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ABSTRACT

Thepredicied penetration ratesflow carbon technologies
(LCTs) for heating and transportvill place additional
stresses on planning and design activity withistiibution
Network Operator¢DNOs)

DNOs areobliged to provide costffective solutions for
network reinforcement and designers are faced with the
complexities of new technology amchpidly changingise

of the electricity networkparticularly at lov voltage
Performing network assessments adentifyingthe most
feasible solutiorplaces a significant resource burden on
network operators

This paper provides an overview of a Network Planning
and Design Deision Support (NPADDS) tool which is
beingdevelopedh s part of t-leéNetwkid s
Revolution (CLNR) smart grid projectThe tool is
demonstrated bperforming an assessment af network
areabased on a range of LCT penetration scenafws
which it propo®s solutions based on a datalmsf
historical or anticipatedcosts and benefits.

INTRODUCTION

The UK Government's plans
binding carbon emission reductions (34% on 1990 levels by
2020) involve the proliferation of distributed generation and
electrification of heating and transport 1T h e
Department for Energy and Climate Change (DECC) has
published a set adcenariodor Low Carbon Technology
(LCT) ownership 2]. The scenariosinvolve significant
penetration of LCTsuch as electric vehicles, heat pumps
andsolar photevoltaics (PV)

DNOs face a higher risk of overloads and voltage
excursions from permitted levels due to increased LCTs on
the distribution network. feeffortto address thiso far has
largely focussed ontrials involving novel network
technologyand demandide responsevith little emphasis

on transferring the knowledge inttusiness as usual
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activity. As aDNO licence condition [3]designeramust
provide the least cost feasible solution ailtitherefore be
obliged to considemew interventionsas theybecome
viable They will alsoneedto keep abreast afdvances in
performance and costs

To facilitate widespread connection of LCTs, the
connections, design and planning functions within
Distribution Network Operators (DNOs)ust adapt tde
able to

1 Routinely asess the effect of LCTs and the

changinguse ofelectricityover time

1 Allow for theinclusion ofnewsolutions;

1 Apply new design practices consistently;

1 Cope with the anticipated volumes of connedion

The resourceral skill levels needed are likely to increase
nglr}ifé'c?n y.n%sg the use ofa rigid set of policies and
esign guidance conflicts with a rapidly changidesign

environment

CUSTOMER-LED NETWORK REVOLUTI ON

The Custometed Network Revolution (CLNR) prog is

being run by UK DNO Northern Powergrid along with

project partners EA Technology Ltd, Durham University
n.d rij.ti.s S I raj

Carbon rllll?)eetvfortk FuFld. Th prOJegt air};sgtoptriaI[Pcuest%rﬁe’r3 ¥ ty

propositions and network equipnmenith the underlying

emise that additional capacity in the network can be

releasedIn addition to network monitoringhé solutions

being investigated ithe project are

Enharced Automatic Voltage Control,

DemandSide Response;

Electrical Energy Stage

ReatTime Thermal Rating

Unified control system

=a =4 -8 -8 =4

The project is split into five Learning Outcomed). [
Learning Outcome 5 is dedicated to transferring the
knowledge gained during thdesign, installation and
operation oflte interventiongto busiress as usual activity
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One aspectf thisis to create aecision supporsoftware
tool tohelpDNO planners andesigrersassess the network
and select the most appropriate solution (smart or
conventional). This tool is called NPADDS (Network
Planning andesign Decision Support)

SOFTWARE FUNCTIONALI TY

NPADDS is a software tocimed at network planners,
designers and connections staffallow theassessment of
thedistributionnetwork for voltage and thermal issues and
to propose solutions where congtita are identifiedThe
following component®f NPADDSare discussed

1 Network Assessment;

1 Solutions Engine;

1 CentralDatabase.

The components are presented through a user intédface
provide a consistent design environmehtch follows the
process flowof the connectionssystems desigrand
planning functionsvithin Northern Powergrid.

Network Assessment

The assessment function within NPADDS accesses network
dataheld in a separate Oracle Spatial databs@ameters
such as customer types, customer ¢tian, @ble
impedances, transformer typesand spatial dataare
consideredin many instances, connections can be permitted
without reinforcement following a cursory assessment of the
networkandmore complicated studies aret requiredTo

this end, he tool contains three levels of network
assessmeibmplexity heuristics, worst case and timef-

use The user selects the simplest assesstypatand only
considers a more complicated assessment if necessary.

Heuristics

In this context, heuristics refeto the application of rules to
provide a basic assessmehiset ofrulesbased on simple
network parameters such as conductor length, type and
number of consumeme beingntegrated into NPADDS
This assessment type highlightetwork areas that have
ample capacity for the connection of moderate levels of
additional load and reduces the workload associated with

Time-of-Use (TOU)

A TOU assessment involves presenting customer
load/generation usage profiles to a load flow engine to
considerthe daily and seasonal patterns of load use. The
|l oad flow engines being
for LV assessment§~415V) a n d | PS AWV
assessmen($.6kV to 20kV)

Solutions Engine

The range of solutiorevailablethat a designenaychocse
isincreasing as new products come to market and emerging
fields such demanside responseecome viableNPADDS
appliesa common set of design guidaringhe form ofa
central database of solution costs and benefits. NPADDS
providessolutionsupport 6 a network designday:

1 Providing a ranked list of potential solutions to a
given constraint using Solution Templates;
1 Allowing the designer to model solutions on the

network model and perform a detailed assessment.

Solution Templates

The Smart Grid Form [5] produceda set ofgeneric
Solution Templateso parameterise the costs and benefits of
a range of novel and conventional solutions. The templates
include data othe effect on voltage and thermal headroom,
coss, life expectancydisruption and riskFaced with a
network constrainfNPADDSapplies a cosienefitfunction

to createa merit order of theapplicablesolutions, and
combinations of solutions, that have the potential to resolve
the constraint.

Detailed Solution Assessment

Once the network ds been assessed for constraint
violations and solutions have been proposgging the
tempaltesthe designewill havethe option of assessittige
proposedolutionsin more detail by directliyncludingthem
onto the network modelThe accuracy of theolution
modelling will be verified from results of the network trials

Central Database

The NPADDS Database is the central repository for all
configuration settingand generic datatoringload profiles
for all classifications of customerm®nstraintimits such as

performing more detailed network assessments, such aspermitted voltage levelsSolution Templatesind clauses

those inwlving load flow enginesThis is intended for high
volume, but simple, networsonnection requests.

Worst Case
This assessment typses load flow engines and operates
under the premise that all connection points are
simultaneouslyconsuming or exporting at their least
favourable levelsTwo scenariosire used:

1 Maximumload,minimumgenerationand

1 Minimumload,maximumgeneration.
Thesetypically correspond to tsmmer and wintetoad
profiles particularly where generation is dominated by PV.
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contained within policy and guidance documentatitsing
metadata within policy documentNPADDS will provide
context specific guidanaelevant to theiseractivity.

SOFTWARE IMPLE MENTATION

NPADDS is a webbased application built using the
Microsoft. NET FrameworkTheapplicatiorsitsabovetwo
Oracle databasesith a software interface separatitite
NPADDS business logic from its two load flow engines,
DE B U T aid IPSAM, for low voltage and high voltage
analysis respectively. This separatiifi allow alternative
load flowengines to be useddth relatively little effort.

used
for
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Neither engine provide a MicrosoftNET interface; andselect feedexfor assessment.
therefore a wrapper has been develdpedanipulatenput
and output text filesDE B U T i8'a desirable choice for NPADDS g,_qu
low voltage assessments, as it suppsrtsonaime-of-use T e R g B ST ST

analysis, based on a setusier definedonsumer profiles

In order to consolidate the differing network and Run Assessment
connectivity models expressed byEBUT ™ IPSA™,

Northern Powergrid and other DNOS! a generiC model for NPADDS will now perform a network assessment to highlight any possible
representing and communicating electrical networks is constraints.

reqUired' To meet thlS need1 the Common |nf0rmati0n Please select an assessment type and click "Begin Assessment" to continue.
Model (CIM) was selected for use in both the NPADDS
software layer and the Oracletwerk database. The CIM is

an open standard which is growing in popularity in the
energy industry. It was originally developed by the Electric
Power Research Institute (EPRI), and now consists of a
collection of standards managed by the International
Electro-technical Commission (IEC). By representing
networks in an industry standard format, the potential for
communication with other systems and data sets in the
future is enhanced.

Assessment Type | Baseine -

Selected Feeder

——  LVFeederCable

NPADDS DEMONSTRATION

In order to demonstrate the NPADDS toolsampleLV
network areahas been selectedrhe Wooler Ramsey e pa 28 11
20kV/400Vsubstation serves the sowthst area aiVooler, R M S R s 08

Northumberland supplying 199 customers.h& feeder i ]
which is the focus of our demonstration servesditiestic = T ——

customers. Theubstation is 815%VA ground mounted
transbrmer and théeeder construction is a mix of overhead  Figure 17 NPADDS Network Assessment Wizard
and underground radial conductoriere ard6 Economy

7 domestic customers (lowerighttime tariff) and 110 Assessment Results

standardsingletariff domestic customersompiising of a The TOU assessment withNPADDS was used to assess

mix of detached, sendetached and terraced housing. the maximum voltage dmp and voltage rise along the feeder
i if no reinforcement of the network was undertaken

Assessment Scenarios Substationand conductotoads werealsocompared with

The LCT dataprovided by DECC include Low, Medium their respective static rating
and High takeup scenariogJsingtheMediumLCT growth

scenario if2], the predicted takep rates for Heat Pumps, | Year | Maximum Maximum PeakLoad Maximum
Eledric Vehicles and SolaPV installations were mapped Voltage Drop | Voltage Rse | (% of Conductor
to the h . tock t . Tabl E (%) (%) transformer | Load (%
onto the housing stock tyjper various year¢Table . For rating) of rating)
the network modelan even distribution oLCTs was 2012 | 5.7 1.4 76 66
assumed 2020 | 13.9 6.4 167 145
2025 | 26.6 11.8 446 359
LCT Quantities 2030 | 29.8 13.9 483 379
Year Heat Pum Electric Solar Phote 2040 ?_1-9 18.2 537 426
P Vehicle Voltaic (kW) Table 21 Assessment results for LT take-up rates to
2012 1 0 12 20400n Wooler Ramsey Feeder A
2020 36 54 176
;ggg gg ;ﬁ &233?1 Baseso E C C’ sscdn&@idsthese results indicate that
2040 126 272 656 nearterm network reinforcementshould be significantly
Table 1i LCT predictions mapped ontoWooler Ramsey overspecifiedto cater for future demandghis raises the

importance oforecast accurgcTable 3allows comparison

The electricity usage profiles wetakenfrom [5]. Figure 1 of the Low, Medium and HighDECC LCT takeup
shows a screenshot of the network vimslon aspect of ~ Scenarios for 202[P].
NPADDS which allows the designtrview a network area
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Year Maximum Maximum Maximum Maximum CONCULSIONS
2020 Voltage Voltage Rise | Substation Conductor
Drop (%) (%) Load (% of | Load (% The work of distribution network planners and designers
rating) of rating) will become more complicated with the advent of LCTs and
Low 132 4.9 155 134 | solutions Assist il b ired t t th
Mediom | 13.9 6.4 167 145 novel solutionsAssistance will be required to set the
High 152 79 188 158 most appropriate solutions in response to load growth and
Table 3 i Effect of Low, Medium and High LCT new network connection requests. Designs should also be
estimates on Wooler Ramsey Feeder A applied consistently and linked to policies.

Usi ngMetiume ECT esti mat elpad F iT§isipager presesthed\pADDgsoftware toolvhich can

comparison between 2012 and 2(ffom data extracted ~ be used by planners to assess mwiiee network can no

from NPADDS longer support the envisaged load and by designers to

Load Profiles with LCTs (2012 and 2020) provide the most cosffective connections using both
smart and conventional solutions.
350 ——Winter 2012

P The example shows the effedt_CT uptakescenariosn a
heavily loaded network The solufons proposed by
NPADDS, using generic templateaeselectedo allowthe
network to operate without further connections until 2020.
On this example network no smart solutions are put forward
by the decision support tadResults from modelling the
LCT scenarios into the future highligtite needor accurate
forecasts of LCT penetratiaturingnetworkplanning and
designactivity.

Transformer Load (kVA)
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0 FURTHER WORK
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Figure 271 Transformer Load Profiles (2012 and 2020) The NPADDS software tool iill in development-urther

work includes
1 Development of heuristics for simple tnerk
assessments
Assesmg solutiorswithin specific network area
Modifying the solutions engine to account for the
time that the solution isxpectedo be viable
1 Integrating M/ and LV assessments to more
accurately determine available headrgom
Solution Name Somer] onecicrey QDS 1 Developnent of the policy database toopide
context specific links to documedfuss;

ProposedSolutions

A costbenefitfunctionis applied to the Solution Template
datato producea merit orderfor the2 020 “ Medi u |4I1
scenario ashown inFigure3. l

Please assess one or more solutions and then select your preferred solution.

Suggested Solutions

Cost Lifetime Assessment

20kV/415V replacement transformer

1 Splitthe LV feeder low | S0 | dovees | TR 1 Incorporaing learning fromtheCLNR project and
2 DW/ISVreplacomentuanslomer o, fas00  doyers  ASSESS other LCNF and smart grid projects
20kV/415V replacement transformer . 3
3 Splitthe LV feeder Medium £186000 20years  ASSESS The NPADDS tool is scheduled for completion end 2013.
Install LV voltage regulators
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