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Before completing this form  please refer to the Electricity Network Innovation 

Electricity Network Innovation Competition
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Before completing this form, please refer to the Electricity Network Innovation 
Competition (NIC) Governance Document. 
Please use the default font (Verdana size 10) in your submission, the text entry areas 
are predetermined and should not be changed. The full-completed submission should 
not exceed 10 pages in total. 
Ofgem will publish all the information contained within the Screening Submission.

Funding Licensee

Network Licence Project Partners

Funding Licensee area

Project title

Project Summary
The Licensee must provide an approximate Project start and end date.

Estimated Project funding
The Licensee must provide an approximate figure of the total cost of the project and the NIC funding it is applying for.

Total cost of Project NIC funding requested

Cross Sector Projects 
only: requested 
funding from Gas
NIC, NIA or second 
tier LCN Fund? 

If yes, please specify
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Problem
The Licensee must provide a narrative which explains the Problem(s) which the Project is seeking to address.

Method(s)
The Licensee must describe the Method(s) which are being demonstrated or developed. It must also outline how the 
Method(s) could solve the Problem  The type of Method should be identified where possible eg technical  commercial etcMethod(s) could solve the Problem. The type of Method should be identified where possible eg technical, commercial etc.
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Method(s) continued

Funding commentary
The Licensee must provide a commentary on the accuracy of its funding estimate. If the Project has phases, the Licensee 
must identify the approximate cost of each phase. OFTOs should indicate potential bid costs expenses. 

Specific Requirements (please tick which of the specific requirements this project fulfils)

A specific piece of new (ie unproven in GB) equipment (including control and/or communications 
systems and/or software)

f l l f l ( l dA specific novel arrangement or application of existing electricity transmission equipment (including 
control and communications systems software)

A specific novel operational practice directly related to the operation of the electricity transmission 
system
A specific novel commercial arrangement
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Accelerates the development of a low carbon energy sector & has the potential to 
deliver net financial benefits to existing and/or future customers

The Licensee must demonstrate that the Solution has the potential to accelerate the development of the low carbon energy 
sector in GB and/or deliver wider environmental benefits to GB customers. The Licensee must demonstrate the potential to 
deliver net financial benefits to existing and/or future customersdeliver net financial benefits to existing and/or future customers.
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Delivers value for money for electricity customers

The Licensee must demonstrate that the Method(s) being trialled can derive benefits and resulting learning that can be 
attributed to or are applicable to the electricity transmission system. 

Demonstrates the Project generates knowledge that can be shared amongst all 
Network Licensees
The Licensee must explain the learning which it expects the Method(s) it is trialling to deliver. The Licensee must demonstrate 
that it has a robust methodology in place to capture the learning from the Trial(s). that it has a robust methodology in place to capture the learning from the Trial(s). 
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Please tick if the project conforms to the default IPR arrangements set out in 
the NIC Governance Document?
If the Licensee wishes to deviate from the default requirement for IPR then it must demonstrate how the learning will be 
disseminated to other Licensees and how value for money will be ensured. The Licensee must also outline the proposed 
alternative arrangements and justify why the arrangements are more suitable than the default arrangements.

How is the project innovative and with an unproven business case where the 
innovation risk warrants a limited Development or Demonstration Project to 
demonstrate its effectiveness?
Demonstrate why the Licensee has not previously used this Solution (including where the Solution involves commercial 
arrangements) and why NIC funding is required to undertake it. This must include why the Licensee would not run the trial as 
part of its normal course of business and why the Solution is not Research.
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Project Partners and external resourcing/funding 

The Licensee must provide evidence of how Project Partners have been identified and selected, including details of the process 
that has been followed and the rationale for selecting participants and ideas for the project.

The Licensee should provide details of any Project Partners who will be actively involved in the Project and are prepared to The Licensee should provide details of any Project Partners who will be actively involved in the Project and are prepared to 
devote time, resources and/or funding to the Project. If the Licensee has not identified any specific Project Partners, it should 
provide details of the type of Project Partners it wishes to attract to the Project. 
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Derogations or exemptions
The Licensee should outline if it considers that the Project will require any derogations, exemptions or changes to the 
regulatory arrangements.

Customer impact
The Licensee should outline any planned interaction with customers or customers’ premises as part of the Project, and any
other direct customer impact (such as amended contractual or charging arrangements, or supply interruptions).
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Details of cross sector aspects
The Licensee should complete this box only if this Project forms part of a larger cross sector Project that is seeking funding 
from multiple competitions (Electricity NIC, Gas NIC or LCN Fund). The Licensee must explain about the Project it will be 
collaborating with, how it all fits together, and must also add a justification for the funding split. 
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Any further detail the Licensee feels may support its submission

Contact name

Contact Address

E-mail

Direct telephone line

Job title
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	Funding LicenseeRow1: Western Power Distribution on behalf of Mott MacDonald
	Network Licence Project PartnersRow1: None
	Funding Licensee areaRow1: East Midlands, West Midlands, South West and Wales
	Project titleRow1: Holistic Active and Reactive Project (HARP)
	The Licensee must provide an approximate Project start and end dateRow1: The project will install a “Unified Power Flow Controller (UPFC)” into a 132kV circuit on Western Power Distribution’s (WPD) network. As a result of the increase in renewable generation the direction and magnitude of power flows on the 132kV network, and the interface with the transmission network have become more difficult to predict and manage. UPFCs are part of the family of Flexible AC Transmission System (FACTS) devices and have been installed in the US, Korea and China but not in Great Britain. 
 
UPFC devices provide the greatest range of control amongst FACTS devices. As such, they are able to influence and divert real power to improve load profiles at either end of a circuit and to remain within the rating of the existing line; to improve power factor and thereby release capacity; to provide reactive power; and to react dynamically to dampen voltage variations which may otherwise cause connected generation to trip. We propose to install the UPFC to support one of WPD's 132kV overhead networks, and to provide reactive power to the System Operator (National Grid).
 
The 4-year project will carry out design and procurement during 2018, construction during 2019 and early 2020, and trials during 2020-2021 to demonstrate the benefits of the technology. The project will submit its close-down report by the end of March 2022.
	Total cost of Project: £15m
	NIC funding requested: £13.5m
	If yes please specifyCross Sector Projects only requested funding from Gas NIC NIA or second tier LCN Fund: Not applicable
	The Licensee must provide a narrative which explains the Problems which the Project is seeking to addressRow1: The management of real power peaks has become challenging as a result of distributed generation, and particularly the increase in commercial-scale solar generation. This may manifest itself as thermal constraints on 132kV or 66kV circuits, or as reverse power limitations at either 132kV/33kV transformers (and their variants) or Super Grid Transformers (SGTs). Separately, there are concerns that voltage disturbances at a feeding Bulk Supply Point (BSP) or 132kV/33kV substation could cause a significant amount of generation in the underlying network to trip – potentially reinforcing rather than solving the issue.

At one example Grid Supply Point (GSP), Bishopswood, which has been studied, a total of 30MW of distributed generation is currently connected. This is comprised of photovoltaics, biomass and landfill gas. The current portfolio is not particularly intermittent, since only 28% of the existing generation mix is composed of photovoltaics. However, this proportion will increase to 73% should the projects accepted by WPD (and listed in the 2015 Long Term Development Statement) proceed. The accepted schemes represent a potential growth of 264 MW across the network fed by this substation. This will drive larger and more intermittent power flows.

Currently WPD has identified reverse power flows from two of the downstream substations. With further renewable connections requested, the growth in renewables accompanied by modest load growth may result in an increase in reverse power flows through the 132 kV network. Simultaneously, as more generation joins, the greater the impact of a voltage disturbance or frequency disturbance.

The GSP in question is also fed from a part of the transmission network which is experiencing increasing power flows passing through it, carrying renewable generation from Scotland. The increased power flows, and the fact that the region over the last decades has lost its remaining large thermal power plants mean that there is likely to be a need for additional reactive power support, or for the distribution network to be able to control its power factor more closely.
	The Licensee must describe the Methods which are being demonstrated or developed It must also outline how the Methods could solve the Problem The type of Method should be identified where possible eg technical commercial etc Methods could solve the Problem The type of Method should be identified where possible eg technical commercial etcRow1: A single piece of new (unproven in the GB) equipment will be demonstrated by the project to address these problems. A Unified Power Flow Controller (UPFC) will be installed in series with a 132kV overhead circuit.

The UPFC comprises of two Voltage Source Converters (VSC), each of which is interfaced to the line by coupling transformers. The first transformer is connected in shunt configuration, and the second transformer is connected in series with the line. One VSC is connected as a shunt section via the shunt transformer. This VSC can provide reactive power. This VSC also provides power to the second (or "series") VSC, which is able to inject a voltage difference into the line through a series transformer. This voltage difference can then control active power flow.

The project will carry out modelling to finalise the equipment specification; procure and install the device; and then carry out trials. 
	Methods continuedRow1: Separate trials will be devised to demonstrate the following benefits:

• Reduction in reverse power flows to the sending and receiving end substations and reduction in intermittent peaks on the overhead line, by control of voltage and angle set by the series converter shown above;

• Reduction in amplitude of voltage disturbances on the network downstream of the UPFC, by dynamic control of voltage and angle set by the series converter;

• Improvement in power factor and reduction in losses at the feeding substation, by introduction of shunt reactance emulated by the shunt converter;

• Provision of reactive power on-demand to a set-point required by the system operator (National Grid), using the same shunt section of the UPFC.

We are currently identifying a preferred trial site on WPD's 132kV overhead network. An alternative site will be developed as a contingency in the event that on-site surveys carried out early in the project phase in 2018 identify issues at the site which prevent it from proceeding.
	The Licensee must provide a commentary on the accuracy of its funding estimate If the Project has phases the Licensee must identify the approximate cost of each phase OFTOs should indicate potential bid costs expensesRow1: Through the process described in the Project Partners and external resourcing/funding section Mott MacDonald were chosen through a competitive process.

We have based our funding estimate on cost estimates provided by one of the candidate manufacturers.

Based on figures received from the manufacturer, we are able to estimate an equipment cost, inclusive of a building and land, but exclusive of installation costs, in the range of £10-11.5m. We estimate that installation may cost £1m. Project management, construction management, and the design and analysis stages are likely to cost of the order of £1m in labour. We would expect to carry out dissemination for a smaller, but additional, sum. Allowing for the labour charge for WPD colleagues involved in the project, and for contingency, the estimate for total project budget is £15m at this time.

Within this current estimate the design phase represents around £1.8m, the construction phase around £10.9m and the trials phase around £2.3m.
	The Licensee must demonstrate that the Solution has the potential to accelerate the development of the low carbon energy sector in GB andor deliver wider environmental benefits to GB customers The Licensee must demonstrate the potential to deliver net financial benefits to existing andor future customers deliver net financial benefits to existing andor future customersRow1: Western Power Distribution currently serves 3.4GW of solar generation, 1.0GW of onshore wind, and has seen 1.2GW of battery storage accept a connection offer on its networks. Whilst the growth rate in renewables has reduced, the Committee on Climate Change (CCC) believes that solar photovoltaics and onshore wind will become cost competitive without subsidies by the early 2020s [1], which will drive a further demand for distribution network connections and network capacity.

The solutions to providing capacity will be a combination of commercial agreements with new connectees, demand-side contracts such as the Demand Turn-Up mechanism trialled by Western Power Distribution and the System Operator National Grid and flexibility within the network itself.

The UPFC is an example of providing flexibility within the network itself. The UPFC will provide the following benefits:

1. Reduced connection costs 

By controlling active power, the UPFC will control the load presented to National Grid exit points and the load on overhead lines, reducing the need for reinforcement to both the transmission and distribution networks to accommodate new distributed generators.

2. Additional capacity for embedded generators 

By controlling reactive power, the UPFC will release additional capacity for embedded generators. The UPFC may also be able to provide support to the System Operator National Grid. National Grid’s 2016 System Operability Framework (SOF) [2] sets outs clear requirements for increased support in voltage management, which relies on reactive power. The Midlands, for example, represents two aspects of the low carbon transition: the use of transmission corridors which had conventionally been less heavily utilised to now carry renewable generation from Scotland; and the reduction in thermal power plants due to age and the action of the Large Combustion Plant Directive. 

3. Reduced likelihood of lost production for embedded generators 

The System Operability Framework also sets out an increased sensitivity of distributed generation to the loss of a major load on the national system. As such, techniques for providing reactive power to assist in voltage management, and to prevent distributed generation  from tripping, are essential. The UPFC can reduce the amplitude of voltage disturbances, which will reduced the likelihood that embedded generators trip and lose production hours.

[1] “Power Sector Scenarios for the Fifth Carbon Budget”, Committee on Climate
     Change, October 2015
[2] "System Operability Framework 2016", National Grid, November 2016, Figure 3.13
	The Licensee must demonstrate that the Methods being trialled can derive benefits and resulting learning that can be attributed to or are applicable to the electricity transmission systemRow1: In order to provide new capacity for embedded generation in the 2020s, DNOs will rely on commercial agreements with connectees, contracts such as Demand Side Response and flexibility within the network itself. We recognise that commercial solutions are the most cost-effective when they are available. Our lower estimate of the installed price for the UPFC of £11m is equivalent to around 1GW of demand turn-up procured for five successive seasons at the same price as the 2016 Demand Turn Up trial. However, there are limits to the availability of flexible resources in geographic areas.

We believe that the most efficient equipment method currently in use costs over £12m:
1) an upgrade to the 132kV overhead line route, costing at least £3m;
2) an upgraded or additional Super-Grid Transformer (SGT) costing at least £4m (2014
    prices) [3].
3) a STATCOM on the transmission network providing 50MVar of dynamic compensation
    costing at least £5m (2015 prices) [4];
4) at least 25MVar of shunt reactance on the distribution network, costing £0.5m.

We believe that the increasing uptake of power electronics based on Voltage Source Converter (VSC) technology worldwide will deliver price reductions by the 2020s.

[3] "North West Coast Connections: Appendix 4 Technical and Cost Report", National
      Grid, August 2014
[4] "Electricity Ten Year Statement", Appendix E, National Grid, 2015
	The Licensee must explain the learning which it expects the Methods it is trialling to deliver The Licensee must demonstrate that it has a robust methodology in place to capture the learning from the TrialsRow1: We foresee other areas in the country where the same drivers are emerging, such as transmission corridors changing as the country relies more on new nuclear and on renewable generation in Scotland, at the same time as distributed generation in the area is increasing. Examples are in North Wales into the England via Shrewsbury; in the West Country driven by Hinkley Point C and the solar roll-out; and around Leeds, Bradford and Manchester.

The project will create learning in two ways: firstly, the trial will be the first of its kind in Great Britain. Secondly, it is interesting to note that the existing installs have been carried out by both European and Asia Pacific based companies.

We would expect to share knowledge with the industry on both the equipment itself and the process of procurement and construction.

We would inform other DNOs by studying at least one other potential network area outside of WPD’s network in which the UPFC may be applied. We would ensure that:
• Models are published and available to other DNOs;
• Specifications are published; and
• Reliability records (i.e. records of fault events during the trials) are transparent.
	If the Licensee wishes to deviate from the default requirement for IPR then it must demonstrate how the learning will be disseminated to other Licensees and how value for money will be ensured The Licensee must also outline the proposed alternative arrangements and justify why the arrangements are more suitable than the default arrangementsRow1: 
	Demonstrate why the Licensee has not previously used this Solution including where the Solution involves commercial arrangements and why NIC funding is required to undertake it This must include why the Licensee would not run the trial as part of its normal course of business and why the Solution is not ResearchRow1: A total of six UPFC deployments have taken place or are under construction in the US, Korea and China, at voltage levels including 154kV and 220kV. There have been additional examples of UPFCs being installed at voltages lower than 132kV to support traction supplies, specifically in China. As such, the volume of worldwide installations, the new voltage level, and the adaption to UK network characteristics represent a number of firsts compared to conventional network reinforcement options.

Whilst some best practice has been shared by the CIGRE working group, no equipment approval has been issued for a UPFC on the UK networks and no standard equipment specification, operations or maintenance policies exist. The GB DNOs have, in general, relatively limited experience with Voltage Source Converter (VSC) technology on which the UPFCs are based. As such, they would not immediately be able to procure a UPFC without carrying out significant new work in modelling and specification.

In the particular case of  UPFC, the specification and modelling experience is also not available within the GB transmission companies.

The project will address these gaps in the industry's knowledge by developing device specifications, equipment approvals, operational policies and information about reliability.
	The Licensee must provide evidence of how Project Partners have been identified and selected including details of the process that has been followed and the rationale for selecting participants and ideas for the project The Licensee The Licensee should provide details of any Project Partners who will be actively involved in the Project and are prepared to should provide details of any Project Partners who will be actively involved in the Project and are prepared to devote time resources andor funding to the Project If the Licensee has not identified any specific Project Partners it should provide details of the type of Project Partners it wishes to attract to the ProjectRow1: Western Power Distribution issued an open call for solutions to the challenges of active power control, reactive power control and voltage and phase angle stability on the 132kV network. Third parties were invited to submit their proposals which warranted Network Innovation Competition funding.

A total of 20 submissions were received, of which 7 were shortlisted and this proposal, submitted by Mott MacDonald, was selected for progression.

Mott MacDonald will carry out front-end engineering design and work with WPD's procurement team to procure the UPFC through competitive tender. Mott MacDonald will work with the selected manufacturer to finalise the specification of the equipment, carry out detailed design and then to oversee factory testing, on-site construction and commissioning.

Mott MacDonald has significant experience in power electronic solutions: Mott MacDonald prepared the tender evaluation process for the Western Link HVDC link and carried out design assurance of civil works, control and protection. Mott MacDonald has also provided feasibility studies and advice to Npower Renewables on power electronic solutions for reactive power compensation and for the interconnection to the mainland of Gywnt Y Mor off-shore wind farm.

Mott MacDonald will also act as programme manager for the Network Innovation Competition project. Specifically, Mott MacDonald will prepare a trial plan and oversee trials and analysis, and will prepare reports and conclusions. Mott MacDonald has carried out analysis as part of SSE Electricity Transmission's Low Carbon Network Fund Second Tier project LEAN.

Mott MacDonald will work alongside WPD’s innovation team to present and disseminate the findings.
	The Licensee should outline if it considers that the Project will require any derogations exemptions or changes to the regulatory arrangementsRow1: We do not foresee any derogations or exemptions required to deliver the project.
	The Licensee should outline any planned interaction with customers or customers premises as part of the Project and any other direct customer impact such as amended contractual or charging arrangements or supply interruptionsRow1: We do not foresee any specific customer impacts at this stage. Construction outages will be managed through the existing outage management processes.
	The Licensee should complete this box only if this Project forms part of a larger cross sector Project that is seeking funding from multiple competitions Electricity NIC Gas NIC or LCN Fund The Licensee must explain about the Project it will be collaborating with how it all fits together and must also add a justification for the funding splitRow1: Not applicable.
	Any further detail the Licensee feels may support its submissionRow1: 
	Contact nameRow1: Martin Wilcox                                                                                        Steven Gough
	Contact AddressRow1: Mott MacDonald                                                                                       Feeder Road
Victory House                                                                                             Avonbank
Trafalgar Place                                                                                                 Bristol
Brighton                                                                                                      BS2 0TB
BN1 4FY
	EmailRow1: martin.wilcox@mottmac.com                                            sgough@westernpower.co.uk
	Direct telephone lineRow1: 01273 365 338                                                                                  0117 9 332 170
	Job titleRow1: Senior Consultant                                                                         Innovation Engineer
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