Enabling digital substations
through passive distributed
sensor networks
As the drive towards a decarbonised, decentralised
and digitalised energy industry continues, the
industry is increasingly focused on digitalising a core
element of every grid - the substation.
But digitalising a substation is not without challenges.
The initial high investment and concerns over the
operation of protection and control systems are
significant hurdles which the industry needs to overcome.
In this white paper, we explore the latest innovations
leveraging IEC 61850 to improve the relevance of
digital twins, simplification of substation design and the
automation of asset condition monitoring.

The simplified substation
The primary driver which has enabled the power
industry to implement digital substations is the
standardisation provided by IEC 61850. By aligning
all systems and software under one interoperability
standard the power industry has paved the way for
a substation of the future which is modular, efficient,
and fully automatable.
This standardisation has also enabled emerging
technology companies like us to step in and provide
versatile and innovative solutions to network operators.

Future technology now
Managing a complex grid
A direct result of the increasing complexity of our
energy networks is an increased volume of
information on the performance of all the assets
feeding into the substation.
As the quantity of data increases, so too does the need
for greater accuracy, efficiency and reliability.
By digitalising substations we can manage this influx
of information in a way which enables grid operators
greater visibility, control and predictive maintenance
options.
The direct result is
more cost-effective
asset management
and reduced
operational costs.

Our technology allows
standard single-mode fibre
(used in digital
telecommunication
networks) to be utilised
as a medium to serially
multiplex a high number
of passive current or
voltage sensors throughout
a power network, with no
need for copper wiring or
active measurement units.
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With our Distributed Electromechanical Sensing (DES)
technology, multiple active units can be combined into a
single system, virtually eliminating the need for power
supplies, copper wiring, and digital communications
networks in the yard. The resulting reductions in civil
work, materials and outage times bring significant
savings to capital and operational expenditure.

An industry first for Statnett and Synaptec
In an industry first, we partnered with Norwegian
TSO, Statnett, to deploy our Synchromerger™
technology at their pilot digital substation in
Furuset, Oslo.
We worked closely with Statnett’s engineers to
design, test and install a centralised system which
met Statnett’s requirement of a single system to
provide multi-terminal protection with additional
capability for mechanical (temperature or strain)
measurements.

Delivering automated
condition monitoring

Once installed, Synchromerger™ enabled
comparisons of performance against traditional
instrumentation technologies through Norway’s
extreme seasonal temperature
changes, ultimately quantifying how maintenance
outage time, equipment footprint and cost can be
saved.
With one system able to instrument 50 locations
synchronously, six busbar feeders were
independently and simultaneously protected by
one system, with capacity to spare for 10
additional feeders and integrated temperature
and vibration monitoring of nearby HV assets,
such as transformers.

Distributed electromechanical sensing (DES)
Distributed Electromechanical Sensing (DES) opens
up a simpler way to deploy new or retrofitted digital
substations which avoids many of the painstaking
barriers for utilities. For example, it removes the need
for dedicated Merging Units (MUs) and their required
supporting hardware, such as power supplies and the
PRP/PTP-compliant process bus to each MU.
Instead, all sensors (up to 16 three-phase voltages or
currents, per fibre) are passively collected using
optical fibre and delivered to a central IED. This helps
enormously with the logistics of building or retrofitting
digital substations.
By eliminating the need for MUs, there are dramatically
fewer substation devices to configure and maintain.
The management of IEC 61850 configuration files is
therefore far simpler.
This solution still delivers the benefits of IEC 61850 to
monitor HV assets but without some of the drawbacks.
A centralised protection approach can also readily be
applied to further consolidate substation functions.

This leads to important reductions in both the carbon
footprint and physical footprint required because the
roles of at least 16 IEDs are combined into a single
powered device (with power supply requirements
similar to a single conventional IED).
In new substations, this leads to the environmental
benefits of reduced land use and auxiliary power
consumption, a reduction in planning process time,
reduced cost of land, and reduced substation building
size and cost. In existing substations, it enables
expansion within the same footprint.
This approach has the further benefit of helping
system operators cater for black start requirements
(e.g. ENA G91 compliance in the UK) due to the
reduced power consumption.

Automated condition monitoring
Thanks to DES technology, automated condition
monitoring becomes a serious and achievable
option for operators. This is because DES makes it
possible to conveniently monitor many locations over
a wide area with high granularity and fidelity whilst
removing the complexities and security concerns of
deploying IoT devices.

It can also be used to develop an understanding of
the normal operational envelop of assets over the
long term, and automatically detect deviations. The
high-sampling rates and integrated power quality
analysis ensures that the impacts of subtle
parameters, such as harmonics and fast electrical
transients, are also tracked.

This enables remote management of assets within a
substation and in remote locations.

This level of intelligence is completely new and goes
far beyond the capabilities of conventional digital
substation instrumentation.

Digital twins
Digital twins are a way for system operators to save
money by automating data collection to reduce the
number of site visits to inaccessible and remote assets
and how operators respond to disruptions. However, for
digital twins to deliver what industry needs and wants
them to do, we need to significantly upscale the quality
of data being fed into them.
One way to achieve this is to represent the interactions
of multiple complex IEDs and use detailed models of
important electromechanical assets such as
transformers.
For example, a transient signal from a current sensor
may affect the operation of protection IEDs and a digital
twin allows the event, with all real inputs and suitable
visualisation, to be replayed and investigated – without
requiring staff to physically visit the substation and
interact with the operational IEDs. Using digital twins, a
large number of devices and substations can be closely
monitored creating a resilient management architecture
that would otherwise be difficult to achieve.
Synaptec’s technology is a powerful enabler of digital
twins because it can provide the best quality inputs to
deliver a complete picture of the asset or system.
This includes a broad range of high-fidelity electrical and
mechanical signals, such as voltage, current, power flow,
power quality, temperature, vibration, and strain. Our
system also provides the capability to transport the data
to centralised or cloud-based locations which perform the
digital twin computation.

Adopting digital
substation innovations
The need to adapt to a rapidly changing
energy industry through flexible, reliable,
futureproof technology is becoming
increasingly urgent.
Through our trials and live projects with UK
and European TSOs, we have proven that
automated condition monitoring is possible
and achievable.
By adopting systems like Synaptec’s,
operators will have the data and insights to
make better decisions around maintenance
schedules, enabling the move to a
predictive maintenance model rather than
the standard scheduled maintenance model
presently used.
Both the resulting leap in quality and
granularity of data and real-time insight into
the performance of assets results in
unrivalled visibility of the power network,
putting those who adopt such innovations
early on in a much stronger position to
manage the increasingly complex grid.

Synaptec is the leading developer of
photonic instrumentation for power
networks, enabling operators to reduce
downtime, investment and operating costs.
Synaptec was formed to address the evolving complex needs
of the power industry. Our technology was developed with two
primary benefits in mind: reducing the cost of instrumentation,
protection and control monitoring of power systems and
providing real-time granular information on what's happening
across power systems, networks and valuable assets.
The result is a system which gives unrivalled visibility, detail
and flexibility and which directly supports the transition to a
more complex, cleaner industry.
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