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Foreword 

Welcome to Western Power DistributionΩs Innovation Funding 
Incentive Annual Report for 2010/11. 
 
Western Power Distribution undertakes research and development 
where this is relevant to our business and will invest in innovation 
where this will benefit our customers or reduce our impact on the 
environment. We believe it is important to be ready for the challenges 
that will affect the electricity distribution networks in the future. 
Climate change and the decarbonisation of the transport and heat 
sectors cannot be ignored and we need to be prepared. It is therefore 
pleasing to see the strategic direction and range of practical research, 
development and demonstration projects that are described in this 
report. 
 

Western Power Distribution is particularly pleased to be working in partnership with the Energy 
Technologies Institute to demonstrate a resistive super-conductive fault current limiter on our 
network. Designed by Applied Superconductor Ltd, with technical input from Rolls Royce, the fault 
current limiter has the potential to increase network flexibility, allowing both the connection of more 
renewable generation to our network and increasing the network reliability for our customers. 
 
Robert Symons 
C.E.O. Western Power Distribution  
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1. Introduction 

The Innovation Funding Incentive (IFI) and Registered Power Zones (RPZ) mechanisms were 
introduced by Ofgem with the Distribution Price Control Review which took effect on 1 April 2005 
(DPCR4) and have been continued into the current Distribution Price Control Review, which started 
on 1 April 2010 (DPCR5). ¢ƘŜ ǎǳŎŎŜǎǎ ƻŦ ǘƘŜ LCL ƳŜŎƘŀƴƛǎƳ ŀƴŘ hŦƎŜƳΩǎ ŎƻƴǘƛƴǳŜŘ commitment to 
this is welcomed by Western Power Distribution, as it has facilitated the development of a portfolio 
of R&D projects, which should bring significant benefits to our customers in the future. 

This report contains the IFI and RPZ reports for the four licensed areas of Western Power 
Distribution: 

 WPD South West 

 WPD South Wales 

 WPD East Midlands 

 WPD West Midlands 
 
It covers the period from 1 April 2010 to 31 March 2011, and has been produced in accordance with 
the Distributed Generation Regulatory Instructions and Guidance (RIGs) issued by Ofgem and the 
Energy Networks Association (ENA) Engineering Recommendation G85 issue 2 - IFI Good Practice 
Guide (GPG G85/2). 

In addition to reporting on our activities in 2010/11, this report highlights a number of key projects 
that are currently underway and presents Western Power DistributƛƻƴΩǎ intentions for future work 
within the IFI mechanism. 

 
 

1.1 Context 

Introduced by Ofgem in April 2005, the IFI & RPZ mechanisms were designed to encourage 
Distribution Network Operators (DNOs) to apply innovation in the way they pursue the technical 
development of their networks.  Together these schemes promote technical research and 
development projects that deliver value to consumers through financial, quality of supply, 
environmental or safety benefits. 

Ofgem recognises that the risk/reward balance for innovative projects is distinctly different to that of 
ŀ 5bhΩǎ ŎƻǊŜ ōǳǎƛƴŜǎǎ.  The incentives provided by the IFI and RPZ mechanisms are designed to 
create a risk/reward balance that is consistent with research, development and innovation. 

The proposed incentives were consulted on as an integral part of the DPCR4 process and were widely 
supported by a large majority of consultees.  hŦƎŜƳΩǎ Regulatory Impact Assessment 22 sets out the 
case for the introduction of the IFI and RPZ mechanisms. 

The two main drivers for providing these incentives were the increasing need for investment in end 
of life asset renewal which would better position the networks for the future, and the provision of 
connections for an increasing capacity of distributed generation.  It is recognised that these are 
significant challenges which will only be addressed through the application of technical innovation in 
asset investment and operation of networks. 
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1.2 IFI 

The Innovation Funding Incentive is intended to promote research and development activities within 
distribution network companies.  It provides funding for technical development projects that deliver 
value to end consumers through financial, quality of supply, environmental or safety benefits.  A 
definition of technical terms within the context of this guide is given in the glossary.   

IFI projects can embrace any aspect of distribution system asset management from design through to 
construction, commissioning, operation, maintenance and decommissioning.  The detail of the IFI 
mechanism is set out in the Special Licence Condition C3, Standard Licence Condition 51 for 
Distribution Licences and the IFI Regulatory Instructions and Guidance (RIG).  This can be summarised 
as follows: 

A DNO may spend up to 0.5% of its Combined Distribution Network Revenue on eligible IFI projects, 
as defined by the industry Good Practice Guide G85/2.  The DNO is allowed to recover from 
customers a significant proportion of its IFI expenditure and in DPCR5 period the percentage of 
project costs passed through to customers is set at 80%. 

DNOs must openly report their IFI activities on an annual basis.  These reports will be published on 
the Ofgem website.  Ofgem will not approve IFI projects, but reserves the right to audit IFI activities if 
this is judged to be necessary in the interests of customers. 

 

1.3 RPZ 

The Registered Power Zones scheme is focused specifically on the connection of generation to 
distribution systems and encourages the development of new cost effective ways of connecting and 
operating generation. 

The application of innovation in this area will deliver specific benefits to new distributed generators 
and broader benefits to consumers generally.   

The RPZ mechanism is an extension of the Distributed Generation (DG) Incentive that was also 
introduced with DPCR4.  The detail of the RPZ mechanism is set out in the Special Licence Condition 
D2 and Standard Licence Condition 51, with information and guidance provided in the Distributed 
Generation Regulatory Instructions and Guidance (DG RIGs).  These mechanisms relate as follows: 

The DG incentive allows DNOs to recover their generation connection costs by a combination of 80% 
cost pass through and an incentive per kW connected of £1.5/kW.  This approach is expected to 
deliver a higher return to a DNO for generation connection schemes than other network 
investments. 

If a DNO employs genuine innovation in its connection of a generation scheme(s), it can seek to 
register the connection scheme with Ofgem as an RPZ.  Ofgem will assess, using the published 
criteria (άCǳǊǘƘŜǊ 5Ŝǘŀƛƭǎ ƻŦ ǘƘŜ wt½ {ŎƘŜƳŜ - DǳƛŘŀƴŎŜ 5ƻŎǳƳŜƴǘέΣ April 2005), whether the scheme 
qualifies as an RPZ.  For all designated RPZs the incentive element of the DG Incentive is increased for 
the first five years of operation by £3/kW.  In any year, a DNOs additional revenue from RPZ schemes 
is capped at £0.5M. 
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1.4 End of Year Report 

The table below presents the End of Year Report for IFI and RPZs. 

                

  Regulatory report for IFI and RPZs             

  Reporting year 2010/11             
                

  Western Power Distribution             
                

  Innovation Funding Incentive (IFI)   
South 
West 

South 
Wales 

East 
Midlands 

West 
Midlands Total   

  
 
IFI Carry Forward £m £0.977 £0.741 £0.572 £0.659 £2.950   

  Eligible IFI Expenditure* £m £0.270 £0.270 £1.091 £1.091 £2.723   

  Eligible IFI Internal Expenditure £m £0.033 £0.033 £0.164 £0.164 £0.396   

  increase over previous reporting year % 1 1 18 18 15   

  Network Revenue by License Region £m £251.2 £204.0 £332.7 £350.1 £1137.9   

  Number of Eligible Projects  13 13 42 42 45   

  Portfolio NPV of Benefits £m £1.416 £1.416 £4.784 £4.784 £12.400   

  

  
*includes internal expenditure 

   

  

        

  Registered Power Zones (RPZ)             

  
 
RPZ 1 name 

  
Skegness and Fens CN(e)   

  RPZ DG capacity MW   0       

  RPZ starting year yr   2005/06       

                

 

 

1.5 Low Carbon Network Fund 

In the Final Proposals of the electricity Distribution Price Control Review (DPCR5), Ofgem proposed a 
£500m Low Carbon Networks (LCN) Fund to encourage the DNOs to use the DPCRC5 period to try out 
new technology, operating and commercial arrangements. The objective of these trials and 
demonstration projects is to help DNOs understand how they provide security of supply at value for 
money as Great Britain (GB) moves to a low carbon economy, and what role they could play in 
facilitating the low carbon and energy saving initiatives that are underway to tackle climate change. 

Ofgem expect that many projects receiving support from the Fund will involve the DNOs partnering 
with suppliers, generators, technology providers and other parties to explore how networks can 
facilitate the take up of low carbon and energy saving initiatives such as electric vehicles, heat 
pumps, micro and local generation and demand side management, as well as investigating the 
opportunities that smart meter roll out provide to network companies.  

The LCN Fund is specifically targeted at Projects that a DNO would not perform in its normal course 
of business. Furthermore, Solutions being deployed in LCN Projects should not be at the R&D stage 
as such Projects will often be eligible for funding under the existing IFI mechanism. In order to 
encourage collaboration on projects eligible for LCN Funding tƘŜ 5bhΩǎ have (via their trade 
association, the Energy Networks Association (ENA)) established a web portal to facilitate contact 
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between manufacturers, service, research and solution providers (vendors) and themselves. This can 
be accessed on - www.ena-eng.org/lcn . 

The LCN Fund consists of two tiers. DNOs will be able to use the First Tier to recover a proportion of 
expenditure incurred on small scale projects and to recover expenditure incurred to put in place the 
people, resources and processes to progress innovative projects. The total expenditure that a DNO 
can recover from the First Tier is subject to an annual limit.  

The Second Tier provides total funding of up to £320m over the five years for a small number of 

ǎƛƎƴƛŦƛŎŀƴǘ άŦƭŀƎǎƘƛpи projects. Ofgem will hold an annual competition for project funding and the 
DNOs will submit project proposals, which compete for an allocation of an annual £64m worth of 
funding. In order to compete for this funding, a project must first pass the Initial Screening Process 
(ISP). Under the ISP, DNOs must submit a summary proposal of their project (Screening Submission) 
which Ofgem will use to assess the project against the Eligibility Requirements set out in the LCN 
Fund Governance Document. This will be followed by the annual call for, and submission of, full 
proposals.  

The regulation, governance, and administration of the LCN Fund are set out in the LCN Fund 
Governance Document issued pursuant to Charge Restriction Condition 13 of the Electricity 
Distribution Licence.  Full details of this document can be found on the Ofgem Website ς 
www.ofgem.gov.uk/Networks/ElecDist/lcnf . 

CƻƭƭƻǿƛƴƎ ŎƻƳǇƭŜǘƛƻƴ ƻŦ ǘƘŜ ŦƛǊǎǘ ȅŜŀǊΩǎ [/bC ǎŜŎƻƴŘ ǘƛŜǊ ǎŜƭŜŎǘƛƻƴ and evaluation process, Western 
Power Distribution has two projects underway: 

 WPDT2001 ς LV Templates for a Low-carbon Future in South Wales (£7.8m) 

A focused project assessing the impact of low-carbon, demand-side technologies as they are 
connected to the low voltage network. The aim is to create generic network models to assist 
DNOs in efficiently planning, developing and operating these networks as they transition to 
facilitate a low carbon future. The project leverages existing Welsh Assembly Government 
and RWE npower initiatives. 

 CNT2002 ς Low Carbon Hub ς Optimising renewable energy sources in Lincolnshire (£2.8m) 

A focused project to investigate how new network technologies can increase the capacity of 
generation (mainly wind) that can be connected to a rural distribution network, new 
commercial arrangements are also explored. 

In April 2011 two further project summaries were submitted to Ofgem for the LCNF Second Tier 2011 
competition and these have successfully passed the initial screening process. Ofgem will consider the 
full project submissions after 18th August 2011. The two Western Power Distribution projects are: 

 WPD2002 ς BRISTOL:  Buildings, Renewables and Integrated Storage, with Tariffs to 
Overcome network Limitations for demand response project (£2.23) 

 WPD2004 ς FALCON:  Flexible Approaches for Low Carbon Optimised Networks (£12.8) 

Additionally six first tier projects have also been submitted and started: 

 WPDT1001 ς Interconnection of WPD and NGC SCADA Systems 

 WPDT1002 ς Network management on the Isles of Scilly 

 CNT1001 ς PV Impact on suburban networks (Nottingham) 

 CNT1002 ς Hook Norton Low Carbon Community Smart Grid 

 WPD1003 ς Voltage Control System Demonstration Project 

http://www.ena-eng.org/lcn
http://www.ofgem.gov.uk/Networks/ElecDist/lcnf
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1.6 Summary of National Research & Development 

hŦƎŜƳΩǎ LCL ƳŜŎƘŀƴƛǎƳ ǇǊƻǾƛŘes a clear example of the successful promotion of innovation within UK 
industry. 

This incentive has directly led to investment in a portfolio of projects within the UK electricity 
distribution industry, which address a wide range of issues and engage with a variety of providers 
from business and academia at a critical time for the industry.  In addition it has led to increased 
collaborations between the UK network operators. 

CƛƎǳǊŜǎ ǎǳƎƎŜǎǘ ǘƘŀǘ ǘƘŜ ¦Y 5ƛǎǘǊƛōǳǘƛƻƴ /ƻƳǇŀƴƛŜǎΩ ŎƻƳōƛƴŜŘ Research & Development (R&D) 
spend dropped steadily from ~£6m per year at privatisation to under £1m in 2003/04.  The 
introduction of the IFI mechanism in April 2005 has seen R&D expenditure increase rapidly to over 
£12m in 2007/08 as shown below, with significant financial, customer, social and environmental 
benefits forecast. It is thought that IFI expenditure dropped slightly in 2008/09 and 2009/10 due to 
the recovery mechanism, but it is expected that this trend will be reversed in the years following 
2010/11 when the recovery rate is restored to 80%. 

 
Distribution Company Spend on Network R&D 

 
 

Notes 
1)The 1989/00 to 2003/04 data represents the collaborative spending on R&D by DNOs through a 
single provider. 
2) The 2004/05 to 2009/10 data shows total reported IFI investment (including early start projects 
from October 2004 to April 2005). 

Privatisation 

Introduction of 

IFI mechanism 
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2. Company Structure 

  
 
Western Power Distribution is the electricity distribution network operator (DNO) for the East and 
West Midlands, South Wales and the South West.  We deliver electricity to over 7.6 million 
customers in a 55,300 sq km service area, stretching from the temperate Scilly Isles to the bracing 
beaches at Skegness, from the port of Milford Haven to the new town of Milton Keynes, from the 
Pennine villages north of Leek to the heritage coast at Lyme Regis. Within our service area is 
9ƴƎƭŀƴŘΩǎ ǎŜŎƻƴŘ Ŏƛǘȅ ŀƴŘ ǘƘŜ ŎŀǇƛǘŀƭ ƻŦ ²ŀƭŜǎΦ 

Our network consists of 216,000km of overhead line and underground cable, and 184,000 
substations. We are responsible for: 

 Maintaining this electricity network on a daily basis 

 Repairing this electricity network when faults occur 

 Replacing assets within the network when warranted by condition 

 Reinforcing this electricity network to cope with changes in the pattern of demand 

 Extending this electricity network to connect new customers 
 
Western power Distribution does not generate electricity or buy electricity from generating stations. 
We do not sell electricity to end-use customers. 

RPZ 1 

LCNF LV Network 

Templates 

LCNF Low  

Carbon Hub 
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3. Overview  

3.1 Western Power DistributionΩs Objectives  

Western Power Distribution recognises the need for investment in a targeted Research, 
Development and Demonstration programme to support appropriate projects that will deliver 
benefits to our customers. 

Western Power Distribution is committed to helping government tackle the challenge of Climate 
Change and build a sustainable network. Our Research, Development and Demonstration 
programme includes projects designed to: 

 Facilitate the successful integration into existing networks of new technologies associated 
with mitigation. 

 Develop knowledge and reduce uncertainty, to enable better assessment of future 
adaptation requirements and suitable control measures. 

It is anticipated that future networks will be required to operate more flexibly, efficiently and 
reliably. Traditional investment decisions may no longer be appropriate as our network transforms 
and our Research, Development and Demonstration programme will include projects designed to 
further ƛƳǇǊƻǾŜ ²ŜǎǘŜǊƴ tƻǿŜǊ 5ƛǎǘǊƛōǳǘƛƻƴΩs existing performance and provide us with the ability to 
meet these future challenges. 

3.2 Themes 

²ŜǎǘŜǊƴ tƻǿŜǊ 5ƛǎǘǊƛōǳǘƛƻƴΩǎ wŜǎŜŀǊŎƘΣ 5ŜǾŜƭƻǇƳŜƴǘ ŀƴŘ 5ŜƳƻƴǎǘǊŀǘƛƻƴ ǇǊƻƎǊŀƳƳŜ ǿƛƭƭ ŦƻŎǳǎ ƻƴ 
four strategic themes. The intention is to develop a balanced portfolio of projects across these four 
strategic themes, with projects embracing a range of different technological readiness areas, to 
provide a sustainable and comprehensive Research, Development and Demonstration programme of 
work. The four strategic themes are described below: 

 Understanding Networks - Understanding the capabilities and limitations of existing 
networks technologies and design is essential in a changing environment that will challenge 
the accepted fundamental architecture of traditional networks. Likewise understanding and 
demonstrating the opportunities from future technologies and designs will enable early 
adoption of potentially disruptive innovations and ensure their successful integration into 
existing networks. 

 Supporting Low Carbon ς Complement our Low Carbon Network Fund (LCNF) activity by 
undertaking research and development projects in to technologies which can subsequently 
be demonstrated in a LCNF submission. Understanding and preparing for the possible future 
network technologies and designs that will facilitate a Low Carbon economy.  In particular 
reduction of network losses and enabling the economic connection and operation of new 
types of renewable power sources and distributed generation without reducing network 
performance or increasing operational risks. 

 Asset Management Condition Monitoring - Against a background of an ageing asset base, 
networks will be required to operate more flexibly, efficiently and reliably.  This is expected 
to result in more complexity in network design and operation and this will have to be 
balanced by a need to reduce the safety, health and environmental risks.  Developing the 
next generation of asset management tools and techniques will facilitate this objective and 
maximise the value of Western Power Distribution in the long term, in addition to making our 
network more environmentally sustainable. 
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 Intelligent Networks - Intelligent Networks are expected to feature prominently in all future 
network scenarios, whether to support asset management, network performance, active 
network control, commercial applications, demand side management or network stability.  
Obtaining, communicating, analysing and processing data are fundamental requirements of 
future network management.  Innovative technologies and arrangements that provide 
economic and reliable solutions will improve efficiency and enhance customer service. 

Our IFI projects undertaken in 2010/11 were spread across these four themes as shown: 

 
 

3.3 Technology Readiness 

Western PƻǿŜǊ 5ƛǎǘǊƛōǳǘƛƻƴΩǎ programme will include projects from all aspects of Research, 
Development and Demonstration. As projects are developed they progress through the technology 
readiness timeline until they reach the stage where they can be adopted as Business as Usual.  
Western Power Distribution R,D & D programme will deliberately endeavour to maintain a mix of 
projects with different Technology Readiness Levels (TRL), both in quantity and financial 
commitment. 

The balance across each of the research, development and demonstration areas of Western Power 
5ƛǎǘǊƛōǳǘƛƻƴΩǎ portfolio of IFI projects undertaken in 2010/11 was as follows: 
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 Research Projects ς Western Power Distribution places an emphasis on projects with a 
discernable delivery route and therefore speculative research projects will not normally be 
undertaken. In general strategic and applied research projects with low Technology 
Readiness Levels (TRL 2 - 3) must be clearly targeted at identifying either the causes of 
specific network problems or their potential technical solutions and will be restricted to no 
more that 25% of our portfolio. Blue Sky research (TR1) will not normally be undertaken, the 
ŎǳǊǊŜƴǘ DƻƻŘ tǊŀŎǘƛŎŜ DǳƛŘŜ Dурκн ŎƻƳƳŜƴǘǎ ǘƘŀǘ Ψ.ƭǳŜ {ƪȅ ǊŜǎŜŀǊŎƘ ǿƻǳƭŘ ƴƻǘ ƴƻǊƳŀƭƭȅ ōŜ 
considered eligible for IFI unless it can be demonstrated that there is an extremely good 
potential benefit case and leverage from other funding is sufficiently great that it reduces the 
Ǌƛǎƪ ǘƻ ǘƘŜ bŜǘǿƻǊƪ hǇŜǊŀǘƻǊ ǘƻ ŀƴ ŀŎŎŜǇǘŀōƭŜ ŀƴŘ ŀǘǘǊŀŎǘƛǾŜ ƭŜǾŜƭΦΩ 

 Development Projects - Western Power Distribution is not a manufacturer or developer, but 
aims to facilitate and encourage development and stimulate the innovation of financially 
beneficial network technology and designs that will improve our performance and provide 
the ability to meet future challenges. We will therefore continue the approach of 
undertaking a range of short to medium term projects to develop and validate potential 
technological solutions. We will pursue a balance of collaborative and independent projects, 
where possible seeking to obtain greater added value and reduce financial exposure on 
projects (especially where there is an uncertain probability of success), whilst ensuring ideas 
are taken forward in a timely manner. 

 Demonstration Projects ς Transferring research and development projects from 
demonstration to adoption is essential if benefits are to be delivered to customers and this is 
often the hardest hurdle for any organisation to achieve. Demonstration projects need to 
carefully designed to involve Western Power Distribution staff and realistic representative or 
actual networks, while ensuring that existing customer are not placed at any additional risk. 
We have a proven track record in this area and will build on our skills to create worthwhile 
demonstrations. 

3.4 R,D & D Landscape 

The picture below represents the Distribution Network Research, Development and Demonstration 
Landscape mapped across the technology readiness timeline.  Included are the TRL limitations of the 
IFI and RPZ mechanisms and the principle delivery channels have also been positioned to show their 
areas of activity.  

© 2007 E.ON 

Energy Technologies Institute ïNetworks (ETI)

Low Carbon Network Fund 

(LCNF)

Demonstration Deployment

Technology push and

knowledge transfer

market pull and 

public policy

DevelopmentResearch

The Distribution Network R, D & D Landscape

SuperGen & EPRI

Innovation Funding Incentive (IFI)

PNRA

91 3 42 65 7 8
Technology Readiness Levels

Technology Strategy Board (TSB)

EATL Strategic Technology Programme (STP)

Adoption as 

Business as Usual
Knowledge Transfer Programme (KTP)

Registered Power 

Zone

 



  

 

 

Western Power Distribution Regulatory Report for IFI and RPZs 

   Page 14 of 144 

3.5 Collaboration 

²ŜǎǘŜǊƴ tƻǿŜǊ 5ƛǎǘǊƛōǳǘƛƻƴΩs portfolio of IFI projects attempts to balance collaborative and 
independent projects seeking to minimise the cost of R, D & D whilst ensuring ideas can be taken 
forward in a timely manner. Western Power Distribution seeks to promote collaboration and 
cooperation between participating DNOs and other external organisations, such as universities and 
research establishments. Western Power Distribution also recognises the value of collaborating with 
other industry expertise and has continued to develop partnerships within all these sectors 
throughout the 2010/11 reporting year. 

The encouragement by Ofgem of collaboration within the IFI mechanism brings with it additional 
benefits beyond the immediate project outcomes. 

Industrial collaborations not only provide new opportunities for established companies, but critically 
also provide support for young, or Venture Capital funded businesses, pioneering the development 
of energy efficient technologies.  Successful IFI projects offer opportunities to develop and trial 
beneficial innovative technology with the aim of bringing new products to market. 

The engagement and dialogue key to the success of collaborations with the academia research base 
gives university researchers and students an industrial perspective valuable to future research 
opportunities, in addition to allowing the open exchange of ideas between sectors. 

The Knowledge Transfer Partnership (KTP) scheme which involves the associate undertaking project 
work at a Western Power Distribution location, while still maintaining academic supervision is 
considered a successful method of collaborating with academia and has encouraged Western Power 
Distribution to develop several KTP projects. 

Bodies such as the Engineering Education Scheme allow companies to make links with schools where 
the next generation can be introduced to the opportunities available within industry and encouraged 
to innovate. 

3.6 Leverage 

Finally collaboration has brought the opportunity of increasing the external funding to our R, D & D 
programme.  This leverage has increased through our collaboration with funding bodies, other 
network operators, manufacturers and external suppliers. The graph below shows the annual eligible 
IFI expenditure and the associated leveraged external funding. In 2010/11 the external funding 
represents slightly more than 75% of the total funding of projects in the programme. 
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3.7 IFI Project Benefits 

The anticipated benefits of each project within Western Power DistributionΩs R, D & D portfolio 
clearly show the potential value of the IFI scheme both to Western Power Distribution and to its 
customers.  It should be noted, however, that although quantified financially, not all the projects will 
result in tangible financial deliverables to Western Power Distribution in terms of direct savings or 
deferred investments, as the benefits may have been derived from the perceived strategic or risk 
management value or the project could be designed to avoid future potential costs. There are also 
significant benefits to the wider community through: 

 Network performance ς improved reliability and resilience 

 Environmental ς emissions, waste, visual impact, etc. 

 Safety to employees and public 

 External risk mitigation 

 Knowledge transfer ς acquisition and dissemination of knowledge 

 Creation of a platform for debate 

 Enhancing the quality and relevance of research through direct linkage with industry, 
development of the available pool of expertise, greater exposure of own staff to direct 
engagement with research activity 

While some of the new technologies and approaches that Western Power Distribution are exploring 
in these R, D & D projects will eventually result in the real practical benefits described in the 
individual reports, others will be less successful.  The balanced portfolio approach reduces the risks 
and the G85/2 Residual Risk Rating calculation assists the selection process by quantifying risks in a 
structured manner.  Although some R,D&D projects are unsuccessful and do not deliver the expected 
benefits, they can be valuable in that they will increase knowledge both in the Collaborating Partners 
and the R & D Provider. 

3.8 Benefit Calculation 

The anticipated benefits of each project have been determined using the methodology set down in 
ENA ER G85/2 - IFI Good Practice Guide.  This is a two stage process involving a generic assessment of 
the project benefits and a specific assessment of the risk associated with the project. 

The Generic Assessment scores both the tangible financial benefits and a range of non financial 
criteria.  These are listed below, but are more fully described in the IFI Good Practice Guide. 

 NPV of Financial Benefit 

 Knowledge Transfer Benefit 

 Safety Benefit 

 Environmental Benefit 

 Network Performance Benefit 

Each item in the Generic Assessment Score is weighted in accordance with company strategy and this 
score can be seen on each of the individual reports. 

The Net Present Value (NPV) of Financial Benefit associated with each project is calculated by taking 
the present value of the estimated benefits, multiplying them by the probability of success and then 
subtracting the present value costs (including where appropriate the implementation costs).  For 
each project pursued it is expected that the present value costs will be exceeded by the present 
value of the benefits that it could deliver to customers.  These NPV of Financial Benefit figures can be 
seen on each of the individual project reports. 
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The Risk Assessment calculation quantifies the potential risks inherent with each project by scoring 
risk and mitigation factors.  Again these are listed below, but are more fully described in the IFI Good 
Practice Guide. 

Risk 
 Innovation Level 
 Development Type 

Mitigation 
 Average Annual Spend per Company 
 Leverage (Collaboration Ratio) 
 Likelihood of Implementation 

No weighting is applied to these scores and subtraction of the value of the Mitigation Ratings from 
the Risk Ratings produces an overall Residual Risk value for each project.  A high negative figure 
would indicate a low-risk project.  The Residual Risk value is then subtracted from the Generic 
Assessment Score to produce the Overall Project Score.  Both the Residual Risk Value and Overall 
Project Score can be seen on each of the individual project reports. 

In line with ENA ER G85/2 GPG, projects falling below the de-minimis level set by the Good Practice 
Guide (£40k per licensed DNO, £160k for WPD) have been grouped to form programmes, with costs 
and benefits aggregated accordingly.  A number of projects within the EA Technology Ltd STP 
modules, the ENA R&D programme, PNRA programme and EPSRC SuperGen programmes have been 
reported on in this way. 
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3.9 Adoption 

Transferring research and development projects from demonstration to adoption is essential if 
benefits are to be delivered to customers and this is often the hardest hurdle for any organisation to 
achieve.  Western Power Distribution has developed an Implementation Strategy as represented in 
the diagram below. 

 

 

With the adoption of more projects anticipated a formal Project Adoption Process (PAP) has been 
introduced to aid the transfer of individual R, D & D projects in to Business as Usual. At the point of 
transfer a PAP document will be issued detailing the following information: 

 Business Objective Alignment Statement 

 Cost Benefit Statement (Adoption Business Case) 

 Implementation Strategy 

 Integration Impact Statement 

 Training Needs Identification 

 Health and Safety Case 

 Environmental Impact Statement 
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3.10 Project Dissemination 

Enabling a wider dissemination of the knowledge gained from IFI projects is seen as an important 
objective within Western Power Distribution. It is hoped that by sharing information from the 
projects in which Western Power Distribution are involved, we can engender a more open culture, 
where Network Operators can learn together in a spirit of co-operation. Several presentations at 
external events, hosted by organisations such as the IET, have also been undertaken. 

Western Power Distribution were pleased to be involved in the preparation of two scientific papers 
selected for presentation and posters at CIRED - 9ǳǊƻǇŜΩǎ ƭŜŀŘƛƴƎ LƴǘŜǊƴŀǘƛƻƴŀƭ /ƻƴŦŜǊŜƴŎŜ ƻƴ tƻǿŜǊ 
Distribution Engineering: 

 Commercial Arrangements to facilitate Active Network Management 

 Field Measurements analysis for Dynamic Line Rating 

 

 

4. Project Partners 

The map below presents a selection of key project partners with whom we have been pleased to 
work during 2010/11.  Brief descriptions of the research establishments and industrial partners are 
also provided on the subsequent pages (these descriptions have been provided for inclusion by the 
individual companies). 
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   Western Power DistributionΩ IŜŀŘǉǳŀǊǘŜǊǎΣ .Ǌƛǎǘƻƭ 
   Universities 
   Research Establishments & Industry
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1. ADAS - ƛǎ ǘƘŜ ¦YΩǎ ƭŀǊƎŜǎǘ ƛƴŘŜǇŜƴŘŜƴǘ ǇǊƻǾƛŘŜǊ ƻŦ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŎƻƴǎǳƭǘŀƴŎȅΣ ǊǳǊŀƭ development 

services and policy advice.  With expertise across the environmental sector, ADAS provide consultancy 
and contracting services to a diverse range of organisations in the private and public sectors, throughout 
the UK and internationally. 

 

2.  Aerospace Design - producing bespoke design and manufacturing solutions to the Aerospace Industry. 
 
3. Alstom - world leader in integrated power plants for the production of electricity and air quality control 

systems. Providing Solutions for all energy sources (coal, gas, nuclear, fuel-oil, hydropower, wind) 
Alstom is a leader in innovative technologies for the protection of the environment. 

 
4. AND Technology Research Ltd - Specialists in the use of microcontrollers and microprocessors, 

providing first class R&D services and tools for electronic product development and embedded systems. 
 
5.     Applied Superconductor Ltd - a specialist developer and producer of high efficiency devices for utility 

and industry electrical networks employing superconductor technologies.  Providing solutions to reduce 
asset management costs whilst improving network safety, stability and efficiency.  Fault Current Limiters 
support the connection of renewable energy generators to distribution networks assisting the industry 
to meet the Low Carbon Policy targets. 

 
6.     Balfour Beatty Utility Solutions Ltd - the company works across the electricity, gas, wastewater and 

water sectors, providing a range of services to develop, design, install, replace and maintain essential 
utility assets. 

 

7.    Bartlett Tree Research - ǿŀǎ ŦƻǳƴŘŜŘ ƛƴ мфлт ōȅ CǊŀƴŎƛǎ !Φ .ŀǊǘƭŜǘǘ ŀƴŘ ƛǎ ǘƘŜ ǿƻǊƭŘΩǎ ƭŜŀŘƛƴƎ    
scientific tree and shrub care company.   From its nearly 100 offices worldwide, Bartlett helps both 
residential and commercial customers maintain beautiful, healthy trees. 

 

8.  BFI Optilas - Represent many leading suppliers that offer products that cover the following product 

areas: Imaging & Detection, Lasers & Accessories, Optical Components, RF MicroWave & Fibre Optics, 
Test & Measurement, Interconnect, Passive & Electromechanical Components. 

 

9.  BGS - founded in 1835, the British Geological Survey (BGS) is the world's oldest national geological 

survey and the UK's premier centre for earth science information and expertise.  With a client base 
drawn from the public and private sectors both in the UK and internationally, they provide expert 
services and impartial advice in all areas of geoscience. 

 

10. BT Global Services - key assets include a global, all-IP 21CN network, data centres, solution design and 

integration professionals and IT security experts.   This combination of network, IT and professional 
services ŀƭƭƻǿǎ .¢ Dƭƻōŀƭ {ŜǊǾƛŎŜǎ ǘƻ ōǊƛƴƎ ǘƻƎŜǘƘŜǊ ƳŀƴŀƎŜŘ ǎƻƭǳǘƛƻƴǎ ǘƘŀǘ ƘŜƭǇ ƻǳǊ ŎǳǎǘƻƳŜǊǎΩ ǇŜƻǇƭŜ 
to be more productive, their customers to be better served and their organisations to operate more 
efficiently. 

 
11. EnerTronics Engineering Corp. - offers a focused and specialized set of engineering services to 

accommodate various Project Management Phases for Cost Reduction / Productivity Enhancement 
Processes, or Modification of existing facilities. 

 

12.  E.ON New Build & Technology - ƛǎ ǇŀǊǘ ƻŦ ǘƘŜ 9Φhb ƎǊƻǳǇ ŀƴŘ ƭŜŀŘǎ ǘƘŜ ƎǊƻǳǇΩǎ wŜǎŜŀǊŎƘ ŀƴŘ 

Development activities.  E.ON New Build & Technology (formally Power Technology) is also an 
international consultancy to the power industry with core capabilities that span the range of interests 
appropriate to a vertically integrated energy company. 

 

http://www.bartlett.com/bartlett-locations.cfm?a
http://www.bartlett.com/residential-tree-services.cfm
http://www.bartlett.com/commercial-tree-services.cfm
http://www.globalservices.bt.com/uk/en/insights/21cn
http://www.globalservices.bt.com/uk/en/solutions/Managed_Security_Services
http://www.globalservices.bt.com/uk/en/products_subcategory/bt_professional_Services
http://www.globalservices.bt.com/uk/en/products_subcategory/bt_professional_Services
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13.  EA Technology Ltd - originally formed as the Research & Development centre for the UK electricity 

industry in the 1960s, it was transformed following electricity privatisation in the 1990s.  The company 
became fully independent in 1997 with a management and employee buy-out and is now directly 
owned by its staff.  EA Technology is a Power Asset Management Company with a world-class 
reputation for delivering innovative business solutions to companies, which supply, distribute and use 
energy.  The company operates the internationally acclaimed Strategic Technology Programme (STP), of 
which all UK DNOs are members 

 

14.  Earthing Solutions - are involved with earthing system design and assessment, providing 

measurement, design, policy support, research & development and training services 
 
15. Elimpus - delivers a range of radio frequency partial discharge monitoring products and services to 

electricity utilities, allowing them to manage high-voltage plant and equipment.. 
 
16.  Embedded Monitoring Systems - Sub.net is the largest generation of substation monitoring systems 

from EMS, incorporating wide range monitoring and recording functionality for use in the electricity 
industry. 

 

17.  Engage Consulting Ltd -  A consultancy organisation with extensive experience in the evolution of the 

GB Utilities markets. 
 

18.  EPRI - the Electric Power Research Institute (EPRI) conducts multi-disciplinary research and 

development to meet challenges in electricity generation, delivery and use.  Based in the United States, 
international participation in its technology, operations and environmental programs includes 
companies from a further 40 countries. 

 

19.  ETI - The Energy Technologies Institute is a UK Based company formed from global industries and the UK 

government.  It brings together projects that create affordable, reliable, clean energy for heat, power 
and transport. 

    
  The ETI demonstrate technologies, develop knowledge, skills and supply-chains, inform the 

development of regulation, standards and policy, and so accelerate the deployment of affordable, 
secure low carbon energy systems. 

 

20.  Fundamentals Ltd - specialise in the design, development and manufacture of measurement and 

control equipment for transmission and distribution power systems 
 
21. HomeChip - aims to be the best and cheapest supplier of iButtons and other sensing and control 

products in Europe. 
 
22.  Met Office - ƛǎ ƻƴŜ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ƭŜŀŘƛƴƎ ǇǊƻǾƛŘŜǊǎ ƻŦ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŀƴŘ ǿŜŀǘƘŜǊ ǊŜƭŀǘŜŘ ǎŜǊǾƛŎŜǎΦ  

¢ƘŜ aŜǘ hŦŦƛŎŜΩǎ ǎƻƭǳǘƛƻƴǎ ŀƴŘ ǎŜǊǾƛŎŜǎ ƳŜŜǘ ǘƘŜ ƴŜŜŘǎ ƻŦ Ƴŀƴȅ ŎƻƳƳǳƴƛǘƛŜǎ ƻŦ ƛƴǘŜǊŜǎǘΧŦǊƻƳ ǘƘŜ 
general public, government and schools, through broadcasters and on-line media, to civil aviation and 
almost every other industry sector in UK and around the world 

 
23.  MHA IES - a leading designer and supplier of electronic products. 
 
24. MiMoMax Wireless Ltd - provide MiMo based fixed digital radio products and services designed to 

optimise the utility of the available spectrum.  Products are designed to fulfil requirements such as 
SCADA, Power Line Protection, or Network Back Haul 
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25.  NaREC Development Services Ltd - is a leading research and development platform for new, 

sustainable and renewable energy technologies, supporting the evolving energy industry and 
transforming innovative new technologies. 

 
26.  Nortech Management Ltd - provide a range of telemetry products and central host software 

solutions for data collection systems.  They design and supply remote site monitoring solutions and 
other specialist technology to electricity utilities, telecom network providers and others with 
geographically spread networks and assets 

 
27. PPA Energy Ltd - ƛǎ ƻƴŜ ƻŦ ǘƘŜ ¦YΩǎ ƭŜŀŘƛƴƎ ŜƴŜǊƎȅ ŎƻƴǎǳƭǘŀƴǘǎΦ tt! 9ƴŜǊƎȅΩǎ ǘŜŀƳ ŎƻƳǇǊƛǎŜǎ ŀ ƎǊƻǳǇ 

of highly experienced professionals specialising in techno-economic and management consultancy 
services for the for the energy sector, with particular emphasis on the power sub-sector 

 
28.  PRI Ltd - is a leading supplier of electronic metering systems, both to the electrical supply industry and 

to commercial and industrial organisations. A member of the international Entity partnership, PRI offers 
a comprehensive range of products based upon CALMU technology.  Communication options include 
local area networks, low power radio, ethernet, GSM and conventional modem links. Additionally, PRI 
has developed a comprehensive range of energy management software including the fully automatic 
data collection and reporting EASE II Manager package. 

 
29.  Prysmian - A leading player in the industry of high-technology cables and systems for energy and 

telecommunications 

 
30.  Renesas Electronics - provides competitive products in the areas of microcontrollers, system LSIs, plus 

analog and power devices. Committed to providing highly competitive products and rapid, optimum 
solutions. 

 
31.  Rolls Royce - Power systems provider, designing, manufacturing and supporting a range of products 

and services for air, sea and land applications. 
 
32.  Schneider Electric - Schneider Electric offers integrated solutions across multiple market segments, 

including leadership positions in energy and infrastructure, industrial processes, building automation, 
and data centres/networks, as well as a broad presence in residential applications. Focused on making 
energy safe, reliable, and efficient. 

 
33.  Sibille Faeca Electric (SFE) - provide network technology that is completely focused on the safety of 

the people maintaining and constructing electrical structures on the low, medium and high voltage 
network 

 
34.  Smarter Grid Solutions (SGS) ς an innovative technology company providing Smart Grid products 

and service to the power industry, enabling electricity network operators to cost effectively facilitate the 
transition to a low carbon economy. 

 
35.  Sterling Power - is a power engineering group composed of a number of individual companies who 

provide a unique range of services within the utility sector.  The group has been established by 
personnel with a wealth of experience in the utility market. 

 
36. Syngenta - a world-leading agri-business committed to sustainable agriculture through innovative 

research and technology. 
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37.  The Transformer and Electrical Company Limited (TEC) - prides itself on providing the most 

efficient and flexible transformer service available 

 
38.  TNEI - launched in 1992, TNEI is an independent company specialising in a range of energy services.  

Their Power Systems and Associated Technologies group specialises in power systems modelling and 
analysis and works with distribution network operators, project and technology developers, and the 
public sector 

 
39.  Vacuum Interrupters Ltd (VIL) - an independent company with unrivalled experience in the design, 

manufacture and use of vacuum interrupters.  Offers services that improve existing designs and 
manufacturing processes, developing new designs and processes and evaluating the condition and 
potential operating life of vacuum interrupters in service. 

 
40.  Willow Technologies - is a specialist supplier of electrical and electronic devices focused on the niche 

markets of sensing, switching and specialist resistors. 
 
  Other Partners - Western Power Distribution has collaboration agreements with a number of other 

Academic, Industrial and Research Partners.  Where possible this information is given in the individual 
reports, but in some cases Western Power Distribution is bound by mutual confidentiality agreements 
not to disclose this. 
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5. Expenditure from IFI Projects 

In the year ending March 2011, the combined Western Power Distribution group increased its 
expenditure on IFI projects. The table below details the expenditure during the April 2010 - March 
2011 IFI reporting period: 

Project Title 
License 
Area 

External Internal Total 

Radiometric Arc Fault Location A £11,080 £2,030 £13,110 

Helicopter Mounted Partial Discharge Detection A £100,664 £3,222 £103,886 

Tree Growth Regulator A £35,200 £5,058 £40,258 

Climate Change and Seasonal Variation on Earthing Installations A £66,329 £6,432 £72,761 

ENA R&D Group Programme A £145,453 £21,309 £166,762 

EATL STP Overhead Line Module 2 and Forum A £99,615 £15,815 £115,430 

EATL STP Cable Module 3 and Forum A £118,910 £15,808 £134,718 

EATL STP Plant and Protection Module 4 and Forums A £92,479 £17,877 £110,356 

EATL STP Networks for DE Resources Module 5 and Forum A £103,230 £18,802 £122,032 

EATL ς Partial Discharge Project and Forum A £39,995 £9,246 £49,241 

EATL  - Protective Coatings Forum C £6,685 £1,269 £7,954 

EATL ς Integrated Condition Based Risk Management  B £45,515 £23,017 £68,532 

SuperGen HiDef B £40,000 £1,140 £41,140 

Waveform Analysis for identification of load type B £11,918 £980 £12,898 

Investigating Balancing of LV Networks C £8,190 £10,049 £18,239 

EPRI -  Intelligent Universal Transformers C £59,515 £2,416 £61,931 

Dynamic Ratings C £32,197 £14,374 £46,571 

Active Fault Current Management C £19,755 £24,364 £44,119 

Understanding Networks with high penetrations of DG  C £91,852 £4,762 £96,614 

Effect of Electric Vehicles on Distribution Networks C £93,117 £9,976 £103,093 

Phasor Measurement Trial C £52,662 £7,158 £59,820 

Smart Grid Equipment ς LV Link Box Monitoring C £25,382 £8,418 £33,800 

Smart Grid Design C £79,146 £6,961 £86,107 

Substation Communication Development C £83,348 £7,485 £90,833 

Regional Allocation of Carbon Emissions C £56,159 £4,500 £60,659 

ACTIV Project C £2,187 £2,533 £4,720 

SuperGen  FlexNet C £20,000 £6,247 £26,247 

Vegetation Management C £82,535 £6,641 £89,176 

Flood Risk Modelling C £52,731 £3,127 £55,858 

Technical Assessment of Power Quality Issues C £36,844 £12,525 £49,369 
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Transient Fault Detection from Disturbance Recorders  C £19,597 £3,860 £23,457 

Harmonic Detection and Analysis C £117,571 £16,140 £133,711 

Network Unbalance Source Detection by Optimum Monitoring C £101,309 £13,791 £115,100 

Voltage Gradient Fault Detection C £10,500 £5,455 £15,955 

Switchgear De-rating C £3,000 £6,038 £9,038 

Power Communications Meter C £12,798 £9,614 £22,412 

Sensor Networks (Smart Dust) C £18,196 £5,271 £23,467 

Power Networks Research Academy C £58,247 £8,286 £66,533 

Environmental Monitoring Fluid Filled Cables C £18,919 £9,122 £28,041 

ZEFAL - Zero Fault Level Generation for Active Urban Network C £19,347 £2,523 £21,870 

Urban Heat Island Study (KTP) C £59,625 £19,967 £79,592 

Black Start Study C £12,735 £1,366 £14,101 

Power Line Carrier Demonstration C £129,494 £11,400 £140,894 

OLTC Tap changer Monitor C £31,593 £7,335 £38,928 

Voltage Optimisation - 11kV Network C £2,456 £2,071 £4,527 

Total   £2,328,080 £395,780 £2,723,860 

 

 

A All WPD Licence Areas 

B South West & South Wales License Areas 

C  East Midlands & West Midlands License Areas 

 

Internal expenditure varied considerably between projects, but the total internal expenditure is 
14.5% of the total eligible IFI expenditure. 
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6. Project Highlights 

6.1 Completed Projects 

Western Power Distribution is pleased to report that R,D & D projects have continued to progress 
over the past year with a number of these successfully completed. Highlights include: 

 ACTIV demonstration ς This used the load characteristics of feeders without generation to 
act as a reference for an autonomous voltage control scheme designed to maximise 
distributed generation output by regulating the network voltage within the statutory limits. 

 Waveform Analysis ς LV network load characterisation has provided useful information on 
network performance when subjected to voltage reductions. 

 Switchgear Derating ς The validation of an improved method of derating circuit breakers 
type tested to BS 116 will allow the connection of generation without having to change 
switchgear in certain circumstances.  

 Sensor Networks development - The adaptation of this low cost, low power radio, 
technology for use with fault passage indicator sensors in a robust linear communications 
topology has proven most successful. During 2010/11, the second phase will demonstrate 
this fault finding equipment on the network. 

 

6.2 Recently started Projects 

Two recently started projected also deserve to be highlighted: 

 Fault Current Limiter ς Western Power Distribution entered a consortium with the Energy 
Technologies Institute (ETI) and agreed to host a resistive super-conducting fault current 
limiter on our network. We have been working with the ETI and the manufacturing partners 
to design a suitable specification and develop the project plan. 

 Disturbance Recorders ς The monitoring of the network has been extended with projects for 
monitoring harmonics and unbalance added to that for the transient fault location project. 
This increase in network visibility is providing a wealth of useful information for these 
research projects.  
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7. Future Intentions 

7.1 Future Projects for 2011/ 12 

In line with our R, D & D Strategy, Western Power Distribution will continue to develop a balanced   

portfolio of projects engaging in multi-collaborative and bilateral innovative projects with 
universities, research establishments and industry. 

In addition to the projects taken forward as planned from the 2010/11 reporting year, a series of 
new projects will be commenced in the 2011/12 reporting year.  These include the following new R, 
D & D projects: 

 Advanced Protection for Networks with Distributed Generation (KTP) 

 Generating value from Smart Electricity Meter data (TSB) 

 Directional Fault Passage Indicator Demonstration 

 Demonstration of Laserscanning Technology to survey complex substation sites 

 

 

7.2 Identification of Future Work Areas 

Clearly the identification of new projects is key to the continued success of the IFI and RPZ initiatives, 
and to the future of distribution networks.  During the forthcoming year we will undertake a range of 
activities in developing our portfolio of projects, including: 
 

 Internal Workshops - to obtain expert views on potential future projects which address 
the issues faced by distribution networks of the future and deliver benefits to our 
customers and the environment 

 Gap Analysis - to identify areas that can be strengthened within our R, D & D portfolio, 
which fit within the IFI criteria and align with our objectives. Western Power 
Distribution will continue to review developments within the future networks 
landscape to identify new potential threats and opportunities that merit research 

 Work with Collaborative Partners - to explore ideas resulting from the dialogue and 
exchange of knowledge and experience with external groups 

 
The R, D & D projects identified will address the issues which face the Distribution Network of the 
future. 

 
 
 
 
 
 

8. Individual Project Reports for Period April 2010 - March 2011 

The following pages contain the Individual Project Reports for IFI projects undertaken by Western 
Power Distribution during the 2010/11 regulatory year.
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Project Title Radiometric Arc Fault Location 

Description of project 

Applied research, and follow up installation of a system to triangulate 
fault locations on overhead lines from the high frequency radio wave 
signatures produced from an arcing fault. 

Expenditure for 
financial year 

Internal   £   2,030   
External  £   11,080 
Total        £  13,110 

Expenditure in previous 
(IFI) financial years 

Total       £ 60,837 

Total Project Costs 
(Collaborative + 
external + Western 
Power Distribution) 

£ 231,500 
Projected 2011 - 2012 
costs for Western Power 
Distribution 

Internal   £ 1,000 
External  £ 3,000 
Total        £ 4,000 

Technological area 
and / or issue 
addressed by project 

The principle of the technology is: 

 There is a correlation between RF discharges and network faults on 
overhead lines 

 The RF signal can be picked up by a radio antenna up to around 
70km away 

 If antennae are spread across the network, a mesh is formed ς in a 
similar manner to the GSM network 

 If a fault can be accurately clocked, triangulation can be used from 
a number of base stations to give an approximate geographic 
location (accuracy ~300m) 

 If this information is linked to GIS / SCADA data a more accurate 
fault location can be obtained 

Type(s) of innovation 
involved 

Significant 

Project 
Benefits 
Rating 

Project 
Residual Risk 

Overall Project 
Score 

10 -5 15 

Expected Benefits of 
Project 

If successful, ǘƘŜ ǳǎŜ ƻŦ ǊŀŘƛƻƳŜǘǊƛŎ ΨŎŜƭƭǎΩ ŎƻǳƭŘ ōŜ ǳǎŜŘ ǘƻ ŀŎŎǳǊŀǘŜƭȅ 
locate fault locations on all overhead line networks within that zone. 

Expected Timescale 
to adoption 

2012 
Duration of benefit once 
achieved 

10 years 

Probability of Success 25% 
Project NPV = (PV Benefits 
ς PV Costs) x Probability of 
Success 

£ 99,489 

 
 
Potential for 
achieving expected 
benefits 
 

The project has achieved a degree of success already and the analysis of 
the data collected so far is ongoing. Previous work by Strathclyde 
University funded by EPSRC and Midlands Electricity indicated that 
Power System related arcing events can be detected radiometrically 
and determined the optimal frequency for reception. 
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Potential for 
achieving expected 
benefits 

The technology itself has good potential for providing the expected 
benefits. There is evidence of its capability in relation to lightning strikes 
and single-station detection of faults before filters were installed to 
improve sensitivity. It is hoped that the significant reduction of 
background noise achieved at the Bellshill and Shotts sites using filters 
will increase the likelihood of picking up sferic signals that may have 
been too weak to detect previously. The provision of 4 surplus PCs by 
SPEN will allow better onsite analysis of the data. The aim is to be able 
to identify and discard irrelevant data so that signal captures of interest 
can be focused upon, resulting in a more efficient system.  The 
possibility of performing some controlled experiments to detect 
discharge sferics from 132kv switches is being investigated. 
 

Project Progress at 
March 2011 

The system was able to successfully capture radiometric emissions from 
lightning strikes at 2 or more stations and using these captures it was 
demonstrated that it is possible to accurately locate the origin of the 
radiometric emissions from the lightning arcs using the time difference 
of arrival of the radiometric signal at the monitoring stations that 
detected them. 
Fault induced arcs were successfully captured on a number of occasions 
at one monitoring station. The number of confirmed radiometric fault 
arc captures has been too few to reliably characterise fault arc signals 
and further research would be required to establish more reliably the 
propagation ranges of the radiometric emissions from fault induced 
arcs. 
It is proposed that future development of a RAFL monitoring system 
could use an alternative geographical configuration of the stations 
coupled with data on the network topology to facilitate the location of 
fault arcs in a manner that makes more efficient use of the available 
resources. The monitoring stations could be set up to detect 
radiometric discharge at 2 monitoring stations only rather than 3, thus 
ǇǊƻŘǳŎƛƴƎ ŀ ΨƭƛƴŜΩ ƻƴ ŀ ƳŀǇ along which matches the time difference of 
arrival ƻŦ ǘƘŜ ŀǊŎΩǎ ǿŀǾŜŦǊƻƴǘ ŀǘ ǘƘŜ ǘǿƻ stations. By superimposing this 
line onto a map of the locations of electrical equipment this approach 
would provide a set of possible locations within the distribution 
network which. 
The experience gained during the field trial of this system, and the 
inevitable progression in terms of available off-the-shelf hardware has 
led to the conclusion that more closely spaced effective monitoring 
stations could be built using cheaper and smaller hardware than that 
currently in use 

Collaborative 
Partners 

Western Power Distribution, Scottish Power, Scottish & Southern 
Energy, Electricity North West and CE Electric UK 

R&D Provider University of Strathclyde 
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Project Title Helicopter mounted Partial Discharge detection 

Description of project 

To fit the Elimpus Partial Discharge (PD) locator onto a helicopter to 
enable an aerial survey to be undertaken to reliably detect and locate 
PD from air insulated high voltage equipment. 

Expenditure for 
financial year 

Internal   £  3,222 
External  £ 100,664 
Total        £ 103,886 

Expenditure in previous 
(IFI) financial years 

Total       £  22,159 

Total Project Costs 
(Collaborative + 
external + Western 
Power Distribution) 

£ 209,000 
Projected 2010 ς 2011 
costs for Western Power 
Distribution 

Internal   £   1,000  
External  £ 16,500 
Total        £ 17,500 

Technological area 
and / or issue 
addressed by project 

Detection of incipient faults in open terminal substations using partial 
discharge location equipment mounted on a helicopter. 

Type(s) of innovation 
involved 

Significant 

Project 
Benefits 
Rating 

Project 
Residual Risk 

Overall Project 
Score 

10 -3 13 

Expected Benefits of 
Project 

Detection of partial discharge from a helicopter will enable proactive 
measures to prevent faults occurring leading to an improvement in 
CI/CML performance and a reduction in equipment costs.  
 
The ability to scan open terminal substations as part of routine 
overhead line patrols offers improved reliability at a lower incremental 
cost. 

Expected Timescale 
to adoption 

2012 
Duration of benefit once 
achieved 

10 years 

Probability of Success 25% 
Project NPV = (PV Benefits 
ς PV Costs) x Probability of 
Success 

£ 27,505 

Potential for 
achieving expected 
benefits 

The University of Strathclyde and the spin-off company Elimpus, have 
developed ground based systems for locational detection of partial 
discharges using time of flight systems. One of these utilises an array of 
ŀŜǊƛŀƭǎ ŎƻƴǘŀƛƴŜŘ ǿƛǘƘƛƴ ŀ Ǿŀƴ ƳƻǳƴǘŜŘ άǊƻƻŦ ōƻȄέΤ ŀ ǎƛȊŜ ŎƻƳǇŀǘƛōƭŜ 
with the aerial separation that might be achieved between the skids of 
a typical Jet Ranger or Squirrel helicopter employed by DNOs for 
overhead line patrols.  
 
Asset health assessment is key to delivery of network reliability and 
safety performance and a small feasibility trial was undertaken to assess 
the viability of a larger IFI project that would entail development of 
equipment suitable for CAA flight certification. The feasibility trial 
employed existing technology, but standoff distance and disturbance 
from the helicopter and its systems, posed potential challenges. 
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Project Progress at 
March 2011 

The following tasks have been completed: 

 Aerospace Design: Frame design and manufacture 

 Aerospace Design: Antenna structure 

 Aerospace Design: Antenna fairing manufacture 

 Elimpus: System factory test 
A significant problem arose over the cabling used to connect the 
antennas to the recording box. Due to the intricacies of the design 
of the helicopter frame structure it was not possible to use the 
specified cabling as this had an unfavourable bend radius. The 
cable type needed to be small enough to be routed through the 
frame, large enough to attach a mil-spec connector and have 
favourable propagation characteristics for use with the PD 
locator. Following several attempts this has finally been resolved 
but has caused delays in the final manufacture of the cable 
assemblies and the final layout of the Elimpus box. 
 
The following tasks are in progress: 

 Aerospace Design: Cable assemblies 

 Aerospace Design: Fixings for recording box and monitor 
 Elimpus: Final layout of recording box 
 Aerospace Design: Final assembly of the antennas 

The trial installation is planned for the week beginning 18 April, 
with the first test flight following as soon as practical after this 
date. 

Collaborative 
Partners 

Western Power Distribution, Scottish & Southern Energy and UKPN 

R&D Provider Elimpus and Aerospace Design 

 
 
Close up of the 
forward right 
hand stb. xtube 
Partial Discharge 
detector during a 
trial fitting of the 
antenna array to 
a Twin Squirrel 
Helicopter 
skidgear at 
Western Power 
Distribution. 
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Project Title Tree Growth Regulator 

Description of project 

The project proposes to investigate the effect of the plant growth 
regulator paclobutrazol (PBZ) on tree vitality and growth rates.  

Six field trial sites have been established, supported by thirteen 
observational sites throughout the UK to represent a diverse range of 
bio-climatic zones. There are two sites in each of the participating 
ƴŜǘǿƻǊƪ ƻǇŜǊŀǘƻǊΩǎ ƭƛŎŜƴŎŜ ŀǊŜŀǎΦ ¢ǊŜŜ ǎǇŜŎƛŜǎ ǎŜƭŜŎǘŜŘ ŦƻǊ t.½ 
evaluation were selected to represent those that occur commonly on or 
near overhead networks. 

Expenditure for 
financial year 

Internal   £  5,058 
External  £  35,200 
Total        £  40,258 

Expenditure in previous 
(IFI) financial years 

Total       £ 130,452 

Total Project Costs 
(Collaborative + 
external + Western 
Power Distribution) 

£ 720,000 
Projected 2011 - 2012 
costs for Western Power 
Distribution 

Internal   £  5,000 
External  £ 35,200 
Total        £ 40,200 

Technological area 
and / or issue 
addressed by project 

Rate of vegetation growth and use of Tree Growth Regulators to reduce 
maintenance costs. 

Type(s) of innovation 
involved 

Significant 

Project 
Benefits 
Rating 

Project 
Residual Risk 

Overall Project 
Score 

22 -4 26 

Expected Benefits of 
Project 

The expected outputs from the project will be data and information on 
the effect of PBZ on tree growth rates across a range of species and 
bioclimatic areas. This data will comply with ORETO experimental 
requirements and will be used to apply for a licence for the use of PBZ 
for utility vegetation management. 
 
PBZ could then be used as part of utility vegetation programmes to 
reduce growth rates on restricted cut sites and reduce overall 
vegetation management costs. This would also reduce the disturbance 
to landowners and the high costs of returning each year to maintain 
clearances from locations where only a restricted cut is possible. 

Expected Timescale 
to adoption 

2013 
Duration of benefit once 
achieved 

20 Years 

Probability of Success 75% 
Project NPV = (PV Benefits 
ς PV Costs) x Probability of 
Success 

> £1,000,000 
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Potential for 
achieving expected 
benefits 

¢ƘŜ ǇǳǊǇƻǎŜ ƻŦ ǘƘŜ ŦƛǊǎǘ ȅŜŀǊΩǎ ƳŜŀǎǳǊŜƳŜƴǘǎ ǿŀǎ ǘƻ ŘŜƳƻƴǎǘǊŀǘŜ 
whether over application of PBZ and subsequent phytotoxicity of leaf 
material occurred. No statistically significant difference was found 
between PBZ treated and control trees, which indicates that there were 
no phytotoxic symptoms in leaf tissue during the 2009 growing season. 
Likewise in both field and observational sites no symptoms of 
phytotoxicity have, to date, been recorded on any PBZ treated tree in 
year 2 (2010). 

In year two a significant influence of PBZ on tree growth and vitality was 
recorded in the majority of trees at each field and observation site. Such 
results were manifest by reduced shoot growth and trunk diameter and 
subsequent increase in root growth. With respect to tree vitality, effects 
were manifest as increased leaf photosynthetic activity, greener leaves 
and plant cell wall strength. Consequently, all objectives stipulated in 
the IFI Research Project, The effects of Tree Growth Regulators (TGRs) 
on Fast Growing Trees and Application to Utility Arboriculture have, to 
date, been achieved. In addition, no particular factors can be foreseen 
which would result in delays in the achievements of any of the stated 
objectives in the original research proposal. 

Measurements in subsequent years will continue to investigate the 
potential for reduction in utility tree growth rates. 

Project Progress at 
March 2011 

Six field sites and thirteen observational sites have been set up and PBZ 
applied at recommended dosage rates. Initial observations have 
indicated no phytotoxic effects. 

Following discussions with the DNO Project Director further planting of 
the tree species Leylandii and Alder occurred on two sites in early 2010 
that were treated with PBZ during summer 2010. 

The PSD has granted an experimental licence and the work has been set 
up to meet ORETO research guidelines. An audit carried by ADAS 
compliance team confirmed that the experiment complies with these 
guidelines. 

In 2010, both field and observational site data indicate a significant 
positive benefit of PBZ application on tree vitality and growth. In PBZ 
treated trees reduced shoot growth and trunk diameter and increased 
root growth was recorded. With respect to tree vitality, PBZ effects 
were manifest as an increase in leaf photosynthetic activity greener 
leaves and reduced electrolyte leakage.  

Effects of PBZ on vitality and growth varied between tree species with 
some species such as English oak and beech particularly sensitive while 
other such as poplar and willow far less sensitive.  

Collaborative 
Partners 

Western Power Distribution, Scottish and Southern Energy, CE Electric 
and UKPN 

R&D Provider ADAS, Bartlett Tree Research and Syngenta 

 
 
 



  

 

 

Western Power Distribution Regulatory Report for IFI and RPZs 

   Page 34 of 144 

Samples being tested at Tree growth regulator (TGR) field sites and examples of typical results from 
previous studies. 
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Project Title 
Climate change and seasonal variation impacts on electrical earthing 
installations 

Description of project 

This project will develop a GIS Information System to assist in the 
prioritising of future maintenance of rural ground earthing systems, by 
providing a graphical presentation of ground conditions and the 
probability of the resistance of legacy shallow trench earthing changing 
significantly under future project climate change scenarios. 

The project will also produce seasonal variation correction factors for 
both deep drive and shallow trench installations to allow the existing 
and new GIS tools to respond to seasonal variations.  

Expenditure for 
financial year 

Internal   £  6,432 
External  £  66,329 
Total        £  72,761 

Expenditure in previous 
(IFI) financial years 

Total       £ 242,512 

Total Project Costs 
(Collaborative + 
external + Western 
Power Distribution) 

£ 525,000 
Projected 2011 - 2012 
costs for Western Power 
Distribution 

Internal   £   12,000 
External  £ 190,000 
Total        £ 202,000  

Technological area 
and / or issue 
addressed by project 

The Phase 1 Electrical Earthing project ð ôAn Information System to 

assist the installation of rural ground earthing systemsõ was concerned 

with predicting the earthing requirements at sites within the network 

distribution areas of Western Power Distribution (Midlands)  and UK 

Power Networks. The project assumed that the installation of vertically 

inserted deep drive rods was the normal method of providing earthing 

systems and that a horizontal trenched system would only be 

considered when the ground conditions prevented this normal method. 

The Phase 2 Electrical Earthing project ð ôClimate change and seasonal 

variation impacts on electrical earthing installationsõ aims to investigate 

the temporal changes in earthing resistance. It is recognised that the 

earthing resistance of a system will change with time as the resistivity 

of the ground varies exponentially in response to changes in water 

content and temperature. In particular the value of legacy shallow 

trench earthing systems will be particularly affected. A number of 

climate change scenarios are available from climate modelling and 

these indicate that parts of the UK could experience dryer or wetter 

conditions and that the seasonal ranges of precipitation and 

temperature could be more extreme than today. 

This project will provide qualitative and quantitative assessments of 

both seasonal changes and the impact of climate change on electrical 

earthing installations.  The results of this study will provide a tool to 

identify those areas where earthing installations are most likely to go 

out of specification in future years. 

Type(s) of innovation 
involved 

Significant 
Project 
Benefits 
Rating 

Project 
Residual Risk 

Overall Project 
Score 
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9 -4 13 

Expected Benefits of 
Project 

The expected benefits are: 

 More effective earthing system inspection and maintenance regime 
from the prioritisation of earthing systems in susceptible areas. 

 Avoidance of high resistivity issues on legacy earthing systems 
during hot dry summers. 

Expected Timescale 
to adoption 

2013 
Duration of benefit once 
achieved 

20 years 

Probability of Success 75% 
Project NPV = (PV Benefits 
ς PV Costs) x Probability of 
Success 

£ 145,000 

Potential for 
achieving expected 
benefits 

The potential for achieving expected benefits is believed to be high. 
Phase 1 of the project was completed to time and within budget and 
has been successfully implemented in Western Power Distribution 
(Midlands). 

Project Progress at 
March 2011 

Technical issues identified, the project plan scoped out and contractual 

arrangements agreed during 2010. The project will contain six main 

elements: 

1. Update to Phase 1 

2. Revised set of modelled soil resistivities 

3. Development of horizontal trench preference 

4. Electrical earthing vulnerability to climate change 

5. Quantitative assessments of the effect of climate change 

6. Electrical earthing response to seasonal variations 

Collaborative 
Partners 

Western Power Distribution and UKPN 

R&D Provider British Geological Survey and Cranfield University 

 
 
 
Extract from Phase 1 map 
showing the tool as an 
overlay on GIS. The colours 
predict the probability of 
installing different types of 
earthing systems to obtain a 
desired resistivity at that 
location. 
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Project Title ENA R&D Group Programme 

Description of project 

The Energy Networks Association (ENA) represents all the UK network 
operators. Several projects have been initiated by the ENA R & D 
Working Group. 

Expenditure for 
financial year 

Internal   £  21,309 
External  £  145,453 
Total       £  166,762 

Expenditure in previous 
(IFI) financial years 

Total       £ 119,405 

Total Annual Project 
Costs (Collaborative + 
external + Western 
Power Distribution) 

£ 434,700 
Projected 2010 - 2011 
costs for Western Power 
Distribution 

Internal   £  15,000    
External  £  99,800 
Total       £ 114,800 

Technological area 
and / or issue 
addressed by project 

The projects listed below address real issues which have been identified 
by the ENA Working Groups as significant requiring technical 
investigation and development: 

- Fault Level Monitor ς The objective is to develop a device that will 
connect to the network and establish the network source 
impedance from small-scale disturbances/perturbations resulting 
from transformer tap changer operation, etc. This impedance can 
be accurately correlated to a true network fault level for that 
location, providing near-real-time information to network control 
and planning engineers alike.  

- Harmonic impedance modeling - The project addresses the detailed 
modelling of cable and overhead line components, to develop cable 
models appropriate for distribution networks 

- Earthing Project - The aim is to develop new techniques to assess 
ǘƘŜ ƛƳǇŀŎǘ ƻŦ ƭƻǿŜǊ ǾƻƭǘŀƎŜ ŜŀǊǘƘ ŜƭŜŎǘǊƻŘŜǎ ƻƴ ƘƛƎƘŜǊ ǾƻƭǘŀƎŜ ΨƘƻǘ 
ȊƻƴŜǎΩ ŀƴŘ ǘƻ ƳŜŀǎǳǊŜ ǘƘŜ ǊŜǎƛǎǘŀƴŎŜ ƻŦ ŘƛǎǘǊƛōǳǘƛƻƴ ǎǳōǎǘŀǘƛƻƴ 
earth systems.  

- Vacuum Bottles ς Although today there have been few failures, 
existing Network Operators have large populations of vacuum 
ƛƴǘŜǊǊǳǇǘŜǊǎ ŀƴŘ ǎƻƳŜ ƻŦ ǘƘŜǎŜ ŀǊŜ ŀǇǇǊƻŀŎƘƛƴƎ ǘƘŜ ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ 
declared guaranteed life expectancy (20  years). 

- Climate Change and Network Resilience Project - The objective of 
this project is to investigate whether the electricity (both 
ǘǊŀƴǎƳƛǎǎƛƻƴ ŀƴŘ ŘƛǎǘǊƛōǳǘƛƻƴύ ƴŜǘǿƻǊƪǎΩ Ǌƛǎƪ ǘƻ ǿŜŀǘƘŜǊ-related 
faults may change in the future as a result of climate change. 

- Smart Metering Studies ς The ENA has commissioned Engage 
Consulting Ltd to undertake a comprehensive analysis of 
distribution network operator requirements for a smart metering 
system for electricity and gas. 

This project was split into four work streams: 
WS1 ς ENA Smart Metering System Requirements 
WS2 ς Development of appropriate user cases 
WS3 ς Performance standards and communication requirements 
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WS4 ς Privacy and security considerations 

- A Study was also carried out by Imperial College, London to look at 
network requirements and benefits of advanced smart metering for 
demand response.  

Type(s) of innovation 
involved 

Incremental / 
Significant 

 

Project Benefits 
Rating 

Project 
Residual 

Risk 

Overall Project 
Score 

12 -5 17 

Expected Benefits of 
Project 

These projects have the potential to provide a wide range of benefits. In 
some cases, they will help to understand key asset-related issues and 
allow designs to be altered to address them. In other cases they will 
allow us to better understand risks to our network, whether from 
climate change or changes in demand.  

Fault Level Monitor: 
The key output from this work was to ensure that the FLM is capable of 
delivering an assessment of both the source and motor infeed elements 
of fault level. 

Harmonic impedance modelling:  
The expected benefit of this project is the development of an 
Engineering Technical Report (ETR) type guidance note to supplement 
G5/4 (2001) and help reduce and simplify modelling requirements for 
relatively small capacity 33kV connections. 

Earthing Project: 
The expected benefits of this project are: 
- To develop a test method of correctly calculating and measuring HV 

to LV transfer potentials and to consolidate this in standards via 
case study examples and simplified methods. 

- To develop methods of calculating the earth return current that 
creates a voltage rise when cable circuits are used ς particularly 
newer XLPE/Triplex/EPR cables for which there is no guidance in the 
standards. 

- To develop safer and more cost effective substation earthing 
designs 

Vacuum Bottle Project 
This project will first look at all failure occurrences and also at a sample 
of life expired vacuum bottles to determine the true asset life in a 
distribution network environment 

Climate Change and Network Resilience Project: 
The result of this project and subsequent benefits will inform Licensee's 
strategy with regard to IIP performance incentives which impact on 
Price Controls, system planning studies and operational preparedness 
for extreme weather events. 

Smart Metering Studies: 
The smart metering project is already having a valuable input to the 
overall smart metering consultations. 
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Expected Timescale 
to adoption 

2012 
Duration of benefit once 
achieved 

10-20 Years 

Probability of Success 
25 - 75% Dependent 
upon project 

Project NPV = (PV 
Benefits ς PV Costs) x 
Probability of Success 

£ 200,000 

Potential for 
achieving expected 
benefits 

Fault Level Monitor: 
This specific work with EATL is now complete. No expected benefits 

Harmonic impedance modelling:  
TNEI have completed the study and have provided three reports.  
Report 1. - Underground Cables and Overhead Lines 
Report 2. - Development of Network Reduction Methodology 
Report 3. - Stage 3A Methodology 
Using the output from the study reports work is currently ongoing to 
develop an ETR guidance document that will support ER G5/4 and help 
reduce and simplify modeling requirements for relatively small capacity 
33kV connections. 

Earthing Project: 

The potential for achieving the expected benefits is high and it is 
expected that the project will be completed in the summer of 2011. 

Vacuum Bottles: 

A significant number of vacuum bottles became available for testing 
following the removal of an eleven panel vacuum interrupter 
switchboard in Western Power Distribution dating from 1984. This will 
increase the sample size of analysed vacuum bottles. A further increase 
in testing is expected following communication from the ENA Vacuum 
Bottle Working group to BEMA and individual vacuum bottle 
manufacturers.    

Climate Change and Network Resilience Project:  

The work on the climate change and network resilience project will 
assist the DNOs to quantify long term the relationship between climate 
and network faults and the vulnerability and exposure of the network to 
these faults. Some of the outputs from this study have been factored 
into the recent DECC/DFRA Climate Adaptation project. 
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Project Progress at 
March 2011 

Harmonic impedance modelling 

One of the deliverables from the original project was a proposed 
revision of Engineering Recommendation G5/4 to introduce a new 
simplified Stage 3A methodology for simple and small low harmonic 
connections. There was one question outstanding from the original 
project which required further investigation and this was the proposed 
75% criteria for Stage 3A compliance. The concern was that the 
selection of 75% was somewhat arbitrary and was only based on the 
existing Stage 2 criteria. This investigation is currently underway and it 
is anticipated that the results of the investigation will be published in 
the autumn 2011. This will enable the completion of the proposed ETR 
including the addition of the Stage 3A methodology assessment in 
support of the revision of Engineering Recommendation G5/4. 
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Project Progress at 
March 2011 
(continued) 

Earthing Project: (There are several parts to this project): 

HV/LV Earthing Transfer 

This project is nearing completion. A new calculation method has been    
developed which more accurately approximates transfer potential 
between HV and LV earthing systems in distributed LV networks (e.g. 
PME in the UK). The new calculation method accounts for the beneficial 
reduction in LV transfer potential provided by larger LV electrodes 
which are located further away from the HV substation (as previously 
demonstrated by measurement). The new method Is in good agreement 
with results from detailed simulation software (uniform soil).The work is 
currently being used to develop new guidance / calculation tools for UK 
standards. LV earthing design practice will need to be reviewed. The 
work suggests that LV electrode should be installed in parts of the 
network furthest from the HV electrode, e.g. at the end of LV feeder 
cables. Work is progressing to evaluate the new calculation method 
with different arrangements, soil resistivity, etc. 

Cable Fault Calculation 
The second part of this project was to develop and deliver a interactive 
tool that could asses the impact of cable sheath sizing, material and 
connections upon the safety of electrical power installations 

When an earth fault occurs at an installation, the resulting current must 
return to its source via metallic routes (such as a cable sheath) and 
through the soil/ground. The latter part flows through the local earthing 
system and creates a temporary elevated potential, called the Earth 
Potential Rise (EPR). This in turn can cause equipment damage and 
potentials that create a shock risk to nearby people and animals.  

In the new European Earthing Standard EN50522 and IEC 61936-1, an 
understanding of the role of the cable sheath in returning some of the 
earth fault current is one of the factors that determine whether a 
ΨDƭƻōŀƭ 9ŀǊǘƘƛƴƎ {ȅǎǘŜƳΩ ŜȄƛǎǘǎ.  

In order to analyse such circuits effectively a spreadsheet based routine 
has been developed for 11kV distribution cables. The first step was to 
calculate the necessary cable parameters to a high degree of accuracy. 
Then a number of representative circuits were analysed in detail using 
software packages, numerical methods and formulae. Finally, formulae 
of sufficient accuracy were used in a spreadsheet routine. This allows 
the effect of important variables upon the ground return current to be 
calculated. Its use has already led to new ideas about the design of 
earthing systems. The aim is to develop new design rules and policies 
and extend the spreadsheet to cover a wider range of circuits (such as 
at higher voltages) and other parts of the earthing calculations carried 
out at the design stage. The findings from this study were presented at 
the 2011 CIRED Conference.  

The overall Earthing Project is due to be completed by the end of July 
2011. 
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Project Progress at 
March 2011 
(continued) 

Vacuum Bottle Project: 
A total of thirty three vacuum bottles (types V803 and WL34406) were 
removed from service in Western Power Distribution when a vacuum 
switchboard, which had been installed in 1984 was replaced. Thirty of 
these vacuum bottles were test for contact wear and voltage 
withstand. In addition magnetron vacuum pressure measurements 
were taken to confirm that the virtual leak rate would give a residual 
service life of at least twenty years. One of these vacuum bottles was 
identified as having a severe virtual leak, which had caused a significant 
loss of vacuum, but had passed the voltage withstand test.  

A further three earlier V3 vacuum bottles were removed from a spare 
circuit breaker and these have also been similarly tested. One was 
found to have a real leak due to mechanical damage. 

The availability of spare recalibrated vacuum bottles will enable the 
cascade replacement of more vacuum bottles during future 
maintenance work. 

Climate risk assessment on future network resilience: 
This project is now complete. In this project the DNOs have considered how the 
frequency of weather-related faults on the UK transmission and distribution 
electricity networks may change in the future as a result of climate change. The 
methodologies applied to the various types of weather-related faults are 
detailed in the study report.This project has involved close collaboration 
between climate scientists and industry experts. The scientific insights that can 
be gained from appropriate use of climate projections have been combined 
with the industry experts' understanding of the relevant thresholds, 
procedures and actions involved in managing the impact of weather and 
climate on the electricity network. The result is an assessment of projected 
future risk that can be a useful tool to the electricity sector in developing 
climate adaptation strategies for the future. 

Smart Metering Studies 

Comprehensive studies into both Smart Metering and Smart Metering 
for Demand Response and their subsequent reports have been 
published and are now publicly available on the ENA website. 

http://2010.energynetworks.org/r-and-d-introduction/  

Collaborative 
Partners 

Western Power Distribution, CE Electric, UKPN, Electricity North West, 
National Grid, Northern Ireland Electricity, Scottish & Southern Energy, 
and Scottish Power. 

R&D Provider 

TNEI, EA Technology, Earthing Solutions, University of Strathclyde, 
Sterling Power, Vacuum Interrupters Ltd (VIL), Met Office, Engage 
Consulting Ltd and Imperial College, London. 

http://2010.energynetworks.org/r-and-d-introduction/
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A V803 vacuum bottle under going a 
vacuum test at VIL. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Smart Metering reports, which can be found on the ENA webpage. 
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Project Title 
EA Technology - Strategic Technology Programme 

EATL STP Overhead Line Module 2 and Forum 

Description of project 
Research and development into all aspects of Distribution Overhead 
Lines 

Expenditure for 
financial year 

Internal   £  15,815 
External  £  99,615 
Total       £   115,430 

Expenditure in previous 
(IFI) financial years 

Total       £ 394,830 

Total Annual Project 
Costs (Collaborative + 
external + Western 
Power Distribution) 

£ 345,000 
Projected 2011 - 2012 
costs for Western Power 
Distribution 

Internal   £  15,000 
External  £  93,000 
Total       £ 108,000 

Technological area 
and / or issue 
addressed by project 

The Module 2 programme for budget year 2009/10 aimed to optimise 
overhead network design, improve operational performance, maximise 
potential benefits, improve financial performance, and minimise risk 
associated with overhead networks, whilst having due regard for the 
environment and energy efficiency.  The programme also aimed to 
deliver continuous improvement in terms of safety and environmental 
performance of the overhead network to meet the individual business 
requirements of Member Companies.  Several of the projects contribute 
ǘƻ ǘƘŜ ƛƴŘǳǎǘǊȅΩǎ ƪƴƻǿƭŜŘƎŜ ƻŦ ǾŀǊƛŀǘƛƻƴ ƛƴ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΦ The projects 
all address real problems that have been identified by the module 
steering group members as significant and which require technical 
investigation and development. 

Completed Projects (March 2011) 
S2164_1: Development of a probabilistic wind and ice map for UK ς 
Project strategy & related interfaces 
S2168_1: A spreadsheet to calculate conductor temperature (OHTEMP) 

Projects Still in Progress (March 2011) 
S2126_6 Monitor conductor temperature at fixed current - Stage 6 
Monitor Pine and Hazel at same design temperature 
S2160_2: Impedance testing of new and old poles ς Test 9 more new 
poles 
S2160_2AF: Impedance Tests on Wood Poles: Additional funding for 
penetration tests 
S2160_2AF2: Impedance Tests on Wood Poles: Penetration tests 
Further additional funding for additional work 
S2160_3: Impedance testing of new and old poles ς Risk Assessment 
S2161_2: Site testing of load-lock anchors ς Testing Members' 
installations 
S2162_1: Measure residual strength of ageing wood poles ς 1st batch of 
30 poles 
S2164_2: A probabilistic wind and ice map for UK ς Analyse model 
performances and develop procedures 
S2169_1: Downwind effects of wind turbine at wood-pole height 
S2171_1: Wedge clamps comparative tests 
S2172_1: Evaluating Winter 2009/10 icing events at Deadwater Fell 

Type(s) of innovation 
involved 

Incremental, 
Technical 

Project Benefits 
Rating 

Project 
Residual Risk 

Overall Project 
Score 
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Transfer, 
Signifiant, 
Radical 

16 -9 25 

Expected Benefits of 
Project 

Projects in this module will significantly increase the safety and 
reliability of the network.  In certain cases the asset life may also be 
extended. 

If these projects are technically successful and the findings and 
recommendations from the projects are implemented, then the 
projects will potentially enable each DNO member of the programme to 
gain benefits including: 

 Improvements in network reliability by identifying root causes 
of faults and developing solutions; 

 Safe early detection of potential defects that can then be 
repaired in a planned and timely fashion;  

 Cost effective and early identification of damaged insulators 
and discharging components, which if not addressed would 
result in faults; 

 Development of  tools, technology and techniques to reduce 
risk or cost, or to increase speed of capital deployment of 
Member Company programme delivery; 

 A better understanding how overhead line assets perform in 
service which can be used to determine the overall asset 
management policy ; 

 Reduce levels of premature failure of assets; 

 Avoid redesign, reconstruction or refurbishment of overhead 
lines where this is driven by a perceived need to increase 
ratings or strengthen lines, and is required to conform with 
existing standards but which may be unnecessary; 

 Co-operation between European countries in the development 
of forecasting methods of atmospheric icing and for the 
exchange of forecasting tools; 

 Comparison of new covered conductor with known 
performance of older types; 

 Increasing scientific understanding of processes and climatic 
conditions leading to icing; 

 Extend the service life of poles and reduce potential levels of 
failures; 

 Reduce lifetime costs by the appropriate use of alternative 
materials; 

 Improved methodology for determining conductor ratings will 
provide greater confidence; 

 Positive impact on environmental performance and many have 
positive impacts on safety; 

 Give Members a better understanding of novel conductors for 
new-build or re-conductoring lines that gives lower capital cost, 
minimum visual impact, and environmental acceptance. 

Expected Timescale 
to adoption 

Range 2012 - 2016 
Dependent upon 
project 

Duration of benefit once 
achieved 

Range 3-5 years 
Dependent on 
project 
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Probability of Success 
Range 49 - 95% 
Dependent on 
project 

Project NPV = (PV Benefits 
ς PV Costs) x Probability of 
Success 

£ 42,652 

Potential for 
achieving expected 
benefits 

There are a huge variety of projects within the 2010/11 work 
programme for Module 2.  A number of these projects are scientific 
based and will require further research and development to achieve 
improvements in operational performance and integration into the 
Network Operators business environment.   

Projects in these areas are mainly stages of much larger multi-stage 
projects and require further work to optimise network design, financial 
and operational performance from which the customer and 
stakeholders will benefit 

Other projects were looking at better ways of improving the operational 
performance, management and reliability of Overhead Networks, by 
minimising the impact on the environment and the safety of both the 
operators and the public, in a manner that could be implemented 
straight away. 

Collectively, the 10/11 work programme demonstrates the 
development of innovative products, processes and techniques that 
improve the management of Overhead Networks; in terms of safety, 
design, environment, reliability, security and power quality. 

STP has also delivered a number of notable innovations since its 
inception. 

Project Progress at 
March 2011 

Only a small number of projects or project stages, started in the Module 
during 10/11, have been completed, this is mainly due to the fact that 
the majority of projects are connected to the Pole Impedance project; 
others require a significant amount of testing, and data capturing which 
span more than one year.  However, the outputs of the single stage 
projects that have already identified potential benefits and 
opportunities for further innovative technical development work are 
provided below: 

S2168_1: 

1. OHTEMP is a spreadsheet tool that calculates conductor 
temperature for a conductor that is carrying a specified current 
under specified ambient conditions; 

OHTEMP is completely deterministic: it simply calculates conductor 
temperature for a given current. Thus there is no need to invoke 
any probabilistic conversion factors to translate calculated current 
at design conditions into exceedence-based ratings 

S2164_1: 

The final outcome of this work is to develop new wind/ice loads which 
are expected to be less onerous than those predicted by BS 8100 and 
further can be used to update BS EN 50341 and BS EN 50423 standards. 

Updated information can be found at:- https://www.stp.uk.net 

https://www.stp.uk.net/
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Collaborative 
Partners 

Western Power Distribution, CE Electric, UKPN, Electricity North West, 
Northern Ireland Electricity, Scottish & Southern Energy and Scottish 
Power  

R&D Provider EA Technology Ltd 

 
 

 
 

Effect of severe Ice loads on an 11kV Overhead Line in Winter 2010. STP Module 2 project S2164_1 is 
looking at designs for future ice accretion and wind loads 
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Project Title 
EA Technology - Strategic Technology Programme 

EATL STP Cable Module 3 and Forum 

Description of project 
Research and development into all aspects of Distribution Cables and 
underground equipment 

Expenditure for 
financial year 

Internal   £  15,808 
External  £  118,910 
Total       £  134,718 

Expenditure in previous 
(IFI) financial years 

Total       £ 447,937 

Total Annual Project 
Costs (Collaborative + 
external + Western 
Power Distribution) 

£ 414,500 
Projected 2011 - 2012 
costs for Western Power 
Distribution 

Internal   £  16,000 
External  £ 111,500 
Total       £ 127,500 

Technological area 
and / or issue 
addressed by project 

The STP Cable Networks programme for budget year 2010/11 aimed to 
optimise underground cable network design, improve operational 
performance, maximise potential benefits, improve financial 
performance and minimise risk associated with underground cable 
networks, whilst having due regard for the environment and energy 
efficiency.  The programme also aimed to prevent cable failure modes 
and to deliver continuous improvement in terms of safety and 
environmental performance of all aspects of the underground cable 
network to meet the individual business requirements of Member 
Companies. 

{ŜǾŜǊŀƭ ƻŦ ǘƘŜ ǇǊƻƧŜŎǘǎ ŎƻƴǘǊƛōǳǘŜ ǘƻ ǘƘŜ ƛƴŘǳǎǘǊȅΩǎ ƪƴƻǿƭŜŘƎŜ ƻŦ 
variation in climate change. 

Completed Projects Funded in 2010/2011 (March 11):- 
S3144_3; Comparison of Processes for the Treatment of Redundant 
Fluid Filled Cables: Analysis of Cable Samples 
S3173_1: (REVISED) Implications of Climate Change for Cable Systems: 
Effects on Cable Ratings 
S3202_2: Performance Evaluation of Plastic Smoothed Walled and 
Corrugated Ducting Installed In Trefoil Formation: Evaluation of Results 
S3223_1: Implementation of Security Method Developed to Protect 
CRATER Spreadsheets 

Projects Funded in 2010/2011 Still in Progress (March 11):- 

S3161_2; Decision Making Tool for the Assessment of long MV and HV 
Cable Circuits ς Create Decision Making Tool 
S3165_2: Performance ageing tests on polymeric terminations: Partial 
Discharge Measurements and U/V Camera Analysis 
S3176_2: (REVISED) Mechanical Integrity of Joints ς Stage 2: Testing of 
Joints 
S3187_2: Polymeric Sealants for Cable Ducts: Triplexed Cables 
S3190_1: Flushing of Fluid-Filled Cable Circuits 
S3191_1; Pressure-Volume Curves for Fluid-Filled Cable Oil Tanks 
S3192_1: Impregnation Coefficients for Fluid-Filled Cables 
S3193_1: Reducing Pressure in Fluid-Filled Cable Circuits 
S3195_1: Researching Alternative PU Resins for Jointing 
S3199_2: (REVISED): Developing an Automatic Update System for a 
Database of Fluid filled Cables 
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Type(s) of innovation 
involved 

Incremental 

Project  Benefits 
Rating 

Project 
Residual Risk 

Overall Project 
Score 

14 -8 22 

Expected Benefits of 
Project 

Projects in this Module will significantly increase the performance and 
reliability of the cable network.  In many cases the cable assets life may 
also be extended. 

If the projects are technically successful and the findings and 
recommendations from the projects are implemented, then the 
projects will potentially enable each DNO Member of the programme to 
gain the following benefits, including: 

 Use of an effective tool to improve the leak management of 
fluid filled cable circuits.  Reducing the risk of potential costly 
failures; 

 Successful and practical methods for sealing ducts containing 
triplexed cable; 

 A test that truly measures the mechanical robustness of a joint 
with ŀƴ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǘƘŜ ǇŜǊŦƻǊƳŀƴŎŜ ōŜǘǿŜŜƴ άƎǊŜŜƴέ 
resin filled joints and conventional PU filled joints.  This could 
result in significant cost benefit; 

 Alternatives to current design and installation practices which 
offer benefits in lower lifetime cost, higher performance (e.g. 
increased ratings); 

 Reduce risk in environmentally sensitive areas; 

 A reduction in the number of accidents / incidents so 
increasing safety of staff and the public; 

 Reduce excavation required in locating leaks from fluid-filled 
cables, reduce the times and costs of leak location, and also 
reducing outage time; 

 A reduction in digging, causing less disruption to the public, 
reducing impact on the environment and avoiding disposal of 
soil to landfill; 

 Offset future increases in CAPEX and OPEX; 

 CI/CML savings per connected customer; 

 Reduce cable purchase costs; 

 Enforce Network resilience; 

 Implement strategies for reducing cable failures, resulting from 
excessive forces; 

 Reduction in number of cable faults; 

 Reduce design costs. 

Expected Timescale 
to adoption 

Range 2012 - 2013 
Dependent on 
project 

Duration of benefit once 
achieved 

Range 3 - 5 years 
Dependent on 
project 

Probability of Success 
Range 45 - 100% 
Dependent on 
project 

Project NPV = (PV Benefits 
ς PV Costs) x Probability of 
Success 

£ 42,013 
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Potential for 
achieving expected 
benefits 

There are a huge variety of projects within the 2010/11 work 
programme for Module 3.  A significant number of these projects are 
interlinked developing a scientific Fluid Filled Cable software tool to 
improve the leak management of fluid filled cable assets.  Reducing the 
risk of potential costly failures.  This technical development consists of 
numerous single projects, but collectively form part of much larger suite 
of projects over more than one financial year which require further 
research and development in order to optimise the financial, 
operational performance and management of fluid filled cable assets 
from which the customer and stakeholders will benefit. 

Other projects were looking at better ways of improving the operational 
performance, management and reliability of Cable Networks, by 
minimising the impact on the environment and the safety of both the 
operators and the public, in a manner that could be implemented 
straight away. 

Collectively, the 10/11 work programme demonstrates the 
development of innovative products, processes and techniques that 
improve the management of Cable Networks; in terms of safety, design, 
environment, reliability, security and power quality. 

STP has also delivered a number of notable innovations since its 
inception. 

Project Progress at 
March 2011 

Only a small number of projects or project stages started in the Module 
during 10/11 have been completed, this is mainly due to the fact that 
the majority of projects are interlinked with the Fluid Filled Cable Tool, 
which span more than one year and delivery is expected in 2011/12.  
However, the outputs of the single stage projects that have already 
identified potential benefits and opportunities for further innovative 
technical development work are provided below:  

S3173_1: 
The effects of climate change driven by high emissions on cable ratings 
and losses are modest, but significant: 

 Changes in temperature may have the effect of reducing 
summertime in-soil ratings by 1.5 ǘƻ р҈ ƛƴ ǘƘŜ нлрлΩǎ ŀƴŘ нΦр ǘƻ 
уΦр҈ ƛƴ ǘƘŜ нлулΩǎΦ  ¢ƘŜ ƘƛƎƘŜǎǘ ŦƛƎǳǊŜǎ ŀǊŜ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ 
factors such as large cable size, high dielectric loss, low 
maximum conductor temperature and soil drying out (noting 
that the percentages calculated for soil drying out are based on 
the assumption that soil drying out occurs both today and in the 
future, i.e. that the soil drying out is driven more by high circuit 
loading than by changing soil conditions). 

 In-air summertime ratings may have to be reduced by 2.5 to 
пΦр҈ ƛƴ ǘƘŜ нлрлΩǎ ŀƴŘ п ǘƻ тΦр҈ ƛƴ ǘƘŜ нлулǎΦ 

 Increases in losses (of buried cables) arising from rise in 
temperature and soil thermal resistivity may typically be about 
мΦр҈ ōȅ ǘƘŜ нлулΩǎ ς assuming no change of load. 
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Project Progress to 
March 2011 
(Continued) 

 At some time during the 21st century the assumed normal 
summertime air temperature may reasonably be increased 
from 25 °C to 30 °C; if adopted, this will align it with the value 
commonly used at present in central and southern Europe. 

 For critical circuits, and in particular for those which are likely to 
take heavy loads for prolonged periods in summer, ratings 
ought to take into account drying out of soil; the conditions of 
20 °C and soil thermal resistivity of 1.2 K.m/W may reasonably 
be adopted.  The dry zone thermal resistivity may reasonably be 
taken to be 2.5 K.m/W for circuits up to and including 33 kV and 
2.7 K.m/W for circuits at greater than 33 kV. 

 Under tarmac, circuits may reasonably be rated at an assumed 
soil temperature of 25 °C in summertime. 

 Where circuits are buried shallow, i.e. less than 450 mm, the 
soil temperature may reasonably be assumed to be 35 °C in 
summertime; the steady rating equation can be used 
unmodified. 

S3202_1 &2: 

 The results show that both types of duct perform satisfactorily in 
trefoil formation and support the conclusions of S3155. There is no 
compelling evidence for changing from the black corrugated duct 
(HDPE) to the red smooth wall duct (uPVC) 

 There is broad agreement between the experimental results and 
the analytical CRATER model.  This work indicates that numerical 
modelling provides a complementary technique which improves 
understanding and visualisation of the phenomena involved.  STP 
Members should consider the development of a more advanced 
numerical model that can be applied to support CRATER and 
improve predictions of the performance of buried ducting. 

S3144_3:  

 Once the majority of the oil is recovered from the Fluid Filled Cable 
being cleaned there is no need to have extended cleaning times, 
since they result in very little additional oil removal from the 
insulating papers. 

 The use of either nitrogen or compressed air on its own is 
considered to be of limited use. 

 
Updated information can be found at:- https://www.stp.uk.net 

Collaborative 
Partners 

Western Power Distribution, CE Electric, UKPN, Electricity North West, 
Scottish & Southern Energy and Scottish Power  

R&D Provider EA Technology Ltd 

 

https://www.stp.uk.net/
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Project Title 
EA Technology - Strategic Technology Programme 

EATL STP Plant and Protection Module 4 and Forums 

Description of project 
Research and development into all aspects of Distribution Plant and 
Protection equipment 

Expenditure for 
financial year 

Internal   £  17,877 
External  £  92,475 
Total       £  
110,356 

Expenditure in previous (IFI) 
financial years 

Total       £ 405,629 

Total Annual Project 
Costs (Collaborative + 
external + Western 
Power Distribution) 

£ 350,800 
Projected 2011 - 2012 costs 
for Western Power 
Distribution 

Internal   £  17,500 
External  £  85,500 
Total       £ 103,000 

Technological area 
and / or issue 
addressed by project 

The STP Substations programme for the budget year 2010/11 aimed to 
improve operational performance, maximise potential benefits; 
improve financial performance and minimise risk associated with 
substation assets, whilst having due regard for the environment and 
energy efficiency.  The projects aimed to provide cost effective solutions 
to increase reliability and deliver continuous improvement in terms of 
safety and environmental performance of existing and future substation 
assets, to meet the individual business requirements of Member 
Companies. 

Completed Projects Funded in 2010/2011 (March 11):- 
S4248_2: Protection Testing and Maintenance Practices (Incorporating 
NIE & MEA Additional Research) 
S4255_1: Research and Development of a Test Procedure to Cost 
Effectively Determine the Mechanical Strength of Transformer Paper 
Insulation 
S4259_2: Non Intrusive Volatile Gas Analysis of Oil Filled Switchgear 
S4267_1: Evaluation of Fire Mitigation Techniques in Secondary 
Distribution Substations (rated at 11kV and below) 
S4270_1: Arc Suppression Coils: Research and Evaluation Study 
S4271_1: Technical Evaluation of Common Industry Approach to Battery 
Charger Installations 
S4272_1: Applied Research to Develop Performance Capacity Criteria 
for Lead Acid and NiCad Batteries 

Projects Funded in 2010/2011 Still in Progress (March 11):- 
S4164_10: On-Load Tap Changer Monitor: Technical Evaluation and 
Data Analysis of Acoustic Emissions: Implications of Tap Position and 
Impact of Fault Simulation 
S4181_5: (REVISED) Ongoing Programme of Transformer Post Mortems 
S4181_6: Ongoing Programme of Transformer Post Mortems: Technical 
Evaluation Summary of Post Mortems to date 
S4185_7 Developing Strategic Asset Management Processes Through 
Technical Liaisons with European Utilities 
S4221_3: Out of Phase Modelling: Additional Research 
S4241_2: Study of Circuit Breaker Timing Measurements & Methods: 
Consolidation of Kelman Profiles for Statistical Analysis to Establish 
Benchmark times for Circuit Breaker Operation 
S4244_2: Substation Pressure Rise Modelling Tool 
{пнптψмΥ LŘŜƴǘƛŦȅƛƴƎ ǘŜǎǘǎ ǘƻ ŘŜǘŜǊƳƛƴŜ ǘƘŜ /ƻƴǘƛƴǳƻǳǎ wŀǘƛƴƎ ƻŦ /¢Ωǎ ƛƴ 
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Service 
S4265_1: Analysis and Evaluation of Polymer Degradation issues in 
Electrical Plant and Equipment 
S4266_1: (REVISED) Analysis and Statistical Review of SF6 Gas Condition 
within 11kV and 33kV Circuit Breakers in order to prolong Life 
S4269_1: (REVISED-UPDATED) Operational and Environmental 
Evaluation of SIPP Node Intelligent Bund Pump Technology 
S4275_1: Secondary Distribution Network Automation Evaluation 
Techniques: Methodology and Philosophy 

Type(s) of innovation 
involved 

Incremental 

Project  Benefits 
Rating 

Project 
Residual Risk 

Overall Project 
Score 

17 -9 26 

Expected Benefits of 
Project 

Projects within this Module have been cost effective and help improve 
reliability and safety of substations in distribution networks in line with 
government policy. 

If the projects are technically successful and the findings and 
recommendations from the projects are implemented, then the 
projects will potentially enable each DNO Member of the programme to 
gain the following benefits, including:  

 Increased reliability and continuous improvement in terms of 
safety and environmental performance of existing and future 
substation assets; 

 Collaborative evaluation of battery installations and 
operational practice to ensure a safer and more reliable 
network; 

 CI/CML savings per connected customer; 

 Optimising safety and environmental requirements for 
management of insulating oils and SF6; 

 Technical liaison with International Utilities to share new 
technology and failure modes; 

 Offset future increases in CAPEX and OPEX; 

 Development of condition based assessments, or tests, to 
determine asset condition; 

 Preventing failures of oil-filled equipment, tap changers, earth 
switches will improve safety and avoid unnecessary scrapping 
of serviceable components, which will alleviate environmental 
impact; 

 Extend serviceable life of switchgear and transformers; 

 Further develop technical understanding of protection system 
maintenance requirements; 

 Understand the degradation and failure processes of 
substation plant and equipment, and quantify the risks 
associated with those processes, 

 Further develop technical understanding of operational staff in 
complex electrical issues; 

 Mitigate risk to environment; 

 Increased safety of staff and public by reducing risk of fire and 
the number of accidents / incidents. 
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 Reduce lifetime costs and improve functionality by the 
appropriate use of new technology. 

Expected Timescale 
to adoption 

Range 2012 - 2015 
Dependent on 
project 

Duration of benefit once 
achieved 

Range 1 - 6 years 
Dependent on 
project 

Probability of Success 
Range 30 - 95% 
Dependent on 
project 

Project NPV = (PV Benefits ς 
PV Costs) x Probability of 
Success 

£ 32,721 

Potential for 
achieving expected 
benefits 

There are a huge variety of projects within the 2010/11 work 
programme for Module 4.  A significant number of these projects are 
scientific based, researching technical developments in degradation and 
understanding the failure processes of substation plant and equipment, 
whilst quantifying the risks associated with those processes. 

Projects in these areas are mainly single stages of much larger multi-
stage projects which require further research and development of 
condition based assessments, and/or tests, asset management tools, 
systems and methodologies in order to optimise the financial, 
operational performance and design of Substation plant from which the 
customer and stakeholders will benefit. 

Other projects were looking at better ways of improving working, the 
performance and reliability of Substation plant, maintenance regimes, 
minimising the impact on the environment and the safety of both the 
operators and the public for Asset Managers, in a manner that could be 
implemented straight away.   

Collectively, the 10/11 work programme demonstrates the 
development of innovative products, processes and techniques that 
improve the management of Substation assets; in terms of safety, 
design, environment, reliability, security and power quality. 

STP has also delivered a number of notable innovations since its 
inception. 

Project Progress at 
March 2011 

A number of projects or project stages started in the Module during 
10/11 have been completed, but some projects span more than one 
year.  The outputs of individual stages which form part of larger multi-
stage projects have provided some notable conclusions and 
recommendations.  A small selection of these are provided below: 

S4248_2:  

 A remote timed trip test provides a cost effective means of 
regularly confirming the availability of the circuit breaker and 
tripping supplies; 

 A trip test using secondary injection, as opposed to a functional 
trip by mechanical intervention on the relay, is considered best 
practice for in-attendance trip testing; 
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Project Progress to 
March 2011 
(Continued) 

 Wiring IR testing of a.c. circuits only and use of a 500V Megger 
is considered to be able to uncover the majority of issues with 
minimum risk of damage to other components; 

S4255_1: 

 The study has identified Tear Index (tear strength divided by 
paper grammage) offers an alternative to the use of degree of 
polymerisation values that is a cost effective and reliable 
method of identifying the transformer paper condition. 

There are also a number of single stage projects that have already 
identified potential benefits and opportunities for further innovative 
technical development work.  A small selection of these are provided 
below: 

S4267_1: 

 IEC 61936-1 is a good starting point for integrating protective 
fire measures into a substation design.  IEC 61936-1 specifies 
clearances and fire ratings of materials which can be used in a 
design but it does not take precedence over local laws or 
regulations.  It is therefore important that local laws and 
regulations are reviewed and where necessary applied before 
the design criteria specified in IEC 61936-1 is considered; 

 Fire suppression systems can be hazardous to human life and 
their use should be risk assessed.  The requirements for 
maintenance should also be reviewed to ensure equipment is in 
correct working order and the risk of inadvertent discharge 
minimised. 

S4271_1: 

 The consequences of a battery failure are high and though the 
incidence is low there is great incentive to introduce measures 
to avoid them.  Consider the case for a low cost, limited 
functionality Battery Management Systems that provide an 
alarm when there has been or is about to be an outright failure 
of a battery or cell. 

 If quick charging is required constant current or constant-
constant voltage methods offer adequate solutions. 

Updated information can be found at:- https://www.stp.uk.net 

Collaborative 
Partners 

Western Power Distribution, CE Electric, UKPN, Electricity North West, 
ESB Networks, Scottish & Southern Energy and Scottish Power 

 
R&D Provider 

 
EA Technology Ltd  
 

https://www.stp.uk.net/
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Project Title 
EA Technology - Strategic Technology Programme 

EATL STP Networks for Distributed Energy Resources Module 5 
and Forum 

Description of project 
Research and development into all aspects of Network design and 
management to enable an increased connection of distribution energy. 

Expenditure for 
financial year 

Internal   £  18,802 
External  £  103,230 
Total       £  122,032 

Expenditure in previous 
(IFI) financial years 

Total       £ 291,044 

Total Annual Project 
Costs (Collaborative + 
external + Western 
Power Distribution) 

£ 481,000 
Projected 2011 - 2012 
costs for Western Power 
Distribution 

Internal   £  15,000 
External  £  98,000 
Total       £ 113,000 

Technological area 
and / or issue 
addressed by project 

The STP Networks for Distributed Energy Resources programme for 
budget year 2010/11 aimed to maximise potential benefits and reduce 
costs and risks associated with facilitating the design, development and 
operation of networks for the integration of low carbon technologies 
into future network designs, whilst having due regard for the 
environment and energy efficiency.  The programme also aimed to cost-
effectively improve the operational efficiency and business 
performance of Member Companies within prevailing regulatory 
constraints. 

Completed Projects Funded in 2010/2011 (March 11):- 
S5147_6: Microgenerator Clusters (Stage 6 - Removal of Equipment) 
S5167_2: Correlation of Wind Speeds over 1-20km 
S5189_2: Harmonic Distortion Caused by Inverter Connected 
Distributed Generation 
S5196_4: Transformer Dynamic Ratings 
S5198_5: Microgrids (economic and contractual issues) 
S5207_2: Long Term Domestic Demands (spreadsheet) 
S5210_1: Use of Capacitors for Reactive Power & Voltage Support on 
Distribution Networks 
S5212_2; SmartGrid Trial (planning, workshop and specification) 
S5215-1: Latest Developments in Issues Associated with Low Carbon 
Networks; 
S5216_1: DSM - Taking a Passive Approach; 
S5218_1: Review of DWG Toolkit for Identifying Environmental and 
Social Value in Network Design and Operation 
S5219_1: Standardising the Control and Communications Interface for 
DG Connections 
S5220_1: Impact of EVs on LV and Distribution Networks 
S5222_1: Improving the Accuracy of Network Losses Measurement 
S5225_1: Connection of Small Generators to LV Networks above the 
G83 Capacity Limit 
S5235_1: Participate in the Revision of an Updated Flicker Curve 
(proposal to Cigre/Cired) 

Projects Funded in 2010/2011 Still in Progress (March 11):- 
S5187_2: Module 5 Participation in ENARD Annex II DG System 
Integration Dissemination 
S5195_2: Network losses (energy efficient substations); 
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S5198_4: Microgrids (ancillary services and demand side management) 
S5198_3: Microgrids (technical interface and benefits); 
S5205_3: Fault Level Management (comparison of current approaches) 
S5205_4: Fault Level Management (through fault withstand) 
S5209_1: Use of Quadrature Boosters on Distribution Networks 
S5217_1: DSM - Taking an Active Approach 
S5234_1: The effects of harmonic distortion on network assets 
S5235_2: Participate in the Revision of an Updated Flicker Curve 
Working Group 

Type(s) of innovation 
involved 

Incremental 

Project Benefits 
Rating 

Project 
Residual 

Risk 

Overall Project 
Score 

14 -8 22 

Expected Benefits of 
Project 

Projects within this module have been cost effective and help improve 
reliability and safety of generation connection in distribution networks 
in line with government policy. 

If the findings and recommendations from the projects are 
implemented, then the projects will potentially enable each DNO 
member of the programme to gain benefits including:  

 Investigate distributed generation connection methods without 
undue reinforcement, while at the same time improving supply 
quality by reducing CMLs and voltage unbalance; 

 Positive impact on environmental performance and many have 
positive impacts on safety; 

 Increased understanding between all Member Companies on 
technical, commercial and regulatory issues and to develop 
effective solutions to these issues; 

 Developing understanding of the implications of connecting low 
carbon technologies to the distribution network in terms of 
safety, design, reliability, security and power quality; 

 Where possible, try and optimisŜ ǘƘŜ DƻǾŜǊƴƳŜƴǘΩǎ ƭƻǿ-carbon 
strategy and accommodate the likely growth of DG; 

 Improved management of the implications of connecting 
distributed resources to the distribution network in terms of the 
statutory, regulatory and commercial frameworks; 

 Investigating low carbon network designs and plan transition 
from passive to active networks; 

 Improve power quality issues due to dynamic load change; 

 Enabling the development of strategies to manage PQ levels 
and customer expectations; 

 Reduction in losses for DNOs; 

 Highlight the issues and benefits of Smart Grids, Smart Meters 
and Active Network Management Systems, ultimately 
improving CMLs; 

 Significant benefits in terms of enhanced knowledge and 
awareness of overseas best practice in DG system integration, 
which can be applied, as appropriate in the UK; 

 Ensure that all participants optimise network design, financial 
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and operational performance as the levels of storage, managed-
demand and distributed generation increase on the distribution 
networks; 

 Developing and emerging distributed generation, demand-side 
management, storage technologies. 

Expected Timescale 
to adoption 

Range 2012 - 2014 
Dependent on 
project 

Duration of benefit once 
achieved 

Range 2 - 5 years 
Dependent on 
project 

Probability of Success 
Range 51 - 100% 
Dependent on 
project 

Project NPV = (PV 
Benefits ς PV Costs) x 
Probability of Success 

£ 28,841 

Potential for 
achieving expected 
benefits 

There are a huge variety of projects within the 2010/11 work 
programme for Module 5.  A number of these projects are scientific 
based and will require further research and development to achieve 
improvements in operational performance and integration into the 
Network Operators business environment.  Projects in these areas are 
mainly stages of much larger multi-stage projects and require further 
work to optimise network design, financial and operational 
performance from which the customer and stakeholders will benefit. 

Other projects are looking at better ways of improving working and 
productivity for network planners, in a manner that could be 
implemented straight away. 

Collectively, the 10/11 work programme demonstrates the 
development of the technical understanding in relation to connecting 
and integrating low carbon technologies onto the distribution network; 
in terms of safety, design, reliability, security and power quality. 

STP has also delivered a number of notable innovations since its 
inception. 

Project Progress at 
March 2011 

The majority of projects or project stages started in the Module during 
10/11 have been completed, but some projects span more than one 
year. 

The outputs of individual stages which form part of larger multi-stage 
projects have provided some notable conclusions and 
recommendations.  A small selection of these are provided below: 

S5167_2: 
1. The probability reduction ratios r(1,20) for individual pairs of sites 

show a distinct linear variation with height difference between the 
two sites, but there is no discernible variation with distance 
between sites. 

2. If we could confidently apply this probability reduction ratio to the 
exceedence curve behind the P27 ratings, the single circuit ratings 
could be raised by about 13%. 
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Project Progress at 
March 2011 
(Continued) 

3. Further work, preferably using 6-minute weather data from pairs of 
sites within 20 km of each other, is recommended to clarify the 
relationship between the 3-hour and 6-minute probability reduction 
ratios, in order improve the accuracy and confidence of the possible 
ratings enhancements suggested by this work 

S5207_2: 
1. It is recommended that the spreadsheet tool is used for studies 

into the impact of changes in domestic load on peak demand in 
order to inform or substantiate network reinforcement strategies; 

2. It is recommended that further consideration be given to using the 
reaggregated profiles to assess the relative losses and network 
component aging considerations of Smart Grids/ Active Network 
Management and other future network topologies involving 
domestic load due to higher than average concentrations of low-
carbon technologies.  Such information could prove useful in future 
network design considerations; 

3. The effect of voltage reduction on domestic load will vary 
depending upon the appliance mix active at the time of reduction.  
There will be times when voltage reduction is likely to be more 
successful than others in reducing the network load.  It is 
recommended that the spreadsheet tool is used alongside 
information on the voltage response of various appliance groups to 
predict the success or otherwise of voltage reduction strategies; 

4. By adding in varying penetrations of microgeneration into the 
spreadsheet tool, the relative frequency of occurrence of the 
conditions for sustained islanding due to match of local load and 
generation could be studied.  It is recommended that the 
spreadsheet tool is used to evaluate mixes of generation that may 
cause future network issues where islanding is concerned. 

S5212_2: 
1. The feasibility study has produced a Specification and Project Plan 

for a Smart Grid trial, which fits the criteria for a Tier 1 funded 
ǇǊƻƧŜŎǘΣ ŀǎ ŘŜǎŎǊƛōŜŘ ƛƴ hŦƎŜƳΩǎ [/b CǳƴŘ DƻǾŜǊƴŀƴŎŜ 5ƻŎǳƳŜƴǘΦ 

Updated information can be found at:- https://www.stp.uk.net 

Collaborative 
Partners 

Western Power Distribution, CE Electric, UKPN, Electricity North West, 
ESB Networks, Manx Electricity Authority, Northern Ireland Electricity, 
Scottish & Southern Energy and Scottish Power 

R&D Provider EA Technology Ltd 

 
 

https://www.stp.uk.net/
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Project Title EA Technology - Partial Discharge Project and Forum 

Description of project 
Research and development into all aspects of partial discharge in 
distribution equipment. 

Expenditure for 
financial year 

Internal   £  9,246    
External  £  39,995 
Total       £  49,241 

Expenditure in previous 
(IFI) financial years 

Total       £ 339,774 

Total Project Costs 
(Collaborative + 
external + Western 
Power Distribution) 

£ 515,146 
Projected 2010 - 2011 
costs for Western Power 
Distribution 

Internal   £  5,000 
External  £ 26,500 
Total       £ 31,500 

Technological area 
and / or issue 
addressed by project 

The projects undertaken in 2009/10 addressed real problems that had 
identified by the group members as significant and which required 
technical investigation and development. Projects were aimed at 
providing: 

 Improved management of assets through better understanding 
of Partial Discharge through targeted investigative research and 
development work, 

 Reduced fault rates by early detection of insipient faults 

 Improvements in Safety 

 Demonstration of cost effective permanent partial discharge 
condition monitoring and measurement systems using 
Transient Earth Voltage and Ultrasonic detection techniques. 

Type(s) of innovation 
involved 

Technical 
Substitution/ 
Incremental 

Project Benefits 
Rating 

Project 
Residual 

Risk 

Overall Project 
Score 

15 -7 22 

Expected Benefits of 
Project 

Partial discharge is becoming an essential technique when assessing 
failure probabilities in both an aging population of traditional 
distribution assets and certain new equipment, which has been found 
to have less tolerant insulation mechanisms. 

Early detection of faults allows controlled remedial action and provides: 

 Financial benefits derived from the reduction in fault repairs 

 Improved network performance and operator safety 

 Improved quality of supply for customers 

In addition the PD user group allows information to be shared to; 
increase confidence in interpretation of results, assist in the 
development of operational practice, influence functionality and 
ergonomics of future instrument design.  

Expected Timescale 
to adoption 

2010 
Duration of benefit once 
achieved 

10 Years 
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Probability of Success 75% 
Project NPV = (PV Benefits 
ς PV Costs) x Probability of 
Success 

£ 46,829 

Potential for 
achieving expected 
benefits 

The demonstration installations have already been successful, with 
investigations at several sites where significant partial discharge was 
detected. This directly lead to remedial action to rectify deterioration, 
which if left unchecked would have caused permanent damage to the 
switchgear. Indications are that this project will deliver the expected 
benefits. 

Project Progress at 
March 2011 

The demonstration trial of the EATL Partial Discharge alarm units, which 
remotely monitors the partial discharge activity at eighteen 33kV and 
11kV substation sites across Western Power Distribution is continuing.  

During late 2010 the communications to fifteen of these substations 
ǿŀǎ ǊŜǊƻǳǘŜŘ ǘƻ ǘƘŜ ŎƻƳǇŀƴȅΩǎ own iHost system and an internal 
regular monthly report on PD activity instigated.  

Equipment for installation at two further sites has been recovered 
during the year. 

The commissioning of the two new Partial Discharge monitoring devices 
was delayed due to access and communications issues at the 
substations. A disturbance recorder has been commissioned at one of 
the substation sites to determine if there is any correlation between 
partial discharge activity and system disturbances. 

Development of procedure for following up on alarms has been 
completed. This was shared with other members of the PD user group. 

Long term monitoring of partial discharge on susceptible switchgear at 
the EATL Laboratory is continuing with improved logging equipment. 

The progress of surface tracking of polymeric insulators in conjunction 
with time lapse photography is developing a better understanding of 
surface discharge failure mechanisms. 

A number of other equipment failure incidents have been investigated 
to identify if partial discharge detection could give an early indication.    

Collaborative 
Partners 

Western Power Distribution, AWE, CE Electric, CLP Hong Kong, UKPN, 
Energy North West, ESB Networks, Guernsey Electricity, Manx Electricity 
Authority, MoD, Northern Ireland Electricity, Scottish and Southern 
Energy, Scottish Power and Singapore Power  

R&D Provider EA Technology Ltd and Nortech 

 
 

A typical partial discharge alarm installation 
fitted on a series of circuit breakers in a 
metalclad switchgear panel 
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Project Title EA Technology - Protective Coatings Forum 

Description of project 
Research and development into all aspects of protective coatings on 
distribution equipment 

Expenditure for 
financial year 

Internal   £  1,269 
External  £  6,685 
Total       £  7,954 

Expenditure in previous 
(IFI) financial years 

Total       £ 35,781 

Total Annual Project 
Costs (Collaborative + 
external + Western 
Power Distribution) 

£ 41,500 
Projected 2011 - 2012 
costs for Western Power 
Distribution 

Internal   £ 1,200 
External  £ 6,900 
Total       £ 8,100 

Technological area 
and / or issue 
addressed by project 

The projects undertaken through budget year 2010/11 addressed real 
problems that had been identified by the forum members as significant 
and which required technical investigation and development. Projects 
were aimed at providing: 

 Cost effective protective coatings for distribution equipment either 
by reducing operating costs or capital investment. 

 Reduction of the environmental impact of associated activities to 
comply with CEPE (Guide to VOC Reduction in Protective Coatings) 
in preparation for EC National Emissions Ceiling Directive. 

 Improvements in safety and applications.  

Type(s) of innovation 
involved 

Incremental/ 
Technological 
Substitution 

Project Benefits 
Rating 

Project 
Residual 

Risk 

Overall Project 
Score 

12 -6 18 

Expected Benefits of 
Project 

Development of a Volatile Organic Compound (VOC) compliant paint 
system that performs at least as well as the currently used solvent 
based systems on towers and other structures. This will ensure a 
smooth transition to environmentally friendly paint systems in 
accordance with the anticipated legislation. 

The various other tests and trials will have benefits in the particular area 
that is being addressed.  

Expected Timescale 
to adoption 

2010 - 2012 
Dependent on 
adoption of 
legislation 

Duration of benefit once 
achieved 

3 - 10 Years 

Probability of Success 50% 
Project NPV = (PV Benefits 
ς PV Costs) x Probability of 
Success 

£ 25,533 

Potential for 
achieving expected 
benefits 

The project costs are at an early stage and the project costs not always 
reflect the likely full costs of implementation. These will be identified 
providing the outcome of the projects is positive. 
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Project Progress at 
March 2011 

The effect of Environmental Legislation to reduce the amount of solvent 
permitted in the manufacture and use of paints has been monitored, in 
particular with respect to tower paints. Although there is nothing in the 
legislation which will force the users of the urethane alkyd and vinyl 
paint systems to stop using these systems, proposed alternative 
approaches to reduce VOC emissions various VOC compliant, low 
toxicity and single coat systems have been assessed. 

 The environmentally friendly zinc-free urethane alkyd and modified 
vinyl paint systems, and the urethane alkyd and modified vinyl paint 
systems designed for application in a single coat, and which had 
previously performed well in the laboratory prohesion tests, have 
started to be used in a number of field trials. 

Questions have been asked about paint toxicity during the repainting of 
towers in environmentally sensitive areas. In response a list of the toxic 
constituents of all current paint systems has been compiled and 
provided to group members for their use. The biocides used for algae 
removal have also been included in this document. 

The tests to determine whether the electrical properties of insulators 
were adversely affected by being splashed with paint during tower 
painting contracts have been completed and these confirmed that paint 
splashes on insulators were unlikely to cause problems.  

Collaborative 
Partners 

Western Power Distribution (Midlands), CE Electric, EDF Energy, 
Electricity North West, National Grid, Scottish & Southern Energy and 
Scottish Power 

R&D Provider EA Technology Ltd 

 
Application of the first yellow coat, of a two coat painting system, to the de-energised side of a 
132kV tower.
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Project Title EATL - Integrated Condition Based Risk Management 

Description of project 

Development of integration of CBRM models into asset management 
processes and IT systems to provide routine access to CBRM for use in 
future asset management and regulatory reporting. 

Expenditure for 
financial year 

Internal   £  23,017 
External  £  45,515 
Total        £  68,532 

Expenditure in previous 
(IFI) financial years 

Total       £  254,354 

Total Project Costs 
(Collaborative + 
external + Western 
Power Distribution) 

£ 404,188 
Projected 2011 - 2012 
costs for Western Power 
Distribution 

Internal   £  27,000 
External  £ 121,000 
Total        £ 148,000 

Technological area 
and / or issue 
addressed by project 

EA Technology (EATL) have previously worked with Western Power 

Distribution on developing Condition Based Risk Management (CBRM) 

models for a range of asset groups, with the exception of overhead 

lines. The models are however not integrated with each other, nor are 

ǘƘŜȅ ŘƛǊŜŎǘƭȅ ƭƛƴƪŜŘ ǘƻ ²t5Ωǎ ŀǎǎŜǘ ŘŀǘŀōŀǎŜǎΦ ¢Ƙƛǎ ǊŜǎǳƭǘǎ ƛƴ ƘƛƎƘ ƭŜǾŜƭǎ 

of expertise and extended durations being required to populate and 

subsequently refresh the CBRM models. Recent developments in Ofgem 

reporting requirements have resulted in a requirement for routine, 

consistent reporting of CBRM Health Indices and ageing.  

WPD invited EATL to develop a CBRM integration package that would 

develop a novel, new woodpole overhead line model and existing CBRM 

ǎȅǎǘŜƳǎ ǘƻ ŀ ŎƻƳƳƻƴ ǇƭŀǘŦƻǊƳΣ ƛƴǘŜƎǊŀǘŜŘ ǿƛǘƘ ²t5Ωǎ ŜȄƛǎǘƛƴƎ L¢ 

infrastructure. Due to the nature of the project it has been divided into 

a number of stages. 

1. Integrated CBRM for Grid Transformers incl. general review to 
confirm risk model for all subsequent asset groups)  

2. Integrated CBRM for Switchgear & Distribution Transformer  

3. Integrated CBRM for cables  

4. Integrated CBRM for (wood pole) Overhead Lines incl. Pole 
mounted transformers, pole mounted switchgear 

Type(s) of innovation 
involved 

Incremental / 
Technological 
Substitution 

Project Benefits 
Rating 

Project 
Residual 
Risk 

Overall Project 
Score 

   

Expected Benefits of 
Project 

Faster, user friendly and consistent provision of CBRM outputs for asset 
management and Regulatory Reporting. Reduction of risk by hard 
connection between systems via reduction in manual intervention and 
capturing existing highly skilled knowledge. 

Expected Timescale 
to adoption 

1 Year 
Duration of benefit once 
achieved 

5 Years 
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Probability of Success 90% 
Project NPV = (PV Benefits 
ς PV Costs) x Probability of 
Success 

£  523,000 

Potential for 
achieving expected 
benefits 

Very High 

Project Progress at 
March 2011 

 

Collaborative 
Partners 

Western Power Distribution (South) 

R&D Provider EA Technology 



  

 

 

Western Power Distribution Regulatory Report for IFI and RPZs 

   Page 66 of 144 

 

Project Title SuperGen HiDef 

Description of project 

The HiDEF programme, funded by the EPSRC, researches the essential 
elements of a decentralised system that could be implemented over the 
period 2025 & 2050 to enable all end users to participate in system 
operation and real time energy markets.   It has been structured to 
support the evidence base relating to key questions of current concern 
within industrialists, Ofgem and DECC.   

Expenditure for 
financial year 

Internal   £  1,140 
External  £  40,000 
Total        £  41,140 

Expenditure in previous 
(IFI) financial years 

Total    £  nil    

Total Project Costs 
(Collaborative + 
external + Western 
Power Distribution) 

£ 4,500,000 
Projected 2011 - 2012 
costs for Western Power 
Distribution 

Internal   £  1,200 
External  £ 20,000 
Total        £ 21,200 

Technological area 
and / or issue 
addressed by project 

The HiDEF programme has five workstreams: 

Decentralised Energy 
Decentralised Control 
Decentralised Network Infrastructure 
Decentralised Participation 
Decentralised Policy and Macro Impact Assessment 

Type(s) of innovation 
involved 

Incremental / 
Technological 
Substitution 

Project Benefits 
Rating 

Project 
Residual 
Risk 

Overall Project 
Score 

8 -2 10 

Expected Benefits of 
Project 

Decentralised Energy - will provide a quantified understanding of DER 
and their performance.  This will be in the form of models of single 
units, cells and multiple cells to assess thermodynamic analysis, life 
cycle assessment and environmental cost benefit analysis.  The work 
stream will identify the energy and carbon implications of technology 
options.  

Decentralised Control - will develop control solutions for single units, 
cells and multiple cells.  The workstream will investigate the behaviour 
of populations of multiple small generators.  It will concentrate on 
security and resilience of communications and Control systems. 

Decentralised Network Infrastructure - will develop MV/LV 
architectures and tools to guide investment to support future 
decentralised network operation.   Planning tools to take into 
consideration DER characteristics, potential, uncertainty and 
optimisation. 

Decentralised Participation - will research the components essential to 
the realisation of a distributed market place.  This workstream will 
design a market place, investigate market based response, trading 
contracts and products. 
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Expected Benefits of 
Project (continued) 

Decentralised Policy and Macro Impact Assessment - will conduct a 
review of current mechanisms of policy delivery in the UK, compare 
market structures and examine the potential for alignment with various 
market aggregations.  

The whole consortium will hold six monthly workshops to consider the 
results of the work streams to inform debates that are current in the 
industry.   

Expected Timescale 
to adoption 

2012 
Duration of benefit once 
achieved 

20 years 

Probability of Success 25% 
Project NPV = (PV Benefits 
ς PV Costs) x Probability of 
Success 

£2,000,000 

Potential for 
achieving expected 
benefits 

The HiDEF research programme has progressed, and a number of 
valuable device and system models, analysis tools and laboratory 
prototypes and rigs have now been realised. These will support the 
quantitative appraisal of the performance of critical elements of a highly 
distributed energy system. HiDEF researchers are furthermore engaging 
ƛƴ ŀ ƴǳƳōŜǊ ƻŦ άƛƳǇŀŎǘ ŎŀǎŜ ǎǘǳŘƛŜǎέ ǘƘǊƻǳƎƘ ǿƘƛŎƘ ǘƘŜȅ ŀǊŜ ǇǊƻǾƛŘƛƴƎ 
support and analysis to existing demonstration projects and DER 
deployments (including local concentrations of roof-mounted PV 
installations). These include community groups (e.g. Blacon), and local 
government (e.g. Dumfries & Galloway Council) as well as the 
partnering network operators.  

The Decentralised Energy Workstream has created detailed models of 
characteristic dwellings (pre and post 2016 building regulations), and 
these have been used to generate high resolution stochastic models of 
energy and heat demands of significant populations. Initial studies with 
these have indicated that a flexibility of up to two hours in the 
operation of electrical heating can be adequately accommodated. 
Further work is currently quantifying the potential for peak shaving.  

A number of new cell control solutions for demand and generator 
management have been introduced by the Decentralised Control 
Workstream team, and are being tested on network studies and on real 
time simulation platforms. The impact of these on network 
performance and system stability are now being appraised. 
Furthermore, improved power electronic interfaces for PV systems have 
been rig-tested and are displaying improved power quality credentials. 

Work continues in the Decentralised Network Infrastructure 
Workstream, which now includes a network planning tool extended to 
include the optimal integration of electric vehicles as responsive 
demand and dispatchable storage.  

The PhD researchers within the Decentralised Participation Workstream 
continue to progress enhanced trading strategies utilising a VPP 
framework to include demand response, and an advanced agent-
mediated participation scheme through which demand flexibility can be 
more fully (and fairly) utilised. 
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Western Power Distribution has a 
number of control centres from 
where the network is monitored, 
remotely controlled equipment can 
be operated and activities of the 
operational field staff can be co-
ordinated.  
 
 
 

Potential for 
achieving expected 
benefits (continued) 

The demand side elasticity analysis is now being supported by data from 
the California state pilot project. 

The economic implications of the highly distributed system continue to 
be appraised by the Decentralised Policy and Macro Impact Assessment 
team. An interregional analysis of the economic and environmental 
impact of CHP within urban environments has been completed, with 
particular focus to date on the economies of Glasgow and Scotland. A 
new computable general equilibrium model of Scotland is furthermore 
providing for the identification of macroeconomic impacts of 
technology options and recognition of their policy implications. 

Project Progress at 
March 2011 

The project team is now almost up to its full complement, and good 
progress is being made across the workstreams. Simulation tools, 
models and laboratory rigs have been created, and these are now being 
used by the researchers to analyse and test the proposed schemes for 
accommodating and utilising highly distributed resources. 

Progress has been reported at project management meetings, and 
disseminated at international conferences (most recently for example at 
CIRED). The six monthly workshops continue, with April seeing the 
ŎƻƴǎƻǊǘƛǳƳ Ƙƻǎǘ ǘƘŜ aƛŎǊƻƎŜƴΩмм ƛƴǘŜǊƴŀǘƛƻƴŀƭ ŎƻƴŦŜǊŜƴŎŜ ƛƴ 
collaboration with IEA Annex 52. One hundred and fifty delegates from 
around the world benefited from the exchange of experience in 
technology development and microgeneration deployment shared by 
industrialists, utility partners, technology developers, and researchers.  

The project consortium has been further expanded with the addition of 
Community Energy Scotland, and this is now providing a valuable insight 
into the aspirations and challenges faced by community groups in 
relation to distributed energy. 

Collaborative 
Partners 

Western Power Distribution (South), EPSRC, Community Energy 
Scotland, Delta Energy & Environment, Intelligent Power Systems,  
UKPN, National Grid, Scottish Power Energy Networks and  
Scottish and Southern Energy. 

R&D Provider 
University of Strathclyde, University of Bath, Cardiff University,  
University of Oxford, Loughborough University and Imperial College 
London. 
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Project Title Waveform Analysis for Distribution level identification of load type 

Description of project 

Develop algorithms to analyse field measurements and allocate the 
proportion of demand in to specific classes, which can then be used to 
determine how the load will react to changes in voltage. 

Expenditure for 
financial year 

Internal   £  980 
External  £  11,918 
Total        £  12,898 

Expenditure in previous 
(IFI) financial years 

Total       £  nil 

Total Project Costs 
(Collaborative + 
external + Western 
Power Distribution) 

£ 13,000 
Projected 2011 - 2012 
costs for Western Power 
Distribution 

Internal   £ Nil 
External  £ Nil 
Total        £ Nil 

Technological area 
and / or issue 
addressed by project 

This proposal aims to identify, in real time, the nature of the load 
connected on a LV distribution feeder, to determine the benefit of 
reducing the distribution network voltage. 

With more low carbon technology load increasing on the LV distribution 
network, it is necessary to review the original design assumptions and 
consider alternative operational practices. One method to reduce the 
local load is to decrease the voltage levels, however it is known that 
different types of load react differently, possibly leading to increased 
current, with a consequent increase on the stressing of the network 
components. 

Type(s) of innovation 
involved 

Incremental / 
Technological 
Substitution 

Project Benefits 
Rating 

Project 
Residual 
Risk 

Overall Project 
Score 

6 0 6 

Expected Benefits of 
Project 

The project will determine if it feasible to identify, in real time, the 
proportion of the load on a distribution network, associated with the 
following classes of devices: 

 Resistive (Power proportion to V2 ) , e.g. kettle 

 Motor loads (Power constant, substantial Q) , e.g. Fridge motors 

 Rectified loads (Power proportional to Va ), e.g. TV's 

The output of this project will allow tools to be developed for local 
network load control where thermal constraints exist on the LV 
distribution network. This information could also be valuable in the 
national drive to reduce energy consumption. 

Expected Timescale 
to adoption 

2011 
Duration of benefit once 
achieved 

15 years 

Probability of Success 50% 
Project NPV = (PV Benefits 
ς PV Costs) x Probability of 
Success 

No value calculated 
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Potential for 
achieving expected 
benefits 

hȄŦƻǊŘ ¦ƴƛǾŜǊǎƛǘȅΩǎ Electrical Power Group at the Department of 
Engineering Science have developed a number of techniques for non-
intrusive appliance load identification. 

This area of study was started at the house level in the 1990's and 
achieved a success rate of about 80%. The advanced signal processing 
techniques available today mean a much better success ratio should be 
achievable. 

Project Progress at 
March 2011 

There were two stages in this project: 

1) Take field measurements at several locations. These need to be high 
resolution samples to allow the load classes to be sufficiently accurately 
determined. 

2) Off-line analysis to determine the nature of the load. Predict how the 
load would vary with voltage changes and vertify results using naturally 
occurring voltage changes. 

The project has been completed and a final report is awaited. 

Collaborative 
Partners 

Western Power Distribution (South) 

R&D Provider Oxford University 
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Project Title Electric Power Research Institute - Intelligent Universal Transformer 

Description of project 
EPRI Program 124.006 
Research into a Solid State replacement for conventional power 
transformers. 

Expenditure for 
financial year 

Internal   £  2,416  
External  £  59,515 
Total       £  61,931 

Expenditure in previous 
(IFI) financial years 

Total       £ 152,851 

Total Project Costs 
(Collaborative + 
external + Western 
Power Distribution) 

£ 4,500,000 
Projected 2011 - 2012 
costs for Western Power 
Distribution 

Internal   £  nil  
External  £  nil 
Total       £  nil 

Technological area 
and / or issue 
addressed by project 

The Intelligent Universal transformer is an advanced power electronic 
design that can replace conventional copper and iron transformers. It 
has the increased functionality necessary for operating on future 
distribution networks. 

Type(s) of innovation 
involved 

Technological 
Substitution / 

Significant 

Project Benefits 
Rating 

Project 
Residual 

Risk 

Overall Project 
Score 

11 -2 13 

Expected Benefits of 
Project 

Intelligent Universal Transformers will provide operating benefits and 
increased functionality over conventional transformers: 

 Increased Utilisation of existing infrastructure by regulating voltage, 
power factor and frequency. 

 Active power quality functionality will eliminate dips, and harmonic 
distortion. 

 Increased customer service options such as DC (or high frequency), 
three phase power from a single phase line. Remote condition 
monitoring and control may also provide the option for passive 
DSM. 

 Reduced environmental and safety issues as it will contain no 
hazardous or harmful dielectrics. 

Expected Timescale 
to adoption 

2015 
Duration of benefit once 
achieved 

25 Years 

Probability of Success 25% 
Project NPV = (PV Benefits 
ς PV Costs) x Probability of 
Success 

£ 31,385 

Potential for 
achieving expected 
benefits 

Although there has been progress with the new partner during 2010/11, 
this programme remains behind schedule. 
Project funding is based on participating company matrixes and 
following the take-over, the external project costs required reviewing. 
As a result the decision was made to withdraw from this research 
programme in 2011.  
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Project Progress at 
March 2011 

The status for the prototype 4kV, 25kVA, IUT indicates the following 
items have been completed: 

 Complete system simulated  

 Novel voltage balancing proven working  

 Floating-point DSP board completed and tested  

 Software controller for AFE design completed and tested  

 Fibre optic interface board completed and tested  

 All power circuit boards including AFE AC-DC, resonant DC-DC, 
and soft-switching DC-AC completed and tested at individual 
board level  

 Input and output inductors completed  

 High frequency transformer completed and tested  

 Voltage and current sensor and conditioning circuits design 
completed  

 

Collaborative 
Partners 

Western Power Distribution (Midlands) and E.ON New Build & 
Technology 

R&D Provider Electric Power Research Institute and Enertronics 
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Project Title Dynamic Ratings 

Description of project 
The development of the first RPZ in the UK. This involves the application 
of an active rating to a 132kV overhead line based on real time 
measurements of ambient temperature and wind speed. 

Expenditure for 
financial year 

Internal   £  14,374 
External  £  32,197 
Total       £  46,571 

Expenditure in previous 
(IFI) financial years 

Total       £ 392,244 

Total Project Costs 
(Collaborative + 
external + Western 
Power Distribution) 

Phase 1 £ 345,000 
Phase 2 £ 190,000 

Projected 2011 ς 2012 
costs for Western Power 
Distribution 

Internal   £ 12,000 
External  £ 40,000 
Total       £ 52,000 

Technological area 
and / or issue 
addressed by project 

Active ratings calculations based on CIGRE 207 equations are carried out 
at our control centre as part of the RPZ load management scheme that 
will curtail generation in the event of the line rating becoming 
exceeded. In addition there are two innovative areas, which required 
further research and are being funded via the IFI mechanism: 

 Risk assessments identified the requirement for a local 
autonomous overload protection scheme, which calculates the line 
rating from local parameters in the event of a loss of 
communications. This would enable a higher current rating to be 
maintained while preventing the line thermal rating from becoming 
exceeded. 

 As verification of the assumptions made in the derived ratings, 
sensors will be attached temporarily to the conductors at various 
critical positions on the overhead line. 

 The additional Phase will not start until after 2011 due to ongoing 
wayleave issues. It is intended that this will identify the spatial and 
temporal requirements of alternative sources of dispersed weather 
data to enable Dynamic Ratings to be applied to any circuit within 
Western Power Distribution.    

Type(s) of innovation 
involved 

 Incremental /  
Technological 
Substitution 

Project Benefits 
Rating 

Project 
Residual 

Risk 

Overall Project 
Score 

15 -3 18 

Expected Benefits of 
Project 

The project will: 

 Develop and demonstrate an overload protection system which is 
compatible with a central controlled active rating load 
management scheme. 

 Verify the derived rating of the overhead line by comparing with 
measured real time conductor data. 

 Allow Dynamic Ratings to be used on all Primary Overhead Circuits 
in the UK. 
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Expected Timescale 
to adoption 

Phase 1 ς Adopted 
Phase 2 - 2013 

Duration of benefit once 
achieved 

20 Years 

Probability of Success 75% 
Project NPV = (PV 
Benefits ς PV Costs) x 
Probability of Success 

£ 214,376 

Potential for 
achieving expected 
benefits 

Once all equipment has been installed, a period of intensive monitoring 
will be carried out to verify the original assumptions and identify if any 
further issues will need to be resolved. 

Project Progress at 
March 2011 

The accuracy of the dynamic Line rating method was evaluated using 

weather measurements and CIGRE 207 equations to calculate the 

conductor temperature. This was compared with the conductor 

temperature measured by line mounted power donuts.  The calculated 

ampacities used by the load management and protection systems are 

based on conservative weather assumptions and there is at least a 3.4°C 

margin between the calculated and measured conductor temperature. 

Calculated and measured conductor temperature, weather data and 

current were obtained for a total of 159 hours spread over four seasons, 

using 1 and 30 minute sampled data.  The effect of high frequency 

fluctuations in weather measurements and current are smoothed out, 

due to the thermal time constant of the conductor, resulting in a 

discrepancy. This is +/-2°C for 97.2% of the time, and +/-1°C for 86.5% of 

the time and illustrates the achievable accuracy of the Cigre equations 

in dynamic conditions with the weather measurements as input. 

Calculated ampacities have been compared with the line current, and 

weather measurements, again using 1 and 30 minute sampled data. 

Results show the dynamically calculated ampacity at Skegness with 

conservative weather assumptions is above the standard P27 winter 

and summer ampacities for approximately 90% of the time. 

To support the load management portion of this project, a report on the 

ôCommercial options for interruptible contracts and implications for UK 

plcõ was commissioned to investigate the options available for 

implementing interruptible contracts within an Active Network 

Management (ANM) scheme. The report recommended a phased 

approach to the adoption and rollout based on the following principles 

of access (POA): 

1. ôShared Percentageõ and ôLast in - First outõ  - feasible with existing 

regulatory framework 

2. ôMarket based trading systemõ - requires regulatory change 

3. ôGreatest Carbon Benefitõ - requires regulatory and Government 

intervention 

Collaborative 
Partners 

Western Power Distribution (Midlands) and Alstom  

R&D Provider Alstom, E.ON New Build & Technology, Metrological Office, USi and SGS 
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Project Title Active Fault Current Management  

Description of project Development and demonstration project 

Expenditure for 
financial year 

Internal   £ 24,364 
External  £ 19,755 
Total       £ 44,119 

Expenditure in previous 
(IFI) financial years 

Total       £ 193,562 

Total Project Costs 
(Collaborative + 
external + Western 
Power Distribution) 

£ 9,850,000 
Projected 2011 - 2012 
costs for Western Power 
Distribution 

Internal   £  7,500 
External  £ 35,000 
Total       £ 42,500 

Technological area 
and / or issue 
addressed by project 

Distribution networks have to manage ever increasing load demand and 
penetration of distributed generation, while having to maintain high 
security and reliability standards set out by the regulator. There are 
increasingly situations where fault current levels exceed the ratings of 
existing switchgear and transient current ratings of other equipment 
such as cables, lines and transformers. This overstressing can cause 
disruptive failure of switchgear or other equipment under fault 
conditions. 

The traditional method to overcome this problem is to replace relevant 
assets with higher rated components. An alternative to this passive 
approach is to install a fault current limiter. This has the effect of 
reducing the current during the fault, but needs to have minimal 
voltage drop during normal operation. There have been recent 
developments in active fault current management techniques by 
various suppliers including: 
1.  A fault current limiter using novel super-conducting materials 
2.  A fault current limiter using permanently magnetised cores 
3.  A fault current management using conventional L/C components 

This project seeks to evaluate the technical and economical viability of 
different active fault current management technologies and identify a 
preferred option that will facilitate active fault level management in a 
distribution network.  

This will be followed by the construction of a prototype device, which 
will be demonstrated in a real application on Western Power 
5ƛǎǘǊƛōǳǘƛƻƴΩǎ ƴŜǘǿƻǊƪ ǘƻ ǇǊƻve the fault management operation and 
enable knowledge of the technical performance, costs, operational and 
maintenance issues to be experienced in a controlled environment.  

Type(s) of innovation 
involved 

Technological 
Substitution / 

Significant 
 

Project Benefits 
Rating 

Project 
Residual 

Risk 

Overall Project 
Score 

13 0 13 

Expected Benefits of 
Project 

This project will investigate the various active fault current 
management options and will provide the following important 
information: 

 Demonstrate which fault current limiters are technically and 
economically viable technology for fault level management. 
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 Determine the parameters necessary to specify and test (both type 
test and routine test) a fault current limiter. 

The practical demonstration of a fault current limiter on a distribution 
network will confirm the performance and allow valuable experience to 
be gained on the interface and interactions between the Fault Current 
Limiter and existing equipment. 

As well as providing operational experience, the demonstration should 
contribute to the drafting of standards (specifications, manufacturing 
requirements, type testing, routine testing, etc.). 

The demonstration should also provide an understanding of potential 
failure modes, degradation characteristics, reliability and determine 
optimal monitoring requirements for future devices. 

Knowledge should be gained on the whole system losses both in 
quiescent and operational states, allowing future improvements and 
with inspection, servicing and maintenance requirements, allowing 
these to be refined and asset management strategies to be developed. 

Expected Timescale 
to adoption 

2014 
Duration of benefit once 
achieved 

20 Years 

Probability of Success 25% 
Project NPV = (PV Benefits 
ς PV Costs) x Probability of 
Success 

£182,874 

Potential for 
achieving expected 
benefits 

After initially exploring various fault management technologies this 
project is now focused on superconductivity based fault current limiters 
and pre-saturated core type devices. 

 These are the Active Fault Current Management technologies that are 
most advanced with some at early stages of commercialisation. They 
are novel technologies to distribution network operators and therefore 
will find it difficult to become established without demonstrations of 
the technology. 

An assessment of the state-of-the-art in superconducting fault current 
limiters determined where these Fault Current Limiters should best be 
deployed in the existing distribution network and a suitable location has 
been located within Western Power Distribution. 

 These two types of devices will form the basis for the funding of a large 
scale network trial project by the Energy Technologies Institute (ETI). 

Project Progress at 
March 2011 

Working with the ETI, Western Power Distribution commissioned a 
Flexible Research Programme to provide information on optimal 
applications and benefits of active Fault Current management. This 
allowed the feasibility for further development and demonstration of 
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Project Progress at 

March 2011 

(continued) 

this technology to be considered. 

Following the selection of a suitable potential site, specific device 
specifications for a Fault Current Limiter were developed and these 
were issued as part of an ETI request for proposals. Two potential 
device providers were selected to provide a different type of Fault 
Current Limiters to each of the Host Distribution Network Operators. 

 Western Power Distribution will host a resistive superconductive fault 
current limiter type device in a bus-section position at a substation 
where it would allow a permanent parallel to be made between two 
132/11kV transformers. A second pre-saturated core device will be 
ŘŜƳƻƴǎǘǊŀǘŜŘ ƛƴ ¦YtbΩǎ ƴŜǘǿƻǊƪ ŀƴŘ ƴƻƴ ŎƻƳƳŜǊŎƛŀƭ ƛƴŦƻǊƳŀǘƛƻƴ ǿƛƭƭ 
be shared between projects.  

Following the selection of the device providers; commercial and 
contractual conditions were agreed, financial and health, safety and 
environmental assessments of all partners were completed (to ensure a 
satisfactory risks management process was in place) and consortium 
reporting and governance requirements were agreed. 

A detailed project plan for the complete project process (including 
design, manufacture, testing, installation, commissioning, monitoring 
demonstration, analysis, removal, site restoration and device post 
mortem activities) has been developed and costed with the project lead 
co-ordinator.  

The ETI will be issuing a press release in summer 2011 to announce the 
official launch of this project. See 
http://www.energytechnologies.co.uk/Home/news/11-07-
11/ETI_invests_%c2%a38m_in_projects_to_enable_evolution_of_UK%e
2%80%99s_electricity_distribution_networks.aspx 

Collaborative Partners Western Power Distribution (Midlands), ETI and UKPN 

R&D Provider ASL, Rolls Royce, and E.ON New Build & Technology 

 

Site for 
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Resistive 

Fault 

Current 

Limiter 

device

http://www.energytechnologies.co.uk/Home/news/11-07-11/ETI_invests_%c2%a38m_in_projects_to_enable_evolution_of_UK%e2%80%99s_electricity_distribution_networks.aspx
http://www.energytechnologies.co.uk/Home/news/11-07-11/ETI_invests_%c2%a38m_in_projects_to_enable_evolution_of_UK%e2%80%99s_electricity_distribution_networks.aspx
http://www.energytechnologies.co.uk/Home/news/11-07-11/ETI_invests_%c2%a38m_in_projects_to_enable_evolution_of_UK%e2%80%99s_electricity_distribution_networks.aspx
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Project Title 
Understanding Networks with High Penetrations of Distributed 
Generation and other Low Carbon Technologies 

Description of project 

Development of a distribution network model onto which different 
types and penetrations of Distributed Generation and other Low Carbon 
Technologies can be incorporated to understand the effects which 
could be encountered on real networks.  

Expenditure for 
financial year 

Internal   £ 4,762 
External  £ 91,852 
Total       £ 96,614 

Expenditure in previous 
(IFI) financial years 

Total       £ 194,506 

Total Project Costs 
(Collaborative + 
external + Western 
Power Distribution) 

Phase 1 £  91,500 
Phase 2 £  80,000 
Phase 3 £ 190,000 

Projected 2011 - 2012 
costs for Western Power 
Distribution 

Internal   £  10,000   
External  £  92,000 
Total       £ 102,000 

Technological area 
and / or issue 
addressed by project 

New and existing developments are being promoted with the aim of 
achieving zero carbon communities. This challenges traditional 
distribution network design in a number of ways: 

 There is a requirement to absorb large penetrations of micro 
generation on to the LV network. (This requirement may extend to 
several substations where major redevelopment is being proposed.) 

 Other low carbon conservation measures applied in the same areas 
means that local generation could exceed demand at certain 
periods of the day. 

Western Power Distribution would like to support such Low Carbon 
initiatives by modifying network design to both minimise network losses 
while maximising the amount of generation that can be accommodated 
without infringing fault level or statutory voltage limitations. 

Network modelling of real sites will be compared with the theoretical 
study on the Loughborough network being carried out by Loughborough 
University, Centre for Renewable Energy Systems Technology (CREST) 
using their three phase Load-Flow Software. Western Power 
Distribution is providing network data and monitoring actual load and 
voltage profiles to support this work. 

Certain Low Carbon Technologies will substitute electricity for 
alternative fuel vectors at the domestic level and a further project 
phase will incorporate these low carbon technologies (e.g. Heat Pumps 
and Electric Vehicles) and also likely domestic climate change 
adaptation technologies (e.g. Air Conditioning) into the network model.  

Type(s) of innovation 
involved 

Incremental 
 

Project Benefits 
Rating 

Project 
Residual 

Risk 

Overall Project 
Score 

15 -2 17 
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Expected Benefits of 
Project 

 Identification of changes required to conventional network design 
to maximise the penetration of micro generation and other Low 
Carbon Technologies. 

 Understanding the effect of increasing generation output from a 
cluster of micro generation on the distribution network. In 
particular thermal rating, voltage rise and fault level. 

 Understand the effect of increasing demand from clusters of Low 
Carbon Technologies and other likely domestic climate change 
adaptation technologies on the distribution network. In particular 
voltage drop, flicker and power factor.  

 Ability to ensure that any modified design also reduces network 
losses. 

Expected Timescale 
to adoption 

2013 
Duration of benefit once 
achieved 

10 Years 

Probability of Success 75% 
Project NPV = (PV Benefits 
ς PV Costs) x Probability of 
Success 

£ 16,231 

Potential for 
achieving expected 
benefits 

This research builds on the LV network analysis concepts developed at 
Loughborough University within the EPSRC-funded SuperGen Highly 
Distributed Power Systems (HDPS) project. 

Modelling results have already provided a greater understanding of the 
effect of clusters of micro-generation on distribution networks. 
Opportunities for measurements of both real micro-generation sites 
and low carbon demand technologies have increased over the past year 
and this information was used in this phase of the project. 

In the third phase of the CREST research, focus will be on the impact of 
low-carbon technologies on low-voltage networks.  It will consider 
technologies such as electric vehicles, photovoltaics, heat-pumps (both 
heating and cool air-conditioning), micro-CHP and demand side 
management. This will allow network design issues to be considered 
including:  

 Network capacity (thermal and voltage limitations) 

 Voltage and current unbalance 

 Voltage flicker 

 Power factor 

 Harmonics 

 Load diversity 

Project Progress at 
March 2011 

High resolution load profiles are being collected at a range of LV 
substations. The data collected is primarily being used by CREST at 
Loughborough University to study the impact of high penetrations of 
micro-generation on the distribution network. Monitoring at three 
micro-generation sites is now complete and the data recorders have 
been relocated to provide additional of monitoring at the sites 
requested by CREST. 
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Project Progress at 
March 2011 
(continued) 

A second outdoor housing unit for data monitors has been produced. 
These two units have been design to enable the monitoring of new 
technology in exposed rural locations. 

The impact of low carbon technologies on voltage and current 
unbalance was identified as the first area of study.  A research student 
has been recruited who has completed an extensive background search 
and literature review on voltage unbalance and balancing devices. 
Alternative balancing equipment has been considered with both inter 
connected star and power electronic techniques being considered. 

The general properties of a static balancer have been identified.  Its 
operation has been modelled in unbalanced power flow analysis 
software. 

Collaborative 
Partners 

Western Power Distribution (Midlands) and EPSRC 

R&D Provider 
Western Power Distribution (Midlands), Centre for Renewable Energy 
Systems Technology (CREST) Loughborough University and E.ON New 
Build & Technology 

 
 

 
 
Feed in Tariffs (FITs) have resulted in a significant increase in domestic PV installations 
































































































































