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INTERNATIONAL ELECTROTECHNICAL COMMISSION

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

Part456Sotved power systemrstate profites

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for s
all national electrotechnical committees (IEC National Committees). The obj
international co-operation on all questions concerning standardization in the elecifi

this end and in addition to other activities, IEC publishes International Stangd ali € ifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides e d “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any € qittee interested
in the subject dealt with may participate in this preparatory work. i 3
governmental organizations liaising with the IEC also participate in tki ) |E aborates closely
with the International Organization for Standardization (ISO) in &dccorda W

agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matte
consensus of opinion on the relevant subjects since eac
interested IEC National Committees.

possible, an international
s representation from all

IEC Publications have the form of recom

Independent certification bodies provide conformity
marks of conformity. IEC is not responsible for any

patent rights=E€ shall yot be held responsible for identifying any or all such patent rights.

This consolidated version of the official IEC Standard and its amendment has been prepared
for user-'convenience.

IEC" 61970-456 edition 1.1 contains the first edition (2013-05) [documents 57/1327/FDIS and
'57/1342/RVD] and its amendment 1 (2015-09) [documents 57/1591/FDIS and 57/1620/RVD].

In this Redline version, a vertical line in the margin shows where the technical content is
modified by amendment 1. Additions are in green text, deletions are in strikethrough red text.
A separate Final version with all changes accepted is available in this publication.
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International Standard IEC 61970-456 has been prepared by IEC technical committee 57:
Power systems management and associated information exchange.

IEC 61970-456:2013 is based on IEC 61970-301 Edition 4 (2013). Both are based on the
61970 UML version CIM14. The amendment is based on IEC 61970-301 Edition 5 (2013) and
the 61970 UML version CIM15.

For the Topology profile Amendment 1 includes the following changes with respect to the
previous edition:
a) The classes Name and NameType classes have been added.

b) The class TopologicalNode has been extended with the role ConnectivityNedeContainer.

c) The attribute IdentifiedObject.description has been removed.

For the StateVariables profile this edition includes the following c
previous edition:

a) The role Topologicallsland.ToplogicalNodes
ToplogicalNode.Topologicallsland.

Po

iion I .
e m radiafis to degrees.

The committs
remain

p the contents of the base publication and its amendment will
stability date indicated on the IEC web site under

e reconfirmed,
e withdrawn,
e replaced by a revised edition, or

e —~amended.

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

This standard is one of several parts of the IEC 61970 series that defines common information
model (CIM) datasets exchanged between application programs in energy management
systems (EMS).

The IEC 61970-3xx series of documents specify the common information model (CIM). The

CIM is an abstract model that represents the objects in an electric utility enterprise typically
needed to model the operational aspects of a utility.

This standard is one of the IEC 61970-4xx series of component interface standards\ that
specify the semantic structure of data exchanged between components—~(or applications)

formatted in XML based on the resource description framework specified in
61970-552 CIM XML model exchange standard.

that describe: topology derived from sw
estimation), and the solution itself.
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ENERGY MANAGEMENT SYSTEM APPLICATION
PROGRAM INTERFACE (EMS-API) -
Part 456: Solved power system state profiles
1 Scope

This part of IEC 61970 belongs to the IEC 61970-450 to IEC 61970-499 series that, taken as
a whole, defines at an abstract level the content and exchange mechapisms\used for data
transmitted between control centers and/or control center components.

use cases they wish to
As an example, this

rather than solved\co
application nee
solution criteria.

me cases to exchange starting condltlons
q, important use case, it means that a consumer

J ole or in part, are normatively referenced in this document and
are indisp i yplication. For dated references, only the edition cited applies. For
undated re ¥¢ latest edition of the referenced document (including any
amendments)a

IEC 61970-452, Energy Management System Application Program Interface (EMS-API) —
Part 452: CIM Static Transmission Network Model Profiles

IEC 61970-453, Energy Management System Application Program Interface (EMS-API) —
Part 453: Diagram Layout Profile

IEC 61970-552, Energy Management System Application Program Interface (EMS-API) —
Part 552: CIM XML Model Exchange Format?2

1 To be published.
2 To be published.
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3 Profile information
‘ The profiles defined in this document are based on the UML version-CH44v44 CIM15v33.
The profiles are listed in Table 1.

Fable 14— Profiles-defined-in-this document

Name Version URI Revision

date
StateVariables 12 http:/liec.ch/TC57/61970-456/StateVariables/CIM14/4 2010-03-24
http://iec.ch/TC57/2011/61 970-456/StateVariables/CIW 2011-09-09

http://iec.ch/TC57/201 1/61970-456/T0pology/CIA 15/ (\ 11-09-09

| Topology 12

4 Overview

This document describes an interface standard in whic

e Power flow solution algorithms and output arg
or planning contexts. State esti
single standard is desired so as to
that cross between environments.

o Real life analytical prc S i series of solutions in which most of the input

data remains g S i 0 the next, and the standard must support these
processes in k seatudata unnecessarily.
In order to meet is standard depends on modularizing the potentially
voluminous over data into subsets that would each be realized as smaller
separate CIM An instance of one of these subsets is referred to herein as a

o . In the first, the data is modularized
according to™w f data is produced (which generally corresponds with what kind of
application produces the data). CIM ‘profiles’ (subsets of the complete CIM) define the
classes and attributes that make up of each kind of modularization. The second type of
partitioning is by ‘model authority set’ (MAS), which divides data into sets of object instances
according to which utility or entity in an interconnection is responsible for the data. This
pactitioning occurs at the instance level and produces multiple datasets governed by the same
profile that combine to form the complete set of data for that profile. Understanding the
partitioning approach is critical to understanding how to use this standard to implement a
particular business scenario

This standard is flexible and designed to satisfy a wide range of analytical scenarios in the
planning and operating business environments. We expect that where parties are using it to
collaborate in some business process, those parties will often want to create additional
business agreements that describe any restrictions and customizations of the standard that
are deemed necessary for their process. In most cases, these additional agreements will be
local agreements and will not be IEC industry standards.



http://iec.ch/TC57/61970-456/StateVariables/CIM14/1
http://iec.ch/TC57/2011/61970-456/StateVariables/CIM15/2
http://iec.ch/TC57/61970-456/Topology/CIM14/1
http://iec.ch/TC57/2011/61970-456/Topology/CIM15/
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The CIM/XML formatting of partitioned payloads is defined in IEC 61970-552. This method of
formatting has the useful characteristic that valid XML describing a complete model could be
achieved simply by concatenating the XML for each partition. Thus ‘merge’ and ‘extract’ of
pieces of the modeling require no separate ‘stitching’ instructions and is conceptually a very
simple process. IEC 61970-552 also describes how payload headers provide information as to
how payloads fit together.

How to read this document:

e Clause 5, "Use cases", gives examples of business problems that this standard (is
intended to address.

1+d describes how

e Clause 6, "Architecture", summarizes how the model partitioning work

the parts described in this document work with parts described other
IEC 61970 series standards.
e Clause 7, "Applying the standard to business problems", g about

applying the standard to your particular business problem.

e Clause 9, "Topology profile" defines the kinds of data
(This section is auto-generated from CIMTool and i
detail.)

5 Use cases

5.1 General

EMS operations typiga i automatically, usually triggered either by
occurrence of certajn e iod. Periods of 10 min or more used to be the
norm, but curre@w 9 ¢ i vStallations are running with much shorter periods
approaching 5 s angd p 1e periodicity as SCADA (supervisory control and data

acquisition) and cohseguentlyxendering’event based triggering of state estimator important.

e A traditio 3, is usually configured by the EMS vendor with contingency analysis
running_on)the It of the state estimator. While a standard is usually not necessary for
applications from the same vendor, there is industry interest in being able to run alternate
algerithms for either state estimation or contingency analysis.

e (Agrowing number of other analytical functions that were not originally part of the EMS are
also using the state estimator result as the starting point for real-time analysis (e.g.
voltage stability).

Py Where market cycfnme exist +hny nnrm:\lly rnqllirn real-time nvr\hango of state astimation
VW-Rere—-market e *SH5—+R ROFaHY— HHe—feat-tHn xGAah —Stat HRaHoR

result from the EMS to the market system, and these systems often are supplied by
different vendors.

e Users are interested in being able to connect advanced user interface and situation
awareness modules from different vendors into an EMS, and these modules need to
acquire state estimator data.

e It is desirable to be able to run historical analysis as well as real-time analysis from state
estimator results. This requires estimator results can be archived efficiently, and users
shall be able to import results into network planning tool environments that are normally
not supplied by the EMS vendor.
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All of these situations require an efficient standard method of producing state estimator
results and making them available to other applications.

If the complete set of input data and output data were stored for a large interconnection model
running on, say, a 10 s period, it would produce a great deal of data and pose a considerable
challenge to any real-time exchange. However, there are some obvious characteristics of this
problem that may be exploited to reduce the data burden.

e The network model is by far the largest part of the data. It changes infrequently and when
it does change, the changes are a small set of data. Only the initialization of the system
actually requires a complete large model.

e The topology of the system changes more frequently (when switching
position), but still is relatively infrequent and again the changes are s
complete topology.

devices_Change

e Analog measurement input changes completely each run, but j 3 ' e cases,
this data is not required by the consumer. Analog data may e.aprroximated
from an analog history if it is not stored.

e Solution state variables change at each run.

What is required of the standard in order for each ‘ éxchange to take
) e topology may be

incremental form, rather than by re-trap missiog . Cgnsumers of the data then
are able to initialize themselves withda full nég ‘ opology when they start, but

5.3 ENTSO-E3 Process;

A daily analytical opeg 3
currently applied in the <Ye]le group-eontinental Europe. In this process,

e each TSO p
hour of the follgx

transferred to a~ce

ering exactly its own territory representing each
n day-ahead market outcomes). These cases are

o the full set of\ sub may be checked for mutual compatibility. (i.e. do the
boundary/exthang

e once A sybmitfed, each TSO downloads from the central server the cases
posted by ighbgring TSOs. These are combined with their own models to form a
set of stud which they can analyze the congestion in their region for the next
day;

e congestion result cases may be exchanged among TSOs, as the situation warrants.

This_work is carried out primarily with planning tools running bus-branch models (although an
obvious possible variation on the process would be to generate cases with EMS tools).

Even though the DACF process is not a real-time process like state estimation, it is quite

simmitarmthatasequenceof cases s producedrepresenting periodicintervats—The—sotution
values will change at each case, but the network model will change rarely and the topology
will change occasionally. Conserving file size is a concern, and that concern is addressed if
the standard allows the network model and topology to be exchanged incrementally.

DACF raises another set of requirements, however. Unlike the state estimator scenarios,
which feature complete transfer of a solution, the DACF involves a lot of merging and
extracting of pieces of solutions. In Figure 1, TSO A runs power flows to develop a picture of

3 European network of transmission system operator-electricity.
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its territory for the following day. This would be done with models that include representations
of neighboring TSOs. They shall post, however, only the part of the model representing their
own territory, and this shall be a stand-alone solved power flow. (In ENTSO-E, boundaries
between TSOs are, by agreement, always at the mid-point of tie-lines, and single TSO cases
are formed with equivalent injections at each tie-line mid-point.) At the central site, or at any
TSO, submitted internal cases shall be able to be reliably and automatically re-combined to
form models with coverage appropriate to whatever task is at hand.

/ DACF merged model \

TSO A p TSOB

TSO A authority authority

export

~—

TSOA |Bndry
authority

A

|

~
7

TSO B
authority

D
=)

IEC 875/13

e magenta scribed by state variables profile;
e green - data described by the topology profile;

e blue - data described by the equipment profile.

Refer also to Figure 2.

54 S lanni ’

There are many synchronous interconnections worldwide (such as ENTSO-E discussed
above) that require cooperative construction of future models by its members in order to
support planning of the interconnection. Typically, “base cases” are constructed representing
future time frames by combining submittals from each interconnection member, a process that
closely resembles that depicted in Figure 1 for operational analysis. Instead of day-ahead, a
planning case may represent years ahead; instead of daily update, a planning case must be
reconstructed as plans change; instead of a known functioning power system, a planning case
is not real yet. But in terms of process and in terms of data requirements, the assembly of
base cases for planning is the same as in Figure 1, and it is the objective of this standard to
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support both construction of base cases and the exchange of solution cases that necessarily
occurs among members during the analysis based on these cases.

5.5 Harmonization of planning and operations models

Network analysis is universally carried out with what is known as ‘bus-branch’ modeling,
where most or all zero impedance switching devices are eliminated to form logical buses, and

VVhUIC =uad, ycllclatiun Glld IUSU:Gt;UII }Jaldlllctclb thC bUUII DU:UbtUd fUI (=] D;IIH:U pU;IIt ;II
time. However, there are significant differences in the way that network models are handled in
operations and planning contexts.

e Planners tend to work extensively with a few selected bus-branch ‘cases’. For example,
they will set up the conditions that represent a summer peak load for a future network, and
then study variations on that case. Planning tools typically provide for (directentry of buses
and single point in time parameters.

e Operations environments (EMS) require the ability to sét W :
automatically for any point in time. They typically begi i votel with
switching detail, and with schedules for time-varying para f
have applications that compute the bus topology from switch\statushan
parameters from time-varying schedules.

independently;
j) consolidated modeling, where a sin

k) initialization of planning cases fro
consolidated;

[) initialization of operati
m) construction of exte

n) construction oiinte co
Most of the req the above list bear more strongly on the static

modeling of the pow ' covered in IEC 61970-452. From the standpoint of
solution exchangég, i\i Rlysiraportaht to remain consistent with all these requirements.

6 Archijte

6.1 Genera

The main architectural feature of this standard is data modularization:

o modularization by data model (CIM) profiles (usually reflects the application that produces
the. data);

o< modularization by grouping of instance data into model authority sets (MAS) (usually
reflects regional responsibility).

6.2 Profile architecture

Figure 2 shows the profiles that are covered by the IEC 61970-450 to 61970-499 series
specifications and depicts the relationships between them. The profiles are defined in
different IEC 61970-450 specifications where each specification defines a group of profiles:

e Static network model profiles defined in IEC 61970-452

— equipment profile. The static modeling information describing power system physical
elements and their electrical connections;

— schedules profile. The time-varying specifications for power system quantities;
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— measurement specification profile that defines power system measurements.
e Schematic display layout exchange profiles defined in IEC 61970-453

— schematic layout exchange profile. Describe the elements of schematic or geographic
displays that typically shall be amended when new elements are added to a network
model.

o Steady-state solution profiles defined in IEC 61970-456 (this document)

— topology profile. The bus-branch result as is produced by a topology processor;

— state variables profile. The result of a state estimator or power flow, or the starting
conditions of state variables;

— discrete (status) measurement profile. A set of switch states at a given points inctime;

— analog measurement profile. A set of analog measurements at a gi iatsun'time.

61970-456 61970-451
profiles profiles

State
variables
profile

61970-452
profiles

<

61970-
profil

Figure 2 — Profile relationships

Schematic
layouts
profile

IEC 876/13

These modules satisfy the needs of network analysis business processes used in operations
settings(with node-breaker models), in planning settings (with bus-branch models), and for
transfers between operations and planning.

In Figure 2, an arrow between profiles indicates that there are relationships defined between
classes in the two profiles. The directionality indicates that classes in the “from” profile

depend on classes In the "to” profile. For data this means that “from” class data refers to or
depends on “to” class data. Example: an instance of an equipment model may have many
state variable instances that refer to that equipment model.

In IT-systems, datasets corresponding to the profiles in Figure 2, are exchanged between
functions and/or applications. Some examples of applications and their dataset exchange are
described below.



https://iecnorm.com/api/?name=9db0935832337cd5064950afbe2d34f2

-14 - IEC 61970-456:2013+AMD1:2015 CSV
© IEC 2015

The equipment model has detailed substation connectivity based on the ConnectivityNode
and terminal classes, refer to Figure 3. The terminal class is central in that it is used by the
topology, state variables and schematic layout profiles as well as to associate
ConnectivityNodes with ConductingEquipment. Hence the Terminal is an integral part of the
equipment model.

It would be possible to create a connectivity profile by factoring out the ConnectivityNode and

the Terminal.ConnectivityNode reference. This then introduces complexity and data
duplication that mitigate the creation of the connectivity profile.

Topology profile State variable profile

Topological
node

Conducting
equipment

profile

\{>agram0bject

chematic layout profile

IEC 877/13

3 — Instance example of the CIM connectivity model
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6.3 Profiles and datasets for EMS network analysis

Discrete
measurements

.| Topology

processor

Schedule Che
@;%r \ alues

IEC 878/13

The topology-application uses equipment model from the modeler and discrete measurements
from SCADA to determine the starting conditions for a state estimation algorithm, which
results)in*topology and state variable datasets.

The' state estimation application uses the analog measurements, the equipment model, the
topology and the state variable datasets as input and produces the solved state expressed as
a state variable dataset. (Note here the same profile, state variables, governs a dataset used

for input and a different dataset containing the solution.)

Any power flow based application, e.g. contingency analysis, uses equipment model, topology
and solved state variables to produce multiple contingency solutions also expressed as state
variables.
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The scheduler update application uses the equipment schedules model from the data modeler
with state variables datasets from other applications to create schedule values. The schedule
values can be used by state estimation or any power flow application as an alternate source
of input data.

6.4 Profiles and datasets in a planning power flow

Equipment
model

State
variables

Figure 5 shows this same sort of diagram for a pglanpi 8 environment. In this

o i ication i Pe_ gé ¢ single point in time, so there

in some common configucations. T exeasen tandard is constructed on these profiles is
so that in typical sequences o gomplete record of input and output can be saved
without dupllcatfo i . Figure 6, we see what this would look like for
the case of periodi¢ eXecuti imation. In the first run, each type of dataset would

representing that uséd in the state estimate. Referring to Figure 6, if such a consumer wanted
state variable SV4, it would need topology T2 and equipment E1. Very likely, this consumer is
moving-from one state to the next. Very likely, when V4 is produced, it has already received
and. _established T2 and E1 when it processed SV3. If so, the only thing it has to do is to
acquire the new V4 and check that the topology and equipment datasets have not changed.
Fhe structure of datasets is designed to optimize this sort of processing.
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Equipment Measurement Schedules Discrete Analog State
Topology .
model model model meas meas variables

& ¢ & @& o

A2 SV2

D2 T2

20006
:

Time
IEC 880/13
Figure 6 — State estimation case

Figure 6 show two types of datasets:
e octagons that are a full dataset;
e triangles that are a differential dataswsg.
6.5 Model authority sets and instance level ® ularization
6.5.1 General
Modularization by profile noddlarization of a model by object instance, but each
dataset contains quqly t ¢ yject and relationships defined in the profile to which the
dataset belongs ‘nstance level modularization’, we are talking about
further partitionin s a technique for efficient re-use of data. It rests on

vhich are summarized in 6.5.2.

tes_partitioning’of models in an EMS. Octagon shapes depict datasets. Those
amts onform to different profiles and those at different horizontal points
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Partitioning by model authority sets

Regional Regional Regional
model authority model authority model authority
Analog &

)
»

discrete meas

State
variables

Topology

Equipment
model

Partitioning by profile dafasets

P
<

e Static model data from a modeler

— equipment model dataset. As
the boundary;

— measurement mod
— schedules modéhkdats
e Computed datz

— analog a These datasets contain actual

measuremen

6.5.3 Planning instance modularization

Figure 8 illustrates partitioning of models in network planning applications.
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Partitioning by model authority sets

N
|4

/ Regional \ Regional / Regional \
model authority model authority model authority

i State e

-~

»
»

\ variables /
Topology ‘lll

Topology
Equipment
model Bndry
\ / MA

Partitioning by profile datasets

P
<

e Static model data that defines the base case

— equipment model dataset. As shown in Fi
boundary;

— schedules model dataset (not sho
— topology datasets.

e Exchange of solved cases

— State variable dataset.

partitioning. Thefe might be region A partitions of equipment and connectivity, for

example.

Wheéreas CIM profiles are standardized when exchanged and vendors shall support datasets
conforming to the standard profiles, the use of instance modularization is a matter of
convenience for the business process. Although vendor applications shall support model
authority sets, the manner in which they are applied is user-determined and not constrained

except that model authority sets that will be merged to form models shall be disjoint — i.e.
non-overlapping. Figure 9 illustrates the model merge process where models managed by
different model authority sets are merged into a global model. The merge process includes
datasets for multiple profiles.
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Solution on complete model

State
variables

“1 [ Solving = [~ complete = [~ model ol

Regional [ Regional \ Regional
model authority model authority model authority

Bndry /Bndry
State MA State MA State
variables variables ariables

Topology O Topology M < opol >
: : ™N .
Equipment R Equipment b ipmeqt
" IINIEN. o N e

IEC 883/13

() ocess

overall dularization is to picture a
where nodes of the graph are object
instances and where the arcs of the/graph a G onships between object instances. A
modularization of this complete model is define
i e disjai ). Each subset may be described as a sub-
graph. (There is no require a 'sub-graph is connected — i.e. that its nodes are

There are obvi ibfe modularizations of any large model. Power

systems have spet

e modularizatiofy acco y e producer application;
e modularization responsibility for data. This facilitates the exchange of
region dNassembly of whole models from contributed parts — hence the term

where one subgraph is re-used in many situations — as is true with the power system
equipment’modeling.

A relationship between two sub-graphs means that the applications or users that manage the
datasets (i.e. add, delete or modify objects) shall be aware of the potential for invalidating the
relationship. The reason these relationships are important is that many related business
problems may be solved by re-using sub-graphs in different situations, and the external
connections of the sub-graphs must plug together in order to make this work.

Relationships in CIM UML are (at the moment) not directional and datasets (i.e. sub-graphs)
in CIM/XML are typically made directional in the profile specifications. Specifying the
relationship from one end is used if the referred-to dataset is created at one step in a process,
and then referring dataset is created later, e.g.

e an equipment model datasets are created in a power system modeling tool and made
available for applications. The modeler should not have to know what this equipment
dataset will be used for. As topology and various solutions are run, result datasets are
created. These datasets logically relate back to Equipment model,
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e boundary data sets are agreed upon between two or more parties. Once defined and
existing, the boundary datasets can be imported into data modeler tools where its objects
can be referenced when building regional model authority set datasets. Boundary datasets
act as isolation layers that keep the regional model authority set datasets mutual unaware
of its internal data. Hence it is important that the boundary datasets are created early on;

e in power systems, for example, the boundary set contains nodes either in the middle of or
at one end of each tie line. Since ties change rarely and are very well known, it is usually

easy from this starting point to build regional sets that correspond to the territory of one
transmission owner.

7 Applying the standard to business problems

7.1 EMS network analysis integration with external consumers

An architecture for transfer of data from a SCADA/EMS to an €
Figure 10.

Data
modeler

variables

External consumer

o R S . Schedule
\ S values

e/

IEC 884/13

Figure 10 — EMS datasets to an external client

The following interfaces are shown in Figure 10:

—) network model data as described in IEC 61970-452;

— network discrete measurements dataset:

— network analog measurements dataset;
— topology processor result dataset;
— state variables a) input values and b) state estimator results.
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Different consumers may be interested in different combinations of these interfaces.

e Interfaces 1, 4, 5b would support an external contingency analysis.
— Add interface 2 if contingencies are defined in terms of switch data.
e Interfaces 1, 4, 5b would support voltage stability analysis.

e Interfaces 1. 3. 4, 5a would support an external state estimator.

e Interfaces 1, 4, 5 (a or b) would support external planning-type power flows (which
typically operate in bus-branch models for a single point in time).

— Add interface 2 if topology processing is supported to enable switch data input.
— Add interface 3 if measurements are desired for study state estimati

Interface 1
4 Regional MAS1 N\ niertace 4 < }ég}{Qal A§2\ > N\
‘ GeograpicalRegion ‘ / Boundary \ K\\Qewml%qion ‘
* MAS1 — MAS2 U RN

SubGeograpicalRegion ( '\L }Q?\Eg@gogr;aicalRegion
\ 4 N A
’\@Li eSégment Substation

K | Con.

- /

Substation ACLineSegment

el ¢ Trmnl Trmnl \
Node /

- N V/

v

< N

Interface 4

IEC 885/13

gure 11 — EMS boundary dataset example

colour conventions for profiles/datasets defined earlier. The following
es are used:

Figure 11 folow
shorted ClM elass

e ComNode = ConnectivityNode;
o .Top.Node = TopologicalNode;

e ) Trmnl = Terminal.

The—arrow directionsreftectthedirections—asdefimed—imtheprofitedocuments—As—canmbe
seen, all references are going from the regional MAS into the boundary.
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7.2 Planning network analysis integration with external consumers

A similar picture for from a source that operates with bus-branch style data is shown in
Figure 12.

Equipment @_»
1

@
consumer

lern

The interface specifications for 1, 4 and 5 are the $a IFi , but in this system,
there is no switch level deta|I (no connectmty is managed manually

branch withir<r>
e The bus mayt .

switching.

terminal

(|n the topology dataset) between the line/equipment
ade representing bus bar is updated.

Transfer
of line

IEC 887713

Figure 13 — Bus-branch modeling of bus coupler and line transfer

When systems model topology in this way, the results could theoretically still be transferred to
a solution environment like an EMS, but the EMS would have no way to impute the underlying
switch status, so it would have to be designed to operate with dual sources of topology input.
Clearly, it is more natural to transfer from a node-breaker environment to a bus-branch
environment than it is the other direction.
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8 Data model with CIMXML examples

8.1 Measurement interfaces 2 and 3

The analog and discrete measurement interfaces are described in IEC 61970-4514.

8.2 Topology interface 4

Interface 4 (refer to Figure 11 and Figure 12) is addressed in this document. Its purpose is to
provide the bus-branch topology needed by state estimation or any other power flow based
application. The topology can be created by a topology processor as indicated in Figure 14 or
a tool where the bus-branch topology is manually maintained.

class Main <\\
AN

Core::
PowerSystemResource
Core::
Equipment Core::
+Terminals| Terminal =
A (N \) BusN K
+CondudtingEquipment Ferminal * +BusName er
1 *
0< 0.1
Core:: BusNameMarker
ConductingEquipment B
+ConngctivityNode \0\1 Bus/Branch bus
naming specification
Core:: static model
»\ Conhectiv tyN\ode
+Connectivi )
Core:: 0..

Connectiv ityNode{O{n}b'wer

+ConnectivityNode Containe

TopologicalNode

+TopologicalNodes 1.* 0..1
+AngleRef_TopologicalNode

+Topologicallsland | 1

0.1 +AngleRef_Topologicallsland

StateVariables::
Topologicallsland

Figure 14 — CIM topology model

The topology solution is based on the classes TopologicalNode and Terminal shown in
Figure 14. Disconnecting equipment (e.g. transmission lines, synchronous machines,
switches, etc.) is made by setting the attribute Terminal.connected to false. The disconnecting
of the coupler in Figure 13 is made this way. Transfer of a transmission line from one bus bar
to another as indicated in Figure 13 is made by changing the reference
Terminal.ToplogicalNode.

4 |EC 61970-451, EMS-API — Part 451: SCADA Data Exchange profiles
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A dataset example based on the model in Figure 14 is shown in Figure 15.

<rdf:RDF xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmlns:cim="http://iec.ch/TC57/2009/CIM-schema-ciml4#">

<cim:IEC61970CIMVersion rdf:ID="_ 301">

<cim:IEC61970CIMVersion.version>cim6197011v09</cim:IEC61970CIMVersion.version>

S

Ek P alakie e NaVakd Vidd
T T

: i aVato i) k] Ek P alakie e NaVakd Vids
T T T T

) , ) )
</cim:IEC61970CIMVersion>
<cim:Terminal rdf:about="#T1">
<cim:Terminal.TopologicalNode rdf:resource="#TN1"/>
<cim:Terminal.connected>true</cim:Terminal.connected>

</cim:Terminal>

<cim:Terminal rdf:about="#T2">
<cim:Terminal.TopologicalNode rdf:resource="#TN1"/>
<cim:Terminal.connected>true</cim:Terminal.conne

</cim:Terminal>

<cim:Terminal rdf:about="#T3">
<cim:Terminal.TopologicalNode rdf:
<cim:Terminal.connected>true</cim:

</cim:Terminal>

<cim:Terminal rdf:about="#T4">

<cim:Terminal.TopologicaliNode rdf:

<cim:Terminal.connected>true im: T8
</cim:Terminal>

</cim:TdpologidalNode>

IEC 889/13
</rdf :RBEP

Figure 15 — Topology solution interface

A) topology dataset always references (depends on) an equipment dataset. Normally, any
topology instance will, in its header, refer to the equipment instance on which it was based,

and In Most US€e cases, this Is the equipment instance that the consumer will want to use. This
does not prevent its attempted use with other equipment instances, which may make sense in
some use cases. Basically, the only software requirement is that all the external references
from the topology set resolve to objects in the equipment dataset that it is being plugged into.
If a consumer wants to recover the status set that was used as input to the topology, this may
be referenced in the header and retrieved as well; however, there are no references from the
topology to the status set, so this is not required.

TopologicalNodes are calculated objects, and the exact set of objects that will result depends
on the status input. However, there are many use cases where results of network analyses of
potentially different topologies need to be related or compared to one another. This makes
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sense because the power system stays in a recognizably similar configuration almost all the
time, even though it theoretically could reach a very different state occasionally. In general,
the key to these use cases is to get the identity associated with the main buses of each
substation to be the same. CIM modeling allows the modeler to provide input data to identify
the main buses and provide direction as to how bus identity is to be created in the topology
processing algorithm. If modelers a) provide such identity direction, and b) establish multiple
main buses separated by retained logical devices wherever bus splits are common, then the

TopologicalNodescanhave consistent identifications (rdfDs) from one topology datasetto
another.

NOTE This does not mean identical — what it means is that the normal set of buses will be found with the sante
identifiers, even though occasionally there will be some TopologicalNodes that do not match.

A topology processor or a system may update the bus branch model incrementally, i'e} only
recalculate the changed TopologicalNodes and terminals as a result of (breaker changes or
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class StateVariables
StateVariable does
StateVariable NOTinherit from
IdentifiedObject.
Svinjection SvTapStep
+ pNetlnjection: ActivePower[0..1] + position: Float[0..1]
+ gNetlnjection: ReactivePower[0..1]
+Svinjection | 0..1 +SvTapStep | 0..1
Sv ShortCircuit SvVoltage EuStatss SvP%Flow
i ice: A .
+ rOPerR: Float[0..1] + angle: AngleRadians[0..1] pEER <S: Boolean (0.1 + \p: ANYEROWENQ.. 1]
+ sShortCircuit: ApparentPower[0..1] + v: Voltage [0..1] + RedotyePoweN0..1
+ xOPerX: Float[0..1]
+ xPerR: Float[0..1] +SvStatus | 0..1 —
+SvShortCircuit +SvVoltage / 0.1 @m 4 +SVW 0.1

PowerSystemiResouxce
SvShuntCompensatorSections < ires?s‘\l'e{changer

+ sections: Float[0..1] \/
+Col ctlngEqmp ent
0..1 Q yaN \\

+SvShuntCompensatorSe¢tions ) Eq men

C dic ng ulpment
N

+Condu ngEqulpme t

italNode

+ShuntS8ompensator [\{

pologicalNode ul: gConBS(
Wires::ShuntCompensator +Terminal
; \ (\ +Terminal\ 0--* 1
IdentifiedObject

Identjfled Object +Topo ic}?Node \) > +Terminal Core::Terminal
Topolegy:: N
Toqelogica ode 0.1 0.*| + connected: Boolean[0..1]
+ sequenceNumber: Integer[0..1]
x IEC 890/13

ate variable solution model

+TopologicalNode 1 \1

equipment.injections are provided, and depending on the circumstance, the solved flows in
branchsterminals may be provided. The Svinjection represents the total injection at a
TopolagicalNode, i.e. it is the sum of all injecting SvPowerFlows.

Svlnjection defines a non-physical additional injection at a TopologicalNode. In other words,
this is an injection that has not been associated with a particular piece of conducting

equipment. Svinjection may be assigned to every TopologicalNode but this IS not required. If
it is supplied in a solved case, it represents the balancing term in the bus equation. In other
words, Svinjection equals the sum of the flows into all terminals connected to the
TopologicalNode. For most solved power flow buses, these values would always be less than
the solution tolerance and may be omitted simply because they are insignificant. There are,
however, other circumstances where the Svinjection terms are significant:

e Svlinjection may be used to represent the flows at the edge of solved region. In this sort of
use case, regions of an interconnection solution may be reported individually, with the
Svinjection term representing flows into the other parts of the interconnection. (If a
receiving party tries to piece the whole solution back together, they would normally check
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the Svinjections on both sides of a boundary point for consistency, and then ignore both in
further analysis.)

e In a state estimator result, Svinjection may report the injection residual. This can be used
to avoid the heuristic assignment of injection residual to loads and generators, and
provides a place to report residuals at zero injection buses.

e In unsolved power flows, Svinjection can report the buses at which there is mismatch

above tolerance

A CIM XML example based on the model in Figure 16 is shown in Figure 17.

@C@
N
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<rdf:RDF xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmlns:cim="http://iec.ch/TC57/2009/CIM-schema-ciml4#">

<cim:IEC61970CIMVersion rdf:ID="_301">
<cim:IEC61970CIMVersion.version>cim6197011v09</cim:IEC61970CIMVersion.version>

<cim:IEC61970CIMVersion.date>2007-06-12</cim:IEC61970CIMVersion.date>

</cim:IEC61970CIMVersion>

<cim:TopologicalIsland rdf:ID="TI1">
<cim:IdentifiedObject.localName> 1001</cim:IdentifiedObject.localName>
<cim:TopologicalIsland.TopologicalNodes rdf:resource="#TN1"

<cim:TopologicalIsland.TopologicalNodes rdf:resource="#7

<cim:TopologicalIsland.TopologicalNodes rdf:resource

</cim:TopologicalIsland>

<cim:SvInjection rdf:ID="SvI1">
<cim:SvInjection.TopologicalNode rdf:
<cim:SvInjection.pNetInjection>123
<cim:SvInjection.gNetIrjectyon
</cim:SvInjection>
<cim:SvInjection rdf:ID="SvI2">
ce="#TN2"/>
*SvInjection.pNetInjection>

:SvInjection.gNetInjection>

<cim:SvVoltage.v>400</cim:SvVoltage.v>

<cim:SvVoltage.angle>0.1</cim:SvVoltage.angle>

</cim:SvVoltage>

<cim:SvPowerFlow rdf:ID="SvPF1">

<cim:SvPowerFlow.Terminal rdf:resource="#T1"/>

<cim:SvPowerFlow.p>123</cim:SvPowerFlow.p>

<cim:SvPowerFlow.qg>456</cim:SvPowerFlow.qg>
</cim:SvPowerFlow>

IEC 891/13
</rdf :RDF>

Figure 17 — State solution interface example
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The state variables are identified by the objects they belong to and their life time depends on
that object, i.e. the objects TopologicalNode, ConductingEquipment, Terminal, TapChanger,
etc. State variable rdf:IDs are required to be unique within a message only and their rdf:IDs
cannot be correlated between messages.

9 Topology profile

9.1 General

Clause 9 lists the profiles that will be used for data exchange and the classes, attributes, and
associations that are a part of each profile. Included are all the classes that a data consumer
would be expected to recognize in the data being consumed Add' tenal classes are

9.2 Concrete classes
9.2.1 Terminal

Core

equipment. Terminals are connected at

Native members

connected 0 oolean The connected status is
related to a bus-branch model
and the TopologicalNode-
Terminal relation. True implies

the Terminal is connected to

the related TopologicalNode
and false implies it is not.

In a bus-branch model the
connected status is used to tell
if equipment is disconnected
without having to change the
connectivity described by the
TopologicalNode-Terminal
relation. A valid case is that
ConductingEquipment can be
connected in one end and
open in the other. In particular
for an ACLineSegment where
the charging can be significant
this is a relevant case.

TopologicalNode 1.1 TopologicalNode The topological node

associated withthetermimat:
This can be used as an
alternative to the connectivity
node path to topological node,
thus making it unnecessary to
model connectivity nodes in
some cases. Note that if
connectivity nodes are in the
model, this association would
probably not be used.
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9.2.2 TopologicalNode

Topology

For a detailed substation model a TopologicalNode is a set of connectivity nodes that, in the
current network state, are connected together through any type of closed switches, including
jumpers. Topological nodes change as the current network state changes (i.e., switches,

lo L 4 la tata)
UTTAntcl o, TLL. LIHAlTyT otdltc ).

For a planning model switch statuses are not used to form TopologicalNodes. Instead théy
are manually created or deleted in a model builder tool. TopologialNodes maintained thisway
are also called "busses" native members.

Native members

NN
BaseVoltage 1.1 BaseVoltage he\base o\lfx%ee>the
/\ topotogociaknode’.
ConnectivityNodes 0..unbounded ConnectivityN vexal \/

ConnextivityNode(s) may
ine together to form a

ingle TopologicalNode,
dgpending on the current

ate of the network.

ConnectivityNodeContainer |1..1
container to which the
topological node belongs.

The connectivity node \

Inherited members

. 3 ifiodOb

name See ldentifiedObject

9.2.3 Name

Core package

The Name the means to define any number of human readable names for an
object. A nang

relationships_ihstes e the object identification 'mRID".

Nativemembers

|name 1.1 string Any free text that names the object. |
)

yldentifiedObject 1.1 IdentifiedObject Identified object that this name designates. |
NameType 1.1 NameType Type of this name. |

9.2.4 NameType

Core package

Type of name. Possible values for attribute 'name' are implementation dependent but
standard profiles may specify types. An enterprise may have multiple IT systems each having
its own local name for the same object, e.g. a planning system may have different names from
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an EMS. An object may also have different names within the same IT system, e.g. localName
and aliasName as defined in CIM version 14. Their definitions from CIM14 are as follows:

The localName is a human readable name of the object. It is only used with objects organized
in a naming hierarchy. localName: A free text name local to a node in a naming hierarchy
similar to a file directory structure. A power system related naming hierarchy may be:
Substation, VoltagelLevel, Equipment etc. Children of the same parent in such a hierarchy

nave ndalmnes trdtl typically dlre Unique dalmorng tern.

aliasName: A free text alternate name typically used in tabular reports where the column
width is limited.

9.3 Abstract classes — IdentifiedObject

Core

This is a root class to provide common naming attributes f
attributes.

eding naming

Native members

VRN
- = | R

name 1., \jtring The name is a free text
human readable name of
the object. It may be non-
unique and may not
correlate to a naming
hierarchy.

consumer weulthbe expected to recognize in the data being consumed. Additional classes
are referenced in~Clause 10, when the classes to be exchanged inherit attributes or
associations. For instance, many classes inherit attributes from the class IdentifiedObject.
However, no instances of the class IdentifiedObject would exist in the data exchanged, so
IdentifiedObject has not been included in the set of CIM classes for exchange.

10.2 Concrete classes
10.2.1 Topologicallsland

StateVariables

An electrically connected subset of the network. Topological islands can change as the
current network state changes (i.e. switch or Terminal.connected status changes).
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Native members

— 33 -

AngleRef_TopologicalNode |1..1

TopologicalNode

The angle reference for the
island. Normally there is
one TopologicalNode that
is selected as the angle
reference for each island.
Other reference schemes

exist, so the association is
optional.

Inherited members

name 1.1

e

string

10.2.2 Svlinjection

StateVariables

Injection state variable &
Native members <\(\ %

pNetInjection [\1/\ & Agﬁ)vePower
/\ A

The active power injected
into the bus at this
location. Positive sign
means injection into the
bus.

N\ e

gNetInjection 0.. \)

ReactivePower

The reactive power injected
into the bus at this
location. Positive sign
means injection into the
bus.

Topological e\ {)

TopologicalNode

The topological node
associated with the voltage
state.

10.2.3 «SvPowerFlow

StateVariables

State variable for power flow
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ActivePower

The active power flow-inte
the-terminal. Load sign
convention is used, i.e.
positive sign means flow
out from a node.

1.

1

ReactivePower

The reactive power flow
into-the-terminal. Load sign
convention is used, i.e.
positive sign means flow
out from a node.

Terminal

Terminal

Theterminal assdciated
ith the power flow state.

10.2.4 SvShortCircuit

StateVariables

State variable for short circuit

Native members

rOPerR

The ratio of zero sequence
resistance to positive
sequence resistance.

sShortCircuit

The short circuit apparent
power drawn at this node
when faulted.

/TN
x0PerX 1.. \ The ratio of zero sequence
reactance per positive
sequence reactance.
xPerR | float Ratio of positive sequence

reactance per positive
sequence resistance.

TopologicalNode

TopologicalNode

The topological node
associated with the short
circuit state.

StateVariables

atorSections

State{variable for the number of sections in service for a shunt compensator

Native members

CONTMUCUSSECHoNS ot toar THEORTOCT OF SCCHORS I
el

sections 0..1 integer float The _number of sections in
service.

ShuntCompensator 1.1 ShuntCompensator The shunt compensator for

which the state applies.
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10.2.6 SvTapStep

StateVariables

State variable for transformer tap step. This class is to be used for taps of LTC (load tap
changing) transformers, not fixed tap transformers.

Native members

position 0..1 integer float er tap position.

TapChanger 1.1 TapChanger tap cha er
associated witikthe tap
(\\ip state:

10.2.7 SvVoltage

StateVariables

State variable for voltage

Native members <\&

angle 1.1 ( gIeDegrees The voltage angle in

radians of the topological

(\ node.

v 1K1 Volt The voltage magnitude of
N the topological node.

TopologicalNode ™ To ologicalNode The topological node
associated with the voltage
state.

Native Members

Topologieallsland 1.1 Topologicallsland A topological node belongs to a topological island.

10.3 Abstract classes

10.3.1 StateVariable

StateVariables

An abstract class for state variables
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10.3.2 ActivePower

Product of RMS value of the voltage and the RMS value of the in-phase component of the
current

XSD-type: double

Native attributes

Value (Float)
Units (UnitSymbol=W)
Multiplier  (UnitMultiplier=M)

10.3.3 AngleRadians AngleDegrees
By . .
XSD type: double

Measurement of angle in degrees.

Native attributes

Value (Float)

units (UnitSymbol=deg)
multiplier  (UnitMultiplier=pone)

10.3.4 ApparentPowé

Product of the R@a \

Native attribute

Value
Units

Multiplier (U

10.3.5 _ReactivePower

Product of RMS value of the voltage and the RMS value of the quadrature component of the
current

XSND tvune- douhblae

Native attributes

value (Float)
unit (UnitSymbol=Var)
multiplier  (UnitMultiplier=M)
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10.3.6 Voltage

Electrical voltage
XSD-type:-double

Native attributes

— 37 -

Value (Float)
Units (UnitSymbol=V)
Multiplier  (UnitMultiplier=k)

@%

&
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

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

Part456Sotved power systemrstate profites

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for s
all national electrotechnical committees (IEC National Committees). The obj
international co-operation on all questions concerning standardization in the elecifi

this end and in addition to other activities, IEC publishes International Stangd ali € ifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides e d “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any € qittee interested
in the subject dealt with may participate in this preparatory work. i 3

governmental organlzatlons Ilalsmg with the IEC also part|C|pate in ki ) |E aborates closely

agreement between the two organizations.

possible, an international
s representation from all

2) The formal decisions or agreements of IEC on technical matte
consensus of opinion on the relevant subjects since eac
interested IEC National Committees.

IEC Publications have the form of recom

Independent certification bodies provide conformity
marks of conformity. IEC is not responsible for any

patent rights=E€ shall yot be held responsible for identifying any or all such patent rights.

This consolidated version of the official IEC Standard and its amendment has been prepared
for userconvenience.

IEC 61970-456 edition 1.1 contains the first edition (2013-05) [documents 57/1327/FDIS and
57/1342/RVD] and its amendment 1 (2015-09) [documents 57/1591/FDIS and 57/1620/RVD].

This Final version does not show where the technical content is modified by
amendment 1. A separate Redline version with all changes highlighted is available in this
publication.
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International Standard IEC 61970-456 has been prepared by IEC technical committee 57:
Power systems management and associated information exchange.

IEC 61970-456:2013 is based on IEC 61970-301 Edition 4 (2013). Both are based on the
61970 UML version CIM14. The amendment is based on IEC 61970-301 Edition 5 (2013) and
the 61970 UML version CIM15.

For the Topology profile Amendment 1 includes the following changes with respect to the
previous edition:
a) The classes Name and NameType classes have been added.

b) The class TopologicalNode has been extended with the role ConnectivityNedeContainer.

c) The attribute IdentifiedObject.description has been removed.

For the StateVariables profile this edition includes the following c
previous edition:

a) The role Topologicallsland.ToplogicalNodes
ToplogicalNode.Topologicallsland.

Float.

f) The attribute SvTapStep.continuousPosition I .
g) The attribute SvVoltage a i e m radiafis to degrees.

The committs
remain

p the contents of the base publication and its amendment will
stability date indicated on the IEC web site under

e reconfirmed,
e withdrawn,
e replaced by a revised edition, or

e —~amended.

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

This standard is one of several parts of the IEC 61970 series that defines common information
model (CIM) datasets exchanged between application programs in energy management
systems (EMS).

The IEC 61970-3xx series of documents specify the common information model (CIM). The

CIM is an abstract model that represents the objects in an electric utility enterprise typically
needed to model the operational aspects of a utility.

This standard is one of the IEC 61970-4xx series of component interface standards\ that
specify the semantic structure of data exchanged between components—~or applications)

would be carried if applications are communicating via a messaging
does not include the method of exchange, and therefore is applicablé t i of exchange

formatted in XML based on the resource description framework specified in
61970-552 CIM XML model exchange standard.

that describe: topology derived from sw
estimation), and the solution itself.
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ENERGY MANAGEMENT SYSTEM APPLICATION
PROGRAM INTERFACE (EMS-API) -
Part 456: Solved power system state profiles
1 Scope

This part of IEC 61970 belongs to the IEC 61970-450 to IEC 61970-499 series that, taken as
a whole, defines at an abstract level the content and exchange mechapisms\used for data
transmitted between control centers and/or control center components.

use cases they wish to
As an example, this me cases to exchange starting conditions

rather than solved\ conditi if ¥his\is an important use case, it means that a consumer
application nee ? ypéolved state as well as one which has met some

solution criteria.

J ole or in part, are normatively referenced in this document and
are indisp i yplication. For dated references, only the edition cited applies. For
undated re ¥¢ latest edition of the referenced document (including any
amendments)a

IEC 61970-452, Energy Management System Application Program Interface (EMS-API) —
Part 452: CIM Static Transmission Network Model Profiles

IEC 61970-453, Energy Management System Application Program Interface (EMS-API) —
Part 453: Diagram Layout Profile

IEC 61970-552, Energy Management System Application Program Interface (EMS-API) —
Part 552: CIM XML Model Exchange Format?2

1 To be published.
2 To be published.



https://iecnorm.com/api/?name=9db0935832337cd5064950afbe2d34f2

-8- IEC 61970-456:2013+AMD1:2015 CSV

© IEC 2015
3 Profile information
The profiles defined in this document are based on the UML version CIM15v33.
The profiles are listed in Table 1.
Fable-1—Profiles-defined-in-this document
Name Version URI Revision
date
StateVariables 2 http://iec.ch/TC57/2011/61970-456/StateVariables/CIM15/2 | 2011-09:09
Topology 2 http://iec.ch/TC57/2011/61970-456/Topology/CIM15/ 2011-09-09

4 Overview

This document describes an interface standard in which C ML\ payloads “are used to
transfer results created during typical steady-state netwo i3\proces (e.g. state
estimation or power flow solutions). Major requirements/abjective ' e design of this

e Power flow solution algorithms and output are virtuafly)the whether run in operations

general situation is that users iny follow-on analyses (e.g. voltage
stability) and require bg Ution was based and the output result.

In order to mee standard depends on modularizing the potentially
voluminous overall ip nto subsets that would each be realized as smaller,
separate CIM/X . ynce of one of these subsets is referred to herein as a
‘dataset’.

partitioning-is_by ‘mqdel authority set’ (MAS), which divides data into sets of object instances
according to which utility or entity in an interconnection is responsible for the data. This
partitioning occurs at the instance level and produces multiple datasets governed by the same
profilel that combine to form the complete set of data for that profile. Understanding the
partitioning approach is critical to understanding how to use this standard to implement a
particular business scenario.

a

This standard is flexible and designed to satisfy a wide range of analytical scenarios in the
planning and operating business environments. We expect that where parties are using it to
collaborate in some business process, those parties will often want to create additional
business agreements that describe any restrictions and customizations of the standard that
are deemed necessary for their process. In most cases, these additional agreements will be
local agreements and will not be IEC industry standards.
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The CIM/XML formatting of partitioned payloads is defined in IEC 61970-552. This method of
formatting has the useful characteristic that valid XML describing a complete model could be
achieved simply by concatenating the XML for each partition. Thus ‘merge’ and ‘extract’ of
pieces of the modeling require no separate ‘stitching’ instructions and is conceptually a very
simple process. IEC 61970-552 also describes how payload headers provide information as to
how payloads fit together.

How to read this document:

e Clause 5, "Use cases", gives examples of business problems that this standard (is
intended to address.

1+d describes how

e Clause 6, "Architecture", summarizes how the model partitioning work

the parts described in this document work with parts described other
IEC 61970 series standards.
e Clause 7, "Applying the standard to business problems", g about

applying the standard to your particular business problem.

e Clause 9, "Topology profile" defines the kinds of data
(This section is auto-generated from CIMTool and i
detail.)

5 Use cases

5.1 General

EMS operations typiga i automatically, usually triggered either by
occurrence of certajn e iod. Periods of 10 min or more used to be the
norm, but currel@ g ¢ i vStallations are running with much shorter periods
approaching 5 s angd p 1e periodicity as SCADA (supervisory control and data

acquisition) and cohseguentlyxendering’event based triggering of state estimator important.

e A traditio 3, is usually configured by the EMS vendor with contingency analysis
running_on)the It of the state estimator. While a standard is usually not necessary for
applications from the same vendor, there is industry interest in being able to run alternate
algerithms for either state estimation or contingency analysis.

e (Agrowing number of other analytical functions that were not originally part of the EMS are
also using the state estimator result as the starting point for real-time analysis (e.g.
voltage stability).

Py Where market eyefnme exist fhn\J/ nnrmall\][ rnqllirn real-time nvr\hanga of state astimation
VW-Rere—-arket e S5+ RoHhaHy— HH-e—feat-tHn XxGAah —Stat HHRaHoR

result from the EMS to the market system, and these systems often are supplied by
different vendors.

e Users are interested in being able to connect advanced user interface and situation
awareness modules from different vendors into an EMS, and these modules need to
acquire state estimator data.

e It is desirable to be able to run historical analysis as well as real-time analysis from state
estimator results. This requires estimator results can be archived efficiently, and users
shall be able to import results into network planning tool environments that are normally
not supplied by the EMS vendor.
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All of these situations require an efficient standard method of producing state estimator
results and making them available to other applications.

If the complete set of input data and output data were stored for a large interconnection model
running on, say, a 10 s period, it would produce a great deal of data and pose a considerable
challenge to any real-time exchange. However, there are some obvious characteristics of this
problem that may be exploited to reduce the data burden.

e The network model is by far the largest part of the data. It changes infrequently and when
it does change, the changes are a small set of data. Only the initialization of the system
actually requires a complete large model.

e The topology of the system changes more frequently (when switching
position), but still is relatively infrequent and again the changes are s
complete topology.

devices_Change

e Analog measurement input changes completely each run, but j 2 § e cases,
this data is not required by the consumer. Analog data may e.aprroximated
from an analog history if it is not stored.

e Solution state variables change at each run.

What is required of the standard in order for each ‘ éxchange to take
advantage of these characteristics is that the n ) e topology may be
updated only when they change. It is also v 3 tes san be represented in
incremental form, rather than by re-trap mission . Cgnsumers of the data then
are able to initialize themselves withd&a foll né ‘ opology when they start, but

5.3 ENTSO-E3 Process;

A daily analytical opeg 3
currently applied in the <Ye]le group-eontinental Europe. In this process,

e each TSO p
hour of the foligx

transferred to a~ce

ering exactly its own territory representing each
n day-ahead market outcomes). These cases are

o the full set of\ sub may be checked for mutual compatibility. (i.e. do the

e once AN cases &’ sybmitted, each TSO downloads from the central server the cases
posted by ;\ |ghbring TSOs. These are combined with their own models to form a
set of stid ode
day;

e congestion result cases may be exchanged among TSOs, as the situation warrants.

This_work is carried out primarily with planning tools running bus-branch models (although an
obvious possible variation on the process would be to generate cases with EMS tools).

Even though the DACF process is not a real-time process like state estimation, it is quite

simmitar T thatasequence of cases s producedrepresenting periodicintervats— T tre—sotution
values will change at each case, but the network model will change rarely and the topology
will change occasionally. Conserving file size is a concern, and that concern is addressed if
the standard allows the network model and topology to be exchanged incrementally.

DACF raises another set of requirements, however. Unlike the state estimator scenarios,
which feature complete transfer of a solution, the DACF involves a lot of merging and
extracting of pieces of solutions. In Figure 1, TSO A runs power flows to develop a picture of

3 European network of transmission system operator-electricity.
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its territory for the following day. This would be done with models that include representations
of neighboring TSOs. They shall post, however, only the part of the model representing their
own territory, and this shall be a stand-alone solved power flow. (In ENTSO-E, boundaries
between TSOs are, by agreement, always at the mid-point of tie-lines, and single TSO cases
are formed with equivalent injections at each tie-line mid-point.) At the central site, or at any
TSO, submitted internal cases shall be able to be reliably and automatically re-combined to
form models with coverage appropriate to whatever task is at hand.

/ DACF merged model \

TSO A p TSOB

TSO A authority authority

export

~—

TSOA |Bndry
authority

A

|

~
7

TSO B
authority

D
=)

IEC 875/13

e magenta scribed by state variables profile;
e green - data described by the topology profile;

e blue - data described by the equipment profile.

Refer also to Figure 2.

54 S lanni ’

There are many synchronous interconnections worldwide (such as ENTSO-E discussed
above) that require cooperative construction of future models by its members in order to
support planning of the interconnection. Typically, “base cases” are constructed representing
future time frames by combining submittals from each interconnection member, a process that
closely resembles that depicted in Figure 1 for operational analysis. Instead of day-ahead, a
planning case may represent years ahead; instead of daily update, a planning case must be
reconstructed as plans change; instead of a known functioning power system, a planning case
is not real yet. But in terms of process and in terms of data requirements, the assembly of
base cases for planning is the same as in Figure 1, and it is the objective of this standard to
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support both construction of base cases and the exchange of solution cases that necessarily
occurs among members during the analysis based on these cases.

5.5 Harmonization of planning and operations models

Network analysis is universally carried out with what is known as ‘bus-branch’ modeling,
where most or all zero impedance switching devices are eliminated to form logical buses, and

VVhUIC :Udd, Hcllcldtiull dlld IUUU:Gt;UII }Jaldlllctclo havc bUCII DU:Uthd fUI d ciuy:c IJU;IIt ;II
time. However, there are significant differences in the way that network models are handled in
operations and planning contexts.

e Planners tend to work extensively with a few selected bus-branch ‘cases’. For example,
they will set up the conditions that represent a summer peak load for a future network, and
then study variations on that case. Planning tools typically provide for (direct entry of buses
and single point in time parameters.

e Operations environments (EMS) require the ability to sét W :
automatically for any point in time. They typically begi i votel with
switching detail, and with schedules for time-varying para f
have applications that compute the bus topology from switch\statushan
parameters from time-varying schedules.

independently;
j) consolidated modeling, where a sin

k) initialization of planning cases fro
consolidated;

[) initialization of operati
m) construction of exte

n) construction oiinte co
Most of the req the above list bear more strongly on the static

modeling of the pow ' covered in IEC 61970-452. From the standpoint of
solution exchangég, i\i Rlysiraportaht to remain consistent with all these requirements.

6 Archijte

6.1 Genera

The main architectural feature of this standard is data modularization:

o modularization by data model (CIM) profiles (usually reflects the application that produces
the. data);

o< modularization by grouping of instance data into model authority sets (MAS) (usually
reflects regional responsibility).

6.2 Profile architecture

Figure 2 shows the profiles that are covered by the IEC 61970-450 to 61970-499 series
specifications and depicts the relationships between them. The profiles are defined in
different IEC 61970-450 specifications where each specification defines a group of profiles:

e Static network model profiles defined in IEC 61970-452

— equipment profile. The static modeling information describing power system physical
elements and their electrical connections;

— schedules profile. The time-varying specifications for power system quantities;
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— measurement specification profile that defines power system measurements.
e Schematic display layout exchange profiles defined in IEC 61970-453

— schematic layout exchange profile. Describe the elements of schematic or geographic
displays that typically shall be amended when new elements are added to a network
model.

o Steady-state solution profiles defined in IEC 61970-456 (this document)

— topology profile. The bus-branch result as is produced by a topology processor;

— state variables profile. The result of a state estimator or power flow, or the starting
conditions of state variables;

points inctime;

— discrete (status) measurement profile. A set of switch states at a give

— analog measurement profile. A set of analog measurements at a its.in‘time.

61970-456 61970-451
profiles profiles

State
variables
profile

61970-452
profiles

<

61970-
profil

Figure 2 — Profile relationships

Schematic
layouts
profile

IEC 876/13

These modules satisfy the needs of network analysis business processes used in operations
settings(with node-breaker models), in planning settings (with bus-branch models), and for
transfers between operations and planning.

In Figure 2, an arrow between profiles indicates that there are relationships defined between
classes in the two profiles. The directionality indicates that classes in the “from” profile

depend on classes In the "to” profile. For data this means that “from” class data refers to or
depends on “to” class data. Example: an instance of an equipment model may have many
state variable instances that refer to that equipment model.

In IT-systems, datasets corresponding to the profiles in Figure 2, are exchanged between
functions and/or applications. Some examples of applications and their dataset exchange are
described below.
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The equipment model has detailed substation connectivity based on the ConnectivityNode
and terminal classes, refer to Figure 3. The terminal class is central in that it is used by the
topology, state variables and schematic layout profiles as well as to associate
ConnectivityNodes with ConductingEquipment. Hence the Terminal is an integral part of the
equipment model.

It would be possible to create a connectivity profile by factoring out the ConnectivityNode and

the Terminal.ConnectivityNode reference. This then introduces complexity and data
duplication that mitigate the creation of the connectivity profile.

Topology profile State variable profile

Topological
node

Conducting
equipment

profile

\{>agram0bject

chematic layout profile

IEC 877/13

3 — Instance example of the CIM connectivity model
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6.3 Profiles and datasets for EMS network analysis

Discrete
measurements

.| Topology

processor

Schedule Che
@;%r \ alues

IEC 878/13

The topology-application uses equipment model from the modeler and discrete measurements
from SCADA to determine the starting conditions for a state estimation algorithm, which
results)in*topology and state variable datasets.

The' state estimation application uses the analog measurements, the equipment model, the
topology and the state variable datasets as input and produces the solved state expressed as
a state variable dataset. (Note here the same profile, state variables, governs a dataset used

for input and a different dataset containing the solution.)

Any power flow based application, e.g. contingency analysis, uses equipment model, topology
and solved state variables to produce multiple contingency solutions also expressed as state
variables.
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The scheduler update application uses the equipment schedules model from the data modeler
with state variables datasets from other applications to create schedule values. The schedule
values can be used by state estimation or any power flow application as an alternate source
of input data.

6.4 Profiles and datasets in a planning power flow

Equipment
model

State
variables

Figure 5 shows this same sort of diagram for a pglanpi 8 environment. In this

. i ication i ¢ < single point in time, so there

in some common configucations. T exeasan tandard is constructed on these profiles is
so that in typical sequences o omplete record of input and output can be saved
without dupllcatfo i . Figure 6, we see what this would look like for
the case of periodi¢ eXecuti imation. In the first run, each type of dataset would

representing that uséd in the state estimate. Referring to Figure 6, if such a consumer wanted
state variable SV4, it would need topology T2 and equipment E1. Very likely, this consumer is
moving-from one state to the next. Very likely, when V4 is produced, it has already received
and. _established T2 and E1 when it processed SV3. If so, the only thing it has to do is to
acquire the new V4 and check that the topology and equipment datasets have not changed.
Fhe structure of datasets is designed to optimize this sort of processing.
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Equipment Measurement Schedules Discrete Analog State
Topology .
model model model meas meas variables

& ¢ & @& o

A2 SV2

D2 T2

20006
:

Time
IEC 880/13
Figure 6 — State estimation case

Figure 6 show two types of datasets:
e octagons that are a full dataset;
e triangles that are a differential dataswsg.
6.5 Model authority sets and instance level ® ularization
6.5.1 General
Modularization by profile noddlarization of a model by object instance, but each
dataset contains quqly t ¢ yject and relationships defined in the profile to which the
dataset belongs ‘nstance level modularization’, we are talking about
further partitionin s a technique for efficient re-use of data. It rests on

vhich are summarized in 6.5.2.

tes_partitioning’of models in an EMS. Octagon shapes depict datasets. Those
amts onform to different profiles and those at different horizontal points
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Partitioning by model authority sets

Regional Regional Regional
model authority model authority model authority
Analog &

)
»

discrete meas

State
variables

Topology

Equipment
model

Partitioning by profile dafasets

P
<

e Static model data from a modeler

— equipment model dataset. As
the boundary;

— measurement mod
— schedules modéhdata

e Computed datz

— analog a These datasets contain actual
measuremen

— topology data this is the calculated output of a topology processing
application

— state an EMS, this is either the calculated input to a state estimator
oypo itializing state variables) or it is the output of a network solution.

rfitioning between model authority sets is shown. Boundary objects

are shared hoth fer eqhipment model and topology data.

6.5.3 PRlanning instance modularization

Figure 8 illustrates partitioning of models in network planning applications.
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Partitioning by model authority sets

N
|4

/ Regional \ Regional / Regional \
model authority model authority model authority

i State e

-~

»
»

\ variables /
Topology ‘lll

Topology
Equipment
model Bndry
\ / MA

Partitioning by profile datasets

P
<

e Static model data that defines the base case

— equipment model dataset. As shown in Fi
boundary;

— schedules model dataset (not sho
— topology datasets.

e Exchange of solved cases

— State variable dataset.

partitioning. Thefe might be region A partitions of equipment and connectivity, for

example.

Wheéreas CIM profiles are standardized when exchanged and vendors shall support datasets
coenforming to the standard profiles, the use of instance modularization is a matter of
convenience for the business process. Although vendor applications shall support model
authority sets, the manner in which they are applied is user-determined and not constrained

except that model authority sets that will be merged to form models shall be disjoint — i.e.
non-overlapping. Figure 9 illustrates the model merge process where models managed by
different model authority sets are merged into a global model. The merge process includes
datasets for multiple profiles.
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Solution on complete model

State
variables

“1 [ Solving = [~ complete = [~ model ol

Regional [ Regional \ Regional
model authority model authority model authority
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State MA State MA State
variables variables ariables

Topology O Topology M < opol >
: : ™N .
Equipment R Equipment b ipmeqt
" IINIEN. o N e

IEC 883/13

(> ocess

overall dularization is to picture a
where nodes of the graph are object
instances and where the arcs of the/graph a S onships between object instances. A
modularization of this complete model is define
i e disjaj ). Each subset may be described as a sub-
graph. (There is no require a ‘'sub-graph is connected — i.e. that its nodes are

There are obvi ible modularizations of any large model. Power

systems have spet

e modularizatiof acco y e producer application;
e modularization responsibility for data. This facilitates the exchange of
region bly of whole models from contributed parts — hence the term

where one subgraph is re-used in many situations — as is true with the power system
equipment’modeling.

A relationship between two sub-graphs means that the applications or users that manage the
datasets (i.e. add, delete or modify objects) shall be aware of the potential for invalidating the
relationship. The reason these relationships are important is that many related business
problems may be solved by re-using sub-graphs in different situations, and the external
connections of the sub-graphs must plug together in order to make this work.

Relationships in CIM UML are (at the moment) not directional and datasets (i.e. sub-graphs)
in CIM/XML are typically made directional in the profile specifications. Specifying the
relationship from one end is used if the referred-to dataset is created at one step in a process,
and then referring dataset is created later, e.g.

e an equipment model datasets are created in a power system modeling tool and made
available for applications. The modeler should not have to know what this equipment
dataset will be used for. As topology and various solutions are run, result datasets are
created. These datasets logically relate back to Equipment model,
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e boundary data sets are agreed upon between two or more parties. Once defined and
existing, the boundary datasets can be imported into data modeler tools where its objects
can be referenced when building regional model authority set datasets. Boundary datasets
act as isolation layers that keep the regional model authority set datasets mutual unaware
of its internal data. Hence it is important that the boundary datasets are created early on;

e in power systems, for example, the boundary set contains nodes either in the middle of or
at one end of each tie line. Since ties change rarely and are very well known, it is usually

easy from this starting point to build regional sets that correspond to the territory of one
transmission owner.

7 Applying the standard to business problems

7.1 EMS network analysis integration with external consumers

An architecture for transfer of data from a SCADA/EMS to an €
Figure 10.

Data
modeler

variables

External consumer

o R S . Schedule
\ S values

e/

IEC 884/13

Figure 10 — EMS datasets to an external client

The following interfaces are shown in Figure 10:

—) network model data as described in IEC 61970-452;

— network discrete measurements dataset:

— network analog measurements dataset;
— topology processor result dataset;
— state variables a) input values and b) state estimator results.
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Different consumers may be interested in different combinations of these interfaces.

e Interfaces 1, 4, 5b would support an external contingency analysis.
— Add interface 2 if contingencies are defined in terms of switch data.
e Interfaces 1, 4, 5b would support voltage stability analysis.

e Interfaces 1. 3. 4, 5a would support an external state estimator.

e Interfaces 1, 4, 5 (a or b) would support external planning-type power flows (which
typically operate in bus-branch models for a single point in time).

— Add interface 2 if topology processing is supported to enable switch data input.
— Add interface 3 if measurements are desired for study state estimati

Interface 1
4 Regional MAS1 N\ niertace 4 < }ég}{Qal A§2\ > N\
‘ GeograpicalRegion ‘ / Boundary \ K\\Qewml%qion ‘
* MAS1 — MAS2 U RN

SubGeograpicalRegion ( '\L }Q?\Eg@gogr;aicalRegion
\ 4 N A
’\@Li eSégment Substation

K | Con.

- /

Substation ACLineSegment

el ¢ Trmnl Trmnl \
Node /

- N V/

v

< N

Interface 4

IEC 885/13

gure 11 — EMS boundary dataset example

colour conventions for profiles/datasets defined earlier. The following
es are used:

Figure 11 folow
shorted ClM elass

e ComNode = ConnectivityNode;
o .Top.Node = TopologicalNode;

e ) Trmnl = Terminal.

The—arrow directionsreftectthedirections—asdefimed—imtheprofitedocuments—As—canmbe
seen, all references are going from the regional MAS into the boundary.
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7.2 Planning network analysis integration with external consumers

A similar picture for from a source that operates with bus-branch style data is shown in
Figure 12.

Equipment @_»
1

@
consumer

lern

The interface specifications for 1, 4 and 5 are the $a IFi , but in this system,
there is no switch level detall (no connect|V|ty is managed manually

branch withir<r>
e The bus mayt .

switching.

terminal

(|n the topology dataset) between the line/equipment
ade representing bus bar is updated.

Transfer
of line

IEC 887713

Figure 13 — Bus-branch modeling of bus coupler and line transfer

When systems model topology in this way, the results could theoretically still be transferred to
a solution environment like an EMS, but the EMS would have no way to impute the underlying
switch status, so it would have to be designed to operate with dual sources of topology input.
Clearly, it is more natural to transfer from a node-breaker environment to a bus-branch
environment than it is the other direction.
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