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_______________________________________________________________________________________________________ 

Abstract i:Droop icontrol ihas icommonly ibeen iused iwith idistributed igenerators ifor irelating itheir iterminal iparameters iwith ipower 

igeneration. iThe igenerators ihave ialso ibeen iassumed ito ihave ienough icapacities ifor isupplying ithe irequired ipower. iThis iis 

ihowever inot ialways itrue, iespecially iwith irenewable isources iwith ino ior iinsufficient istorage ifor icushioning iclimatic ichanges. iIn 

iaddition, imost idroop-controlled iliteratures ihave iassumed ia isingle idc-ac iinverter iwith iits iinput idc isource ifixed. iFront-end idc-dc 

iconverter iadded ito ia itwo-stage iphotovoltaic i(PV) isystem ihas itherefore iusually ibeen iignored. iTo iaddress ithese iunresolved 

iissues, ian iimproved idroop ischeme ifor ia itwo-stage iPV isystem ihas ibeen ideveloped iin ithe ipaper. iThe iProposed ischeme iuses ithe 

iSTATCOM icontrol istructure iin iboth igrid-connected iand iislanded imodes, iwhich itogether iwith iproperly ituned isynchronizers, iand 

imitigates ithe iharmonics, iby iproviding iReactive ipower iand iLoad icurrent iSubsequently ithe iproposed ischeme iadapts iwell iwith 

iinternal iPV iand iexternal igrid ifluctuations, iand iis ihence imore iprecise iwith iits itracking, ias icompared iwith ithe itraditional idroop 

ischeme. iSimulation iand iexperimental iresults iare iobtained iusing iMATLAB iSimulink. 

Keywords: IDroop iControl, iPhotovoltaic, iSTATCOM. 

__________________________________________________________________________________________
 

I. INTRODUCTION 

Droop icontrol iis ia icontrol istrategy icommonly iapplied ito igenerators ifor iprimary ifrequency icontrol i(and 

ioccasioallyvoltaqe icontrol) ito iallow iparallel igenerator ioperation 

II. CONTROL ISYSTEM 

Another iwell-received iapproach iis iindirect icurrent icontrol, iwhere ithe igrid icurrent ihas ibeen icontrolled iby iregulating imagnitude 

iand iphase iof ithe iac ifilter icapacitor ivoltage i[6]. iIts idesign iis ihowever icomplex ibecause iof inonlinear ifactors, iand isine iand icosine 

itables iincluded iin ithe icontrol. iA isimplification ihas isubsequently ibeen ideveloped iin i[7] iwithout ithe isine iand icosine itables. iThe 

icontroller ican ithen ibe idesigned iusing iclassical icontrol itechniques. iDespite ithat, ithe iload ivoltage iwaveform imay istill ibe idistorted 

isince iit iis inot iregulated idirectly iby ia ivoltage icontrol iloop. iA ifurther iimprovement ican ibe ifound iin i[8], iwhere ithe icontrol isystem 

ihas ibeen ienhanced iby iconnecting ia ilocal iload ito ithe ifilter icapacitor, ibefore ifeeding iback ithe icapacitor icurrent ifor icontrol. iThe 

imethod iworks ifine, ibut iits idc-link idynamic ihas inot ibeen iaddressed. 

The inext ivoltage-controlled itechnique iproposed iis ithe idroop imethod, iwhich iin ieffect, ihas imapped ithe igenerator iterminal 

iparameters iwith iits iactive iand ireactive ipower igenerations i[9]-[11]. iThe idroop iconcept ihas ibeen icommonly iused iwith i[12] 

ipresenting ia idroop icontroller ifor iDG ithat ican iguarantee izero isteady-state ierror ifor iits ioutput ireactive ipower. iIts ioutput iactive 

ipower imay ihowever ideviate ifrom ithe idesired ireference ivalue. iTo isolve ithe iproblem, iintegral iterms ihave ibeen iadded ito ithe 

iconventional idroop ischeme ifor iforcing ithe iDG iactive iand ireactive ipowers ito itrack itheir ireferences iclosely i[13]. iThe idroop 

iprinciple ihas ialso ibeen irecommended iby ithe iConsortium ifor iElectric iReliability iTechnology iSolutions i(CERTS) ifor iregulating 

iphotovoltaic i(PV) iinverters iwith ia istable ibus ivoltage, ieven iduring iload itransient i[14]. i 

 

 
 
 

Fig. i1. iSimplified icircuit ifor iillustrating ipower itransfer. 

https://wiki.openelectrical.org/index.php?title=Frequency_Control&action=edit&redlink=1
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More irecently, ia iuniversal icontroller ihas ibeen iproposed iin i[15], iwhere imaximum-power-point-tracking i(MPPT), idroop 

icontrol iand idc-link ivoltage iregulation ihave ibeen imanaged isimultaneously iwithout imajor icontrol ireconfiguration. iThe ilimitation 

iintroduced iis iother inon-renewable isources ior istorage iunits imust ibe ipresent ifor ibalancing isupply iand idemand, iwhich iif inot 

icatered, iwill iseverely inarrow ivariation irange iof ithe iloads 

Despite ithese idifferences, ithe istudies iin i[12] ito i[15] ihave inot iconsidered ipossible ifluctuations iof ithe idc isource iconnected ito 

ithe iinverter. iSuch iconsideration iis irelevant ito irenewable isources ilike iPV, iwhere ivariations imay ibe iunintentionally icaused iby 

ichanges iof iirradiation ior iintentionally iactivated iby ithe iMPPT ischeme. iIn iaddition, ithe istudies ihave ionly ifocused ion isingle-stage 

iconverters, iwhich imake ithem inot idirectly iapplicable ito itwo-stage iconverters iused iwith isome iPV isystems. 

 

 

 
Figure i2. iSimulation i1 

 

 
 

Figure i3.Simulation iwith ifeedback. 
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Figure i4.Simulation iwith iSTATCOM 

 

Beginning iwith iactive ipower itransfer irepresented iby i(1), ia iP-V icurve ican ibe iplotted, ias ishown iin iFig. i2(a). iThis icurve iwill 

ishift iwhen iE iand i/ ior iZ ivary, ias iunderstood ifrom i(1). iRegardless iof ithat, ithe iP-V icurve ialone iis inot isufficient ifor idefining ia 

ispecific ioperating ipoint ifor ithe inetwork. iTo imark iout ithis istable ioperating ipoint, ithe iPV isystem imust ibe icontrolled ito iadd ia 

isecond iP-V icurve ito iFig. i2(a), iwhich iconventionally, ihas iassumed ithe ilinear idroop icharacteristic i 

 

V=Vo-Kp(P-Po) 

 

F=fo+Kq(Q-Qo) 

 

wheref iand if0 iare ithe imeasured iand irated ifreq iwhere if iand if0 iare ithe imeasured iand irated ifrequencies iof ithe iPV isystem, iV iand 

iV0 iare ithe imeasured iand irated ioutput ivoltage iamplitudes, iP0 iand iQ0 iare ithe irated iactive iand ireactive ipowers, iand ikpand ikqare 

ithe iactive iand ireactive idroop icoefficients, irespectively. iAn iintersection iat ipoint ia iis ithus icreated, iwhose icorresponding ioperating 

ipoint ion ithe iPV icurve iis ialso imarked iwith ithe isame inotation iof ia. iIn ithe isteady istate, iboth ioperating ipoints imust ihave ithe isame 

ipower ivalue iPa, iin iorder ito ikeep ithe idc-link ivoltage istabilized. 

 

The isame ireasoning ican ibe iapplied ito ireactive ipower itransfer, 

 

 
 

(a)  i i i i i i i i i i i i i i i i i i i i i i i i i i(b) 

 
Fig. i5. iP-V iinteractions iduring ichanges iof i(a) iPV ipower iand i(b) igrid ivoltage. 

 

which ithen inecessitates ithe iQ-f idroop iexpression iin i(4) ifor icontrolling ithe iPV isystem. iIt iis ihowever inot ipossible ito idraw i(2) 

iand i(4) ion ia isingle idiagram ibecause iof itheir idifferences iin ione iof ithe iparameters i(δ iand if, iwhere iδ i= i2ft i+ iδ0, iand iδ0 iis ithe iinitial 

ipower iangle). iImplementation iof i(3) iand i(4) ithen iresults iin ia icontrol ischeme isimilar ito ithat ishown iin iFig. i3 ifor ia 

two-stage iPV isystem iwhen iin iits iislanded imode. iThe ionly idifference iis iFig. i3 iincludes ia imodified iactive ipower idroop 

iexpression, iinstead iof i(3). iThe imodified idroop iexpression iwill ibe iexplained ilater. iRegardless iof ithat, iFig. i3 ishows ithe ioutput 

ivoltage ivacand icurrent iiacof ithe irear-end iinverter ibeing imeasured ifor icomputing iP iand iQ. 
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The iactive iand ireactive idroop iexpressions ican ithen ibe iused ifor imapping iout ithe idesired iV iand if, ifrom iwhich ithe idemanded 

ivoltage ireference ivrefis icomputed ifor itracking iby ithe iusual idouble-loop icontroller. iOn ithe iother ihand, ithe ifront-end iboost 

iconverter iis icontrolled iby ia isingle-loop ivoltage iconverter inotated ias iGB(s). iInput ito iGB(s) iis ithe idifference ibetween ithe 

imeasured idc-link ivoltage iVDC iand iits ireference iVDCref. iTo inullify ithis idifference, iGB(s) iis iusually ia iproportional-integral i(PI) 

icontroller, iwhich imay inot ibe inecessary ifor ithe iproposed ischeme ibecause iof ireasons iexplained inext. 

As idescribed iearlier, ithe iP-V icurve iand iline iin iFig. i2(a) ihelp ito idefine ia icommon ioperating ipoint iwith iP i= iPa. iIn ithe iliterature, 

ithis iactive ipower ihas ialways ibeen iassumed ias isupplied iby ithe iDG iwithout idifficulty i[11]. iSuch iassumption iis ihowever itrue ionly 

iwhen ia ilarge ireserve iof ifuel ior istorage iis iavailable ifor icushioning ivariations iof iparameters, iwhich ifor ia iPV isystem, iare iits 

iirradiation iand itemperature. iAssuming inow ithat ithe ireserve iis inot icatered iand ithe iPV imaximum ipower iPPVmaxhas ibeen 

ireduced isuch ithat iPPVmax<Pa iin iFig. i2(a) i(see ipoint ib1), ipower idelivered ito ithe idc-link iby ithe iboost iconverter iwill ithen ibe 

ilesser ithan ipower idrawn iout ifrom iit iby ithe iinverter. 

The idc-link ivoltage iwill itherefore idrop iuntil ithe iinverter ipower iis ireduced ito iP i= iPb= iPPVmax, iwhich iin iFig. i2(a), iis iachieved 

iby ilowering ithe idroop iline iby iVI i(see ipoint ib2). 

The ichallenge iis ifinding ithe ivalue ifor iVI, iwhich ithe isimplest imethod iis ito icompute iit iusing ia iPI icontroller. iInput ito ithe iPI 

icontroller ican ibe ithe idifference ibetween ipower idelivered iby ithe idc-dc iconverter ito ithe idc-link icapacitor iand ipower iextracted 

ifrom ithe isame icapacitor iby ithe iinverter. iHowever, iin ithe isteady 

 

 
 

Fig. i6. iControl ischeme ifor itwo-stage iPV isystem iin iislanded imode i(transformer iused iin ipractice iand iexperiment inot ishown ifor 

iconciseness). 
 

state, ithis ipower iimbalance iwill ireduce ito izero i(ignoring ilosses) ibefore ithe idc-link icapacitor ivoltage ican istabilize. iDespite ithat, 

ithe iintegral iterm iof ithe iPI icontroller iwill istill ioutput ia ifinite iVI ifor ilowering ithe idroop iline iin iFig. i2(a). iValue iof ithe iPI icontroller 

ioutput iis ihowever inot ispecific, ibecause iof iits isingle-to-multiple imapping icharacteristic, iwhich iis iusually inot 

encouraged iwhen imultiple iconverters iare iconnected iin iparallel. iBecause iof ithat, ithe iproportional idroop ischeme iwithout iany 

iintegral iterm iis iused iinstead ifor ifinding iVI. 

 

III. iREACTIVE iPOWER iCOMPENSATION iFOR iSTATCOM 
 

The iSTATCOM iis ia ishunt iconnected ireactive ipower icompensation idevice. iIt iis icapable iof igenerating ior iabsorbing ireactive 

ipower. iThe ioutput ivoltage iof ithe iST iA iTCOM ican ibe ivaried ito icontrol ithe ispecific iparameters iof ian ielectrical ipower isystem. 

iThe ivoltage isource iinverter iis iemployed iturn ioff icapability isemiconductor iswitches. iIt iis ian iimportant ipart iin ithe iSTATCOM 

ibecause iit ican ioperate iat ihigh iswitching ifrequencies.The imain ireason ifor ireactive ipower icompensation iin ia isystem: i1) ithe 

ivoltage iregulation; i2) iincreased isystem istability; i3) ibetter iutilization iof imachines iconnected ito ithe isystem; i4) ireducing ilosses 

iassociated iwith ithe isystem; i5) ito iprevent ivoltage icollapse ias iwell ias ivoltage isag. iThe iimpedance iof itransmission ilines iand ithe 

ineed ifor ilagging iV iAR iby imost imachines iin ia igenerating isystem iresults iin ithe iconsumption iof ireactive ipower i[3][4]. iThe 

iunnecessary ivoltage idrops ilead ito iincreased ilosses iwhich ineed ito ibe isupplied iby ithe isource 

IV. ISIMULATION IRESULTS 

Two isimilarly irated iPV isystems, itied ito ia iLV idistribution inetwork, ihave ibeen isimulated iin iMatlab/Simulink 

iusing iparameters ilisted iin iTable iI ifor ieach isystem. iResults iobtained ifrom ithem iare idescribed ibelow. iFig. i10 

ishows ithe iresults iof ithe itwo iislanded iPV isystems iwhen icontrolled iby ithe iimproved idroop ischeme. iBefore 

i0.1s ithe itwo isystems iare iassumed ito ihave ithe isame imaximum irating iof i1kW. iThey ishould ihence ishare ithe 

iactive iload idemand ievenly iwith itheir irespective idc-link ivoltages ikept iat i400V i(nominal ivalue iread ifrom 

iTable iI). iAfter i0.1s, ithe imaximum ipower iof ione isystem ihas ibeen ireduced ifrom i1kW ito i60W, iwhile ithat iof 

ithe iothers iremains iunchanged. iThe icompromised isystem, ibeing iunable ito iprovide isufficient iactive ipower, 
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iwill ithen ihave iits idc-link ivoltage ipulled idown. iThe idrop icauses ithe idroop iline iof ithe icompromised isystem ito 

ibe ishifted idown, ilike iin iFig. i2. iThe idroop-demanded ioutput iactive ipower iof ithe 
 

 
(a) 

 
(b) 

 
 i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i(C) 

Fig.7 i. iExperimental iresults iwith iload ichange. i(a) iFull iview, i(b) iincreasing iload, iand i(c) idecreasing iload. 
 

 
 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

Figure i10. iSystem iwithout ifeedback 
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(b) 
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Fig i8: i(a), i(b), i(c) iDroop icontrol isystem 
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Fig i9: i(e), i(f), i(g) iProportional iDroop icontrol isystem 
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Fig i10: i(h), i(i), i(j) iSTATCOM iintegrated ito iDroop icontrol 

V.CONCLUSION 

 An iimproved idroop ischeme ihas ibeen iproposed iin ithe ipaper ifor ia iPV isystem iconnected ito ia iresistive iLV idistribution 

inetwork. iThe iapproach iis ideveloped ifor ia itwo-stage iPV isystem, ipermitting iit ito itransfer iseamlessly ibetween ithe iislanded iand 

igrid-connected imodes, iafter iensuring iproper isynchronization. iIt ialso iallows ithe iPV isystem ito igenerate imaximum iactive ipower, 

iwhile iremain inot iaffected iby ipower ifluctuations, iand iother igrid ivoltage iand ifrequency idisturbances iwhen iin ithe igrid-connected 

imode. iThe iProposed ischeme iuses ithe iSTATCOM icontrol istructure iin iboth igrid-connected iand iislanded imodes, iwhich itogether 

iwith iproperly ituned isynchronizers, iand imitigates ithe iharmonics, iby iproviding iReactive ipower iand iLoad icurrent iSubsequently 

ithe iproposed ischeme iadapts iwell iwith iinternal iPV iand iexternal igrid ifluctuations, iand iis ihence imore iprecise iwith iits itracking, ias 

icompared iwith ithe itraditional idroop ischeme. 

. i 
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