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Glossary

Term Definition

BAU Business as usual

DG Distributed Generation

DNO DistributionNetwork Operator

DUKES Digest of UK Energy Statistics

EDMI Meter design and manufacturing company.

GB Great Britain

GIS Geographic information system

GPRS General Packet Radio Service, the mobile data service on 2G and 3G cellular
communicationsystems.

HH Half Hourly

HV High Voltage

I2R Loss assessmehased oranI°Rcalculation approach

IPR Intellectual Property Register

LCT Low Carbon Technologies

LLF Line Loss Factor: means the multiplier which, when applied to generation or
demand orthe distribution system, converts the data to an equivalent value at t
transmission system boundary inclusive of distribution system losses

LV Low Voltage

NHH Non Half Hourly

NIA Network Innovation Allowance

NOP Normal Open Point

PICAS Paper insulaéd corrugated aluminium sheattable

PILCSWA Paper insulated lead covered steel wire armouble

MUA Manx Ultilities (Manx Utilities Authority)

RMS Root mean square

SCADA Supervisor Control and Data Acquisition

WPD Western Power Distribution

XLPE Qosslinked polyethyleneable
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1 Executive Summary

Losses Investigatioh & Fdzy RSR GKNRBdZAK hF¥3aSYQa bSig2N]
Losses Investigatiowas registered inApril 2015and will be complete byJuly 2018
reporting October 2018

Losseslnvestigationaims to quantify technical losses on the LV and HV netwaoakd
determine the minimum informatiomequiredto accurately predict network losses

This report details progress of the projefrtpm April 20T to the end ofSeptember2017.

1.1 Business Case

This project will provide information that should allow inassubsequent worko accurately
target the most economically viable mitigation techniqueiowing us to reduce losses
where action presents a net benefit.

From the Digest of UK Bigy Statistics 2014 (DUKES) the final electricity consumption
across the UK wa317TWh in 2013. Of this approximately 25.2% or 83.7TWh is consumed
within WPDs network. With theconservative figure of 5.8% losses in the distribution
network this means tha#t.64TWh is lost on WPDetwork, of this approximately 3.34TWh
(72%) is lost after transformation down to HV. Using the Ofgem \adl848.42/MWh this is
worth £161.9million directly with a further contribution of £103 million from the value of
the carban emitted generating it (figures of 524.62 TCO2/GWh and £59/TCO2 was used
from the NIA benefitguide)

Estimatedcost of HVand LV losses on WPD network£161.9n + £103.5m= £265m per
yeatr.

If we can target losses and reduce 10% of the technical lassése LV and HV networkyy
10%then the method cost would be £2.65 million a year
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1.2 Project Progress

This is thesecondsix monthlyprogress reportlt covers progress frompril 2017to the end
of September2017. Progress included

|l

Approval of aninternal WPD Standard Technique for the installation of pole
mounted transformer monitoring manufacture of enclosures containing the
monitoringequipment, andhe subsequentnstallation 0f58 monitors.

Completion of he installation ofthe requiredmonitoring equipment on all thell
selected HV feeders. In totaBl installations(including overhead installations) have
been completed.

Final selection of LV feeders, and completion of the installation of advanced meters
and substation monitoring for all 11 LV feeders. In total 335 meters and 15
substationsor overhead feeder monitors have been installed.

Completion of threegphase analysi models for all HV and LV monitored feeders.
These are the tools providing both power difference and' $8essments of feeder
losses, plus a wealth of modelled data for comparison to measured values

Receipt and processing ofamitoring datafrom all 11 HVand 11 L\Meeders,with
loss assessments ongoing on all feeders. This has included extensive work on
confirming acceptable current balances on feeders.

An investigation of the potential to reduce HV feeder losses through the movement
of networknormal open points (NOPS).

Focus over the next reporting period will be on:

T
T

l

Resolution of differences between loss assessment methods;

Further development and demonstration of the proposed HV loss estimation
method; and

Initial development of the LV losstémation method.

1.3 Project Delivery Structure

1.3.1 Project Review Group

ThelLosses InvestigatioRroject Review Group meets on adrinual basisThe role of the
Project Review Group is to:

T
T
T
T
T

T
T

Ensure the project is aligned with organisational strategy;

Ensure the project makes good use of assets;

Assist with resolving strategic level issues and risks;

Approve or reject changes to the project with a high impact on timelines and
budget;

Assess project progress and report on project to senior manageraedthigher
authorities;

Provide advice and guidance on business issues facing the project;
Use influence and authority to assist the project in achieving its outcomes;

! The notation 12R (rather thafiR) has been used throughout text and graphs for consisteneasonably
available formatting.
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1 Review and approve final project deliverables; and
1 Perform reviews at agreed stappeundaries.

1.3.2 Project Resource

WPD are providing futime project managementasource, plus project oversight and
direction.

Academi¢ loss assessment desigrand analytical support is being provided by
Loughborough University

Planning and implementatioaf HV feeder monitoring is provided by-8%PD staff through
agenciesThis work is being undertaken in close collaboration with the local WPD Network
Services staff.

Lucy Gridkey have provided substation monitoring equipment and is also providing ongoing
data collection services for all the HV feeder monitoring equipment and the LV substation
monitoring equipment.

Manx Utilities(MUA)is providing planning, implementatioand data provision servicder
the LV feeder monitoring.

WPD has provided EDMheters from itsmetering operation. The project has made use of
95alLQa GSOKYAOFf &dzLLI2 NI dzy RSNJ GKS 2t 5 dzYoNB

1.4 Procurement

The following table details the current status of procurement for this project.

Area of project Anticipated Delivery

Provider Services/goods

applicable to Dates
Loughborough| Services  (academi( § HV & LV feeder log Ongoing until the eng
University loss assessmer  assessment or of the project
design, and analyticg = monitored feeders
support) 9 Design anc

development of loss
estimation methods
for nonmonitored
HV & LV feeders

Lucy Gridkey | Goods (supply o § HV & LV feeder log Over the project

established MCU52 assessment or period, completion
LV substatior]  monitored feeders | expected June 2017.
monitoring
equipment)

Lucy Gridkey | Goods (dsign,| 1 HV feeder losg Complete Feb 2017.
development and  assessment of

% Meter design and manufacturing company
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Area of project Anticipated Delivery

Provider Services/goods

applicable to Dates

supply of monitoring monitored feeders
at HV supply points

based on MCU52

equipment)

Lucy Gridkey | Services (datd § HV & LV feeder log Ongoing until the eng
collection for assessment ol of the project
deployed MCU52(  monitored feeders
equipment)

MUA Services glanning,| 1 LV  feeder los{ Ongoing until the eng
implementation and assessment ol of the project
data provision monitored feeders
services)

Tablel - Procurement Details

1.5 Project Risks

A proactive role in ensuring effective risk managementlfosses Investigatiors taken.

This ensures that processes have been put in place to review whether risks still exist,
whether new risks have arisen, whethttre likelihood and impact of risks have changed,
reporting of significant changes that will affect risk priorities and deliver assurance of the
effectiveness of control.

Section7.1 of this reportshowsthe current top risks associated with successfully delivering
Losses Investigatiass captured in our Risk Register.

1.6 Project Learning and iBsemination

Project lessongearned and what worked well are captured throughout the project lifecycle.
These are captured through a series of-gwing reviews with stakeholders and project
team members, and will be shared in lessons learned workshops at the end of the project.
The® are reported in Sectioh of this report.
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2.1 Project Background

Distribution Network Operators have an obligation ¢perate efficient and economic

networks. As such the effective management of distribution losses is paramount. Current
estimates put the technical losses at between 5.8% and 6.6% of electricity delivered
6dalyl3ISYSyid 2F 9f SOUNKGAR#ERE LEA A NEARNEIN2 V& 2INSI
£900 million across the UK. Approximately £640 million of these losses occur after
transformation down to 11kV.

Some improvements with clear cost benefits across the network are being rolled out, as
outlined in WP losses Strategy; however these are restricted to broad brush techniques
due to a lack of detailed understandimg the variation of losses across our network. As
such reductions in lossam existing networkcannot be targeted and the network cannot

be optimised.

The Losses Investigation NIA project aims to:

1 Quantify technical losses on samples of LV and HV network through the application
of load monitoring equipment; and

1 Establish loss estimation approaches, usiagminimum necessary additional
information set, whichcan be widely applied to HV and HV networks.

The project started in April 2015, and was originally due to be complete by December 2017,
reporting March 2018t is now due for completion July 20i@porting October 2018

Key phases to #hproject are:

91 Project mobilisation, partner selection and establishment of appropriate project
agreements;

1 [Initial laboratory testing of proposed load monitoring equipmeanid establishment
of loss assessment methodologies and calculations;

1 Field testingof proposed equipment, installation, data collection, and assessment
methods for one pilot HV network, and one pilot LV feeder;

1 Installation of monitoring to selected HV and LV feeders;
Assessment of Losses on monitored HV and LV feeders;

1 Development ofloss estimation methods for HV and LV feedarsing minimum
additional information sets.

=
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2.2 Project Progress

Project activity over this six month period has bdéecused on:

1 Final selection of remaining LV feeders;

1 Completion ofinstallation of monitorirg of HV and LV feeders;

1 Establishment of phase models of all HV and LV feeders to allow the assessment of
losses;

1 Confirmationthat all connected load is being monitored amtluded in the losses
assessment This has been achieved through the weurrent balance¥for the
monitored feeders

i Establishing initiahnd ongoing loss estimates for the monitored feedénscluding
the management o$ource data);

1 Reviews of the loss assessments that are being produced, and somtinuing
investigation wok; and

1 Investigation of the potential to reduce HV feeder losses through the movement of
network normal open points (NOPS).

As a result:

1 The construction/installation phase is now complete; all required monitors ave no
installed and providing data;

1 It is believed that all substations/connection points to HV and LV feeders are now
being monitored lpased orcurrent balance assessments)

1 Initial loss assessments hamew been made dér all feeders, using both the power
difference and 12Rhethods and

1 Ongoingoss assessments for all HV and LV feede¥deing regularly produced.

Somefurther progress hasisobeen made in the area of estimating losses, with the focus
being onmodelling of HV/LV transformers, ande availability of a large number of 11kV
and LMeeder models. This area will be principle focus in the next six months.

Progress against each of the project phases is summarisetialie 2. Text in grey
represents previously reported progress.

% Current balances compare the magnitude of current measured at the source, with a sum of the current
magnitudes measured at the feeder substation/customer connection points.
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Project Phase Progress

Project mobilisation, partne
selection and establishmer
of appropriate project
agreements

Complete(reported in March 2017 Six Monthly Repott
The project has selected Loughborough University af
academic and analytical partner, and has confirmed M
Utilities (Isle of Man) as its partner for investigating los
on LV networks. Collaboration Agreements have b
established with both.

Initial laboratory testing of

proposed load monitoring
equipment, and
establishment of los;s
assessment methodologig

and calculations

Complete(reported in March 2017 Six Monthly Repoct
Loughborough University successfully completed in
laboratory t®sting of the proposed monitoring an
measurement arrangements.

Field testing of propose
equipment, installation, datg
collection, and assessme
methods for one pilot H\
network, and one pilot L
feeder

Complete(reported in March 2017 Six Monthly Repog

Installation of required monitoring equipment on one H
and one LV feeder was completed in 2016, with succe
modelling and loss measurement and assessnisging
demonstrated.Further details are contained iAppendix
A

Installation of monitoring tg
selected HV and LV feeders

Complete (during this periodl - The installation of the
required monitoring equipmentas been completedn all
the 11 selected HVand 11 selected LMeeders. An
overview of the monitored feeders is contained

Appendix B

Assessment of Losses
monitored HV and LV feeder

Ongoing(during this periogi

9 Data now regularly being collecied from 335 meters
and 196 Gridkey devices

Loss assessment models/enginesw established for
all HV andLV feeders

1 Current balances establishéar all HV and L¥eeders
and

Initial and regular ongoingpss assessments producg
for all HV and LV feeders

T

T

Development of loss
estimation methods for H\
and LV feeders, usin
minimum additional
information sets

Ongoing (reported in March 2017 Six Monthly Repport

9 Various approaches to estimating feeder specific |03
have ben considered and tested For HV feeders,
preferred approach has beeateveloped;details of this
are described iM\ppendix D

For LV feeders, initial assessment of key similarities
differences to the successful HV approach has b
made. Work on an LV approacbntinues

Table2 - Summary of project progresagainst project phases
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2.3 Installation of Monitoring to Selected Feeders
2.3.1 Progress within this reporting period

Installation of monitoring to the 11 selected HV feeders and 11 selected LV feeders has
been completed during this reporting periodlable3 provides an overview of completion
dates.Grey text represents previously reported progress.

Feeder HV/LV Installation completion
dates

Woodlands (Pilot) HV March 2016
Pilot domestic LV April 2016

Fox Milne Hotel HV July 2016
Wavendon Gate Local HV September 2016
Secondary School Walnut Tree HV October 2016
Crawley Road Tee Howard Way HV November 2016
Amway Tongwell HV November 2016
Ackerman TongweAldrich Drive Tee HV January 2017
Laxey domestic LV January 2017
Ramsey domestic LV March 2017
Peel A& B I&C LV April 2017
Ballasalla 1&C LV May 2017
Braddan 1&C LV May 2017
Santon OH LV Jun 2017

The Avenue HV July 2017
Riverside Park HV July 2017

Silver End HV July 2017
Wolverton HV August 2017
Abbeylands OH LV August 2017
Tromode Domestic LV September 2017
Ramsey OH LV September 2017

Table3 - Installation completion dates

Internal approval of a WPD Standard Technique and the manufacturing ohmmlated
enclosures for the Gridkey devices led to an installation programme starting May 2017. By
early July58 units were instied. In total 181 monitors have been installed oV Heeders
(including overhead installations).

Final selection of LV feeders to be ntored has led to the completed installatiaof meter
and LV feeder monitordn total 335 meters and 15 substation/overhead feeder monitors
have been installed.

Initial completion of monitoring on both HV and LV feeders was tested through the
construction of thethree-phase analysis modelsThese models were then used to assess
the current balances on the feeders. The current balancsaisulated aghe difference
between the 1 minute mean measured current at the substation source, and the sum of the
1 minute mean currents measured at the distribution substations (for HV feeders) or the

Pagel2of 70
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connected customer meters (for LV feedesh example of a current balaneoduced to

test the completeness of connectemdistomer monitoring is shown iRigurel. The three
traces on this plot show the difference between the predicted satish current based on

the sum of the connected loads and the substation current that was actually measured.
Negative values indicate that less current was predicted than measured and therefore
indicate the presence of an unmonitored connectiéimom thisit can be seen that there is
unmonitored load on L3. By looking at thpparent shapef the difference and the time

of day, it was establishethat there was an unmonitoredtreet lightingload (switched on

with a light detector, and switadd off with a time clock) Anadditional meter was installed

to appropriately monitor the load, completing monitoring of the feeder.

- I|:; bl IHIII TS 4! \ pl w Il‘i I ol g ]
or L5 e lu'u‘n a mrlu"v"ﬂnr‘ YA i‘f'1|| ""Tr|f[*-|1|mp",""-\"

Current, A

A0F

_12 1 1 1 1 ]
0@/20 08/21 0@/22 08/23 0@/24

Time

Figurel - Example current balance for an LV feedeith missing load.

Another example of the use of aent balances is seen figure2. The structured error on

L3 was establishetb be a constant ~1A load missing from the analysis, combined with a
street lighting load that was not yet monitored. Therrent balance differencesn L1 vere
further investigation and determined to be a monitored load that was not actually
connected to thisfeeder as records suggesteAppropriate changes were made and an
acceptable current balance was reached.
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L1
.2
L3

Current, A

_5 L L 1 1 A 1 A J
06/15  06/16  06/17 06/18  06/19  06/20 06/21 06/22 06/23
Time

Figure2 - Example current balance for an LV feedgith both missing load , and load that is not connected to the feed

In some instances, the initial current balance data was not concluabeut the
completeness of load monitoring. An example of such a case is shomgure3. The
magnitude of the imbalance did not seem reasonable to disnist there was no structure

to a potentialerror as was seen iprevious examples. The possibility of harmonics affecting
the analysis was investigated/hilst the meters do provide a measment ofcurrent total
harmonic distortion, this is not directly available from the Gridkey measurements. However,
measurements of harmonic energy were available, and with this, estimates of current at
fundamental frequency werdevelopedandintroducedto the current balance. The results
are shown inFigure4, from which it was concluded that complete monitoring had been
achievedmor this particular feeder

Current, A

1 1 L L ]
05/20 05/21 05/22 05/23 05/24
Time

Figure3 - Initial current balance for an LV feeder suspected of having unmonitored load.
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Current, A
o
i o

1 1 1L L ]
05/20 05/21 05/22 05/23 05/24
Time

Figure4 - Example current balance for an LV feeder

The issueof time synchronisatiorhas also clouded confirmation of completeness load
monitoring. Figure5 shows an LV feeder with concerning levels of apparent current
difference; however, the reciprat nature of the spikes (positive and adjacent negative
spikes) suggested time synchronisation issudee differences are seen to increase each
day following the time at which the clocks on the smart meters are reset.

Current, A

-8 1 L 1 L
09/11 09/12 09/13 09/14 09/15
Time

Figure5 - Example current balance for an LV feedgith meter time synchronisationissues

Averaging oven period of 10 minutes reduced the magnitude of the spikes by a factor of

approximately 10Kigure6, note the y-axis scalg this wassufficient to conclude that the
loads on the feeder were all being monitored.
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Current, A
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06}
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_1 1 1 1 1
09/11 09/12 09/13 09/14 09/15
Time

Figure6 - Example current balance for an LV feeder with meter time synchron@atssues averaged over 10 minutes

For HV feeders with overhead sections, issues of phasing and the existence of generation
have caused uncertainty in confirming that all loads were monitofedure7 shows an
example of an HV feed with significant current balance spikes

201

15+

10

Difference, A

o

10F

s
o

1 1 1 ]
06:00 12:00 18:00 00:00
Time

o
e
o
S

Figure7 - Example current balance for aHV feeder withsignificant apparent current balance spikes L2

Temporary higher time resolution monitoring equipment was installed at the primary
substation to further investigateThis revealed instances of reversals of direction of power
flow at the primary subst#on within the 1 minute monitoring periodef the installed

project monitoring These changes in power flow direction result from the variability of a
a2t N FFENY¥Qa 2dzildzi 2y | RIFeé GAGK ONR|SY
approaches and slighytlexceeds the feeder demané&igure8 shows various traces with

sub-1 minute data in addition to the Gridkey 1 minute data.
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Figure8 - Exanple current balance for an HV feeder with significant apparent current balance spikes on L2

The issue with the spikes on the current balan€égyre7) wasfound to bedue to spurious
indications ofdifferences between the modelled and measured current at the primary
substation. The measured current was not representative of actual cumegnitude for 1
minute periods when the power flow reversed during the 1 minute period, whereas the
modelled current proved tayive abetter representation of actual current at the Primary
substation.

As a result of thisemporary additional equipment ad analis, it was concluded that the
all loads on the feeder were being monitored, and some of the measurements used in the
current balance could not be relied upon in specific circumstances.

2.3.2 Next steps

Establishing that all loads on feeders are being monitored has required significantly more
analysis effort than had been anticipated. The modelling framework has been extended to
provide current balances, estimated current balances at fundamental frequeard time
averaged current balances to provideasonable evidence that all loads are being
monitored for many of the feeders, both HV and.LRhis is in addition to the use of the
analysis framework to confirm thactual (vs. reportedphase connectiorof both single
phase and thregohase loads.

Questions over current balance remain on some HV and LV feeders, and causes of this are
likely to overlap with causes of differences betwd@R and Power Differen@@ssessments
of feeder losghat are discusseuh Sectior2.4.

However, whilst work on resolving teequestionswill continue, the priority for focus over
the next reporting period will switch to further delopment of the estimation processes.
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2.4 0Ongoing Assessment of Losses on Monitored Feeders
2.4.1 Progress and next steps for HV feeders

Ongoing Loss assessments (both 12R and Power Difference) are now in place for all HV
feeders, though available data for the ldseders to be completed is limited.

One way of providing an overview of results to date is to pdog termmean values of
feeder load versus mean feeder loss. This can be sdéigune9 which shows mean feeder

loss vs mean feeder load for HV feeders using both I12R and Power Difference assessments.
In addition, an illustrative loss vs. load characteristic is also drawn

HV Feeder Loss vs Load
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——lllustrative Loss vs Load characteristic Power Diff + I2R

Figure9 - Mean feeder loss vs mean feeder load fidV feeders using both 12R and Power Difference assessments

Generally it can be seen that the loss assessseoform to the illustrative characteristic

(as would be expectegiven its fterm). Differences betwen any one feede® loss and the
Affdz2aGNT GADBS OKIFNIYOGSNRAGAO fAYS |NBE LINRYI N
size, distribution of loadlong the feederand how that changes with time.

The Power Difference assessments are higher than2Reassessments farost but nd all

the feeders.The differences between 12R and Power Difference loss assessments have been
found to be changing over time, amde being investigated further.

Detailed loss assessment results for all HV feeders are simofppendix C 1

* This illustrative characteristibor HV feederstakes the formd é i "QQEE i Y "O. The fixed
element represents the sum of the transformer-taad losses of the feederand is present at afeeder
loads, including minimum/no load. This is nominally seen agxtrpolatedy-axis intercept on the chart..R
represents the equivalent impedance of the feeder. This value is broadly goverrid bgnstants ofeeder

length, conductor size and typand by the timevaryingdistribution of load along the feeder. | represents the
feeder load.

Variation in mean feedeloss can be seen for feeders with similar mean loads, and this is due to differences
between feeders in termef:

7 feeder length and conductor size (affecting)R
{1 variation in load distribution along the feeder over time (affecting;Rand

i variationsin the load profile, the degree of-ghase imbalance and levels of harmonic distortion
(causing differences between a nominal mean current and the current achraklgntover time).
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Figurel0shows the same illustrative loss vs. load characteristic with 12R assessmdiiis for
feeders,showingthe broadtype ofthe HV feedes. No significant pattern can be seen for
underground feeders compared to feeders with some overhead component

HV Feeder Loss vs Load
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Figure10- Mean feeder loss vs mean feeder load fidl feeders using I2R Loss Assessmehbwing broad feeder type

Figure1ll shows variation in Line Loss Factor (LLF) between feeders, compared to typical
WPD values for the four LLF periods WPD usg® range of values shown here, although
generally lower than the WPD nominal values, is beneficial to testing of the loawlagisin
method that is already irFhand. Once the HV loss estimation process is applied to a wider
sample of HV feeders, comparison to the nominal WPD LLF will again be made.

HV LLF vs LLF Period
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Figurell- Variation In Line Loss Factors for monieat HV feeders over the four LLF periods used by WPD

From the results available to date, it can be seen that the measured results broadly conform
to expected feeder loss characteristic§hey alsshow a reasonable range and variation
that is important as a basis for producing a HV feeder loss estimation method. Key next
steps are todemonstrate the existing draft HV feeder loss estimation method with a large
sample number, possibly a grigtoup ®t of HV feeders.

® LLF1 represents winter peak periods (Monday to Friday, Novembebtodfg); LLF2 represents winter
weekdays (Monday to Friday, November to February); LLF3 represents nights (all days and all months); and
LLF4 represents other periods not included in LEEs 1
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2.4.2 Progressand next steps fol.Vfeeders

Ongoing Loss assessments (both I2R and Power Difference) are now in pladeL¥or al
feeders, thougtavailabledata for the last feedexto be completed is limited.

As with HV feeders,n@ way of providing an overview of results to date is to plot mean
values of feeder load versus mean feeder loss. This can be ségunel2 which shows
mean feeer loss vs mean feeder load for LV feeders using both I2R and Power Difference
assessmentsAn illustrative loss vs. loatharacteristic has again beeinawn®.

LV Feeder Loss vs Load
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Mean Feeder Load (kW)
— lllustrative loss vs load characteristic Power Diff * I2R

Figurel2 - Mean feeder loss vs mean feeder load for LV feedersigdioth 12R and Power Difference assessments

Generally it can be seen th#tie loss assessmesitonform to the illustrative characteristic
(as would be expected) and that the Power Difference assessments are higher than the 12R
assessments for most bubnall the feeders. This difference is being investigated

Figurel3 shows thesame illustrative loss vs. load characteristic with I2R assessments for LV
feeders,identifyingthe type of LV feeder. From this it can be seen that the industrial and
commercial I&C) feeders provide the most heavily loaded feeders (which vary further from
the illustrated characteristic), but thexamples ofl&C feedersalso have mean loading
similar to domestic feeders, both underground and overhead.

® Theillustrative characteristidor LV feederdakes the formd ¢ i "Q Q@O Qi &'@& @Y ‘0. The

fixed meter loss is the power consumed by the meters, and is present at all loads, including minimum/no load.
This is nominally seen as theayis intercept on the chart. Rand | are the sameas for HV feeders (see
Footnote4.
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LV Feeder Power Diff Loss vs Load
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——lllustrative loss vs load characteristic Dom OH m C& + DomuU/G

Figurel3- Mean feeder loss vs mean feeder load for LV feeders ustoger DifferenceLoss Assessment

Figure14 shows variation in Line Loss Fac{LLl between feeders, compared topical

WPD values for the four LLF periods WPD uses. For LLF Periods i8 eand lde seen that
monitored feeders have a range of values that span the WPD values, though in general are
smaller. Winter related equivaht LLFs are only available for two underground domestic
feeders, so cannot yet reasonably be compared.

LV LLF vs LLF Period
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Figurel4 - Variation In Line Loss Factors for monitored LV feeders over the four LLF periods used by WPD.

From theresults available to datet can be seen that the measured results broadly conform

to expected characteristics, and show a reasonable range and variation. Key next steps are
to produce an estimation method that appropriately agrees with thes assessnms we

are now generating. Initial efforts will focus on mimicking for oM feeders the level of
information we might have available for WPD LV feeders, and then apply a similar
estimation methodology is working for the HV feedefis is more complex thahe HV
feeders.

Further details of the LV loss assessments are contain@gpendix C 2
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2.5 Potential to reduceHV feedernossesby moving Normal Open Points

The potential to reduce losses by movimgprmal open pointsNOP$ has previously been
O2y&aARSNBR Fa I avlrff LINI 2F 2t5Qa C![/hb
O2yaARSNBR dzyRSNJ 2t5Qa [2aaSa Lyg@gSaiAadalridrzy

Several of the trial HV feeders armtarconnected at NOPs which break the meshed
structure of the HV network into a radial configuration. In cases where the measurement
trial includes feeders on both sides of the open point it is possible to simulate the losses
that would have occurred if #1 open point had been moved to different positions on the
network, thereby transferring load from one feeder to another.

{FYLXS NBadzAZ 6a FTNRY GKA&A LINR2SOGQa Ayg@gSadaidl
through movement of NOPs are presented Appendix D A summary of finding is
presented inTable4.

Feeder Average Average Estimated Estimated Averagereduction in
reduction in reduction in annual Cost annual Losses by change to a
Losses by Losses with a savings reduction in preferred static NOP
change to a change to a CO2e (using estimated load
preferred dynamically emissions data)
static NOP  positioned NOP (tonnes)
(using
measured
load data)
Amway 14.7% 14.9% £405 3.0 7.7kKW to 7.3kW
Tongwell (6.55kW to (10.8kW to 10.0kw fo
5.59kW) load model with known
incorrect customer info)
Wavendon 15.9% No further | £2,892 21.2 47.4kW to 40.0kw
Gate (43.3kW to| improvement (47.2kW to 40.4kw fo
36.4kW) load model with
known incorrect
customer info
Newport 3.9% No further | £599 4.4 Not examined
Pagnell (36.1kW to| improvement
34.7kW)

Table4 ¢ Summary of results from investigation ofgtential to reduceproject HV feederossesby moving NOPs

Evidence from both these investigations suggests that there is poteb&akfit from
reviewing the current NOP positions on HV networks.
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Estimated annual cost savings frgqfdORchangg loss reductions, for threef the feeders
being considered by the losses Investigation project, are £405, £2,892 and £599. This
suggests:

1 Modest per feeder savings are possible, though care would have txéreised in
the amount of investment/expenditure that would be economically viable to achieve
the benefits (e.g. feeder identification/assessment/modelling and implementing any
mitigating network automation/fault passage indication required);
Over large nmbers of feeders the cumulative savings might be material; but
Significant variation in benefit may oc¢wand tree feedersis not a sample number
that can reasonably be projected from.

= =

It should be noted that:

1 This is not a saving ta DNQ but a saving to end consumers througlrther
optimisingnetwork operation;

1 Altering NOPs will change the available capacity on the feeders involved, and will
change the numbers of customer connected to a feeder; however,

1 Adverse changes ta@ustomer numlers on a feedermay occur, and mighbe
mitigated through posfault automated switching schemes based on fault passage
indicators.

Both investigations suggest that the improvement arises through a change from the existing
NOP to a preferred static NOPe. there is little further benefit arising from having a
dynamic NOP position that changes over peakpmak, weekday/weekend or
summer/winter periods.

To identify preferred NOP positions and assess potential benefit, some form of modelling is
necessay. This requires network data and a (per distribution substation) load model to
allow power flow analysis to be iteratively performed. The FALCON project and the Losses
Investigation project have tried different approaches to identifying the preferreénop
points and further consideration of the most cesffective method would be required.

Loss assessments are reliant on a load model. The Losses Investigation work has shown that
an estimated load model can be constructed that results in accurate feédaes
assessments, compared to loss assessments based directly on measured substation loads.
Initial work of considering the robustness of these estimated load models for considering
changes to NOP positions suggests that:
1 Substation load estimation is bad on connected customer information, and
unsurprisingly errors in this have been found during the project.
1 The load model data correctly identified the optimal new NOP position(s); and
1 The assessments of loss reduction from estimated load models areagomable
agreement with the assessments based directiynoeasured load

Further work in this area will be undertaken throughout the remainder of this project.
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3 Progress against Budget

3.1 Overview of Progress against Budget

Spend Area

Budget (£k)

Expected
Spend to
Date (£k)
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Actual
Spend to
Date (£k)

Variance to

Expected
(£K)

Variance to

Expected®o

LV Feeder Monitoring | £496 £190 £150 £39 21%
HV Feeder monitoring | £1,007 £767 £763 £4 1%
Analysis £425 £260 £260 £0 0%
Design &  Projec| £417 £247 £247 £0 0%
Management

Contingency £235 £0 £0 £0 0%
Total £2,580 £1,463 £1,420 £44 3%

Table5 - Progress Against Budget

3.2 Comments around variance

1. Variance to kKpectedSend for LV feeder monitoring is due liavoicing for recently
completed work yet to be issued.
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4 Progress toward Success Criteria

At inception, the project identified five success criteria. Tha#eria are listed inTable6
with commentary on progress towards completion.

‘ Project Success criteria

1) Construction of fully
monitored HVY and L
networks

Commentary on progress

Construction is now complete.

All required monitoring is now installed on the 11 H
feeders This includes monitoring at 7 primary substatip
58 pole-mounted transformers 18 Hwustomer supply
substations and 116 groumamounted transformer
distribution substations

All required monitorig is now installed on the 11 L
feeders This includes 288 single phase meters, 47 th
phase meters13 groundmounted LV feeder monitors an
2 polemounted LV feeder monitors

2) Measurement of network
losses on monitored feeders

3) Accurate modelling
losses with full information

0

Ongoing loss assessments based on full monitoring d
are now available forall HV and LMeeders This includes
both loss assessment via a Power Difference met
(measurement of network losses), and assessment Vig
I2R method (accurate modelling tife feeders).

A snapshot of the Loss assessments for these feede
shown inAppendix C

4) Several mods with limited
data sets created and tested

The following progress was reped at the last 6 month
report - Various approaches to estimating feeder speq
losses have been considered and tested to date. Fo
feeders, a preferred approach has beenvdi®ped that
delivers high degrees of agreement to monitoring d
assessments. Details of this are describedppendix D

For LV feeders, initiaassessment of key similarities a
differences to the successful HV approach has been m
Work on an LV approach is ongoing.

5) Conclusion on level ¢
information needed to
accurately predict losses

The following progress was reported at the last 6 mo
report - Draft Conclusions on the level of informatiq
required for HV feeders are availalfigppendix ), and will
continue to be tested as all HV feeders provide data
representative data for all seasons becomes available.

Conclusions on LV feeder specific loss estimation will fol

Table6 - Progress towards projet Success Criteria
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5 Learning Outcomes

Learningduring this reporting period has continued to be of a detaientated nature and
primary associated with calculatiorSelectedearningfrom the periodis noted inTable7.

A paper was presented by Loughborough University staff at the CIRED 2017 conference in Glasgow,
SYiAdGt SR da! OO0dzNF 6S RSGSNXNAYL (ki@ yompargs the ApawemMA 6 dzi A
difference and 12R methods of loss calculation and demonstrates that the results from the I2R
method are much less vulnerable to errors due to sensor tolerances than the results from the power
difference method. The paper can be assed at https:/dspace.lboro.ac.uk/dspace
jspui/handle/2134/25519

‘ Area of Learning Learning

Loss calculations 1 Calculations of percentage losses need to take account of
possiblity of embedded generation from downstream nod
connected to the feeder and also allow for a net export of po
from the feeder to the upstream substation. Taking the examplq
an HV feeder, the percentage losses are now expressed relati
the total power imported into the network, either from the primatr
substation, or from any of the downstream distribution substatio
This metric reflects the high efficiency of the feeder network
cases where the power input from embedded generation matc
adjacent power outputs to loads

Instrumentation 1 Accuracy tests of the logging instruments at Manx Utilities h
demonstrated slight differences in the active and reactive powe
recorded by the EDMI smart meter, the GridKey loggers, an
Outram PM700Qused as a highesolution reference. When valug
recorded by multiple instruments are compared, both a sca
factor and zero offset need to be applied. None of the instrume
has been found to be operating outside of their specified accu
tolerances but the small observed differences have the potentia
affect loss calculations using the power difference meth
Differences in the zero offset values would be particularly visib
power difference calculations at low loads.

1 The time resolution othe measurement data has been found
introduce inaccuracies into the loss calculations for periods w
the phase angle of the load currents is rapidly changing. This o
rarely, but causes errors in the calculations when the directiol
active power flow changes within the -ininute measurement
averaging periods, such as when cloud cover variations affec
net output from substations with solar PV generation. The e
arises because the current is represented in the analysis as a \
with the amplitude given by the measured average curré
amplitude, and the phase angle given by the measured ave
complex power. This differs from the average current vector if
phase angle changes.
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‘ Area of Learning Learning

Instrumentation 1 Measurements of the current anfifude by the GridKey loggers &
(continued) also affected by the use of signed current amplitude data in
averaging algorithm. A negative sign is applied to the cur
amplitude to indicate reverse power flow. The aggregation ¢
period with both forward and reerse active power flow ca
therefore result in the average current amplitude being recordec
zero.

HV feeder losses 1 Losses for the HV trial feeders are broadly consistent with the n
losses indicated in the 2008 E.ON Loss Calculation Study. T
cable losses for the trial are mostly lower than figures from

study but the distribution transformer load losses are gener
higher. The loss study used different assumptions for

transformer parameters and had predicted higher-lnad losses
than are indicated by the rated iron losses for the transformers
the trial feeders.

1 The losses for all of the HV trial feeders are lower than the losse
the HV feeder and distribution transformers stages included in
generic LLF calculations. A revieof the spreadsheet used f{
calculate the generic LLFs shows that the factor used to d¢
distribution substation ndoad losses is approximately double t
equivalent neload loss factor derived from the rated iron loss
that is used in the trials callations. The reasons for this differen
will be investigated further.

1 The loss factor used in the generic LLF calculations to defing
load-dependent cable and overhead line losses is also higher
the corresponding losses observed on all of thetié\ feeders. This
difference will be investigated for a wider range of feeders
comparing losses calculated using the estimation method with
generic LLF figures.

1 The HV loss analysis has been verified against simulations usin
power-flow analysis. This provides further confidence in the |
calculations using the 12R method.

1 The HV loss estimation method has been developed further
that this could use IPSA data file to define the network topolg
IPSA does not directly model trangfoer noload losses and s
additional elements need to be added to the schematic in orde
fully represent the losses.
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‘ Area of Learning Learning

HV feeder lossel § HV feeders with multiple overhead sections can have ph
(continued) reversals and rotations. Powdlow analyss of the network doeg
not predict the primary substation current amplitude correctly if t
phase connectivity is not accurately represented in the model.
HV loss analysis software has been extended to assist in ident
the correct connectivity ateach junction node. Methods teste
include correlation of the primary and substation HV voltages
also correlation of the differences between measured and simulg
primary substation current with the HV load current from es
distribution substation. These methods provide guidance

identifying the correct connectivity but are not yet 100% reliable.

1 Losses on HV feeders can be reduced by changes in the
location. Three inteconnected feeders have been studie
demonstrating scope to reduce theombined losses of the paire
feeders by 14.7%, 15.9% and 3.9%. This corresponds to an g
cost saving of £405, £2892, and £599 for the three feeders.

NOP position an( { For the three feeders studied for NOP position, neallyof the
reductions in H\  potential benefit is realised by a oref movement of the NOF
feeder loss location, with little further reduction in losses if the NOP locat
were to be optimised on a halfourly basis.

1 In two of the studied NOP position cases the majority of the
reductions could be achieved using an NOP location on substg
near to the optimal network node. This provides some degre
flexibility if the optimal location cannot be selected for operatio
reasons.

1 Simulations using the HV loss estimation metheith halfhourly
demand data have provided similar results to those obtained u
the trials measurement data. This suggests that reductions in Ig
can be predicted without requiring the high resolution trig
measurements.

1 Results using the estimati method are dependent on the quali
of the input data describing the assignment of metered dem
data to distribution substations. For the examples studied hg
these load configuration errors did not compromise t
determination of the optimal NOP dations but, for one feeder, th
potential scope cost saving and carbon emissions reductions
significantly undesestimated.
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‘ Area of Learning Learning

LV feeder losses 1 Losses for the LV trial feeders are generally lower than the n
losses indicated in the 2008 E.QNss Calculation Study. There i
range of losses between 0.2% and 2.6% and this spread is cons
with the predicted wide spread of percentage losses in the E
study.

1 The losses for the trial LV feeders are generally lower than the Ig
for the LVdistribution stage included in the generic LLF calculati
However, feeders recently included in the trials (and so far with
a few months of measurement data) have higher losses than
earlier trial feeders so this disparity may be reduced whée
winter period is included in the measurement data.

1 A review of the generic LLF has shown that these includedlaaab
loss for the LV feeders that is approximately consistent with
metering losses that have been included in the I2R loss calculg
for the trial feeders.

1 The standing losses due to the smart meters are likely to be I
than previously assumed. Smart meter vendor EDMI has proy
test results showing power consumption of 1.1 W and 4 VA
singlephase meter and this is consistentith lab tests. Thig
updated information reduces the calculations of LV losses which
previously used limits based on standards rather than actual
values.

1 Following the adoption of lower values for the metering losses,
trials measurements gemally demonstrate an increased dispar
between losses calculated based on the power difference met
and losses calculated using the I2R method. The cause of
difference is thought to be due to zero offsets in the measuren
instrumentation. Althogh these offsets are small (typically less th
2 W per customer connection), the cumulative impact is noticeg
in the results from the power difference method.

9 Loss calculations using the I2R method are known to be wur
estimated due to the smoothingmpact of the Xminute averaging
used by the measurement data logging instruments.
particularly affects the LV loss calculations where the demand ig
aggregated and therefore has more spikey variations. A methog
now been developed such that ¢h recorded maximum an
minimum current within the iminute averaging periods can I
used to calculate an approximate upper bound to the actual los
The results indicate that the actual losses for three of the LV fee
analysed so far could be up to gher than the 12R calculatior
suggest.
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‘ Area of Learning Learning

LV

(continued) detected using a voltage correlation method. This compares

feeder lossel  The phase allocation of singihase service connections can

voltage measured on each phase at the substatiath the voltages
measured at the singlphase customer connection. Pha
allocations identified by this process have been found to ma
reliably with the phase allocations determined by-site phase
tracing tests on the trials feeders.

1 Measurements on e of the LV trial feeders have demonstrat
that the neutral current at a link box is naero and follows &
similar diurnal profile as the phase currents on the feeder. ]
demonstrates that it cannot necessarily be assumed that all off
neutral current due to unbalance on the phase conductors retu
to the substation by the same cable route. Further investigation
be required in order to characterise the extent to which t
measured neutral currents are inconsistent with the assun
approximation that the feeders can be modelled by a rad
equivalent circuit.

Table7 - lllustrative and key learning

6 Intellectual Property Rights

A complete list of all background IPR from all project partners has been compiled. The IP
register is reviewed on a quarterly basis.

7 Risk Management

Our risk management objectives are to:

w

w

w

Ensure that risk management is clearly and consistently integrated into the project
management activities and evidenced through the project documentation;

Comply with WPDs risk management processes and any governance requirements as
specified by Ofgem; and

Anticipate and respond to changing project requirements.

These objectives will be achieved by:

Vv

<K<K

Defining the roles, responsibilities and reporting lineshimi the Project Delivery
Team for risk management

Including risk management issues when writing reports and considering decisions
Maintaining a risk register

Communicating risks and ensuring suitable training and supervision is provided
Preparing migation action plans

Preparing contingency action plgrand

Monitoring and updating of risks and the risk controls.
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7.1 Current Risks

TheLosses Investigatidrisk Registas a live document and is updated regularly. There are
currently eightlive projectrelated risks. Mitigation action plans are identified when raising

a risk and the appropriate steps then taken to ensure risks do not become issues where
reasonablypossible Table8 providesdetails ofti K S LING 8v8 CuireRtXisks. For each

of these risks, a mitigation action plan has been identified and the progress of these are
tracked and reported.

Details of the Risk Mitigation Action Plan Progess
Overall lossed Moderate | 1 Adoption of Pilotf 1 The successful pilots large
assessment approach. mitigated this risk, and as ead
methodology has 1 Retention of both feeder is checked with initig
uncertainties that are power difference and data, the risk of material impag
too large for the I2R calculation diminishes further.
intended purpose. methods. 1 Possible causes ofiffitrences
1 Review of differences between the loss assessmen
between the loss methods are currently bein
assessment of the twc further examined.
calculation methods
Unavailability of| Minor 1 Retention of both| T Whilst differences do exig
Distribution power difference and between power difference an
Transformer I2R calculation I2R values, they are ng
parameters methods as a cross sufficiently large to threaten
linsufficiency of type check to idefify if findings from the project. Worl
values for losg transformer values ar¢ on establishing and validatin
assessment. material issues. transformer parameters
assumptons continues.
Time synchronisatiofl Minor 1 Adoption of Pilotf 1 Time synchronisation of dat
of data available from approach. sources is probably only to #
different field devices f Ongoing review of seconds. This does causeme
is not adequate. accumulated data. noise in current balance an

power diff loss assessments, b
does not affect the average log
values being arrived at.

1  Will be reviewed on an ongoin

basis

Accuracy/detailed Minor 9 Adoption of Pilotf 1 Possible causes of differenc
operation of approach. between the loss assessme
measurement device 1 Review of difference methods are currently bein
proves inadguate for between the loss further examined.
the intended purpose. assessment of the tw

calculation methods
Captured EDMI nter | Minor 1 Project plan alwayy 1 Volume data collectiosystem is
data cannot be included the now undergoing final testing.
adequately implementation of a
transmitted to a volume meter data
central data store for collection system.
required roll out 1 Collaborative testing
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Table8 - Top five current risks (by rating)

Figure 15 provides a snapshot of the risk register, detailed graphically, to provide an on
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Figurel5- Snapshotof Risk Register
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Figurel6 provides an overview of the risks by category, minor, moderate, major and severe.
This information is used to undeestd the complete risk level of the project

% of risks by category

Major
%

Moderate
13%

Figurel6 - Graphical view of Risk Registby Risk Category
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8 Consistency witHProject Registration Document

The scale, cost and timeframaf the project has remained consistent with theurrent
registration document>followingthis link'<<.

9 Accuracy Assurance Statement

This report has been prepared by thesses InvestigatioRroject ManagerGhris Harrap
reviewed and approvedy the Future Network§lanager (Roger Hey)

All efforts have been made to ensure that the information contained within this report is
accurate. WPD confirms that this report has been produced, reviewed and approved
following our quality assurance process for external documantsreports.

" http:/Avww.smarternetworks.org/NIA_PEA_PDF/WPD_NIA_008531df
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Appendix A Loss Assessment Pilots

Appendix A1 Pilot phase conclusions and recommendations

The pilot phase of the project generated the following conclusions and recommendations:

1 Both HV and LV feeders can credibly be assessed for technical losses, using the
implemented reasonably available devices, data collection and data processing
arrangements.

1 The loss analysis using th2Rl method has a low uncertainty. It is therefore
recommended that this method be the primary method to be used for the loss
analysisrather than the power difference method.

1 It is also recommended that the additional measurement devices required for the
power difference method are maintained. These devices enable consistency
checking of thedR data, which has proven to be valuabledgtecting additional
connected loads that would otherwise not be included in the loss analysis.

1 Comparisons of assessed losses to other indicators of UK network loss have been
demonstrated. These show that the assessed losses on both the HV and LV pilot
feeders are less than might have been expected. Further work is underway within
the project around this finding.

1 It is recommended that the demonstrated devices and preferred processes are
rolled out to a selection of HV and LV feedersline with the oiginal project
intention, to provide a detailed loss informatieset for both HV and LV feeders.

Appendix A 2 Overview of Pilot Implementation

Pilot monitoring has been installed on an HV feeder at Milton Keynes in the WPD East
Midlands license area. The upstream povilow on the monitored network is measured at

a 33/11kV Primary Substation, and the downstream power flows on this network are
monitored with equipment installed at each of the Distribution Substations served by the
feeder. The Primary Substation moniloy’ 3 A a4 LINPOBARSR o6& | ySg
MCU 520 substation monitoring equipment. The downstream sensors (established Gridkey
MCU 520 LV monitoring devices) are installed on the LV side of the distribution
transformers. The entb-end losses meased in this trial therefore include the 11 kV
feeder cable and the 11 kV to LV Distribution Substations.

The LV pilot trial uses a network in the Isle of Man where monitoring equipment has been
installed on one LV feeder. Upstream power flow to the LV feeder is monitored on the LV
side of the Distribution Substation (using established Gridkey Distributiorst&idm
monitoring), andadvancedmeters (of a type not previously used in the Isle of Man) are
installed at each of the 13 customer connections on this feeder to monitor downstream
power flow. Of the 13 connections, 11 connections supply domestic cussoar@ the
other 2 connections serve public lighting circuits.
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Collectively, the HV and LV pilot trials therefore provide an-tereind loss measurement
that is representative of the distribution networks between the Primary Substations and the
customer.

The measurement data is stored as one minute averages within the monitoring equipment
and then collected periodically by GRBSed data connections. For tlaelvancedmeters,

the number of measurementparameters (e.g. power, voltage, current, averages,
maximums, minimums etc.) and the selected time resolution of the measurement data
defines the volume of data collected and requiring transmission. This volume is constrained
by the memory size within the instruments and the time/resource needed to dowrndoad

data. For both the HV and LV pilot trial, 1 resolution of 1 minute has been selected, so as to
minimise any errors in estimating the losses due to ursenpling the time variation of the
demand. The number of meter measurements points has been comrseiglly selected to

make maximum use of device memory.

The collected data has been forwarded to Loughborough University for analysis of the
losses. Two loss analysis methods have been used: 1) estimation of the losses based on the
power difference betwen the single upstream power flow and the total downstream
power flows on the network and 2) estimation of the losses using 2&h dalculation
primarily based on current measurements at each downstream point on the networks.
Additional information is need# for use with thel2R method in order to specify the
resistance of each network branch and to define the connection topology such that the
currents on the urmonitored branches within the network can be calculated. The load
losses and ndoad losses of th transformers must also be specified. Significantly difference
tolerances in assessed losses arise from the two different methodd2Bwmethod having
lower (better) tolerances.

The mean endo-end losses in the HV feeder over a 27 day period in Matl 2016
(with >99% data availability) have been estimated usingI#iemethod as 1.23% of the
delivered power. An uncertainty of £0.06% of the delivered power or +5% of the mean
losses applies to this estimate.

The losses for each 1 minute sample e HV pilot period are shown irFigure 17. As
expected, the losses vary with the demand, and also with the distribution of load along the
feeder (suchthat higher losses occur if the demand is greater for substations that are
electrically further along the feeder). The levels of unbalance for the HV trial feeder were
low, particularly for higher demands, and so unbalance made little contribution towards
increasing the losses.
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Figurel? - Pilot HV feeder losses for each 1 minute sample calculated wat inethod

Using thel2R method, the losses from the HV trial can be calculated separately for the HV
feeder cable and for the Distribution Substations. The mean losses in the HV cable were
estimated as 0.26% of the delivered power (line loss factor of 1.0026), a figure that is
approximately one quarter of the losses indicated by the generic line loss factors from the
WPD schedule of charges (around 1%). A previous loss study also suggested a higher figure
(0.69%). Over the measured period, the losses for the HV feeder cablé, wlielieved to

have typical levels of demand, were therefore much lower than previous estimates would
suggest. It should be emphasised that this is a single feeder finding, and wider conclusions
should not be drawn.

The mean losses for the distributisransformers on the HV trial feeder were calculated as
0.97% of the delivered power (line loss factor 1.0098). This is approximately half of the
losses predicted by the generic line loss factors (around 2%) but consistent with the
estimates from the previos loss study (1.11%).

The mean losses for the LV trial over a 10 day period in April/May 2016 (with data
availability >99%) were calculated using 188 method as 0.21% of the delivered power
(line loss factor 1.0021). An uncertainty of £0.02% of thiveieed power or £10% of the
mean losses applies to this estimate. The individual loss estimates have a much greater
variation than those for the HV trial feeder, with differences due to the changes in the
three-phase balance and in the electrical distarmde¢he demand along feeder as individual
customer loads switch on and off. The variation in the losses for individual 1 minute samples
during the pilot period is shown fRigurel8.
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Figurel8- Pilot LV feeder losses for each 1 minute sample calculated with 12R method

The mean losses were very much lower than previous LV network estimates with the
generic line loss factorsuggesting over 2% (although these figures also include non
technical losses) and a previous loss study suggesting 1.29%. The LV trial feeder may have
unusually low losses as the cable between the substation and the nearest customer
connection is relativig short and has a large conductor size (300 3noonsidering the
routinely connected load.

The loss analysis method has also been able to highlight inconsistencies in the network
database, correctly identifying one connection point that was recorded asgben the
wrong phase and also that the initial network data had omitted a customer connection.

Figurel9 compares the loss calculations from the pawdifference and the2R method for

the LV trial feeder. For both the HV trial feeder and the LV trial feeder, losses calculated
using the power difference method are subject to much wider tolerances. For the power
difference method, the tolerance on ass®d loss is based on uncertainty in the measured
power (i.e. modest percentages of large numbers), whereas the tolerance on assessed loss
for the PR method is based on calculated component losses (i.e. modest percentages of
small numbers). Therefore tH@R method of loss calculation is fundamentally very much
less sensitive to the same intrinsic instrument tolerances.
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Figure19 - Pilot HV feeder losses for each 1 minute sample calculated with the power difference methodndthdthe
I2R method
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Overview ofmonitored feeders

Appendix B1 Overview ofHV monitored feeders

Feeder Overview Detailed Feasibility Primary Sub work Secondary Sub work Data Available
Pilot feeder - 94003702 (Marlborough| UG2A, 4.8km. Complete Complete Complete. Yes
Street: The Woodlands) 11 GM Subs.
94004303 UG2B, 13.3km. Complete Complete Complete. Yes
(Fox Milne: FoMlilne Hotel) 16 GM Subs.
94004603 (Wavendon Gate: Wavendo UG1B, 2.1km. Complete Complete Complete. Yes
Gate Local) 8 GM Subs.
94004608 (Wavendon Gate: Secondal UG2A, 8.5km. Complete Complete Complete. Yes
School Walnut Tree) 13GMSubs?2 HV sites.
94004110 (Newport Pagnell: Howar{ UG1A, 3.8km. Complete Complete Complete. Yes
Way Tee Crawley Road) 3 GM Subs3 HV sites.
94004108 (Newport Pagnell: Amwa] MA1A, 19% OH, 2.4km. Complete Complete Complete. Yes
Tongwell) 4 GM Subs7 HV sites.
94004109 (Newport Pagnell: Ackermal MB1A, 29% OH, 8.3km. Complete Complete Complete. Yes
Tongwell Tee Aldrich Drive) 7 GM Subs4 PM sites.
94004104 (Newport Pagnell: Riversid MA2A, 10% OH, 8.6km. Complete Complete Complete. Yes
Park) 12 GM Subs, 2 HV sites,
7 PM sites.
94004602 (Wavendon Gate: The Avenug MB2A, 37% OH, 12.0km. Complete Complete Complete. Yes
8 GM Subg HV sites,
11 PM sites.
94003611 (Wolverton: Energy fron] MC1B,76% OH, 15.7km. Complete Complete Complete. Yes
Waste RMU C)) 7 GM Subsl HV site
14 PM sites.
94004504 (Olney: Silver End Olney) OH1B, 87% OH, 23.9km. Complete Complete Complete. Yes
8 GM Subs,
22 PM sites.

Table9 - Overview of HVmonitored feeders
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Appendix B 2 Overview ofLV monitored feeders

Feeder

Overview

Feasibility&
Modelling Info

SecondanSub
work

Meter work

Data Available

Pilot feederg around Douglas

277m u/g mains cable
187m u/g service cable
13¢me

Complete

Complete

Complete.

Yes

Dom#l¢ Laxey

770mu/g mains cables
1054mu/g service cables
57-M =

Complete

Complete

Complete.

Yes

Dom#2- Ramsey

431mu/g mains cables
742mulg service cables
53-M5+1¢ 3>

Complete

Complete

Complete.

Yes

Dom#3¢ Tromode

794m u/g mains cables
885m u/g service cables
56-M e

Complete

Complete

Complete.

Yes

1&C#1¢ PeelFeeder A

383mu/g mains cables
159m u/g service cables
9-0-¢

Complete

Complete

Complete.

Yes

1&C#1¢ PeelFeeder B

408mu/g mains cables
189m u/g service cables
8-009+12-10

Complete

Complete

Complete.

Yes

1&C#2¢ Ballasalla

426mu/g mains cables
357mu/g service cables
6-Mmc 1lb-om

Complete

Complete

Complete.

Yes

1&C#3¢ Braddon

484mu/g mains cables
118mu/g service cables
8-me 11bo »

Complete

Complete

Complete.

Yes

OH#1¢ Santon o/h

89m u/g mains 289m OW mains
183mu/g, 114m o/hservices
16¢m e

Complete

Complete

Complete.

Yes

OH#2¢ Abbeylands

368m u/gmains 546m ABC, 173m OW main
488m services
26-M= 4 b0 =

Complete

Complete

Complete.

Yes

OH#3¢ Ramsey OH

337m u/gmains 393m OW mains
882m services

48-Mm5 149 o

Complete

Complete

Complete.

Yes

Table10- Overview of LV monitored feeders
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Appendix C  Ongoing Loss Assessments
Appendix C1 HV feeders

30
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—*— Load loss
~*  No-load loss
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: E
Py 5 15
g g
£ osf 3
0.6
0.4+
0.21- —*— Primary power
——* Network import power
0 2017
Time
Figure20- Long term mean daily feeder demand (Woodlands HV feeder) Figure21 - Long term mean daily (12R) lof#/oodlands HV feeder)

451 4

+  Power difference +  Power difference
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35F
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2 25
a 25 4
k] S Ll
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Figure22 - September2017 Loss, kW vs demaif@/oodlands HV feeder) Figure23- September2017 Loss, % vs demad/oodlands HV feeder)
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Figure24 - Long term mean daily feeder deman&¢x Milne HoteHV feeder)
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Figure26 - September2017 Loss, kW vs demaiiBox Milne Hotel HV feedér
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Figure25- Long term mean daily (12R) logsox Milne Hotel HV feedér
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Figure27 - September2017 Loss, % vs demaiigox Milne HoteHV feedej
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Figure28- Long term mean daily feeder demanifavendon Gate Loc&lV feeder)
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Figure30- September2017 Loss, kW vs demaifd/avendon Gate LocddV feedej
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Figure29- Long term mean daily (I12R) log§é/avendon Gate LocadV feede)
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Figure31- September2017 Loss, % vs demafid/avendon Gate LocdlV feede)
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Figure 32 - Long termmean daily feeder demandSecondary School Walnut TredV Figure33-Long term mean daily (I12R) logSecondary School Walnut Tré#V feede)
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Figure34 - September2017 Loss, kW vs demaiiBecondary School Walnut Tré¢V feedej Figure35- September2017 Loss, % vs demaf®econdary School Walnut TrédV feede)

Paged45o0f 70



== SIX MONTHLY PROGRESS RE|
R N REPORTING PERIOD: APR 17 to Sl

INNOVATION 72z /44

4r 40
—*— Primary power —— Total
3.5 ~—*— Network import power 35 ——* HV feeder
—*— Load loss
3r 30~ ~* No-load loss
25 25
z z
= =~
5 2k ; 201
o a
& 15k 15+
1F 10+
0.5 5r
ok r r r r ok v
Q4-16 Q117 Q2-17 Q317 Q4-17 Q4-16 Q1-17 Q217 Q3-17 Q417
Time Time

Figure 36 - Long term mean daily feeder demandC(awley Road Tedéloward WayHV Figure37-Long term mean daily (I12R) logSrawley Road Tee Howard WalV feedej
feeder)

100 4r
»  Power difference - Power difference
sob « I2R - 2R
3k .
60
2 -
g o
73 g
w
S 20f S
o -
0 N
20 1
40 L . L 1 L | \ L ) ) 2 . L ) | \ . ) . L )
16 1.8 2 22 24 26 28 3 32 34 36 1.6 1.8 2 22 24 26 28 3 32 34 36
Demand, MW Demand, MW

Figure 38 - September2017 Loss, kW vs deman@rawley Road Tee Howard WayV Figure 39 - September 2017Loss, % vs deman(Crawley Road Tee Howard WayV
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Figure46 - September 20171.0ss, kW vs deman@ckerman Tongwell Aldrich Drive Tee HV feefler Figure47 - September 2017.0ss, % vs deman@ckerman Tongwell Aldrich Drive Tee HV feefler
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Pages00f 70



WESTERN POWER%

DISTRIBUTION

INNOVATION

0.7

0.5

0.4r

Power, MW

0.3

0.1r

oo

0.6 A A% Segterf V| '/‘.“‘./ oty

I.\‘, ”

N

SIX MONTHLY PROGRESS RE|
REPORTING PERIOD: APR 17 to SI

V44

—*— Primary power
~——* Network import power

Aug

Sep
Time

Oct

Figure56- Long term mean daily feeder deman&ilver EncHV feeder)

120

80

Loss, kW

40+

- Power difference
- I2R

L

04

0.5

0.6

0.7 0.8 0.9 1 11 1.2 1.3

Demand, MW

Figure58- September 20171.0ss, kW vs deman(bilver EndHV feede)

Loss, kW

20
18
16
14
12

10

—— Total

——*  HV feeder

—*— Load loss
No-load loss

Y UY=LV VRTINS

r ‘..'-wc‘»-."'.n“..-.,.‘oo’q W P e s ot Teere,,

r r r

Aug Sep Oct
Time

Figure57 - Long term mean daily (I12R) logSilver EncHV feede)

Pageblof 70

Loss, %

- Power difference
- I2R

L

0.4 0.5 0.6 0.7 0.8 0.9 1 1.4 1.2 1.3
Demand, MW

Figure59 - September 2017 0ss, % vs deman&ilver EncHV feede)



WESTERN POWER%

SIX MONTHLY PROGRESS RE|

DISTRIBUTION REPORTING PERIOD: APR 17 to SI
INNOVATION 72z /44

0.8

—*— Primary power
0.7 ~——* Network import power

Power, MW

0.2

0.1r

0 r r r r r r
08/20 08/27 09/03 09/10 09/17 09/24
Time

Figure60- Long term mean daily feededlemand {Volverton HV feeder)

- Power difference
30 . I2R

Loss, kW
=

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Demand, MW

Figure62 - September 2017.0ss, kW vs deman@Volverton HV feeder)

Loss, kW

20

—*— Total
——*  HV feeder
16 —*— Load loss
No-load loss

18r

14+

12M+-———-——1/‘\/\,M

10
8 =
6 =
N
4:'/4777' . B . N\, " . e N
2 t oo soeee o o+ e See ev e ,0eee .,
0 r r r r r r
08/20 08/27 09/03 09/10 09/17 09/24
Time
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Figure70- Jul and Aug 2017 Loss, kW vs demdbaxey Domestic LV feeder

Loss, W

600

500

400

300

200

100

r r r r r r
Feb  Mar Apr May Jun Jul

Time

r r r r
Aug Sep Oct Nov

Figure69- Long term mean daily (I2R) logisaxey Domestic LV feeder

»  Power difference
- IZR

10 20 30 40 50 60
Demand, kW

70 80 20 100

Figure71- Jul and Aug 2017 Loss, % vs demérakey Domestic LV feeder

Pageb4of 70



== SIX MONTHLY PROGRESS RE|
R TION REPORTING PERIOD: APR 17 to Sl

INNOVATION 72z /44

20 150
18-

16~
14

100 -
12r

: =
- -
S 10~ §
50
6 =
4 =
ok —— Substation power
~——* Network import power
olr : r r a a a olr r r r r r r
Apr May Jun Jul Aug Sep Oct Apr May Jun Jul Aug Sep Oct
Time Time
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Figure74- Jul and Aug 2017 Loss, kW vs demand (Ramsey Domestic LV feeder) Figure75-Jul and Aug 2017 Loss, % vs demand (Ramsey Domestic LV feeder)
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Figure76- Long term mean daily feeder demand (Tromode Domestic LV feeder)  Figure77-Long term mean daily (I2R) lo§gromode Domestic LV feeder)
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