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PREFACE

Wetakeanopportunitytopresentthisprojectreporton

“AUTOMATICSTREETLIGHTSUSINGBUCK-BOOSTRELAYAND

SOLARPANEL”andputbeforereaderssomeusefulinformation

regardingourproject.

Wehavemadesincereattemptsandtakeneverycareto

presentthismatterinpreciseandcompactform,thelanguage

beingassimpleaspossible.

Wearesurethattheinformationcontainedinthisvolume

wouldcertainlyproveusefulforbetterinsightinthescopeand

dimensionofthisprojectinitstrueperspective.

Thetaskofcompletionoftheprojectthoughbeingdifficultywas

made quite simple,interesting and successfuldue to deep
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Introduction:

DidyoueverthinkthathowthestreetlightsautomaticallyturnON
inthenightandturnOFFautomaticallyatmorning?Isthereany
personwhocomestoON/OFFtheselights?Thereareseveral
waystoturnonthestreetlightsbutthefollowingcircuitdescribes
an AutomaticStreetLightControllerCircuitthatusesLDRand
Relaytoperform thisjobautomatically.

The circuit employed here is an uncomplicated light/dark
activatedswitchandcontainsarelayatitsoutput,whichsimply
turnsON/OFFastreetlightandfurthercanbeextendedtocontrol
anyelectricalapplianceinahousehold.

Manypeoplehaveaphobiaofdarkness,sotoassistthem insuch
situations, we have explained a simple circuit that will
automaticallyturnonthestreetlightconsistingofLEDsorbulb
coupledwithrelay.Itislitwellenoughtoseetheobjectsnearby.

Thiscircuitisveryeasytoworkaroundandalsoitisbattery
operated.Thepowerconsumedbythecircuitisverylowbecause
oftheveryfewcomponentsusedinthecircuit. 

ThewholecircuitisbasedonIC LM358,whichisbasicallyan
operationalamplifierthatisconfiguredinavoltagecomparator.
LDR(Lightdependingresistor),whoseresistanceisbasedupon
thequantityofthelightfallingonit,isthemaincomponentfor
sensingthelight.Alongwiththese,afew morecomponentsare
alsoused.

Importanceofsolarenergyusingondailybasis:
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ThePromiseofSolarEnergy:

Alllifeonearthissupportedbythesun. Thisamazingresource
radiatesenergyandprovidesusbothheatandlightbyfusing
hydrogenintohelium atitscore. Wecallthissolarradiation.
OnlyabouthalfofthissolarradiationmakesittotheEarth’s
surface.Therestiseitherabsorbedorreflectedbycloudsand
theatmosphere.Still,wereceiveenoughpowerfrom thesunto
meetthepowerdemandsofallmankind—millionsoftimes
over. Solarenergy—powerfrom thesun—isavast,
inexhaustible,andcleanresource.

Sunlight,orsolarenergy,canbeuseddirectlyforheatingand
lightinghomesandbusinesses,forgeneratingelectricity,and
forhotwaterheating,solarcooling,andavarietyofother
commercialandindustrialuses. Mostcritical,giventhe
growingconcernoverclimatechange,isthefactthatsolar
electricitygenerationrepresentsacleanalternativetoelectricity
from fossilfuels,withnoairandwaterpollution,noglobal
warmingpollution,norisksofelectricitypricespikes,andno
threatstoourpublichealth.

Thesolarresourceisenormous. AccordingtotheUS
DepartmentofEnergy,theamountofsunlightthatstrikesthe
earth’ssurfaceinanhourandahalfisenoughtohandlethe
entireworld’senergyconsumptionforafullyear. Just18days
ofsunshineonEarthcontainsthesameamountofenergyasis
storedinalloftheplanet’sreservesofcoal,oil,andnaturalgas.
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And,onceasystem isinplacetoharnessthesolarresource
andconvertitintousefulenergy,thefuelisfree.

TheGrowthofSolarEnergy:

Since2008,U.S.installationshavegrownseventeen-foldfrom
1.2gigawatts(GW)toanestimated30GW today,enoughto
powertheequivalentof5.7millionaverageAmericanhomes.
Since2010,theaveragecostofsolarPVpanelshasdropped
morethan60%andthecostofasolarelectricsystem has
droppedbyabout50%.Solarelectricityisnowconsideredtobe
economicallycompetitivewithconventionalenergysourcesin
severalstates,includingCalifornia,Hawaii,Texas,and
Minnesota.

TheBasicsofSolarEnergy:

So,whatarethebasicsofsolarenergysystems? Firstofall,
solarenergysystemsvarydependingonapplicationandsize.
 ResidentialsystemsarefoundonrooftopsacrosstheUnited
States,andbusinessesarebeginningtoinstallsolarpanelsto
offsettheirenergycosts.Utilities,too,arebuildinglargesolar
powerplantstoprovidecleanerenergytoallcustomers
connectedtothegrid.

Regardlessofthespecificsofagiveninstallation,therearetwo
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maintypesofsolarenergytechnologiesphotovoltaic(PV)and
concentratingsolarpower(CSP). Mostpeoplearefamiliarwith
PVtechnologybecauseofthesolarpanelstheyseemoreand
moreonthetopsofbuildingsoronesplacedonthe
InternationalSpaceStation.

Whenthesunshinesontooneofthosesolarpanels,photons
from thesunlightareabsorbedbythecellsinthepanel,which
createsanelectricfieldacrossthelayersandcauseselectricity
toflow. PVinstallationsmaybeground-mounted,rooftop
mountedorwallmounted.Theymaybemountedina
permanentorientationtomaximizeproductionandvalueor
theymaybemountedontrackersthatfollowthesunacrossthe
sky. RooftopPVpanelsmakesolarpowerviableinvirtually
everypartoftheUnitedStates.InasunnylocationsuchasLos
AngelesorPhoenix,afive-kilowattresidentialsystem produces
anaverageof7,000to8,000kilowatt-hoursperyear,roughly
equivalenttotheelectricityusageofatypicalU.S.household.

Thesecondtechnologyisconcentratingsolarpower(also
calledconcentratedsolarthermalandCPS).Itisusedprimarily
inverylargepowerplantsandisnotappropriateforresidential
use.Thistechnologyusesmirrorstoreflectandconcentrate
sunlightontoreceiversthatcollectsolarenergyandconvertit
toheat. Theheatisusedtodriveaheatengine,usuallyasteam
turbine,thatisconnectedtoanelectricalpowergenerator
whichisthenusedtoproduceelectricity.

Ourfutureclearlydependsonourabilitytoutilizesolarand
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otherrenewablesourcesofenergy. Expandingtechnologies,
taxincentives,andutilitycompaniesadaptingtosolar
customersareallencouragingdevelopmentsinthefieldof
solarenergy. Mostimportant,however,istorememberthat
averagedovertheentiresurfaceoftheplanet,asquaremeter
collects4.2kilowatt-hoursofenergyeverydayfrom thesun,or
theapproximateenergyequivalentofnearlyabarrelofoilper
year.
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Solarstreetlights areeffectiveand efficientlight
sourcesinwhichpowerisfedwiththehelpof Photo
-voltaic Panels.
Theyaregenerallymountedonthelightingstructure.
Thereisa Rechargeablebattery,whichischargedby
photovoltaicpanels.
Thenthechargeofthatbatteryisusedtopowers
a fluorescent or LedLamp duringthenight.
Therehavesensors,throughthem solarpanelsturn
onandturnoffautomaticallybysensingoutdoor
lightwiththehelpoflightsource.
Theyaredesignedtoworkatnight.

Circuitdiagram ofautomaticstreetlightcontrolsystem.
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Upperdiagram isautomaticstreetlightingsystem.
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Componentusedinautomaticstreetlight:

 ICLM358 
 Resistor
 Potentiometer
 RelayModule
 SmallLEDStrip
 Battery
 LDR

ComponentsDescription:

LM358

ItisanOperationalAmplifierIC.Itisavailableib8-pinDIPPackageandcanbe
usedinseveralconfigurationslikeAmplifier,oscillator,comparatoretc.

LDR

LDRisadevicewhosesensitivitydependsupontheintensityoflightfallingonit.
WhenthestrengthofthelightfallingonLDR increasestheLDR resistance
decreases,whileifthestrength ofthelightfallson LDR isdecreased,its
resistanceincreased.

Inthetimeofdarknessorwhenthereisnolight,theresistanceofLDRisinthe
rangeofmegaohms,whileinthepresenceoflightorinbrightnessindecrease
byfewhundredohms.

TestingofLDR

Beforemountinganycomponentinthecircuititisagoodpracticetocheck
whetheracomponentworksproperlyornotsothatyoucanavoidconsumption
oftimein troubleshooting.Fortesting LDR settherangeofmultimeterin
resistancemeasurement.
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MeasuretheresistanceofLDRinthelightorbrightnessandtheresistancemust
below.Now,covertheLDRproperlysothatnolightfallsonitandonceagain
measuretheresistance.Itmustbehigh.Ifyougotthesatisfactoryresult,then
yourLDRisgood.

Resistor

Itisapassivecomponenthavingtwoterminalsthatisusedtomanagethe
currentflow in the circuit.A currentthatflows via a resistoris directly
proportionaltothevoltagethatappearsacrosstheresistor.

Resistorsareoftwotypes–

i)FixedResistor–havingafixedvalueofresistance
ii)VariableResistor–whosevalueofresistancecanbechangedforexampleif
wehavearesistorof5Kthenthevalueofresistancewillvaryfrom 0to5k.

Valueofresistancecanbecalculatedwiththehelpofmultimeterorwiththe
colorcodethatisvisibleontheresistor.

Relay

Itprovidesisolationbetweenthecontrollerandthedevicebecauseasweknow
devicesmayworkon AC aswellason DC buttheyreceivesignalsfrom
microcontrollerwhichworksonDChencewerequirearelaytobridgethegap.
Therelayisextremelyusefulwhenyouneedtocontrolalargeamountofcurrent
orvoltagewiththesmallelectricalsignal.

FactorsforSelectinganappropriateRelay

 Thevoltageandcurrentrequiredtostrengthenthecoil.
 Themaximum voltagewhichwewillacquireintheoutput.
 Amountofthearmature.
 Amountofcontactsforthearmature.
 Numberofelectricalassociates(N/OandN/C).
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Working of Automatic StreetLightControllerSwitch

Circuit:

Theworkingofcircuitisverymucheasytounderstand.Inthiscircuit,weusedIC
LM358,whichisbasicallyanoperationalamplifier.Pins2and3oftheseICare
usedtocomparethevoltageandgiveusanoutputashighorlowdependingon
thevoltagesattheinputpins.

Inthiscircuit,LDRand10KΩResistorform onepotentialdividerpair,whichis
usedtoprovideavariablevoltageatthenon-invertinginput(thatisPin3).The
secondpotentialdividerisbuiltaroundinvertinginput(Pin2)withthehelpof
10KΩPotentiometer,whichwillsupplyhalfofthesupplyvoltagetoinvertingpin.

Asweknow thepropertyofLDRthatduringthedaytime,itsresistanceislow,
thevoltageatthenon-invertinginput(i.e.pin3)ishigherthanthevoltageatthe
invertinginput(pin2).Hence,theoutputatthepin1ishigh.Asaresult,therelay
isOFFandtheLED(orthebulb)willnotglow.

Butindimnessoratnighttime,weknowthatresistanceofLDRishigh.Hence,
thevoltageat non-invertinginputpin3oftheIC LM358decreasesthanthe
invertinginputpin2.Asaresult,theoutputpin1movestolow state,which
furthermakestherelaytoactivateandtheLEDorbulbassociatedtoitwillglow.
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AUTOMATICBIDIRECTIONALPOWERMANAGEMENT

USINGBUCKBOOSTCONVERTER:

INTRODUCTION:

Inrecentyears,shortageofpetroleum isconsideredasoneof

themostcriticalworld-wideissues,costlyfuelbecomesamajor

challengeforcustomerssowedevelopedelectricvehiclesbutthe

drivingrangeisstilltoolimited.Inmanyremoteor

underdevelopedareas,directaccesstoanelectricgridis

impossible.Atypicalsolutionofthisproblem isrenewable

energieslikephotovoltaicinvertersystem wouldmakelifemuch

simplerandmoreconvenient.Soweareproposessystem to

rechargingwithmultisourcesinanelectricvehiclewithconstant

voltage.Thatcanimprovesbatteryperformanceandlife.These

electricvehicleshelptokeeptheenvironmentcleanbyreducing

theamountoftoxinsemittedfrom standardexhaustsystemsand

loweroperatingcostthantheconventionalinternalcombustion

enginebasedvehicle.

Existingtechnologies:

Electricvehicleareoperatedbyusingbatteriesthatarerecharged

throughpluginfrom grid.Intheseprocesses,itcantakelotof

timetorechargethebatteryandalsoassociateslesspower

packagesodrivingrangeistoolimited.Thenonlycustomersare

usedtodrivesmalldistances,thatbatteriesarenotdischarge

fully.Atthisstate,againitrechargingthebatterymeanselectrons

areaffectedinbatterythatcausesreducebatterylifeand

performance.Thereareproposedmanywaystoimprovebattery
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performanceandlifeusingconverters,semiconductingdevices,

etc.Recently,researchintothefieldofpowermanagementin

batteryhascontinuedtoreceivemuchattentioninacademia.

a)ApowerconverterforbatteryusedinthePlug-inHybrid

ElectricVehicleisproposed,whichcouldchargeanddischarge

thebatteryeffectively.Thesystem iscomposedoftwoparts:a

threephasefullbridgePWM rectifierandaDC/DCconverter.The

PWM rectifierisutilizedtorectifythethreephaseACtoDC

voltage,whichshouldbehigherthanthebatteryterminalvoltage.

TheDC/DCconverterisconstructedbyabuck-boostcircuit,

whichisabuckcircuitunderchargemodeandaboostcircuit

underdischargemode.Thedirectcurrentcontrol(DCC)algorithm

isresponsibleforrectifyingtheACoutputanddiminishingthe

totalharmonicsdistortion.Theproportional-integralcontroller

andbang-bangcontrolleristocontrolthechargingcurrentand

voltage.

b)Thedesignandperformanceofa6-kW,full-bridge,

bidirectionalisolateddc-dcconverterusinga20-kHztransformer

fora53.2-V,2-kWhlithium-ion(Li-ion)batteryenergystorage

system.Thedcvoltageatthehigh-voltagesideiscontrolledfrom

305to355Vasthebatteryvoltageatthelowvoltagesidevaries

from 50to59V.Themaximalefficiencyofthedc-dcconverteris

measuredtobe96.0%duringbatterycharging,and96.9%during

batterydischarging.Moreover,thispaperanalyzestheeffectof

unavoidabledc-biascurrentsonthemagnetic-fluxsaturationof

thetransformer.Finally,itprovidesthedc-dcconverterloss

breakdownwithmorefocusonthelow-voltage-sideconverter.
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c)Thehybridelectricvehiclehascometotheforefrontasthe

leaderforalternativefuelvehicles.Withtheincreaseddemandfor

HEVs,moreresearchhasgoneintotheimprovementsofthese

vehicles.Inordertoachievebetterperformanceintermsofmiles

pergallon,speed,andpower,researchershavefocusedonmany

elementsofthevehicleandhowtheseelementsaffecttheoverall

vehicleperformance.Onesuchelementthathasbeenahighly

discussedtopichasbeenthebatterysystems.Currentbattery

technologyhasbeenalimitingfactorwhenitcomestosome

aspectsoftheoverallperformanceofthevehicle.

d)Anewbattery/ultra-capacitorhybridenergystoragesystem is

proposedforelectricdrivevehiclesincludingelectric,hybrid

electricandplug-inhybridelectricvehicles.Comparedtothe

conventionalhybridenergystoragesystem design,whichusesa

largerDC/DCconvertertointerfacebetweentheultracapacitor

andthebattery/DClinktosatisfytherealtimepeakpower

demands,thesedesignusesamuchsmallerDC/DCconverter

workingasacontrolledenergypumptomaintainthevoltageof

theultra-capacitoratavaluehigherthanthebatteryvoltagefor

themostcitydrivingconditions.Thebatterywillonlyprovide

powerdirectlywhentheultra-capacitorvoltagedropsbelowthe

batteryvoltage.Therefore,arelativelyconstantloadprofileis

createdforthebattery.

e)Asingle-phasebidirectionalAC-DCconverterandbidirectional

DC-DCconverterisproposedtotransferelectricalpowerfrom the
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gridtoanelectricalvehicle(EV)andfrom anEVtothegridwhile

keepingimprovedpowerfactorofthegrid.Infirststage,a230V

50HzACsupplyisconvertedinto380Vdcusingasingle-phase

bidirectionalAC-DCconverterandinthesecondstage,a

bidirectionalbuck–boostdc-dcconverterisusedtochargeand

dischargethebatteryofthePHEV(Plug-inHybridElectricVehicle).

Indischargingmode,itdeliversenergybacktothegridat230V,

50Hz.Abatterywiththechargingpowerof1.2kW at120Vis

usedinPHEV.ThebuckboostDC-DCconverterisusedinbuck

modetochargeandinaboostmodetodischargethebattery.A

proportional-integral(PI)controllerisusedtocontrolthecharging

currentandvoltage.

B.Proposedsystem:

Intheproposedsystem consistsoftwomaincomponents,oneis

positivebuckboostconverter(i.e.DCtoDCconverter)and

anotheroneisPIC16F877A.Converterisusedtomanagingthe

inputsourcesfrom renewableenergiesorgrid,thencontrolleris

usedtomonitoringthesystem anddisplayingthestatusforuser

reference.Thissystem overcomesthedrawbacksofprevious

system likebatteryefficiencyandlife,drivingrange,recharging

battery,etc.thismethodgreatlysimplifiestherechargingsystem

inelectricvehicle.Theproposedsystem willbepresentedand

verifiedindetailinthispaper

II.SYSTEM ARCHITECTURE:

IR@AIKTC-KRRC
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Thissectiondescribestheconceptualdesignofaflexibleand

lowcostelectricvehicleinfrastructureisfollowsbelow
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Figure1.PowerManagementBlockDiagram
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Figure2.MonitoringSystem BlockDiagram

Fig.1andFig.2describestheprocessoftheelectricvehicle

powermanagementandmonitoringsystem.Thedetailed

descriptionoftheproposedsystem isasfollows:

•Normallyelectricvehicleareoperatedbyusingbattery(i.e.

lithium ionbattery).Inaproposedsystem,thatisrechargedin

frequentmannerbyusinggridandalsofrom solarenergy.These

areoperatedaslikepreviousmethodelectricvehicle.

•Bothinputsourceareinterfacedintotherelay,thatrelayunitis

controlledbycontroller.

•Thenrelayunitisconnectedintoconverter,becausetheoutputs

ofphotovoltaicsystemsarevariedifthebatteryisdirectly

rechargedmeansthatcausesreducebatterylife.

•Converterisusedtoproduceconstantoutputvoltagesthatwill

helptoimprovebatteryperformance.Theoutputofthebuck

boostconverteristheinputofbatterybank.

•Eachdeviceintheblockdiagram isconnectedtothecontroller,

becausethecontrollerisusedtomonitoringtheprocessof

system anddisplayingthestatusofthesystem throughdisplay

(i.e.likeliquidcrystaldisplay).

•InFig.2consistofairbag,PIRsensor,GPSmodule,GSM

module,etc.

•Theusergivesinputsthroughmobiletomodule.

•Thenitshouldresponseaspertheinputconditions.

•Sothesesystemspreventsfrom theftalso.

IR@AIKTC-KRRC
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CIRCUITDESCRIPTION2.1Converteroperation:

Thebidirectionaldc-dcconvertershowninFigure1isoperatedin

continuousconductionmodeforforwardmotoringand

regenerativebrakingofthedcmotor.TheMOSFETsQ1andQ2

areswitchedinsuchawaythattheconverteroperatesinsteady

statewithfoursubintervalsnamelyinterval1(t0-t1),interval2(t1-

t2),interval3(t2-t3)andinterval4(t3-t4).Itshouldbenotedthat

thelowvoltagebatterysidevoltageistakenasV1andhigh

voltageloadsideistakenasV2.ThegatedrivesofswitchesQ1

andQ2areshowninFigure3.Thecircuitoperationsinsteady

statefordifferentintervalsareelaboratedbelow.
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Converteroperatingmodes.
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Interval1(t0-t1):Attimet0,thelowerswitchQ2isturnedONand

theupperswitchQ1isturnedOFFwithdiodeD1,D2reverse

biasedasshowninFigure2(a).Duringthistimeintervalthe

converteroperatesinboostmodeandtheinductorischargedand

currentthroughtheinductorincreases.

Interval2(t1-t2):DuringthisintervalbothswitchesQ1andQ2is

turnedOFF.ThebodydiodeD1ofupperswitchQ1starts

conductingasshowninFigure2(b).Theconverteroutputvoltage

isappliedacrossthemotor.Asthisconverteroperatesinboost

modeiscapableofincreasingthebatteryvoltagetorunthemotor

inforwarddirection.

Interval3(t2-t3):Attimet3,theupperswitchQ1isturnedONand

thelowerswitchQ2isturnedOFFwithdiodeD1,D2reverse

biasedasshowninFigure2(c).Duringthistimeintervalthe

converteroperatesinbuckmode.

Interval4(t3-t4):DuringthisintervalbothswitchesQ1andQ2is

turnedOFF.ThebodydiodeD2oflowerswitchQ2starts

conductingasshowninFigure2(d).2.2Converterdesign:Thebi-

directionalconverterisdesignedbasedontheinputsupply

voltageandoutputvoltagerequirementtodrivetheelectric

vehicleatdesiredspeed.Theconverterpowertopologyisbased

onahalfbridgecircuittocontrolthedcmotor.

IR@AIKTC-KRRC

ir.aiktclibrary.org



STREETLAMPUSINGBUCK-BOOSTRELAYSANDSOLARPANELS

A.I.K.T.C

CONTROLSTRATEGY:

Thecontrolcircuitofthebidirectionalconverterisshownin

Figure4.Tocontrolthespeedofthedcdrive;onepossiblecontrol

optionistocontroltheoutputvoltageofthebidirectional

converter.Tocontroltheoutputvoltageofthebidirectional

converterfordrivingthevehicleatdesiredspeedandtoprovide

fastresponsewithoutoscillationstorapidspeedchangesaPI

controllerisusedanditshowssatisfactoryresult.Inthiscontrol

techniquethemotorspeedωm issensedandcomparedwitha

referencespeedωref.Theerrorsignalisprocessedthroughthe

PIcontroller.Thesignalthusobtainediscomparedwithahigh

frequencysawtoothsignalequaltoswitchingfrequencyto

generatepulsewidthmodulated(PWM)controlsignals.

Controlofthebidirectionaldc-dcconverter.
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Batteryrequirementforautomotiveapplication:

MainlyNickel-Metalhydride(NiMH)andLithiumionbatteriesare

usedinvehicularapplicationduetotheircharacteristicsinterms

ofhighenergydensity,compactsizeandreliability.Thebatteryis

beingrechargedbytheregenerativecapabilitiesoftheelectric

motorswhichareprovidingresistanceduringbrakinghelpingto

slowdownthevehicle.Thelithium-ionbatteryhasbeenprovento

haveexcellentperformanceinportableelectronicsandmedical

devices.Thelithium-ionbatteryhashighenergydensity,hasgood

hightemperatureperformance,andisrecyclable.Thepromising

aspectsoftheLi-ionbatteriesincludelowmemoryeffect,high

specificpowerof300W/kg,highspecificenergyof100Wh/kg,

andlongbatterylifeof1000cycles.Theseexcellent

characteristicsgivethelithium-ionbatteryahighpossibilityof

replacingNiMHasnext-generationbatteriesforvehicles.

SIMULATIONRESULTS:

Performanceofthedcmotordrivewiththeabovebatterymodel

andbidirectionalconverterissimulatedunderdifferentspeed

command.Thesimulationsarecarriedoutusing

MATLAB/SIMULINK.Theinductorparasiticresistanceand

MOSFETturn-onresistancearenotconsideredinthiscase.For

thetestconditionoftheproposeddrivetopologythefollowing
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valuesofthedifferentcomponentsoftheconverterare

considered.AseparatelyexcitedDCmotormodelisusedasload

tothebidirectionaldc-dcconverter.Themotorratedat5hp,240

V,and1750rpm.Principalparametersofthebidirectional

converterare:L=1600μH,CH=470μF,CL=470μF,fSW =20kHz

Batteryvoltage=48V.Batterycapacity=16Ah,SOC=88%.

CONCLUSION:

Inthisworkwedemonstratetheperformanceofabattery

operatedelectricvehiclesystem anditshowssatisfactory

performanceatdifferentdrivingcondition.Theproposedcontrol

techniquewithPIcontrollerfindsuitableforthiselectricdrive.

Theoverallcostandvolumeofthebatteryoperatedelectric

vehicleislesswiththeleastnumberofcomponentsusedinthe

system.
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AboutBuck-BoostTransformer:

Sometimesusedaspush-pulltransformers,areatypeof
transformerthatisusedtosupplypowertoelectricalequipment
incaseswhenthevoltagerequirementsofthatequipmentare
differentfrom theavailablelineorsupplyvoltage.Theneedto
raisethesupplyvoltagemightresultfrom adropinlinevoltage
duetoequipmentdemandonthepowerdistributionsystem,or
from linelosses.Shouldthesupplyvoltagetoequipmentbe
unstable,theperformanceofthatequipmentmaybeimpacted,
causingittonotoperateatpeakefficiency,orinextremecases,
prematureequipmentfailuremayresult.Forexample,amotor
thatisoperatedatalevelofvoltagewhichissignificantlybelow
itsratedvaluemayrunconstantlyonitsstarterwindings,
resultinginoverheatingandpossibleburnout.

The2008NationalElectricCode(NEC)HandbookSection210.9
definesabuck-boosttransformerasonethat providesameans
ofraising(boosting)orlowering(bucking)asupplylinevoltageby
asmallamount(usuallynomorethan20percent). Whilestandard
transformersaltertheinputvoltagetoavalueofoutputvoltage
thatmaybesubstantiallydifferentfrom theinput,buck-boost
transformersaredesignedtomakemoremodestchangesto
voltagelevels,usuallylessthan+/-30percent.

Buck-boosttransformersconsistoftwoprimarywindingsand
twosecondarywindings.Instandardtransformerdesigns,the
primaryandsecondarywindingsaretypicallyisolatedfrom each
otherelectrically,meaningthattheyareonlycoupledmagnetically
throughmutualinduction.Withbuck-boosttransformers,however,
thedesignconfigurationisalteredtooneinwhichthewindings
areconnectedtoallowtheinputorsupply-sidevoltagetobe
alteredasneededtosuitthespecificapplication.Usingthis
approach,theoutputvoltageofthetransformercanbeavalue
thathasbeenbucked(lowered)orboosted(raised)from thatof
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thesupplyvoltage.

Fortheoperationofequipmentthatisrunningonsingle-phaseAC
power,onebuck-boosttransformermaybeused.Severalunits
areneededtoadjusttheinputvoltageforthree-phaseAC
poweredequipment,dependingonthetypeofthree-phase
connectionemployed,opendeltaorwye.Four-wirewye
configurationswillrequirethreebuck-boosttransformers;3-wire
wyeconfigurationswillneedtwobuck-boosttransformers.

SinglephaseBuck-Boosttransformerconnectiondiagram:

Belowfigureshowsanexampleofanelectricalconnection
diagram thatillustratestheconnectionconfigurationforsingle-
phasepowertoboostandbuckasupplyvoltage.Toobtaina
boostinoutputoverthesupplyvoltage,theinputvoltageis
appliedacrosstwoofthefourwindingsandtheoutputisdrawn
from terminalsthatareacrossallfourwindings.Theoppositeis
donewhenthegoalistobuckasupplyvoltagedowntoalower
voltageoutput.
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Buck-boosttransformersarebuiltasisolationtransformers,
meaningtheyhaveseparateprimaryandsecondarycoils.Once
theunitisreadytobeinstalledon-site,theinstallationteam or
end-usercanconnecttheprimarytothesecondarytochangethe
device’selectricalcharacteristics.Bywiringtogethertheprimary
andsecondarywindings,thebuck-boosttransformerfunctionsas
asingle-windingautotransformer.Usingadditiveandsubtractive
polarity,smallchangestovoltagecanbeachievedinanelectrical
distributioncircuit.Manufacturersprovidespecificconnection
diagramsapplicabletotheirdifferenttransformermodelsto
achievethedesiredoutputvoltagebuckorboost.Theuseoffour
windingsinbuck-boosttransformerspermitsthedevicetobe
wiredineightdifferentwaysorconfigurations,makingbuck-
boosttransformersflexibleenoughtomeetavarietyof
applicationconditions.
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Buck-Boosttransformerapplication:

Commonusesofbuck-boosttransformersareasfollows:

 toboost110VACto120VAC
 toboost240VACto277VACforlightingapplications
 toprovidelowvoltageoutputsof12,16,24,32,or48VAC

from ahighvoltageinput

Buck-boosttransformersareusedinapplicationssuchas
powering:

 Airconditioners
 ACmotors
 Pumps
 Tanningbeds
 Controlcircuits
 Industriallightingsystems
 Telecommunicationsapplications
 UninterruptablePowerSupply(UPS)forcomputersystems

Buck-boosttransformersaregenerallyhighlyefficient,havea
smallerfootprint,arelighter,weighless,andarelessexpensive
thanothertransformersolutionssuchasadistribution
transformer.Afewofthelimitationsofthesedevicesarethat
theydonotoffercircuitisolation,theycannotprovideaneutral,
andtheycannotbeusedwithacloseddeltathree-phasewiring
configuration,Itshouldbenotedaswellthatbuck-boost
transformersdonotprovideanyvoltagestabilization,soifthe
supplysidevoltagefluctuates,theoutputvoltagewillchangeby
thesamepercentage.
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KeyspecificationtoselectBuck-Boosttransformer:

Buck-boosttransformersareavailableinmanystandardcatalog
itemswithdefinedlowandhighvoltagelevelsandkVAratings.
Manufacturersandsuppliersprovideselectionchartsthatcanbe
usedtochooseanappropriatebuck-boosttransformertosuit
specificapplicationneedsandconditions.Thegeneralprocess
fortheselectionofabuck-boosttransformerbeginswithdefining
theapplicationconditions.Thisincludesspecifyingthefollowing
parameters:

 Thesystem phase–singleorthree-phaseoperation,which
mustbethesamefortheloadasforthesupply.

 Thesystem frequency–thefrequencyoftheoperatingload
whichmustbethesameasthatofthesupplyorline,e.g.50
Hz,60Hz.

 Thelineorsupplyvoltage–themeasuredvalueofsupply
voltagewhichisdesiredtobebucked(decrease)orboosted
(increased)

 Theloadvoltage–thevoltagelevelthattheequipment
beingpoweredisdesignedtooperate.

 Theelectricalconfiguration-deltaorwye.
 TheloadkVA,loadcurrent,orhorsepower–onlyoneof

thesevaluesisneededandcanusuallybefoundonthe
nameplateoftheequipmentbeingoperated.

Buck-boosttransformerstypicallyconsistofseries-multiple
windings,meaningthattherearetwosimilarcoilsineachofthe
windingsthatcanbeconnectedeitherinseriesorinparallel.
Unitsthathaveseries-multiplewindingswillshowtheirratingsin
termsoftwovaluesseparatedbyaslash(e.g.120/240VAC
Primary,12/24VACSecondary).
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Oncetheuseconditionsarespecified,theappropriatedevicecan
beselectedfrom themanufacturer’sselectionchartandthe
referencewiringdiagram canalsobeaccessedtodefinethe
configurationandtheterminalconnectionsfortheinstallationof
thetransformer.

Buck-BoostTransformerWorkingPrinciple:

A buck-boosttransformeris a type oftransformerwhich is
primarilyused to adjustthe voltage levelapplied to various
electricequipment.Buck-boosttransformersareutilized in in
severalapplicationssuchasuninterruptiblepowersupplies(UPS)
unitsforcomputers.
Whenan existing AC electricalcircuitsuffersfrom excessive
voltagedropalongthelengthoftheconductors,aconventional
transformer,given thecorrectprimaryand secondaryvoltage
ratings,canbewiredasanautotransformertoboostthesagging
voltage.The polarities ofthe two series-connected windings
wouldhavetobeconfiguredinadditive polarity toaddthelower
secondarywindingvoltagetotheprimary-winding/linevoltage.
When the AC distribution voltage within a building orother
structureisofhighervoltageratingthanthevoltageratingofa
unitofelectricalutilizationequipment,aconventionaltransformer,
giventhecorrectprimaryandsecondaryvoltageratings,canbe
wiredasanautotransformertobuckthetoo-highsystem voltage.
Thepolaritiesofthetwoseries-connectedwindingswouldhave
to beconfigured in subtractivepolarityto subtractthelower
secondarywindingvoltagefrom theprimarywinding/linevoltage.
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TransformerPolarities(TheDots):

Tounderstandwhatismeantbytransformerpolarities,youmust
considerthevoltageproducedacrossawindingbyasingle-phase
2-wireACsinewaveform atsomepointintime.Whenabuilding
orotherstructureelectrical-powerdistributioncircuitoperatesat
60-HzAC.The voltage as indicated in figure below, changes
polarity a total of 120 times per second. Transformer
polarity involvestherelationshipbetweenthedifferentwindings
atthesamepointintime.Wheninvestigatingwindingpolarity,itis
assumedthatthispointintimeoccurswhenthepeakpositive
voltageisbeingproducedacrossbothwindingsinquestion.

Generationofasingle-phase2-wireACsinewaveform electricalsupply
from arotatingmagneticfield.

Onawiringdiagram (whetheranelectricaldrawingoronthe
nameplateofabuckorboosttransformer),itiscommonpractice
toindicatethepolarityofthetransformerwindingsbyplacing
a solidblackdot besideoneendofeachwindingasshown
in figurebelow.Thesedots(bullets)signifythatthepolarityisat
thesamepointintimeforeachwinding.Anotherwaytodescribe
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windingpolarityistosaythetwowinding-voltagewaveformsare
inphase.Thissametypeofpolaritynotationisalsousedfor
transformersthathavemorethanoneprimaryormorethanone
secondarywinding.

 Diagram ofthesingle-phaseACtransformercircuitswithdotsindicating
windingpolarity.

Thewindingsofaconventional(isolating)transformercanbe
testedforthebuckorboostwiringconfigurationbyconnecting
theprimaryandsecondarywindingsasanautotransformeras
shownin Figure3,andtestingforeitheradditiveorsubtractive
polarity.

Whenadditive-polarityconnectionsareusedtoincreaseatoo-low
circuitvoltage,thecircuitisnormallyreferred to asa boost
configuration,becausethesecondarywindingvoltageisaddedto
thelineorsupplyvoltage(to“boost”theprimarywindingvoltage).

Whensubtractive-polarityconnectionsareusedtodecreaseatoo
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-highcircuitvoltage,thecircuitisnormallyreferredtoasabuck
configuration, because the secondary winding voltage is
subtractedfrom thelineorsupplyvoltage(to“buck”theprimary
windingvoltage).Eitherboostingorbuckingthesupplyvoltageis
accomplishedbyconnectingoneleadofthesecondarywindingto
oneleadoftheprimarywindingandapplyingthevoltageacross
bothwindingstotheconnectedload.

Thetransformershownin figure hasaprimaryvoltageratingof
120voltsandasecondaryvoltageratingof30volts.Noticethat
neithertheprimarynorsecondarywindingsareleadorpolarity
identifiedandthatthesecondarywindinghasbeenconnectedin
serieswiththeconnectedload.Thetransformernow contains
onlyonewindingandis,therefore,anautotransformer.

Whenthe120-voltsupplyisappliedtotheprimarywinding,the
voltmeterconnectedacrosstheloadwillindicateeitherthesum
of the two winding voltages (boost configuration) or the
differencebetweenthetwowindingvoltages(buckconfiguration).
Ifthevoltmeterreadoutis150volts,theprimaryandsecondary
windingsareconnectedinadditivepolarity(120V+30V=150V).
Ifthevoltmeterreadoutis90volts,theprimaryandsecondary
windingsareconnectedinsubtractivepolarity(120V – 30V =
90V).
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Diagram ofasingle-phaseACtransformerconnectedasan
autotransformerforeitherbuckorboostconfiguration.

Whenthepolaritydotsarenotshownonagiventransformer-
wiringdiagram withtherespective-circuitleadidentification,itis
normallyassumedthatH1intheprimary(orthehigher-voltage
windingforstep-downconfiguration)andX1inthesecondary(or
thelower-voltagewindingforstep-downconfiguration)arein
phase(havethesametransformerwindingpolarity).Some
schematics shown theH1andX1 lead withtheaccompanying

polaritydots.PolaritydotsarealwaysusedwhentheH1andX1
leadsarenotofthesamepolarity—toshowwhichidentified
windingleadsareofthesamepolarity.

Thebasicboostorbuckcircuitof figureabove isdrawnexpanded
in figurebelow and 5 toshowthepolarityaspectsoftheprimary
andsecondarywindings.

SinglePhaseBoostTransformer:

A voltage-boostsituationcould arisewhena230-volt,single-
phaseACinductionmotorisinstalledona200-voltpowersupply.
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Atthelower-voltagerating,themotorwouldoverheat,evenunder
light-loadingconditions.

Asshownin figureabove anisolationtransformerwitha200-volt
primaryanda30-voltsecondarycanbewiredtodeliver230volts
to the motor.The boostoperation occurs when the 30-volt
secondarywindingiswiredinadditivepolaritywiththe200-volt
primarywinding.

The30-voltsecondaryvoltageiseffectivelyaddedtothe200-volt
primaryvoltage.Themotorloadreceives230volts.
Anothertypicalapplication ofthis boostconfiguration is to
correctforvoltagedroponadistantmotorload,suchasarural
wellpump,whereboththecircuitsupplyandthemotorarerated
at230volts,butthecircuitconductorswerenotsizedcorrectlyto
compensate forthe voltage drop on initialinstallation,and
replacementofthecircuitconductorsiscostprohibitive.The
circuitcurrentinthisboostapplicationwillincreasetheexisting
loadcurrentdrawnfrom thebranch-circuitsupply.

The increase in the supply-circuitload currentwillequalthe
currentdrawnbytheprimarywindingofthetransformer.The
boostoperationofthetransformerwillconvertthecurrentinthe
primarywindingoperatingatthelowersupply-linevoltage,tothe
secondarywindingvoltagethatwilladdtothelowersupply-line
voltageattheoriginalmotor-loadcurrentvalueinthesecondary
circuit.

Ifthefull-loadcurrentratingoftheAC electricmotorin figure
below is8amps,this8ampsflowsthroughthe30-voltwindingof
thetransformerwhichisinserieswiththemotor.
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Anisolationtransformercanbewiredasanautotransformerinaboost
configuration.

Projectedintotheprimarywindingcircuitbytheinverseofthe
voltageratio:

(30volts÷200volts)×8amps=1.2amps

Theprimarywindingfull-loadcurrent,toprovideanincreaseinthe
secondarycircuitof30volts,requires1.2amps. From thebranch
-circuitsupply,thetwocurrentsadd:

8amps+1.2amps=9.2amps

BoththeACelectricmotorandthetransformerareallowedto
operateina125%overloadcondition:

125%of9.2amps=11.5amps

Usingthenexthigherstandardsize,theboosttransformerand
themotorcircuitwouldbothbeprotectedbyafuseorcircuit
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breakerratedat15amps.Thetransformer’sminimum power
ratingwouldbebasedonthemotor’sfull-loadcurrentratingand
thesecondaryvoltageratingof30volts:

30volts×8amps=240volt-amps

In figureabove,thesecondarywindinghasbeenconnectedin
serieswiththeconnectedloadwithsecondary(orlower-voltage)
leadX2connectedtoonesideofthetransformer/loadpower
supplyandtheprimary(orhigher-voltage) leadH1.LeadsH1and
X1arepolaritydotted,indicatingthesetwopointsinthe
transformercircuitareinphase.TheH1–X2connectionisadot
‒to‒no-dotconnection,whichshouldyieldadditivepolarity.The
loadvoltage,indicatedbythevoltmeterreadout,isthesum ofthe
200-voltbranch-circuitsupply/primaryvoltageratingandthe30-
voltsecondaryvoltagerating:230volts.

SinglePhaseBuckTransformer:

A bucksituationcouldarisewhena208-volt,single-phaseAC
resistive load mustbe installed on a 277-voltpowersource
(branchcircuit).Atthehigher-voltagerating,theresistiveload
wouldoverheattothepointofdestructionoratleastdamageto
the heating elements.As shown in figure below,an isolation
transformerwitha277-voltprimaryanda69-voltsecondarycan
be wired in a buckconfiguration to deliver208 voltsto the
resistiveload.Thebuckoperationoccurswhenthesecondary
windingiswiredinsubtractiveorreversepolaritytotheprimary
winding.The69-voltsecondaryvoltageiseffectivelysubtracted
from the277-voltprimaryvoltage.Theresistiveloadreceives208
volts.
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Anisolationtransformercanbewiredasanautotransformerinabuck
configuration.

Iftheresistiveheatingloadin figureabove isratedat10kW,
thefull-loadcurrentiscalculatedas:

[1000(/k)x10kW] ÷208volts=48.1amps

The48.1ampheatercurrentwillflowthroughthe69-voltwinding
thatisinserieswiththeheaterassembly.Projectedintothe
primarycircuitbytheinverseofthevoltageratio:

(69volts ÷277volts)×48.1amps=12.0amps

The primary full-load current,to provide a decrease in the
secondarycircuitof69 volts,requires 12.0 amps.Since the
secondarywindingiswiredinsubtractivepolarity(indicatedby
thewindingjumperbeinginterconnectedbetweenH1andX1),the
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12-ampprimaryiseffectivelysubtractedfrom thesecondaryload
amperagetocalculatethebranch-circuitsupplycurrent:

48.1amps–12amps=36.1amps

Thepowerratingsofthetwotransformercircuitsareequal:

277volts×36.1amps=208volts×48.1amps=10,000volt-
amps

Thecircuitforboththeresistiveheatingloadandthetransformer
aresizedat125%ofthesecalculatedfull-loadcurrentratings.The
calculatedbranch-circuitOCPDratingis:

125%of36amps=45amps

Thecalculatedprimary-circuitcurrentis:

125%of12amps=15amps
Thecalculatedsecondary-circuitcurrent,whichincludesboththe
secondarywindingandtheheatingassembly,is:

125%of48amps=60amps

In figureabove thesecondarywinding hasbeen connected in
serieswiththeconnectedloadwithsecondary(orlower-voltage)
leadX1connectedtoonesideofthetransformer/loadpower
supplyandtheprimary(orhigher-voltage)leadH1.LeadsH1and
X1 are polarity dotted, indicating these two points in the
transformercircuitareinphase.TheH1–X1connectionisadot-
to-dotconnection,whichshouldyieldsubtractivepolarity.The
loadvoltage,indicatedbythevoltmeterreadout,isthedifference
ofthe 277-voltsupply/primaryvoltage rating and the 69-volt
secondaryvoltagerating:208volts.

IR@AIKTC-KRRC

ir.aiktclibrary.org



STREETLAMPUSINGBUCK-BOOSTRELAYSANDSOLARPANELS

A.I.K.T.C

Asageneralrule,autotransformerscannotbeusedtosupply
individualbranchorfeedercircuits,unlessthecommonlead
connectionistothegrounded-circuitconductorina2-wirebranch
circuit.
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FutureWithSolarPower:

TheSunemitsenoughpowerontoEartheachsecondtosatisfy
theentirehumanenergydemandforovertwohours.Giventhatit
isreadilyavailableandrenewable,solarpowerisanattractive
sourceofenergy.However,asof2018,lessthantwopercentof
theworld’senergycamefrom solar.Historically,solarenergy
harvestinghasbeenexpensiveandrelativelyinefficient.Eventhis
meagersolarusage,though,isanimprovementovertheprevious
twodecades,astheamountofpowercollectedfrom solarenergy
worldwideincreasedover300-foldfrom 2000to2019.New
technologicaladvancesoverthelasttwentyyearshavedriventhis
increasedrelianceonsolarbydecreasingcosts,andnew
technologicaldevelopmentspromisetoaugmentthissolarusage
byfurtherdecreasingcostsandincreasingsolarpanelefficiency.

SolarCells:

Overthepast20years,thecostsassociatedwithsolarcells,the
structurescapableofconvertinglightenergyintoelectricity,have
beensteadilydecreasing.TheNationalRenewableEnergy
Laboratory,aUSgovernmentlabthatstudiessolarcell
technology,estimatescontributorstotheincreasingaffordability
ofsolar.Theyestimatethathardcosts,thecostsofthephysical
solarcellhardware,andsoftcosts,whichincludelabororcoststo
obtainrequiredgovernmentpermits,areaboutequal.Softcosts
havedecreasedbecausetherearemorepotentialconsumersand
moreinstallationexpertsfornewsolarcells,socompaniescan
producesolarcellsinbulkandinstallthem easily.Hardcostsare
lessthanhalfofwhattheywereintheyear2000,mostlydueto
decreasingmaterialcostsandanincreasedabilityofcellsto
capturelight.Engineeringmorecost-effectiveandefficientsolar
cellshasrequiredcarefulconsiderationofthephysicsinvolvedin
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solarcaptureinadditiontoinnovativedesign.

Solarcellsbecomelessexpensivewhenthecostofthelaborandmaterials

usetobuildthem godown,orwhentheybecomebetteratturningincoming

lightintoelectricity.
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Becausesolarcellsareusedtoconvertlightintoelectricity,they
needtobecomposedofsomematerialthat’sgoodatcapturing
energyfrom light.Thismaterialcanbesandwichedbetweentwo
metalplateswhichcarrytheelectricitycapturedfrom lightenergy
towhereitisneeded,likethelightsofahomeormachinesofa
factory.

Choosingtherightmaterialtocapturelightinvolvesmeasuring
thedifferencebetweentwoenergylevelscalledthevalenceband
andtheconductionband.Thelower-energyvalencebandisfilled
withmanysmallnegativelychargedparticlescalledelectrons,but
thehigher-energyconductionbandismostlyempty.When
electronsarehitwithparticlesoflight,calledphotons,theycan
absorbenoughenergytojumpfrom thelow-energyconduction
bandintothehigh-energyvalenceband.

Onceinthevalenceband,theextraenergyintheelectroncanbe
harvestedaselectricity.It’sasiftheelectronsaresittingatthe
bottom ofahill(theconductionband)andbeinghitbyaphoton
thatgivesthem theenergytoleaptothetop(thevalanceband).

Theamountofenergyneededforelectronstojumpintothe
valencebanddependsonthetypeofmaterial.Essentially,the
sizeofthemetaphoricalhillvariesbasedonthepropertiesofa
givenmaterial.Thesizeofthisenergygapmattersbecauseit
impactshowefficientlysolarcellsconvertlightintoelectricity.

Specifically,ifphotonshittheelectronswithlessenergythanthe
electronneedstojumpfrom thevalencebandtotheconduction
band,noneofthelight’senergyiscaptured.Alternatively,Ifthe
lighthasmoreenergythanisneededtoovercomethatgap,then
theelectroncapturesthepreciseenergyitneedsandwastesthe
remainder.Bothofthesescenariosleadtoinefficienciesinsolar
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harvesting,makingthechoiceofsolarcellmaterialanimportant
one.

Historically,siliconhasbeenthemostpopularmaterialforsolar
cells.Onereasonforthispopularityliesinthesizeofthegap
betweensilicon’sconductionandvalencebands,astheenergyof
mostlightparticlesisveryclosetotheenergyneededbysilicon’s
electronstojumptheenergygap.Theoretically,about32%oflight
energycouldbeconvertedintoelectricenergywithasiliconsolar
cell.

Thismaynotseem likealot,butitissignificantlymoreefficient
thanmostothermaterials.Additionally,siliconisalsoinexpensive.
Itisoneofthemostabundantelementsonearth,andthecostof
refiningithasdecreaseddramaticallysince1980.Thesolarcell
andelectronicsindustrieshavedriventhedecreaseinpurification
costastheyhavelearnedbetterbulkpurificationtechniquesto
drivethedemandofsolarcellsandconsumerelectronics.
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Whenlighthitsasolarcell,itcausesitcauseselectronstojumpintoa

conductionband,allowingthelightenergytobeharvested.Hereyellow

electrons(labelede)movethroughthesiliconatoms(labeledSi)inthe

solarcellwhenhitbyaphoton.

Inadditiontodecreasingmaterialcosts,cleverengineeringtricks
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arepushingtheefficiencyofsiliconsolarcellsclosertotheir
theoreticalmaximum.Inorderforphotonstobeconvertedinto
energy,theymustfirstcollidewithanelectron.Onetrickto
increasethelikelihoodofaphoton/electroncollisioninvolves
patterningthesiliconinsolarcellsinmicroscopicpyramidshapes.
Whenlightisabsorbedintoapyramid,ittravelsfurther,increasing
theprobabilitythatthelightwillcollidewiththeelectronsinthe
siliconbeforeescapingthecell.

Inasimilartactic,chemistsandmaterialscientistshavedesigned
anti-reflectivecoatingstoputonthefrontofsolarcellstoprevent
usefullightfrom beingreflectedbackintospacewithoutever
hittinganelectroninthesolarcell.Likewise,puttingareflectoron
thebackofthesolarcellalsoallowsmorelighttobeharvested.
Thelightthatreachesthesolarcellandmakesitalltheway
throughtothebackwithouthittinganelectrongetsbouncedto
thefrontofthecell,givingthecellanotherchanceofcollecting
thelight.

Currently,thecostofsilicon-basedsolarcellscontinuesto
decrease,and,despitepredictionstothecontrary,thecostof
siliconitselfcontinuestodecrease.Siliconsolarcellsarelikelyto
remainpopularforthenextfewyears.Alternativestosiliconsolar
cellshavebeendevelopedbutaren’tfarenoughalongtobe
commerciallyviable.

TheFutureofSolarCells:

Tooutpacecurrentsolarcells,anewdesignwouldneedtobe
abletocapturemorelight,transform lightenergytoelectricity
moreefficiently,and/orbelessexpensivetobuildthancurrent
designs.Energyproducersandconsumersaremorelikelyto
adoptsolarpoweriftheenergyitproducesisequallyorless
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expensivethanother,oftennon-renewable,formsofelectricity,so
anyimprovementtocurrentsolarcelldesignsmustbringdown
overallcoststobecomewidelyused.

Thefirstoption,addinghardwarethatallowsthesolarcellsto
capturemorelight,doesnotactuallyrequirethatweabandon
currentsolarcelldesigns.Electronicscanbeinstalledwiththe
solarcellthatletthecelltrackthesunasitmovesthroughthe
daytimesky.Ifthesolarcellisalwayspointingatthesun,itwillbe
hitbymanymorephotonsthanifitwasonlypointingtowardsthe
sunaroundmidday.Currently,designingelectronicsthatcantrack
thepositionofthesunaccuratelyandconsistentlyforseveral
decadesatareasonablecostisanongoingchallenge,but
innovationonthisfrontcontinues.Analternativetomakingthe
solarcellitselfmoveistousemirrorstofocuslightonasmaller,
andthereforecheapersolarcell.

Anotherroutetoimprovingtheperformanceofsolarcellsisto
targettheirefficiencysotheyarebetteratconvertingenergyin
sunlighttoelectricity.Solarcellswithmorethanonelayeroflight-
capturingmaterialcancapturemorephotonsthansolarcellswith
onlyasinglelayer.Recently,lab-testedsolarcellswithfourlayers
cancapture46%oftheincominglightenergythathitthem.These
cellsarestillmostlytooexpensiveanddifficulttomakefor
commercialuse,butongoingresearchmayonedaymake
implementingthesesuper-efficientcellspossible.

Thealternativetoimprovingtheefficiencyofsolarcellsissimply
decreasingtheircost.Eventhoughprocessingsiliconhas
becomecheaperoverthepastfewdecades,itstillcontributes
significantlytothecostofsolarcellinstallation.Byusingthinner
solarcells,materialcostsdecrease.These“thin-film solarcells”
usealayerofmaterialtoharvestlightenergythatisonly2to8
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micrometersthick,onlyabout1%ofwhatisusedtomakea
traditionalsolarcell.Muchlikecellswithmultiplelayers,thin-film
solarcellsareabittrickytomanufacture,whichlimitstheir
application,butresearchisongoing.

Intheimmediatefuture,siliconsolarcellsarelikelytocontinueto
decreaseincostandbeinstalledinlargenumbers.IntheUnited
States,thesecostdecreasesareanticipatedtoincreasethesolar
powerproducedbyatleast700%by2050.Meanwhile,research
onalternativedesignsformoreefficientandlessexpensivesolar
cellswillcontinue.Yearsfrom now,wearelikelytosee
alternativestosiliconappearingonoursolarfarmsandrooftops,
helpingtoprovidecleanandrenewablesourcesofenergy.These
improvementshaveandwillcontinuetobemadepossibleby
increasingbulkmanufacturingofsolarcellsandnew
technologiesthatmakethecellscheaperandmoreefficient.
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ApplicationOfAutomaticSolarStreetLightingSystem:

GovernmentUnits&Municipalities:

Governmentorganizationscansavelargesumsofmoneyby
usinganautomaticsolarstreetlightsystem foroutdoor
lighting.Itisforecastedthatwewillhave359millionstreet
lightsby2026.

Corporate&BigBusinesses:
Manycompaniesnowadaysareapplyinggreenenergy
technologies&practicestoreducetheircarbonfootprint.
Installingautomaticstreetlightsystem canprovetobea
stepinthisdirection.

GreatWaytoLightUpStreets:
Apartfrom lightingupstreetsautomaticsolarstreetlight
system alongwithCCTVcanalsoprovideusadditional
security.Smartsolarstreetlightsarewireless&oneofthe
streetlightingsolutions.

AlongRoads&Highways:
Highqualityautomaticstreetlightsystemscanenhance
night-timevisibilityonruralroads,mainroads&highways.
Thesearealsoveryeasytoinstall&areaffordablypriced.

Parks&RecreationalAreas:
Areaswhicharemainlydonnedbychildrencanmakegood
useofautomaticstreetlightsystems.Theyaresafe&
secure&provideuniform lighting&therightamountof
luminositytoparks.

IR@AIKTC-KRRC

ir.aiktclibrary.org



STREETLAMPUSINGBUCK-BOOSTRELAYSANDSOLARPANELS

A.I.K.T.C

Schools&Universities:
Automaticsolarstreetlightsystem isanexcellentchoicefor
schools,colleges&universities.Withplentyofaccessible
areas,rangingfrom busshelterstoparkinglotsinstitutions
caninstallthem throughoutthecampus.

AdvantagesofAutomaticSolarStreetLights:

Sinceautomaticstreetlightsystemsfeaturenomoving
parts,theyrequirelessmaintenancethanconventional
streetlights.

Theautomaticsolarstreetlightsystem isastand-alone
arrangement&thereforerequiresnoexternalwiringor
havingtoconnectwiththegrid.

Therearelowerchancesoftheautomaticstreetlightsystem
overheating&riskofaccidentsisalsominimized.

Costofoperatingautomaticsolarstreetlightsisfarless
whencomparedtotheconventionalstreetlights.
Theautomaticstreetlightsystem iseco-friendly&hence
helpsinreducingthecarbonfootprint.

Smartsolarstreetlightscanbeputupinremoteareaseven
inplacesthatarenotaccessibletothegrid.

DisadvantagesofAutomaticSolarStreetLights:

Theautomaticstreetlightsystem requiresahigherinitial
investmentincomparisontoconventionalstreetlights.
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Generationofenergyforsolarstreetlightentirelydepends
upontheclimaticconditions.

Riskoftheftoftheautomaticstreetlightsystem isrelatively
highersincetheyarenon-wired&aremuchexpensive.

Rechargeablebatteriesoftheautomaticstreetlightsystem
arerequiredtobereplacedafewtimes.

Snow,dustormoisturecanaccumulateofPVpanelswhich
canhinderenergyproduction.
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Conclusion:

So,weconcludedfrom ourprojectAutomaticStreetLightsusing
Buck-Boostrelayandsolarpanelsthat;

Solarenergyisoneoftheimportantandmajorrenewable
energysource ofenergyandhasalsoprovenitusefulin
functioningofapplicationslikestreetlights.

Solarpoweredautomaticstreetlightcontrollerisoneofthe
applicationsofelectronicstoincreasethefacilitiesoflife.
Theuseofnewelectronictheorieshasbeenputdownby
expertisetoincreasethefacilitiesgivenbytheexisting
appliance.Herethefacilityofordinarystreetlightis
increasedbythemakingitcontrolledautomatically.

Thechargecontrolisnecessaryinordertoachievesafety
andincreasethecapacityofthebattery.Incities,currently
thousandsofstreetlightsareoperatedandtheyearly
electricitymaintenancecostisveryhigh.

Theinitialcostandmaintenancecanbethedrawbacksof
thisproject.Withtheadvancesintechnologyandgood
resourceplanningthecostoftheprojectcanbecutdown
andalsowiththeuseofgoodequipmentthemaintenance
canalsobereducedintermsofperiodicchecks.

Itsavesaround40%ofelectricityfrom perstreetlight.So
throughouttheworldifweusethisconceptthenitwill
eliminatetheenergycrisistoalargerextent.

Itiseco-friendlyandutilizestherenewablesourceofenergy
verywell.

TheSolarPoweredLEDStreetlightwithAutoIntensity
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Controlcancontroltheelectricchargeandintensityoflights.

Thisprojectcanbeenhancedbyusingwithtimerbased
productsandphotosensorbasedproducts.

Wecanusesolartrackingsystem forfastcharging.

Inmonsoonseasonsolarlightismoredifficultsothatwe
useextrabatteriesinseriestosavemorepower.
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