n) Q a ( _ﬁ
orhMer |--fY------ Work Scheduling Work Dispatching Work execution Work mmmiE Assetlvork
(Ws) (WD) (WE) (WR) record
J N ’ /
) ’ \ /
AN /
Y /

Work schedule

Work

IEC

Figure 21 — Manage Work Business Process Example

The message exchange of the Work Orders (circled) in this business process can be further
detailed using an UML sequence diagram. This will be presented in the Application Layer in
the following section.
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The business functions can be viewed as logical functionalities. A physical function based on
a logical function can be executed such as being invoked remotely for data exchange. For
example, an application function can be a classic, procedural application (also referred to as
a legacy application) or a fully object-oriented application built around the latest technology.
Also, application functions can be distributed across the network (LAN, Intranet, private
corporate WAN or even the public Internet), enabling flexible deployment of DMS applications
in the utility-wide information and communication (ICT) architecture.

Today’s DMS applications may have its own application architecture, its own API, and its own
mechanism of interfacing the application with other products. However, many of their
applications are based on common logical functions, such as the common Network Operation
functiprm—ForthatTeasorm, thecommuom busimess functionsare provided— i thisdocumer. The
IEC 61968 series recommends that applications should implement at least one of the-carhmon
top Husiness functions as specified in the relevant series of documents from |[EC,61968-3
onwalrds.

5.3 | Application adapter

An application adapter in the context of the IEC 61968 series is a:CIM profile compliant
software that enables a non-compliant software application to expose the services. A CIM
profile is basically a Data Object in an Application layer using the ArchiMate concept. As|such,
the cpmponent adapter only goes as far as necessary to make(the application conformant to
one dr more specific interface specifications in the series IEC61968-3 onwards.

A Business Object can be realized by one or more Data<Object(s) defined in CIM as Profile(s).
For gxample, the “Work Order” Business Object described in the previous subclause can be
realized by a “WorkRequests” data object in the Application Layer in an ArchiMate model
(Figure 22).

Work order

O

ReceiveWorkRequest

Work scheduling
and dispatching
WorkRequests (MC-SCHD) -
Work planning

IEC

Figure 22 — WorkRequest Data Object Example

The “WorkRequests” message can be exchanged between the “Customer Support” and “Work
Scheduling & Dispatching” components. Here is an example to present the message
exchange in a UML sequence diagram that is typically used in 61968-3 to -9 (Figure 23). The
process is triggered by a Work Requested followed by the “WorkRequest” message exchange.
After the “Work Scheduling & Dispatching” component process the request, a “WorkOrder”
message is sent back to the requester, Customer Support (CS) component.
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sd Application process/

Al dl

Customer Support (CS) Work scheduling and dspatching (MC-SCHD) -
customer service CSRV Work planning
T

T
| |
| |
: Work requested() :
b |
|
|
-~

CREATE(WorkRequest)

Create work order()

jj:

CREATED(WorkOrder)

IEC
Figure 23 — Application Process Sequence Diagram Example

5.4 | Interface specification

The |EC 61968 series interface specification recommendations consist of two parts:| CIM
profile specifications and services specifications,» which are common in a distributed
compluting environment based on components. Individual IEC 61968 CIM profile specifications
for fynctional areas (see the Interface Reference Model in Clause 3) are available ip the
IEC 1968 series (IEC 61968-3 through -9vand -13). Service specifications are described in
IEC §1968-100.

Using the ArchiMate terminology, an interface can be described using Application Layer:
Appligcation Interface notation which describes how the functionality of a component can be
accegsed by other elements.

For all parts in an IEC 61968 interface specification, it should:

a) be declarative, ,containing attributes, methods and parameters as needed for a|l the
brvice exchanges that are part of the specific interface specification;

b) beé programiiing-language neutral;
c) einphasize-the separation of logical interface and its implementation;
d) be¢ middleware-agnostic.

Recommendations for interface specifications are standard-based. Common service patterns
are provided in IEC 61968-100.

5.5 Middleware adapter

A middleware adapter in IEC 61968 series is a CIM profile compliant software that augments
existing middleware services to ensure a utility’s inter-application infrastructure supports
recommended services and patterns. As such, the middleware adapter only goes as far as
necessary to make the used set of middleware features conformant to the requirements of
one or more available interface specifications in IEC 61968-3 through -9. In this context the
middleware services represent not one single interface, it represents a set of interfaces
enabling a set of corresponding services for components.
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Using the ArchiMate terminology, a middleware adapter can be described using the
Technology Layer: System Software which represents software that provides or contributes to
an environment for storing, executing, and using software or data deployed within it.

For example, each vendor’'s component may use internally any middleware (or no middleware
at all) that is appropriate for the needs of the specific business function. A utility cannot
assume that two arbitrary components will always use the same implementation of
middleware services that are used by the utility. A middleware adapter is needed that is able
to act as a middleware “gateway” for IEC 61968 exchanges produced by one component over
the implemented middleware services into the other component(s) (which may be based on
other middleware).

IEC §1968-3 to -9 define the services (see 5.4) that are recommended to be present-in the
archifectural implementation supporting and governing component implementation~However,
different implementations of middleware services will introduce heterogeneols service
implementations and different operating environments. This situation may,./provide pome
propgrties implicitly and recommend that others be added by the middleware adapter. [f the
middleware services implementation does not provide a specific profile-eompliant featur¢, the
middlleware adapter should provide it.

This implies that:

o fgr a middleware service implementation that provides the\sérvice, the middleware adapter
should provide a mapping to it;

e when a non-compliant middleware services implementation is used in an IEC 1968
emnvironment, at least one middleware adapter<is“present for that middleware services
iriplementation to make it IEC 61968-compliant. It can also be the case that more| than
ome middleware adapter is used to make *“a“single middleware service implementation

compliant with the services (e.g. one middleware adapter for each required IEC §1968

interface service);

o fgr those middleware services that até non-compliant, each middleware adapter is custom-

miade for that specific middleware-services implementation because it depends heavl|ly on
the architecture and implementation of the middleware services implementation. I also
ryns in a specific, possibly distributed hardware/operating system (HW/OS) environment.
Therefore, the triple set\’middleware services implementation, (set of) middlgware
a;fapter(s) and HW/OS are’fully dependent on each other;

e the middleware adapter (in theory) is reusable for multiple IEC 61968 interface senvices
rdnning over the‘\same middleware services implementation in the same computing
efvironment.

5.6 Middleware service

Information;\exchanged among components can be performed within the same procegs (in
procgss), , across processes on the same machine (local) and across machines (re
Middleware providers usus support-differs Uhicationpa S—8-g- chronou
asynchronous interaction. Subscription refers to the ability to read or modify objects at cyclic
or event-driven times. Messaging addresses the features of today’s messaging middleware,
such as store-and-forward, persistence of messages and guaranteed delivery.

Using the ArchiMate terminology, a middleware service can be described using the
Technology Layer: Technology Interface which specifies how the technology services of a
node can be accessed by other nodes.

The middleware services should provide a set of APIs and allow the previous layers in the
interface profile to:

a) transparently locate and interact with other applications or services across the network;
b) exist independently of communication profile services;
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c) be reliable and available;
d) modify transaction capacity without losing functionality;
e) provide the ability to support business-to-business (B2B) transactions where needed.

As an example, in Java EE the JMS supplies some of the basic middleware services for life
cycle and registration.

5.7 Communication service

Integrating two components requires a connection between them. A computing infrastructure
shall _he managpd to support multiple network types and different resources prpecnting
different protocols, such as a JMS transport and HTTP. To connect multiple componen{s, an
integfation system shall seamlessly reconcile network and protocol differences to | support
component communication. In general, services should be provided independently tp the
undefrlying platform, language, and integration tool or technology.

Using the ArchiMate terminology, a communication service can be described using the
Techphology Layer: Technology Service which exposes the functionality of a node fo its
envirpnment.

5.8 Platform environment

Serviges can be deployed on various hardware and software platforms. A utility may need to
mandge different hardware and operating system platforms from different vendors.| This
means that a utility may have to make modifications dépending on the hardware and soffware
that is deployed. The specific adaptations that may be required for a particular implementation
are oltside the scope of this document.

Using the ArchiMate terminology, a platform environment can be described using the
Techpology Layer: Node which representsa computational or physical resource.

6

hformation exchange model

6.1 General requirements

This gocument defines requirements and recommendations for an Interface Reference Model
(IRM]) for distribution/management where components distributed over the communigation
network exchange (information using IEC 61968 services. Only functionality and senvices
requifed to supportinformation exchange are enumerated in this clause.

Howgver, since the initial release of IEC 61968-1, the term 'CIM Profile' has comgq into
common ase. A CIM profile is simply some formal subset of the CIM, in terms of clajsses,
attribptes and relationships that may have additional restrictions imposed (e.g. some elements
are rnquirnr{) The term |IEM has nffn(‘fi\/nly been replaced with the term CIM Profile]l The
normative contents of IEC 61968-3 through -9 and -13 are effectively the definition of CIM
Profiles. The use of the IEC CIM as the basis for the information exchange model has been
enhanced through the effective merging of distribution with transmission models within the
CIM, as realized by IEC 61970-301 and IEC 61968-11, as well as the definition of naming and
design rules.

IEC 61968 series recommends that a compliant utility inter-application infrastructure should:

e support both integrations with or without an integration layer such as an ESB,

e provide interoperability for information exchange between components.

The IEC 61968 profiles are effectively a set of payload definitions that can be used within
messages. The realization of message payloads occurs using one of two XML formats:


https://iecnorm.com/api/?name=95fc96a622f5e9c102a62daffb84c3a6

IEC 61968-1:2020 © |IEC 2020 - 81—

a)

b)

XML documents that conform to an XML Schema are derived from the CIM. This is the
approach used for IEC 61968-3 to -9;

XML documents that conform to an RDF Schema that is derived from the CIM. This is the
approach used for IEC 61968-13.

The use of XML schema also raises several issues related to the derivation of a specific XML
Schema from a model defined using UML. The issues of concern include:

specification of required vs. optional elements;

specification of relevant associations (from the perspective of what is or is not relevant to
the specific message of interest);

the means to uniquely identify specific elements;
the means to relate one element to another element;

the use of XML attributes vs. XML elements.

As a [result, a mapping of UML to XML schema should follow IEC 62361-400, and a mapping

to ROF schema should follow IEC 61970-501.

6.2
6.2.1 General

Message structures

IEC 1968 series recommends the use of a standard message envelope structure in adfition

to

definltions. The basic understanding of each message defined requires:

technology specific message envelope structures{ such as JMS and SOAP hg¢ader

alverb, to identify the type of action being taken;
alnoun, to identify the type of the payload;

the payload, which contains the data-‘relevant to the information exchange as degfined
using a profile.

Detailed information on the recommended message structure is provided in IEC 61968-1(0.

6.2.2 Compliance philosophy

6.2.2{1 General

The IEC 61968 series) defines the names of message types and fields within message types.

Compliance can berassessed separately for each message type payload.

If a

essage-type has an XML Schema Definition (XSD) defined within IEC 61968 parts,

compliancey*shall be made at the physical XSD level syntactically. Explicit compljance

guiddlines in the IEC 61968 series should be followed if provided. Note that the IEC g
defin ; ; fcett

interoperability.

The CIM Compliance Testing Task Force defines four levels of CIM Compliance based on the
TOGAF Levels of Architecture Conformance.

6.2.2.2 Irrelevant

The implementation under consideration supports none (0 %) of the profiles identified in
applicable IEC CIM Profile Standards so the question of compliance or conformance does not
arise.
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6.2.2.3 Compliant

The implementation under consideration supports some percentage (> 0 %, < 100 %) of the
profiles identified in applicable IEC CIM Profile Standards and all supported profiles are
implemented in accordance with the applicable IEC CIM Profile Standards. A compliant
implementation under consideration will either: 1) contain other interface functionality that is
not in the scope of IEC CIM Profile Standards; or 2) only contain interface functionality that is
in the scope of IEC CIM Profile Standards.

6.2.2.4 Conformant

The impplementation-uvnderconsideration-supports—al{(100 %) of the-profiles—in—applicable IEC
14 P AV 7 1 il o F

CIM Profile Standards and all supported profiles are implemented in accordance Wwith the
applicable IEC CIM Profile Standards. A conformant implementation under consideration will
only ¢ontain interface functionality that is in the scope of IEC CIM Profile Standards,

6.2.2{5 Non-compliant

The implementation under consideration claims to support some percentage (£ 100%) of the
profiles identified in applicable IEC CIM Profile Standards; however{Othose profiles have not
been|implemented in accordance with the applicable IEC CIM Profile ‘Standards.

6.2.3 Extension

Both |CIM UML models and XSDs can be extended. Customer extensions to an UML model
are fecommended to be properly located and/oflabelled in model for namegpace
manggement. Customer extensions to XSDs are{secommended to not break CIM|XSD
backyard compatibility if possible. Customer extensions should be submitted to related §1968
working groups to be considered for inclusion inte*the relevant part of the standard.

7 Gomponent reporting and error-handling

7.1 | Component reporting
The IEC 61968 series recommends that a compliant utility inter-application infrastructure

a) should provide a gengric event history facility as a component. This allows all or selgcted
ifformation exchanges'to be saved,;

b) should provide (the event history’s schema based on the metadata provided by the
information exchange model;

c) should previde the event history component to record the time at which the publishing
componéntissued each event;

d) should/be capable of supporting event information model versions and compgnent
versjons (this allows a complete audit trail to be preserved which is capable of supperting
rigorous reconstruction of history, if that should become a requirement);

e) should provide Inter-application Supervisor component that analyses the state of any
application component interface connected to the utility services. It may be enabled and
disabled, and has the capability to provide performance monitoring capabilities. Those
elements will help to provide statistics in order to identify bottlenecks or areas subject to
improvement in the future. The information helps the administrators configure information
exchanged among components and to ensure availability;

f) should be able to support a component sending or requesting information without knowing
where the receiving component is physically located or if it is currently connected. The
receiver may be unreachable because of a network problem, or be naturally disconnected
as in the case of mobile users who only connect periodically.
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