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1.

Executive summary

1.1 Background and purpose
The growth of Low Carbon Technologies (LCTs) will have a significant effect on electricity distribution networks. The
Active Response project aims to demonstrate active reconfiguration of the network and the use of power electronics to
support the growth of LCTs.
For Distribution Network Operators (DNOs), the uptake of LCTs has been more rapid than expected. The actual number
of electric vehicles (EVs) registered in UK Power Networks’ three licence areas has exceeded our RIIO-ED1 business
planning forecasts. A significant uptake is predicted over the next five years, and it is expected that 4.1m vehicles will
connect to our networks by 2030. According to National Grid’s Future Energy Scenarios 20181, the increased uptake of
EVs is expected to increase peak demand by 8.1GW across Great Britain (GB) by 2030. If no smart solutions are applied,
significant reinforcement will be required – with the costs largely being borne by customers.
At UK Power Networks we strive to enable the uptake of LCTs at the lowest cost to customers. As such we are
developing a toolbox of smart solutions to ensure we have the right solution for any challenge we face. The Active
Response project will deliver two physical smart asset solutions – also known as Power Electronic Devices (PEDs) –
which can provide a range of benefits, including the deferral of costly network reinforcement. These solutions are the
second-generation Low Voltage (LV) Soft Open Point (SOP) and a novel High Voltage (HV) Soft Power Bridge (SPB).
The SOP and SPB can control power flows and voltages on the LV and HV networks respectively without increasing
fault levels.
The project will also deliver an advanced optimisation and automation platform, a software solution which can deliver
benefits over a wide area if the enabling technologies are in place. This advanced optimisation and automation solution
will be part of a larger Active Network Management (ANM) platform. In order to maximise network capacity, the ANM
platform will optimise the network configuration through changing open points on the network and also optimise the
behaviour of the SOPs and SPBs.
Throughout the duration of the Active Response project, the team will share key learnings with the industry. The project
will deliver nine learning reports (see Table 16) – known as Project Deliverables – which capture learnings from various
stages of the project. The value of innovation will play a major part in ensuring DNOs can support a low-carbon future.
UK Power Networks recognises the importance of sharing learning from its projects to ensure DNOs in GB can work
collaboratively to deliver solutions to support this shared objective.
This report – the second deliverable for Active Response – describes the criteria developed for selecting trial sites for
the Active Response project and provides details of the potential sites that have been selected. Specifically, this report
gives details of:

1

•

The criteria used for selection of the sites

•

How the site selection methodology was derived

•

The network sites selected for the four trials

•

The lessons learned from the trial site selection process

•

The next steps in preparation for the trials

Reference: National Grid 2018; available at URL http://fes.nationalgrid.com/fes-document/
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1.2 Overview of trials and site selection
The trials are at the heart of the Active Response project. They are intended to demonstrate the functionality and the
benefits of the two Project methods: Network Optimise and Primary Connect (see Figure 1 below).

Network Optimise

Primary Connect

Optimisation and automatic
reconfiguration of HV and LV networks
in combination using remote controlled
switches and Soft Open Points

Controlled transfers between Primary
Substations using a Soft Power Bridge
to share load and optimise capacity

Figure 1. The two Active Response project methods

The project will complete four trials, and these will provide vital data from distribution networks and lessons for businessas-usual (BaU) implementation. Figure 2 illustrates the methods and solutions that the project will demonstrate and
Table 1 describes how these will be demonstrated in each of the four trials. The four trials will build in complexity over
the course of the project to minimise risk to both customers and the network, whilst demonstrating the project methods
and solutions.

Figure 2. Active Response methods and solutions
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Trial number and name
Trial 1 – Active HV

Trial 2 – Network Optimise

Trial 3 – Primary Connect
Trial 4 – Active Response

Description
This will trial Solution 1 using the advanced automation and optimisation system for
remote switching of ring main unit (RMU) ring switches to optimise the configuration
of HV distribution networks (without the use of PEDs, or LV reconfiguration).
This will trial the complete Network Optimise method, incorporating Solutions 1, 2
and 3. The advanced automation and optimisation system will provide instructions
for remote switching of ring switches at HV as well as circuit breakers, link box
switches and SOP devices at LV to optimise the configuration of the network.
This will trial the Primary Connect method in isolation, using an SPB to perform
controlled load transfers to optimise capacity.
This will trial the Network Optimise and Primary Connect methods as a harmonised
solution, to prove that the technologies can operate in conjunction with each other to
maximise the benefits.
Table 1 – Trial descriptions

The objective of the trials is to demonstrate that the Active Response solutions can be used to create headroom (defined
as the capacity available for connection of new load or generation) on distribution networks by optimising loads on
feeders to reduce constraints. The demonstration of the solutions in a live network environment is necessary for them
to be adopted by network infrastructure planners and operational personnel within UK Power Networks and other DNOs.
1.3 Design of trials and selection methodology
The site selection processes for Trials 1, 2 and 3 follow a process of filtering from the entire population of networks via
four steps. These steps are based on practical and technical considerations, so that sites displaying the necessary
attributes to test the solutions are highlighted. Where several locations are shortlisted, a ranking process is applied to
select the preferred option.
The site selection process for Trials 1, 2 and 3 is summarised in Figure 3 below.

Stage 1: Select
network type and
configuration

Stage 2: Loading
review

Stage 3: Equipment
and network
arrangement
review

Stage 4: Ranking
and final
considerations

Figure 3 – Overview of the site selection process

For Trial 4, site selection involves the identification of common sites shortlisted from the Trial 2 and 3 selection processes,
when applied to a licence area. Locations identified by the Trial 2 and 3 site selection process will have attributes suitable
for testing both methods in tandem, as per the requirements of Trial 4.
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1.4 Outcomes of the site selection process
The selected sites for the four trials will be finalised in a detailed design stage from the shortlists in Table 2 below.
Trial

Site details

Trials 1 and 2

The sites for Trials 1 and 2 will be selected from the list below (ranked in terms of potential to
demonstrate benefits) following a detailed investigation into the specific network arrangements
that will take place in Q1 2019. They are all in the LPN licence area.
1. Durnsford Road – SW Feeder Group
2. Dukes Ave – W Feeder Group
3. Trinity Crescent – NE Feeder Group
4. Trinity Crescent – SE Feeder Group
5. Trinity Crescent – NW Feeder Group
6. Dukes Ave – NE Feeder Group
7. Dukes Ave – N Feeder Group

Trial 3

South Stevenage and East Stevenage primary substations in the EPN licence area have been
selected as the preferred site for Trial 3. The NOPs on the HV networks between the two
primaries will be subject to a detailed investigation during Q1 2019 to establish the most
appropriate location for the SPB.

Trial 4

The sites for Trial 4 will be selected from the list below following a detailed investigation into the
specific network arrangements. They are both located in LPN, and were selected after
completion of the site selection process for Trials 2 and 3 within the LPN licence area.
1. Durnsford Road and Trinity Crescent
2. Durnsford Road and Dukes Avenue
Table 2 – Summary of selected sites for each trial

This document concludes with sections detailing the lessons learned from the trial site selection process, their relevance
to the future BaU process and an outline of the project’s next steps.
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2.

Definition of terms

Term

Definition

ADMS

Advanced Distribution Management System

ANM

Active Network Management

BaU

Business as Usual

BSP

Bulk Supply Point

CI

Customer Interruptions

CML

Customer Minutes Lost

DNO

Distribution Network Operator

DSR

Demand Side Response

EPN

Eastern Power Networks

EV

Electric Vehicle

FPP

Flexible Plug and Play

FSP

Full Submission Pro-forma

FUN-LV

Flexible Urban Networks-Low Voltage

GB

Great Britain

GSP

Grid Supply Point

GW

Gigawatt

HV

High Voltage (11kV or 6.6kV)

IDNO

Independent Distribution Network Operator

KASM

Kent Active System Management

LCL

Low Carbon London

LCT

Low Carbon Technology

LPN

London Power Networks

LTDS

Long Term Development Statement

LV

Low Voltage (400V)

NIC

Network Innovation Competition

NOP

Normally Open Point

PED

Power Electronic Device

RMU

Ring Main Unit

RTU

Remote Terminal Unit

SCADA

Supervisory Control and Data Acquisition

SNS

Smarter Network Storage

SOP

Soft Open Point

SPB

Soft Power Bridge

SPEN

Scottish Power Energy Networks

SPN

Southern Power Networks

SULV

Smart Urban Low Voltage

TPS

Turbo Power Systems
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3.

Background and purpose

The following section provides an introduction to Active Response and also explains the purpose of the report.
3.1 Introduction to Active Response
The growth of LCTs will have a significant effect on electricity distribution networks. The Active Response project aims
to demonstrate that active reconfiguration of the network with power electronics can be used to manage these effects.
For DNOs, the uptake of LCTs has been more rapid than expected. The actual number of EVs registered in UK Power
Networks’ three licence areas has exceeded our RIIO-ED1 business planning forecasts, and a significant uptake is
predicted over the next five years. According to National Grid’s Future Energy Scenarios 20182, the increased uptake
of EVs is expected to increase peak demand by 8.1GW across GB by 2030. If no smart solutions are applied, significant
reinforcement will be required – with the costs largely being borne by customers.
At UK Power Networks we strive to enable the uptake of LCTs at the lowest cost to customers. As such we are
developing a smart solution toolbox (shown in Figure 4) to ensure we have the right solution for each challenge we
face. More detail on these solutions can be found on our innovation website.

Figure 4 – Toolbox of UK Power Networks’ smart solutions

The Active Response project will deliver two physical smart asset solutions – also known as Power Electronic Devices
(PEDs) – which can provide a range of benefits, including the deferral of costly network reinforcement. These solutions
are the second-generation Low Voltage (LV) Soft Open Point (SOP) and a novel High Voltage (HV) Soft Power Bridge
(SPB). The SOP and SPB can control power flows and voltages on the LV and HV networks respectively without
increasing fault levels. In the UK Power Networks licence areas, HV refers to 11kV and 6.6kV and LV refers to 400V.

2

Reference: National Grid 2018; available at URL http://fes.nationalgrid.com/fes-document/
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The project will also deliver an advanced optimisation and automation system, a software solution which can deliver
benefits over a wide area if the enabling technologies are in place. This advanced automation and optimisation system
will be developed within UK Power Networks’ strategic Active Network Management (ANM) platform and fully integrated
with its existing Advanced Distribution Management System (ADMS) and its Supervisory Control and Data Acquisition
(SCADA) infrastructure. In order to maximise network capacity, the advanced automation and optimisation system will
optimise the network configuration through moving open points and through the behaviour of the SOPs and SPBs.
Active Response is funded through Ofgem’s Network Innovation Competition (NIC) funding mechanism. The project
started in January 2018 and will complete in November 2021. It is a collaborative project with partners Scottish Power
Energy Networks (SPEN), Turbo Power Systems (TPS), CGI, and Ricardo Energy & Environment. By partnering with
SPEN we can ensure that the methods, once proven, are deployable in at least five of the 14 GB licence areas and
hence wide applicability is highly likely.
Ricardo are technical consultants and have several key roles within the project consisting of both technical and project
management across all work streams. TPS are responsible for the project’s hardware requirements, designing and
manufacturing the PEDs. CGI are the project’s ICT system architect.
If proven successful, Active Response could save customers across GB £271m in reinforcement costs – approximately
£9.34 from every customer’s bill – by 2030. As well as reducing reinforcement costs, the project aims to help
reduce overloading on circuits; this in turn aims to reduce Customer Interruptions (CI) and Customer Minutes Lost (CML),
the key parameters for measuring the frequency and duration of power cuts experienced by customers.
Active Response builds on the learnings from several completed and ongoing innovation projects. The completed
Flexible Urban Networks-Low Voltage (FUN-LV) and Smart Urban Low Voltage (SULV) Networks projects are two such
projects, which were funded under the Low Carbon Network Fund and Network Innovation Allowance respectively. Both
projects were led by UK Power Networks.
3.2 Active Response methods and solutions
Active Response is based on two key methods, called Network Optimise and Primary Connect. These are shown in
Figure 5.

Network Optimise

Primary Connect

Optimisation and automatic
reconfiguration of HV and LV networks
in combination using remote controlled
switches and Soft Open Points

Controlled transfers between Primary
Substations using a Soft Power Bridge
to share load and optimise capacity

Figure 5 – Summary of the two project methods
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Network Optimise is comprised of three solutions and the overall Active Response solution combines Network Optimise
with Primary Connect, as shown in Figure 6.

Figure 6 – Solutions and methods to be trialled in Active Response

Solution 1 is being trialled for the first time in this project, while Solutions 2 and 3 were trialled in the FUN-LV and SULV
projects3. Although they are not the focus of Active Response, Solutions 2 and 3 will be incorporated into the Network
Optimise method.
If successful, the methods and solutions shown in Figure 6 will be incorporated into UK Power Networks’ business
processes as part of network infrastructure planners’ toolbox of potential solutions to address network constraints. The
planning process is shown conceptually in Figure 7, with potential solutions ordered from lowest to highest cost (from
bottom to top).

Figure 7 – The future toolbox of planning process potential solutions to address network constraints

3

Please see the project websites for FUN-LV and SULV for more information.
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Further detail on the methods and solutions is provided in UK Power Networks’ Full Submission Pro-forma (FSP), which
is available on UK Power Networks’ Innovation website4.
This report also gives an overview of the methods and solutions included in each of the trials. The trials are intended to
demonstrate how these methods and solutions will contribute to UK Power Networks’ toolbox of potential smart solutions.
3.3 Purpose of this report
The purpose of this report is to describe the criteria developed for selecting trial sites for the Active Response project
and provide details of the potential sites that have been selected. Specifically, this report gives details of:
•
•
•
•
•

The criteria used for selection of the sites
How the site selection methodology was derived
The network sites selected for the four trials
The lessons learned from the trial site selection process
The next steps in preparation for the trials

This report is the second Project Deliverable of nine that will be submitted over the course of the project, as described
in the Project Direction5. The Active Response Project Deliverables have been designed to demonstrate clear progress
towards the project objectives and disseminate valuable learning to interested stakeholders at key milestones of the
project. Stakeholders include Ofgem, other DNOs, customers, industry groups, professional bodies, academic
institutions, equipment manufacturers, smart grid service providers and local authorities. Table 3 summarises the
evidence supporting the stated objectives for Project Deliverable 2.
Project Deliverable

Evidence

Supporting Evidence

Trial Site Selection Criteria and
Process Outcome

Description of possible site selection
criteria, derivation of the selected
methodology and details of the
networks selected for the four project
trials

The site selection criteria, derivation of
the methodology and details of the
selected networks are described in
subsections for each of the four trials as
follows:
•

Trial 1 and 2: Section 5

•

Trial 3: Section 6

•

Trial 4: Section 7

Table 3 – Summary of Project Deliverable 2 supporting evidence

4
5

URL: http://innovation.ukpowernetworks.co.uk/innovation/en/Projects/tier-2-projects/active-response/
Available at URL: https://www.ofgem.gov.uk/publications-and-updates/network-innovation-competition-project-direction-activeresponse-distribution-network-constraints
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3.4 Overview of the structure of this report
This report describes the site selection process for the four trials in Active Response. The document’s structure is shown
in Figure 8 below.

Section 1
•Executive summary

Section 2
•Definition of terms

Section 3
•Background and purpose

Section 4
•Provides an overview of the trials and site selection process including: objectives of the trials and the approach taken to
design them so that the aims are achieved; common principles applied for all four trials

Section 5
•Provides specific details of Trials 1 and 2; the subsections describe the objectives of each trial, the site selection criteria, the
selection methodology and the outcomes of the process

Section 6
•Provides specific details of Trial 3; the subsections describe the objectives of each trial, the site selection criteria, the
selection methodology and the outcomes of the process

Section 7
•Provides specific details of Trial 4; the subsections describe the objectives of each trial, the site selection criteria, the
selection methodology and the outcomes of the process

Section 8
•Describes the lessons learned from the site selection process

Section 9
•Summarises the report and the next steps for the project

Figure 8 – Document map
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4.

Overview of trials and site selection

4.1 Justification for the trials
The four trials are at the heart of the Active Response project. They are intended to demonstrate the functionality and
the benefits of the two methods: Network Optimise and Primary Connect. The trials will provide vital operational data on
distribution networks and lessons for BaU implementation. Demonstrating the solutions in a live network environment
is necessary for them to be adopted by network planners and operational personnel within UK Power Networks and
other DNOs.
4.2 Objectives and aims of the trials
The primary objective of the trials is to demonstrate that the Active Response solutions can be used to create headroom
(defined as the capacity available for connection of new load or generation) on distribution networks by optimising loads
on feeders to reduce constraints. This includes the following aspects:

To demonstrate the effectiveness of the advanced automation and optimisation system

To demonstrate the correct operation of the SOP and SPB devices

To develop the SOP and SPB devices to technology readiness level 8 (tested and qualified for
commercial use)

To demonstrate a range of possible applications to which the solutions can be applied

To collect data to calculate the benefits of the solutions for customers and the network and thus evaluate
the viability of the solutions

UK Power Networks (Operations) Limited. Registered in England and Wales. Registered No. 3870728. Registered Office: Newington House, 237
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The specific objectives and aims of the four trials are described in Sections 5, 6 and 7 of this report. Some aims are
common to all four trials, as listed below:
Test the operation and performance of the advanced optimisation and automation solution
against defined performance indicators
Investigate the nature of users’ interactions with the advanced optimisation and automation
solution
Identify the most important/effective optimisation parameters
Identify procedural requirements for application of each of the trialled solutions
Identify the technical issues to be addressed
Produce suitable network data for analysis

Evaluate whether the trialled solutions can demonstrate quantifiable benefits and are viable

If the solutions are viable, estimate the number of locations in the UK Power Networks licence
areas where they might provide benefits and quantify the estimated benefits available through
their use
Understand the technical criteria for successful application
Produce enough data to allow an evaluation of the business case for the solution(s)

UK Power Networks (Operations) Limited. Registered in England and Wales. Registered No. 3870728. Registered Office: Newington House, 237
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4.3 Approach to the trials
To minimise the risks to the network and to the quality of customers’ power supply, the four trials will build in complexity
over the course of the project. They are summarised in Table 4 below:
Trial number and name

Description

Trial 1 – Active HV

Using the advanced automation and optimisation system for remote switching of
RMU ring switches to optimise the configuration of HV distribution networks (without
the use of PEDs, or LV reconfiguration).
The complete Network Optimise method incorporating Solutions 1, 2 and 3. The
advanced automation and optimisation system will provide instructions for remote
switching of ring switches at HV as well as circuit breakers, link box switches and
SOP devices at LV to optimise the configuration of the network.

Trial 2 – Network Optimise

Trial 3 – Primary Connect
Trial 4 – Active Response

The Primary Connect method in isolation, using an SPB to perform controlled load
transfers to optimise capacity.
Combining the Network Optimise and Primary Connect methods as a harmonised
solution to prove that the technologies can operate in conjunction with each other to
maximise the benefits.
Table 4 – Summary of Active Response trials

All data gathered during the trials will be stored in a database owned by UK Power Networks and will be made available
to interested parties at the end of the project in accordance with UK Power Networks’ innovation data sharing policy.
4.4 Principles to be used in the site selection methodology
The site selection processes for Trials 1, 2 and 3 follow a process of filtering from the entire population of networks via
four steps. These steps are based on practical and technical considerations, so that sites displaying the necessary
attributes to test the solutions are highlighted. Where several locations are shortlisted, a ranking process was applied
to select the preferred option.
The site selection process for Trials 1, 2 and 3 is summarised in Figure 9.

Stage 1: Select
network type and
configuration

Stage 2: Loading
review

Stage 3: Equipment
and network
arrangement
review

Stage 4: Ranking
and final
considerations

Figure 9 – Overview of the site selection process

The site selection process for Trial 4 is an identification of where there are common sites on the shortlists for Trials 2
and 3, as these locations will have attributes suitable for testing both methods in tandem.
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The processes summarised in this document were enacted using:
•

Network and loading data from the UK Power Networks 2017 Long Term Development Statements (LTDS) for
EPN and LPN

•

Loading data from UK Power Networks’ data historian for specific sites, between 1 October 2017 and 1 October
2018

•

UK Power Networks’ network infrastructure investment plans

•

Inspection of the network configuration from UK Power Networks’ ADMS

Site selection was therefore completed using the understanding available from these data sources, and the conclusions
reached may vary if network conditions change or alternative data sources are used. However, the sites selected are
suitable for use in the trials according to current understanding.
This report is focused on the methodology used to select sites for the Active Response project. The future BaU process
flows to be used by planners to deploy Active Response solutions will be addressed in Project Deliverable 6 (Project
Technology Handover, Rollout and Adoption into BaU Plan); this will be published in 2021. Although the trial site
selection methodology and BaU processes may have common elements, the trial sites will be selected to suit the
objectives of the specific trials and maximise the operational data obtained.
Learning for BaU implementation: The site for Trial 3 was selected first, followed by Trials 1 and 2, and finally Trial
4. Site selection for Trial 3 was prioritised because it was necessary to obtain site specific data as early as possible to
inform the design of the SPB and allow for an early investigation into phase angle differences between HV feeders on
potential sites. However, in this report the site selection process for the trials is presented in ascending order, starting
with Trials 1 and 2 in Section 5.

5.

Design of Trials 1 and 2

5.1 The solutions to be trialled
Trial 1 – Active HV
Trial 1 is called Active HV because it will apply the Network Optimise methodology to the HV system only (i.e. not at the
LV level), without the use of PEDs. This corresponds to Solution 1, shown in Figure 10 below.

Figure 10 – How Solution 1 (Active HV) fits into the Network Optimise method
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Active HV is the least complex application of the Network Optimise methodology because it involves moving the location
of open points within radial HV networks automatically to optimise the loads on feeders from the primary substations.
Secondary substations are connected by RMUs, which typically have two HV terminals connected in series to other
RMUs or the primary substation busbars. They also have a third terminal that feeds the LV network through a
transformer. Figure 11 shows a simplified diagram and a photograph of a typical RMU.

Figure 11 – A photograph of an RMU and LV air circuit breaker and a simplified diagram of an RMU

Open points between secondary substations are moved by opening and closing the switches in the RMUs. In traditional
distribution networks, RMU switches are manually actuated and are therefore not opened and closed during normal
operation. Increasingly RMUs are being installed with remote actuators which can be operated from the control room.
The Active HV solution requires RMUs and circuit breakers to be remotely actuated in response to instructions from the
advanced automation and optimisation system, so that the HV networks can be reconfigured automatically as feeder
loading changes.
In the example shown in Figure 12, the load is increasing on Feeder A while Feeder C has spare capacity, so the ring
main switches are operated to move the open point from between RMUs A6 and C6 to between A5 and A6. The graph
shows that the effect of moving the open point is to reduce the load on Feeder A before it reaches its capacity limit, while
the load on Feeder C increases by the same amount. The headroom created in Feeder A is equivalent to the load
transferred from Feeder A to Feeder C.
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Figure 12 – Conceptual diagram of how Active HV will work

One of the benefits of Active HV is that it does not require specialised hardware. Limited (if any) investment in additional
hardware is required, as it relies on switching of existing components. Some older RMUs might require retrofitting of
remote actuation devices, however, this is standard industry practice.
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Trial 2 – Network Optimise
Trial 2 will demonstrate the complete Network Optimise method, which includes Solutions 1, 2 and 3 (see Figure 13). It
will optimise the HV and LV networks in combination with the use of SOPs.

Figure 13 – How Solutions 1, 2 and 3 make up the Network Optimise method

Solutions 2 and 3 were trialled in the FUN-LV and SULV projects. Solution 2 (Active LV) uses remote control circuit
breakers and link box switches to change the configuration of the LV networks as feeder loading varies. Solution 3
(Secondary Connect) uses SOPs to connect or ‘mesh’ adjacent LV networks, to manage the voltage and power flow
through the LV feeders. The SOPs therefore allow for sharing of load between secondary substations, as SPBs do for
primary substations in Primary Connect.
There are three use cases for the Network Optimise method:
1. Moving open points in the HV and LV networks in tandem in radial networks (Active HV plus Active LV)
2. Managed transfer of load between secondary substations (Secondary Connect)
3. LV meshing (Active LV in isolation)

UK Power Networks (Operations) Limited. Registered in England and Wales. Registered No. 3870728. Registered Office: Newington House, 237
Southwark Bridge Road, London, SE1 6NP

Page 20 of 49

Active Response
Project Deliverable 2 – Trial Site Selection Criteria and Process Outcome

Use case 1: Tandem reconfiguration of HV and LV open points
Use case 1 for Network Optimise will analyse current and predicted loading on a network, configuring the switches to
optimise the available headroom.
In Figure 14, the conceptual network diagram from Figure 12 is extended to show details of the LV network including
link box switches, to enable Active LV functionality. In this example, the HV open point is moved between substations
C5 and C6 as the load on Feeder C increases. Feeder A now picks up the demand at substation C6. In tandem with
the movement of the HV open point, LV link box switches are used to move the open point at LV, to ensure that meshing
across the feeder boundary does not occur.

Figure 14 – Conceptual diagram illustrating the first use case for Network Optimise using a link box switch
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Use case 2: Managed load transfer between secondary substations
Use case 2 for Network Optimise involves controlling power flows between secondary substations to optimise the
headroom available at the substations and HV feeders. An example of Network Optimise use case 2 is presented in
Figure 15, where a SOP is used to transfer load between LV groups that are on different HV feeders.

Figure 15 – Illustration of the second use case where a SOP is used to transfer load from LV groups on different HV feeders

The graph shows how the load on C6 begins to increase rapidly and the SOP is used to transfer load to group A6, which
is on a different HV feeder. This might be done when there is limited headroom in C5 to accommodate the additional
load from C6. The graph shows that the load on A6 then begins to rise, whilst that on C6 begins to reduce. When A6
later begins to approach its capacity limit, the SOP is used to transfer power in the opposite direction (from A6 to C6).
This helps to avoid A6 reaching its capacity limit.
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Use case 3: LV meshing
Use case 3 for Network Optimise involves meshing LV networks to optimise the headroom available at the substations
and HV feeders. An example of this use case is shown in Figure 16.

Figure 16 – Illustration of the third use case where adjacent LV groups are meshed to reduce load at secondary substations

In Figure 16, a link box switch is closed to mesh the C5 and C6 groups and thus reduce the load at substation C6. The
graph in Figure 16 illustrates the loading behaviour over time. When the load on C6 begins to increase rapidly – due to
the clustered connection of LCTs, for example – and approaches its capacity limit, the link box switch is closed and the
load is shared with substation C5. This results in a decrease in load on C6 and an increase in load on C5. The net effect
is to allow C6 to continue operating without breaching its capacity limit. When the combined load begins to decrease,
the link box switch is opened again and the loads on C5 and C6 diverge.
5.2 Objectives and key performance indicators of the trials
The primary objective of Trial 1 is to demonstrate that the Active HV solution can be used in isolation to create headroom
on feeders that are approaching their capacity limits, by shifting loads to other feeders that have spare capacity. This
will be achieved through the common aims listed in Section 4.2 and the following trial specific aims:
•

Demonstrate Solution 1 using remote switching of HV ring switches to move open points around an operational
network without the use of power electronics

•

Demonstrate that the advanced optimisation and automation solution can perform optimisation calculations and
implement decisions that release headroom on HV feeders

The primary objective of Trial 2 is to demonstrate that reconfiguration of HV and LV in combination can be used to create
headroom on HV and LV feeders that are approaching their capacity limits, by shifting loads to other feeders that have
spare capacity.
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This will be achieved through the common aims listed in Section 4.2 and the following trial specific aims:
•

Demonstrate the Network Optimise method on an operational network at both HV and LV levels using remote
switching of:


HV ring switches to move open points



Remote controlled link box switches



LV circuit breakers

•

Demonstrate the operation of SOPs

•

Show that the advanced optimisation and automation solution can perform optimisation calculations and
implement decisions that release headroom on HV and LV feeders

The operational performance indicators for these trials are listed in Table 5.
Operational performance indicator

Applicable to trial?

Headroom created at primary substations (MVA)

No

Headroom created on HV feeders (MVA)

Yes – for Trials 1 and 2

Change in HV feeder losses

Yes – for Trials 1 and 2

Headroom created on LV feeders (kVA)

Yes – for Trial 2 only

Change in LV feeder losses

Yes – for Trial 2 only
Table 5 – Key performance indicators for Trials 1 and 2

5.3 Site selection criteria
The selection criteria for the trial sites are categorised into i) network requirements and ii) equipment and data
requirements, as described in subsections 5.3.1 and 5.3.2.
Network requirements
The sites for Trials 1 and 2 should satisfy the following network requirements:
•

Both the HV and LV networks should have a radial arrangement rather than meshed because meshed groups do
not have open points to optimise

•

LPN groups in central London which are interconnected should be excluded because the NOPs are selected to
provide first HV outage support via the fully interconnected LV network. The central London area is shown in
Figure 17
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Figure 17 – Map of central London primary substations with interconnected LV networks
•

HV switches should not be subject to operational restrictions that could reduce the ability of the solution to operate
safely and successfully – for example, those that should not be operated or have limitations on the number of
operations allowed before inspection or maintenance is required

•

For Trial 1 there should be no restrictions on the HV configuration caused by the LV network configuration

•

For Trial 2 it should be possible to reconfigure the LV network, via the use of remote controlled link box switches
and circuit breakers and/or SOPs, such that all HV network configurations are achievable

•

The trial group should have three or four source feeders fed from the same primary, and where the site is run,
split from the same section of busbar. This is considered sufficient to demonstrate functionality, but is not
excessively complex

•

There should be good interconnection to other load groups on the same primary substation, to allow for the
simulation of rapid changes in load (addition and removal) if required

•

There should be diversity of load profiles on the feeder group, with peaks being experienced at different times of
the day so that there is scope to share load between feeders. This could be caused by different customer groups
(e.g. residential and commercial) having distinct demand patterns

•

There should not be any large customer connections (e.g. hospitals or large single users) or Independent
Distribution Network Operators (IDNOs) that might have loads sensitive to network switching or where supplies
are critical

•

For the purposes of the trials, 6.6kV networks were excluded. The solution could be applied to 6.6kV networks,
and connection between 6.6 and 11kV networks is a potentially valuable technique. However, as the majority of
HV networks in the UK are 11kV, the initial demonstrations should take place at this voltage

UK Power Networks (Operations) Limited. Registered in England and Wales. Registered No. 3870728. Registered Office: Newington House, 237
Southwark Bridge Road, London, SE1 6NP

Page 25 of 49

Active Response
Project Deliverable 2 – Trial Site Selection Criteria and Process Outcome

Equipment and data requirements
The sites for Trials 1 and 2 should satisfy the following equipment and data requirements:
•

The majority of HV ring switches should have remote switching facilities (existing or via retrofit). This is the case
in the LPN licence area, but coverage in the EPN and SPN licence areas is less comprehensive. The selection
and trial design processes should determine what proportion of switches have telecontrol and how many more
must be fitted with this

•

Suitable measurements should be available or measurement points should exist to which transducers can be
retrofitted or new remote terminal units (RTUs) installed. The selection and trial design processes should examine
what measurements are available and where additional monitoring is required

•

Historical data for the last 12 months of operation should be available for use in the site selection process

For Trial 2, in addition to the points above, there should be sufficient space to accommodate SOPs, remote controlled
link boxes and LV circuit breakers.
5.4 Site selection methodology
As limited data from secondary substations and LV networks was available, the site selection process was the same for
each trial and produced a shortlist of sites potentially suitable for both trials. The subsequent trial design process will
examine the networks in detail and identify any factors which make a site preferential for Trial 1 or Trial 2.
The four stages of the site selection process are described in more detail in the subsections below.
Stage 1: Network type and configuration considerations
Stage 1 of the process involved identifying the type and configuration of the network to develop a longlist of candidates,
with the steps described in Table 6.
Step description

Commentary and step outcome

5.4.1.1 Choose licence area (EPN/LPN/SPN)

LPN was selected for Trials 1 and 2 for the following reasons:


The majority of RMUs have automation



HV feeder loading data was found to be of a high quality



Accurate data on HV feeder interconnectivity was
immediately available. (N.B. This data is now available
for both EPN and SPN and will be used to assess the
suitability of the method in those licence areas in
Deliverable 6)

LPN has 3,068 HV feeders split into 748 feeder groups.
5.4.1.2 Choose between urban, suburban or
rural location

Suburban networks were selected because they often have
different customer profiles in closely adjacent areas which are fed
from within the same feeder group. This also discounted the
central London area, which has a fully interconnected LV network
and hence has additional considerations for the placement of HV
NOPs.

5.4.1.3 Eliminate groups with less than three
or more than four feeders

326 of candidate feeder groups remained after this filter was
applied.
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Step description

Commentary and step outcome

5.4.1.4 Eliminate groups that are expected
to experience significant disruption
in the trial period (e.g. load growth,
reinforcement, reconfiguration)

287 candidate feeder groups remained after this filter was
applied.

5.4.1.5 Eliminate 6.6kV feeder groups

For the purposes of the trial the project will concentrate on 11kV
feeder groups, as these represent the larger population in UK
public HV networks.
276 candidate feeder groups remained after this filter was
applied.

5.4.1.6 Eliminate groups in interconnected
networks, with HV meshing and
those spanning across primary
substations or primary substation
busbar breaks

184 candidate feeder groups remained after this filter was
applied.

Table 6 – Steps within stage 1 of the site selection process (network type and configuration) for Trials 1 and 2

The outcome from this stage was a longlist of 184 trial site candidates which were taken into stage 2.
Learning for BaU implementation: Steps 5.4.1.1 to 5.4.1.5 are unique to the Active Response trial site selection
process and would not be necessary for the BaU planning process. It is expected that the BaU planning process would
be triggered by the need to address a constraint at a particular site and that step 5.4.1.6 would be applied as one of
the first filters to determine whether the site is suitable for the Active HV solution.
Stage 2: Loading review
Stage 2 involved identifying the loading characteristics of the candidate sites with the aim of developing a shortlist of
candidate sites for detailed analysis in stage 3. The aims of the loading review were to:
•

Ensure that the feeder group was reasonably well loaded in each season and hence the solution will provide
benefits all year round

•

Assess the variability of the loading between the feeders in the group, i.e. do the loads within the feeder group
vary as a proportion of the group load? If the proportional loadings are relatively static then the justification for an
automated optimisation is not demonstrated

•

Determine the degree of difference from the group average loading for each feeder and hence the amount of
optimisation theoretically possible.

Metrics to evaluate these elements were derived and are described in Table 7.
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In order to complete the loading review, a year’s worth of historical loading data (hourly current readings) was required
for each feeder within the longlisted groups. As 184 candidate feeder groups entered the loading review stage the
amount of data and processing to complete this step was significant. It was therefore decided to begin the investigation
by examining those feeder groups fed from the primary substations highlighted using the site selection process for Trial
3 sites within the LPN area. If no suitable sites were found in this initial group the review would widen the candidate
pool until suitable sites were found. This would provide an initial starting point without discounting the remaining
candidates, whilst also allowing potential sites for Trial 4 to be highlighted. This meant that, initially, 25 feeder groups
were analysed.
The outcomes of stage 2 are summarised in Table 7.
Step description

Commentary and step outcome

5.4.2.1 Obtain representative HV feeder loads for
primary substation groups over the last 12
months and eliminate the groups where the
maximum average group load was less than
150A

150A was used as a threshold as this represents a
moderate feeder loading.

5.4.2.2 Rank the remaining feeder groups based on:

These steps are the process by which the frequency and
magnitude of optimisation are assessed.

i.

Number of instances when the loading
difference between feeder pairs would have
resulted in power flow from one to the other

ii.

Number of times the loading exceeded 52A
(equivalent to 1MVA at 11kV)

iii.

Calculate magnitude of deviation from the
average for each feeder within the group

All 25 candidate groups remained after this filter was
applied.

Each step produced a score for each group which was
used to rank the groups by the level of optimisation
expected.

Table 7 – Steps within stage 2 of the Trial 1 site selection process (loading review)

After stage 2, the shortlisted sites in order of rank were:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Farjeon Road – P Group
Durnsford Road – SW Group
Dukes Ave – W Group
Trinity Crescent – NE Group
Trinity Crescent – SE Group
Trinity Crescent – NW Group
Bengeworth Road – NE Group
Bengeworth Road – NW Group
Dukes Ave – NE Group
Dukes Ave – N Group

Learning for BaU implementation: The project trials will highlight how this site selection process translated into the
real optimisation benefits that can be achieved. An assessment of the most effective metrics can then be made and
refined. The BaU process is expected to contain similar metrics to these, albeit modified, with different thresholds and
weightings applied to each.
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Stage 3: Equipment and network arrangement review
An initial study of the shortlisted sites was conducted in stage 3. This involved reviewing the configuration, operational
restrictions (if any) of the equipment installed at the sites and the protection arrangements, as well as engagement with
control engineers, network planners and field engineers to gain their perspective on the suitability of the sites. Table 8
provides a summary of the steps that were conducted for the shortlisted sites in descending order in terms of ranking
from stage 2. The highest-ranking sites to pass all of the filters in stage 3 will be prioritised for final analysis in stage 4.
Step description

Commentary and step outcome

5.4.3.1 Review equipment
specifications, network
configuration, degree of
remote control,
measurement points etc.

These items were reviewed to ensure the shortlisted networks were suitable
for the trials, without major reinforcement or disruption.

5.4.3.2 Review protection
arrangements

Protection arrangements were reviewed to confirm there were no nonstandard installations that might preclude its use.

Farjeon Road P and Bengeworth Road NE & NW groups were rejected as the
locations of the secondary substations were found to be interspersed with
those from other feeder groups, in some instances fed from other primary
substations.
Hence the LV interconnection was often to secondary
substations from other groups.

No sites were found to have any significant issues. A detailed examination of
the arrangements and the settings will be undertaken in the subsequent trial
design stage.
5.4.3.3 Review operational
restrictions

A review of operational restrictions was undertaken to ensure the majority of
network equipment does not have any constraints that could limit its use in the
trials (restricted number of operations permitted, remote control not available
etc.)
No sites were found to have significant issues.

5.4.3.4 Check whether the LV
network does not preclude
reconfiguring at HV

LV network diagrams were reviewed to ensure they are run radially and hence
moving of the HV open points is possible without issue.

5.4.3.5 Engagement with UK
Power Networks

Additional detailed knowledge was made available from UK Power Networks’
stakeholders, such as contingency supply arrangements and the location of
sensitive customers.

All sites were found to have radial LV networks with multiple opportunities to
deploy SOPs, link box switches and remote control circuit breakers.

No significant issues with the shortlisted sites were highlighted.
Table 8 – Steps within stage 3 of the Trial 1 site selection process (equipment and network arrangement review)
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Following removal of the networks mentioned in 5.4.3.1, the list of sites taken forward to the final stage of site selection
and into trial design was:
1.
2.
3.
4.
5.
6.
7.

Durnsford Road – SW Feeder Group
Dukes Ave – W Feeder Group
Trinity Crescent – NE Group
Trinity Crescent – SE Group
Trinity Crescent – NW Group
Dukes Ave – NE Group
Dukes Ave – N Group

Learning for BaU implementation: It is anticipated that the BaU site selection process will include a phase considering
the same or similar factors as detailed above. The trials may alter the relative importance of these issues and identify
additional factors for inclusion.

Stage 4: Identification of preferred trial site
The site selection process has identified seven potential feeder groups in South London that are anticipated to be suitable
for Trials 1 and 2. The final stage of the selection will review these in order of ranking preference to determine the most
appropriate to use for each trial. Final considerations to research include:
•

Site visits to assess the suitability of the on-street locations, LV boards, link boxes etc.

•

Installation of monitoring equipment such that loading data from the secondary transformers and LV feeders can
be gathered and reviewed. This will enable an effective design of the LV solution

•

Development of the trial design and installation requirements in consultation with the Project Technical Design
Authority which is made up of stakeholders from UK Power Networks and SP Energy Networks

•

Proposal of the final trial designs and installation requirements

Learning for BaU implementation: Modelling of the trials to determine the expected operation, estimate the capacity
benefits, effect on losses etc. can be undertaken and used for comparison against the actual trial data. This will be
useful in the context of BaU site selection process design to understand how effectively the modelled solution aligns
with real-world experience, and the extent to which modelling can be used to predict the benefits of using the solution.
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5.5 Outcome of Trial 1 and 2 site selection process
Following stage 3 of the site selection process, seven networks have been selected as preferred sites for Trial 1 (Active
HV) and Trial 2 (Network Optimise). The outcomes for the shortlisted sites are summarised in Table 9.
Candidate site name

Step 5.4.3.1

Step 5.4.3.2

Step 5.4.3.3

Step 5.4.3.4

Step 5.4.3.5

Farjeon Road – P Group

Fail

Durnsford Road – SW Group

Pass

Pass

Pass

Pass

Pass

Dukes Ave – W Group

Pass

Pass

Pass

Pass

Pass

Trinity Crescent – NE Group

Pass

Pass

Pass

Pass

Pass

Trinity Crescent – SE Group

Pass

Pass

Pass

Pass

Pass

Trinity Crescent – NW Group

Pass

Pass

Pass

Pass

Pass

Bengeworth Road – NE Group

Fail

Bengeworth Road – NW Group

Fail

Dukes Ave – NE Group

Pass

Pass

Pass

Pass

Pass

Dukes Ave – N Group

Pass

Pass

Pass

Pass

Pass

Table 9 – Summary of the results for shortlisted sites in stage 3 of the selection process for Trials 1 and 2
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6.

Design of Trial 3 – Primary Connect

6.1 The solution to be trialled
Trial 3 will demonstrate the Primary Connect method, where an SPB is used to control transfers between HV networks
to share load between them.
Interconnections between primary substations in close proximity are often provided to allow for alternative supply
arrangements under outage conditions, but normally they are left open. Running the connection closed under normal
conditions can lead to circulating currents between the networks, excessive fault levels and complex protection
coordination. In some cases the two networks may be structurally out of phase, preventing parallel operation. The SPB
will however be able to manage bi-directional power transfers without the risk of these issues.
As shown in Figure 18, the SPB can provide interconnection in one of two ways:
1. Between the busbars of the substations (Option 1)
2. Between the downstream supply circuits (Option 2)

Figure 18 – Conceptual diagram for Primary Connect showing the two options for connecting the SPB

Interconnection between adjacent HV networks can offer benefits by enabling high demands at one substation to be
partially met by the other. With increasing LCT penetration it is anticipated that load profiles at primary substations will
become more dynamic, with adjacent substations seeing peak demands at different times of the day, depending on the
type of customers they supply. Sharing loads and generation between primary substations can be used to reduce the
peak demands, thereby deferring the need for reinforcement.
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6.2 Objectives and key performance indicators of the trial
The primary objective of Trial 3 is to demonstrate that the Primary Connect method can be used to create headroom at
a primary substation that is approaching its capacity limits, by shifting load to another HV network with spare capacity.
This will be achieved through the common aims listed in Section 4.2.
The operational performance indicators for this trial are listed in Table 10.
Operational performance indicator

Applicable to trial?

Headroom created at primary substations (MVA)

Yes

Headroom created on HV feeders (MVA)

No

Change in HV feeder losses

No

Headroom created on LV feeders (kVA)

No

Change in LV feeder losses

No
Table 10 – Key performance indicators for Trial 3

6.3 Site selection criteria
Selection criteria for the trial sites are categorised into i) network requirements and ii) equipment and data requirements,
which are described in sections 6.3.1 and 6.3.2.
Network requirements
The site for Trial 3 should satisfy the following network requirements:
•
•

•
•
•
•

The two primary substations selected should be fed from the same grid supply point (GSP) and bulk supply point
(BSP)
The loading profiles of the two primary substations should require load transfers in both directions, depending on
the time of day/week (i.e. it should not be the case that one of the substations always requires support from the
other, but not vice versa)
The primary substations should have complementary load profiles (i.e. peak demand on one substation should
typically occur at a time when the interconnected substation is less heavily loaded)
The primary substations should each have a firm capacity of less than 75MVA, so that 5MVA transfers (the power
rating of the SPB) would be expected to have a noticeable effect
The HV network must be structurally in phase (i.e. the two networks’ voltage vectors should be at the same clockface position, and there is no need for a phase shifting transformer)
It would be advantageous if at least one of the selected primary substations was experiencing or approaching a
capacity constraint in the five-year data set detailed in the LTDS
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Equipment and data requirements
The site for Trial 3 should satisfy the following equipment and data requirements:
•

Historical data for the last 12 months of operation should be available for use in the site selection process

•

There should be sufficient space to accommodate an SPB at an NOP between the two primary substations

•

Suitable measurements should be available or measurement points should exist to which transducers can be
retrofitted or new RTUs installed. The selection process should examine what measurements are available and
where additional monitoring is required

6.4 Site selection methodology
The site selection methodology used for Trial 3 follows the same sequence as that used for Trials 1 and 2. The metrics
that are used are, however, different due to the differences in the method.
Stage 1: Network type and configuration considerations
Stage 1 of the process involved identifying the type and configuration of the network to develop a longlist of candidates,
with the steps described in Table 11.
Step description

Commentary and step outcome

6.4.1.1 Choose licence area
(EPN/LPN/SPN)

EPN was selected for Trial 3 so that Active Response trials could cover more
than one licence area. This is to ensure that the methods are widely
applicable.
As detailed feeder information was required for Trials 1, 2 and 4, Trial 3
offered the best opportunity to undertake a demonstration outside of LPN.
The 2017 LTDS reports UK Power Networks as having approximately 814
primary substations, of which 466 are in the EPN licence area.

6.4.1.2 Choose between urban,
suburban or rural location

Suburban networks were selected because they often have different
customer profiles in adjacent areas, with many towns having distinct
residential, commercial and industrial areas.
Primary and secondary substations in suburban locations also typically have
more physical space than those in urban locations. This is an important
consideration for housing the SPB in secondary substations. It is possible
to house the SPB in a new site with an associated additional cost for land
purchase etc. For the purposes of the trial it is desirable to use existing
locations where possible.
This filter reduces the potential list of primary substations to 212.
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Step description

Commentary and step outcome

6.4.1.3 Identify primary
substations with peak
loadings over 70% of firm
capacity

As the objective of the method is to provide additional headroom, it is
necessary for the trial site to be able to demonstrate the benefit in an
instance where capacity is at times limited.
This analysis was performed using the information provided in the 2017
LTDS for the EPN licence area. The data includes forecast peak loading for
the subsequent five years and this was used in the analysis. Hence primary
substations that are currently not reaching 70% of firm capacity, but will do
in the near future, are retained.
This filter reduces the potential list of primary substations to 98.

6.4.1.4 Eliminate primary
substations not using
11kV and those with firm
capacity over 75MVA

11kV is the most common voltage used for HV networks in the UK and is
also the maximum voltage at which the SPB is designed to operate. The
trial site should therefore be between 11kV sites, rather than 6.6kV or any
other alternatives.
The SPB has a power rating of 5MVA. In order for the device to have a
noticeable effect on headroom at a primary, it was suggested that a
maximum firm capacity of 75MVA should be used.
This filter reduces the potential list of primary substations to 98.

6.4.1.5 Eliminate primary
substations with nearterm significant planned
reinforcement

Although primary substations with plans for minor reinforcement works might
be suitable, because they provide an opportunity to demonstrate that the
solution can defer the need for reinforcement, it was deemed appropriate to
reject sites with major reinforcement works planned. This was primarily
down to the outage and logistical implications of having major construction
works at the trial site.
This filter reduces the potential list of primary substations to 57.

Table 11 – Steps within stage 1 of the Trial 3 site selection process (network type and configuration)

The outcome from this stage was a longlist of 57 trial site candidates. The longlist included South Stevenage, which was
identified as a target site in the Full Submission Pro-forma (FSP) for the project.
Learning for BaU implementation: The BaU process for site selection is likely to consider similar factors in its initial
evaluation, although primary substations using voltages other than 11kV would not be ruled out and those with firm
capacities higher than 75MVA might be considered, particularly if higher-rated SPBs are developed in the future. Step
6.4.1.5 would not be required as the process would be undertaken as part of the reinforcement planning process.
Stage 2: Loading review
Stage 2 involves identifying the loading characteristics of the candidate sites with the aim of developing a shortlist of
candidate sites for detailed analysis in stage 3. The purpose of the loading review stage is to identify sites where both
have met the criteria of stage 1, the method could be applied (i.e. through identification of primary substations with 11kV
interconnection) and which display loading characteristics that would require bi-directional transfers for equalisation.
The outcomes of stage 2 are summarised in Table 12.
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Step description

Commentary and step outcome

6.4.2.1 Identify the GSP for each longlisted
primary and perform a supply route
and geographical review

Primaries should be supplied from the same GSP to minimise the
likelihood that the phase difference across the 11kV open point
exceeds the voltage limit inherent in the SPB design.
The purpose of the geographical review is to highlight primaries that
are adjacent to each other and likely to share 11kV interconnection.
The supply route review is to discount primaries which have a
structural phase shift between them due to differing transformer
vector groups. It also enables instances where the supply routes are
diverse and there is a possibility that non-structural phase shift may
exceed the 8-degree SPB limit.
This filter reduced the potential list of primary substations to 43.

6.4.2.2 Perform a review of the loading
data from a randomly selected day
from each season between October
2017 and October 2018 and identify
complementary profiles

Identify sites that have complementary load profiles, i.e. where the
sites each require support from the other at different times.

6.4.2.3 Perform a review of one year’s
loading data of the most promising
pairs

This step was included to evaluate the frequency of the requirement
for bi-directional support, to ensure it is a common pattern.

6.4.2.4 Plot the anticipated SPB transfer
profiles

Confirm that the transfers would generally be less than or equal to
5MVA. This is to confirm that the SPB would be able to provide the
support required.

This filter reduced the potential list of primary substations to 24.

Analysis was completed on South Stevenage and East Stevenage
in the first instance, as both sites had fulfilled all the previous
requirements and were the favoured sites as described in the Project
FSP. The sites were found to exhibit complementary profiles on
most weekdays throughout the year.

Table 12 – Steps within stage 2 of the Trial 3 site selection process (loading review)

At the end of stage 2 the South Stevenage and East Stevenage sites were selected for Trial 3. An example load profile
demonstrating the complementary profiles, the equalised demand and the anticipated SPB transfers for the two sites is
shown in Figure 19 and Figure 20. It should be noted that both sites do not reach 70% loading on the day illustrated.
However, South Stevenage currently reaches 73% loading at other times, and East Stevenage is forecast to reach 70%
peak loading in 2020.
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Load Profiles in % of firm capacity
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Figure 19 – Examples of South Stevenage and East Stevenage load profiles

SPB transfer
3.5
3
2.5

MVA

2
1.5
1
0.5
0
03/01/2018 00:00

03/01/2018 06:00

03/01/2018 12:00

03/01/2018 18:00

04/01/2018 00:00

-0.5
-1
Figure 20 – SPB transfers between South Stevenage and East Stevenage
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South Stevenage exhibits a commercial/industrial-type load profile with a peak on this day during office hours of around
67% of its firm capacity. East Stevenage represents a typical domestic profile with an evening peak of 61%.
The SPB could reduce the peak loading at South Stevenage, from 67% during the day down to 53%. The equalised
loading would reach a maximum of 60% at 17.00. Note that in Figure 20 transfers from East Stevenage to South
Stevenage are shown as positive, and transfers from South Stevenage to East Stevenage as negative.
Learning for BaU implementation: It is anticipated that the BaU process would include very similar steps to ascertain
that the solution can be applied within the network locations and the appropriateness of the load profiles for the method.
Stage 3: Equipment and network arrangement review
A detailed study of the shortlisted sites was conducted in stage 3. This involved reviewing the specifications, condition
and operational restrictions (if any) of the equipment installed at the sites; reviewing the network arrangement and
settings (including protection); and engaging with field engineers to gain their perspective on the suitability of the sites.
Table 13 provides a summary of the steps that were conducted for the shortlisted sites in descending order in terms of
ranking from stage 2. This stage was only completed for the South Stevenage and East Stevenage sites.
Step description

Commentary and step outcome

6.4.3.1 Review equipment specifications and
conduct site visits to investigate the space
available for installation of the SPB, ratings,
degree of remote control, measurement
points, etc.

This step was completed to ensure that it is possible to
install the method in the selected network and there are
no technical reasons that preclude its use.

6.4.3.2 Review protection arrangements

This step is completed to ensure that the protection
arrangement on the networks does not preclude the
methods used.

No factors precluding use of the South Stevenage or East
Stevenage sites or the HV networks between them were
discovered. There appears to be adequate space at
several potential SPB locations.

No issues were identified.
6.4.3.3 Review operational restrictions

This step is completed to ensure that the operational
restrictions on the networks do not preclude use of the
methods.
No issues were identified.

Table 13 – Steps within stage 3 of the Trial 3 site selection process (equipment and network arrangement review)

As indicated above, no issues that preclude the use of the networks between South Stevenage and East Stevenage
were identified.
Stage 4: Detailed investigation of preferred trial site
The site selection process has identified the preferred primary substations and several possible NOP locations for
installation of the SPB in Stevenage that are anticipated to be suitable for Trial 3. The final stage of selection will
investigate these locations and confirm their suitability.
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Final considerations to research include:
•

Site visits to the primary and secondary substations to inform the detailed design requirements for the method
installation

•

Development of the trial design and installation requirements in consultation with the Project Technical Design
Authority

•

Proposal of the final trial designs and installation requirements

Should any insurmountable issues be discovered during stage 4, the process will revert to the shortlisted sites to find an
alternative location.
Learning for BaU implementation: Modelling of the trials to determine the expected operation, estimate the capacity
benefits, effect on losses etc. can be undertaken and used for comparison against the actual trial data. This will be
useful in the context of the BaU site selection process design to understand how effectively the modelled solution aligns
with real-world experience, and the extent to which modelling can be used to predict the benefits of using the solution.
6.5 Outcome of Trial 3 site selection process
The South Stevenage and East Stevenage primary substations have been selected as the preferred site for Trial 3
(Primary Connect) following stage 3 of the site selection process. Figure 21 shows an excerpt from the electrical
schematic of the feeder group.
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To Knebworth

To Welwyn

Figure 21 – Electrical schematic of the selected substations for Trial 3
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7.

Design of Trial 4 – Active Response

7.1 The solution to be trialled
Trial 4 will bring together the Network Optimise and Primary Connect methods to demonstrate Active Response in a
combined solution. A conceptual diagram for Trial 4 is given in Figure 22, which combines the elements described for
Trials 1, 2 and 3.

Figure 22 – Conceptual diagram of how Network Optimise and Primary Connect might be combined in Trial 4

The layout shown in Figure 22 is for illustrative purposes only and does not necessarily represent any of the actual sites
considered. Details of the selected networks will be determined in the detailed trial design.
7.2 Objectives and key performance indicators of the trial
The primary objective of Trial 4 is to demonstrate that the advanced optimisation and automation solution can be used
to implement Network Optimise and Primary Connect in combination so that headroom is created at primary substations,
HV feeders and LV feeders.
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The operational performance indicators for this trial are listed in Table 14.
Operational performance indicator

Applicable to trial?

Headroom created at primary substations (MVA)

Yes

Headroom created on HV feeders (MVA)

Yes

Change in HV feeder losses

Yes

Headroom created on LV feeders (kVA)

Yes

Change in LV feeder losses

Yes
Table 14 – Key performance indicators for Trial 4

7.3 Site selection criteria
The selection criteria for the trial sites are categorised into i) network requirements and ii) equipment and data
requirements, which are described in sections 7.3.1 and 7.3.2.
Network requirements
The site for Trial 4 should satisfy the following network requirements:
•

The HV network where Network Optimise will be implemented should satisfy the requirements listed in section
5.3.1.

•

The two primary substations should satisfy the requirements listed in section 6.3.1 for Primary Connect.
Equipment and data requirements

The site for Trial 4 should satisfy the following equipment and data requirements:
•

Historical data for the last 12 months of operation should be available for use in the site selection process

•

There should be sufficient space to accommodate an SPB

•

There should be sufficient space in the HV network where Network Optimise will be implemented to accommodate
SOPs, remote controlled link boxes and LV circuit breakers

•

The majority of HV ring switches in the HV network where Network Optimise will be implemented should have
remote switching facilities (existing or via retrofit). The selection process should determine what proportion of
switches have telecontrol and how many more must be fitted with this

•

Suitable measurements should be available or measurement points should exist to which transducers can be
retrofitted or new RTUs installed. The selection process should examine what measurements are available and
where additional monitoring is required.

7.4 Site selection methodology
The site selection methodology used for Trial 4 is slightly different to that used for Trials 1, 2 and 3. It is a comparison
of where HV networks identified by the Network Optimise site selection process emanate from primary substations
identified by the Primary Connect process.
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Review overlap of results from Trial 2 and 3 site selection
The Trial 3 methodology as outlined in Section 6 was repeated for the LPN region. Thirty-six primary substations, fed
from eight GSPs, were initially identified from stage 1, then narrowed down to the following shortlisted networks after
stage 2:
•

Farjeon Road and Eltham High Street

•

Bengeworth Road and North Cross Road

•

Durnsford Road and Trinity Crescent

•

Durnsford Road and Dukes Avenue

The HV networks at these sites were then investigated using the selection process described for Trials 1 and 2.
Following stage 3 of the process for both the Network Optimise and Primary Connect methods, the most promising
location has been identified as the Durnsford Road and Trinity Crescent primary substations. The secondary site, 07693
Riverside Road, has been identified as having suitable space for installation of an SPB.
Further detailed investigations will now be undertaken to ensure the suitability of the sites. Should any insurmountable
issues be discovered during stage 4, the process will revert to the shortlisted sites to find an alternative location.
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8.

Lessons learned from site selection process

The process derived for the selection of trial sites has been based on a series of logical steps, selecting sites using
simple metrics designed to emphasise the key features of the methods. For example, Network Optimise is concerned
with identifying HV feeder groups where the most highly loaded varies frequently, and Primary Connect requires two
primary substations in close proximity (electrically and geographically) with complementary load profiles.
The below subsections outline the learning points from the trial site selection process that will be important to address
in transferring the process successfully to BaU.
8.1 HV feeder interconnection data availability
As stated in section 5.4.1, the LPN licence area was selected for Trials 1 and 2 due to the availability of the HV feeder
interconnectivity data required to complete the analysis. Data for EPN and SPN has now been developed that will be
used to determine the number of suitable HV networks in each of these areas. Availability of this data will be pivotal to
the site selection process in BaU.
8.2 LV network data
The design of the LV network solutions requires additional data in order to assess the optimal placement of SOPs and
the remote control switches. The monitoring equipment required to do this will also be used by the advanced optimisation
and automation software to determine SOP transfers, instances for LV meshing etc.
Interconnectivity between LV networks can currently only be determined via inspection of the network, which is time
consuming. UK Power Networks’ LV Visibility project will produce an LV model that will allow this to be completed more
rapidly in the future, and possibly to be automated.
The detailed design of the trial area LV solutions, the data obtained from LV monitoring equipment, the LV modelling
software solution and the learning obtained from the trials themselves will therefore all inform the BaU site selection
process.
8.3 Number of eligible sites entering stage 2
In each instance the process produced a high number of eligible sites at the end of stage 1, where straightforward
filtering of the potential sites based upon the network configuration, geographical locations etc. had been applied. The
number of instances where the method could be used are high and hence the opportunities for application in BaU look
promising.
However, in the context of selecting trial sites that best demonstrate the benefits of the methods, this has meant that the
number of sites on the longlist entering stage 2 of the process is high. As the data processing requirements to filter the
list are relatively onerous, alternative factors have been used to restrict the analysis to smaller sample groups.
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8.4 Stage 2 data processing requirements
As previously noted, the data volumes and processing required for stage 2 are relatively onerous. Additional
understanding of techniques to refine and accurately predict the benefits of the methods will be gained through the trials.
This is expected to include refinement of thresholds, review of the order in which steps are done, and assignment of
weighting factors to the metrics etc. through increased understanding of which metrics are most effective.
Modelling of the project methods and solutions will inform the BaU site selection process and should also lead to less
onerous data analysis processes, through increased automation.
8.5 Practical considerations
Increased understanding of what technical and operational restrictions are critical in preventing successful
implementation of the methods will also be gained during the detailed design phase of the trials, and during the trials
themselves. Similarly, learning regarding the key logistical considerations, particularly with regard to placement of the
SPB, will also be highlighted during the next stages of the project. It is anticipated that this learning will be useful in
filtering the number of appropriate sites for the methods.
8.6 Measurement of phase angle at NOPs
Section 6.4.2.1 explains why there needs to be a limited phase angle difference at the NOP for the Primary Connect
method in order for the SPB to operate. In practice, measurement of the angle at potential trial sites has proved difficult
and time consuming, due to a lack of suitable equipment and access points to measure voltage. For BaU
implementation, techniques for modelling and verifying the maximum phase angle at NOPs must be developed and
employed.
8.7 Variety of data sources
The process has required the collection and review of data from a number of different sources, such as network
schematics, maps and aerial photographs, load data from UK Power Networks’ LTDS and data historian, the ADMS,
and site visits. Collecting data from these varied sources is time consuming, and in some cases it can be difficult to
reconcile conclusions from the disparate sources.
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9.

Summary and next steps

The aim of this document is to describe the criteria developed to select the trial sites for Active Response and to provide
details of the potential sites selected. It represents the criteria used in the site selection processes for Trials 1 to 4 and
shows how the following potential sites were selected. Table 15 describes in summary the selected trial sites.
Trial

Site details

Trials 1 and 2

The sites for Trials 1 and 2 will be selected from the list below (ranked in terms of potential to
demonstrate benefits) following a detailed investigation into the specific network arrangements.
They are all in the LPN licence area.
1. Durnsford Road – SW Feeder Group
2. Dukes Ave – W Feeder Group
3. Trinity Crescent – NE Feeder Group
4. Trinity Crescent – SE Feeder Group
5. Trinity Crescent – NW Feeder Group
6. Dukes Ave – NE Feeder Group
7. Dukes Ave – N Feeder Group

Trial 3

South Stevenage and East Stevenage primary substations in the EPN licence area have been
selected as the preferred sites for Trial 3. The NOPs on the HV networks between the two
primaries will be subject to a detailed investigation during Q1 2019 to establish the most
appropriate location for the SPB primary substation

Trial 4

The sites for Trial 4 will be selected from the list below following a detailed investigation into the
specific network arrangements. They are all in the LPN licence area.
1. Farjeon Road and Eltham High Street
2. Bengeworth Road and North Cross Road
3. Durnsford Road and Trinity Crescent
4. Durnsford Road and Dukes Avenue
Table 15 – Summary of outcomes of site selection process for the four trials

9.1 Dissemination
A major focus of the Active Response project is to share the learning and findings generated by the project through the
design and implementation of the four trials and the associated research to support the overall business case.
Workstream 4 is dedicated to ensuring this learning is effectively captured and disseminated to a wide audience of
stakeholders within UK Power Networks, other DNOs and the wider industry. A bespoke communications strategy has
been developed to achieve this.
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The project has so far been presented at four industry events:
1) The 2018 LCNI conference in Telford, UK (October 2018). There were presentations on the UK Power Networks
stand (see Figure 23) to raise awareness of the project objectives and concepts to stakeholders across the wider
industry.
2) DistribuTECH Africa 2018 in Johannesburg, South Africa (July 2018). The project was showcased in a paper
and presentation, ‘Leveraging International Innovation for Africa in Distribution Networks’.6 The objective of the
dissemination was to show how the Active Response methods are applicable in distribution networks worldwide.
Approximately 3,000 people attended the event, representing the electricity industry from around the world.
3) The Pixie Energy Conference in Norwich, UK (September 2018). This was attended by a number of industry
stakeholders including Ofgem, energy suppliers, technology vendors, consultants and council representatives.
4) GIS4SmartGridConference in Amsterdam, the Netherlands (November 2018). This was attended by a number
of industry stakeholders including international DNOs, TNOs, technology vendors and consultants. The objective
of the dissemination was to build awareness of the project in the international community and invite feedback on
the project.
A further event, ‘The Better Networks Forum’, is planned for January 2019 in London.

Figure 23. Project dissemination at the 2018 LCNI conference

6

Available at URL:
https://www.researchgate.net/publication/328306292_Leveraging_International_Innovation_for_Africa_in_Distribution_Netwo
rks
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An abstract for a paper on the project was accepted for presentation at the CIRED 2019 conference, which will be held
in the next reporting period. This will be an opportunity to publicise the project and present some of the findings to date
at this prestigious event which will be attended by DNOs from around Europe (including GB). During this period, work
began on preparing the paper for submission.
Furthermore, SP Energy Networks, as project partner, will support these activities through collaborative presentations
and events, providing technical input and peer review, and joint development of a report outlining the use of Power
Electronics within Distribution Networks – all of which are aimed to help support dissemination and the successful
transition into BaU. A collaborative knowledge dissemination strategy has been agreed which has two main objectives:
1. To showcase the significant role Active Response and LV Engine play in investigating the innovative use of PEDs
on distribution networks to support a low-carbon future
2. To identify actions for UK Power Networks and SPEN to collaboratively demonstrate and share learning of the
technology used with other DNOs to raise the capabilities of all DNOs to support the uptake of LCTs, including:
a) Providing project support and inputs (including the role of the TDA)
b) Jointly developing a document on 'Power Electronics in Distribution Networks’
c) Hosting a joint stakeholder event in 2021 on ‘The use of Power Electronics in Distribution Networks’
The joint plan outlines the objectives for regular joint dissemination activities and events, culminating in the joint report
and event in 2021, and demonstrates both parties’ commitment to collaboration to ensure that the valuable learning
generated in this field is shared and disseminated effectively between DNOs and across the industry.
9.2 Next steps
Now that the preferred sites for the four trials have been identified, the project team will begin the detailed design of the
trials using the site specific information. The activities below refer to all trials unless otherwise stated. These activities
will be prioritised based on the scheduling of the trials.
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Detailed design for the trials based on site specific network arrangements
Review of equipment on-site and drafting bills of quantities for equipment
Site specific modelling of PEDs
Development and testing of PEDs
Installation of remote control facilities for RMUs (where required)
Procurement of remote controlled LV switches
Data integrity review
ADMS enhancements
Installation of monitoring equipment for LV networks
IT/OT design and configuration
Development and testing of advanced optimisation and automation system within the ANM platform
Further phase angle measurements over NOPs at preferred sites for Trials 3 and 4
Review of logistical considerations for installing hardware
Consultation with UK Power Networks’ health and safety personnel
Installation and commissioning of hardware at the trial sites
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The Active Response Project Deliverables are described in Table 16.
No.

Project Deliverable

Target submission
date

Description

1

High Level Design
Specification of Advanced
Automation Solution

15 August 2018

Report outlining the requirements and options
for the Active Response software solution
(WS2)

2

Trial Site Selection Criteria
and Process Outcome

31 January 2019

Description of possible site selection criteria,
derivation of the selected methodology and
details of the networks selected for the four
project trials (WS3)

3

Learning from Hardware
factory tests

15 August 2019

Details of the key learning from the hardware
specification, design and testing process (WS1)

4

Learning from Commissioning
and Operation of Active
Response Software Solution
tools
Initial Learning from the
Installation and
Commissioning of Active
Response Hardware
Project technology handover,
rollout and adoption into BaU
plan
Review of the Active
Response Methods
applicability in Scottish Power
Energy Network licence areas
Presentation of findings from
the project trials

31 January 2020

Report outlining the key learning from the initial
off-line trials of the project software tools (WS2)

31 March 2020

Report outlining the key learning from the initial
installation and commissioning of the project
hardware (WS1)

29 January 2021

Implementation Plan for the adoption of the
project solutions into Business as Usual (WS4)

30 June 2021

9

Review of solution
applications and project
business case

30 November 2021

A report by Scottish Power Energy Networks
detailing the number implementations in their
licence areas that the project methods provide
benefits (WS3)
Analysis and findings from the four project trials,
including key learning and recommendations
(WS3)
Comparison of the project technology following
the trials against that envisaged at inception,
and review of applications and benefits (WS3)

N/A

Comply with knowledge
transfer requirements of the
Governance Document.

17 December 2021

5

6

7

8

31 August 2021

1. Annual Project Progress Reports which
comply with the requirements of the
Governance Document.
2. Completed Close Down Report which
complies with the requirements of the
Governance Document.
3. Evidence of attendance and participation in
the Annual Conference as described in the
Governance Document.

Table 16 – Active Response Project Deliverables
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