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in power utility automation systems related to IEDs 

 
FOREWORD 

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

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

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

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

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

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

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

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

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

DISCLAIMER 
This Consolidated version is not an official IEC Standard and has been prepared for 
user convenience. Only the current versions of the standard and its amendment(s) 
are to be considered the official documents. 

This Consolidated version of IEC 61850-6 bears the edition number 2.1. It consists of 
the second edition (2009-12) [documents 57/1025/FDIS and 57/1041/RVD] and its 
amendment 1 (2018-06) [documents 57/1918/FDIS and 57/1940/RVD]. The technical 
content is identical to the base edition and its amendment. 
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International Standard IEC 61850-6 has been prepared by IEC technical committee 57: Power 
systems management and associated information exchange. 

This second edition constitutes a technical revision. 

The main changes with respect to the previous edition are as follows:  

• functional extensions added based on changes in other Parts, especially Parts 7-2  
and 7-3; 

• functional extensions concerning the engineering process, especially for configuration 
data exchange between system configuration tools, added; 

• provision of  clarifications and corrections. Issues that require clarification are published in 
a database available at http://tissue.iec61850.com. Arising incompatibilities are listed  
in 8.2.3. 

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

A list of all the parts in the IEC 61850 series, under the general title Communication networks 
and systems for power utility automation, can be found on the IEC website. 

This IEC standard includes Code Components i.e. components that are intended to be directly 
processed by a computer. Such content is any text found between the markers <CODE 
BEGINS> and <CODE ENDS>, or otherwise is clearly labeled in this standard as a Code 
Component. 

The purchase of this IEC standard carries a copyright license for the purchaser to sell 
software containing Code Components from this standard directly to end users and to end 
users via distributors, subject to IEC software licensing conditions, which can be found at: 
http://www.iec.ch/CCv1.  

If any updates are required to the published code component that needs to apply immediately 
and can not wait for an amendment (i.e. fixing a major problem), a new release of the Code 
Component will be issued and distributed through the IEC WebSite. Any new release of the 
Code Component related to this part will supersede any previously published Code 
Component including the one published within the current document. 

The Code Component(s) included in this IEC standard are a set of .xsd. This Code 
Component is published through the IEC WebSite; for details see 1.3 of the present  
IEC standard. 

This consolidated edition brings two distinct sets of changes:  

1) Resolved Interop Issues (covered by the table below) which have already followed the 
technical issues ( Tissues) process as described in IEC 61850-1 and have reached the 
green “status”.  

2) Resolved Editorial Tissues which may have lead to interoperability issues.  

The resolutions of these issues which lead to these changes are described in greater detail in 
the Tissue database hosted at http://tissue.iec61850.com. 

The only new features compared to the original IEC 61850-6:2009 are the inclusion of the 
Process and Line elements supporting other application areas than substations, and 
necessary enhancements to fully support the amended communication related parts. Apart 
from this, this consolidated edition strictly respects the scope of the original edition. 
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Technical issues summary 

N°, Subject, Cat, Clause and Paragraph are as they appear on the Tissue database hosted at 
http://tissue.iec61850.com where all technical issues have been stored from the origin of 
IEC 61850. 

“Subject” defines very briefly the topic under focus. 

“Cat” defines whether this has been considered as an Interoperability Issue (IntOp2) or just a 
need for amending IEC 61850-6:2009. 

The Tissues which have been considered are: 

N° Subject Cat Clause Paragraph 

658 Tracking related features IntOp2 Annex A  

660 XML encoding header repeat Ed2 Annex A.4  

663 FCDA element cannot be a 
"functionally constrained logical 
node" 

IntOp2 9.3.7 Table 22 

668 Modeling of autotransformer IntOp2 9.2.4  

678, 699 DO type description table Ed2  Table 43 

687 ResvTms attribute at the SGCB Ed2 9.3.12  

719 ConfDataSet maxAttributes defineds 
FCDA elements in data set 

IntOp2 9.3.2 Table 11 

721 Log element name IntOp2 9.3.5  

731 SCL example inconsistent Ed2 9.3.4§  

752 Input section naming Ed2 9.3.13  

768 bType VisString65 is missing IntOp2 Annex A  

779 Relative object references IntOp2 9.5.4.1  

787 SICS I45 inconsistency Ed2 Annex G  

788 SICS S56 from optional to 
mandatory 

IntOp2 Annex G  

789 
(822) 

ConfLdName for services applies to 
client and server 

IntOp2 9.3.2 Table 11 

804 valKind and IED versus system 
configurator 

IntOp2 9.5.4.1  

806 Max length of log name incosnsten 
to part 7-2 

Ed2 Annex A SCL_BaseSimpleTypes 

807 Indicate if ‘owner’ is present in RCB Ed2 9.3.2 Table 11 

823 valKind for structured data attributes IntOp2 9.5.4.1  

824 Short addresses at structured data 
attributes 

IntOp2 9.3.6, 9.5.4.1  

825 Floating point values IntOp2 9.5.4.1 Table 45 

845 SGCB ResvTms IntOp2 9.3.2 Table 11 

853 SBO and ProtNs IntOp2 9.5.5  

855 recursive SubFunction Ed2 9.2.7  

856 Voltage level frequency and phases Ed2 9.2.2  

857 Function/SubFunction for primary 
equipment 

Ed2 9.2.4  

873 Examples for “curvpts” Ed2 9.3.6 end of paragraph 

886 Missing 8-1 P-Types Ed2 Annex A  
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N° Subject Cat Clause Paragraph 

901 tServices at Ap and at IED Ed2 9.3.2 below Table 12 

936 SupSubscription parameter usage is 
difficult 

IntOp2 9.3.2 Table 11 

948 Enumeration (string) value format IntOp2 9.5.6  

949 type of LN inst is ambiguous Ed2 9.3.5 Table 17 

1118 RptEnabled definition Ed2 9.3.8  

1147 Filehandling service capability Ed2 9.3.2 Table 11 

1195 Typographical error Ed2 9.3.2  

1208 IP V6 address format IntOp2 A.5  

1284 SCSM mapping may require a 
communication section in an ICD file 

Ed2 7  

1298 How to differentiate preconfigured 
Report data sets from those 
generated by the system tool 

Ed2 9.3.2 Table 11 

1304 Error in SCL object model Ed2  Figure 6 

1318 SSD will not validate against XSD Ed2 9.2.6 Note 2 

1327 SICS: import of SCD by IED tool Ed2 Annex G Table G.1 

1328 Limitation of the size of identifiers Ed2 9.5.2, 9.5.3, 9.5.6  

1354 Changes to SICS Ed2 Annex G Tables G.1, G.2 

1359 Replace “c37_238” with “61850-9-3” Ed2 9.3.2  

1365 Need to tighten up the XSD in 
regards to IED name usage 

IntOp2 9.2.6 3 

1395 Client LN attributes IntOp2 9.3.8  

1396 The use and configuration flow of 
LGOS and LSVS is Unclear 

Ed2 9.3.2 Table 11 

1397 Subscription limitation visible in IxD 
file 

Ed2 Annex G  

1398 originalSclVersion management in 
SCT 

Ed2 9.3.2  

1402 Extref during engineering Ed2 9.3.13, Annex 
H(new) 

 

1415 SICS-S110 IID import mandatory Ed2 Annex G Table G.2 

1419 Support of ldName on other IEDs Ed2 Annex G Table G.1 

1434 Add capability to change nofASDU is 
missing 

Ed2 9.3.2 Table 11 

1444 Need to support fixed and SCT 
controlled data sets 

Ed2   

1445 ConfReportControl and a fixed 
reportSettings 

Ed2 9.3.2  

1447 Restriction on EnumTypes in SCL Ed2   

1448 Not possible to determine the 
restriction on number of BRCBs if 
rptMod=both 

Ed2   

1450 originalSclXxx computation rules IntOp2 9.3.2  

1457 Multiple DOI nodes with the same 
name 

Ed2   

1458 New ExtRef attributes for later 
binding 

Ed2   
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The committee has decided that the contents of the base publication and its amendment will 
remain unchanged until the stability date indicated on the IEC web site under 
"http://webstore.iec.ch" in the data related to the specific publication. At this date, the 
publication will be  

• reconfirmed, 

• withdrawn, 

• replaced by a revised edition, or 

• amended. 
 

IMPORTANT – The 'colour inside' logo on the cover page of 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 part of IEC 61850 specifies a description language for the configuration of power utility 
IEDs. This language is called System Configuration description Language (SCL). It is used to 
describe IED configurations and communication systems according to IEC 61850-5 and 
IEC 61850-7-x. It allows the formal description of the relations between the utility automation 
system and the process (substation, switch yard). At the application level, the switch yard 
topology itself and the relation of the switch yard structure to the SAS functions (logical 
nodes) configured on the IEDs can be described. 

While this part describes the language to describe the configuration of IEC 61850 systems, 
other parts of the standard describe how to configure the system and possible restrictions. 
Therefore implementations claiming conformance to this standard shall take into account 
constraints from the other normative references. Some references to the other parts have 
been included for the purpose of clarification but these references are not all inclusive. 

NOTE The process description, which is in this standard restricted to switch yards and general process functions, 
will be enhanced by appropriate add-ons for wind mills, hydro plants and distributed energy resources (DER). 

SCL allows the description of an IED configuration to be passed to a communication and 
application system engineering tool, and to pass back the whole system configuration 
description to the IED configuration tool in a compatible way. Its main purpose is to allow the 
interoperable exchange of communication system configuration data between an IED 
configuration tool and a system configuration tool from different manufacturers. 

IEC 61850-8-x and IEC 61850-9-x, which concern the mapping of IEC 61850-7-x to specific 
communication stacks, may extend these definitions according to their need with additional 
parts, or simply by restrictions on the way the values of objects have to be used. 
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COMMUNICATION NETWORKS AND SYSTEMS  
FOR POWER UTILITY AUTOMATION –  

 
Part 6: Configuration description language for communication  

in power utility automation systems related to IEDs 
 
 
 

1 Scope 

1.1 General 

This part of IEC 61850 specifies a file format for describing communication-related IED 
(Intelligent Electronic Device) configurations and IED parameters, communication system 
configurations, switch yard (function) structures, and the relations between them. The main 
purpose of this format is to exchange IED capability descriptions, and SA system descriptions 
between IED engineering tools and the system engineering tool(s) of different manufacturers 
in a compatible way.  

The defined language is called System Configuration description Language (SCL). The IED 
and communication system model in SCL is according to IEC 61850-5 and IEC 61850-7-x. 
SCSM specific extensions or usage rules may be required in the appropriate parts. 

The configuration language is based on the Extensible Markup Language (XML) version 1.0 
(see XML references in Clause 2). 

This standard does not specify individual implementations or products using the language, nor 
does it constrain the implementation of entities and interfaces within a computer system. This 
part of the standard does not specify the download format of configuration data to an IED, 
although it could be used for part of the configuration data. 

1.2 Namespace name and version 

This new section is mandatory for any IEC 61850 namespace (as defined by  
IEC 61850-7-1:2011). 

The parameters which are identifying this new release of the SCL namespace 
xmlns:scl="http://www.iec.ch/61850/2003/SCL" are: 

• Namespace Version: 2007 

• Namespace Revision: B 

• Namespace Release: 4 

• Namespace release date: 2018/01/22 

The table below provides an overview of all published versions of this namespace. 

Edition Publication date Webstore Namespace 

Edition 1.0 2004-03 IEC 61850-6:2004 IEC 61850-6:2003 

Edition 2.0 2009-12 IEC 61850-6:2009 IEC 61850-6:2007B 

Amendment 1 of Edition 
2.0 

2018 IEC 61850-6:2009/AMD1:2018 IEC 61850-6:2007B4 

Edition 2.1 2018 IEC 61850-6:2009+AMD1:2018 CSV IEC 61850-6:2007B4 
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1.3 Code Component distribution 

The Code Components included in this IEC standard are also available as electronic machine 
readable file at:   
http://www.iec.ch/tc57/supportdocuments/IEC_61850-6.2018.SCL.2007B4.full.zip 

The Code Component(s) included in this IEC standard are potentially subject to maintenance 
works and user shall select the latest release in the repository located at:   
http://www.iec.ch/tc57/supportdocuments 

The latest version/release of the document will be found by selecting the file  
IEC_61850-6.2018.SCL.{VersionStateInfo}.full.zip with the filed VersionStateInfo of the 
highest value. 

Each Code Component is a ZIP package containing the electronic representation of the Code 
Component itself, with a file describing the content of the package (IECManifest.xml). 

The IECManifest contains different sections giving information on: 

– The copyright notice 
– The identification of the code component  
– The publication related to the code component 
– The list of the electronic files which compose the code component 
– An optional list of history files to track changes during the evolution process of the 

code component 

The IECManifest related to this publication is: 

<IECManifest xmlns="http://www.iec.ch/CC/2017/IECManifest" xmlns:xsi="http://www.w3.org/2001/XMLSchema-
instance" xsi:schemaLocation="http://www.iec.ch/CC/2017/IECManifest IECManifest.xsd"> 
 <Copyright> 
  <Notice> 
   COPYRIGHT (c) IEC, 2017. This version of this XSD is part of IEC 61850-
6:2009/AMD1:2018; see the IEC 61850-6:2009/AMD1:2018 for full legal notices. In case of any differences 
between the here-below code and the IEC published content, the here-below defintion supersedes the IEC 
publication; it may contain updates. See history files. The whole document has to be taken into account to have a 
full description of this code component. 
   See www.iec.ch/CCv1 for copyright details. 
  </Notice> 
  <License uri="www.iec.ch/CCv1">IEC License</License> 
 </Copyright> 
 <CodeComponent id="IEC_61850-6.2007B4.SCL.XSD" name="IEC 61850-6 SCL schema V2007B4" 
content="full" date="2018-01-22"> 
  <Publication name="IEC_61850-6.2018_ed2.1" comment="Configuration description language 
for communication in power utility automation systems related to IEDs"/> 
  <File name="SCL.xsd" category="normative" content="full"/> 
  <File name="SCL_Substation.xsd" category="normative" content="full"/> 
  <File name="SCL_Communication.xsd" category="normative" content="full"/> 
  <File name="SCL_IED.xsd" category="normative" content="full"/> 
  <File name="SCL_DataTypeTemplates.xsd" category="normative" content="full"/> 
  <File name="SCL_BaseTypes.xsd" category="normative" content="full"/> 
  <File name="SCL_BaseSimpleTypes.xsd" category="normative" content="full"/> 
  <File name="SCL_Enums.xsd" category="normative" content="full"/> 
  <File name="SCL.Doc.HTML.zip" category="normative" content="full" comment="Zip archive 
containing the HTML documentation of the SCL. Contains the 'SCL.html' file and all related pictures"/> 
  <HistoryFile name="history.2007B4.txt" startingDate="2014-06-11" endingDate="2017-07-05" 
startingVersion="SCL.XSD.v2007B" endingVersion="SCL.XSD.v2007B4"/> 
 </CodeComponent> 
</IECManifest> 

The package is identified using the following naming rule:  
{RefStandard}.{CodeComponentName}.{VersionRevision}.{LightFull}{PublicationStage}.zip 
For current publication, the Code Component package name is:  
IEC_61850-6.2018.SCL.2007B4.full.zip 
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The life cycle of a code component is not restricted to the life cycle of the related publication. 
The publication life cycle goes through two stages, Version (corresponding to an edition) and 
Revision (corresponding to an amendment). A third publication stage (Release) allow 
publication of Code Component without need to publish an amendment. 

This is useful when InterOp Tissues need to be fixed. Then a new release of the Code 
Component will be released, which supersedes the previous release, and distributed through 
the IEC TC57 web site. 

2 Normative references 

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

IEC TS 61850-2, Communication networks and systems in substations – Part 2: Glossary 

IEC 61850-4, Communication networks and systems for power utility automation – Part 4: 
System and project management 

IEC 61850-5, Communication networks and systems for power utility automation – Part 5: 
Communication requirements for functions and device models 

IEC 61850-7-1:2011, Communication networks and systems for power utility automation – 
Part 7-1: Basic communication structure – Principles and models 

IEC 61850-7-2, Communication networks and systems for power utility automation – Part 7-2: 
Basic information and communication structure – Abstract communication service interface 
(ACSI) 

IEC 61850-7-3, Communication networks and systems for power utility automation – Part 7-3: 
Basic communication structure – Common data classes 

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

IEC 61850-8-1, Communication networks and systems for power utility automation – Part 8-1: 
Specific communication service mapping (SCSM) – Mappings to MMS (ISO 9506-1 and ISO 
9506-2) and to ISO/IEC 8802-3 

IEC 61850-9-2, Communication networks and systems for power utility automation – Part 9-2: 
Specific communication service mapping (SCSM) – Sampled values over ISO/IEC 8802-3 

IEC IEEE 61850-9-3, Communication networks and systems for power utility automation – 
Part 9-3: Precision time protocol profile for power utility automation 

IEC 81346-1, Industrial systems, installations and equipment and industrial products – 
Structuring principles and reference designations – Part 1: Basic rules 

ISO/IEC 8859-1, Information technology – 8-bit single-byte coded graphic character sets – 
Part 1: Latin alphabet No. 1 

RFC 1952, GZIP file format specification version 4.3, RFC, available at 
<http://www.ietf.org/rfc/rfc1952.txt>  
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RFC 2045, Multipurpose Internet Mail Extensions (MIME) Part One: Format of Internet 
Message Bodies, RFC, available at <http://www.ietf.org/rfc/rfc2045.txt> 

Extensible Markup Language (XML) 1.0, W3C, available at <http://www.w3.org/TR/2000/REC-
xml-20001006> 

XML Schema Part 1: Structures, W3C, available at <http://www.w3.org/TR/2001/REC-
xmlschema-1-20010502> 

XML Schema Part 2: Datatypes, W3C, available at <http://www.w3.org/TR/2001/REC-
xmlschema-2-20010502/>  

3 Terms and definitions 

For the purposes of this document, the terms and definitions given in IEC 61850-2 apply. 

Additionally the following terms are used in the context of language name spaces. Only 
general meanings are given here. More details about the handling in the context of SCL can 
be found later in this standard.  

3.1  
extensible 
a language is extensible if instances of the language can include terms from other 
vocabularies  

Note 1 to entry: This is fulfilled in SCL if the other vocabularies come with their own XML name space. 

3.2  
language 
an identifiable set of vocabulary terms that has defined constraints. For the purpose of this 
standard, the language is SCL.  

Note 1 to entry: This is the case with SCL, although some constraints are not definable in the XML schema. 

3.3  
instance 
a realization by usage of a language  

Note 1 to entry: For example, an XML document in SCL describing an IED or a substation is an SCL instance. 

3.4  
sender 
a tool that creates or produces an instance for processing by another application (receiver)  

Note 1 to entry: SCL senders are typically IED and system configuration tools; e.g. the IED tool sends (produces) 
ICD files, the system tool sends SCD files. 

3.5  
receiver 
a tool that consumes an instance which it obtained from a sender  

Note 1 to entry: SCL receivers are IED tools and system configuration tools; e.g. the IED tool receives SCD files, 
the system tool ICD, IID, SSD and SED files. 

3.6  
processor 
a component which receives SCL instances and produces new instances, i.e. is sender and 
receiver  
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Note 1 to entry: This is typically the system configuration tool. 

3.7  
project 
a system part with engineering responsibility for all contained IEDs  

Note 1 to entry: Mostly a system is a project. However, sometimes the IED engineering responsibility of different 
parts of a system belong to different parties or people. Each IED responsibility area is then a separate project. An 
IED can belong only to one project. It is ‘owned’ by this project. 

3.8  
backwards compatible 
a language change is backwards compatible, if newer receivers can process all instances of 
the old language  

Note 1 to entry: For SCL this means that tools built for newer language versions can understand instances from 
older versions. Especially system tools should understand old ICD and SSD files, while IED tools should 
understand old SCD files to be backward compatible. 

3.9  
forward compatible 
a language change is forward compatible if older receivers can process all instances of the 
newer language  

Note 1 to entry: For SCL this means that tools built according to older SCL versions can also process instances of 
newer SCL versions. Especially old system tools should handle new ICD and SSD files, while old IED tools should 
handle new SCD files to be forward compatible. 

3.10  
language version 
the version of the XML schema defining the language  

Note 1 to entry: A language instance is produced according to a language (schema) version, which is called its 
assigned version, although it may also be valid against other language versions. 

4 Abbreviations 

In general, the glossary and abbreviations defined in IEC 61850-2 apply. The following 
abbreviations are either exclusive to this standard, or particularly useful for understanding this 
standard and are repeated here for convenience. 

BDA Basic DATA Attribute ( i.e. not structured) 
CIM Common Information Model for energy management applications 
DAI Instantiated Data Attribute  
DO DATA in IEC 61850-7-2, data object type or instance, depending on the context 
DOI Instantiated Data Object (DATA) 
ICT IED Confiuration Tool 
ID Identifier 
IED Intelligent Electronic Device 
ldInst Instance identification of a Logical Device as part of its name 
lnInst Instance number of a Logical Node as part of its name 
MSV Multicast Sampled Value 
MsvID ID for MSV (Multicast Sampled Value) 
RCB Report Control Block 
SCL System Configuration description Language  
SCT System Configuration Tool 
SDI Instantiated Sub-DATA; middle name part of a structured DATA name 
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SDO Sub-DATA within a DOType, referencing another DOType 
SED System Exchange Description 
UML Unified Modelling Language according to http://www.omg.org/uml 
URI Universal Resource Identifier 
UsvID ID for USV (Unicast Sampled Value) 
XML Extensible Markup Language 

5 Intended engineering process with SCL 

5.1 General 

Engineering of a substation automation system may start either with the allocation of 
functionally pre-configured devices to switch yard parts, products or functions, or with the 
design of the process functionality, where functions are allocated to physical devices later, 
based on functional capabilities of devices and their configuration capabilities. Often a mixed 
approach is preferred: a typical process part such as a line bay is pre-engineered, and then 
the result is used within the process functionality as often as needed. For SCL, this means 
that it must be capable of describing: 

a) a system specification in terms of the single line diagram, and allocation of logical nodes 
(LN) to parts and equipment of the single line to indicate the needed functionality; 

b) pre-configured IEDs with a fixed number of logical nodes (LNs), but with no binding to a 
specific process – may only be related to a very general process function part; 

c) pre-configured IEDs with a pre-configured semantic for a process part of a certain 
structure, for example a double busbar GIS line feeder, or for a part of an already 
configured process or automation system; 

d) complete process configuration with all IEDs bound to individual process functions and 
primary equipment, enhanced by the access point connections and possible access paths in 
subnetworks for all possible clients; 

e) as item d) above, but additionally with all predefined associations and client server 
connections between logical nodes on data level. This is needed if an IED is not capable 
of dynamically building associations or reporting connections (either on the client or on the 
server side). 

Case e) is the complete case. Both cases d) and e) are the result after SAS engineering, 
while case a) is a functional specification input to SAS engineering, and b) and c) are possible 
results after IED pre-engineering either for a typical usage of the IED, or for a specific usage 
within a project. 

5.2 Scope of SCL 

The scope of SCL as defined in this standard is clearly focused on these purposes: 

1) SAS functional specification (point 5.1 a) above), 
2) IED capability description (points 5.1 b) and 5.1 c) above), and  
3) SA system description (points 5.1 d) and 5.1 e) above). 

These purposes shall provide standardized support to system design, communication 
engineering and to the description of readily engineered system communication for device 
engineering tools. 

For practical purposes,  the following is also supported: 

1) exchange of system interfacing information between two projects handling two systems, 
which need to exchange data; 

2) exchange of IED modifications on an IED instance engineered specifically for a project 
back from the IED tool to the system tool. 
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This is achieved by defining an object model describing the IEDs, their communication 
connections, and their allocation to the process functions and equipment, as well as a 
standardized way to describe how this model shall be represented in a file to be exchanged 
between engineering tools. The resulting object model could also be the base for other 
engineering tasks, possibly with some additions. Therefore, and because of the additional 
needs of SCSMs, this standard considers the language as defined here as the core model, 
and defines how extensions of this core model for SCSMs as well as other (engineering) 
purposes can be carried out in a standardized and compatible way. IEC 61850-4 gives an 
overview about the complete system life cycle. 

5.3 Use of SCL in the engineering process 

Figure 1 explains the usage of SCL data exchange in the above-mentioned engineering 
process. This is just a part of the overall engineering process and the complete system life 
cycle as described in IEC 61850-4. The text boxes in Figure 1 above the dashed line indicate 
where SCL files are used. The text box IED capabilities corresponds to a result of steps 5.1 b) 
and 5.1 c) above, the text box System specification corresponds to step 5.1 a) above, the text 
box Associations… refers to steps 5.1 d) or 5.1 e) above. 

To make the engineering tasks and responsibilities clear, tool roles are introduced for an IED 
configurator and a system configurator. Clause 10 provides more details about the 
engineering rights of the tool roles. A tool implementation can have both roles. In this case 
the transfer of partly engineered data within the tool is private, but to any other (mostly to an 
IED tool) it has to be seen from the role the tool has played when modifying the project data, 
i.e if the modification was done in the scope of an IED tool, or in the scope of a system tool. 

The IED Configurator (ICT) is a manufacturer-specific, may be even IED-specific, tool that 
shall be able to import or export the files defined by this part of IEC 61850. The tool then 
provides IED-specific settings and generates IED-specific configuration files, or it loads the 
IED configuration into the IED. 

An IED claiming conformance to the IEC 61850 series shall fulfil the following: 

• it is accompanied either by an (ICD) SCL file describing its capabilities, or by an (IID) SCL 
file describing its project specific configuration and capabilities, or by a tool, which can 
generate one or both of these file types from or for the IED (not shown in Figure 1); 

• it can directly use a system SCL (SCD) file to set its communication configuration, as far 
as setting is possible in this IED (i.e. as a minimum, its needed communication 
addresses), or it is accompanied by a tool which can import a system SCL file to set these 
parameters to the IED. 

The System Configurator (SCT) is an IED independent system level tool that shall be able to 
import or export configuration files defined by this part of IEC 61850. It shall be able to import 
configuration files from several IEDs of one or several manufacturers, as needed for system 
level engineering, and used by the configuration engineer to add system information shared 
by different IEDs. Then the system configurator shall generate a project-related configuration 
file as defined by this part of IEC 61850, which is fed back to the IED Configurator for system-
related IED configuration. The System Configurator should also be able to read a System 
specification file for example as a base for starting system engineering, or to compare it with 
an engineered system for the same process part. 
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Figure 1 – Reference model for information flow in the configuration process 

The part of Figure 1 below the dashed line indicates the ways in which IED configuration data 
produced by means of the IED configurator can be brought into the IED. This can be effected 
by: 

• local communication from an engineering workstation connected locally to the IED. This 
data transfer is beyond the scope of this standard. 

• remote file transfer, for example by the file transfer method of IEC 61850-7-2. The file 
format is not defined within this standard, but SCL format is a possible choice at least of a 
part of the configuration data. 

• access services to parameter and configuration data defined according to IEC 61850-7-2. 
In this case, the standardized methods according to IEC 61850-7-x shall be used. 

NOTE It is not in the scope of this standard to define any details of concrete software tools, which support an 
engineer in doing the intended engineering process with SCL as described above. Both the system configurator as 
well as the IED configurator introduced above are conceptual tools, respectively tool roles to illustrate the use of 
different SCL file variants in the engineering process. Each manufacturer is completely free to find the best way to 
support engineers by a specific software tool. In addition, complete freedom of choice is given in the way in which 
software tools for the above described engineering process with SCL will store manufacturer-specific internal 
parameters for IEDs and SA system aspects not covered by the scope of IEC 61850 (e.g. the relation of logical 
data to pins on a physical board), and how they relate them to the IEC 61850 data model. 

Figure 1 gives a static view of file type exchange between tool roles. The sequence of data 
exchanges between engineering tools during the engineering process can then be as follows 
(see Figure 2): 
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Figure 2 – IED type description to System Configurator 

At start of system engineering the IED capability (ICD) files are used by the system 
configurator as IED template (type) description to instantiate project specific IEDs as needed. 
As Figure 2 shows, this ICD file can be generated in advance as typical configuration of an 
IED by means of the IED configurator tool, as typically done for very flexibly configurable 
IEDs. 

Alternatively the system configurator can also import the description of an IED specifically 
preconfigured with name and addresses for a concrete function in the process by importing an 
Instantiated IED Description (IID) file, as indicated in Figure 3.  

The SCD file generated by the system configurator tool is then imported by the IED 
configurator for the final IED instance configuration, as shown in Figure 2 and Figure 3. Any 
add-ons or adapted values could then be exported by means of the IID file, and thus brought 
back to the system configurator respective the next revision of the SCD file – see next 
subclause on IED modifications. 
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Figure 3 – IED instance description to System Configurator 

5.4 IED modifications 

During the engineering process it may happen that the IED-related data has to be changed. 
This can in principle be done by removing the IED from the system, and reinstantiating a 
modified IED description file in the system. However, in this case also all existing references 
from or to the IED are lost and have to be re-established. On the other hand, tool 
responsibilities shall be clarified as follows: 

The IED configurator is responsible for the IEDs data model, and all its configuration values. It 
is not allowed to change any data flow- and communication-related definitions coming from 
system engineering. To assure this, it shall not modify a system description (SCD) file. 

The System configurator is responsible for the communication addressing and the data flow 
between the IEDs, within the scope of the IED capabilities. It might set configuration and 
parameter values as needed from the system point of view. It is not allowed to change the 
IEDs data model. 

Therefore another SCL file is defined, allowing to update the IED data within a system. It is 
called IID file (Instantiated IED Description), and describes the project specific configuration 
of an IED. In the case that this IED does not exist in the SCD file, it can be imported 
completely and instantiated as a project specific IED, without any references to other IEDs 
(see also Figure 3). In the case that it exists already, the data model part inclusive any values 
can replace the appropriate parts existing in the system configurator. All data flow-related 
definitions and references to other IEDs, which exist in the system configurator, shall still be 
valid. The IED configurator is not allowed to make changes which modify the already 
configured data flow and communication addresses. Especially, no names shall be changed, 
and no referenced parts of the data model shall be deleted. The general process is shown in 
Figure 4. 
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Figure 4 – Modification process 

At the start of system engineering the IED capability (ICD) files are used by the system 
configurator to instantiate project specific IEDs as needed (1). The resulting SCD file is then 
imported by the IED configurator for the final IED configuration (2). Any add-ons or adapted 
values could then be exported by means of the IID file, and thus brought back to the system 
configurator respective the next revision of the SCD file (3). 

To allow detection of a modified file, the IED owner within the IID file should be set to the 
header identification of the SCD file, which was the input to IED engineering before. 

5.5 Data exchange between projects 

As far as the engineering responsibility is concerned, a complete secondary system can be 
split into different parts. Examples include but are not limited to separate engineering of high-
voltage level and medium-voltage level, of a transformer-related part, of separate bays, or 
even of different substations exchanging data e.g. for line protection or interlocking. For the 
purposes of this standard, such a system part with responsibility for all its contained IEDs is 
called a project. To allow the engineering of online communication data flow between such 
projects, some interfacing data has to be exchanged between the projects, and the 
engineered interfaces have to be reimported to the concerned projects. 

NOTE 1 From a statical point of view a project can be considered as a responsibility area. As the exchange of 
information between responsibility areas is carried out in processes, the term project is used here. 

To facilitate this engineering data exchange, the following rules are set up. 

a) An IED always belongs to a project. Only people and tools belonging to the project are 
allowed to configure the IED, especially handling of data transfer between the project data 
base of the system tool and the IED tool. The owner project has full engineering rights on 
the IED. 

b) A project can transfer to another project the right to add definitions for data flow from 
some of its IEDs (IED check out). This has to be accompanied  by a description of those 
parts of the IED which are allowed to be used and enhanced by the other project. This 
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transfer of ‘data flow’ engineering rights blocks any modification of the exported IED in the 
owner project. Before this IED can be modified within the owner project, the ‘data flow’ 
engineering right has to be transferred back to it (IED check in), normally with some 
added data flow definitions. 

c) To not lose already engineered references on such exported IED parts, parts of 
referenced IEDs have also to be exported as fix IEDs. These are not allowed to be 
changed by the importing project, and must be reexported unchanged when the ready 
engineered IED is transferred back to the owner project. 

d) Needed parts of the Substation section and communication section shall be exported. 
From the Substation section only full bays shall be exported, although they shall contain 
only LN links to exported IEDs. The importing project is only allowed to add logical node 
links to the substation, or add a part of its own substation section. Furthermore, it is 
allowed to add addresses in the exiting subnetworks and own subnetworks to the 
communication section. It is up to the project engineer to ensure that objects entered by 
him also have unique names in the exporting project, and that the entered addresses are 
unique within the full Subnetwork. 

The transfer of rights occurs by means of an SCL file, called a SED (System Exchange 
Description) file. This file also contains the transferred engineering rights (fix, or dataflow) and 
the IED engineering capabilities (e.g. number of data sets and control blocks allowed to be 
used by the receiving project). 

The parts of an IED exported with dataflow rights shall be frozen for engineering at the IED 
owner project (after IED check-out), until the using project transfers it back by means of 
another SED file (IED check-in). The file transferred back shall have the same SCL Header 
identification as the originally exported file but with an increased revision index. 

The Header identification of an SCD file is taken as project identification, and therefore it is 
always different to that of a SED, which identifies an engineering data transfer between 
exactly two projects. The SCD Header identification is used within a SED file to identify the 
owner project of an IED. 

The transfer and handling of the dataflow and fix rights is defined in the state diagrams of 
Figure 5 for the project owning the IEDs as well as for the receiving project. Observe that the 
full engineering right always stays in the owner project. 
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Figure 5 – Engineering right handling in projects 

The state diagram on the left shows the internal states in the IED owner project, when 
exporting and importing owned IEDs via SED file. The right / lower state diagram shows the 
IED states of imported / exported IEDs at the receiving project, which is not the owner of the 
IEDs. The src property defines whether the IED owner is the own project or some other 
project. 

Example: the owner project exports an IED with engineering right fix. In this case itself 
contains full engineering rights – however also to inform the other project in case something 
relevant for it is changed. The other project then imports this IED. As the IED right is fix, it is 
not allowed to change anything at the IED, however it will use it as destination IED for some 
of its own IEDs which need to send data to it. When ready, the imported IED as well as any 
IEDs from the other project sending data to it are exported as SED file and imported in the 
owner project, which now can complete the IED engineering to receive the data from the other 
project. 

The detailed engineering rights in terms of SCL elements are described in Clause 10, after all 
elements have been introduced. It is recommended, that the temporary fix state of an IED with 
exported dataflow engineering rights is also shown in the SCD file, if a SCD is produced from 
the project at that time.  

If several (system) tools are used within the same project, it is the responsibility of the 
engineer(s) to use them in such a way, that the system description generatable as an SCD file 
stays consistent. It is a project internal issue if in this case also the rights transfer mechanism 
is used within the project. 

NOTE 2 The engineering rights transfer can be considered as a checking out of the IED to a specific project, with 
later checking in again, after the data flow modifications have been done in the other project. Only one (other) 
project at a time is allowed to engineer the IED. 
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6 The SCL object model 

6.1 General 

The SCL language in its full scope allows to describe a model comprising:   

• the primary (power or process) system respective function structure: which primary 
apparatus functions are used, and how the apparatus are connected. This results in a 
designation of all covered primary equipment like switchgear as utility (automation) 
functions, structured according to IEC 81346-1; 

• the communication system: how IEDs are connected to subnetworks and networks, and at 
which of their communication access points (communication ports) with which addresses;  

• the application level communication: how data is grouped into data sets for sending, how 
IEDs trigger the sending and which service they choose, which input data from other IEDs 
is needed;  

• each IED: the logical devices configured on the IED, the logical node instances with class 
and type belonging to each logical device, the reports and their data contents, the (pre-
configured) associations available; and which data shall be logged; further IED 
engineering capabilities; 

• instantiable logical node (LN) type definitions. The logical nodes as defined in IEC 61850-
7-x and other domain standards have mandatory and optional DATA (here abbreviated 
DO, DATA objects) as well as optional services, and are therefore not instantiable. Further 
it is allowed to add user defined DATA. In this standard therefore instantiable LNTypes 
and DOTypes are defined as templates, which contain the really implemented DOs and 
services; 

• the relations between instantiated logical nodes and their hosting IEDs on one side and 
the process 7 switch yard (function) parts on the other side. 

SCL allows the specification of user defined DOs as an extension of standard LN classes as 
well as completely user-defined LNs according to the rules of IEC 61850-7-1. This means that 
the appropriate name space attributes shall be defined in the logical node types, and their 
value shall appear in the SCL file. 

An SCL file describes an instance of the model in a serialized form and standardized syntax. 
However its semantic can only be fully understood by reference to the model itself, i.e. it is 
independent from the syntax. Clause 6 therefore gives an overview of the model by using 
UML notation. The following clauses then define how an instance of the model is formally 
described in SCL. 

The UML object model is contained in Figure 6. Note that it is not complete in the modelling 
sense, i.e. it does not show any superclasses from which the used classes may be derived, or 
any attributes. It restricts itself to those concrete object types that are used within a SCL 
instance file, in the case of the substation-related part, mainly for the purpose of functional 
designation. Furthermore it does not contain the levels below DATA (DOs), which are 
structurally defined in IEC 61850-7-2 and whose SCL description is defined in the 
DataTypeTemplates clause. 

The object model has three basic parts: 

1) Substation / Line / Process: this part describes the primary process related functions 
and devices like switch yard, respectively any primary process in the functional view 
according to IEC 81346-1, electrical connections on single line level (topology), and 
the designation of equipment and functions; 

2) Product: this stands for all SA product-related objects such as IEDs and logical node 
implementations; 

3) Communication: this contains communication-related object types such as 
subnetworks and communication access points, and describes the communication 
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connections between IEDs as a base for communication paths between logical nodes 
as clients and servers.  

Additionally, the data type template section allows, in a type-oriented (i.e. reusable) way, the 
specification of which data and attributes really exist in an IED. A logical node type as 
specified there is an instantiable template of the data of a logical node. 

More model details contained in SCL, for example the structure within the logical nodes, are 
described in IEC 61850-7-x. 

 
IEC 

Figure 6 – SCL substation object model 

The process / substation part and the product part in itself form hierarchies, which are used 
for naming and can be mapped to the functional and product structures according to 
IEC 81346 (all parts). The communication model part just contains the communication 
connection relations of IEDs to subnetworks, between subnetworks by means of routers at an 
IED, and the placement of master clocks at the subnetworks for time synchronisation. The 
modelling of gateways is not especially considered. A gateway which is an IEC 61850 server 
has to be modelled like any other IEC 61850 compliant IED. The Proxy DO in the LPHD 
logical node makes it possible to specify whether a hosted LD is an image of another IED, or 
belongs to the hosting IED. A gateway being an IEC 61850 compliant client should host an 
ITCI logical node. 

As Figure 6 shows, the logical node (abbreviated as LN or LNode) is the transition object 
which is used to connect the different structures. This means that the LN instance as a 
product also has a functional aspect within the switch yard functionality and a communication 
aspect as a client or as a server within the substation automation system. 

The process / substation functional objects as well as the product-related objects are 
hierarchically structured. Each higher level object consists of lower level objects. This 
hierarchy is reflected in the designation structure of the objects according to IEC 81346-1. 
The function structure of IEC 81346-1 shall be used, and the designation coding of 
IEC 81346-2 should be used in the process / substation objects, while the IEC 81346-1 
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product structure should be used for IED designation structure and the IEC 81346-2 codes for 
the name values.  

In SCL, it is foreseen that within each structure for nearly all objects, two kinds of designation 
are possible. 

• A name is used as (a hierarchical part of) a technical key to designate the object. Each 
object within a hierarchy has an attribute name, which contains its identification within this 
level of the hierarchy. Technical keys are used in technical documentation for building and 
maintaining the system, or for automatic processing of engineering-related information. 
This designation is also used in SCL to describe links between different model objects. In 
this case, as far as possible, the attribute containing the link gets a name of the form 
<targettype>Name, for example daName for a link to a DATA attribute. This name relates 
to and is mostly identical to what is called name in IEC 61850-7-2. 

• A description part is used as (a hierarchical part of) an operator- or user-related object 
identification. An object within a hierarchy has an attribute desc, which contains its textual 
description part within the hierarchy. Textual identifications are for example used in 
operator interfaces and operator manuals. 

NOTE The desc SCL attribute is used at engineering time, and identifies a (functional) object at its hierarchy level 
to a human being. The IEC 61850 d DATA attribute is used for describing data, and could also be read online. The 
contents of desc attributes could be used to generate a project specific (SCD) d text from a template (ICD) d text. 
This is however not standardized. 

A reference within SCL is, as defined in IEC 61850-7-2, a unique identification of an object, 
containing as a path the concatenation of all names in the hierarchy levels above, up to the 
level of the object. For the connection of power system equipment within a single line 
diagram, this path is used explicitly, while for other references it is used implicitly by stating 
only missing name parts. For forming names according to IEC 61850-7-2, the term instance 
with the abbreviation inst is also used. It is a part of a IEC 61850-7-2 name, making the full 
name (path name) unique within this level (see examples in 8.5). 

The following subclauses describe the different parts of the model, their meaning and 
respective usage. Object attributes are mentioned here only if necessary for the 
understanding of the model. Further object attributes are described later in the SCL definition. 
Further model details belonging to IEC 61850-7-x and especially explained in IEC 61850-7-1 
and IEC 61850-7-2 are purposely not shown here. The name model of the switch yard 
functionality is however only found in this part of IEC 61850, and therefore shown as far as it 
is used within this part of IEC 61850. 

Figure 7 shows an instance of this model: a simple example of a SA system used for a switch 
yard. The naming is performed according to the IEC 81346 series. The switch yard has a 
110 kV voltage level E1. It is a double bus bar system with two line bays =E1Q1 and =E1Q3, 
and a bus coupler =E1Q2. The IEDs are already assigned to switch yard functionality (for 
example the bay controller -E1Q1SB1 as a product is assigned to bay =E1Q1, and its LN 
CSWI1 controls the circuit breaker =E1Q1QA1 via the LN XCBR1 on the IED -E1Q1QA1B1). 
Observe that in IEC 81346-1 terms, in this instance the bay is a transition object, i.e. it has a 
function (= sign, at switch yard level), and it is considered to be a part of the switch yard as a 
product. This transition can be seen in an SCL description in the name structure of the IED 
name. Only the transition at the logical node is modelled explicitly. Figure 7 shows with the – 
(Minus) sign the product-related designation. The functional name is not repeated. The station 
level communication subnetwork is named W1. There are three additional subnetworks at 
process level (W2, W3, W4). Access points are seen in the picture, but their designations are 
not shown. Logical devices and servers are also not shown in the picture. This means 
especially that dynamic connections such as associations are not shown. 
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Figure 7 – SA System Configuration example 

6.2 The process model 

The process model (upper part of Figure 6 for substations) is an object hierarchy based on 
the functional structure of the primary process. A special primary process is the Substation, 
which has its own SCL element. Another is the Line, which connects electrically bays of 
substations. The generic Process element shall be used to model any additionally needed 
structuring levels of a power grid above the substation and for all other primary processes. 
Although each object is self-contained, its reference designation is derived from its place in 
the hierarchy. Because LNs perform functions within the complete context of the Process / 
Substation respective Line hierarchy, they can be attached as functional objects at each 
function level. Typically, a switch controller LN is attached to a switching device, while a 
measuring LN is attached to the bay, which delivers the measurands, and transformer-related 
LNs are attached to the appropriate transformer.  

NOTE 1 In the CIM model measurands are allocated to primary device terminals. This is a topological allocation, 
while the allocation in SCL in first line serves functional naming. However, if the single line topology is modelled 
completely, by means of the transformers (VTR, CTR) and their data acquisition nodes (TVTR, TCTR) also some 
primary device terminal in the topology can be found to which the measurands belong according to the CIM model. 

The purpose of the process model is 

• to relate a logical node and its function to a function of or at the primary process (process 
part or substation part or line part or equipment or subequipment); 

• to derive a functional designation for the logical node from the process structure. 

The following objects of the functional structure (in hierarchical order) are used in the SCL 
model, for power networks analogue to the CIM model for energy management systems. More 
background information on these terms can be found in IEC 61850-2: 

Process the whole or part of the primary process handled by the automation 
system, which is no substation. Can be parts of the power grid containing 
several substations, or complete other primary processes like power 
plants. 
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Line a line connecting several substations. 
Substation the object identifying a whole substation. 
VoltageLevel an identifiable, electrically connected substation part having an identical 

voltage level.  
Bay an identifiable part or subfunction of the switch yard (substation) within 

one voltage level. 
Equipment an apparatus within the switch yard, for example circuit breaker, 

disconnector, voltage transformer, power transformer winding etc. The 
single line diagram of a switch yard shows the electrical connections 
between these primary devices. Connectivity node objects model these 
connections. Therefore, each primary device can contain at its terminals 
references to the connectivity nodes to which it is connected. At single line 
level, one or two terminals (connections) per equipment are normally 
sufficient. 

SubEquipment a part of an Equipment, which might especially be one phase of a three-
phase equipment. 

ConnectivityNode the (electrical) connectivity node object connecting different primary 
devices. Typical connectivity node examples are: connecting nodes within 
a bay, bus bars connecting several bays in the same voltage level, lines 
connecting bays in different substations. See also Equipment above. 

Terminal an electrical connection point of a primary apparatus at single line level. A 
terminal can be connected to a ConnectivityNode. Within SCL terminals 
can be explicitly named, or exist implicitly. 

Function allows additional functions at substation, voltage level or bay level, either 
independent from the basic switch yard functionality like fire fighting or 
building supervision, or as part of the switch yard like main 1 protection 
and main 2 protection. 

SubFunction a hierarchical subpart of a Function or SubFunction, e.g. earth fault 
protection as subpart of the main 1 function. 

EqFunction allows additional functions at or below Equipment level, e.g. redundant 
functions on the same equipment. 

EqSubFunction a hierarchical subpart of an EqFunction or EqSubFunction. 

The PowerTransformer is special equipment, which can hierarchically be located below 
Substation, VoltageLevel or Bay. It contains Transformer windings as equipment, which might 
again have a relation to a tap changer. 

NOTE 2 Observe that the hierarchical structure is used for functional designations. If substructures of bays are 
needed, this can be introduced by appropriate structured bay names. If, for example, a bay B1 is structured into 
sub-bays SB1 and SB2, this would in the SCL model lead to two bays named B1.SB1 and B1.SB2. If logical nodes 
are also attached to the B1 structure level, then B1 can be introduced as a third bay. 

NOTE 3 In the CIM model the bay level is optional, while in SCL it is mandatory. However, if the bay level 
structuring is not needed, a whole voltage level can be considered to be one bay. The only restriction here is that 
the SCL syntax demands at least one character as name on each level, so that in this case the voltage level name 
needs at least 2 characters, from which within the SCL substation structure the first character is taken as the 
voltage level name, and the last character is taken as the name for the one bay element. 

6.3 The product (IED) model 

Products consisting of hardware or software implement the functions of the switch yard. The 
scope of SCL from the product side only covers the hardware devices (called IEDs) that form 
the substation automation system, and therefore restrict the model to them. Primary devices 
as products are outside the scope of SCL, only their functional side is modelled by the 
substation structure for functional naming purposes. 

IED a utility automation device performing automation functions by means of 
logical nodes (LNs). It normally communicates via a communication system 
with other IEDs in the automation system. 
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Server a communication entity within an IED according to IEC 61850-7-x. It allows 

access via the communication system and its only access point to the data 
of the logical devices and logical nodes contained in the server. 

LDevice a logical device (LD) according to IEC 61850-7-2 that is contained in a 
server of an IED. 

LNode a logical node (LN) instance according to IEC 61850-5 and  
IEC 61850-7-2, contained in a logical device of an IED. The LN contains 
Data (DO), which other logical nodes request, and it may need DOs 
contained in other LNs to perform its function. The offered DOs (server 
capability) are described in SCL. The needed DOs (LN client side) are 
determined by the function (LN) implementation and therefore configured by 
the IED configurator respective by the engineer, which plans the system. 
SCL also allows their description, so that a data flow on data level between 
LNs can be modelled. 

DO the DATA contained in the LNs according to IEC 61850-7-x.  

NOTE Figure 6 shows with its LNode class the LN object, whose instances can be referenced or represented in 
SCL in two ways. The LNode element resides in the Substation structure, while the LN element resides in the IED 
structure.  

6.4 The communication system model 

The communication model is, in contrast to the others, not a hierarchical model. It models the 
logically possible connections between IEDs at and across subnetworks by means of access 
points. A subnetwork is seen at this description level only as a connecting node between 
access points, not as a physical structure. A logical device or a client of an IED is connected 
to a subnetwork by means of an access point, which may be a physical port or a logical 
address (server) of the IED. Client LNs use the address attribute of the access point to build 
up associations to servers on other IEDs respective to the LNs contained on the logical 
devices of these IEDs. Subnetworks may be connected by routers, however GSE messages 
as well as SV / SAV messages can not cross routers and can only reach IEDs within the same 
subnetwork. For accurate time synchronisation further each subnetwork should have an own 
(master) clock connected. 

Although subnetworks only model logically possible connections, a correlation to the physical 
structure can be built up by appropriate naming of subnetworks and access points, and by the 
relation of access points to (one or more) physical connection points. The access points are 
the matching elements (transition objects) of both this communication model and the physical 
implementation of the communication system. The description and maintenance of the 
physical structure is beyond the scope of SCL, although some features allow to model it at 
least partly – see also 9.4.6. 

This standard introduces as additional IED functions: 

• a Router function on an IED. An IED with a router function can be connected with two 
different access points to two different subnetworks and allow TCP-based messages to 
reach IEDs within the other subnetwork; 

• a Clock function to indicate where a subnetwork master clock is located. 

Furthermore, the IED type SWITCH is reserved to model arbitrary switch based Ethernet 
networks, e.g. for IP address checking or modeling of the physical network. IEDs of type 
SWITCH typically consist only out of an access point to their IP subnetwork. This type 
SWITCH is stated by means of the IED type attribute. IED type designations of the really used 
switches can be used instead, if known. 

Subnetwork a connecting node for direct (link layer) communication between access 
points. It might contain telegram filtering on the bridge level, but no routing 
on the network level. All access points connected to a subnetwork can 
communicate with all others on the same subnetwork with the same 
protocol. SCSMs may define restrictions to this, for example if the stack 
implements a master-slave bus. The subnetwork as used here is a logical 
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concept. Several logical subnetworks with different higher layer protocols 
could for example be used on the same physical bus to allow mixing of 
higher-level protocols on the same physical (lower) layer(s). 

Access point a communication access point of the logical device(s) of an IED to a 
subnetwork.. An access point may  serve several logical devices, and the 
logical nodes contained in a logical device may, as clients, use several 
access points to connect to different subnetworks. Typically, a switch 
controller LN may receive data as a client from a process bus, and provide 
data as a server to the inter-bay bus (IEC 61850-8-1). In the terminology of 
IEC 61850-7-x, an access point may be used by a server, by a client, or by 
both. Furthermore, the same (logical) access point might support different 
physical access ports, for example an Ethernet connection and a serial 
PPP-based connection to the same higher level (TCP/IP) access point and 
to the same server. 

Router Normally, clients connected to a subnetwork only have access to servers 
connected to that subnetwork. The router function extends access to servers 
connected to another subnetwork at another access point of that IED which 
hosts the router function. However, a router restricts the access to those 
services which use a networking layer, all layer 2 services such as basic 
GOOSE and sampled value messages are not allowed to cross it. 

Clock a master clock at this subnetwork, which is used to synchronize the internal 
clocks of all (other) IEDs connected to this subnetwork. 

Routers and clocks are connected to a Subnetwork via their access points. 

Observe that the communication addresses defined for the access points within a subnetwork 
are access point addresses for building associations. The rules to derive communication 
addresses of the server internal elements are defined within the protocol mappings on the 
base of the IED data model as defined in IEC 61850-7-x, e.g. within IEC 61850-8-1 for the 
MMS mapping. 

6.5 Modelling of redundancy 

Redundancy can be introduced to enhance the safety or availability of a system, and at 
different levels of the system: 

• IED internal: this is beyond the scope of the IEC 61850 series, and therefore not 
describable with SCL. It is hidden in the IED HW/SW and externally visible just by error 
messages if something has failed. IED specific DATA might have to be introduced for 
these error indications. 

• Communication system level: If the communication system is doubled, but below the 
addressing level provided for a logical access point, this can be described in SCL at the 
level of physical connections of an access point. There might be additional SCSM specific 
parameters or application level supervision data, if the redundancy issue is taken up in the 
stack mapping. Other communication system redundancy mechanisms can only be 
described at physical level. A typical example is an Ethernet ring based on switches. It 
provides redundancy against the failure of one switch in the ring, it is however normally 
not seen within an SCD file. However SCL provides some optional means to describe the 
physical connections at port / cable level also for rings. 

• Application level: this shall be modelled in SCL. A typical example is the main 1 and main 
2 protection IED. Each IED instance providing application redundancy is explicitly 
modelled having its own name, and all explicitly provided additional communication 
subnetworks are also modelled in the SCD file as indicated in Figure 7. Any coordination 
between redundant functions is done between the logical nodes which implement the 
function. 
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6.6 Data flow modelling 

Conceptually the IEC 61850 data flow has logical nodes on servers or publishers as source, 
and logical nodes as clients respectively subscribers. The real connections/associations 
however are built at communication profile level (e.g. MMS/TCP), and these ‘association 
channels’ can be assigned to a client/subscriber IED, an access point, a logical device or – as 
in the IEC 61850 base model – a logical node. If the channel is built by an IED, then all LNs 
hosted in this IED can use it in their client role. It should be observed that these channels / 
associations are also the level of granularity on which access rights are checked, i.e. each 
association is seen as one user respective client with a certain role. 

SCL allows the data flow to be modelled at two levels. At the channel/association level the 
GOOSE or SMV subscribers are whole IEDs, respective the IED access point connected to 
the same SubNetwork as the server, while report clients are LN instances, such as in the 
original IEC 61850 client model. If in this case several client LNs share the same channel, it is 
recommended taking the LLN0 as the client LN, because LLN0 represents a whole logical 
device. 

At data object level the data flow is modeled by a list of signals which shall be fed into (are 
input data of) a logical node. This can be modeled purely on an SCL level, or, if the IED 
supports this, even on the IEDs LN data model by means of data objects of CDC ORG (see 
IEC 61850-7-4). Also here it is often the case that the same incoming data object shall be 
used by several logical node instances. In this case it is also recommended to map the input 
data into the LLN0 instead of mapping it twice to two different LN instances. 

One of the big advantages of IEC 61850 is that the communication-related data flow is 
defined on top, but independent from the application level data model. To make it easier for 
an engineer to understand and define this data flow, the SCL language restricts the definitions 
in 7-2 as follows: data set definitions referenced by a control block must be in the same 
logical node as the control block. This means automatically, that all GOOSE and SMV data 
flow definitions are in LLN0. It is recommended, if the IEDs allow this, to also keep report data 
flow definitions there. Any online changes not following this convention cannot be documented 
in SCL language. 

7 SCL description file types 

SCL files are used to exchange the configuration data between different tools (conceptual tool 
roles as defined in clause 5), possibly implemented by different manufacturers. As already 
mentioned in subclause 5.1 (see also Figure 1), there are at least six different purposes for 
SCL data exchange, and therefore six kinds of SCL files to be distinguished for the data 
exchange between tools. This is done by means of different file extensions. Nevertheless, the 
contents of each file shall obey the rules of the System Configuration description Language 
(SCL) defined in the next clause. Each file should contain a version and revision number to 
distinguish different versions of the same file. This means that each tool has to keep the 
version and revision number information of the last file exported, or read back the last existing 
file to find out its version. 

NOTE The version identifies versions of the SCL file, not versions of the data models used within the tools. This 
is defined in IEC 61850-7-3, IEC 61850-7-4 or is a private issue of the tools. 

The following types of SCL files are distinguished: 

• Data exchange from the IED configurator to the system configurator (corresponding to 
items b) and c) of 5.1). This file describes the functional and engineering capabilities of an 
IED type. It shall contain exactly one IED section for the IED type whose capabilities are 
described. The IED name shall be TEMPLATE. Furthermore, the file shall contain the 
needed data type templates inclusive logical node type definitions, and may contain an 
optional process, line or substation section, where the highest level name shall be 
TEMPLATE. If a process TEMPLATE is defined, the binding of logical node instances to 
primary equipment indicates a predefined functionality. Any process in which this IED shall 
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be used, must match an appropriate process topology part (example: a CSWI LN bound to 
an equipment of type CBR is only allowed to control a circuit breaker; a CILO bound to a 
line disconnector implements the interlocking logic for a line disconnector). There might be 
an optional Communication section defining possible default addresses of the IED.  
A specific SCSM might make this mandatory for some address parts. 
The file extension shall be ICD for IED Capability Description. 

• Data exchange from the IED configurator to the system configurator for a single IED 
preconfigured specifically for a project, e.g. to include a preconfigured instance file or IED 
instance value changes or data model modifications. In this case the IED has its project 
specific name, it may also have project specific addresses, and a data model possibly 
included with some data set definitions preconfigured for the project. There might exist 
already a binding of IED LNs to the project specific single line diagram. This type of IED 
SCL file is typical for IEDs whose number of LN instances depends on the project specific 
single line diagram or on other IEDs available in the system, or it is used during IED 
modification process. It may contain a data set and control block definitions, which must 
either be identical to those in the system tool in case modifications are transferred after 
system engineering, or, in case of a first instantiation of this IED, can be taken as default 
or as preconfigured data. It may contain input sections without the referenced DATA 
sources. These shall be identical to that from a previously imported SCD file, however 
links to internal signals (intAddr values) may be added. 
The file extension shall be IID for Instantiated IED Description.  

• Data exchange from a system specification tool to the system configurator. This file 
describes the single line diagram and functions of the substation and the required logical 
nodes. It shall contain a substation description section and may contain the needed data 
type templates and logical node type definitions. If logical nodes allocated to the 
Substation section are not already allocated to an IED, the IED name reference (value of 
iedName attribute of the LNode element) shall be None. If an LN in the substation section 
is not bound to an IED and also has no logical node type defined, then only the mandatory 
part of this LN according to IEC 61850-7-4 is specified. If part of the SA system is already 
known, this might optionally be contained in IED and Communication sections. 
The file extension shall be SSD for System Specification Description. 

• Data exchange from the system configurator to IED configurators (corresponding to items 
d) and e) of subclause 5.1). This file contains all IEDs including the configured data flow 
and needed DataTypeTemplates, a communication configuration section and a substation 
description section.  
The file extension shall be SCD for System Configuration Description. 

• Data exchange from the IED configurator only to the IED. It describes the communication-
related part of an instantiated IED within a project. The communication section contains 
the address of the IED. The substation section related to this IED may be present and 
then shall have name values assigned according to the project specific names. It is a 
vendor specifc SCD file, possibly stripped down to what the concerned IED shall know 
(restricted vendor specific view of IEDs). If a compression method is applied, those 
according to RFC 1952 is preferred. Observe that in the general case more information 
than this has to be loaded onto an IED to have it completely configured, e.g. relation of 
internal signals to HW terminals, programs in the form of IEC 61131-3 or other code, or 
local control panel configuration information. 
The file extension for the SCL part (if any) shall be .CID for Configured IED Description. 

• Data exchange between system configurators of different projects. This file describes the 
interfaces of one project to be used by the other project, and at reimport the additionally 
engineered interface connections between the projects. It is a subset of a SCD file, 
containing the interfacing parts of the IEDs to which connections between the projects 
shall be engineered, and fix IEDs referenced by them to not lose the source object of 
already defined references. Therefore additionally to an SCD file it states at each IED the 
engineering rights and the owning project from the view of the using (importing) project. 
The file extension shall be SED for System Exchange Description. 
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A more formal definition of most restrictions for the given parts is given in the XML schema 
syntax in Annex E. Observe however, that this formal definition is informative only and does 
not belong to the normative SCL language definition.Observe further that not all restrictions 
e.g. those on IED name and Substation name mentioned above can be described in the 
schema. To understand the used schema elements, refer to Clauses 8 and 9.  

An IED which is claimed to implement a server / publisher or client / subscriber according to 
the IEC 61850 standard shall be accompanied by an ICD file, respectively by a tool capable of 
generating an ICD file, or a project specific IID file, respectively a tool capable of generating a 
project specific IID file for this IED, and shall be able to consume an SCD file or be 
accompanied by a tool which can consume the SCD file to configure the communication part 
of the IED from this SCD file, within the limits declared in the ICD file or the IID file produced 
previously by the IED tool . 

It shall be kept in mind that, for very flexible IED types, there might exist several ICD files. In 
this case the manufacturers IED type can be seen as an IED class similar to logical node 
classes in IEC 61850-7-4, which allows a lot of functionality to run on the IED hardware, 
however not all at once. Each ICD file then is a runnable (implementable) subset of all 
possibilities of the IED class. Only where all available functions and function instances can 
run on the IED hardware, will there exist only one ICD file. This issue is illustrated in Figure 8 
for the most general case. 

 

Figure 8 – ICD files describing implementable IED types of a general IED class 

8 SCL language 

8.1 Specification method 

The SCL language is based on XML (see Clause 2). 

The syntax definition is described as a W3C XML schema. The remaining clauses define the 
appropriate XML schema for SCL and explain its usage in text, enhanced by appropriate 
(incomplete) examples illustrating the use of the specific features defined, and by additional 
written requirements, restrictions, and relations to the object model, which shall be used or 
checked by the application reading or building an SCL file. The complete normative XML 
schema definition is contained in Annex A. It also contains the formal definitions of those 
constraints which are easily formulated in a XML schema. Constraints on the object model 
which are not or not easily able to be formulated in XML schema are additionally described in 
the appropriate clauses. 

IED class – all functional capabilities,

ICD 2
Implementable

subset 2

ICD 1
Implementable

Subset 1

not implementable
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To keep the syntax compact and extensible, the type feature of XML schema is used where 
appropriate. This introduces a schema element inheritance structure. The inheritance 
structure of the main SCL elements is shown in Figure 9 as a UML diagram.  

UML diagrams can also show containment relations between SCL elements. It has to be kept 
in mind that these relations are relations between the SCL language elements, and not 
between the objects represented by the elements, which are shown in Figure 6. However, it 
has been attempted to keep the XML element relations as close to the object relations as 
possible. 

The following naming conventions are used within the schema: 

• schema type names start with the small letter t (for example tSubstation); 

• attribute group definitions start with the acronym ag (for example agAuthorization); 

• attribute names start with a small (lower case) letter (for example name); 

• element names start with a capital (upper case) letter (for example Substation). 

Nearly all SCL elements are derived from the tBaseElement base type, which allows adding 
Private sections and a descriptive Text to the element. It also allows adding additional sub-
elements and attributes from other namespaces (other than the target namespace 
http://www.iec.ch/61850/2003/SCL) – such elements must however appear first among all 
sub-elements. This allows for easy (private) extensions of the model. An example can be 
found in Annex C.1. 

The next level of element types is based on tBaseElement: 

• tUnNaming adds an optional description attribute desc; 

• tNaming adds the optional description attribute desc and a mandatory name attribute 
name; 

• tIDNaming adds the description attribute desc and a mandatory identifier attribute id. 

In all the previous types, desc is a XML normalizedString, i.e., a string that does not contain 
any carriage return, line feed, or tab character. Its default value is the empty string. Attribute 
name is of type tName, i.e. also strings that do not contain any carriage return, line feed, or tab 
character, but cannot be empty. Attribute id of type tID is more restrictive than tName: any whitespace 
character is not accepted and size is limited to 255 characters.  

The resulting inheritance relations for the power system-related objects is shown in the UML 
diagram of Figure 15. Due to this inheritance, also of attributes or of attribute groups, not all 
attributes are directly defined at an element definition. Nevertheless the description in the 
following clauses also describe the inherited attributes, possibly with a reference to a previous 
description. 

For better segmentation and re-use, the whole SCL schema is split into several files 
containing type definitions (see Table 1). 
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Table 1 – The files composing the XML schema definition for SCL 

File name Description 

SCL_Enums.xsd The used XML schema enumerations 

SCL_BaseSimpleTypes.xsd The basic simple types used by the other parts 

SCL_BaseTypes.xsd The basic complex type definitions used by the other parts 

SCL_Substation.xsd The process (Process, Line, Substation) related syntax definitions 

SCL_Communication.xsd The Communication-related syntax definitions 

SCL_IED.xsd The IED-related syntax definitions 

SCL_DataTypeTemplates.xsd The data type template-related syntax definitions 

SCL.xsd The main SCL schema syntax definition, which defines the root element of 
each SCL file 

 

In the following schema definition clauses it is assumed that the SCL schema definition file 
starts as follows: 

<?xml version="1.0" encoding="UTF-8"?> 
<xs:schema targetNamespace="http://www.iec.ch/61850/2003/SCL" 
 xmlns:scl="http://www.iec.ch/61850/2003/SCL" 
 xmlns="http://www.iec.ch/61850/2003/SCL" 
 xmlns:xs="http://www.w3.org/2001/XMLSchema" 
  elementFormDefault="qualified" attributeFormDefault="unqualified" 
 finalDefault="extension" version="9999A9"> 

where version 9999A9 is the year, index letter and release number stating the SCL schema 
version, which is 2007B4 for this document. The schema then ends with 

</xs:schema> 

This schema part is not repeated in the following clauses and subclauses. For a complete 
schema definition containing the contents of all above files, see Annex A. 

The UML diagram given in Figure 9 gives an overview of how the SCL schema is structured.  

 
IEC 

Figure 9 – UML diagram overview of SCL schema 
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The basic SCL element is derived from a tBaseElement schema type, which allows to contain 
for example Private and Text definitions. Furthermore, the SCL element shall contain one 
Header element of type tHeader, and may contain a process description with one of the 
elements process of type tProcess, Line of type tLine, and Substation elements of type 
tSubstation, a Communication section of type tCommunication, one or more IED elements of 
type tIED, and a DataTypeTemplates section of type tDataTypeTemplates. All these element 
types are handled in later clauses; the usage of Line and Process elements might be detailed 
in other parts of the standard. 

In some cases, the data format of values is important. Wherever possible, the schema defines 
the data type and therefore also its coding (lexical presentation). But even in cases where this 
is not possible, the data type coding of XML Schema shall be used. If not explicitly expressed, 
all element values are XML Schema strings, and all attribute values are of the XML schema 
type normalizedString, i.e. they are not allowed to contain tab, carriage return and line feed 
characters. SCL may use values to identify another element of the XML file. When doing this, 
the referenced element shall exist in the file, otherwise the structure is invalid. For example 
(full definition of this example is given later) in element GSE, a specific attribute called 
cbName indicates the element GSEControl and attribute IdInst indicates the Ldevice 
containing this GSEControl, for which the GSE has been created, and if this GSEControl is 
not present, the GSE shall not exist. Further restrictions may be stated either in this part of 
IEC 61850 or in other parts of the IEC 61850 series, mostly IEC 61850-7-x, IEC 61850-8-x 
and IEC 61850-9-2. If any XML schema data type is used, it is referenced with the prefix xs:, 
for example xs:decimal for decimal number coding. For convenience, an overview about 
coding of the most types used in SCL is given in Table 45. 

8.2 Language versions and compatibility 

There are always some reasons why a defined language has to be changed, which leads to 
different language versions. 

• Enhancements: adding new features; this has to be done to support new functionality, and 
leads to a new version indicated by the year of appearance, for this version it is 2007. To 
keep compatibility, the following enhancement rules have to be observed also for future 
compatible SCL versions. If for some reason they can no longer be observed, then a new, 
incompatible SCL name space has to be defined. 
– Adding of new optional attributes is allowed. If they need a value, they shall have 

default values, whose meaning is as far as possible identical to the missing of the 
attribute in older versions. 

– Adding of new elements is allowed at the end of existing type definitions. 
– To allow forward compatibility, any new element, whose understanding is essential for 

communication interoperability, must be marked with the mustUnderstand attribute 
(see later). 

• Fixing errors; this is necessary if there exist faults or inconsistencies, or if interoperability 
problems arise due to unclear or wrong wording in the description or specification. This 
reason is mandatory and must be performed, even if it endangers compatibility. However, 
if there are choices, it should be done in the most backward compatible way. This leads to 
a schema revision, indicated by a revision index (letter) starting with A. 

The following language changes are forbidden for a compatible language name space, 
because they lead to compatibility problems: 

• Removing of old features. For backward compatibility they are still allowed in older 
language instances, but the usage in newer versions is deprecated. The deprecation is 
normally indicated by removing the feature from the schema of the new version. 
Nevertheless it is allowed in language instances coming from older versions, and must be 
accepted by a receiver. 

• Changing of existing features, especially their semantics; this endangers compatibility, 
therefore it is forbidden. Instead ’old’ features are deprecated (see above), and new ones 
added, which then replace the deprecated features.  
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• Changing of existing default values. This allows a receiver or processor to use default 

values of newer versions  also for older language instances. 
There is a clear separation between mandatory fixing of errors, which might lead to 
incompatibilities, and adding enhancements, which are done in a compatible way. To allow 
backward compatibility as well as forward compatibility, the may ignore and must understand 
rules are introduced into the language definition. These allow having different language 
versions for the same SCL language name space. 

8.2.1 MustUnderstand rules 

The MustUnderstand / MayIgnore rules have to be followed when reading an SCL file. When 
producing SCL output, this should conform to the claimed supported SCL 
version/revision/release.  

Elements, which a tool or an IED must understand to produce interoperable results, shall be 
declared as mustUnderstand and marked with the mustUnderstand attribute with value true, 
so that the tool processing the instance knows if it can ignore the element or not. All elements 
which the tool does not understand and which do not have the mustUnderstand property, can 
safely be ignored. The ‘may ignore all’ strategy for elements (tags) is taken, i.e. ignore the 
element and all its contained contents.If a known element contains directly below it an 
element with mustUnderstand property which a tool does not understand, then it must also 
ignore the known containing element. 

For attributes just the attribute not understood is ignored. This means especially that there is 
no ‘mustUnderstand’ possibility for attributes, only for elements. Therefore adding of attributes 
to the language is done only as optional attributes with a defined default value in the newer 
version, which is backward compatible to ‘not knowing this attribute’. For later compatibility it 
is good practice to use these default values from the schema by not explicitly writing them 
into the SCL instance. This is possible because once released default values are not changed 
in the schema, as long as the attribute itself is needed. 

Observe that if attributes need to be understood, then a new element with mustUnderstand 
property holding these attributes can be introduced. 

It is important to see that whether a tool can ignore something or not is also dependent on the 
purpose of the tool. When defining ‘mustUnderstand’ explicitly in SCL, then this always refers 
to the system configurator and the IED configurator as defined in Clause 5 for the purpose of 
interoperable communication. Other applications for which SCL may be used can have other 
demands on ‘mustUnderstand’. 

Observe that although not formally defined, the mustUnderstand property is practically true for 
all defined elements from the 2003 SCL version in the Communication section, IED section 
(with exception of the IED capability element) and DataTypeTemplate section. The elements 
of the Substation section might need ‘mustUnderstand’ quality only for specification tools and 
application configuration tools, which are not mandatory and outside the scope of this part of 
IEC 61850.  

From the meaning / scope, mustUnderstand always refers to the parent element. If a parent 
element (e.g. IED) has no mustUnderstand property, then it may be ignored by tools which do 
not need to know about it (e.g. about IEDs). However, if they have to know about IEDs, they 
must understand all elements within the IED element, which have mustUnderstand property, 
e.g. the AccessPoint element. In general, if an element is marked as mustUnderstand, then 
any tool which does not understand the element is not allowed to use the (known) parent 
element. The following example illustrates the use of the mustUnderstand feature. 

An IED defines a GOOSE control block as follows: 

<GSEControl name="GoCB02" appID="GoCB02" datSet="CmdResv"> 
 <IEDName>AA1_D1_Q11A1</IEDName> 
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 <IEDName>AA1_D1_Q10A1</IEDName> 
 <IEDName>AA1_D1_Q07A1</IEDName> 
 <Protocol mustUnderstand="true">R-GOOSE</Protocol> 
</GSEControl> 
If the tool importing this does not understand the Protocol element, then it is also not allowed 
to use the GSEControl element containing it (e.g. add IED names), although GSEControl is 
known to it. 

Tools should in any such case give a warning to the user. 

8.2.2 SCL name space and versions 

For all compatible versions of SCL the same name space as defined in 8.3.5 is kept.  

For concrete verification of correct generation of an SCL instance according to its assigned 
version, the following is introduced. 

The SCL element tag has a version attribute, which for backward compatibility is in general 
optional with default value 2003, and for instances assigned to the here defined version of 
SCL required with value 2007. This attribute indicates the SCL (schema) version according to 
which the SCL instance has been produced by means of the year of the released IS, i.e. its 
assigned version. Additionally, any error fixing revisions within each version are indicated by 
the revision attribute, starting with A for the first released version revision. The version value 
for this version of SCL shall be 2007, and the revision value B. If error-correcting corrigenda 
of this standard follow before any new version of this standard is published, the first 
corrigendum will get the identification B, the next C, etc. Fixing of interoperability related 
errors in between revisions is indicated by a release number. The first released revision will 
always be release 1. The release belonging to this standard is 3. 

The special XML schema for this current edition of IEC 61850-6 is contained in Annex A, and 
shall be used for all tests on SCL instances which claim to be produced according to this SCL 
version. From this follows automatically, that the SCL version attribute is mandatory required 
for all SCL instances containing elements or attributes introduced after 2003. 

For backward compatibility all tools have to accept SCL instances from older as well as newer 
versions, including the features deprecated in the newer version(s) as far back as declared 
with the tool version. Therefore a tool input cannot be verified against the schema of the 
version defined in this standard, but at best against the schema version with which the input 
instance is produced. The general schema in Annex E gives a hint as to what shall be 
tolerated by a tool supporting the valid 2003 version as well as this current version. 

Naturally ‘old’ tools processing SCL instances from newer versions can not handle what they 
can not understand. The only problem which might arise here is if the SCL instance contains 
new elements with a ‘mustUnderstand’ property, which is not known to tools/IEDs according 
to the first SCL version. Every tool/IED after this first version shall use the mustUnderstand 
property to decide if it can safely ignore an element, which is not understood, or if it has to 
stop processing with an appropriate error message. It is recommended to upgrade ‘old’ tools 
at least so that they can follow the mustUnderstand rule, or to implement the upgrading / 
downgrading rules from Annex I. 

Further, tools understanding the new version should also read ‘old’ instances, if they are 
produced according to the rules defined here. 

The SCL language version as defined here is related to the SCL schema version as defined in 
Subclause 8.1. However, not all schema versions will be released, and SCL language 
versions, even bug fix versions, will only be defined for released / published SCL schema 
versions. 
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8.2.3 Incompatibilities to earlier versions 

This current version of SCL with version identification 2007 is backward compatible to all 
previous versions with the following exceptions. 

• The authentication code ‘week’ has been corrected to ‘weak’ (error correction). 

• The Private element’s type attribute is required (error correction). 

• The sampleSynchronized attribute of SMV options (agSmvOpts) is no longer allowed to be 
false (error correction in 9-2). 

• The attribute value FuncName of the nameStructure attribute in the Header element is no 
longer supported. The nameStructure attribute shall be ignored by tools. Systems working 
with the 2003 functional naming must be modified appropriately to stay compatible, by 
either changing to IED based naming only, or allowing the use of the ldName attribute of 
LDevice (i.e. full change to this version of SCL). 

• The introduction of the mustUnderstand attribute; it is currently used for the Protocol 
element contained in GOOSE and SV control block definitions. 

• The order where the Log element appears has changed: it shall appear directly before any 
control block definitions which belong only to LN0 (like GOOSE control blocks). 

• If the log control block does not reside in the same logical device as the log, the ldInst 
attribute shall be stated explicitly. 

• The access point name allows only alphanumeric characters and underscore (_). Its length 
is restricted to 32 characters.  

• The newly introduced LDevice attribute ldName leads to incompatibilities with edition 1 
(2003A) tools, as ignoring this attribute leads to wrong communication level configuration. 

• The attribute ReportControl.rptId shall no longer have the empty string value. 

• It is clarified that the meaning of the maxAttributes attribute of the ConfDataSet element 
denotes FCDAs and not basic attributes. 

• The modeling of the transformer neutral point has been corrected 

• The max attribute of the SupSubscription element has been replaced by two special 
attributes for GOOSE and SV supervision. 

• The length of DataTypeTemplate identifiers is restricted to 255 characters. 

• EqFunction and EqSubFunction are used below Equipment elements instead of Function / 
SubFunction 

• The length of Enumeration strings is restricted to 127 characters of ISO Latin and Latin-1 
supplement characters 

• The SubNetwork type code is mandatory and not the empty string, except in SSD files. 

• The value of RptEnabled.max, if defined, shall be >0. 

• The meaning of missing originalSclVersion / originalSclRevision attributes is SCL 
version/revision 2003A 

• The string ‘None’ is forbidden as an IED name. It is only allowed as an IED name 
substitute inside the Process / Substation section to specify logical nodes without relation 
to an IED. 

It is recommended to fix these issues together with the implementation of the mustUnderstand 
property also in ‘old’ tools. Then they can handle all future SCL versions. For compatibility 
between versions see also Annex I. 

8.3 SCL language extensions 

8.3.1 General 

The SCL language elements without those serving extension purposes are designed for a 
specific purpose as described in Clause 5. It can however be used with smaller or bigger 
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extensions such as additional attributes for additional (engineering) tasks. Furthermore, it 
leaves some communication stack-dependent definitions to the SCSMs. Therefore, 8.3.2 to 
8.3.7 describe SCL extension possibilities. 

8.3.2 Data model extensions 

Extensions of the data model with semantically new LNs and DOs are covered by the rules 
stated in IEC 61850-7-x for extensions, and by the SCL approach as a meta language to the 
data model, i.e. data model element identifications do not appear in the language syntax 
itself. The name scope of logical node classes, data objects and CDC attributes are described 
in SCL by stating the appropriate name space values within the appropriate DATA attributes. 
If additional base data types are needed, then this has to be defined as a schema extension. 

8.3.3 Additional semantics to existing syntax elements 

Some language elements of SCL such as desc and Text have a weakly defined semantic, 
which can be extended by some application. Some elements such as the parameter element 
P have been left open on purpose. An SCSM shall define (additional) semantics to these 
elements. This is done by defining a type value for a P parameter with an own semantic. 

8.3.4 Data type constraints 

The usage of XML schema based data types on the syntactic level already allows the further 
restriction of the range of some values. A restriction shall use one of the allowed subtypes of 
the types defined in this core language. 

8.3.5 XML name spaces 

For all tag elements inheriting from tBaseElement, (sub-)tags and attributes can be added. 
These shall however belong to a defined XML name space with defined semantics for all 
these elements. It is recommended to define the used name spaces at the main tag (SCL), 
although standard XML allows to add it also below at elements from this name space. 
Observe that standard XML rules allow to replace this definition. 

This namespace shall not be the same as the target namespace of the SCL schema (see 
below). For private name spaces, the used internal name space abbreviation should start with 
the character e. IED configurator tools shall be aware that the used name space abbreviation 
might be changed by the system configurator, if its relation to the referenced URI is not 
unique across all used ICD/IID files. An example of a standard extension for single line or 
communication diagram layouts is given in Annex C. The name space URI of this version of 
the SCL, which shall be used as default name space in all SCL files, is:  

xmlns:scl="http://www.iec.ch/61850/2003/SCL"  

All tools, which comply with this part of IEC 61850, shall be able to import an SCL file with 
name space definitions, and at least interpret the SCL elements of the default name space. 
Therefore any SCL file shall have the SCL name space as default name space: 

xmlns="http://www.iec.ch/61850/2003/SCL"  

Name spaces other than the SCL core, which are not understood by the tool, shall be ignored 
by it. This especially means that an IED tool which exports data of its own XML name space 
to an ICD file, can not expect that this information is contained, respectively preserved, in a 
SCD file coming from the system configurator tool or another manufacturer’s IED tool, if it is 
not contained within a Private section. 

NOTE 1 The SCL schema is built in such a way that if the private namespaces are specified in the header but the 
corresponding schemas are unknown, an XML validator is still able to correctly validate the file (for the parts that 
are not defined in the SCL schema, the validator will typically only check that they are well-formed).  

NOTE 2 The SCL schema demands that elements from private name spaces appear in an SCL file before the 
elements defined in the SCL schema. 
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8.3.6 Private data 

For small extensions either by a manufacturer or for a specific project the Private elements 
can be used. The advantage of private elements is that the data content is preserved at data 
exchange between tools. 

Private data entities appear on several levels of the SCL. The contents of these XML 
elements is, as seen from the SCL, transparent text. If the private part contains XML data, 
then this has to use an explicit name space, which cannot be the SCL name space. The 
Private element allows also to reference other files by means of a URL at its source attribute. 

The handling within tools shall be as follows: 

The private data is owned by a tool respective by a tool category (for example, a picture 
generator). The owner is allowed to modify its contents, and normally is the only one able to 
interpret the data. All other tools, which read private data, have to preserve (store) its 
contents on SCL import, and regenerate it at the same place if an SCL file containing this part 
is produced/exported. 

Private data for different purposes shall be distinguished by the value of its type attribute. If 
manufacturers use a Private definition, this type attribute value should start with a 
manufacturer-specific string part. 

The Private elements have the schema type tPrivate, which is defined as follows: 

 <xs:complexType name="tPrivate" mixed="true"> 
  <xs:annotation> 
   <xs:documentation xml:lang="en"> Allows an unrestricted mixture of character content, element content and 
attributes from any namespace other than the target namespace, along with a mandatory type attribute. 
</xs:documentation> 
  </xs:annotation> 
  <xs:complexContent mixed="true"> 
   <xs:extension base="tAnyContentFromOtherNamespace"> 
    <xs:attribute name="type" type="xs:normalizedString" use="required"/> 
    <xs:attribute name="source" type="xs:anyURI" use="optional"/> 
   </xs:extension> 
  </xs:complexContent> 
 </xs:complexType> 
 
The attributes of the Private element are defined in Table 2. 

Table 2 – Attributes of the Private element 

Attribute name Meaning, usage 

type Distinguishes different (private) purposes of the element contents. The manufacturer 
or tool name shall be included into the type to be sure it is unique. The type attribute is 
required in order to know who shall process this part. 

source URL to some file, which contains the private information; only the URL is preserved by 
the processing tool, not its contents (this stays where it is and has to be preserved 
with means outside the tool responsibility). 

 

Private data can be contained within the Private element, or in an external file referenced via 
the source attribute of the Private element. As a rule of thumb this second option shall always 
be used if the amount of private data gets big in relation to the standardized part, e.g. above 
1-2 kB. 

NOTE Due to the engineering process as described in clause 5 IED configurators should not put Private elements 
into the Communication section or the DataTypeTemplate section. 
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8.3.7 Another XML syntax 

A completely new standardized or private XML-based syntax for another XML file may be 
used to extend the SCL data model with additional objects or attributes. In this case, 
references to the objects contained in the SCL model shall be defined in this new XML file, 
and the naming philosophy of this part of IEC 61850 shall be followed to be able to identify 
the objects. The source attribute of a Private element can be used to link to such additional 
XML files. 

8.3.8 Summary: Standard conformance for extension handling 

A tool claiming conformance with this part of IEC 61850 shall as a minimum handle any 
extensions as follows: 

• import and export the SCL language elements as a default XML name space; understand 
all parts of the syntax referring to the capabilities of the handled IEDs and the intended 
functionality of the tool; ignore all SCL language elements which it does not understand, 
following the mayIgnore / mustUnderstand principle (see 8.2.1); 

• keep all data in private sections and all text elements from import to export (except if 
modified on purpose within the tool). Keep all data of IEDs, which are not handled, if an 
SCD file is exported; 

• accept syntactically correct XML name space extensions on import without error message, 
even if the corresponding contents are ignored. 

8.3.9 Extension example 

The following extract of an SCL file shows how extensions based on private XML name space 
can be used for additional XML attributes, additional elements, and for XML elements within 
the data part of a Private element. 

<?xml version="1.0"?> 
<!-- Augmented example file with: 
          – Private element 
          – using extensions from other namespaces 
          –  
--> 
<SCL xmlns="http://www.iec.ch/61850/2003/SCL" xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"  
    xsi:schemaLocation="http://www.iec.ch/61850/2003/SCL  SCL.xsd" xmlns:ext="http://www.private.org"> 
 <Header id="SCL Example T1-1" nameStructure="IEDName"/> 
 <Substation name="baden220_132" ext:myAttribute="my extension attribute"> 
  <ext:MyElement>This is my extension element – can be removed if not understood</ext:MyElement> 
  <Private type=”mytype” ext:hello="bla bla">This is my private element <ext:dummy>with sub-
elements</ext:dummy> and a privately defined attribute; must be reproduced at output</Private> 
  <PowerTransformer name="T1" type="PTR"> 

Observe that all elements (above the MyElement) from other name spaces (ext above) other 
than the default SCL name space must come before any SCL elements. 

8.4 General structure 

An SCL – XML document starts with the XML prolog, and then continues with elements as 
defined later. The prolog shall contain the identification of the XML version and the character 
coding used. UTF-8 coding is the preferred coding and shall be supported supported if 
standard conformance is claimed. The XML encoding attribute shall be processed in a case-
insensitive way. SCL generators shall always use upper case encoding. 

The whole SCL definition part is contained in the SCL element: 

<?xml version="1.0" encoding="UTF-8"?> 
<SCL xmlns="http://www.iec.ch/61850/2003/SCL" 
xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" 
xsi:schemaLocation="http://www.iec.ch/61850/2003/SCL SCL.xsd" 
version="2007" revision=”B” release=”3”> 
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<!-- here come the Header/Substation/IED/Communication/DataTypeTemplate 
sections as defined in Clause 9 --> 
</SCL> 
 

where SCL.xsd gives the concrete file containing the SCL schema definition. 

For an XML processor, this example assumes that the SCL schema definition (i.e., the files 
enumerated in Table 1) is in the same directory as the SCL instance file. If this is not the 
case, the full path to the schema must be given here. Alternatively, most XML processors 
allow you to provide the location of the schemas manually (outside the instance document). 
Anyhow, the xsi:schemalocation attribute is only needed if syntax verification against a 
specific schema needs to be carried out.  

The SCL element shall contain a header section, and at least one of the following sections: 
Process or Substation, Communication, IED, DataTypeTemplates, which are further explained 
below. The Process/Substation and the IED sections may appear more than once. Figure 9 
gives an overview as an UML diagram.  

Most elements are derived from the tBaseElement type, and therefore inherit the options to 
contain Text and Private elements as well as the capability to contain elements and attributes 
from other name spaces. The elements derived from its sub-types tUnNaming, tNaming, and 
tIDNaming additionally inherit the desc attribute. 

All SCL level references to objects on an IED use the IED-related names, i.e. the IED name 
and LD instance name, even if at communication level other identifications might be used. 
This is valid for references from the substation section to logical nodes on the IED, but also 
for references within an IED, e.g. to define data objects which are the members of data sets. 

Observe further that the SCL element has the attributes version with value 2007 for this 
version of the SCL language, revision with value B for this revision of the 2007 language 
version, and release with value 3 for this published release. 

8.5 Object and signal designation 

8.5.1 General 

The SCL model allows two kinds of object designation: 

1) a technical key, which is used on engineering drawings and for signal identifications. 
This is contained in the attribute name as identification of each object. If this value is 
used as reference to an object, it is contained in an attribute name starting with a 
string denoting the reference target object type, and ending with the string “Name”, 
e.g. iedName as reference to an IED. The technical key is used within SCL for 
referencing other objects. Observe that name is a relative identification within a 
hierarchy of objects; 

2) a user oriented textual designation. This is contained in attribute desc. Attributes are 
not allowed to contain carriage return, line feed or tab characters. The semantics of 
desc shall also be relative within an object hierarchy. 

Furthermore, a general description tag Text can be used to add descriptive textual data. The 
meaning of this data is on purpose not specified further. Each tool shall preserve imported 
text data for export. 

8.5.2 Object designations in an object hierarchy 

In case of the hierarchically structured objects of the substation structure and the product 
structure, both name and desc attributes for each object contain only that part which identifies 
the object within this level of the hierarchy. The full object reference is a pathname and 
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consists of the concatenation of all name parts of higher hierarchy levels up to this level. It is 
up to the configuring engineer to ensure that the references are unique after concatenation. 
This shall be reached by using a designation (syntax) convention as specified in IEC 81346-1. 
This especially means that names of all levels can be directly concatenated to a path name, if 
the higher level name ends with a number and the lower level name starts with an alpha 
character or else an intervening character, preferably a dot (.), shall be put between them. 
Other separation characters may be specified for name mapping in SCSMs or according to 
IEC 81346-1. Beneath the mandatory usage of IEC 81346-1 for name syntax, it is strongly 
recommended to use the whole IEC 81346 series for the derivation of functional and IED 
product names as technical keys. In this case, it should be observed that the special 
IEC 81346 separator characters like =, +, – shall not appear within SCL names. Only the dot 
(.) is allowed if names are substructured. 

Transition objects, i.e. objects appearing in more than one hierarchical structure, may be 
identified by several references, one in each structure. In the case of SCL, this applies 
especially to logical nodes, which are found in the substation functional structure as well as in 
the IED product structure. There might be other transition points between different structures, 
but their modelling is outside the scope of SCL. 

8.5.3 Signal identifications to be used in the communication system 

According to IEC 61850-7-2, signal identifications are built from the following parts (see 
Figure 10):  

a) a user defined part identifying the logical device LD in the process (LDName); 
b) a (function-related) part to distinguish several LNs of the same class within the same 

IED/LD (LN-Prefix); 
c) the standardized LN class name and the LN instance number, which distinguishes several 

LNs of the same class and prefix within the same IED/LD; 
d) a signal identification inside a LN consisting of data and attribute name as defined in 

IEC 61850-7-3 and IEC 61850-7-4. 
 

 

Figure 10 – Elements of the signal identification as defined in IEC 61850-7-2 

The name parts 2 and 3 in Figure 10 together form the LN name and distinguish different LN 
instances within the same LD of an IED. Both are not semantically standardized. A function-
related LN Prefix is preferably used during functional engineering, or to bind an instantiated 
LN on an IED to some process semantics. The LN instance number of the name part 3 shall 
be used to distinguish instantiated LNs, which are not (already) bound to a process semantic 
(for example a CSWI which is not bound to some specific switch type, prefix=””), or which 
have the same non-empty prefix. 
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The mapping of these signal name parts to actual signal names is stack- and mapping-related 
and therefore contained in IEC 61850-8-1 and IEC 61850-9-2. From the SCL point of view, it 
is sufficient to determine the contents of these parts for a specific SA system. However, 
IEC 61850-8-1 and IEC 61850-9-2 may contain further restrictions on length and contents of 
name parts. 

The DataTypeTemplates definition section of the SCL and the standardized names as defined 
in IEC 61850-7-3 and IEC 61850-7-4 determine the possible values for name parts 3 and 4 in 
Figure 10. The LN instance number and the prefix are defined in the IED section of the SCL. 

For name parts 1 and 2 in Figure 10 there exist several options, the most important two 
options are illustrated here. 

1) Product-related naming: As shown in Figure 11, part 1 in Figure 10 is the name of the 
IED in the IED (product) section, on which the LN is configured, concatenated with the 
IED relative LD Instance identification. Part 2 and 3 are as predefined within the IED. 

 

Figure 11 – Elements of the signal name using product naming 

2) Function-related naming: Function-related naming at communication level is enabled by 
free setting of the LD name, and possibly free definition of the LN prefix. It is a decision of 
the IED manufacturer to allow one or both of these options by means of his tools. It has to 
be kept in mind, that these parts also have to obey special uniqueness restrictions, i.e.  
can not be used completely free. The following usage could be possible: The LD name, 
part 1 in Figure 10, is the name of the switch yard function or function type, to which the 
LN relates. If it is a PrimaryDevice, the name parts from substation name to bay name can 
be used as part 1, and the PrimaryDevice name (possibly followed by a sub equipment 
name) can be used in part 2 (LN prefix). If LNs are attached to higher levels than the bay 
level, naturally the part 1 has to be shortened appropriately, and the part 2 in Figure 10 
stays empty, or can be used for the level where the LN is attached to. Observe that 
according to IEC 61850-7-2, the part 1 (LDName) must be unique within the subnetwork, 
i.e. it is not allowed to appear on two different IEDs connected to the same subnetwork. 
So, if you have a main1 protection IED and a main2 protection IED in the same bay E1Q1, 
each with exactly one logical device for protection, and you use functional naming via the 
ldName attribute, then the LD Name could e.g. be E1Q1F1 for main 1, and E1Q1F2 for 
main 2 (F stands for protection functions in IEC 81346). 
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Figure 12 – Possible elements of the signal name using functional naming 

The SCL language allows both options, even separate for different IEDs. The mandatory 
option is the product-related naming. If function oriented naming is needed, the (optional) 
function oriented LD name has to be explicitly specified for each logical device. It is 
recommended to use the LN instance number in such a way that the LN class and LN 
instance number together are always unique. This allows the way of naming (with/without 
prefix) to be changed at a later time, and even to later replace preconfigured prefixes by 
prefixes related to the functional structure. The use of these features might be restricted by 
the IED manufacturer if an IED has a fixed prefix and LN instance number, i.e. does not allow 
to change this for a certain LN instance later on. In this case function-related naming can be 
chosen only at LD level. Observe that also the LD inst name part is under control of the IED 
configurator only and might be fixed for a certain IED type, because it serves as manufacturer 
identification of the logical device on this IED type. The IED name however and the (function 
oriented) LD name, if supported at all, shall be freely choosable by a system integrator. In any 
case, as for product-related naming, the meaning of a LN in the context of the switch yard can 
be established via the LN link from the substation section to the IEDs. 

Observe that SCL internal references to logical nodes and data objects always use the IED-
related names, even if another communication-related name (LD name) is defined. 

8.5.4 Signal identifications usable by applications 

The communication-related names, even if function oriented, depend on manufacturer 
supplied engineering capabilities as well as the concrete distribution of logical nodes on the 
IEDs. Applications needing a functional view independent from this should use a signal 
identification based on the Substation structure names down to the LN class, and then 
followed by the semantically completely standardized data object and attribute names. A 
switch position could then be identified by the path name <substation name (AA1)><voltage 
level name (J1)><bay name (Q1)><Equipment name (QB1)>CSWI.Pos, an earth fault 
protection function in Main1 e.g. by the path name <substation name (AA1)><voltage level 
name (J1)><bay name (Q1)><function name (Main1)><Subfunction name (EF1)>PTOC.Op. 
The SCL language allows this kind of application-related naming in parallel to the 
communication-related naming, and a complete SCD file might serve as a data base to 
translate from one to the other.  

If several LN instances of the same class shall be allocated to the same equipment, this leads 
to non unique application related names. To avoid this, additional Function / SubFunction 
respective EqFunction / EqSubfunction hierarchy levels must be introduced below the 
common element. In reference to the above example, a main 2 earth fault function PTOC for 
bay J1Q1 can be allocated to a function Main2 with subfunction EF1. 
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