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SUMMARY
Following the publication of the standard IEC 61850 „Communication Networks and Systems
in Substations“, the partial retrofit of the 380 kV substation Laufenburg in Switzerland has
been one of the first projects worldwide based on it. Seven out of the 17 bays are being
retrofitted until the end of 2006. A stepwise approach has minimized service interruption.
IEC 61850 was chosen to benefit from the future-proof features of this international standard.
Existing and new 3rd party equipment was integrated with the substation automation system.
Valuable experiences in using IEC 61850 were gained, both by the substation owner and the
manufacturer. The first bay was put into service in December 2004, followed by another three
bays during 2005. All project goals were reached. Project execution and operational
experiences are related and an outlook on the future development of the standard is given.
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Introduction

IEC 61850 was published as standard by IEC in fourteen parts between 2003 and 2005 [1]. It
is the first and only global standard that considers all the communication needs within a
substation and has been discussed in various papers and articles, e.g. in [2]. The standard
defines strict rules for realizing interoperability between functions and devices used for
protection, monitoring, control and automation in substations independent of the
manufacturer. Interoperability means the capability of two or more intelligent electronic
devices (IEDs) from one or several vendors to exchange information and to use it in
performing their functions and for correct co-operation. It also covers design aspects, protocol
requirements, testing guidelines, etc. To exploit the full benefits of IEC 61850, its application
requires careful consideration of the customer requirements as well as of the available
equipment. This especially applies to substation refurbishments.
First substation automation (SA) systems with IEC 61850 were put into service end of 2004.
One of the first experiences and the very first on high voltage level worldwide was made
with the Swiss 380 kV Laufenburg station (Figure 1). This is a very significant grid node in
the European interconnected system. Its configuration is a triple busbar system with transfer
bus and several longitudinal sections. After almost forty years in operation, the primary and
secondary equipment of seven out of 17 feeders needed to be replaced in several steps over a
two-year period.

Figure 1: The 380kV Laufenburg station
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Project Requirements

Reliable overall refurbishment of five line bays, one transformer bay as well as one bus
coupler had to be performed with minimal service interruption and within a highly critical
time span. A future-proof retrofit concept was required for the switchgear as well as for the
automation and protection system so that they meet today’s and tomorrow’s requirements in
terms of efficient operation, high functionality and open integration. The advantages of
IEC 61850 were to be utilized whilst parts of the existing equipment, installed between 1965
and 1998, were being kept. The existing 3rd party station level equipment was retained and
had to be interfaced to the new control and protection system. The latter must operate in
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parallel to the existing protection and control equipment in a reliable manner for a number of
years. Moreover, the user philosophy called for integration of 3rd party Main 2 protection.
A sustainable migration strategy should ensure smooth transition to the new technology. It
should allow selective refurbishment of components to suit operational and economic needs
as well as freedom of choice in manufacturers for further refurbishment projects and future
extensions.
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Refurbishment

A stepwise procedure was applied equally to the switchgear and the substation automation
and protection equipment. Any refurbishment with minimal interruption time, whether it
involves the primary and / or the secondary side, requires a “bay-by-bay” approach. In
Laufenburg, the refurbishment of the complete bays, i.e. primary switchgear including civil
works and secondary equipment, was done in three months’ time intervals.

3.1 The solution for the switchgear
New 380 kV switchgear had to be installed. For the retrofit, a compact hybrid gas insulated
switchgear (GIS) module with silicon bushings, circuit breaker, line isolator, earth switch as
well as voltage and current transformers was chosen (Figure 2). Each module was fully
factory-tested and could be installed and connected to the existing air insulated switchgear
(AIS) busbar within a minimum of time. For most of the said time interval, the operation of
the concerned line or transformer feeder has been continued using the transfer bus and the
fully equipped transfer bus coupler.

Figure 1 - The new 380 kV hybrid switchgear

3.2 The solution for the substation automation system
During the stepwise refurbishment of the seven bays, new IEC 61850-compliant control and
protection IEDs (Intelligent Electronic Devices) were installed. The bay solution provided all
the functions needed. In line with the substation owners’ philosophy, a Main 2 protection
from another manufacturer was also integrated via IEC 61850.
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An IEC 61850-compliant Ethernet ring is used for serial communication between the bays
and to the existing 3rd party station level (station bus). The latter was connected via a
gateway converting data and services between IEC 61850 and IEC 60870-5-101. A GPS
receiver was connected to the Ethernet ring for time synchronization of all connected devices,
e.g. for time tagging of events and disturbance records. For their evaluation and for station
monitoring, a protection expert’s workplace was installed. (See Figure 3).
The station interlocking and the voltage selection for the synchrocheck mechanism were kept
hardwired because of the mixture of existing and new technology. Upon completion of the
substation retrofit, it will be possible to switch to the use of the serial communication for
these functions as well.
The implemented solution may easily be applied to the remaining bays in future and is also
open for the later replacement of the station level by an IEC 61850-compliant system. The
open communication as per IEC 61850, introduced in the refurbishment of the secondary
system, fully supports extensions to the substation as well as the integration of new
functionality.

Figure 3 - The new SA system configuration

4

Project Specification and Schedule

The standard has an impact on all activities related to the field of protection and substation
automation. The main issues are how to implement the standard in practice, which is to be
done by the manufacturers, and how to specify protection and substation automation systems,
which is to be done by the users like utilities.

4.1 The specification of an IEC 61850-compliant system
The first step of a specification refers to functionality, which is based on the single line
diagram and the control and protection functions needed. Here, a functional description of the
secondary equipment was made like in any other specification. It was merely required that the
communication has to be compliant to IEC 61850. The addition of this brief statement to the
definition of functionality and the retrofit requirements was sufficient. No further details were
required.
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4.2 Why IEC 61850 was requested
•
•
•
•
•

•

Use of an internationally accepted standard
Need to keep the existing SA system on station level – but complement it with new bay
level equipment and an open communication
Capability for future migration to new station level equipment without adaptation to
installed bay equipment
Independence in the selection of the manufacturer for the
o Replacement of the station level
o Refurbishment of components not yet replaced and/or extensions
Reuse of the engineering efforts by
o using modern tools
o consequent use of the data model
o standardized configuration file
Taking advantages of high-speed Ethernet communication

4.3 Project Schedule
The contract was awarded in February 2004 and the first bay put into operation in December
2004. During 2005 another three bays were successfully commissioned. The completion of
this refurbishment project comprising seven bays is scheduled for end of 2006.

5

Experience with IEC 61850 during the execution phase

The “informal” information from the specification has to be translated into the “formal”
description using the standardized Substation Configuration description Language SCL. The
formal description warrants a high quality of work, ensures integrity and consistency during
the entire implementation process, from the general system design to the final commissioning,
facilitating the corresponding checks in each step of the project execution. With this formal
system documentation, the engineering work remains “memorised” and can be reused at any
time for adaptations, extensions and also refurbishment.

5.1 Signal list and data model
The conventional signal list given by the substation owner was translated into the data model
according to IEC 61850 by the manufacturer using mandatory and optional data.
The data model consists of Logical Nodes, that contain all data belonging to the same basic
function, e.g. overcurrent protection. The Logical Nodes are always grouped into Logical
Devices, e.g. bay protection, which are in turn implemented in physical devices, e.g.
protection relays.

5.2 Experience with services
Services are standardized data access procedures. For SA, command procedures are the most
important examples of such services. The two-step select-before-operate (SBO) command
defined by the standard was not in line with the customer requirements. Manufacturer and
customer jointly solved the problem. The use of most services is not explicitly specified by
the customer, but implicitly given by the requested functionality and performance. This
experience shows that services, which have a direct impact on the users’ philosophy or
operational procedures, have to be considered with special care. This is also one of the few
cases where the users of IEC 61850 have to reconsider or adapt their concepts.

5.3 Integration of 3rd party devices
In line with current philosophy, the Main 1 protection of the SA system manufacturer (ABB)
was to be supplemented by a Main 2 device from another manufacturer (Siemens). Together
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with the Main 1 protection and control IEDs, this Main 2 device had to be integrated into a
common system. Since the Main 2 protection device was specified and provided with an
interface according to IEC 61850, i.e. with the data model and the appropriate services
described by the so-called ICD-file, its integration did not pose any problems. This ICD-file
(IED Capability Description) of the device is also requested by the standard and was imported
by the system-engineering tool of the system integrator (ABB).
This also showed that the interoperability promised by the standard has been achieved
through the correct implementation on both sides. The pre-tested integration of the Main 2
device could thus be provided immediately with each bay. Differences found in the grouping
of Logical Nodes into Logical Devices (requested by the standard, but not defined by name
and content) have not caused any problem because of the explicit definition of the data sets
for reporting.
IEC 61850 simplifies integration of and allows more comprehensive data access to 3rd party
protection devices. The use of IEC 61850-compliant IEDs makes costly protocol conversions
obsolete and overcomes the data access restrictions imposed by proprietary and earlier quasistandard protocols.

5.4 Integration of existing components
Existing components without IEC 61850 interface have been connected to the new
IEC 61850-based automation system via a protocol converter. In this specific case, the new
bays were connected to the existing station level (VATECH SAT) via the protocol
IEC 60870-5-101 step-by-step. The converter was also configured like an IEC 61850 bay IED
and provided consistent data in line with the actual retrofit stage.

5.5 Further components
The realization of the IEC 61850-compliant substation automation system required further
components (see Fig. 3). The Ethernet ring with the connections to bay level devices was
realized with Ethernet switches. In addition to the functional requirements of the standard,
these must satisfy the same environmental requirements as protection devices. These
comprise the Electro-Magnetic Compatibility (EMC) and temperature range on the one hand,
and power supply from the station battery (110 V DC, or like in Laufenburg, 220 V DC) and
high availability on the other.
The synchronization of the bay level devices for time tagging is performed via a time
receiver. As requested in the standard IEC 61850, it provides the time to the Ethernet ring
directly via a switch port in the SNTP (Simple Network Time Protocol) format. Since this is a
standardized procedure, a proprietary clock interface is not needed anymore.

5.6 Engineering and system integration tool
The IEC 61850 object model provides a huge amount of useful data. This data contains the
full semantic (meaning in the context) of the substation, for both operation and maintenance
and is used for data exchange between IEDs as well. IEC 61850 further provides for
standardized formal descriptions by SCL. These cover the IED capabilities (ICD files), the
single line diagram with the allocated functions (Substation Specification Description as SSD
file) and the overall system configuration (SCD file). To professionally handle all this data
and to guarantee its consistency, the use of a powerful system engineering tool is a key factor
for successful system integration. The tool was especially helpful in configuring the protocol
converter and in integrating 3rd party devices. It is also essential for a bay-wise refurbishment
and any future extensions.
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5.7 Testing and commissioning
Testing and commissioning were performed like in any other retrofit substation automation
system and concluded by Acceptance Tests.
The Factory Acceptance Testing (FAT) has to prove that the complete system fulfils the
properties specified in the contract between the manufacturer and the user before it leaves the
factory. Missing parts like switchgear or NCC have to be simulated. Therefore, IEC 61850 is
tested implicitly on system level. IEC 61850 simplifies the FAT since data consistency tests
have already been done by formal checks in the design phase and by testing against the SCD
file.
The Site Acceptance Testing (SAT) concludes commissioning and proves that the system
fulfils the contract before it goes into operation. All parts are normally available. The SAT
may be split into two important parts, i.e. into the tests of the
● correct connection to the primary equipment
● correct data transfer e.g. to places inside or outside the station like the NCC.
IEC 61850 simplifies the SAT since by assuring a correct connection of all external
interfaces, the data consistency and the logical behaviour of the functions cannot deviate from
the known FAT state. Only the overall performance of some functions may be impacted by
the connection to the external equipment. Again, the SCD-file can support the test procedure.
In Laufenburg, both the FAT and SAT were performed bay by bay. A 1:1 simulation of the
3rd party station level system was used during the initial stage of the FAT.
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System perfomance

In comparison to a similar retrofit project, that was based on the proprietary LON and the
IEC 60870-5-103 protocols and successfully executed with the substation owner earlier, the
advanced «Project Requirements» could better be fulfilled with IEC 61850. In addition, an
even better overall performance was achieved in Laufenburg. It should especially be noted,
that by simply connecting a PC to the Ethernet ring, the peer-to-peer structure of IEC 61850
provides access to protection device data from various places. This was not possible with the
master-slave structure of IEC 60870-5-103.

7

Operational experiences

The application of a new technology in a commercially operated environment always bears a
certain risk and one has to be aware of a number of potential problems during the
implementation phase. This was also the case for the Laufenburg project and was so far not
surprising. About half a dozen of bugs were found during the first six months of operation.
None of them was critical, also due to a good concept and the applied fallback strategy. With
the necessary effort from manufacturer and substation owner all appearing problems were
solved within a reasonable time. The control and protection system, the station bus and the
communication with station and remote control level are working stable and showing high
performance.
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Conclusion

In close cooperation between substation owner and manufacturer, acting also as system
integrator, the project goals were fully achieved. The experiences gained during all project
phases from specification to commissioning were very good.
On the system integrator’s side it is noteworthy, that the integration of the 3rd party protection
devices posed no problems. This was also owing to the interoperability tests conducted jointly
with other manufacturers during the elaboration of the standard. The use of SCL greatly
supported engineering, also of the protocol converter and during the stepwise refurbishment.
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The tools and the complete engineering process according to IEC 61850 have been verified by
the successful system integration.
On the substation owner’s side it is noted that all milestones were kept and that first
operational experiences with the system in service are positive. The special problem of
differing lifecycles of bay and station level could sustainably be solved through the use of
IEC 61850. The data model allows e.g. the trouble-free installation of a new station level with
the existing bay level being maintained and also the refurbishment of the remaining ten bays.
IEC 61850-compliant devices can – under consideration of their non-standardized
functionality – easily be replaced with new ones, if required during the station lifecycle.
The outlined migration scenario proved to be successful and can be used for other substations
as well.
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Maintenance and further development of the standard

With the issuance of part 10, the basic development of the standard has been concluded.
Therefore, the working groups (WGs) 11 (“station bus“) and 12 („process bus“) of IEC TC 57
have been dissolved and integrated into the remaining WG 10 [3], which handles the
maintenance of the standard in co-operation with the users group UCA International [4]. WG
10 is now called „Power System IED Communication and Associated Data Models“ and shall
ensure the consistency of the data models across all areas of application. Moreover, IEEE [5]
is presently defining protection parameters, the WG 11 of the IEC SC 17C [6] is inter alia
defining information for the supervision of switching devices.
The possible use of the standard for the communication between substations and for the
communication between substation and network control system was already mentioned in
informative Annex of IEC 61850-7-4 [1]. The national committees of IEC have accepted the
resultant applications for the supplementation of the standard in September 2005 [7], [8].
The usage of IEC 61850 for wind power stations is being defined in TC 88 [9]. The WG 17
[10] is already dealing with the application of IEC 61850 in systems for distributed energy
generation and the WG 18 [11] with that for hydroelectric power stations.
CIGRÉ SC B5 WG 11 [12] is elaborating a report on the expected impacts of the introduction
of the standard on utilities for publication during 2006.
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