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system presently used on Shetlanfbr scheduling
ABSTRACT Enhancecaontrollability will also make it possible fahe
heating load$o respondo changes in frequency.

The Northern Isles New Energy Solutions (NINg&S)ect The ANM scheme willproduceoperating schedules and

is an extension to existing forms of Active Network active sefoints forthe DDSM devicedo follow based on
Management (ANM) and demonstration of the future  |5ad and generation forecasts and present network
Aismart grido. The NI NB&Gpr ochfifohs. | Bynamib dchdd@iry 9i @eitdti by fhe

a solution toaccommodad increased levels of renewable deployment of a balanciraigorithm on the ANM platform.
generation within a constrained distribution network The balancing algorithm produ

Dynamic scheduling of domestic loads is a fundamental 5, the storage and immersion heatesing forecasts of

aspect of theoverall solution It is the intentionof the their energy requirements as an inpBthedds generated
project to .demonstrate thathe dispatch of domﬂic by the ANM shieme seek to meet tiierecastecenergy

demand side management (DDSMpd can relieve requirements aheheaters buby manipulaing the timing

constraintson new renewablemndreducethevariationin of this energy(electrical)consumptiorto entance overall
net demandthat must be supplied blerwick Power system operation.

Station.This paper discusses and presehtsresults ofa

smalltrial of new DDSM equipmenthe paper goes onto  The NINES project is a major initiative and represents one
discuss how théessondearned have been incorporated o the most comprelsive and ambitious smart grid

into the architecture and control philosophy adopted forthe  ygjects in the world1]. DDSM is central to the whole

wider roll outof DDSM across th&hetlandslands concept ané smaller trial of this technology in six homes
has provided valuable insight into the practicalities of
INTRODUCTION implementatio. This paper describes the resultd lssons

learned from thaitial six home trial The architecture and
The Northern Isles New Energy Soluts{iNINES) project control philosophy adopted for the wider roll out to
will trial a set of new technologies and solutions including approximately250homesin Shetlands then explained.
domesticdemand side management (DDSMhe key

objectives of the NINES project aie
DDSM TRIAL

f Allow the maximum possible amount of  Asaprecursor tothe NINES project, Scottish and Southern
renewable generation to be connected and reduce Energy Power Distribution(SSEPD), Glen Dimplexand
the amount of fossfliel consumption. Smarter Grid Solutions (SG8ympleted a trial of the new

1 Reduce the difference between the minimum and immersion and storage heateasd prototype DDSM
maximum dailynetdemand that must be supplied  control infrastructurén ShetlandThistrial wasfundedas a

by Lerwick Power Statio(LPS) _ Low Carbon Network Fundier 1 project[2]. This trial
1 Enable the provision of ancillary services from a  tested the performance of the immersion and storage
wider range of customers on Shetland. heaters, the associateBDSM controllers and the

fundamentaprinciples behind the system.
In order to meet thesebjectives an innovative Active
Network Management (ANM) scheme is being deployed to  The primary goal of the trial wereto investigate control
overseeaand coeordinatethe operation ofiew controllable strategies forthe storageand immesion heaters and
DDSM devices.New products supplied by Glen Dimplex  examine the interactisbetweerthe new DDSM devices,
will replace the existingstorage heaters and immersion their schedules and tleecupierof the homesSecondary
heaers in selected homes on Shetland. The installation will objectives included investigating the provision of automatic
proceed in stages over two years startiregity 2013 The frequency response from tB®SM devices. The intention
total number of homes involved represents approximately was thatthe new devices would follow a predefined
2 MW of electrical demand arD MWh of thermal energy schedule Individual devices would respectighschedule
storage. Enhanced contebility of the new heaters will and the majority of the devi@nergyconsumptiorwould
enable sophisticated scheduling of power consumption; a bewithin theallowedschedule pericsl
significant technological advance over the radleswitch
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Theimmersion heaters and controll@rsreinstalled insix heaters.The inhanitants retain the ability to switch the
Lerwickhomesn November 20Qand storage heatesere device off or override the set point with a boost facility.
installed inJune2011[2]. In support of thdrial, a central Theseconstraints combine teducethe degree to which

control platform was installed in theSGS offices in devices follow schedules.
Glasgow A GeneraPacketRadioSystem (GPRSgellular
communications systenconneted the central control Performance of the Heaters

platformand the_ocal Interface ®ntroller (LIC) installed The resultsrom the trial wereariable[2] andtheinstalled
in each homeThe schedules were sent from the central devices exhibéd a range ofbehaviours The results
control platform to each LICThe LICs hold the schedules ~ demonstrate thaedevices are capable aéntrolling their
and issue set points to the heaters within the homes at power consumption timllow aschedulebut at timesictual

appopriate timesThe architecture is shown imure 1. power consumption will elviate significantly from the
scheduleThe degree to which the deviasviate from the

A scheduleis a set of discrete targsét pointvalues each schedule is dependent @ number of externalariables,

corresponding to a specific time interv@larget set points whichinclude thevolume of energy used by the individual

are specified asa percentage ofhe rated power beach customes and the timing of the energy usagih some

device. Theimmersion heaters and storage heaters are cass, the devices do not follow the schedule ataaltl

expected to consume energy at a rate close tarpet set operate in standalone mode.

point value, but these valuese not binding and can be

overridderby thed e v i lac@ éostrol system Figures 2 and3 showthe performancef a number of

immersion heatsrovera 48 tour window. In each of the
figures,the red dashed ling@nd pink shadingghows the
schedle, and the blue lineindicates actual power
consumption In Figure 2it can be seen thdhe heater
respeatdtheschedule asnergywasconsumeduring the
scheduled periodnly, and theactual power consumption
was never above the scheduled levdHowever, as the
scheduled energy consumptiafithe immersion heater was
far greater than what was required, there were long periods
where the heater could not matble scheduled target set
point.

Figure 2: Example immersion heater consumption vs schedule.

In Figure 3 thescheduledenergy consumptionof the
immersion heaterslid not match what wasrequired,
Control Hierarchy resulting inthe heatebreachinghescheduleset points and

The immersion heatetsea hierarchical control systetm consumingenergy outside of the scheduled pesiod
regulatewater temperaturavithin an upper and lower

temperaturdimit that ensure user comfort and device

safety. Similarlythe coréemperature dhe storage heater

is regulated by itsontrol systento be withina temperature

range thaensures user comfort and device saf&ipnally,

the design of the trial system ensured thattihe me 6 s

inhabitantsretaired control of thestorageand immersion

Figure 1: DDSM Trial System Architecture
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