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This report scopes out the data that will be
required for the MERLIN project. It evaluates
Network data, Geographical Information
Systems (GIS) data and Control Room data.
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1. Executive Summary
This is the first stage of the data discovery exercise for the
MERLIN project which examines the data sources available
within SSEN that are required to construct an electrical
network model suitable for analysis and simulation.

It has been identified that most of the data
anticipated to be needed for the project already
exists in electronic format, and it is expected that these
models can be converted into a standard structure
defined by IEC 61968-11/61970-301 (CIM) promptly.
The sources of data identified for inclusion in the
MERLIN network model are the Long Term
Development Statement (LTDS) data sheets, the
Geographical Information System (GIS) datasets, the
Supervisory Control and Data Acquisition (SCADA)
measurement points from the Distribution
Management System (DMS), and the historical
measurement data stored in the Data Historian.
Further mapping information and nominal line
parameter data is required, but it will be possible to
update the CIM model as these sources are identified
and made available during the project.
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2. Introduction
In order to proceed with the core work packages of
the MERLIN project, preliminary work was undertaken
to investigate and understand the scope of data available
within SSEN to support the creation of the standardised
network models required by the analysis modules being
used in MERLIN.
The network models being used will be in an open
structure and accessible via open file formats and open
Application Programming Interfaces (APIs).
This work entailed discussions with subject-matter
experts within SSEN, analysis of available data sets, and
prototyping of software to support the extraction and
conversion of data into a common structure and format.
The outcomes of these investigations identified the best
data sources, and a practical way forward to support the
creation of the required datasets for the trial areas and to
support the analysis modules.
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3. Target Data
The intent of this exercise is to identify the sources of data
that will be used to construct a standard representation of
the network defined by IEC 61968-11/61970-301 commonly
referred to as the Common Information Model (CIM).
The standard is widely used throughout the world for
exchanging and storing power system data in an open
structure and format. ENTSO-E, the European Network
of Transmission System Operators (Electricity) uses CIM
as the core of their Common Grid Model Exchange
Standard (CGMES), used by 43 TSOs across Europe to
exchange electrical network models. It is also used by
distribution and transmission network operators worldwide as the foundation of their Enterprise Information
Model and for system integration.
The datasets used by, and produced by the analysis
undertaken for MERLIN will be in a CIM structure and
accessed via open standard data formats (IEC 61970-552
CIM RDF XML) and open standard APIs (OData v4.0). The
source data must therefore be either obtained in a CIM
structure from the source systems, or converted into a
CIM structure as part of the data ingest process.
The target version of CIM is CIM v16 as this aligns
with the CGMES v2.4.15 standard and currently has
the widest industry support.
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4. Network Data Sources
SSEN maintains a number of systems for managing and using electrical
network data, including for network planning, operational control, and
geographical analysis. Each system has historically maintained its own
data representing the same underlying electrical network assets.
As part of MERLIN, a detailed, integrated network model
will be created for the two test network areas, one in the
Scottish Hydro Electric Power Distribution area covering
Fort William, the other in the Southern Electric Power
Distribution area covering a part of Oxfordshire. This will
involve integrating data from planning, operations, and
GIS in an IEC CIM standard structure.
To support this effort an examination of the existing data
sources at SSEN was undertaken, looking at the scope,
structure and format of data in each system, whether it
was accessible, regularly maintained, how the data would
be modelled in CIM, and then stored in the systems being
used for MERLIN.
The scope of this work was focussed on the functional
electrical network and the data used to build the
network models used for electrical analysis. Any nonelectrical data will be considered out of scope unless it is
required for deriving electrical attributes (e.g. wire-type
parameters)

4.1 Network Planning
4.1.1 Areas of Planning
The SSEN areas within the scope of this project cover
the distribution operators Scottish Hydro Electric
Power Distribution (SHEPD) and Southern Electric
Power Distribution (SEPD). The transmission network
operated by Scottish Hydro Electric Transmission is
not part of the scope.
The planning of network assets is split into:
•	Extra High Voltage (EHV) planning, covering
the 33+kV networks
•	High Voltage (HV) planning covering the 11kV
networks
•	Low Voltage (LV) planning cover the supply voltage
to domestic and small commercial premises,
typically 230/415 volts
The planning of these networks is undertaken using
different applications with different data structures and
formats. As MERLIN will be using data covering EHV and
HV, both project areas of planning were looked at in order
to understand the processes, applications and data being
used. The LV data will also be examined to determine
whether it should be within scope.
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4.1.2. Extra High Voltage Network Planning
The high voltage network planning involves conducting
studies based on the electrical network as a balanced,
three-phase system. These planning studies are used to
assess the impact of changes to the network, whether
that be the addition of generation, load, upgrades to
infrastructure etc. To conduct these studies, a network
model is used with different scenarios applied that alter
the characteristics of the network for different load
profiles (e.g. for different days of the week and different
times of the year), different constraints on capacity,
ratings etc., or to analyse how the network would react
to unexpected outages on the network.

4.1.2.1. PSS/E
EHV planning studies in SSEN is currently undertaken
using the PSS/E analysis application made by Siemens
PTI. PSS/E has its own proprietary data structure and
format, with the core electrical network stored in a format
known as RAW, stored as a white-space delimited text
file format. Additional files are used for storing extra data
defining schematics and dynamic data but are stored in
a proprietary, binary format.
The PSS/E RAW format is widely supported by other
third party applications, however it has a number of
drawbacks:
1.	It is a proprietary format, owned by Siemens PTI.
Third party developers can either reverse-engineer
the format or license it (for a fee) from Siemens
PTI. Standardising processes around the format is
therefore risky as Siemens PTI has regularly changed
sections of the format with new releases of PSS/E
requiring re-engineering of any systems that are
importing or exporting in the RAW format
2.	The format is aimed at power-flow and related
analysis, and so the format was created to support
this application. It therefore lacks support for defining
common components such as substations which
are not required for running analysis. Non-standard
approaches such as naming conventions or external
supplementary files can be used to include this
additional data, but there is no standard way to
do this
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3.	The format represents a bus-branch view of the
power network that is used for power-flow analysis.
A bus-branch view omits a lot of the detail from
the network to create an equivalent mathematical
representation suitable for analysis, omitting
equipment that does not have a direct impact on
power-flow (such as switchgear that is normally in a
closed position), and reducing multi-segment lines
into single segment equivalents.
SSEN has EHV representations of its network in PSS/E
format and this was the initial focus when identifying
the source of network data. Open Grid Systems has
an existing PSS/E RAW to CIM converter that is used
by utilities for creating standard representations of
their data. Discussions with SSEN planners revealed
that multiple PSS/E RAW files were created with
different load configurations to represent the different
planning scenarios, but the models themselves were
not maintained in PSS/E. Instead there were separate
databases maintained with the source data for both
SHEPD and SEPD from which the PSS/E RAW files were
generated.

4.1.2.2. Internal Source Databases
(Long Term Development Statement)
The internal source databases used by SEPD and SHEPD
for EHV planning represent the source data released to
third parties as SSEN Long Term Development Statement
(LTDS) data. This data is prepared in accordance with
standard license condition 25 of the Distribution License
under which SEPD and SHEPD operate.
The data is provided for anyone looking to connect
to the Extra High Voltage (EHV) part of the distribution
network including those connections to the HV network
at the primary substation. This data is used by third
parties to evaluate opportunities and create proposals for
connecting to the SSEN system. The LTDS data contains:
•	Current network data
•	Forecasted long term changes to the
distribution system
•	Planned changes to the distribution system
•	Information to identify sections of the network that
are likely to reach capacity in the next few years
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This data is supplied as a summary document and
detailed spreadsheets describing the data in a tabular
format. This data was examined and analysed to
determine whether it would be suitable for providing
the EHV network data for MERLIN.

analysed if the data is to be integrated with other
sources. The data lacks machine-readable schematics
and geographical data, so integration with the
Geographical Information System (GIS) data will be
required to allow for geo-visualisation.

4.1.2.3. LTDS Data

4.1.3. High Voltage Network Planning

The LTDS data is supplied as a spreadsheet in Microsoft
Excel format detailing:

The high voltage planning covers 11kV network data,
which is not part of the standard LTDS data and not
included in the EHV planning models created for PSS/E.
The LTDS data includes the 11kV buses, but not the
circuit data for 11kV (although it is noted that there are
some 11kV sections within the LTDS data for SHEPD,
further discussions with the planners will help to
understand why these circuits are included).

1.	The branch data including electrical impedance
and rating data
2.	The transformer data including the electrical
impedance, vector, tap and rating data
3.	Load data split by substation including historical
and forecast demand and the capacity information
4.	Fault Level information including system impedance,
fault currents and circuit breaker ratings
5.	Generation data on the distribution system covering
connected and accepted (planned) generation, its
type, and capacity

High voltage planning studies are undertaken if third
parties wish to connect to the network at the HV level,
or if SSEN is planning changes/upgrades to the network
at the 11kV level, so as to understand the impact.

4.1.3.1. PSS/SINCAL

The SEPD data differs slightly with table 2 split into two
winding and three winding transformers, and table 4 split
with a separate sheet covering the fault data on the 132kV
network (which is part of the distribution network in the
SEPD area but also part of the separate transmission
network in SHEPD). The SEPD data also includes the 22kV
circuits for that network.

The planning team at SSEN identified PSS/SINCAL
from Siemens PTI as the planning application used to
undertake studies. PSS/SINCAL support balanced and
unbalanced three phase analysis of the network for
operational and planning purposes. This was initially
seen as a favourable source of data for the HV network
as PSS/SINCAL support the import and export of data
in IEC CIM format supporting the ENTSO-E Common
Grid Model Exchange Standard (CGMES) v2.4.15 which
is also supported by Open Grid Systems’ Cimphony
products. Discussions with the planners confirmed that
PSS/SINCAL supported exporting its data in the CGMES
CIM XML format.

The LTDS data is in a custom spreadsheet format, with
different formats used for SEPD and SHEPD. This requires
custom scripts to parse and interpret the data, then to
convert the electrical equipment and its parameters into
a standard structure and format.

Discussions around the workflow undertaken by the
planners on how they build and maintain the HV network
data revealed that the process was not automated
and involved manual creation of networks to support
planning tasks.

6.	Interest in connection data covering offered and
accepted connections for load and generation on
the network

Initial prototyping and testing indicates that the data
provided is sufficient to create an electrical connectivity
model, however there are some areas around the use of
common names/identifiers that will need to be further
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The process described for undertaking an HV planning
study was:
•	The planner identifies the 11kV circuit that is to be
studied as part of the study
•	If this circuit has been studied recently (defined as
being within the last ~12 months) the previously
created PSS/SINCAL model is loaded and manually
updated based on any changes that have been made
within the GIS since it was last examined
•	If the circuit has not been studied recently, the
planner loads the GIS for the circuit and manually
builds the SINCAL model for that section of network
using the data from the GIS, including line positions,
connections and the circuit cable type defined in
the GIS
This discussion revealed that SINCAL is an end-tool for
the network data, and not the maintained source of the
data. The conversion from the source (identified as the
GIS) into SINCAL is manual and ad-hoc, and as such is
not a good candidate for creating standardised data in a
repeatable manner that can be automated.
Understanding the process taken by the HV planners is
useful in understanding how the GIS data is interpreted
and converted into the analysis models, and the
discussions also identified other sources of data that are
available and will be required to:
•	Map the cable/line types into electrical parameters
•	Apply nominal loads and generation data to load
and generation equipment on the HV network
The GIS was instead identified as the best source for
HV data as it is maintained and used by other processes
and systems within SSEN.

4.2 Operational Control
The operational control system is used for monitoring
and controlling the EHV network and the HV network.
This includes schematic visualisation of the network,
monitoring of sensor data (including switchgear positions
and power/current flow information), controlling
equipment, and dealing with faults on the network.
Within SSEN is the General Electric (GE) PowerOn
Distribution Management Systems (DMS). This system is
used for both the SHEPD and SEPD networks, and as it
contains an electrical connectivity model including all
switchgear, it was identified as a potential source of EHV
network data.
The discussions with the control engineers at SSEN
focussed on two aspects: the electrical network data
that was within the internal PowerOn database, and the
historical sensor data from the Supervisory Control and
Data Acquisition (SCADA) measurement readings.

4.2.1. PowerOn Network Data
There are a number of benefits in using the DMS
network model for MERLIN:
•	Operational models typically contain more detailed
network data than planning models (primarily around
switchgear placement)
•	The SCADA measurement points are already
mapped directly to points in the network so do not
need to be manually associated with specific points
•	A DMS operates with a detailed schematic so the
graphical data is already within the system
•	The DMS is a mission-critical application and as such
the internal data is kept current and well maintained
Initial discussions focussed on what data was within
PowerOn, and how it could be accessed.
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The DMS at SSEN is not running power-flow analysis,
and as such the data within the system does not currently
contain all the parameters and information required
to conduct these studies. Discussions with planners
revealed that there are medium-term plans for PowerOn
to import data from the new GIS which will be populated
with the electrical characteristic data required to run
network analysis.

4.2.2 Historical Sensor Data

The current database is therefore sparsely populated
with the attributes required (and which is included in the
LTDS data).

The SCADA data is presented by the DMS as part of the
standard displays, and can be used to trigger alarms for
operators. Discussions with the control room operators
revealed that there were SCADA measurements on the
EHV network and in some substations individual power
and current flow data for the individual 11kV circuits
downstream.

The extraction of network data from PowerOn is
challenging because:
•	PowerOn does not, by default, include an export
module to allow the network data to be exported in
a format that can be consumed by other applications
•	The database structure is considered proprietary by
GE and cannot be shared (and as such a database
dump of the SSEN data from PowerOn could
potentially violate license agreements)
Exporting of the PowerOn data would therefore require
some custom scripts to be developed that could pull data
into a non-proprietary structure, which would then have
to be converted into a standard format.
The PowerOn data was therefore discounted as a source
of EHV network data as it:
•	Lacked the parameters required for conducting
detailed network analysis
•	Was not available in a standard format or structure
for direct importing into the systems being used for
MERLIN

The SCADA measurement points on the network cover
a large number of sensors including oil temperature,
voltage, current and much more. For MERLIN we will be
interested in the readings that impact on the electrical
parameters such as switchgear positions, transformer tap
positions, and the real power, reactive power and current
flow at different points on the network.

These measurement points are mapped to points
on the electrical network within PowerOn, and so
understanding where the points sit on the network is
critical for building the single integrated model. The
best solution is to automatically extract and map the
points into the integrated network model, however if
required they can be manually mapped for the SHEPD
and SEPD networks being used for MERLIN.
The historical data for each sensor is stored within
the OSISoft Pi Historian. This data can be extracted out
either directly via a Pi API or as a bulk export into a file
format such as CSV. The operational engineers confirmed
that once the network areas and circuits for MERLIN have
been identified they can extract the required historical
information from Pi, and Open Grid Systems can then
map and import this data against the standard CIM
network model.
This process therefore bypasses the PowerOn data,
removing any technical and legal restrictions.

•	Could not be provided as a full database extraction
due to legal restrictions

SSEN Network Data Analysis
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4.3 Geographical Information System
The GIS at SSEN contains asset data including electrical
components across both SHEPD and SEPD. The GIS is
a GE SmallWorld system, with each network territory
having its own data schema covering the EHV, HV and
LV networks. This system is maintained and used by
personnel throughout the organisation from field crews
to planning engineers.
As part of the discovery process for MERLIN, extracts
for both the SEPD and SHEPD areas were provided by
SSEN and this data was analysed by Open Grid Systems.
The extracts were provided as Shape Files, a geospatial
vector data format developed by ESRI but provided as an
open data format and supported by a number of vendors
including GE.
This data was analysed to determine what is included and
whether it is suitable for integration with EHV data and as
the source of HV and LV data.

4.3.1. GIS Schema
The schema for SHEPD and SEPD are essentially
independent. This reflects how long GIS systems have
been in use and that SHEPD and SEPD were separate
companies until their merger in 1998. The Shapefiles
are of a common format, and so the definition of the
geographical properties are common, but the additional
data, including the tables and attributes, are separate.

4.3.1.1 SEPD GIS
The components from the SHEPD GIS schema identified
for conversion into CIM were:
•	
HV Cables – the high voltage underground cables
of 6.6-132kV
•

 V Overhead Lines – the high voltage overhead
H
lines of 6.6-132kV

•

 oints – points of interconnection between cables
J
and lines on the network

•

 ink Boxes – points on the network where cables
L
can be connected or disconnected

•

 V Cables and Service Locations – the low
L
voltage underground cables and the service points
(customer load points)

•	
LV Overhead Lines – low voltage overhead lines
•	
Substation Boundary – the boundaries of
substations including the EHV primary and HV/LV
secondary substations
•

In addition, other components were identified that can
be mapped into CIM as assets which would be useful for
visualisation and other non-analysis applications:
•

An exercise was undertaken to identify the components
for each network from the GIS and then to examine the
properties of each and how they would map to the IEC
CIM representation.

 oles and Towers – the poles and tower that
P
carry overhead lines

•	Substation Pole – small substations that are
considered to be pole mounted
•
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 witching Devices – switchgear such as jumpers,
S
fuses and disconnectors on the network

 ncillary cables – non electrical cables on the
A
network
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4.3.1.2 SEPD GIS

4.3.1.4 Deriving Connectivity

The components from the SHEPD GIS schema were
identified for conversion into CIM were:

The GIS stores the branch information as one or more
sequences of coordinates creating a multi-point line.
The format being used for the extraction does not
support the concept of connectivity (i.e. that individual
lines can be joined together at defined nodes). Instead
this connectivity must be derived by identifying the
common points where one or more lines start or end.

•	
HV Cables – the high voltage underground cables
of 6.6-33kV
•

 V Overhead Lines – the high voltage overhead
H
lines of 6.6-33kV

•	HV Joints - points of interconnection between
cables and lines on the 6.6-33kV network
•	
HV Pole Switch – pole-mounted switchgear on the
6.6-33kV network
•

 ink Boxes – points on the network where cables
L
can be connected or disconnected

•	
LV Cables – low voltage underground cables
•

 V Joints – points of interconnection between
L
cables and lines on the LV network

•

LV Routes – low voltage overhead lines

•	
Substations – the boundaries of substations
including the EHV primary and HV/LV secondary
substations
•	
Supply Locations – points on the network where
electricity is directly supplied by SSEN (excluding
service locations)

4.3.1.3 Attribute Mapping
For each of these components, the attributes were
also examined to identify identifiers, names, electrical
properties, type information etc. and then to map these
into CIM. This is not a simple one-to-one mapping in
many cases, as the CIM has a complex data structure of
its own, and uses common catalogue definitions (e.g.
to refer to cable types, standard voltages, containment
areas) so required complex scripting to process.

The issues can include:
The GIS had another component (e.g. a tower, pole,
switchgear) between the lines. As such the two end
points of the line are not at the same coordinate.
Line A

Line B

The lines appear to be at the same coordinate when
viewed at normal zoom levels, but upon closer
examination they finish close to each other but not at
the exact same point. This can happen when lines are
manually drawn without a snapping function, or they are
imported from different sources requiring coordinate
conversion:

The internals of a substation are not included within
the GIS and a substation is defined as the boundary of
the station. The internal connectivity of the station is
therefore not included and lines terminate at the edge
of the station:

Substation
Boundary

Initial prototyping indicated that the data provided
allows for identification of voltage, some cable/line
type information (where populated), phase information,
normal-open status for switchgear and other attributes
that will be required for electrical analysis.
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4.3.1.4 Deriving Connectivity continued
These challenges are common when extracting
electrical networks from GIS. They can be addressed
with intelligent processing and applying tolerances for
identifying points of interconnection. The substation
boundary issue highlights where there is a need to
integrate data from different sources, and the challenge
of aligning the definition of circuits from GIS with those
of planning and/or operations.
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Conclusion
After discussions with SSEN engineers and preliminary
analysis of the source data available, the conclusion is that
the MERLIN network models will be a combination of:
•	EHV network data from the LTDS planning data,
converted to CIM
•	GIS data for the EHV network, integrated with the
EHV data from LTDS to provide geographical layout
information for the LTDS components
•	HV network data from the GIS, with connectivity
derived from the GIS branch information
•	SCADA measurement points for the HV circuits
manually mapped to the target network substation
buses defined by LTDS
•	Historical SCADA measurement data extracted
from Pi
In addition to the sources above, data will be required for:
•	Standard line parameter data for the circuits, both for
those with known construction/material types, and
any nominal values for those with unknown types
•	Mapping substation names from GIS to those used
by LTDS (e.g. normalised 8 character names vs
unrestrained human-readable names)
Further work will look at the feasibility of building
functional LV network models in CIM from the GIS LV
data, including individual load-points and the low-voltage
cable/overhead line networks.
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