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Our Centre
The Power Networks
Demonstration Centre
(PNDC) is a unique, worldclass, collaborative research,
development and
demonstration venture aimed
at supporting its members
achieve international
excellence through support
with investigations, testing
and implementation of
innovative solutions.
Founded by the University
of Strathclyde, ScottishPower
Energy Networks and SSE
Power Distribution with
support from Scottish
Enterprise and the Scottish
Funding Council, it is now
opened to new members.

The Centre brings together
its members, engineers
and technologists to define
and execute research,
development, and
demonstration projects that
will help shape the electricity
industry of the future. Our
collaborative model creates
multidisciplinary teams
from across the Centre,
our industrial partners
and leading experts from
academia. This pooling of
resources creates financial
and intellectual momentum
that no one institution could
achieve in a single endeavour.
This amalgamation is
underpinned by unique
testing facilities comprising
low-voltage laboratories
and a fully operational
distribution network.

Together, world-class
experts and facilities allow
the Centre to play a key role
in accelerating emerging
technologies towards
commercial deployment
in a realistic, controllable,
environment within which
to de-risk smarter solutions
for tomorrow’s networks.

ERSHIP

Our Objectives
Our main objectives are
three-fold:
• To support our members
achieve international
excellence.
• To develop a realistic and
controllable platform for
researching and developing
useful, innovative electrical
transmission, distribution
and generation technologies.
• To create a rapid and
effective technology pipeline
accelerating the proving and
deployment of innovative,
integrated solutions.
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Motivation
The use and requirements
of electrical networks are
changing. Generation is being
connected across all voltage
levels, disturbing the
traditional unidirectional
power flow from the
transmission system down
through distribution networks
towards customers. At the
same time, customers are
expecting increased reliability
and quality of supply,
performance criteria that are
being strongly backed by
regulatory incentives. In
themselves, these would be
sufficient drivers to strive for
innovation; however, when
combined with a backdrop of
ageing assets and the largest
levels of asset replacement
since the late 1960s, ensuring
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that investment is conducted
wisely and in accordance with
future energy policy is
essential.
Extensive scenario
development has provided
an indication of potential
issues and opportunities that
may arise within the power
networks of the future for
a given range of external
influences. Numerous
innovative or novel
technologies, products or
operating paradigms have
been suggested to solve
the myriad of anticipated
problems. However, some

major barriers — technical,
economic and regulatory
— still stand in their path
towards adoption and
acceptance from their current
state as predominantly
research lab scale
demonstrations. This
represents an onerous task
for any technology within
an industry that is heavily
controlled through statutory
obligations and regulation,
operates networks with
extremely long operational
lifetimes and is, consequently,
risk averse.

A centre guided by the
needs of the industry,
directed by the needs
of our members.

Whilst the need to develop
new smarter technologies is
vital to ensure the correct
and timely investment
decisions are made such that
existing networks can advance
with minimal disruption or
stranding of assets, their
testing and demonstration
is challenging.
The Power Networks
Demonstration Centre offers
an ideal platform to accelerate
the development of these
technologies through its
staff and facilities, develop
operational experience and
reduce delivery risk.

The Network
The demonstration network
provides a flexible
arrangement of the primary
and secondary equipment
that is required to represent
typical rural, urban and
suburban networks in the UK
(11 kV and 400 V). The network
can be supplied either directly
from the grid or using a 5 MVA
motor-generator set to allow
both voltage and frequency
disturbances to be applied.
The network itself is built
using a mixture of cables
and overhead sections.
Variable lumped impedance
equivalents are used to
provide a more dispersed
network, within the footprint
available.
A primary substation replica
allows for voltage control
via on-load tap changers and
automated ring main units,
these are used throughout
the network. The network has
fibre-optic communications
throughout as well as easily
accessible connection points
to allow quick changeover
between communications
systems.
The capability to apply
resistive balanced and
unbalanced faults at both
voltage levels is also present.
A visualisation of the Centre
is provided in the illustration
opposite.

In addition to the standard
operator instructions through
the SCADA system, references
for the grid interface controls
can also be supplied from
recorded profiles through a
real-time digital simulation
platform. This allows for the
examination of the wider
impacts of operational
strategies and technologies
beyond the section of network
physically constructed.
In addition, there is a highspeed measurement and
data logging system installed
in parallel to the SCADA
in order to provide better
granularity and further
understanding of system
behaviour.

INN

This network configuration
provides for a true assessment
of the integration of
innovative technologies
and solutions within a
realistic power network
and encompasses normal,
infrequent and faulted
conditions allowing for soak
tests and device behaviour
analysis to be conducted.
This accelerated exposure
to diverse conditions allows
us to conduct extensive
testing and much faster
than ordinary trials.
↗ Power Networks Demonstration Centre
showing the physical layout of the
MV and LV network

NOVATION
Securing Intellectual Property
Protection of intellectual
property (IP) is an important
element of our operations,
in particular when it comes
to handling of background
information, delivery and
use of draft results and
information which might
have legal and/or regulatory
context.
Secure rooms and test cells
are available to support
effective intellectual property
protection. For IP stored or
shared through digital
environments, the Centre
has put in place tagging and
tracking techniques in all
projects as well as a strong
parallel identity and access
management system for all
individuals within each
organisation.

Membership
Any utility, manufacturer and
service provider may become
a member of our Centre. It
is open to all organisations,
subject to approval by the
Executive Board and the
execution by the incoming
member of the Deed of
Accession. Membership
comes with several benefits,
amongst others:
• Access to our experts.
• Direction of the core
research themes through
Theme Groups and Board
participation.
• Leverage on investment,
with the typical project
activity to cost ratio being
conservatively more than
three times member
investment.

JOIN
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Depending on your business,
membership involves two
categories for engagement,
Tier 1 and Tier 2.
Tier 1 Membership
Tier 1 membership involves
an annual fee of £150,000.
It gives the member
organisation the following
rights:
• One voting seat at the
Executive Board, the
principal decision-making
body. Amongst other things,
the Board approves the
annual operating budget
and the annual core
research programme.
• One voting seat at the
Technical Board, which
drives the research strategy.
• Full access to results from
the Core Research
Programme.
• A perpetual, non-exclusive,
royalty-free license to IP
created through the core
research programme.
• Use of facilities for
individual research projects.
• Possibility to have a member
of staff located at PNDC
premises working alongside
PNDC staff.
• Free knowledge-exchange
monthly workshops.

Tier 2 Membership
Tier 2 memberships involves
an annual fee of £25,000.
It provides the member
organisation with the
following rights:
• One joint voting seat with
all other Tier 2 members
at the Executive Board.
• One joint voting seat with
all other Tier 2 members
on the Technical Board.
• Access to the Summary and
Introduction of the reports
produced from the Core
Research Programme.
• The option of a nontransferable royalty-bearing,
non-exclusive license to IP
created through the Core
Research Programme.
• Use of PNDC facilities for
individual research projects.

RESEARCH
Core Research Themes
The Core Research Programme
is presently divided into six
themes. These themes are
interrelated and overlap with
each other at various points.

Asset
Management

The diagram on the right
illustrates the interaction.

Sensors
& Measurement

Communications
& Systems Integration

↑ Representation of PNDC core research
themes and their relationship

Protection
& Control

Asset Management
The full value of electric
power system assets is
realised when assets are
operated to their maximum
useful lives.
The landscape of generation,
transmission and distribution
is changin — there has been
limited investment in recent
decades and now a transition
to the future is underway.
That future includes new
base load generation and
significant renewable sources
which places unforeseen
stresses on equipment and
the systems that connect
them. In addition, much of
the current asset base still
needs to operate safely,
reliably and affordably for
some considerable time to
support this transition.

Network &
Demand-Side
Management

Power Electronics &
Distributed Energy
Resources

In order for the transition to
be successful, the electricity
industry needs to maximize
the return from the significant
assets that are already in
place.
Asset management is
therefore a growing area
of interest. This theme
concentrates on the
development of methodologies
for management of asset
condition and maintenance
practices, development of
risk analysis and cost analysis
modules and investigation
into decision-making
practices. All of this within
the context of present and
future market drivers. +

Communications &
Systems Integration
The complexity of the
electricity supply network
continues to grow as
electricity production moves
away from the traditional
centralised model of
generation, appropriate
to a small number of large
generating stations, to a
distributed model appropriate
to a large number of stations
that are more disparate in
both size and technology.
Renewable technologies, such
as wind and solar, generally
require connection to the grid
via DC links, energy storage
devices and DC-AC converters.
The real-time monitoring,
control and optimisation of
such a complex network in
the context of stability,
synchronisation, power
quality, islanding protection,
reliability, load balancing,
intelligent metering and
active demand management
etc, requires an ICT
infrastructure that is orders
of magnitude larger and
more sophisticated than that
required for the traditional
power system. Many
technologies can be
integrated to realise this
ICT infrastructure including
sensor networks, power-line
communication (PLC),
optical fibre and wireless
communications, and GPS
for location and timing.

The performance, reliability
and security of these
technologies, both
individually and in
combination, operating
in the challenging
electromagnetic environment
of the power system needs
to be established in order
to realise a communications
network fit for the future
smart grid.
This theme investigates
existing, emerging and novel
communications technologies
to support the development
of the grid. It will use
PNDC testing facilities to
demonstrate performance
and improve capability. +

Network & Demand-Side
Management

Power Electronics &
Distributed Energy Resources

Significant advancements

Power electronics systems will

towards a low carbon economy
require the integration of
clean and renewable forms
of energy sources on the
UK’s distribution networks.
Taking an active approach
to distribution network
management offers the ability
to facilitate increased levels
of distributed generation
(DG), capped by traditional
planning limits, through the
real-time monitoring and
control of distribution
network assets. Active
Network Management (ANM)
therefore provides a costeffective way of managing
network constraints such that
increased levels of DG can
access the current distribution

become increasingly common
in networks as a means of
connecting distributed energy
resources (DERs) as devices
which manage power flows
and as an interface for new
HVDC lines.

network while avoiding high
capital reinforcement
expenditure.
This theme conducts
investigations into systems
and schemes for the real-time
operational management of
distribution network technical
constraints that meet the
commercial and technical
objectives to enable current
network capacity headroom
to be utilised. +
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This core research theme
looks at all the various areas
related to power electronics
from the use of DC
technologies for different
voltages and FACTS to
V2G/G2V connections. +

Protection & Control
Future electricity networks
must be capable of
incorporating widespread
energy generation, storage
facilities and ‘smart grid’
solutions. From a protection
perspective, networks will
be subject to changing and
variable fault levels. There
will also be changes to the
topology of networks and
markedly different system
behaviour, particularly during
network faults. Coordination
of network protection, and
between network protection
and the protection of
distributed energy resources
(including energy storage)
represent major challenges
that must be addressed
through research,
development and
demonstration.
The protection of future
networks must be fit for
purpose under all possible
scenarios in order to realise
the vision of the ‘smart grid’.
This theme investigates the
protection and automation
of future networks — covering
networks that are both
incrementally and radically
different from those of today. +

Sensors & Measurement
Reliable condition monitoring,
proper diagnostics and
accurate interpretation could
help reduce the rate of aging,
improved operations and
network optimisation, enable
an accurate assessment of
the overall integrity of the
network and its assets,
and minimize the risk of
unexpected failures. Sensing
technologies and systems
play a strong role in filling
this need.
This theme develops
novel sensors as well as
characterizing a variety
of sensor technologies that
could be applied within the
electricity business and
analyses methods and
systems to make better
use of the data. •

Power Networks
Demonstration Centre
62 Napier Road
Wardpark
Cumbernauld g68 0ef
www.strath.ac.uk/pndc
pndc@strath.ac.uk

The Power Networks
Demonstration Centre
is founded by:
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