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Foreword

Welcome to Western Power Distributi@ Innovation Funding
Incentive Annual Report for 2010/11

Western Power Distributiorundertakes research and development
where this is relevant tour businessand will invest in innovation
where this will benefit our customersor 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 decarlisation of the transport and heat
sectors cannot be ignored and we need to be prepared. It is therefore
pleasing to see the strategic direction arahge of practical reearch
developmentand demonstrationprojects that are described in this
report.

Wesern Power Distributionis particularly pleased to be working in partnership with the Energy
Technologies Institute to demonstrate ra&sistive superconductive fault current limiter on our
network. Designed by Applied Superconductor Ltd, with technicaltifium Rolls Roycehe fault
current limiterhas the potential tancrease network flexibilityallowingboth the connection of more
renewable generation to our network aridcreasngthe networkreliability for our customers.

Robert Symons

C.E.O. WesterPower Distribution
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1. Introduction

The Innovation Funding Incentive (IFI) and Registered Power Zonesn@Rzhisns were

introduced by Ofgem witlthe Distribution Price Control Reviemhichtook effect on 1 April 2005

(DPCR4and have been continued into the current Distribution Price Control Rewweh started

on 1 April 2010 (DPCR)KS & dz00Saa 2F (KS LCL Y&ikhepitba Y I YR
thisis welcomed by Western Power Distributj@s it has faciliteed the development of gortfolio

of R&Dprojects which should bring significant benefits to our customers inftitere.

This report contains the IRINdRPZ reports for théour licensed areas diVestern Power
Distribution

e WPD South West

e WPD South Wak

e WPD East Midlands

e WPD WesMidlands

It covers theperiod from 1 April 200to 31 March 201, andhasbeen produced in accordance with
the Distributed Generation Regulatory Instructions and Guidance (RIGs) issued by Ofghm and
Energy Networks Assotiian (ENA Engineering Recommendation Gi8Sue 2- IFI Good Practice
Guide(GPG G832).

In addition to reporting orour activities in 2Q0/11, this report highlights aumber of key projects
that arecurrently underwayand presentsWestern Power Distribét 2 yht@rétions for future work
within the IFImechanism

1.1 Gontext

Introduced by Ofgem in April 2005, the IFI & RPZ mechanisms were desigmamdtoage
Distribution Network OperatordQNO$to apply innovation in the way they pursue the technical
devebpment of their networks Together these schemgsomotetechnicalresearch and
development projects that deliver value to consumers through financial, quality of supply,
environmental or safety benefits.

Ofgem recognisgthat the risk/reward balancdor innovative projects isdistinctly different to that of
I 5bhQa O2M&incéntzasipsodd@diby the IFI and RPZ mechanisms are designed to
create a risk/reward balance that is consistent with research, development and innovation.

Theproposed inentiveswere consulted on as an integral part of the DR@Rcessand were widely
supported by a large majority of consulteds T 3 SRéguEbry Impact Assessment 22 setst the
case for the introduction of the IFI and RR&chanisrs.

The two main driers 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 generatlois recognised that thesare
significantchallengesvhichwill 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 devela@otvities within
distribution network companiesit provides funding for technical development projects that deliver
value to end consumers through financial, quality of supply, environmental or safety berefits
definition of technicatermswithin 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 decommissiofiing detail of the IFI
mechansm is set out in the Special Licence Condition C3, Standard Licence Condition 51 for
Distribution Licences and the IFI Regulatory Instructions and Guidance TRE&an be summarised

as follows:

A DNO may spend up to 0.5% of its Combined Distributeiwdik Revenue on eligible IFI projects,
as defined by the industry Good Practice Guide/&8%he DNO is allowed to recover from
customers a significant proportion of its IFI expenditangl in DPCReriodthe percentage of
project costs passed through customers is set at 80%

DNOgnustopenly report their IFI activities on an annual bagdikese reports will be published on
the Ofgem website Ofgem will not approve IFI projects, lnaiserves the right to audit IFI activities if
this is judged to b@ecessary in the interests of customers.

1.3 RPZ

TheRegistered Power Zones schemimused specifically on the connection of generation to
distribution systems and encouraghe development of new cost effective ways of connecting and
operating generatio.

The application of innovatiom this areawill 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 DPCR4The detail of the RPZ mechanism is set out in the Special Licence Condition
D2and Standard Licence Condition,5tith information and guidance provided the Distributed
Generation Regulatory Instructions and Guidance (DG RT@Gesemechanisms relatas follows:

The DG incentive allows DNOs to recover their generation connection costs by a combin8@ét of
costpass through andnincentive per kW connecteof £1.5/kW. This approach is expected to
deliver a higher return to a DNO fgeneration connection schemes than other network
investments.

If a DNO employs genuine innovation smdbnnecton of agenerationscheme(s)it can seek to

register the connection scheme with Ofgem as an.RBFfgem willassessusingthe published

criteria (@ CdzNJI KSNJ 5SS Af-Bd22 R f S B@iR00Y, vkeddf the scheme
qualifies as an RPFor all designated RP#® incentive element of the DG Incentive is increased for
the first five years of operation by £3/kWn any yeara DNDs 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
South South East West

Innovation Funding Incentive (IFI) West Wales Midlands Midlands Total
IFI Carry Forward £m £0.977 £0.741 £0.572 £0.659 £2.950
Eligible IFI Expeliture* £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 £11379
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 (DPEgshproposed a

£500m Low Carbon Networks (LCNpidFto encourage the DNOs to use the DPCRCS5 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 suppluatea
money & Great BritainGB) moves to a low carbon economy, and what role they could play in
facilitating the low carbon and energy saving initiatives that aresmwdy to tackle climate change.

Ofgem expect that many projects receiving support from the Fundrwitlve 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 generatiamd demand side management, as well as investigating the
opportunities that smart meter roll diprovide to network companies.

The LCN Fund is specifically targeted at Projects that a DNO would not perform in its normal course
of business. Furthermore, Bitions being deployed in LCN Projects should not be at the R&D stage
as such Projects will often be eligible for funding under the existingd€hanismIin order to

encourage collaboration on projects eligible for LCN Fundin§t 5 haveQvé their rade

association, the Energy Networks Association (ENA)) establisheld gortal to facilitate contact
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between manufacturers, service, research and solution providers (vendors) and them3éligesan
be accessed onwww.enaeng.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 angrocesses 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

aA Ay AT A QupyojectsaCidern ilBhkld an annual competition for project funding and the

DNOs wilsubmit project proposalsvhich compete for an allocation of an annual £64m worth of
funding. In order to compete for this funding, a project must first pass the I&teeening 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 Documefdthis will befollowed 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 Documerigsued pursuant to Charge Restriction Condition 13 of the Electricity
Distribution Licence. Full details of this document can be found on the Ofgem Website
www.ofgem.gov.uk/Networks/ElecDist/Icnf

C2ft2oAy3a O02YLX SliAzy 27F (KSandavhlFatbrp@dcds\Natan [ / b C
Power Distribution hagvo projects underway:

e WPDT201¢ LV Templates for a Legarbon Future in South Wales (£7.8m)

A focused project assessing the impact of-mavbon, demanebside technologies as they are
connected to tle 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 Govérnmen
and RWE npower initiatives.

e CNT200Z Low Carbon Hul Optimising renewable energy sources in Lincolnstfize8m)

Afocused project to investigate how new network technologies can increase the capacity of
generation (mainly wind) that can be connect@da rural distribution networknew
commercial arrangements are also explored.

In April 2011 wo further project summarieswere submittedto Ofgemfor the LCNF Second Tier 2011
competitionandthesehave successfully passed the initial screening pro€fgem will consider the
full projectsubmissiongfter 18" August 2011. The two Western Power Distribution projects are

¢ WPD200%; BRISTOLBuildingsRenewables andntegratedStorage, withTariffs to
Overcome network Limitationfer demand response preft (£2.23)

e WPD2004; FALCONFIlexible Approaches for Low Carbon Optimised Networks (£12.8)
Additionally siXirst tier projects have also been submittedd started

e WPDT100%, Interconnection of WPD and NGC SCADA Systems

e WPDT1002, Network management othe Isles of Scilly

e CNT100L PV Impact on suburban networks (Nottingham)

e CNT100Z Hook Norton Low Carbon Community Smart Grid
¢ WPD1003; Voltage Control System Demonstration Project
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1.6 Summary ofNational Research& Development

h¥3aSYQa LCL esaddateyampleothddNd@adstuRoromotion of innovation within UK
industry.

Thisincentivehasdirectly led to investment in a portfolio of projects withinethlK electricity
distributionindustry, which address a wide range of issues and engageawilhiety of providers
from business and acadenaa a critical time for the industryln additionit hasled to increased
collaborations betweethe UKnetwork operators.

CAIdzNB & &adzaasSaid GKFEG (KS !Résearéhd DaNaloprdef&BD Yy / 2 YLI Y A
spend dropped steadily from ~£6m per year at privatisation to under £1m in 2003/0d

introduction of the IFI mechanism in April 2005 has se&D expendituréncrease rapidly to over

£12m in 2007/0&s shown belowwith significant financial, @iomer, social and environmental

benefits forecastlt is thought that IFI expenditure droppestightlyin 2008/09and 2009/10due to

the recovery mechanism, butis expected that this trend wille reversedn the years following

2010/11 when the recouy rate is restored to 80%.

Distribution Company Spend on Network R&D

14

Introduction of
12 '
IFI mechanlsm\

10 4 , Privatisation

£m

90/91 92/93 9495 96/97 98/99 00/01 02/03 04/05 06/07 08/09

Notes

1)The 1989/00 to 2003/04 data represents the collaborative spending on RRIDNOSs through a
single provider

2) The200405 to 2009/ 10 data showdotal reported IFinvegment (including early start projects
from Ocbber 2004 to Apil 2005)
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2.  CGompanyS3ructure

LCNF Low
Carbon Hub

RPZ

LCNF LV Networl
Templates

Western Power Distributiors the electricity distributiometwork operator (DNOjpr the East and
WestMidlands,SouthWales and thé&South West We deliver electricity to over 7.6 million

customers in 5,300 sq km service argstretching 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 dfeek to the heritage coast at Lyme Re@ghin our service area is

oy3fl yRQa aSO2yR OAdGe IyR GKS OFLRAGEHE 2F 21 fSao
Ournetwork consist®f 216,000km of overhead line and underground cable, and 184,000

substations We are responsible for:

e Maintaining thiselectricity 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
e Extending this elericity network to connect new customers

Western power Distribution does not generate electricibybay electricity from generating stations.
We do not sell electricity to endse customers
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3. Overview

3.1 Western Power Distributio® Objectives

Western Pwver Distributionrecognises the need for investment in a targefRelsearch,
Development and Demonstratiggrogrammeto support appropriate projects thatill deliver
benefits toour customers

Western Power Distribution is committed to helping governmextkie thechallengeof dimate
Changeandbuild a sustainable network.ud Research, Development and Demonstration
programme includeprojects designed to

o Facilitate thesuccessfuintegrationinto existing network®f new technologies associated
with mitigation.

e Develop knowledgandreduce uncertainty, to enable better assasnt offuture
adaptationrequirementsandsuitable control measures.

It is anticipated thatdture networks will be required to operate more flexibly, efficiently and
reliably. Tradtional investment decisions may no longer be appropriate as our network transforms
and our Research, Development and Demonstragimgrammewill include projectsiesigned to
furtherA YLINE @S 2 S & SNY sexidtiagobidorinandelahprovidé dstd tfiedability to
meetthesefuture challenges.

3.2 Themes

2 SA30SNY t26SNI5AaUNROdzIAZ2ZY Qa wSaSINOKI 5S@St 2 LIVS
four strategic themesThe itention is todevelopa balanced portfolio of projects acrogwesefour
strategicthemes, 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 adescribed below:

e Understanding Nevorks - 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
demondrating the opportunities from future technologies and designs will enable early
adoption of potentially disruptive innovations and ensure their successful integration into
existing networks.

e Supporting Low Carbog Complement our Low Carbon Network FUh@&NF) 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 L@&avbon 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.

e Asset Maragement 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 habe to
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, ditiath 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 contro| 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 andeliable solutions will improve efficiency and enhance customer service.

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

B Understanding Networks B Supporting Low Carbon

O Asset Mngmnt & Condition Monitoring O Intelligent Networks

Project Expenditure 16%

Project Numbers

0% 25% 50% 75% 100%

3.3 Technology Readiness

Western 2 ¢ S NJ 5 A & frogfadrdewilk igclyide agrojects from all agpts of Research,
Developmat and DemonstrationAs 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 programme wiltleliberately endeavour to maintain a mix of

projects with different €&chnology Readiness Levels (TRajh in quantity and financial
commitment.

Thebalance across each of the research, developmentdemdonstrationareas of Western Power
5 A & 0 N portfrlicio® K1 Préjects undertaken in 2010/Wias as follows:

B Research W Development [ODemonstration

Project Expenditure

Project Numbers

75% 100%
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e Research Projects 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 (TRL3} 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

OdzNNBy &G D22R t N OGAOS DdzARS DypkH

O2YYSyita Of

considered eligible for IFI unless it can be demonstrated that there extaemely good
potential benefit case and leverage from other funding is sufficiently great that it reduces the
NAa]l (2 GKS bSG@2N] hLISNIG2N G2 |y

e Development Projects Western Power Distribution is not a manufacturerdaveloper, 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 conenilne 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 addice financial exposure on
projects (especially where there is an uncertain probability of success), whilst ensuring ideas

are taken forward in a timely manner.

o Demonstration Projects, Transferring research and development projects from
demonstration toadoption 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 representat
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 & DLandscape

 OOSLIII 6 f ¢

The picture below representie 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 positionadttesh

areas of activity.
Technology push and

knowledge transfer

market pull and

public policy

Innovation Funding Incentive (IFl)

Registered Power
Zone

Low Carbon Network Fund

(LCNF)

Research

PNRA Technology Strategy Board (TSB)

) Developme—nt> Demonstration %Deployment i

EATL Strategic Technology Programme (STP) ‘

SuperGen & EPRI | Knowledge Transfer Programme (KTP)

’ Energy Technologies Institute T Networks (ETI) ‘

1 2 3 4 5 6 7
Technology Readiness Levels

Adoption as
Business as Usual

8 9
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3.5 Collaboration

2 S3GSNYy t 2 ¢ Sshdrtllbo af iFNFoedsitdntbtyg t@balance collaborative and
independent projects seeking to minimise the cost 0D, D whilst ensuring ideas cdme taken

forward in a timely manneMVestern Power Distribution seeks to promote collaboration and
cooperation between participating DNOs and other external organisations, such as universities and
research establishments. Western Power Distribution adésognises 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 aattiitional
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 businepgaseering the developent

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 collaborationtheidttademia 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) schenih involves the associate undertaking project
work at a Western Power Distribution location, while still maintairingdemicsupervisions

considered a successful method of collaborating with academia and has encouraged Western Power
Distribution to deelop severalKTP projects

Bodies such as the Engineering Education Schadlner companieso make links with schoolshere
the next generatiorcan be introducedo the opportunities available within industry ameshcouraged
to innovate.

3.6 Leverage

Finally claboration has brought the opportunity of increasing the external funding to olr&D
programme. This leverage has increased through our collaboration with funding bodies, other
network operators, manufacturers and external suppliers. The graph bethows the annual eligible
IFI expenditure and the associated leveraged external funding.1&/20the external funding
represents slightly more thans% of the total funding of projects in the programme.

14

12

10
8
6
4
2

04/05 05/06 06/07 07/08 08/09  09/10 10/11

£fm

W East & West Midlands @ South West & South Wales @ Partners
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3.7 IFI ProjecBenefits

The anticipated benefitsfaach project withinVestern Power Distributicd® R,D & D portfolio

clearly show the potential value of the IFI scheme botkMiestern Power Distributioand to its
customers. It should be noted, however, that although quantified financially, noteapribjects will
result in tangible financial deliverablesWdestern Power Distributiom 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 Hesigned to avoid future potential costBhere are also
significant benefits to the wider community through:

e Network performance; improved reliability and resilience

e Environmentak emissions, waste, visual impact, etc.

e Safety to employees and public

e Exernal risk mitigation

e Knowledge transfeg acquisition and dissemination of knowledge

e Creation of a platform for debate

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

While some of the new technologies and approaches YWattern Power Distributioare exploring

in these RD & D projects will eventually result in the real practical benefits desdrib the

individual reports, others will be less successfithebalanced 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&idjects 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 beetermined using the methodology set down in
ENA ER G85AFI 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 Assessmtescores 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
o Safety Benefit

e Environmental Begfit

¢ 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 regett 5 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 isxpected 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 calculatiaantifies 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
e Innovation Level
e Development Type

Mitigation
e Average Annual gnd per Company

e Leverage (Collaboration Ratio)
e 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 projegit. nadative figure

would indicate a lowrisk 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 théviddal project reports.

In line with ENA ER G85/2 GPG, projects falling below tmeiienis level set by the Good Practice
Guide (E40k per licensed DNQ,66k forWPD have been grouped to form programmes, with costs
and benefits aggregated accordingé.number of projects within the EA Technology Ltd STP

modules, the ENA R&D programp®NRA programmand EPSRSuperGen programmes have been
reported on in this way.
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3.9 Adoption

Transferring research and development projects from demonstration to adogieadential if
benefits are to be delivered to customers and this is often the hardest hurdle for any organisation to
achieve. Western Power Distribution has developatdimplementation Strategy as represented in

the diagram below.

Early Involvement of Staff Internal Dissemination Adoption

+ Project Selection + Presentations + Business Case

* Project Champions * Engineering Bulletins +« Changes to Policy
* Risk Assessments * Instructions * Investment Plan

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

e Business Objective Alignment Statement

e Cost Benefit Statement (Adoption Business Case)
e Implementation Strategy

e Integration Impact Statement

e Training Needs Identification

e Health and Safety Case

¢ Environmental Impact Statement
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3.10 ProjectDissemination

Enablhg 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 estgyes more open culture,
where Network Operators can learn together in a spirit obperation.Several presentations at
external events, hosted by organisations such as the IET, have also been undertaken.

Western Power Distribution were pleased to bediwed in the preparation afvo scientific papers
selected forpresentationand postersat CIREP9 dzNR2 LISQ& f SIF RAY3 LY GSNyYylF GAz2y
Distribution Engineering

o Commercial Arrangements to facilitate Active Network Management

¢ Field Measuremets analysis for Dynamic Line Rating

The 21st International Conference and Exhibition on Electricity Distribution

6-9 June 2011 | Frankfurt, Germany

g |
| - e &8

A global insight on the technology and business drivers

4. Project Partners

The map below presents a selection of key project partners with whom we have been pleased to
work duiing 2010/11. Brief descriptions of the research establishments and industrial partners are
also provided on the subsequent pad#dtese descriptions have been provided for inclusion by the
individual companies)
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e Western Power Distributic? | S| RIlj dzFr NI SNAES . NRad2f
® Universities
® Research Establishmer&sindustry

/

University of Strathc ty of Edinburgh

en’s University,
fast

University of Liverpool.

E 11,18 USA

<~z
33 France 24 New Zulan\
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1. ADASAa (G(KS !'YQa fIFNBSaAd AYRSLISYRSY( del@r@ehtRSNI 27 Sy«
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, throughoup
the UK and internationally.

2. Aerospace Designproducing bespoke design and manufaitig solutions to the Aerospadadustry.

3. Alstom - world leader in integrated power plants for the production of electricity and air guatintrol
systems. Providingofutions for all energy saaes (coal, gas, nucleduel-oil, hydropower, wind)
Alstomis a leader in innovative technologies for the protection of theisonment

4.  AND Technology Research L-tBpecialists in the use of microdeooilers and microprocessors,
providingfirst class R&D services and tools for electronic product development and embedded systems

5.  Applied SuperconductoLtd - a specialist developer and producer of high efficiency devices for utility
and industry electrical networks employing superconductohtemdogies Providing solutions to reduce
asset management costs whilst improving network safety, stability and efficidraaylt Current Limiters
support the connection of renewable energy generators to distribution netwassssting the industry
to meet the Low Carbon Policy targets.

6. Balfour Beatty Utility Solutions Ltdthe 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 Researchg & F2dzy RSR Ay wmdnt o6& CNIyOA&a ! @ .| NIf
scientific tree and shrub care company. From its neEdy offices worldwideBartlett helps both
residentialand commercialcustomers maintain beautiful, healthy trees.

8. BFI Opilas- Represent many leading suppliers that offer products that cover the following product
areas:Imaging & DetectionLasers & Accessorigdptical ComponentRF MicroWave & Fibre Optjcs
Test & Measuremeninterconnect, 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 hetUK and internationally, they provide expert
services and impartial advice in all areas of geoscience.

10. BT Global Serviceskey assets include a global-#I21CN netwdk, data centres, solution design and
integration professionals anid security experts This combination of network, IT amlofessional
serviced f £ 264 . ¢ Df20oFf {SNBAOSaA (2 oNAy3a (23a3SGEKSNJI YI
to be more productive, their customers to be bettemged and their organisations to operate more
efficiently.

11. EnerTronics Engineering CoHaffers 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.

¢
ax

12. E.ON New Build & Technolog% & LJ NI 2F GKS 9dhb 3IANRdzZLI ' yR f &t
Development activities. E.ON New Build & Technology (formally Power Technology) is also an
international consukncy to the power industry with core capabilities that span the range of interests
appropriate to a vertically integrated energy company.
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13.

14.

15.

16.

17.

18.

19.

20.

21

22,

23.

24,

EA Technology Ltdoriginally formed as the Research & Development centre for the UK electricity
industry in tre 1960s, it was transformed following electricity privatisation in the 1990s. The company
became fully independent in 1997 with a management and employeeohitiand is now directly

owned by its staff. EA Technology is a Power Asset Management Comgaaywairldclass

reputation for delivering innovative business solutions to companies, which supply, distribute and use
energy. The company operates the internationally acclaimed Strategic Technology Programme (STP),
which all UK DNOs are members

Earthing Solutions are involved with earthing system design and assessment, providing
measurement, design, policy support, research & development and training services

Elimpus- delivers a range of radio frequency partial discharge monitoring prtsdand services to
electricity utilities, allowing them to manage higbltage plant and equipment..

Embedded Monitoring SystemsSub.net is the largest generation of substation monitosggtems
from EMS, incorporating wide range monitoring aedarding functionality for use in the electricity
industry.

Engage Consultingtd - A consultancy organisation with exténs experience in the evolutioof the
GB Utilities markets.

EPRI the Electric Power Research Institute (EPRI) conduogats-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 furthe40 countries.

ETI- The Energy Technologies Institute is a UK Based compangddrom global industries anttie UK
government. It brings together projects that create affordable, reliable, clean energy for heat, power
and transport.

The ETtlemonstrate technologies, develop knowledge, skills and sugipdyns, inform the
development of regulation, standards and policy, and so accelerate the deployment of affordable,
secure low carbon energy systems.

Fundamentals Ltd specialise in thelesign, development and manufacture of measurement and
control equipment for transmission and distribution power systems

HomeChip- aims to be the best and cheapest supplier of iButtons and other sensing and control
products in Europe.

Met Office-Aa 2yS 2F GKS ¢2NIRQa fSIFIRAYy3I LINEJARSNER
¢tKS aSi hFFAOSQa az2ftdziAzya FyR aSNBAOSa YSSid
general public, government and schools, through broadcasters adih@media, to civil aviation and
almost every other industry sector in UK and around the world

MHA IES a leading designer and supplier of electronic products

MiMoMax Wireless Ltd provide MiMo based fixed digital radio products and seridesigned to
optimise the utility of the available spectrum. Products are designed to fulfil requirements such as
SCADA, Power Line Protection, or Network Back Haul

w M
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25.

26.

27.

28.

20.

30.

31

32

33

34.

35.

36.

NaREC Development Services Ligla leading research and development platformriew,
sustainable and renewable energy technologies, supporting the evolving energy industry and
transforming innovative new technologies.

Nortech Management Ltd provide a range of telemetry products and central host software
solutions for data cééction 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

PPAEnergyLtdh & 2y S B IRRAY I VFENAE O2yadzZ Glhydad tt!
of highly experienced professionals specialising in teedzmnomic and management consultancy
services for the for the energy sector, with particular emphasis on the powesaciior

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 u@_MU 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 colletion and reporting EASE Il Manager package.

Prysmian- A leading player in the industry of higlechnology cables and systems for energy and
telecommunications

Renesas Electronicgprovides competitive products in the areas of microcontrollesstem LSls, plus
analog and power devices. Committed to providing highly competitive products and rapid, optimum
solutions.

Rolls Royce Power systems provider, designing, manufacturing and supporting a range of products
and services for air, semd land applications.

Schneider Electrie Schneider Electric offers integratedistions across multiple marksegments,
including leadership positions in energy and infrastructure, industrial processes, building automation,
and data centres/netwrks, as well as a broad presence in residential applications. Focused on making
energy safe, reliable, and efficient.

Sibille Faeca Electric (SFpjovide network technology that is completely focused on the safety of
the people maintaining and ostructing electrical structures on the low, medium and high voltage
network

Smarter Grid Solutions (SG&an innovative technology company providing Smart Grid products
and service to the power industry, enabling electricity network operators &b effectively facilitate the
transition to a low carbon economy.

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 sistabliy
personnel with a wealth of experience in the utility market.

Syngenta- a worldleading agrbusiness committed to sustainable agriculture through innovative
research and technology.
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37. The Transformer and Electrical Company Limited (TGdles itself on providing the most
efficient and flexible transformer service available

38.  TNELF launched in 1992, TNEI is an independent company specialising in a range of energy services.
Their Power Systems and Associated Technologies groufakgesin 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 afroth
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 IFProjects

In the year ending March 2Q1the combinedWestern Power Distributiogroup increased its
expenditure on IFI project3he table below details the egpditure during the April 2D0 - March

2011 IFI reporting period:

Project Title L':fer::e External Internal Total

Radiometric Arc Fault Location A £11,080 £2,030 £13,110
Helicopter Mounted Partial Dischar@®tection A £100,664 £3,222] £103,886
Tree Growth Regulator A £35,200 £5,058 £40,258
Climate Change and Seasonal Variation on Earthingllatsins A £66,329 £6,432 £72,761
ENA R&roup 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 Meduand 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
EATIg Partial Discharge Project and Forum A £39,995 £9,246 £49,241
EATL- Protective CoatingBorum C £6,685 £1,269 £7,954
EATLc Integrated Condition Based Risk Management B £45,515| £23,017| £68,532
SuperGerHiDef B £40,000 £1,140|] £41,140
Wavefom Analysis for identification of load type B £11,918 £980 £12,898
Investigating Balancing of LV Networks C £8,190] £10,049 £18,239
EPR} 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
Effectof Electric Vehicles on Distribution Networks C £93,117 £9,976|] £103,093
Phasor Measurement Trial C £52,662 £7,158 £59,820
Smart Grid Equipmerg LV Link Box Monitoring C £25,382 £8,418 £33,800
Smart Grid Design C £79,146 £6,961 £86,107
Substation ComumicationDevelopment 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
SuperGenFlexNet C £20,000 £6,247 £26,247
Vegetation Management C £82,535 £6,641 £89,176
Flood Risk Mdelling 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 froRisturbance 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 GradienFault Detection C £10,500 £5,455 £15,955
Switchgear Deating C £3,000 £6,038 £9,038
Power Communications Meter C £12,798 £9,614 £22,412
Sensor Networks (SnteaDust) C £18,196 £5,271 £23,467
Power Networks Research Academy C £58,247 £8,286 £66,533
EnvironmentaMonitoring Fluid Filled Cables C £18,919 £9,122 £28,041
ZEFALE Zero Fault Level Generation for Active Urban Network C £19,347 £2,523 £21,870
UrbanHeat Island Stud{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
OLTOapchanger Monitor C £31,593 £7,335 £38,928
Voltage Optimisation 11kV Network C £2,456 £2071 £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 thaltoternal expendure is

14.9% of the totakligible IFI expenditute
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6.

Project Highlights

6.1 Completed Projects

Western Power Distribution is pleased to reptitat R,D & D projects haw®ntinued toprogress
over the past year with a number of these successfully compléteghlights include:

ACTIV demonstratior This used the load characteristics of feeders without generation to
act as a reference fomeautonomousvoltage control scheme designed to maximise
distributed generation output by regulating the network voltagghin the statutory limits.

Waveform Analysi LV network load characterisatidrasprovided useful information on
network performance when subjected to voltage reductions.

Switchgear Derating, The validation of an improved method of derating circugddters
type tested to BS 116 will alloweltonnection of generation without having to change
switchgear in certain circumstances

SensomMetworks development- The adaptation of thisow cost, low power radio,
technology for use with fault passage indimasensorsin a robust linear communications
topologyhas proven most successflluring 2010/11the second phase will demonstrate
this fault finding equipment on the network.

6.2 Recently started Projects

Two recently steed projected also deserve to badhnlighted:

Fault Current Limiteig Western Power Distributioentered a consortium witlthe Energy
Technologies InstitutéETI) and agree host a resistive suparonducting fault current
limiter on our network. We have been working with the ETI andntlamufacturing partners
to design a suitable specification addvelop theproject plan.

Disturbance Recordarg The monitoringof the network has been extended with projects for
monitoring harmonis and unbalanceddedto that for thetransient fault locéion project.
This increase in network visibiliy providing a wealth of useful information for these
research projects.
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7. Futurelntentions
7.1 Future Projects for 201/ 12

In line with our RD & D StrategyWestern Power Distributiowill continue to devép a balanced

portfolio of projects engaging in muitiollaborative and bilaterahnovativeprojects with
universities, research establishments and industry.

In addition to the projects taken forward as planned from tid@11 reporting year, a seriesf
new projeds will be commenced in the 201 reporting year These include the following new R,
D & D projects:

e Advanced Protection for Networks with Distributed Generation (KTP)
e Generating value from Smart Electricity Meter data (TSB)
o Directional Falt Passage Indicator Demonstration

o Demonstration of Laserscanning Technology to survey complex substation sites

7.2 ldentification 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 networksDuring the forthcoming year we will undertake a range of
activities in developing our portfolio of projects, including:

e Internal Workshopsto 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

e Gap Analysisto identify areas that can be strengthened within oulCR&; D portfolio,
which fit within the IFI criteriandalign with our djectives WesternPower
Distribution will continue taeview developments within the future networks
landscape to identify new potential threats and opportunities that merit research

e Work with Collaborative Partnergo explore ideas resulting from théadogue and
exchange of knowledge and experience with external groups

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

8. Individual Project Report$or Period April 2010- March 2QL1

The follaving pages contain the Individual Project Reports for IFI projects undertakéfesiern
Power Distributiorduring the2010/11regulatory year.
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Project Title Radiometric Arc Fault Location

Applied research, and follow up instaltai of a system to triangulate
Description of project| fault locations on overhead lines from the high frequency radio wavg
signatures produced from an arcing fault.

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

Expenditure for
financial year

Expenditure in pevious

(IF1) financial years Total £60,837

Total Project Costs

(Collaborative + Projected 2011 2012 Internal £1,000
external + Western £231,500 costs for Western Power| External £3,000
Distribution Total £4,000

Power Distribution)

The principle of the technology is:

e There is a correlation between RF discharges and network fault
overhead lines

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

e If antenna are spread across the network, a mesh is formeda
similar manner to the GSM network

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

e If this iformation is linked to GIS / SCADA data a more accurats
fault location can be obtained

Technological area
and / or issue
addressed by project

Proleqt Project Overall Project
. . Benefits ) :
Type(s) of innovation| . .. . Residual Risk | Score
. Significant Rating
involved
10 -5 15

Expected Benefits of | If successfuii KS dzaS 2F NI RA2YSUONRO w(

Project locate fault locations on all overhead line networks within that zone.
Expecte_d Timescale 2012 Dur_atlon of benefit once 10 years
to adoption achieved
Project NPV = (PRenefits
Probability of Succesy 25% ¢ PV Costs) x Probability ¢ £ 99,489
Success

The project has achieved a degree of success already and the anal
the data collected so far is ongoirférevious work by Strathclyde
University funeéd by EPSRC and Midlands Electricity indicated that
Power System related arcing events can be detected radiometrically
and determined the optimal frequency for reception.

Potential for
achieving expected
benefits
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The technology itself has good potentiat providing the expected
benefits. There is evidence of its capability in relation to lightning st
and singlestation detection of faults before filters were installed to
improve sensitivity. It is hoped that the significant reduction of

background nise achieved at the Bellshill and Shotts sites using filtg

Potential for will increase the likelihood of picking up sferic signals that may have
achieving expected | been too weak to detect previously. The provision of 4 surplus PCs
benefits SPEN will allow better onsite analysis of the d@tae aim is to be able

to identify and discard irrelevant data so that signal captures of intef
can be focused upon, resulting in a more efficient system. The
possibility of performing some controlled experiments to detect
discharge sferics from 132kwitches is being investigated.

The system was able to successfully capture radiometric emissions
lightning strikesat 2 or more stations and using these captures it wag
demonstrated that it is possible @ccurately lgate the origin of the
radiometric emissions from the lightning arcs using tinge difference
of arrival of the radiometric signal at the monitoring stations that
detectedthem.

Fault induced arcs were successfully captured on a number of occal
at onemonitoring station. The numbeaf confirmed radiometric fault
arc captures has been too few to reliably characterise fandtsignals
and further research would be required to establish more reliably th¢
propagation ranges of the radiometric emissionanfrfault induced
arcs.

It is proposed that future development of a RAFL monitoring system
Project Progress at | could use aralternative geographical configuration of the stations
March 2011 coupled with data on the networtopology to facilitate the location of
fault arcs in a manner thianakes more efficient usef the available
resources. The monitoring stations could be set up to detect
radiometricdischarge at 2 monitoring stations only rather than 3, thu
LINE RdzOA y 3 | alghig Which atcBey the timerdiffedence o
arrival2 ¥ G KS | NODQa& gstathSsTRYRugeliimploging this
line onto a map of the locations of electrical equipméris approach
would provide a set of possible locations within the distribution
network which.

The experience gained during the figtal of this system, and the
inevitableprogression in terms of available dffe-shelf hardware has
led to the conclusion thamnore closely spaced effective monitoring
stations could be built using cheaper asmaller hardware than that
currently in use

Collaborative Western Power DistributiorScottish Powr, Scottish & Southern
Partners 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

To fit the Elimpus Partial Discharge (PD) locator onto a helicopter tg
Descripton of project | €nable an aerial survey to be undertaken to reliably detect and locat
PD from air insulated high voltage equipment.

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

Expenditure for
financial year

Expenditure in previous

(IF1) financial years Total £ 22,159

Total Project Costs

(Collaborative + Projected 201@ 2011 Internal £ 1,000
external + Western £209,000 costs for Western Power | External £16,500
Distribution Total £17,500

Power Distribution)

Technological area | petection of incipient faults in open terminal substations using partia

and/orissue | gischarge location equipment mounted on a helicopter.
addressed by project

g(raori;:s Project Overall Project
Type(s) binnovation N : Residual Risk| Score
involved Significant Rating
10 -3 13

Detection of partial discharge from a helicopter will enable proac
measures to prevent faults occurring léag to an improvement ir

Expected Benefits of CI/CML performance and a reduction in equipment costs.

Project The ability to scan open terminal substations as part of routine
overhead line patrols offers improved reliability at a lower increment
cost.

Expecteq Timescale 2012 Durfatlon of benefit once 10 years

to adoption achieved

Project NPV = (PV Benefi

Probability of Succesy 25% ¢ PV Costs) x Probability { £ 27,505

Success

The University of Strathclyde and the spiii company Elimpyshave

developed ground based systems for locational detection of partial
discharges using time of flight systems. One of these utilises an arr:
FSNALFf&a O2ydFAYSR gAGKAY I+ @ty
with the aerial separation that mightte achieved between the skids of
a typical Jet Ranger or Squirrel helicopter employed by DNOs for

Potential for i
otential fo overhead line patrols.

achieving expected

benefits Asset health assessment is key to delivery of network reliability

safety performance and small feasibility trial was undertakeéa assess
the viability of a larger IFI project that would entail development
equipment suitable for CAA flight certificatiofhe feasibility trial
employed existing technology, but standoff distance and disturbg
from the helicopter and its systemposed potential challenges.
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The following tasks have been completed:

e Aerospace Design: Frame design and manufacture

e Aerospace Design: Antenna structure

e Aerospace Design: Antenna fairing manufacture

e Elimpus: System factotgst
A significant problem arose over the cabling used to connect t
antennas to the recording box. Due to the intricacies of the de
of the helicopter frame structure it was not possible to use the
specifiedcabling as thivad an unfavourable bend dius.The
cable type needed to be small enough to be routed through th
frame, large enough to attach a rsipec connector and have
Project Progress at | favourable propagation characteristics for use with the PD
March 201 locator. Following several attempthis has finally beenasolveal
but has causedelaysin the final manufacture of the cable
assemblies and the final layout of the Elimpus box.

The following tasks are in progress:
e Aerospace Design: Cable assemblies
e Aerospace Design: Fixings fecording box and monitor
e Elimpus: Finldayout of recording box
e Aerospace Desigfinal assembly of the antennas
The trial installation is planned ftihe week beginning 18 April
with the first test flight following as soon as practical after this
date.

Collaborative

Western Power Btribution, Scottish & Southern Energy dddPN
Partners

R&D Provider Elimpusand 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

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

Six field trial sites havieeen established, supported by thirteen
observational sites throughout the UK to represent a diverse range
bio-climatic zones. There are two sites in each of the participating
YySUi62N)] 2LISNFG2NDRa £ AO0SyOS | NB
evaluation wee selected to represent those that occur commonly on
near overhead networks.

Description of project

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

Expenditure for
financial year

Expenditure in previous

(IFD) financial years Total  £130,452

Total Projet Costs

(Collaborative + Projected 2011 2012 Internal £5,000
external + Western £720,000 costs for Western Power | External £35,200
Distribution Total £40,200

Power Distribution)

Technological area | Rateof vegetation growth and use of Tree Growth Regulators to red

and/orissue | maintenance costs.
addressed by project

PrOJec_t Project Overall Project
: : Benefits ) :
Type(s) of innovation| .. .. ) Residual Risk | Score
. Significant Rating
involved
22 -4 26

The expected outpts from the project will be data and information on
the effect of PBZ on tree growth rates across a range of species an
bioclimatic areas. This data will comply with ORETO experimental
requirements and will be used to apply for a licence for the use @f P
for utility vegetation management.

Expected Benefits of
Project 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 disturbatr
to landowners and th high costs of returning each year to maintain
clearances from locations where only a restricted cut is possible.

Expected Timescale Duration of benefit once

to adoption 2013 achieved 20 Years
Project NPV = (PV Benefi

Probability of Succesy 75% ¢ PV ©sts) x Probability of > £1,000,000
Success
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¢KS LJdzN1J32asS 2F (GKS FANRG &SI ND
whether over application of PBZ and subsequent phytotoxicity of leg
material occurred. No statisticalgignificant difference was found
between PBZ treated and control trees, which indicates that there w
no phytotoxic symptoms in leaf tissue during the 2009 growing seas
Likewise in both field and observational sites no symptoms of
phytotoxicity haveto 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

Potential for recorded in the majority of trees at each field and observation site. S
achieving expected | results were manifest by reduced shoobgith and trunk diameter and
benefits subsequent increase in root growth. With respect to tree vitality, effe

were manifest as increased leaf photosynthetic activity, greener lea
and plant cell wall strength. Consequently, all objectives stipulated i
the IFIResearch Project, The effects of Tree Growth Regulators (TG
on Fast Growing Trees and Application to Utility Arboriculture have,
date, been achieved. In addition, no particular factors can be forese
which would result in delays in the achievemeaotsny 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.

Six field sites and thirteen obsenri@tal sites have been set up and P
applied at recommended dosage rates. Initial observations |
indicated no phytotoxic effects.

Following discussions with the DNO Project Director further plantin
the tree species Leylandii and Alder occurred op sites in early 201
that were treated with PBZ during summer 2010.

The PSD has granted an experimental licence and the work has be
up to meet ORETO research guidelines. An audit carried by

. compliance team confirmed that the experiment compliggh these
ProjectProgress at | gyidelines.

March 2011 _ _ _ o o
In 2010, both field and observational site data indicate a significant

positive benefit of PBZ application on tree vitality and growth. In PB
treated trees reduced shoot growth and trunk diameter and increase
root growth was recatded. 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 w
some species such as Englimk and beech particularly sensitive whil
other such as poplar and willow far less sensitive.

Collaborative Western Power Distributiorcottish and Southern EnerdyE Electric
Partners andUKPN

R&D Provider ADASBartlett Tree Researcind Syngenta
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Untreated

Treated

Fine Root Density

Not Treated
ke '.'z, g:ﬂ'.
» -

Samples belng tested atee grovvth regulator (BR field sites andaxamples ofypical results from
previousstudies
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Project Title

Climate change and seasonal variation impacts on electricattang
installations

Description of pragct

Thisproject will develop a GIS Information System to assitte
prioritising of future maintenancef rural ground earthing systems, by
providing a graphical presentation of ground conditions and the
probability of the resistance of legacy shalloench earthing changing
significantly under future project climate change scenarios.

The project will also produce seasonal variation correction factors fq
both deep drive and shallow trench installations to allow the existing
and newGIS todd to respord to seasonal variations.

Expenditure for Internal £6,432 Expenditure in previous
financial year External £66,329 (IF1) financial years Total £ 242,512
Total £ 72,761
(Té’;?‘lgzgﬁf\tecfﬁs Projected 201% 2012 Internal £ 12,000
external + Western £525,000 CQSt§ for_ Western Power | External £190,000
N Distribution Total £202,000
Power Digribution)

Technological area
and / or issue
addressed by project

The Phase Electrical Earthing proje@&n Informaton System to
assist the installation of rur
with predicting theearthingrequirements at sitesvithin the network
distribution areas of Western Power Distributi@Midlands) and UK
Power NetworksThe project assuedthat the installation ofvertically
inserteddeep driverods was the normal methodf providing earthing
systemsand that a horizontal trenched system would only be
considered when thground conditions prevented th normal method

The Phase 2 Eleatal Earthing projecdd C1 i mat e changd
variation i mpacts on edmswihvestigate
the temporal changes in earthingesistancelt is recognised that the
earthing resistanceof a systenwill change with time aghe resistivity
of the ground varies exponentially in response to changes in water
content and temperatureln particular the value diegacy shallow
trench earthing systems wibe particularly affectedA number of
climate change scenarios are availabiem climate modelling and
these indicate that parts of the UK could experience dryer or wetter
conditions andhat the seasonal ranges of precipitation and
temperature could be more extreme than today.

Ths project will provide qualitative and quantitaé\asgssments of
both seasoml changes and the impact of climate change on electrics
earthing installations. The results of this study will provide a tool to
identify those areas where earthing installations are most likely to g(
out of specification irfuture years.

Type(s) of innovation
involved

N Prolegt Project Overall Project
Significant Benefits . .
) Residual Risk | Score
Rating
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9 -4 13

The expected benefits are:
¢ More effective earthingysteminspection and maintenance rege

Expected Benefits of from the prioritisation of earthing systemis susceptible areas.

Project e Avoidance of high resistivilgsueson legacyearthingsystems

during hot dry summers.

Expecteq Timescale 2013 Dur_atlon of benefit once 20 years
to adoption achieved
Project NPV = (PV Benefi
Probability of Sumess | 75% ¢ PV Costs) x Probability ¢ £ 145,000
Success

The potential for achieving expected benefitbéieved to behigh.
Phase 1 of the project was completed to time amithin budget and
has beersuccessfullymplemented in Western Power Distribution
(Midlands)

Potential for
achieving expected
benefits

Technical issues identifiedhé project plan scoped ownd contractual
arrangements agreeduring 2010The project will contaigix main
elements:

Update to Phase 1

Revised set of modelled soil resistivities

Development of horizontal trench preference

Electrical earthing vulnerability to climate change
Quantitative assessments of the effect of climate change
Electrical earthing response t@asonal variations

ProjectProgress at
March 2011

ok wnNPE

Collaborative

Western Power Distribution andKPN
Partners

R&D Provider British Geological Survey and Cranfield University

PICKWOTTN = \\\

\3\ Lodge \
“ [(
) AN
South

7 . | 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.

1( The Grange
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Project Title

ENA R&D Group Programme

Description of project

The Energy Networks Association (ENA) represents all the UK netw
operators. Several projects @ 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

(IF1) financial years Total £ 119,405

Total Annual Project
Costs (Collaborata/+
external + Western
Power Distribution)

Projected 2010 2011 Internal £ 15,000
£ 434,700 costs for Western Powe| External £ 99,800
Distribution Total £ 114,800

Technological area
and / or issue
addressed by project

The projects listed Hew address real issues which have been identi
by the ENA Working Groups as significant requiring tech
investigation and development:

- Fault Level Monitorg The objective is to develop a device that v
connect to the network and establish the meirk source
impedance from smablcale disturbances/perturbations resultir
from transformer tap changer operation, etc. This impedance
be accurately correlated to a true network fault level for th
location, providing neareaktime information to néwork control
and planning engineers alike.

- Harmonic impedance modelingThe project addresses the detailé
modelling of cable and overhead line components, to develop ¢
models appropriate for distribution networks

- Earthing Project The aim is to deelop new techniques to asse
0KS AYLIOG 2F t26SN) g2t a4l 3S
12ySaQ FyR G2 YSIFadaNB GKS N
earth systems.

- Vacuum Bottles¢ Although today there have been few failure
existing Netwok Operators have large populations of vacu
AYUOSNNHzZLIJGSNE YR a2YS 2F GKS
declared guaranteed life expectancy (20 years).

- Climate Change and Network Resilience Projedthe objective of
this project is to investigatewhether the electricity (both
0N yavyraairzy |yR RAAalGNRO delated
faults may change in the future as a result of climate change.

- Smart Metering Studies¢ The ENA has commissioned Eng
Consulting Ltd to undertake a compreheresi analysis o
distribution network operator requirements for a smart meteri
system for electricity and gas.

This project was split into four work streams:

WS1¢ ENA Smart Metering System Requirements

WS2¢ Development of appropriate user cases

WS3¢ Pefformance standards and communication requirements
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WS4 Privacy and security considerations

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

| tal / Project Benefits ;ég{gﬁ;l Overall Project
i i ncrementa Ratin : Score
_Type(s) ofrinovation Significant g Risk
involved

12 -5 17

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

Fault Level Monitor:

The key output frm this work was to ensure that the FLM is capable
delivering an assessment of both the source and motor infeed elem
of fault level.

Harmonic impedancenodelling:

The expected benefit of this project is the development of an
Engineering Technical Rat (ETR) type guidance note to supplemen
G5/4 (2001) and help reduce and simpiifpdellingrequirements for
relatively small capacity 33kV connections.

Earthing Project:

The expected benefits of this project are:

- To develop a test method of correctlglculating and measuring H
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 uspdrticularly
newer XLPE/Triplex/EPR cables for which there is no guidance
standards.

- To develop safer and more cost effective substation earthing
designs

Expected Benefits of
Project

Vacuum Bottle Project

This project will first look at all failure occurrences and also atrgpka
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 Liceng
strategy with regard to lIfperformance incentives which impact ¢
Price Controls, system planning studies and operational prepareg
for extreme weather events.

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

2012

Duration of benefit once

achieved

10-20 Years

Probability of Succes:

25-75% Dependent
upon project

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

£ 200,000

Potential for
achieving expded
benefits

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

Harmonic impedancenodelling:

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 &fsidelp
reduce and simplify modeling requiremtsrfor 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 bat became available for testing
following the removal of an eleven panel vacuum interrupter
switchboard in Western Power Distribution dating from 1984. This w
increase the sample size of analysed vacuum bottles. A further incre
in testing is expectetbllowing 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 tauantify long term the relationship between climate
and network faults and the vulnerability and exposure of the networ
these faults. Some of the outputs from this study have been factore
into the recent DECC/DFRA Climate Adaptation project.
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Harmonic impedancanodelling

One of the deliverables from the original project was a proposed
revision ofEngineering Recommendati@b/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 propose
75% criteria for Stage 3A compliance. The concern was that the
selection of 75% was somewhat arbitrary and was only based on th
existing Stage 2 criteria. This investigation is currently underway an
is anticipated that the results of the investigation will be published in
the autumn 2011. This will enable the completion of the propoS&&R
including the addition of the Stage 3#ethodology assessment in
support of the revision of Engineering Recommendation G5/4.

Project Pogress at
March 2011
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Earthing Project: There are several parts to this project):
HV/LV Earthing Transfer

This project is nearing completion. A nealculation method has been
developed which more accurately approximates transfer potential
between HV and LV earthing systems in distributed LV networks (e.
PME in the UK). The new calculation method accounts for the bene
reduction in LV trarfer potential provided by larger LV electrodes
which are located further away from the HV substation (as previous
demonstrated by measurement). The new method Is in good agreer
with results from detailed simulation software (uniform soil). The wor
currently being used to develop new guidance / calculation tools for
standards. LV earthing design practice will need to be reviewed. Th
work suggests that LV electrode should be installed in parts of the
network furthest from the HV electrode, e.g.tae 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 intera
tool that could ases the impact of cable sheath sizing, material
connections upon the safety of electrical power installations

When an earth fault occurs at an installation, the resulting current
Project Progress at | return to its source via metallic routes (such as a cable sheatti)
March 2011 through the soil/ground. The latter part flows through the local earth
(continued) system and creates a temporary elevated potential, called the E
Potential Rise (EPR). This in turn can cause equipment damag
potentials that create a shock risk to neatgople and animals.

In the new European Earthing Standard EN50522 and IEC -6128¢
understanding of the role of the cable sheath in returning some of
earth fault current is one of the factors that determine whether
WDt 261 f 9FNIKAYy3I {&aGSYQ SEAA
In order to analyse such circuits effectively a spreadsheet based ro
has been developed for 11kV distribution cables. The first step wi
calculate the necessary cable parameters to a high degree of acct
Then a number of representative ciitsiwere analysedin detail using
software packages, numerical methods and formulae. Finally, form
of sufficient accuracy were used in a spreadsheet routine. This a
the effect of important variables upon the ground return current to
calculated.lts use has already led to new ideas about the desig
earthing systems. The aim is to develop new design rules and pg
and extend the spreadsheet to cover a wider range of circuits (suc
at higher voltages) and other parts of the earthing ckltans carried
out at the design stage. The findings from this study were presente
the 2011 CIRED Conference.

The overall Earthing Project is due to be completed by the end of Ju
2011.
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Vacuum Bottle Projet:
A total of thirty three vacuum bottles (types V803 and WL34406) we
removed from service in Western Power Distribution when a vacuur
switchboard, which had been installed in 1984 was replaced. Thirty
these vacuum bottles were test for contact weard 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 we
identified as having a severe virtuahle which had caused a significar
loss of vacuum, but had passed the voltage withstand test

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

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

_ maintenance work.
Project Progress at

March 2011 Climate risk assessment on future network resilience:
(continued) This project is now completén this project the DNOs have considered how t
frequency of weatherelated faults on the UK transmission and distribution
electricity networks may change in the future as a result of climate change
methodologies applied to the various types of weathelated faults are
detailed in the study reporThis projecthas involved close collaboration
between climate scientists and industry experts. The scientific insights that
be gained from appropriate use of climate projectidras/e 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 thedectricity sector in developing
climate adaptation strategies for the future.

Smart Metering Studies

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

http://2010.energynetworks.orgiand-d-introduction/

. Western Power Distribution, CE Electric, UKPN, Electricity North W
Collaborative National Grid, Northern Ireland Electricity, Scottish & Southern Ener
Partners and Scottish Power.

TNEI, EA Technology, Earthing Solutions, University of Strathclyde,
R&D Provider Sterling Power, Vacuum Interrupters Ltd (VIL), Met Office, Engage
Consulting Ltd andriperial College, London.
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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.

~€DG £ iy
o ¢

Benefits of Advanced Smart Metering
for Demand Response based

Control of Distribution Networks ENA Smart Metering System
Requirements Update

Summary Report For: Energy Networks Association
April 2010
peena Engage Consulting Limited

Document Ref: ENACR006-002-1.1

Restriction: ENA Authorised Parties only

Goran Strbac, Chin Kim Gan, Markn Auned, Viadimir Stanojevic, Predrag Djapic,
Backravut Dejvives, Pierhagi Mancaneila, Adam Hawkes, Danry Pudjant
Centre f for Electricity

Imperial En!m

.

Scott Le Vine, John Polak \;l""' CLIPR
Centre for g " '

\“,ul‘ Kagy,

, Steven Burns, Phd Wess,

Dave Openahaw, ~|l 1AL
Dave Brogden, Alan Creightisn, Alan Claston o LI LT
Energy Networks Association 1

April 2010

www.engage-consulting.co.uk
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EA TechnologyStrategic Technology Programme
EATL STP Overhead LMedule 2 and Forum
Research and development into all aspects of Distribution Overheag
Lines
Internal £15,815

External £99,615
Total £ 115,430

Project Title

Description of project

Expenditure for
financial year

Expenditure in previous

(IF1) financial yea Total  £394,830

TotalAnnualProject

Costs(Collaborative + Projected 2011 2012 Internal £ 15,000
external +Western £ 345,000 costsfor Western Power | External £93,000
Distribution Total £108,000

Power Distributio

The Module 2 programme for budget year 2009/10 aimedptmise
overhead network design, improve operational performance, maxim
potential benefits, improve financial performance, and minimise risk
associated wh overhead networksyhilst having due regard for the
environment and energy efficiencyrhe programme also aimed to
deliver continuous improvement in terms of safety and environment
performance of the overhead netwotk meet the individual business
requirements of Member Companies. Several of the projects contri
G2 GKS AyRdzaAGNER QA 1y2sf SREpoeRT
all address real problems that have been identified by the module
steering group members as significant and whietuire technical
investigation and development.

Completed Projects (MarcB011)
S2164_1: Development of a probabilistic wind and ice map foig |
Project strategy & related interfaces
S2168 1: A spreadsheet to calculate conductor temperature (OHTE

Projects Still in Progress (Marc2011)

S2126 6 Monitor conductor temperature at fixed currenStage 6
Monitor Pine and Hazel at same design temperature

S2160_2: Impedance testing of new and old pajekest 9 more new
poles
S2160_2AF: Impedance Tests on Wdtmes: Additional funding fo
penetration tests

S2160 2AF2: Impedance Tests on Wood Poles: Penetration
Further additional funding for additional work

S2160_3: Impedance testing of new and old pglédsk Assessment
S2161 2:Site testing of loadock anchors ¢ Testing Members
installations

S2162_1Measure residual strength of ageing wood patekst batch of
30 poles

S2164_2:A probabilistic wind and ice map for UKAnalyse mode
performances and develop procedures

S2169 1: Downwind effects of wdrurbine at woodpole height
S2171_1Wedge clamps comparative tests

S2172_1Evaluating Winter 2009/10 icing events at Deadwater Fell

Type(s) of innovation| Incremental, | Project Benefits Project Overall Project
involved Technical Rating Resdual Risk Score

Technologicahrea
and / or issue
addressed by project
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Transfer,
Signifiant, 16 -9 25
Radical
Projects in this module will significantly increase the safety
reliability of the network. In certain cases the asset life may als
extended.

If these projects are technidgl successful and the findings a
recommendations from the projects are implemented, then t
projects will potentially enable each DNO member of the programm
gain benefitdncluding:

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

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

e Cost effective and early identification of damaged insulat
and discharging components, which if not addressed wg
reault in faults;

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

e A better understanding how overhead line assets perform
service which can be used tdetermine the overall asse
management policy ;

Expected Benefits of ¢ Reduce levels of premature failure of assets;

Project e Avoid redesign, reconstruction or refurbishment of overhe
lines where this is driven by a perceived need to incre
ratings or strengthen lines, and is recedr to conform with
existing standards but which may be unnecessary;

e Cooperation between European countries in the developm
of forecasting methods of atmospheric icing and for {
exchange of forecasting tools;

e Comparison of new covered conductor withndwn
performance of older types;

¢ Increasing scientific understanding of processes and climati
conditions leading to icing;

e Extend the service life of poles and reduce potential level
failures;

¢ Reduce lifetime costs by the appropriate use of alterrativ
materials;

¢ Improved methodology for determining conductor ratings wi
provide greater confidence;

e Positive impact on environmental performance and many ha

positive impacts on safety;

Give Members a better understanding of novel conductors fc

new-build or reconductoring lines that gives lower capital cog

minimum visual impact, and environmental acceptance.

Range 202 - 2016 . . Range3-5 years
9 Duration of benefit once 9 ¥

Dependent upon . Dependent on
. achieved :

project project

Expected Timescale
to adoption
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Range19 - 95% Project NPV = (PV Benefi
Probability of Succesy Dependent on ¢ PV Costs) x Probability ¢ £42,652
project Success

There are a huge variety of projects within the 2010/11 w
programme for Module2. A number of these projects are scienti
based and will require further research and development to ach
improvements in operational performance and integration into f
Network Operators business environment.

Projects in these areas are mairdtages of much larger mulstage
projects and require further work toptimise network design, financiz
and operational performancefrom which the customer anc
stakeholders will benefit

Potential for Other projects werdooking at better ways of improving the operatial
achieving expected | performance, management and reliability of Overhead Networks
benefits minimisingthe impact on the environment and the safety of both t

operators and the public, in a manner that could be implemen
straight away.

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

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

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

S2168 1:

1. OHTEMP is a spreadsheet tool that calculates condd
Project Progress at temperature for a conductor that is carrying a specified curr,
March 2011 under specified ambient conditions;

OHTEMP is completely deterministic: it slypnpalculates conducto
temperature for a given current. Thus there is no need to inv
any probabilistic conversion factors to translate calculated curr
at design conditions into exceedenbased ratings

S2164 1:

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

Updated information can be found ahttps://www .stp.uk.net
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Western Power DistributiorCE ElectridJKPN Electricity North West,
Northern Ireland Electrity, Scottish & Southern Energy a8dottish
Power

R&D Provider EA Technology Ltd

Collaborative
Partners

Effect of severe Ice loads am11kV Overhead Line in Winter 201RTP Module 2 project S2164 1 is
looking at designs for future icGecretionand wind loads
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Project Title

EA TechnologyStrategic Technology Programme
EATL STP Cable Module 3 and Forum

Description of project

Researchad development into all aspects of Distribution Cables ang
underground equipment

Expenditure for Internal ~£15,808 Expenditure in previous
fingncial ear External £118,910 (IFF) financial (Sars Total  £447,937
y Total £ 134,718 y
E‘;ﬁ?g;‘ﬁ:{;‘;‘;‘f\lc‘; Projected 201% 2012 Internal £ 16,000
£414,500 costsfor Western Power | External £111500
external HWestern L
L Distribution Total £127,500
Power Distributiof

Technological area
and / or issue
addressed by mject

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

{SGSNI &t 2F (GKS
variation in climate change.

Completed Projects Funded in 20/2011 (March 11):-
S3144_3;Comparison of Pesses for the Treatment of Redundg
Fluid Filled Cables: Analysis of Cable Samples

S3173_1: (REVISED) Implications of Climate Change for Cable S
Effects on Cable Ratings

S3202_2: Performance Evaluation of Plastic Smoothed Walled
Corrugated Duing Installed In Trefoil Formation: Evaluation of Resu
S3223 1: Implementation of Security Method Developed to Pro
CRATER Spreadsheets

Projects Funded in 2022011 Still in Progress (March1):-

S3161 2Decision Making Tool for the Assessmentanfgl MV and HV
Cable Circuitg Create Decision Making Tool

S3165 2Performance ageing tests on polymeric terminations: Pa
Discharge Measurements and U/V Camera Analysis

S3176_2: (REVISED) Mechanical Integrity of Jpitage 2: Testing ¢
Joints

S3187_2:Polymeric Sealants for Cable Ducts: Triplexed Cables
S3190_1Flushing of FluiFilled Cable Circuits

S3191 1PressurevVolume Curves for Fluigilled Cable Oil Tanks
S3192_1lmpregnation Coefficients for Flukilled Cables

S3193_1: Reducing Press in FluidFilled Cable Circuits

S3195 1Researching Alternative PU Resins for Jointing

S3199 2: (REVISEMDeveloping an Automatic Update System fo
Database of Fluid filled Cables

LINE2SOG&a O2yidN
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Project Benefits Project Overall Project
Type(s) of innovation Rating Residual Risk Score
. Incremental
involved
14 -8 22

Projects in this Module will significantly increase the performance
reliability of the cable network. In many cases the cable assets life
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 programm
gain the following benefits, including:

e Use of an effective tool tamprove the leak management ¢
fluid filled cable circuits. Rlecing the risk of potential costl
failures

e Successful and practical methods for sealing ducts conta
triplexed cable;

e A test that truly measures the mechanical robustness of a j
withl'y dzy RSNRGFYRAY3I 2F GKS
resin filled joints and conventional PU filled joints. This c
result in significant cost benefit;

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

e Reduce risk in environmentally sensitive areas;

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

¢ Reduce excavation required in locating leaks from Afilied
cables, reduce the times and costs of leak location, and
reducing outage timg

e A reduction in digging, causing less disruption to the pu
reducing impact on the environment and avoiding disposa
soil to landfill;

e Offset future increases in CARENnd OPEX;

¢ CI/CML savings per connected customer;

e Reduce cable purchase costs;

e Enforce Network resilience;

¢ Implement strategies for reducing cable failures, resulting fr
excessive forces;

¢ Reduction in number of cable faults;

e Reduce design costs.

Expected Benefits of
Project

Expeced Timescale Range 202 - 2013 Duration of benefit once Ranges - Syears
. Depencent on . Dependent on
to adoption : achieved )
project project
Range45-100% Project NPV = (PV Benefi
Probability of Succesy Dependent on ¢ PV Costs) x Probability ¢ £42,013
project Swceess
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There are a huge variety of projects within the 2010/11 w
programme for Module 3. A significant number of these projects
interlinked developing a scientific Fluid Filled Cable softwam to
improve the leak management of fluid filled cable assetsduBieg the
risk of potential costly failures. This technical development consis
numerous single mjects, but collectively form part of much larger su
of projects over more than onenancial year which require furthe
research and development in order tmptimise the financial
operational performanceand management of fluid filled cable asse
from which the customer and stakeholders will benefit.

Potential for
achieving expected
benefits

Other projects werdooking at bette ways of improving the operationg
performance, management and reliability of Cable Networks,
minimisingthe impact on the environment and the safety of both t
operators and the public, in a manner that could be implemen
straight away.

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

STP has also delivekea number of notable innovations since
inception.

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

S3173_1:
The effects of climate change driven by high emissions on cable rg
and losses are modest, but significant:
. e Changes in temperature may have the effect of redug
Project Progress at summertime insoil ratingsby 1.5 2 p2 Ay (G KS
March 2011 yop: Ay GKS HnynQao ¢KS
factors such as large cable size, high dielectric loss,
maximum conductor temperature and soil drying out (not
that the percentages calculated for soil digiout are based of
the assumption that soil drying out occurs both today and in
future, i.e. that the soil drying out is driven more by high cirg
loading than by changing soil conditions).
e In-air summertime ratings may have to be reduced by 2.5
nep: Ay (GKS wnpnQa FyR n (2
e Increases in losses (of buried cables) arising from ris
temperature and soil thermal resistivity may typically be ab
MPp: 0@ dassBmingmocha@ge of load.
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Project Progress to
March 2011
(Cortinued)

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

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

¢ Under tarmac, circuits may reasonably be rated at an assu
soil temperature of 25C in surmertime.

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

S3202_1 &2:

e The results show that both types of duct perform isttctorily in
trefoil formation and support the conclusions of S3155. There i
compelling evidence for changing from the black corrugated (
(HDPE) to the red smooth wall duct (uPVC)

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

S3144 3.

e Once the majority of the oil is recovered from the Fluid Filled C
being cleaned there is no need to have extended cleaning tif
since theg result in very little additional oil removal from th
insulating papers.

e The use of either nitrogen or compressed air on its owr
considered to be of limited use.

Updated information can be found ahttps://www. stp.uk.net

Collaborative
Partners

Western Power DistributiorCE ElectridJKPN Electricity North Wet,
Scottish & Southern Energy aBdottish Power

R&D Provider

EA Technology Ltd
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Project Title

EA TechnologyStrategic Technology Programme
EATL BP Plant and Protection Module 4 and Foram

Description of project

Research and development into all aspects of Distribution Plant ang
Protection equipment

Internal £17,877
E_xpeqdlture for External £92,475 E_xpen@ture in previous (IF| Total £405,629
financial year Total £ | financial years

110,356
E?)ﬁ?ggﬁ::;ﬂt?vcé + Projected 2011 2012 costg Internal £17,500
external $Western £ 350,800 for Western Power External £85,500

S Distribution Total £103,000

Power Distributioh

Technological area
and / or issue
addressed by project

The STP Substations programme for the budget year 2010/11 aim
improve operational performance,maximise potential benefits
improve financial performance and minimise kriassociated with
substation assetswhilst having due regard for the environment a
energy efficiency.The projects aimed to provide cost effective solutic
to increase reliability and deliver continuous improvement in termg
safety and environmentaderformance of existing and future substatic
assets, to meet the individual business requirements of Mem
Companies.

Completed Projects Funded in 20/2011 (March 11):-
S4248_2: Protection Testing and Maintenance Practices (Incorpof
NIE & MEA Adtonal Research)

S4255 1. Research and Development of a Test Procedure to
Effectively Determine the Mechanical Strength of Transformer P
Insulation

S4259 2: Non Intrusive Volatile Gas Analysis of Oil Filled Switchge
S4267_1: Evaluation of Fire itiation Techniques in Seconda
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 B
Charger Installations

S4272_1: ApplieddRearch to Develop Performance Capacity Crit
for Lead Acid and NiCad Batteries

Projects Funded in 20)2011 Still in Progress (March1):-

S4164 10: Ohoad Tap Changer Monitor: Technical Evaluation
Data Analysis of Acoustic Emissions: Implicatmn3ap Position ang
Impact of Fault Simulation
S4181_5: (REVISED) Ongoing Programme of Transformer Post Mo
S4181_6: Ongoing Programme of Transformer Post Mortems: Tec
Evaluation Summary of Post Mortems to date

S4185 7 Developing Strategic AsB#inagement Processes Throu
Technical Liaisons with European Utilities

S4221_3: Out of Phase Modelling: Additional Research

S4241 2: Study of Circuit Breaker Timing Measurements & Mett
Consolidation of Kelman Profiles for Statistical Analysis tobksie
Benchmark times for Circuit Breaker Operation
S4244 2: Substation Pressure Rise Modelling Tool

{nHnTYmMY LRSYGATFTEeAYy3d GSada G2

Pageb2 of 144



Western Power Distribution Regulatory Report for IFl and RPZs

Service
S4265_1: Analysis and Evaluation of Polymer Degradation isst
Electri@l Plant and Equipment
S4266_1: (REVISED) Analysis and Statistical ReviepGafsSEonditior|
within 11kV and 33kV Circuit Breakers in order to prolong Life
S4269 1: (REVISEPDATED) Operational and Environme
Evaluation of SIPP Node Intelligent Blihdnp Technology

S4275 1: Secondary Distribution Network Automation Evalug
Techniques: Methodology and Philosophy

Project Benefits Project Overall Project
Type(s) of innovation Rating Residual RisH Score
. Incremental
involved
17 -9 26

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

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

¢ Increased reliability and continuous improvement in terms
safety and environmental performanag existing and future
substation assets;

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

¢ CI/CML savings per connected customer;

e Optimising safety and environmental requirements
management of insulating oils andeSF

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

e Offset future increases in CAPEX and OPEX;

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

¢ Preventing failures of offilled equipment, tap changers, eart
switches will improve safety and avoid unnecessary scrap
of serviceable components, which will alleviate environmet
impact;

e Extend serviceable life of switchgear and transformers;

e Further develop technical understanding of protection syst
maintenance requirements;

e Understand the degradation and failure processes
substation plant and equipment, and quantify the rig
associated with those processes,

e Further develop technical understding of operational staff ir
complex electrical issues;

e Mitigate risk to environment;

e Increased safety of staff and public by reducing risk of fire
the number of accidents / incidents.

Expected Berfés of
Project
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¢ Reduce lifetime costs and improve functionality by the
appropriateuse of new technology.

Range2012 - 2015 . . Rangel - 6 years
9 Duration of benefit onceg 9 y
Depencent on . Dependent on
. achieved )
project project

Range30- 95% Project NPV = (PV Benefits
Probability of Succesy Dependent on PV Costs) x Probability ( £32,721
project Success

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

Expected Timescale
to adoption

Projects in these areas are mainly single stages of much larger
stage projects whichrequire further research and development
condition based assessments, and/or tests, asset management f{
systems and methodologies in order toptimise the financial
operational performancend design of Substation plant from which t
Potential for customer andstakeholders will benefit.

achieving expected | other projects werdooking at better ways of improving working, t
benefits performance and reliability of Substation plant, maintenance regin
minimisingthe impact on the environment and the safety of both t
operators and the pulic for Asset Managers, in a manner that could
implemented straight away.

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

STP has also delivered a number of notable innovations sing
inception.

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

S42482:
Project Progress at _ _ _ _
March 2011 e A remote timed trip test provides a cost effective means

regularly confirming the availability of the circuit breaker a
tripping supplies;

e A trip test using secondary injection, as opposed to a functi
trip by mechanical intervention on the legy, is considered bes
practice for inattendance trip testing;
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e Wiring IR testing of a.c. circuits only and use of a 500V Meg
is considered to be able to uncover the majority of issues wit
minimum risk of dmage 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
polymerisation values that is a cost effective and reliable
method of identifying the transfornrepaper condition.

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

S4267 _1:

e |EC 61934 isa good starting point for integrating protectiv
fire measures into a substation design. IEC 61B3pecifies
clearances and fire ratings of materials which can be used

Project Progress to design but it does not take precedence over local laws

March 2011 regulations. It is Herefore important that local laws an
(Continued) regulations are reviewed and where necessary applied be
the design criteria specified in IEC 61936 considered;

e Fire suppression systems can be hazardous to human lifg
their use should be risk assessed.heTrequirements for
maintenance should also be reviewed to ensure equipment
correct working order and the risk of inadvertent discha
minimised.

S4271 1:

e The consequences of a battery failure are high and though t
incidence is low there is greatcentive 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 failu
of a battery or cell.

e If quick charging is grired constant current or constant
constant voltage methods offer adequate solutions.

Updated information can be found ahttps://www.stp.uk.net
Collaborative Western Power DistributiorCE Electrid)JKPN Electricity North West,
Partners ESB Netwds, Scottish & Southern Energy acbttish Power
R&D Provider EA Technology dt
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EA TechnologyStrategic Technology Programme

Project Title EATL STP Networks for Distributed Energy Resources Modl
and Forum

Research and development into all aspects of Network design and

management to enable an increased connection of distribution ener,

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

Description of project

Expenditure for
financial year

E>penditure in previous

(IF1) financial years Total ~ £291,044

TotalAnnualProject
CostgqCollaborative +
external +Western
Power Distributioh

Projected 2011 2012 Internal £15,000
£481,000 costsfor Western Power | External £98,000
Distribution Total £113,000

The STP Networks for Distributed Energy Resources programi
budget year 2010/11 aimed tmaximise potential benefits andeduce
costs and risks associated with facilitafithe design, development an
operation of networks for the integration of low carbon technolog
into future network designs,whilst having due regard for th
environment and energy efficiency. Thegrammealso aimed to cost
effectively improve the perational efficiency and busines
performance of Member Companies within prevailing regulat
constraints.

Completed Projects Funded in 202011 (March 11):-

S5147_6: Microgenerator Clusters (StagdR@moval of Equipment)
S5167_2Correlation of WindSpeeds over-20km

S5189 2: Harmonic Distortion Caused by Inverter Connec
Distributed Generation

S5196 4Transformer Dynamic Ratings

S5198 5Microgrids (economic and contractual issues)
S5207_2Long Term Domestic Demands (spreadsheet)
Technological area | S5210 1Use ofCapacitors for Reactive Power & Voltage Suppori
and / or issue Distribution Networks

addressed by project| S5212 2SmartGrid Trial (planning, workshop and specification)
S52151: Latest Developments in Issues Associated with Low Ca
Networks;

S5216_1DSM- Taking a Passive Approach;

S5218 1:Review of DWG Toolkit for ldentifying Environmental :
Social Value in Network Design and Operation
S5219_1:Standardising the Control and Communications Interface
DG Connections

S5220_1: Impact of EVs on LV and Distribution Networks
S5222_1tmproving the Accuracy of Network Losses Measurement
S5225_1:Connection of Small Generators to LV Networks above
G83 Capacity Limit

S5235_1:Participate in the Revision of an Updated Flicker Ci
(proposal to Cigre/Cired)

Projects Funded in 2D/2011 Still in Progress (March1):-

S5187_2: Module 5 Participation in ENARD Annex Il DG S
Integration Dissemination

S5195 2: Network losses (energy efficient substations);
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S5198_4: Microgrids (ancillary services and demand side managem
S5198_3: Miagrids (technical interface and benefits);

S5205_3: Fault Level Management (comparison of current approac
S5205_4: Fault Level Management (through fault withstand)
S5209 1: Use of Quadrature Boosters on Distribution Networks
S5217 1: DSMTaking an Atve Approach

S5234 1: The effects of harmonic distortion on network assets
S5235 2: Participate in the Revision of an Updated Flicker (
Working Group

Project Benefits Pro!ect Overall Prgect
T fi ti Rating Res_ldual Score
TYpe(s) of innovation| o e nal Risk
involved
14 -8 22
Projects within this module have been cost effective and help impro
reliability and safety of generation connection in distribution network
in line with government policy.
If the findings and recommaetations from the projects are
implemented, then the projects will potentially enable each DNO
member of the programme to gain benefits including:

e Investigate distributed generation connection methods witho
undue reinforcement, while at the same time inoping supply
quality by reducing CMLs and voltage unbalance;

e Positive impact on environmental performance and many ha
positive impacts on safety;

¢ Increased understanding between all Member Companies o
technical, commercial and regulatory issues anddwelop
effective solutions to these issues;

e Developing understanding of the implications of connecting |
carbon technologies to the distribution network in terms of

Expected Benefits of safety, design, reliability, secuIity and power quality;
Project e Where possible, try and optinis (1 KS D2 @ S-bkybynS

strategy and accommodate the likely growth of DG;

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

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

e Improve power quality issues due to dynamic load change;

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

e Reduction in losses for [;

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

e Significant benefits in terms of enhanced knowledge and
awareness of overseas best practice in DG system integratic
whichcan be applied, as appropriate in the UK;

e Ensure that all participants optimise network design, financig
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and operational performance as the levels of storage, manag
demand and distributed generation increase on the distributi
networks;

e Developing an@merging distributed generation, demasside
management, storage technologies.

Expected Timescale Range 202-2014 | 1y 4o of benefit once | RAN9E2 - Syears
. Dependent on . Dependent on
to adoption ) achieved )
project project
Range %-100% Project NPV = (PV
Probability of Succesy Dependent on Benefitsq PV Costs) x £ 28,841
project Probability of Success

There are a huge variety of projects within the 2010/11 w
programme for Module 5. A number of these progare scientifi
based and will require further research and development to ach
improvements in operational performance and integration into f
Network Operators business environment. Projects in these area
mainly stages of much larger mudiiage projects and require furthe
work to optimise network design, financial and operatior
performancefrom which the customer and stakeholders will benefit.
Potential for
achieving expected
benefits

Other projects arelooking at better ways of improving working al
productivity for network plannes, in a manner that could b
implemented straight away.

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

STP has also delivered a number of notable innovations sing
inception.

The majority of projects or project stages started in the Module du
10/11 havebeen completed, but some projects span more than (
year.

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

Project Progress at | S°167_2: - _ _ L .
March 2011 1. The probability reduction ratios r(1,20) for individual pairs of s

show a distinct linear variation with height difference between {
two sites, but there is no discernible variation with distar
between sites.
2. If we could confidently apply this poability reduction ratio to the
exceedence curve behind the P27 ratings, the single circuit ra|
could be raised by about 13%.
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3. Further work, preferably usinginute weather data from pairs o
sites within @ km of each other, is recommended to clarify t
relationship between the Biour and 6minute probability reduction
ratios, in order improve the accuracy and confidence of the pos;
ratings enhancements suggested by this work

S5207_2:

1. It is recommendedhat the spreadsheet tool is used for studi
into the impact of changes in domestic load on peak deman
order to inform or substantiate network reinforcement strategies

2. It is recommended that further consideration be given to using
reaggregated mfiles to assess the relative losses and netw|
component aging considerations of Smart Grids/ Active Nety
Management and other future network topologies involvi
domestic load due to higher than average concentrations of |
carbon technologies. $h information could prove useful in futur

_ network design considerations;

ProjectProgress at | 3 The effect of voltage reduction on domestic load will v.

March 2011 depending upon the appliance mix active at the time of reduct

(Continued) There will be times when voltage reduction is likelylb® more
successful than others in reducing the network load. I
recommended that the spreadsheet tool is used alongg
information on the voltage response of various appliance group
predict the success or otherwise of voltage reduction strategies

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

S5212 2:

1. The feasibility study has produced a Specification and Project
for a Smart Grid trial, which fits the criteria for a Tieruhded
LIN2E2SOGx +a RSaONAROSR Ay h¥13

Updated information can be found ahttps://www.stp.uk.net

Western Power DistributiorCE Electrid)KPN Electricity Noth West,

ESB Networks, Manx Electricity Authority, Northern Ireland Electrici

Scottish & Southern Energy and Scottish Power

R&D Provider EA Technology Ltd

Collaborative
Partners
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Project Title EA TechnologyPartial Discharge Project and Forum

Re®arch and development into all aspects of partial discharge in
distribution equipment.

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

Description of project

Expenditure for
financial year

Expenditure in previous

(IF1) financial years Total £339,774

Total Project Costs

(Collaborative + Projected 2010 2011 Internal £5,000
external + Western £515,146 costs for Western Power | External £26,500
Distribution Total £31,500

Power Distribution)

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

providing:
¢ Improved management of assets through betterderstanding
Technological area of Partial Discharge through targeted investigative research
and / or issue development work,
addressed by projec e Reduced fault rates by early detection of insipient faults

¢ Improvements in Safety

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

_ Project Benefits Pro!ect Overall Project
Type(s) of innovation Technical Rating Residual Score
P Substitution/ Risk
involved Incremental
15 -7 22

Partial discharge is becoming an essential techniqgue when assessir
failure probabilities in both an aging population of traditional
distribution assets and certain new equipment, which has been four
to have less tolerant insulation meatiams.

Early detection of faults allows controlled remedial action and provid

Expected Beefits of ¢ Financial benefits derived from the reduction in fault repairs

Project e Improved network performance and operator safety
e Improved quality of supply for customers

In addition the PD usegroup 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.

Expecte_d Timescale 2010 Durguon of benefit once 10 Years
to adoption achieved
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Project NPV = (PV Benefi
Probability of Succesy 75% ¢ PV Costs) x Probability ¢ £ 46,829
Success
The demonstration installations have already been successifil

investgations at several sites where significant partial discharge wa

Potential for detected Thisdirectly lead to remedial action to rectify deterioration,

achieving expected | which if left unchecked would have caused permanent damage to tH

benefits switchgear. Indications are that this project widlliver the expected
benefits.

The demonstration trial of the EATL Partial Discharge alarm units, w
remotely monitors the partial discharge activity at eighte33kV and
11kVsubstationsites across Western Power Disttition is continuing.

During late 2010 the communications to fifteen of these substations
gl a NBNERIzi SR dwdiHdsKsBster® andididterhadl Q a
regular monthly report ofPDactivity instigated.

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

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

Project Progress at
March 2011

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

Long term monitoring of partialischarge on susceptible switchgear &
the EATL Laboratory is continuing with improved logging equipment

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

A number of other equipment failure incidents have been investigaté
to identify if partial discharge detection could give an early indicatior

Western Power DistributiolAWE, CE Electric, CLP HonggkdKPN
Collaborative Energy North West, ESB Networks, Guernsey Electricity, Manx Eleq
Partners Authority, MoD, Northern Ireland Electricity, Scottish and Southern
Energy, Scottish Power and Singapore Power

R&D Provider EA Technology Ltd and Nortech

A typical parial discharge alarm installation
fitted on a series of circuit breakers in a
metalclad switchgear panel
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Project Title EA TechnologyProtective Coatings Forum

Research and development into all aspects of protective coatings ol
distribution equipment

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

Description of project

Expenditure in previous
(IFD) financial years

Expenditure for

: . Total £35,781
financial year

TotalAnnualProject

Costs(Collaborative + Projected 2011 2012 Internal £1,200
external +Western | £ 41200 costsfor Western Power | External 5,900
Distribution Total £8,100

Power Distitbution)

The projects undrtaken through budget year 2011 addressedeal
problems that had been identifieldy the forum members as significan
and which required technical investigation and development. Projec
were aimed at providing:

Technological area o Cost effective protective coatings for distribution equipment eithg
and / or issue by reducing operatingasts or capital investment.

addressed by project : . . . i
y proj ¢ Reduction of the environmental impact of associated activities tq

comply with CEPE (Guide to VOC Reduction in Protective Coati
in preparation for EC National Emissions Ceiling Directive.

e Improvements in safety and applicatis.

I all Project Benefits ;ég{gﬁ;l Overall Project
i ' ncrementa Ratin : Score
_Type(s) of innovation Technological g Risk
involved Subsitution

12 -6 18

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

The various otherdsts and trials will have benefits in the particular a
that is being addressed.

2010- 2012
Expected Timescale | Depencdnt on Duration of benefit once 3-10 Years
to adoption adoption of achieved
legislation
Project NPV = [PBenefits
Probability of Succesy 50% ¢ PV Costs) x Probability ¢ £ 25,533
Success
Potential for The project costs arat an early stage and the project cosist always
achieving expected reflect the likely full costs of implementation. These will be identified
benefits providingthe outcome of the projects is positive.
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The effect of Environmental Legislation to reduce the amount of sol
permitted in the manufacture and use of paints has been monitored
particular with respect to tower paint@lthough there is nothing in the
legislation which will force the users of the urethane alkyd and vinyl
paint systems to stop using these systepr®posed alternative
approaches to reduce VOC emissions various YOC compliant, low
toxicity and single coatystems have been assessed.

The environmentally friendly zirtee urethane alkyd and modified
vinyl paint systems, and the urethane alkyd and modified vinyl paint
systems designed for application in a single caatiwhich had
ProjectProgress at previouslyperformed wellin the laboratoryprohesion tess, have
March 2011 started to beused in a number of field trials.

Questions have been asked about paint toxicity during the repaintin
towers in environmentally sensitive areas. In respoagist of the toxic
constituents of all arrent paint systems has been compiladd
provided to group memberor their use The biocides used foigae
removalhave also been included inifdocument.

Thetests to determine whether the electrical properties of insulators
were adversely affectedly being splashed with paint during tower
painting contractdiave been completed and these confirmed that pa
splashes on insulators were unlikely to cause problems

Western Power Distribution (Midlands}E Electric, EDF Energy
Electricity North West, National Grid, Scottish & Southern Energy ar
Scottish Power

R&D Provider EA Technology Ltd

Collaborative
Partners

Application of the first yellow coabf a two coat painting systento the de-energised side of a
132k tower.
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Project Title

EATL: Integrated Condition Based Risk Management

Description of project

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

Expenliture for
financial year

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

Expenditure in previous

(IF1) financial years Total

£ 254,354

Total Project Costs
(Collaborative +
external +Western
Power Distributioip

Projected2011-2012
costs for Western Power
Distribution

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

£404,188

Technological area
and / or issue
addressed by project

EA Technology (EATL) have previously worked with Western Powe
Distribution on developig Condition Based Risk Management (CBRI
models for a range of asset groups, with the exception of overhead
lines. The models are however not integrated with each other, nor
iKS&8 RANBOGfe tAyl1SR (2 2t5Qa

of expertise and extended durations being required to populate and
subsequently refresh the CBRM models. Recent developments in O
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 wo
develop a novel, new woodpole overhead line model and existing C
aeadsSvya G2 I O02YY2y LXIFGF2NXZ
infrastructure. Due to the nature of the project it hasdredivided into
a number of stages.

1. Integrated CBRM for Grid Transformersl. general review to

confirm risk model for all subsequent asset groups)

Type(s) of innovation
involved

2. Integrated CBRM for Switchgear & Distribution Transformer
3. Integrated CBRM for cables
4. Integrated CBRM fqwood pole) Overhead Linagxcl. Pole
mounted transformers, pole mounted switchgear
Project Benefits PrOJ_ect Overall Project
Incremental /| Rating Residual | o
Risk

Technological
Substitution

Expected Benefits of
Project

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

Expected Timescale
to adoption

Duration of benefit once

achieved 5 Years

1 Year
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Project NPV = (PV Benefi
Probability of Succes: 90% ¢ PV Costs) x Probability ¢ £ 523,000
Success

Potential for _
achieving expected | Very High
benefits

Project Progressta
March 2011

Collaborative

Western Power Distribution (South)
Partners

R&D Provider EA Technology
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Project Title SuperGen HiDef

The HIDEF programme, funded by the EPSRC, researches the ess¢
elements of a decentralised sgsh that could be implemented over th
o . period 2025 & 2050 to enable all end users to participate in system
Description of project| gperation and real time energy markets. It has been structured to
support the evidence base relating to key questions of current concg
within industrialists, Ofgem and DECC.

Expenditure for Internal £ 1,140 Expenditure in previous
finzgncial ear External£ 40,000 (IFIIC; financial gars Total £ nil

y Total £ 41,140 y
Ig;i;ig?ﬁ?&ecfsw Projected 2011 2012 Internal £ 1,200

£ 4,500,000 costs for Western Power | External £20,000

external HWestern T

. Distribution Total £21,200
Power Digribution)

The HIDEF programme has five workstreams:

Decentralised &ergy

Decentralised Control

Decentralised Network Infrastructure

Decentralised Participation

Decentralised Policy and Macro Impact Assessment

Technological area
and / or issue
addressed by project

I al / Project Benefits ;giﬁal Overall Project
i ' ncremental 7| Ratin . Score
_Type(s) of innovation Technological g Risk
involved Substitution

8 -2 10

Decentralised Energywill 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 thergrmmic analysis, life
cycle assessment and environmental cost benefit analysis. The wo
stream will identify the energy and carbon implications of technology
options.

Decentralised Control will develop control solutions for single units,
cells and muiple cells. The workstream will investigate the behaviot
of populations of multiple small generators. It widincentrate on

Expected Benefits of | security and resilience of communications and Control systems.

Project Decentralised Network Infrastructurewill 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 ssntial to
the realisation of a distributed markg@lace. This workstream will
design a market place, investigate market based response, trading
contracts and products.
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Decentralised Policy and Macro Impact Asseest - will conduct a
review of current mechanisms of policy delivery in the UK, compare
market structures and examine the potential for alignment with varig
Expected Benefits of | market aggregations.

Project(continued) The whole consortium will hold six monthly workshops to consider tl

resuls of the work streams to inform debates that are current in the

industry.
Expecteq Timescale 2012 Durgtlon of benefit once 20 years
to adoption achieved
Project NPV = (PV Benefi
Probability of Succesy 25% ¢ PV Costs) x Probability ¢ £2,000000
Success

The HIiDEF 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
guantitative appaisal of the performance of critical elements of a hig
distributed energy system. HiDEF researchers are furthermore enga
AY | ydzYoSNJ 2F GaAYLI OG OFasS a&ai
support and analysis to existing demonstration projectd BER
deployments (including local concentrations of ranebunted PV
installations). These include community groups (e.g. Blacon), and Ig
government (e.g. Dumfries & Galloway Council) as well as the
partnering network operators.

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

benefits A number of new cell control solutions for demandiayenerator
management have been introduced by the Decentralised Control
Workstream team, and are being tested on network studies and on
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 |
been rigtested and are displaying improved power quality credential

Work continues in th®ecentralised Network Infrastructure
Workstream, which now includes a network planning textended to
include theoptimal integration of electric vehicles as responsive
demand and dispatchable storage.

The PhD researchers within the Decentralised Participation Workstr
continue to progress enhanced trading strategiditising a VPP

framewark to include demand response, and an advanced agent
mediated participation scheme through which demand flexibility can|
more fully (and fairly) utilised.
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The demand side elasticity analysis is n@ing supported by data fron
the California state pilot project.

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

Potential for
achieving expected
benefits(continued)

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

Progress has been reported at project management meetings, and
disseminated at international conferences (most recently for examp
_ CIRED). The six monthly workshops continue, with April seeing the
Project Progressat | 92 y 32 NIiAdzY K2ad GKS aAONRISYQwm
March 2011 collaboration with IEA Annex 52. One hundred and fifty datlegyfrom
around the world benefited from the exchange of experience in
technology development and microgeneration deployment shared b
industrialists, utility partners, technology developers, and researche

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

Western Power Distribution (SoutlgFSRC, Community Energy
Collaborative Scotland, Delta Energy & Environment, Intelligent Power Systems,
Partners UKPN, National Grid, Scottish Power Energy Networks and
Scottish and Southern Energy.

University of Strathclyde, University of Bath, Cardiff University,
R&D Provider University of Oxford, Loughborough University and Imperial College
London.

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
operationalfield staff can be co
ordinated.
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Project Title

Waveform Analysidor Distribution level identification of load type

Description of project

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

Expenditure for Internal £ 980 Expenditure in previous

-Xpen External£ 11,918 —pehditure inp Total £ nil

financial year Total £ 12898 (IF1) financial years

Ig;i;ig?ﬁic\iofts Projected 2011 2012 Internal £ Nil

external +Western £13,000 costs for Western Power | External £ Nil
N Distribution Total £ Nil

Power Distributioh

Technological area
and / or issue
addressed by project

This proposahimsto identify, in real time, the nature of the load
connected ora LV distributiorfeeder, todetermine the benefit of
reducing thedistribution networkvoltage.

With more low carbon technologloadincreasingon the LVdistribution
network, it is necessar to reviewthe original design assumptioasid
consider alternative operational practice8ne method to reduce the
local load is to decrease the voltage leyétswveverit is known that
different types of load readdifferently, possibly leading to incesed
current, with a consequent increase on the stressing ofrtésvork
components.

Type(s) of innovation
involved

Project Benefits ;giﬁal Overall Project
Incremental /| Rating . Score
Technological Risk
Substitution 6 0 6

Expected Benefits of
Project

The project wildetermine if it feasible tadentify, in real time, the
proportion of the loadon a distribution networkassociated with the
following classes of devices:

e Resistive (Power proportion t&’Y, e.g. kettle
e Motor loads (Power conant, 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 controlvhere thermal constraints exist on the LV
distribution network. Thisinformation could also be valuable in the
nationaldrive to reduce energy consumption.

Expected Timescale

Duration of benefit once

to adoption 2011 achieved 15 years
Project NPV = (PV Benefi
Probability of Succesy 50% ¢ PV Costs) x Probability ¢ No value calculated

Succes
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hET2NR | Flac@@INREweriGoOpsat the Department of
Engineering Science have developed a numbésatfniquesfor non-

Potential for intrusive appliance load identification.

achieving expected | This area of studwas startedat the house leveh the 1990'sand
benefits achieved asuccessate of about 80%Theadvanced signal processing
techniques available todayjeana much better success ratghould be
achiewable

Therewere two stagesn this project:

1) Take field measuremends severalocations. These need to be high
resolution samples tallow the load classes to be sufficiently accurat

Project Progress at determined.

March 2011 2) Off-line analysis to determine the nature of the load. Predict how {
load woul vary with voltageehangesand vertify results usingaturally
occurring voltage changes

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

Collaborative
Partners

R&D Provider Oxford University

Western Power Distribution (South)
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Projed Title

Electric Power Research Institutdntelligent Universal Transformer

Description of project

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

Expenditure for Internal - £2,416 Expenditure in previous

-Xpen Exernal £ 59,515 —pendiure inp Total £152,851

financial year Total £ 61931 (IFI) financial years

(Tg;igzg?ﬁf\fecfss Projected 20122012 | Internal £nil

external + Western £ 4,500,000 costs for Western Power | External £nil
L Distribution Total £ nil

Power Distribution)

Technological area
and / or issue
addressed by project

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

Type(s) of innovation
involved

___| Project Benefits Project Overall Project
Technological Rating Residual Score
Substitution / Risk

Significant 11 5 13

Expected Benefitsfo
Project

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

¢ Increased Utilisation of existing infrastructure by regulating voltz
power factor and frequency.

e Active power qualit functionality will eliminate dips, and harmon
distortion.

e Increased customer service options such as DC (or high freque
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

Duration of benefit once

to adoption 2015 achieved 25 Years
Project NPV = (PV Benefi
Probability of Succesy 25% ¢ PV Costs) x Probabjliof | £ 31,385

Success

Potential for
achieving expected
benefits

Although there has been progregsth the new partnerduring 2010/11,
this programme remains behind schedule.

Projectfunding is based on participating compangtrixesand
following the tale-over, the external project costs required reviewing.
As a result thelecisionwas made to withdraw from thieesearch
programme in 2011.
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Project Progress at
March 2011

The status for the prototypdkV, 25kVAUT indicates the following
items have beermompleted
e Complete system simulated
¢ Novel voltage balancing proven working
¢ Floatingpoint DSP board completed and tested
e Software controller for AFE design completed and tested
e Fibre optic interface board completed and tested
e All power circuit board including AFE AQC, resonant DDC,
and softswitching DEAC completed and tested at individual
board level
¢ Input and output inductors completed
e High frequency transformer completed and tested
¢ Voltage and current sensor and conditioning circuits glesi
completed

Collaborative
Partners

Western Power Distribution (Midlands) aBdON New Build &
Technology

R&D Provider

Electric Power Research Institiad Enertronics
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Project Title Dynamic Ratings
The development athe first RPZ in the UK. This involves the applica

Description of project| of an active rating to a 132kV overhead line based on real time
measurements of ambient temperature and wind speed.

Internal £14,374

External £32,197
Total £ 46,571

Expenditure in previous
(IFI) financial years

Expenditure for

: . Total £392,244
financial year

Total Project Costs
(Collaborative + Phase I 345,000

external + Western Phase 2 £ 190,000
Power Distribution)

Projected 201%, 2012 Internal £12,000
costs for Western Power| External £0,000
Distribution Total £52,000

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

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

Technological area

and / or issue

addressed by project

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

¢ Theadditional Phase witiot start until after 2011 due to ongoing
wayleave issues. It is intead that thiswill identify the spatial and
temporal requirements of alternative sources of dispersed weat
data to enable Dynamic Ratings to be applied to any circuit with
Western Power Distribution.

I al Project Benefits FE:(S){SS;I Overall Project
i i ncrementa Ratin : Score
Type(s) of innovation Technological g Risk
involved Qubstitution

15 -3 18

The project will:
o Develop and demonstrate an overload protection system which
compatible with a central controlled dee rating load

_ management scheme.
Expected Benefits of
Project o Verify the derived rating of the overhead line by comparing with

measured real time conductor data.

e Allow Dynamic Ratings to be used on all Primary Overhead Cirg
in the UK.
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Expected Timescale | Phase X Adopted | Duration of benefit once 20 Years
to adoption Phase 2 2013 achieved
Project NPV = (PV
Probability of Succesy 75% Benefits¢ PV Costs) x £ 214,376
Probability of Success
Potential for Once all equipment has been installed, a ped intensive monitoring
achieving expected | Will be @rried out to verify the original assumptions and identify if an
benefits further issues will need to be resolved.

The accuracy of thgynamic Line ratingnethodwas evaluated using
weather measurerants and CIGRE 207 equations to calculate the
conductor temperatureThis was compared with the conductor
temperature measured bljne mountedpower donus. Te calculated
ampacities used by the load management and protection systems a
based on consentwe weather assumptionand there is at least a 3.4°
margin between tle calculated anagneasured conductor temperature.

Calculated and measured conductor temperature, weather data ano
currentwere obtained for a total of 159 hours spread over four seasc
using 1 and 30 minute sampled data. The effect of high frequency
fluctuations in weather measurements and current are smoothed ou
due to the thermal time constant of the conductaesulting in a

discrepancyThs is +/-2°C for 97.2% of the time, an#1°C for 86.5% of
the time andillustrates the achievable accuracy of the Cigre equatio
in dynamic conditionsvith the weathermeasurements as input.

Calculated mpacities have been compared with the line current, ang
weather measurementggainusingl and 30 minute sampled data.
Results showhe dynamically calculated ampacity at Skegness with
conservative weather assumptions is above the standard P27 winte
and summer ampacities forpproximately90% of the time.

Project Progress at
March 2011

To support the load management ponti®f this project, aeport on the
6Commerci al options for interrtr
pl cd was commi ssioned to inves
implementing interruptible contracts withinrmActive Network
Management (ANM) schemg&he report recommended a phased
approach to the adoption antbllout based on the following principles
of accesgPOA)
1. 6Shared Per ce nRiargsticasilsith éxistang 1
regulatory framework

2. 6Mar ket bas e d-retuires dgulatayy clsagge t e m

3. 6Great est Creequies negulBtennaad Govermment
intervention

Collaborative
Partners

R&D Provider Alstom, E.ON New Build & Technolgdetrological Office USiand SGS

Western Power Distribution (Midlandajhd Alstom
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Project Title Active FaultCurrentManagement

Description of project| Development and demonstration project

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

Expenditure for
financial year

Expenditure in previous

(IF1) financial years Total ~ £193,562

Total Project Costs

(Collaborative + Projected 2011 2012 Internal £7,500
external + Western £9,850,000 costs for Western Power | External £35,000
Distribution Total £42,500

Power Distribution)

Distribution networks have to manage ever increasing load demand
penetration of distributed generation, while having to maintain high

security and reliability standards set out by the regulator. There are
increasingly situations wherfault current levels exceed the ratings of
existing switchgear and transient current ratings of other equipment
such as cables, lines and transformers. This overstressing can caus
disruptive failure of switchgear or other equipment under fault
conditiors.

The traditional method to overcome this problem is to replace releve
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, buteeds 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 supssnducting materials

2. A fault curent limiter using permanently magnetised cores

3. A fault current management using conventional L/C components

Technological area
and / or issue
addressed by project

This project seeks to evaluate the technical and economical viability
different active fault current management technologies and identify
preferred option that will facilitate active fault level management in 3
distribution network.

Thiswill be followed by the construction of a prototype device, which
will be demonstrated in a real application on Western Power
5A&0NRO dzi A 2 Y\ dhe fful thanggbidient Op2ratiodNaRd
enable knowledge of the technical performance, costs, operational
maintenance issues to be experienced in a controlled environment.

Technological ProjectBenefits :ég{gﬁ;l Overall Project
Type(s) of innovation Sut'Jsti.tL.Jtion/ Rating Risk Score
involved Significant
13 0 13

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

Project : _ .
) e Demonstrate whictliault current limiters are technically and

economically viable technology for fault level management.
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¢ Determine the parameters necessarydpecifyand test(both type
test and routine testp fault current limiter

Thepracticaldemonstraion ofa fault arrent limiter on a distribution
network willconfirm the performancend allow valuable experience t
be gained on the interface and interactions between the Fault Curre
Limiter and existing equipment.

As well as providing operational experienttee demonstration should
contribute to the drafting of standardspecifications, manufacturing
requirements, type testing, routine testingtc.).

The demonstration should also provida understanding of potential
failure modes, degradation characteristicgliability and determine
optimal monitoring requirement$or future devices

Knowledge should be gained on the whole system losses both in
guiescent and operational stateallowing future improvementand
with inspection servicingand maintenance requireents, allowing
these to be refined and asset management strategies to be develop

Expecte_d Timescale 2014 Dur_atlon of benefit once 20 Years
to adoption achieved

Project NPV = (PV Benefi
Probability of Succesy 25% ¢ PV Costs) x Probability ¢ £182,874
Success

After initially exploring various fault management technologies this
projectis now focused onsuperconductivity based fault current limiter
and presaturated core type devices.

These arghe Active Falt Current Managementechnologies that are
mostadvancedwith someat early stages of commercialisation. They
are novel technologies to distribution network operators and therefo

Potential for will find it difficult to become established without demonstrations of
achieving expected | the technology.
benefits

An assessment of the statd-the-art in superconducting fault current
limiters degerminedwherethese Fault Current Limiters shiol best be
deployed in the existing distribution netwodnd a suitable location ha
been located within WesterRower Distribution

Thesetwo types of devicewiill form the basis for the funding @f large
scalenetwork trialprojectby the Energy Technologies Instit&T1)

Working with the ETI, Western Power Distribution comroissd a
Project Progress at | Flexible Research Programme to provide information on optimal
March 2011 applications and benefits of active Fault Current management. This
allowed the feasibility for further development and demonstration of
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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 $ected to provide a different type of Fault
Qurrent Limiters to each of the Host Distribution Network Operators.

Western Power Distributiowill host a resistive superconductive fault
current limitertype device in a busection position at a substation
where it would allow a permanent parallel to be made between two
132/11kV transformers. A second psaturated core device will be
RSY2YyAadGNIGSR Ay ! YtbQa ySiég2N]
be shared between projects.

Project Progress at | Following the selection of théeviceproviders commercialand

March 2011 contractual conditionsvere agreed financial anchealth, safety and
(continued) environmental assessmentd all partnersivere completed(to ensurea
satisfactoryrisks managenent process was in placahd consortium
reporting and ggernance requirementa/ere agreed.

A detailed project plafor the complete projecprocesgincluding
design, manufacture, testing, installation, commissionmgnitoring
demonstration,analysisremoval, site restoration and device post
mortem activities) has been developeaghd costedwith the project lead
co-ordinator.

The ETwill beissunga press release in summer 2011 to announce tl
official launch of this project. See

http://www.energytechnologies.co.uk/Home/news/1Q7-
11/ETI invests %c2%a38m in_projects to enable evolution of U
2%80%99s_electricity distribution _netwarkspx

Collaborative Partner{ Western Power Distribution (Midland€}Tland UKPN

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

Site for
proposed
Resistive
Fault
Current
Limiter
device
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Project Title

Understanding Networks with HigPenetrations of Distributed
Generationand other Low Carbon Technologies

Description of project

Development of a distribution network model onto which differg
types and penetrations of Distributed Generatiand other Low Carbo
Technologiescan be inorporated to understand the effects whic
could be encountered on real networks.

. Internal £4,762 . . .
Expendiure o | Extemal migsp | XPendure i previous | ory £ 194 g0
Total £96,614
(Tg;igzg"rﬁf\iofts Phase 1 £ 91,500| Projected 2011 2012 Internal  £10,000
external {Western Phase 2 £80,000 | costsfor Western Power | External £92,000
LT Phase 3 190,000 | Distribution Total £102,000
Power Distributioh

Technological @a
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 netvork design in a number of ways:

e There is a requirement to absorb largenetrations of micro
generation on to the LV network. (This requirement may extend
several substations where major redevelopment is being propos

e Other low carbon conservation measures applied in the same ar
means that local generation could exxcedemand at certain
periods of the day.

Western Power Distributiowould like to support such Low Carbon

initiatives by modifying network design to both minimise network los|
while maximising the amount of generation that can be accommoda|
without infringing fault level or statutory voltage limitations.

Network modellingof real siteswill be compared with the theoretical
study on the Loughborough network being carried out by Loughborg
University, Centre for Renewable Energy Systems TechnologyT)CR
using theirthree phasd.oadFlow SoftwareWestern Power
Distributionis providing network data and monitoring actual load and
voltage profiles to support this work.

Certain Low Carbon Technologies will substitute electricity for
alternative fuel vectes at the domestic level andfarther project
phase will incorporat¢heselow carbon technologie®e(g Heat Pumps
and Electric Vehicles) amdbolikely domestic climate change
adaptation technologiese(g Air Conditioning) into theetwork model.

Type(s) of innovation
involved

Project Benefits Pro!ect Overall Project
Ratin Residual Score
Incremental g Risk
15 -2 17
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Project

Expected Benefits of

¢ Identification of changes required to conventional network desig
to maximise the penetration of micraeegerationand other Low
Carbon Technologies.

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

e Understand the effect of incesing 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.

e Ability to ensure that any modified design also reesicetwork

losses.
Expecte_d Timescale 2013 Durgtlon of benefit once 10Years
to adoption achieved
Project NPV = (PV Benefi
Probability of Succesy 75% ¢ PV Costs) x Probability ¢ £16,231
Success

Potential for
achieving expected
benefits

This researchuilds on the LV network analysis concepts developed
Loughborough University within the EPSR@ed SuperGerHighly
Distributed Power Systems (HDPS) project.

Modelling resits havealreadyprovided a greater understanding of the
effect of clusters ofmicro-generation on distribution networks.
Opportunities for neasurementf both real micregeneration sites
and low carbon demand technologibave increasedver the past year
and this informatiorwasused inthis phase of the project.

In the third phas of the CRES#esearchfocuswill beon the impact of
low-carbon technologies on lowoltage networks. Hhvill consider
technologies such as electric vehicles, photovoltaics,-peatps (both
heating and cool aiconditioning), micreCHP and demand side
managementThis will allonwnetwork design issue® be considered
includng:

e Network capacity (thermal and voltage limitations)

¢ Voltage and current unbalance

e Voltage flicker

e Power factor

e Harmonics

e Load diversity

ProjectProgress at
March 2011

High resdtution load profiles are being collected at a range of LV
substations. The data collected is primarily being use@REST at
Loughborough University to study the impact of high penetrations of
micro-generation on the distribution network. Monitoring #iree
micro-generation sitess now complete and the data recorders have
been rdocated to provide additionadf monitoring atthe sites
requested by CREST.
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A second outdoor housing unit fdatamonitorshas besn produced.
These two units have been design to enable the monitoring of new
technology in exposed rural locations.

The impact of low carbon technologies woltage and current

_ unbalance was identifieds the first area of studyA researchstudent
Project Progress at | pag peerrecruitedwho has completed an extensive background sea
March 2011 and literature review on voltage unbalance and balancing devices.
(continued) Alternative balandng equipmenthas been consideredith both inter
connected staand power electronic techniqudseing considerd.

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

Collaborative

Western Power Distribution (Midlands) and EPSRC
Partners

Western Power Distribubh (Midlands)Centre for Renewable Energy
R&D Provider Systemdechnology (CREST) Loughborough Universitfea@tl New
Build & Technology

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