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Biniamo Bitanito AHzpifioBuuy
JIBokaHa/nbHa cucrema KepyBaHHs Micro Grid
AHOTALIA

B punnoMHOMYy mpoekTi Oy/0 PO3MISIHYTO TIPUHLMINA Ta OCOOJIMBOCTI
noOy/joBU Ta TIPOBeJeHO imiTarjiliHe MojenmtoBaHHsa cucreM Micro Grid.
Po3risiHyTo mpuHIMNU nobyzoBu cuctem Micro Grid. IlpoBesieHo imiTariifiHe
MOJIe/IOBAaHHSI CUCTEMU «COHSIUHA IIaHeJb — IIepeTBOpPIOBau», CHUCTEMU
«HAKOMWYyBau — 3apsifHUNA TPUCTPil»; MOZeIOBaHHSI eHePreTHUHUX IPOLIeCiB y
[BOKaHa/lbHill cucTeMi, y TmiporpaMHoMy cepefoBulyi Matlab Simulink.
Po3paxoBaHO napaMeTpy LIMPOTHO-IMITy/IbCHOTO IlepeTBOpIOBaUa COHSYHOI naHesi
i 3apsHOrO TMpPUCTPOIO0 HAKOIMWUyBaya Ta IpOaHaii3oBaHO iX pobory. Y poboTi
BHUKOPHMCTOBYBA/IUCH []aHi IJ0/I0 BeJIMUMHUA COHSIYHOTO BUTIPOMIHIOBAHHS, @ TaKOXK
XapaKTePUCTUKW COHSYHOI IaHesli, Ha/laHi COHSYHON eJIeKTPOCTAaHL[i€0 y MICTi
3arpe6, Xopgearisi. JJUNMPOMHUN MPOEKT € aKTyaJbHUM OCKIJIbKU rajy3b COHSUHOL
€HepreTUKH 3 KO)KHUM POKOM BCe OijibIlle PO3BUBAETHCS i CTA€ JOCTYITHIIIOW JJ1sT
BUKOPUCTaHHA.

KimrouoBi cimoBa: Micro Grid, cucremu po3ocepemkeHoi reHepariii,
Bi/IHOBJIIOBA/IbHI  /pKepe/jla eHeprii, J/IOKajbHI eHeprocucTeMy, aBTOHOMHI
€HeproCUCcTeMH, NepeTBOPoBaYi.

ABSTRACT

During the diploma project, the principles and features of construction were
considered and simulation of Micro Grid systems was performed. The principles of
construction of Micro Grid systems are considered. Simulation modeling of the
system "solar panel - converter", system "storage - charger" is carried out;
modeling of energy processes in a two-channel system, in the software
environment Matlab Simulink. The parameters of the pulse-width converter of the
solar panel and the drive charger are calculated and their operation is analyzed. The
paper used data on the magnitude of solar radiation, as well as the characteristics of
the solar panel provided by a solar power plant in Zagreb, Croatia. The Diprom
project is relevant because the solar energy industry is developing more and more
every year and becomes more accessible for use.

Keywords: Micro Grid, distributed generation systems, renewable energy sources,
local power systems, autonomous power systems, converters.
BCTYTI

Ha coporogHiuHii JeHb Tiepel CyuyacHOIO eHEPreTHKOK CTOiTh 6arato
K/TFOUOBHX TIPOOJIEMH, cepeji OCHOBHUX — IIBUAKUN TIPUPICT HaceeHHs, CTPiMKUIH
PO3BUTOK TIPOMMC/IOBOCTI i $IK HaC/iIOK 3pOCTaHHs CIIOXKMBAaHHS eHeprii, npu
1[bOMY 0OMesKeHi [pKeperia eHepril.

HoBuM 1i1sIxoM BUpIilLIeHHS iCHYIOUMX TIPOO/IEM B €HepreTULi 3MOr/ia CTaTH
KoHIemntisg Micro Grid.

Cucremy po3ocepekeHol reHeparii eHeprii iz Ha3Boro Micro Grid Mmo)kHa
HasBaTU OJHi€l0 3 HaMKpally¥xX KOHLIeMNL|if, BUKOPUCTOBYIOUM SIKi, 3’SIB/ISIETHCS
MOXX/IMBICTb B TOJA/IBLIOMY DPO3BUTKY Ta MOZepHi3allii Cy4yacHUX eHepreTHUHUX
CHCTeM 10 BCbOMY CBiTy. CepeJ; OCHOBHUX eJIeMEHTIB, IKi BUKOPUCTOBYIOThHCS [JIs1
nobygnoeu Micro Grid Mo)KHa Ha3BaTH: Cy4yacHi CHCTEMU KOHTPOJIO,
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Bi/ICMIKOBYBaHHSI Ta [epepo3Mofily eHeprii, MifAK/IIOUeHHS B CUCTEMY
TIOHOBJ/IIOBAHUX JI)KepeJl eHeprii, a TaKo)K MOXK/IMBICTb MiIK/IFOUeHHS [10 JIOKaIbHOI
abo LleHTpai30BaHOI MepeXi eHepronocTavaHHsl.

3arasioM HJeTbCsl TIPO PO3POOKY «iHTENEKTyalbHOI» EeHeproCUCTEMH 3
aKTUBHO — a/IalITUBHOI0 MepeXkelo, B SIKOCTi KO BU3HAYA€ThCS CUCTeMa, B KOTPii
BCi CK/Ia/|0Bi eyileKTpoeHepreTH4HOi cuctemMu (TeHepallis, Mepexka, CIIO)KUBadi)
OepyTb aKTHBHY yuacTb B [lepe/iadi Ta Iepepo3Iofiji eJleKTpoeHeprii.

lonoBHa mepeBara BUKOpUCTaHHsS cucteM Micro Grid 3aknrouaeTbcsi B
CTBOPEHHI JIOKa/IbHUX €HeproCHUCTeM B OKPEMUX, BifilajleHNX perioHax, B 3B’SI3Ky
3 THUM, L[0 HAa TaKWX TEPUTOPIfX € JAesKUX 3amac BJACHUX eHepropecypcis, 3a
JIOTIOMOTOI0 SIKUX MOK/IMBO MaibKe TIOBHICTHO 3a0e3eunTy oTpeOr CroXKHMBaviB B
e/leKTpOeHeprii | 3MeHIIUTH HaBaHTa)KeHHs Ha 3arajibHy eHeproMepexy.

XapakTepHow o0cobnuBicTI0 cucteM Micro Grid € BUKOpHUCTaHHS
BiZIHOBJIFOBaHUX JIKepes eHepril, siki 3 KO)KHAM POKOM BUK/IMKAlOTh BCe OiblIy
3aLjiKarneHicTb. BaK/IMBOIO BIACTUBICTIO CUCTEM PO30Cepe/)KeHOI reHepaliii € Te,
IIJ0 BOHM Mal 3JaTHICTb aBTOMAaTHYHO TepeK/IovYaTHCs] B aBTOHOMHHUM peXuM
pobOoTH y BUINAAKy aBapiiHOTO  BiJK/IOUEHHS  eJIeKTPOMOCTayaHHS 3
L[eHTpa/li30BaHOI MepeXXi i BiJJHOB/IIOBATH eHepro3abesreueHHs] BCi€i cucTeMu
MiJTPUMYHOUY HaJ/IeXKHY SIKICTb eJIeKTPOeHepril.

ToMy 3Bakaroud Ha Iie, po3po0Ka [JBOKaHaJbHOI CUCTEMH KepyBaHHS Micro
Grid € akTyanpHOIO.

1. MIPUHOUIIN KEPYBAHHSA CUCTEMOIO MICRO GRID

Ha chorognimHiéi JieHb CBITOBI cHCTeMM eHepro3abe3reueHHs Ha OCHOBI
BiJTHOB/TIOBA/IbHUX [DKepes eHeprii jgenasi Oinbllle pO3BUBAIOTHCS, CTAIOTh OiJbII
€KOJIOTiYHUMHY (3MeHIIIeHHS BiJXO[iB Bifi BUKOPHUCTaHHS), [el[eHTPai30BaHUMH i
B3araji CTarOTh BCe OiNbII MOMY/ISPHHUMH Cepefi TPUXWILHUKIB «3eJ1eHO0i»
eHepreTuku. 11Insx, Ha SIKMM CbOTOJHI CTana CyyacHa eHepreTHka, 3yMOB/IEHUH B
TepIly Yepry THM, 100 BTPUMAaTH BapTiCTh €€KTPOEHepTii, 3MiHUTH 3acTapimy
iHppacTpyKTypy, 3MEHIUWUTH BUKWAW IIKiJIMBUX PEUOBMH 3aJji 3MeHIIeHHs
BIUIUBY Ha 3MiHYy K/IiMaTMUHUX yMOB, MiJBUILUTHU CTilKicThb Ta HaZilHIiCTH i
3arajioM HafliiHO 3abe3reuyBaTH €/IEKTPOEHEpriel0 Miclid B HaWBiAJaseHimmx
KyTOUKax CBiTy, e iCHylOTh mpobieMu 3 cucTeMa eHepro3abe3meueHHs,, abo Taki
CUCTeMM B3araji BifgcyTHi. He3Bakarouu Ha 1ie, [Ji TOTO, 100 BUPIIIWTH TaKi
npo6sieMy HeOOXiJJHO BJATHCS 10 Pi3HOMaHITHUX METO/IIB B 3a/Ie)KHOCTI BiJ| pi3HHX
(hakTopiB y pi3Hux Mmicusgx. Micro Grid Mae THyuKy apXiTeKTypy, sika Ma€ Ha MeTi
3a0e3MeunTy PO3IOAiJ eHepropecypciB i BCIISIKMX MOTPed y Pi3HMX KyTOUKax
TJIaHeTH, Bifi HalipO3BUHEHIIIMX MICT /10 HalBiJAaeHIINX Moce/ieHb.

Y posBuHeHHX KpaiHax cucremMu Micro Grid npuiiHATO po3mIsiAaTU SIK
cknafoBy Bermue3Hoi «Macro Grid». Taka crcTeMy Mae CBOI B/IaCTHBOCTI:

1) B ckmaj Takux CUCTeM BKJIIOYAKOTh riraBaTHi reHepaTopy MOTY>KHOCTI;

2) BucokoBonbTHI JIiHII esileKTporiepefiad MPOTATHYTI Ha COTHI THCSY
KilomeTpiB;

3) He 37aTHiCTb HAaKOMTMYYBaTH eHEPTil0 y BeJIMKiM KiJTbKOCTi;

4) Sk mrepeno eHeprii BUKOPHCTOBYIOTHCSI BUKOITHI BUZM TTA/IMBa.
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Mepexi eHepro3abesrieueHHs, $IKi iCHYIOTb CbOTOJHI TPOWIIIA CBil
DO3BUTOK TIPOTArOM 0araTboX PpOKiB, MOYMHAIOUM 3 [yXKe MajlMX Mepex, sKi
riepefjaBasd TOCTiMHMI cTpyM HanpukiHOi XIX cronitrsa. Uepe3 30iblieHHS
TIONIUTY Ha eJIeKTPOEeHeprito, Taki Mepeki PO3BHUBAIMCS 3pOCTaIM Ta CTaBaIH
LeHTpani3oBaHNMMU.

B cepeguni 20-ro CTOJITTS NMPOZOBKYBaaacs IMOKpAIlyBaTHUCS HaZilHICTh
JIIHIN esleKTpoIiepesiad 3a paxyHOK MiIK/IF0YeHHs Pi3HUX [pKepes reHepallil eHepril
[0 Ppi3HMX HaBaHTaXeHb, B HAC/iJOK YOro 3HWKYyBasacs BapTiCTb Takoi
KOHCTDPYKIIi AJ1s1 Iepe/iaBaHHs €Hepril, a TAKOX CTaBasio BCe OiJbliie MOXXTUBOCTeN
[1sl mepefiadi eHeprii 3 BifjaneHWX eNeKTPOCTAHLINA. AJie, HaBiTb CUCTEMU 3
TakMMU IlepeBaraM JOCSAIJIM CBOTO MaKCUMyMy i MOTpPOXy BTpavyaad CBOIO
aKTyasIbHICTh uepe3 eKOHOMiuHi MpobsieMH, a TakKoX MpPOOIeMH HABKOJIMIITHBOTO
cepefioBuIlja. Yepe3 MOCTIMHUI PO3BUTOK KOMYHasbHUX MiANPUEMCTB, PO3BUTOK
TeXHOJIOTiM pO3IMOALMY eHeprii, a TaKO)X eKOHOMIUHMX PHU3UKIB y pasi mobynoBu
BeJIMKMX 3a po3MipaMu CcHCTeM, sKi OyAyTb TreHepyBaTH Ta IiepefaBaTH
e/IeKTpOeHeprifo, BelWKi KOMIMaHii, 10 3aiMaloThCsl eHepro3abesneyeHHsIM,
novany Oisiblile CXUTATHCS Z0 PO3pOOKKM HabaraTo MeHIIWX, JelleHTpali30BaHuX
cucTeM eHepro3abe3neueHHs. Taka [JisUTBHICTE B IepIy Yepry IOB’si3aHa i3 TUMU
repeBaramy, 10 MOXKYTb 3allpONIOHYBaTH CUCTeMH PO3IIO/i/ieHOl reHepaliil, cepef
SKUX: HabaraTo MeHIIi BUTPAaTH Ha TeHeparlilo, Tepeposmofii Ta Mepefady
eJIeKTpOeHeprii; KOHTPOJIb Hampyrd Ta CIIOKUBAHHS pEeakTUBHOI IMOTY)XHOCTI;
30epeXXeHHsI eJIeKTPOEeHeprii; Mi/[BUIIEHHS Ha/idHOCTi; TOKpaIleHHs sKOCTi;
TO€/JHAHHS TeIJIOBOI Ta e/IeKTPUYHOI eHepril.

Hanpukinni 1990-x pokiB, Oya0 moyaro JOC/TiKEeHHS [IelleHTPaTi30BaHuX
migxoaiB, fKi 6 MaqM TOYAaTH KepyBaTH IHTerpalli€l0 He OfHiel TuCsAUi
PO3MO/IiIEHNX eHEPreTHUHUX PECYpCIiB Tak, 100 HaAiWHICTh Ta CTIHKiCTh mepen
Gi3sMUHMME  aTakamM, CTUXiMHUMH JiiXamd, Kibep-arakaMu Ta 3060sMu y
MOCTavYaHHi eleKTpoeHeprii, Oy/ma MakCUMaTbHORO.

BupiiieHHsM Liboro nuTaHHs 0y/10 BUKOPUCTaHHS CiITKOBOI apXiTeKTypH, sika
6 Masia 3Mory KepyBaTh BUPOOHHULITBOM eJIeKTPOEeHeprii Ta MOMUTOM Ha MiCLieBOMYy
piBHi y mifipo3zinax ciTku, siKi 6 aBTOMaTHUHO Oy/M BUAiMEHi 3 GBI MacCUBHOI
Mepexi, abu 3abe3neuntrt He3nepebiliHe TOCTaYaHHs eJIEKTPOEHEPTii, HaBiTh KO/H
MeperKa B3araji npunyuHuIa poboty. Takuii miaxin HasuBaeTbest «Micro Grid».

Micro Grid — 1je eHeprocucTeMa [ijisi TIeBHOT JIoKallii (JKUT/Ia, TPOMUCIOBUX
BHUPOOHHMLITB), 3a [JOTIOMOTO0 SIKOi MO)KHa CTBODUTH BJIaCHY eHEPrOMEPEXY, siKa
Moke B Oygb-fKMH uac BiJK/TIOUATUCS BiJ, MepeX eJIieKTPOTIoCTauaHHs Ta
TIparLtoBaTh CaMOCTIHHO.

Uepe3 cBOIO KOHLEMLit0, IKY HaBefileHo Ha puc. 1.1, Micro Grid 3a ocraHHi#
yac craja JOCUTh DO3MOBCIOZ)KEHOK 3a KOpJOHOM. He3Bakaroun Ha Lie Lje
6inbioi akTyanpHocTi Micro Grid HabyBae uepe3 Ti 3MiHM, sKi 3a3BHuait
TParvISIFOTbCSI B eHepreTHli, OCOOMMBO dYepe3 TMOMYJsipH3aLiil0  BUPOOJIEHHS
eJIeKTPUYHOI eHeprii 3 BUKOPUCTaHHs BiJIHOBJIIOBAHUX [PKepeJl B NeBHUX KpalHax.
[Meprioueprosotro 3ajaueto crcteM Micro Grid monsrana B TOCTiHHO, a TO/IOBHe,
cTabilbHOMY eHepro3abe3rieyeHHi CIIOXKHUBAYIB eJIEKTPOEHEePriel0 y TUX MiCLfIX, Jie
LIeHTpaJIi30BaHe MMOCTaYaHHs HeJJOCTYITHe ab0 eKOHOMIYHO HeBHTiJHe.
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IcHyroui TexHiuHI pillleHHS BJja/l0 BUKOPUCTOBYIOTHCS B JIOKAJIBHUX Meperkax
GaraTbox Kpai cBiTy, Hampukaag CIIIA. Ha cborofHimiHili JeHb BHMOTH 0
noOyzoBY Ta (PyHKL[IOHYBaHHSI TaKOTO BUy MepeXX Ha TepUTopii YKpaiHW Iie He
Oynu copMoBaHi, uepes Te, 10 CrielUdika TaKUX eHEPrOCUCTEM B KOXKHIiH KpaiHi
Ma€e CBOi 0COOJIMBOCTI, TOMY [OCBiJ B Iiiii cdepi He 3aBXAU BIAETHCSI BIAJIO

BUKOPUCTaTW.
Puc. 1.1 OcHoeHi enemenTrt Micro Grid

BupimasieHuM  ¢akTopoM [jis  TIpOCyBaHHST TexHosorii Micro  Grid
BUSIBW/Iacs 1mpobsieMa  3a0e3rieueHHsi  eHeproedekTtrBHOCTi. Ha  mowarky
3apOJpKeHHsI L€l KOHLeMLil BUpIllleHHsSM 3ajaui BBa)KaBCs LijieCIpsSIMOBaHUNA
MOIIYK TIOTeHLIHHUX J[pKepesn eHepro3abesrieyeHHs. B sKOCTi Takux [kepen
MOXKYTh CJIyTyBaTH BCTAQHOBJIEHHS HU3bKOBUTPAaTHUX CWJIOBHUX TPaHC(OPMATOpiB,
repefiaya esfieKTpoeHeprii Mo MOCTIMHOMY CTPyMy B MepekaX, BHKOPUCTaHHS
LED-texHosoriit 3amicTb 3BU4aliHuX Jlamil. Cepe/i MPUXW/IBHUKIB BiJHOBIIOBaHOL
eHepreTUKM aKTHUBHO TMiATPUMYBAasiacs ifiess 3aMiHM TpPaAMLifHOTO TaJbHOTrO,
TaKoro sIK: BYTi/lIsl, ra3 Ha TIOHOB/IIOBaHI /Kepea.

Uepe3 Te, 110 L[iHA Ha BUKOMHI BUJMW TajavBa MOYaay 3pOCTaTH i IX 3amacu
MOYaM Pi3KO 3MEHILIYBATUCS BUHHK/IA HeOOXiZHICTH B 3HIDKEHHI BUTpaT Ha Iff0
cupoBuHy. Uepes 1je BifOynocs O6araTo 3MiH, TIOB’ si3aHUX 3 KPU30I0 B €HepreTulli i
il HETOTOBHICTIO ZI0 HOBHUX YMOB. 3@ PaxyHOK LIbOT0, 3rOZOM IOYaly BBOAUTUCS
MJIbIY Ha a/IbTePHATHBHI Ji)Kepesia eHepril.

3rogom, 3 TosiBOIO CyOcuzili Ha BiZHOBIIOBaHI [pKepesa eHeprii, y
PO3pOOHUKIB TEXHOMOTIN 3’sIBUIOCS OaraTo MepCreKTWB B i o6macTti. 3apasku
mizibraM  BUKODUCTAHHS — ajbTePHAaTUBHUX  [pKepesl  CTaBajio  Bce  Oisibll
NONYNASAPHILLINM.

Ane ockinbku icHyroua iHGpacTpykTypa He Oysa roToBa /o 3MiH, Garato
JpKepesl THAKII0Yaancs A0 MepeX, He3JaTHUM [0 pPoOOTH 3 efeKTpPOCTaHLisMU
nofiibHoro Tumy. Tako)k uepe3 TexHiuHi 0OCOOJMBOCTEM 3aCTOCYBaHHS HOBHUX
Iokepes 6yB OTPiOHMI iHIIMI JOCBiA ekcrityaTailil. [ToTy>KHOCTi 06UHCITFOBATHCS
B Oinbiiii Mipi B oquHMLIAX ab0 [jecITKax MeraBart, 1[0 Te)X HEraTUBHO BILIMBAJIO
Ha eJIeKTpUUHYy Mepexy. [Ipy 1[boMy B KO>KHOMY BHITaKy TIOTPiOHMI AOCTaTHIiH
aKTUBHUM pe3eps, siKUii OW pearyBaB Ha 3MiHU B POOOTi a/ibTePHAaTUBHUX [PKepeJl.
SIKII0 Y BEJIMKMX MEPEXKeBUX CUCTeMaX TakKi 3aBJaHHs Oi/bI-MeHI 37ilCHEeHHi,
TO B i30/7TbOBaHUX Mepekax (THX, SKi He TiJK/TIoUeHi 0 MaricTpaabHOI Mepexxi abo
B sKHUX BOHa cnabo migTpUMyeThbcsl) Lie Oyn0 HEMOXXIWBO peanizyBaTd abo
MOYK/IMBO Ti/IbKM 3a PaxyHOK IOCTaBKM eHeprii HeBiZAMoBifHOI sikocTi. Y Toi yac
K OCHOBHI fIKiCHI XapaKTepUCTUKH [Ji1 CIIOKMBAYiB - Lle MOCTiliHa Hampyra i
yactora. CaMe pilleHHs LuX Npo0sieM, TIOB'SI3aHUX 3 pOOOTOH TpagULiHHKX i
TIOHOBJTIOBAHUX [PKEPeJT B i30/TbOBAaHUX MePeXax, € CbOrOHI Halbi/IbII BasKITUBUM
MIUTAHHSM B e/IeKTpOeHepreTUUHiN ramysi.

Oco0mBocCTi KepyBaHH#A B cucremax Micro Grid

Cucremu po3ocepe/pkeHol reHepallii BUMaratoTb IeBHUX MOXJ/IMBOCTeM Ta
YMOB [Ji1 KepyBaHHs, 1100 MakcuManbHO 30ajaHCyBaTH Ta IOKPALUTH
€KOHOMIYHY BUTi/JHICTb. ICHYIOTE MeBHI KpUTepii, IKUM CUCTeMH KepyBaHHS Micro
Grid moBuHHI BijmIoBizaTH:
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1. Tlo-mepme Micro Grid moBuHHa OyTH OJHUM CaMOKEPOBaHHUM 00’€KTOM
B LIeHTpasi30BaHiii eHeproMepexi;

2. Tlo-gpyre cucremMa TMOBMHHA 3abe3rneuyBaThi KepyBaHHSI 3a PaxyHOK
YaCTOTH, HaIIpUKJIa/[, SIK CHHXPOHHUM reHepaTop;

3. Cucrema MOBUHHAa MaTH MOXX/IMBICTb [/s1 pery/IrOBaHHs 4acTOTH Ta
Halpyrd B TIEBHUX MeXax, fKi OyayTb TpUMHSTHI /11 poOOTH B i30/1b0BaHOMY
PEXUNMI;

4. Micro Grid HeoOXiZHO BifZaBaTé pecypcu B LIEHTPalbHY MEPEXY s
TMiITPUMKU eHepreTHYHOTo OanaHCy;

5. YHUKaTH 3HaU€Hb MOTY)KHOCTI, sIKi GyZyTh MepeBUIIyBaTH MEBHE 33/laHe
3Ha4eHHA;

6. Ilpu BifK/IIOUEHHI eHeprornocTayaHHs B KOMYHa/bHiI Mepexi, chcTema
TOBUHHA TepeKIIoYaThCsl B aBTOHOMHMM peXUM II1IaBHO 1 MaTd 3MOry
6e3nepebiiiHO BiAHOBUTH PODOOTY MiJ| YaC TOBTOPHOI CMHXPOHI3allii 3 3arajbHOI0
MepeXXelo.

Cucremamu PI' MoOXHa KepyBaTM aHa/JOriyHO, $IK 1 TOJIOBHOKO
L[eHTPaTi30BaHOI0 MepeXKero, TOOTO 3a [IOTIOMOTOI0 TPUPIBHEBOTO i€papxiuHOro
KOHTpO/tO. IlepBMHHMI KOHTPOJb — 1je KOHTPO/JIb YacTOTH, a BTOPUHHUM —
KOHTpOJIb Hampyru. Peasi3yBaTH TakuiMl KOHTPOJIb MOX/IMBO BUKOPHCTOBYIOUU
L|eHTpaJbHUK MIiKpO KOHTpOJIep, MeTa POOOTH SIKOTO 3aK/IFOUA€EThCS B MOCHJIAHHI
KOMaHJ [0 pO3MOJiIEHNX eHepreTUUHUX pecypciB abo JelieHTpasti30BaHo,
Haripukiag sk cuctemu CERTS, B sKuX KOXHHUU pecypc BiAmoBiae ymoBam
MICLIeBOCTI, fie BOHU BCTAHOBJIEH]. AJle OKPiM MEPBUHHOIO i BTOPUHHOI'O KOHTPOIO,
B cuctemu Micro Grid 3a3Buuali [0[alOTh Ilje TPETUHHWN KEPYHOUWM DiBeHb,
METOK SIKOTO € 3[iliCHeHHS eKOHOMIUHMX Ta ONTHMi3allilHuX omeparfiii s
CHCTeM po30cepekeHol reHeparjii. ToOTO TakMM UMHOM TPETHHHHN KepyrOUHii
piBeHb 3abe3rneuye KepyBaHHS HaKOMWUyBaueM, TulaHyBaHHs PI' i kepyBaHHi
oOMiHOM efeKTpoeHepriel0 MK cucteMoro Micro Grid i meHTpasnizoBaHOmO
Mepexero. Taki apxXiTeKTypu KepyBaHHs, SIKI MOXXYTb VIIDAaB/ISITU €HEepri€lo B
Mexkax cucteM Micro Grid i 3paTHi 0 0OMiHY 3 KOMYHa/JbHOIO Mepexero, Oysiu
peasi3oBaHi B IBOX KpaiHax €Bpomy, B sSKWX MoOyaoBaHa cuctema Micro Grid.
[Tepiia 3 HUX 3HaxoguThCsA Ha B I'pewiii Ha ocTpoBi KiTHOoC, a iHma B HimMeuuuHi B
pamKax Ipoekty «Am Steinweg». HaBeneHi B mpukiazi cucremu mobynoBadi 3
BUKODUCTaHHS MiAX0Ay TaK 3BaHOI «MY/JbTHareHTHOI cucTeMu». Bce dacrimie
TIPOBOJIATH AOCTiKEHHsS Ta peai3oByiOTh cucteMud Micro Grid B sKi Aopar0Th
«iHTesIeKT» /17151 OITHMi3allil oTepeLiiHOro KOHTPOJTIO.

IlepeBaru mepexi Micro Grid

3 KO)XKHHUM [IHEM Ki/lbKiCTb BCTaHOB/JeHHX cucteM Micro Grid mo Bchomy
CBITy HeBIMHHO 3pocTae. IIIBUAKICTE L[bOTO 3pOCTaHHS, a SIK HAC/AiZoK 1 mosiBa
Be/IMKOI KITBKOCTI TexHiyHMX pimenb B obmacti Micro Grid Bkazye Ha ii
BUTiOHICTb.

BuginstoTs fekinbka oCHOBHUX TiepeBar Mepesxi Micro Grid.

IMepr 3a Bce — 11e ekOHOMiuHA BUroga. Micro Grid moxke OyTu BuTiHa He
TiMBKA A7 CBOiX  Oe3mocepeJHix BJACHUKiB, ab0 CHOXdBa4iB, a W
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rnocravasbHiKaM eHepril. CepeJy OCHOBHUX €KOHOMIUHHX acCIIeKTiB CHCTeM
po3ocepekKeHoI reHepaljil BUJI/ISIOTE!

1) 36i/bIIeHHS TTOTTUTY Ha CUCTEMH 3 TIOHOBJTFOBAHUMU [PKepeslaMy eHepril:
yepe3 BUKOPUCTAaHHS JIeKI/IbKOX BH/IB CUCTeM reHepallii Ta HakonuuyBayam Micro
Grid 703BOMISAIOTH 3MEHILUTH CIIOKUBAHHS €Hepril 3 LeHTPa/bHUX MEPeX;

2) 3HKEeHHS BUTpaT Ha eJleKTPOeHeprito: uepe3 Te, IO TOTY)KHOCTI
cucteMd 3abe3MeuyroTh eHepriero 6OaraThoX CHoXKuBawiB, Micro Grid pfae
MOXJ/IMBICTb 3MEHLUWMTM B [eKiJibKa pas3iB 3aKyIliB/llO0 eJeKTpPOeHeprii 3
LleHTpa/JbHUX MepeX. OKpiM I[bOr0 BHUKOPHUCTaHHS JKepea po30cepesKeHol
reHeparjii 3HWKY€E 3a/Ie)KHICTb LIIHU Ha e/IeKTPOEHeprit0 Bifi KOJIMBaHb BapTOCTi
eHepropecypcis (Mepexxa Micro Grid B ®enbixatimi);

3) Ilpogaxk He BUKOPUCTAHOI eHeprii B LieHTpasbHy Mepexy: Micro Grid
TaKOXX MO’Ke IPUHOCUTH [J0XiJ, oToMararuy 3BU4aifHIM TpoMafisiHaM Ta Oi3Hecy
Mpo/laBaTy Ha//IIIIOK 3reHepoBaHOi eHeprii, abo eHepriio, sika 30epexeHa B
HakoluuyBauax B 3arajbHy Mepexy. Lle 11je Ha3uBarOTh 3B0poTHIM Tapudom (feed-
in-tariff), sskuii 3ampoBazuM B GaraTh0X KpaiHax, B SIKMX BUILIAUyHOTh KOLUTH 3a
Ha/JIMIIOK efleKTPOeHeprii, I1J0 eKCIOPTYEThCS B HaLliOHaIbHY MEPeXY;

4) 3aBgsiku 3patHOCTi Micro Grid KOHTPO/TIOBAaTH CTIOKWBaHHSI eHeprii, To
BOHAa MOXe CaMOCTiMHO TIOHM3UTU CIIOKMBaHHS eHeprii BcepeuHi cUCTeMH,
IIJISIXOM  BifIK/FOUeHHsT 0OafiHaHHS, SIKe HEe BHWKODHUCTOBYH), THM CAMHM
TIPUHOCSTYM JI0AATKOBY BUroay it Micro Grid,

5) 3aBasku Micro Grid mMo)kHa 3MeHIIWTH BTpaTd eHeprii mpu Iepejaui.
OCKiJIbKM €Heprisi reHepyeThcs Oe3nocepenHbo Oinss camoro croxkusaua, Micro
Grid Moxe TIOHWKYBaTH HaBaHT@)KeHHs Ta BTPaTH B MepeXXax IIpH
TPaHCIMOPTYBaHHI eHeprii Ha BeJMKi BiJiCTaHi;

HactynHa niepeBara cucrem Micro Grid — 1e ii HafiliHiCTB Ta SKiCTb.

6) Cuctema Micro Grid mo30aB/isi€e CIOXKUBa4iB Bifi TepepyUBaHHS
eHepromnocTayaHHs. OcKiibKY rpobiemMa CcTabiTbHOTO MOCTaYaHHs e/IeKTPOeHeprii
€ CYTTEBOIO /i 6araThoxX CIIOKKUBauiB, ToMy 3aBAsKd Micro Grid Mo)kKHa 3HHU3UTH
HaBaHTa)XEHHS Ha LeHTpali30BaHy Mepexy, TUM CaMUM 3MEHIIUTH pPU3UKU
TepeprBaHHs eHeprornoCTayaHHsl.

7)Micro Grid mokpaiiye skicth esiekTpoeHeprii. Kosu BizbyBaeTbcst
BiZIXWJIeHHs piBHsI HanpyTry abo CTpyMy Bifl 3a/laHAX CTaH/ApTIB, TO B Pe3yJbTaTi
00/1aiHaHHSI MOJKe TT0YaTH BUXOZUTH 3 Tafly. 3aBAsKU CBOIM TexHosorii Micro Grid
3[jaTHa JOCTaB/SATH eHeprilo CTabifbHOI SIKOCTi Ta UacTOTH, KpiM TOro, 37aTHa
BiJiJaBaTh [OLATKOBY IOTY)KHICTb B LIEHTPa/JbHY MepeXy, 3PiBHIOIOUU SKiCThb
eJIeKTpOeHeprii /7151 CII0)KUBayiB, HaBiTh THX, 110 3HAXOAATHCS 38 MEXXaMHU CUCTEMHU
Micro Grid;

Tpets nepeBara cuctem Micro Grid — we ii ekomnoriudicts. Uepes nocTivnmit
PO3BUTOK TEXHOJIOTiM B 06J1acTi KOHTPOJIFO HaBaHTa)KeHHS, CUCTEM HaKOMHUUeHHs
i3 BUCOKOK IIBHUJKICTIO pearyBaHHs, NPOTHO3YBAaHHS IOMWUTY, TO BUKOPUCTaHHS
nepepUBYACTOi reHeparlii 3 Bi/JHOBTIOBAJILHUX [Keper Tiepectae 6yTH mpobiemotro.
CyuacHi cucremu Micro Grid MmoxXyTb OyTu TIoOyzoBaHi Ha Oyab-sKili KOMOiHarlil
JbKepesl eHeprii, J03BOJISIIOUM BUKODUCTOBYBaTU BUKJ/IFOUHO BiJJHOBJ/IHOBa/bHI,
TaKUM YMHOM POO/IsTuM eHepro3abesneyeHHs MAKCUMAJIBHO eKOJIOTiUHUM.
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PosnoBcrompkerHst cucteM Micro Grid mpusBoguth 10 Bce 6isbimoro
PO3IOBCIO/PKEHHSI [pKepeJsl pO3IIoAiIeHo] reHepalii 3 BUKopucTaHHs BIIE, 3HIKye
MOMUT Ha EHEeprilo i3 LeHTpali30BaHOI Mepexi i3 3HayHOK [O0JeH0 BUKUAIB
NApHUKOBUX Tas3iB, a TAKO)X MOXKe MPU3BOAUTH [0 3HWKEHHsI DIBHS JIOKAJbHOIO
3abpyJHeHHs TIOBIiTPsl 3aB/sKU BUKOPUCTaHHIO KOreHepaljii Ha 3aMiHy 3acTapinmx
reHeparopiB Ha ocHoBi BBIT.

IOns Toro, mo6 3abe3neunTt Ge3nepebifiHe dyHKIijioHyBaHHS Micro Grid
HEeOoOXi/THO MaTH y CK/IaZli CUCTEMHU:

® reHepaTopy Ha OCHOBI TBep/ONaJUBHUX eJIeMeHTIB;

* BiTPOCTaHLT;

COHSIUHI eJIeKTPOCTaHLIil;
MOYK/TUBICTD TTiIK/TIOUEHHSI /0 JIOKa/IbHOI ab0 1[eHTPa/IbHOI Mepexi.

® HeoOXiZJHO MaTWM HaKOMHMUyBaui eHeprii, B SIKOCTi fKWUX, HAIPUKIA[,
MOJKYTb BUKOPHACTOBYBATHCS aKyMYJ/IITOPU.

Konrjeriiist Micro Grid icHye BXe feCITAMITTIMY, ajie JIMie 3apa3 MoYriHae
IIMPOKO BUKOPUCTOBYBATUCS i OTprMasia BU3HaHHs 3a BCi IlepeBary, siki BOHa Mae.

Ockinbkn Micro Grid mif’egHyeTbcsi [0 3arajbHOI Mepexki, aje Mae
MOX/TUBICTb (PYHKI[IOHYBaTh sIK HeBeJMKa CaMOCTiiHa Mepexa, il JOL[iIbHO
BCTaHOBJIFOBATH HaBKOJIO KDUTUYHOX iHGPACTPYKTYP, HaNpUK/IaZ, JiKapeHb, IIKi,
TMOTiLEMCHKUX BifiZi/IeHb Ta TIPUTYJIKIB Ta iHIIMX OKPEMUX 3aK/1a[jaX Y OyIb-sIKOMY
cem, MicTi uM Micreuky. Takum uMHOM, SIKIIIO IleHTpasbHa Mepexa Oyge
BiJIKJIFOUEHa, OrepaTOpy MepexXi MOXYTb CIIOYaTKy BiJHOBUTHU JKUBJIEHHS 3a
poriomororo Micro Grid, AOCTaB/sAOUM €HEprito [0 JiKapeHb, HIKiI i OyauHKIB,
came TOZi KOJH 1ie TOTPiOHO.

[icns Toro, sik Micro Grid 3amparjtoe, >XKUBJIeHHSI B LieHTpasbHiA Mepesi
TIOYHe BiZIHOBJIIOBATHCh.

PosivpenHst iHTerpauii BiJZHOB/IOBAJIbHUX [pKepesl eHeprii y 3araabHy
MepexXy € CyTTEBHUM [JOCSTHEHHsIM, III0 MOopsifi 3 TiepeBaroto critikocti Micro Grid
3abe3reuye Takili cUCTeMi rapHi MepcreKTHBY PO3BUTKY.

1.1 IIpuanunu nodyaoBu Micro Grid

Micro Grid, sik mpaBWIO, TpaLOE€ TMPH TIAK/IOUEHHI [0 3arajJbHUX
L|eHTpali30BaHUX MepeX, ane B Oylb-gKUH MOMEHT MOXKe BiJKMIOUUTHCS |
TMpaLlOBaTy 3a PaxXyHOK CBO€I BIACHOI 3reHepoBaHOI eHeprii. I JOCUTH Bak/IUBO,
11]0 L1l «pO3YMHi» ejleKTpOMepeXKi 3jaTHi YCITIlIHO BUKOPHUCTOBYBATy BiJHOB/IFOBaHI
JoKeperia eHepril.

Mepexa o0'eqHye OyAWHKM, MANPUEMCTBA Ta iHIm OygiBmi 710
LleHTpa/li30BaHUX [pKepes efeKTpOeHeprii, M0 [03BOJISE BUKOPHUCTOBYBaTH
MpWIafid, CHUCTeMM oOrajieHHs abo OXO/IofKeHHS Ta eJeKTPOHiKy. Ase 1
B3a€EMOIIOB'SI3aHICTh O3HAua€, [0 KO YacTHHA MepexXi MoTpedye PeMOHTY, Lie
BIIJIMBA€E Ha BCiX.

Cucrema, SIK TIpaBWJIO, MpaLIOE i 4aC MiJK/IIOUeHHSI O eJIeKTPOMEepEeXi,
aje BaX/IMBO, 10 BOHA MOXKE BifIK/IIOUaTHC Ta IIpaljloBaTd CAMOCTIMHO,
BHUKODHCTOBYIOUH MicLieBe BUDOOHULITBO eHeprii B KpH30Bi 1epiofu.

kepena po3ocepe/iykeHOI reHepallii MOXXYTb >KUBUTHCh Bifi TeHepaTopiB,
aKyMyJIITODIB Ta BiJIHOB/IIOBAHUX PeCYpPCiB, TAaKUX K COHSYHI IaHesi. 3ajexHo
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BiJl TOrO, IKUM UMHOM BOHA IpALtO€, I IKUM UMHOM HHUM KOPUCTYROThCS, Micro
Grid Mo>ke mparitoBaTy 6€3CTPOKORO.

Cucrtemy MOXKHa MIZK/IHOYATH O MEPEXXi B TOYULI 3arajibHOrO 3’€JHaHHS, sIKa
MiZATPUMY€E HarpyTy Ha TOMY K PiBHi, 1IJ0 i B OCHOBHi/ MepeXxi, SIKII[0 He BUHUKAE
sIKach MpobsieMa B Mepexi UM iHIIa MpUYMHA BiJKIHOUeHHs. B pasi 1poro icHye
MOX/UBICTb Bifikmrountd Micro Grid BpyuHy abo aBTOMariuHO 3a /IOTIOMOTOO
komyTartopa. Tomy cuctema Micro Grid Mmoxke OyTv BUKOpUCTaHa JiJisl PE3ePBHOIO
eHepro3abe3rneueHHsl B pa3i HaZ3BUYalHUX CUTYaLlil.

Micro Grid - 11e cerMeHT eHepreTHYHOI raiys3i, 0 TTOCTIMHO pPO3BUBAETHCS,
i mpencTapsisie 3MiHY IIeHTpPa/JbHUX €JIeKTPOCTaHIlid [0 Gi/blll JIOKami30BaHUX,
0co6MMBO y MicTax. MOX/IUBICTb BifIK/IIOUEHHS BiJj OCHOBHOI MepeXXi poOUTh
Micro Grid Bce 6ibI TOMY/ISIPHILIIO Ta KOHKYPEHTHO CITPOMOXKHOIO.

Ha cooropHimHili feHb iCHYIOTh pi3HOMaHITHI THUMU TOOYJOBU CHUCTEM
Micro grid. CepeJ, 0CHOBHUX — Iie JIOKa/lbHa Ta aBTOHOMHA CUCTEMH.

JIokanibHa eHeprocucreMa

JlokanbHi enekrtporexHiudi cuctemu (JIEC) Bmano 3acTOCOBYIOTHCSI B
cucremax Micro Grid. ITig uac pob60oTH 3 po30ocepepKeHUMH KepesiaMu eHeprii Ta
JeLleHTPa/Ti30BaHOK apXiTeKTypo, JIOKalbHI CHCTeMU MOXYTb OyTH OinbIu
MIPOCTUMH y KepyBaHHsl, & TaK0XX, J03BOJISIIOTH [leljeHTpali30BaHO KepyBaTd Ta
PO3MOAIMATA KEePYIOUi BIUTMBU MiXK OaraTtbMa ejileMeHTaMH, He TOKJIalalounch Ha
LIeHTpajli30BaHy  CUCTeMy  eHepro3abesneueHHs. OfHi€l0 3  OCHOBHHUX
0COO/IMBOCTEH JIOKAIbHUX CHUCTEM B paMKax cuctemMu Micro Grid € 6inbim
IIMPOKHH [iiara3oH peXxuMiB poboTu Ta Te, o JIEC opieHTOBaHi Ha TpUBaTHM
aBTOHOMHHUI DeXHUM poOOTH, [/ MiATPUMKHU SKOTO BUKOPHCTOBYIOTH CKJ/IAIHY
CTPYKTYpY CHUCTeMHM KepyBaHHSl Ta pO30CepeJyKeHy TIeHepallilo eHepril, ska
6a3yeThCs Ha TTOHOBJTIOBAHUX [PKepesiax eHepril.

B cyuacHili KOHCTpYKIIii JTOKaJIbLHUX CUCTEM HaMbiibIl mommpenuii Habip
pO30CcepeKeHUX TEXHOJOTIH, 10 CKIafaeTbCs 3 ABUTYHIB abo reHepatopiB Ha
OCHOBi BUKOITHUX BUJIB TMajlWBa, Ta30BUX TypOiH, COHSUHUX TaHeseH, BiTPOBHX
craH1ii Ta HeBenukux ['EC.

OCHOBHI TeHJ|eHLliI [/11 PO3BUTKY JIOKaJbHUX €HeProCUCTeM 3’SBUJIUCS He
TaK JaBHO: Lle i po3BUTOK MpUCTpoiB cuaoBoi enekTpoHiku ([ICE); po3BuUTOK
cucrem kKepyBaHHs1 (CK); SCADA; TexHoJOTii BHUMIpIOBaHHSI €J€KTPUYHUX
napametpiB; npunazis PMUs (ripuiagy AJ1st BUMipIOBaHHS MOTYXXHOCTi), WARMS
(BUMiproBa/IbHI CHCTeMH), @ TaKOXK iH(OpMaLiHKX | KOMYHIKal[iHUX TeXHOJOTIH.

Bci i cdakTopu 3amycTH/iM pO3BUTOK TEXHOJNOTiHM, fKi Ha CHOTOAHI €
ocHOBO Koumemnii Smart Grid. Cuctemu Micro Grid 6ynu po3pobiieHi B IKOCTi
MepeXeBol apXiTeKTypu pO3IMOJibHUX MepeX B pamkax KoHernuii Smart Grid.
Cucremu Micro Grid MaroTh nepeBary uepe3 CBO 3JaTHiCTb II0 MakKCHUMyMy
BUKODUCTOBYBaTM Ti BWUIOAW BiJi BCTAaHOB/IEHHs BEJMKOI Ki/lbKOCTI [pKepesn
po30cepe)KeHOI TeHepallii 3arajJibHOO TOTYXHiCTb A0 1 MBT B cucremax
pO3MIOZiy eneKTpoeHepril Ha HU3BKIM Hampy3i fst 3abe3meueHHss HeoOXigHOTO
PiBHS SIKOCTI €HeprornocTayaHHs [ijis ClI0KUBauiB.

OcCHOBHMMHU TlepeBaraMy JIOKaJbHHUX €HEpPrOCHCTeM Ha OCHOBi [pKepes
TIOHOBJ/TFOBAHOI eHeprii B MOpPIBHsAHHI 31 3BUYalHUMU TPaJULIIMHKAMU [HKepeaaMU
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eHepril MO)KHa Ha3BaTH: €KOJIOTiUHICTb — CHUCTEMH Maibke He 3a0pyAHIOIOTH
HABKOJIMLIIHE CepeZIOBHILe; HEBHUEPITHICTh; 3HUKAE HeOOXiZHICTH y BHAOOYTKY,
BUTpAaTaX Ha repepoOKy Ta [JOCTABKY MaMBa; TAKOXK 3HWKAE HeoOXiZHICTb B TOMY,
1100 TPaHCTIIOPTYBAaTH €HEpTit0; 3HUKA€e HeoOXiAHICTL y AediuTHUX MaTepianax, a
TAaKOXK TakKi CUCTEMM MOXYTh T[palloBaTH MpakTUYHO 6e3  OyAb-IKOro
obcnyroesyBaHHS.

Cepep, HeponikiB JIEC Ha OCHOBI ITOHOB/IIOBAaHUX pKepesl MOXKHA BUJIIUTU
HeTOCTiMHICTh IXHBOTO eHepreTUUHOro MOTeHLiasny.

ABTOHOMHA eHeprocucremMa

ABTOHOMHI cHcTeMH eHepro3abesneyeHHs 3 COHSIUHUMU MaHeIsIMH, K
TMIPaBUJIO, BUKOPUCTOBYIOTHCS TOA, KOJTM HEOOXiJHO 3a0e3reunTy JOCUTh HeBeHKi
notpebu B enekTpoeHeprii, mpubnusHo g0 20 kBT. Tako)X aBTOHOMHI CHCTeMH
MOXXYTb 3aCTOCOBYBAaTHCsS y HadBigjameHimmx wMicusx, abo Tam Je HeMmae
MOXX/TUBOCTI 17151 3a0e3reueHHsI HOpMaJIbHOTO e/IeKTPOKUBIIEHHSI.

Y aBTOHOMHHMX CHCTeMax 3a3BH4ali BUKODHUCTOBYIOTb COHSIYHI TaHen,
OCKiIKM BOHM Oinblll HafiliHi B 3a0e3reueHHi e/eKTPOeHeprie€l, HiX BiTPOBi
CUCTEeMH, TaKO)K BOHH He TIOTPeOyI0Th BCTAHOBJIEHHS LIIOT/IH i 3aliMaroTh Habarato
MeHILe micls. ToMy caMe COHSIUHI IaHesi JOLJIbHIllle BUKOPDUCTOBYBAaTH B TaKUX
cHUcTeMax, Jie efeKTpoeHeprii morpibHo Hebararo.

[Jnis1 migBuIeHHs e)eKTUBHOCTI aBTOHOMHUX CHCTEM eHeprorocTauaHHs BCe
6isbIlle 3aCTOCOBYIOThCS TiOpHAHI CHCTEMM eeKTPOMOCTauaHHi, CK/IaJoBi SIKOI
HaBeZleHo puc. 1.2.

Ti6puaHIMH CUCTeMaMH Ha3UBalOTHCS aBTOHOMHI CUCTEMH
eHepro3abe3mneueHHs, siKi CK1aZar0ThCs 3 Binbll Hi>K ofiHOTO HKepesna eHepril. Taki
CUCTEeMH  3a3BWYaii  BUKODUCTOBYIOTbCS [yl 3abesredeHHS — HaildHOrO
€HEproroCcTayaHHs [I0 HaWBiAJaNeHilMX CrOKUBAYiB i 37aTHi 3abe3meunTH
mifBuILeHi eHepreTnuHi moTpebu. Ha cborogHi Haiibinbl po3roBCHOKEHUMH
KOHQIryparisiMi aBTOHOMHHMX CHCTEM BBa)KalOTh CHCTEMH, III0 CKIaJAl0ThbCs 3
COHSTYHUX TIaHeJIel i TeHepaTopiB Ha OCHOBI BUKOMHUX BufiB namuBa (BBII) abo 3

BITPOBMX CTaHLIill i reHepaToOpiB Ha OCHOBI BUKOITHUX BU/IiB Ma/lnBa.
Puc. 1.2 CxiafjoBi aBTOHOMHOI ribpyHOI eHeprocucTeMu

TakoX, [0 OCHOBHOI CHCTeMM MOXKHa [ofilaTU Ta iHTerpyBaTu
riJjpoeseKTpoCTaHLito. SKII0 BUHUKAIOTh NMOTPeby B BeJIUKil KiJTbKOCTi eHeprii, To
JOCUTh TIEPCIIEKTUBHI B €KOHOMIYHO TJIaHi BeMWKi riOpuHi cuctemu 3
BUKODUCTaHHSAM JI)KepeJsl BiJHOB/IHOBAHOI eHepril i reHeparopa Ha ocHosi BBII. B
OCHOBHOMY uepe3 Te, 1[0 BOHU Oi/ibIll ZiellieBi B eKCIilyaraljil, HiK CUCTeMH, sIKi
noOyj0BaHi TiMBKY 3 BUKOPUCTAHHS OHOTO reHepaTopa.

B sIKOCTi OCHOBHOTO /pKepesa B TiOpUJHUX CUCTEMaX BUCTYMAIOTh BiTPOBI
JBUT'YHH, uepe3 Te, II0 BiH MPUOIM3HO B JBa Pasd [JelleBIIMH HiXK COHSIYHI
e/IeKTPOCTaHL{il, TOMy MHOro [OLi/bHillle BUKOPUCTOBYBATH, SIKIO A03BOJISIOTH
ymMoBU. CHCTeMy COHSIYHUX TI1aHejieil, $IK TpaBWIO, 3aCTOCOBYHOTb B SIKOCTi
JIOTIOMI>KHOTO JI)Kepesia eHepril, sike 3a0e3rneuye eHepri€lo B Mepiofu, KoM eHeprii
BITPY /1 1JbOTO HeZIOCTATHBO (y BUINAaAKaxX IITUMO). SKINO B TaKy cUCTeMy J0faTy
11e reHepaTop Ha ocHOBi BBII Moe 1ije 30i7bIIMTH Ha[ilHICTh BCi€l cUCTeMH, a
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TaKOX /I03BOJIUTH 3aXUCTUTH cebe Bif Oyab-sKuUX repeboiB eHepril MOB’s3aHKX 3
MOrOIHUMH YMOBaMHU.

Cucremu, B IKUX KOMOIHYETBCSI BITPOBUI [JBUTYH i COHSIUHI MaHe i BUTiAHO
BHUKOPHUCTOBYBAaTH HacamIlepe[, 4epe3 Te, IO BiTep MOKe CTUXHYTH, a COHSIYHe
BUIIPOMIHIOBaHHS, Y [ieHHY Iopy, OyBae Maibke 3axzu. [y Toro, 110 COHSYHI
raHemi  BUPOOJISM  e/IeKTPOEHEeprilo,  HasBHICTH  TMPSIMOr0  COHSYHOTO
BUIIDOMIHIOBaHHSI ~He  ODOB’SI3KOBa,  ()OTOENEKTPUYHA  CHUCTEMa  MOJXKe
BHUKOPDHUCTOBYBAaTH i pO3CisiHE COHsSIUHEe CBiTIO, LIoMNpaBia B MacMypHY IIOrofy
eHeprii Oyge BupoOmaTHCcsS MeHie. HaBiThb BequKuM rpaf, cHIr abo iHimi
HeCIpUST/IMBI TOTOJHi YMOBH He MalOTh BIUIUBY Ha poO0Ty maHeseli. He3paxkaroun
Ha Lje [O0CTaTHbO IOLIMPEHOK € TeXHOJIOTis BUKOPUCTAHHS CUCTEMH BITPOBOIO
[IBUTYHA pa3oM 3 reHepatopoM Ha ocHOBi BBII 3amMicTb COHSIUHHMX IaHeseil, yepe3
HIWKYY LiiHy. Aje Take pillleHHs, He 30BCiM BWIIpaBJjaHe AJIs1 MasIOMOTY>KHUX
aBTOHOMHHX CHCTeM, TOMY IO 3aCTOCyBaHHsI COHSYHMX IaHesieil Kpallle BIIJIMBA€E
Ha PpO3pSAAKY aKyMyJSITOPa, OCKiJBKM TaHeli MOXKYTh 3a0e3MeunTH TOCTiHHY
poboTy, i IpOAOBXKUTH pecypc akyMynaTopiB. Takok BapTo [oAaTH, L0 CHCTeMa
COHSIUHUX TIaHe/Jled Ma€ BUCOKY HaJiliHICTh Ta pecypc, i 3haTHa mpalffoBaTH He
MeHule 40 pokiB, SKIIO CUCTeMy TIpaBWIBHO eKcrulyaTyBaTH. OCHOBHe
00C/TyroByBaHHs, SIKOTO TOTPeOYIOTh COHSIUHI TMaHesl, 1ie MepiofjuuHe OUMIIeHHS
COHSIYHOTO MOZAYJIS Biff MMy, @ B3UMKY Bifi CHITY, 111006 MiABUIIUTA e(eKTHBHICTb
Y/IOB/IFOBAHHSI COHSIYHOIO BUIPOMiHIOBaHHS. EHeprito, siky BUpOOJIsiIOTH mHaHesi
MOXKHA 30iBIINTY Maiike y [Bidi, 32 YMOBH, SIKIII0 KOPUCTYBaTHCS CUCTEMOIO ISt
CTE>KEHHsI 3a COHIIeM, sKa B CBOIO uepry OyJe IOBepTaTé COHSYHY IaHeIb B
HarpsIMKY COHLIS Ha MPOTS3i BCbOTO JHS.

ABTOHOMHI cucTemMu eHepro3abe3neyeHHst HA OCHOBI TiOPUHUX TEXHOJOTIH
HaWOI/IBII JOIi/TBHO BHKOPHMCTOBYBaTH y BUIIA[KY, KO HeOOXigHe IfijlopiuHe
OTpPUMaHHsI eHeprii, TOMy 1[0 B 3MMOBHI Yac, KOJIM COHSYHOIO BUIIPOMiHIOBaHHS
MeHIIle, OCHOBHa poboTa MpUMaJae Ha BiTPOBY YCTaHOBKY, a B JITHIO TIOPY POKY
OinbIle HABAaHTa)KEHHsI MPUHMAKOTh COHSYHI MaHesni. Taki cHCTeMH [03BOJSIOTH
MaKCHUMaJIbHO MTOBHO BUKODUCTOBYBATH BiJIHOB/IIOBaHI Ji)kepesia eHeprili, OCKi/IbKA
MOEJHAHHS [IBOX albTePHATUBHUX JDKepesa [03BOMs€ 30LMBIIATH  KUTBKiCTb
3reHepOBaHoOI eHepril.

HaBesemo fBa sicKpaBUX TIpUK/Iafu BHUKOpUcCTaHHS Micro Grid, siki
JeMOHCTPYIOTb MOKITUBOCT] 3aCTOCYBaHHS Ta MOOYZOBU TaKUX CHCTEM.

Cucrema Micro Grid na ocrpogi Eiir, IIlorianain

Micro Grid, renepye 357 kBT, aBTOHOMHa Mepeska.

MelKaHIli OCTPOBA, 1110 JaBHO MPOXKHUBAOTh HA HBOMY, I1le 3 MOMEHTY CBOTO
riocesieHHs1 3abe3euyBany cebe eHepri€ro 3a paXyHOK AW3ebHUX FeHepaTopis, aje
KOXKHUM KUTeJb 0COOMCTO 3abe3meuyBaB TiibKu cebe. [ Toro, 1100
M IK/TFOUUTHCh /10 LIeHTPaIbHOI Mepexki, HeoOXizHo 6y/10 BUIITUTH TIPUOIU3HO Bif
2 1o 4,5 minbiioHiB QyHTIB.

1 motoro 2008 poky, Ha ocTpoBi E#r Oysia BCTaHOB/IEHA CUCTEMa, sIKa MOTJIa
npartoBaty 0e3 MiAK/IIOUeHHs 10 L[eHTPasTi30BaHOl Mepexi, i sIka TIOBHICTIO B 3MO3i
3abe3reuyBaTy BCIO iHQPaCTPyKTypy Ha ocTpoBi. CructeMy 300pakeHo Ha puc. 1.3.
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A Takox, >kuTesi octpoBa ENr crany mepmvMH B CBiTi, XTO BCTAHOBUB CHCTEMY,
sika abCOJTFOTHO He 3a/IeXKUTh BiJl [IeHTPasTi30BaHOTO eJIEKTPOTIOCTauaHHsI.

Cuctema Micro Grid Ha octpoBi Eir — 1e nepiuuii npukiaj, Koau Oyno
B/IaJi0 iHTErpoBaHO pi3Hi BiJJHOBJIOBA/IbHI Kepesaa B MepPeXy, sika 3abesreuye
BeChb OCTpiB 0Oe3nepeOiliHOIO MO/auer0 eyIeKTPOEHeprii, a TakoX B 3MEHIIeHHi

BUKOPHUCTaHHSI BUKOITHUX BU/IB Ma/uB, sIKi BAKOPHMCTOBYBA/IMCS B reHepaTopax.
Puc. 1.3 CucreMa COHSTUHMX TTaHesIell Ha 0CTPOBi

Xapakrepuctuku cuctemd Micro Grid Ha octposi Eiir:

* 119 kBT rizpoeHeprii, B cymi 3abe3meuyeThCs 3a pAXyHOK OJHOTO BEJTUKOr0
reHeparopa, 3 noTyxHicTio 100 kBT, a TakoXX IBOMa Ma/¥Mu reHeparopamu Ha 10
Ta 9 kKBT;

24 BT, sKi 3abe3rmeuye crcTeMa BiTpoBUX TYpOiH;

® 54 kBT, 5IKi reHepyOTbCSl COHTYHUMMU [aHeJsIMY;

*? nu3enbHUX reHeparopa Ha 80 kBT, siKi MpaLtOl0Th B PEXKUMI OUiKyBaHHS.

l'eHepaTopy aBTOMaTU4YHO BK/IFOYANOTHCS, SKIO aKyMY/ISITOPY MaroThb 3apsif,
MeHLIMH 50% i BUMUKAIOThCS B TOH MOMEHT, KOJIM aKyMyJsaTop Oyze 3apsiiKeHU
Ha 90%.;

®48 B akyMy/ATOpH, AKi MalOTh CyMapHy eMHicTb 4400 A/r i 3a6e3meuytoTh
Oe3repepBHe eHePrornoCcTauaHHs.

11 xinmomeTpiB mig3eMHUX KabesiB 3’€AHYIOTH KOPHUCTYBauiB 10 BCHOMY
ocTpoBy. [l Toro, o6 He BHHHUKA/JIO MepeBaHTa)KeHb, IJIs JOMOTOCIOAApCTB
00MeXyIOTh TIOTYXHICTE A0 5 KBT, a iHdpacTpykrypa, sika 3abe3meuye
JKUTTEIISTTBHICT 0CTpoBa oOMexkeHa Ha 10 kKBT. Ha ocTpoBi (yHKIiOHy€e cucTeMa,
KOJIM KOYKeH >KHTeJb Ha OCTPOBI CaM MO)Ke KOHTPOJIFOBATH MOTY)XXKHICTb.

Ha choroguimHiéi gens 95% Bci€l eHeprii Ha OCTPOBi BUPOOJSETHCS 3a
JIOTIOMOT 010 BiZIHOB/TIOBA/TIbHUX Ji’Kepes1 eHeprii

Cucrema Micro Grid ocTrpoBa I'ana, ITiBgenna Kopesn

Micro Grid, sika renepye 674 KBT, aBTOHOMHa Mepeka.

Ypsg IliBgenHoi Kopel pa3oM 3 HalliOHa/JbHOK eHepreTU4YHOI KOMIIaHi€r
KEPKO, ska cremianisyeThCss Ha TI00yJOBi Mepex, II0 TPaljfol0Th 3
BiJJHOB/TIOBAa/IbHUMH JIPKepeaMy, 3alyCTW/IM TeCTOBHU IPOeKT 3 MoJepHisariil
cuctemu Micro Grid Ha ocTpoBi. MogepHi30BaHy cucTeMy TIOKa3aHO Ha puc. 1.4.

o MopepHi3alii cucTema mpairoBasa Juile 3a paxyHOK 3-X [W3e/IbHUX
reHepaTopiB, MOTY)KHICTb KO’KHOTO 3 HUX 110 150 kBT.

XapaKTepuCTUKHA CUCTEMMU:

2 BiTPOBHMX reHepaTopa, KOXKHHH MOTyKHICTh 10 250 KBT;

®57 COHSYHMX TIaHe/MeH, sKi BCTaHOBJeHI Ha Oy/JMHKax, 3arajabHOI0
NOTYy>XHicTIO 174 KBT;

® AKyMyJISITOp, SIKUM Ma€ eMHicTh 3,86 MBT/T, sikuii Moxe 3abe3reuyBari

€JIEKTPO>KUBJ/IEHHS OCTPOBA Llif[O,ZLO6OBO.
Puc. 1.4 Mogepsi3opana cucrema Micro Grid Ha ocTpoBi

Jwv3enbHi reHepaTopy 3a/JMIIWIMCh MpALOBaTH B POJi pe3epBHUX [pKepes
eHeprii, Ha BUNAaJOK , SIKIIIO Yepe3 M0OraHi yMOBH, JKepesa BiZJHOB/IIOBaHOI eHepril
OyZyTe He B 3MO3i TeHepyBaTHl CTi/IbKM €Heprii, CKi/ibKu MOoTpiOHO Ass
3abe3meueHHs 11i7104000BOro 6e3repepBHOTO eJIEKTPOKUBIIEHHSI.
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[TikoBrii TIOMUT Ha eneKTpoeHepriro Ha ocTpoBi ckmagae 230 kBT, Tomy
MOXKHA CKa3ar, 1[0 cuctema Micro Grid Ha ocTpoBi BHpo6.isie GifbIiie eHeprii HixK
CMOXKUBAOTh MELIKaHLIi.

OpHiero 3 ocobmuBocTel crcTeMu eHepro3abesnedyeHHsI OCTPOBY € Te, IO
IJ1s 3a0e3MeueHHsT eleKTPOeHeprielo MicleBoi 1Ko Gyna mobyzoBaHa BiacHa
cucreMa Micro Grid, sika cknajaerscs 3 BiTporeHeparopa (3 kKBT), akymyssiTopiB
(5 kBrT) Ta consiunux naxesnett (3 kKBT). ToMmy 1mikosia Moyke TpaLifoBaTH He3anexHO
BiJ, OCHOBHOI CHCTEMM €HeproKUBJIEHHs i CIIO)KMBaTH eHeprilo Juille BacHOI
re”eparnil 3 BiIHOB/IIOBaHUX [pKepes. PakTUYHO 1je «HaHO — Mepexka» BCepejeHi
cucremu Micro Grid.

TakvM UMHOM, MO)KHa 3pOOUTH BHCHOBOK, 110 BUKOPUCTAHHS Ta PO3BHUTOK
TaKUX CHCTeM, B MaiOyTHROMy 3MOKe 3abe3reuyBaTH —ejleKTPOeHepriro
CMOXKMBAYiB y HaWBiAZaNeHIINX KyTOUKaX CBiTy, aje MoOyjoBa TakKMX CHUCTEM
HeMOyk/iiBa be3 repeTBOpIOBAYiIB.

1.2. ITeperBoproBaui B cucremax Micro Grid

Ockinbku st mobyzoBu Micro Grid BUKOPHUCTOBYIOTHCS BiIHOBJTHOBa/IbHI
[bKepesia eHeprii, To s cTabimizauii X BUXigHMX TMapaMeTpiB HeoOXiJHO
BUKOpDHCTOBYBATH IlepeTBOplOBavi. ICHye fekinbKa THUIIIB IepeTBOPIOBAYIB [i/Is
cucreM Micro Grid.

ITonmxkyrouiii nepersoproBau (buck converter)

Haiibinbin momny/sipHUiA TUTI TTepeTBOpIOBava Lie TexHosoris buck. Amke Ha
ocHoBi buck-mepeTBoptoBaua (BiH >xe buck converter) Mo)xHa po3pobutu Garato
MPOEKTIB, cepeJ| HUX MOXKYTh OYTH KOHTPOJJIEPH [ijisl COHSYHHUX TaHesel, 3apsfHi
npuctpoi i TA. TakoX [aHa TeXHOJIOTisi BUKOPHUCTOBYETbCS B MaJIONOTY)KHUX
TepeTBOPIOBAYax HAIpYTH, HANPUKIIaZ, [/sI )KUBJIeHHS [U(POBUX CXeM Ta iHIIMX
MaJIOTOTY>KHUX MPUIafiB.

TexHonorisi buck siBAs€THCA MOHMKYIOUOIO, @ OTXKe 32 PaXYHOK Hel MOXKHa
PO3pOOUTH TOHWKYIOUHM TIepeTBOPIOBau Harpyrd. Takok B TepeTBOprOBAYax
TIOHIDKYIOUOTO TUITY HeoOXiTHO JofaBaTH 3BOPOTHIM 3B'SI30K.

IIpuanyn podotu TexHoJorii buck

[MpyHIMN pobOTH MOHMKYIOUOTO TIepPeTBOpIOBaua Hampyrd 300pakeHO Ha
puc. 1.5.

Puc. 1.5 TToHmXyroumii mepeTBOprOBay

[MpyHIMn pobOTH MOHIWKYIOUOTO — [epeTBOPIOBAYA  [JyKe IIPOCTHH.
Konpencatop C BHUKOPWCTOBYETbCS [jis 3HIWKEHHSl mynbcauidi, giong VD pns
MPOXOpKeHHs1 3BOpOTHLOro ctpyMy EPC, ki ifne Bif KoTymiku, TpaHsuctop VT,
JL/Is1 KepyBaHHs IKUM BUKOpUCTOBYeThCs LIIIM curHan. ¥ TpaH3ucTopa € BUXif AJis
KOHTPOJII BUXiJHOI Hampyrd Ta CKB&XHOCTI curHaay. SAKmio Ha BUXOZl
repeTBOpIOBaUa Hampyra Oyze HWKJYe BCTAaHOB/IEHOI, TO TOAi 3MiHIOETbCS
CKB@)XHICTh CUTHA/y i yacC BiJIKPUTTS TpaH3uCToOpa 30i/MbIyeThcsi, i cTpym Gyze
npotikatu Oe3rnocepeHbO Ha Jpocenb L1, HamoBHIOWOUM Horo eHepriero. Komm
TPaH3UCTOP 3aKPUBAETLCSI CTPYM IOUMHAE MPOTIKaTh B 3BOPOTHBOMY HAaIPSIMKY
yepe3 Aiog VD. CTpyM 3BOPOTHBLOT'O HAMpsSIMKY 3abe3mneuye caM Apocesib i BUXizHa
Harpyra 3a/MIIAeTbCs TOCTiHOW. OTXKe KOMW TpaLfoe€ TPaH3WCTOP, TO CTPYM
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yepe3 /1ioJ He TIPOXOJUTB, JIHIIIe TIC/IsT TOTO, SIK TPAH3UCTOP 3aKPUBAETHCS, CTYPM
TIOYMHAE MTPOXOJUTH uepe3 Jio/l, TOOTO BOHU IPAIlOI0Th MTOYEPrOBO B 2 eTaIlu.

SIK1io 11i eTarnu MOCTIMHO 3MiHIOIOTLCA 3 OIHAKOBOIO TiepioguuHicTio (T), To,
SIKITIO TIO3HAUMTH Yac KOJIM K/Itou Oyzle 3HaXOAWUTUCS Y BiTKPUTOMY CTaHi - sIK 4ac
MPOBiAHOCTI (t,), @ Yac Koyiu K/itou Oyzle 3HaXOAUTUCS Y 3aKPUTOMY CTaHi - SIK yac
naysu (t,), MOKHa BuBecTH KoedilieHT 3amoBHeHHs1 (duty cycle), skuii Oyze
OOpiBHIOBATK:

Ha puc. 1.6 rpadiuHo 306pa>keH0 iHTepripeTaLlito KoedillieHTy 3all0BHEHHSI.
Puc. 1.6 T'padiune 306paskeHHst Koe(illieHTy 3arIOBHEHHS
Ha nepiomy (t,) etami (puc 1.7) Oyze BigOyBaTHCS HaKOIMUEHHsS eHeprii B
LC — xourypi. Ilix wac uporo erany TpaH3ucTtop VT 3HaXOLUTBCS Y BiIKDUTOMY
TOJIOKeHHI i cTpym Oyze TpOTiKaTK uepe3 HBOTO Y HABAaHTAXKEHHS, TaKOX

3anacarouy eHeprito B fpoceii L i Ha koHzeHcaropi C.
Puc. 1.7 nepmuii etan — TpaH3UCTOP BiAKPUTUI

Ha gpyromy (t.)etari (puc. 1.8) BinOyBaeTbcs po3psia. ToOTo Ha Wik crazii
Tpausuctop VT 6yle 3HAaXOAWTHCh B 3aKPUTOMY IIOJIOKeHHI i cTpym Oygne
MpOTiKaTH uepes giog VD.

Puc. 1.8. gpyruii etarn — TpaH3UCTOP 3aKPUTHUIA

Hpocenb L Mae BacTUBICTb HAKONMYYBaTU eHeprito, AKI0 TpaH3UCTop VT
Oyze BigKpuTHi i TIOTIM BifaBaTy ii, Ko TpaH3UCTOp Oye 3aKpUTHi. AJie Tpu
I[bOMy BiH He Ti/lIbKU BiJjla€e eHeprito, a i 3abe3meuye 30epe>keHHsT 3HAUEHHS
CTpyMy i ¥ioro HanpsiM. Tomy, OCKIIBKY Ipocesib Meperiko/kae 3MiHi HanpsiMKy i
BeJIMUMHI CTPyMy, L0 TMpOTIKA€ Yepe3 HBOrO, TO CTPYM JpOCeJIsl He MOXKe
3MiHIOBAaTHCSI MUTTEBO 10 HY/s, i BiH OyJe 3aMKHeHHWI uepe3 pO3psifHUE Hiof.
IKepesio >KUBJIEHHS, Ha eTari pO3psAy BiJK/IHOUeHe, TOMY ApOCe/b HE MOXKe
HaKOMUYyBaTH EeHEPrilo, oT)Ke po3psa Oyae BimOyBaTHCs yepe3 JIAHLIFOT «Ziof —
HaBaHTa>XeHHA».

Onsi toro, mo0 BU3HAYMTH BHXiJHY Hampyry, MO)XHa CKOPHCTAaTHCS
tdhopmymoro 1.1.

3 ¢opMmynu MoxHa MobauuTH, IO HArpyra Ha BUXOAi Oyae JiHIAHO
3aj1e)kaTy Bif koediljieHTa 3aTI0BHEHHS

[IIIM curHany, sikuit Kepye TpaHsvuctopoMm VT. KoedirieHT 3anoBHeHHs (

) - 1ie BiZjHOIIEHHS yacy, KoM TPaH3UCTOp 3HaXOAWUThCS Y BiAKpUTOMY CTaH
[Jlo TpuBasocti niepiofy. Lleit koedirieHT MO>ke 3MiHIOBaTH 3HaueHHsI B Meskax Bif 0
no 1 abo y Bincorkax Big 0 1o 100%.

Yacrota pobOTH TOHWKYIOUOTO TepeTBOPIOBaua BelWYMHA TIOCTilHA i
BUOHMPAETHLCS TIPU TTPOEKTYBaHHi, y Mporjeci poboTH BOHA He 3MiHIOETBCSI.

Tomy, MOKHa 3pOOWTH BHCHOBOK, L0 HArpyra Ha BUXO/[i IlepeTBOpIOBaua
3a/IEXKUTh Hacamriepes Biji ABoX (paKkTopiB:

® Big vacy Ha mporssi skoro TpaHsuctop (VT) Oyme 3HaXoAWUTHCST Y
BiJKpUTOMY CTaHi — uuM OinblIME TpaH3uCTOp OyAe BiKPUTHH, TUM Oisblie
eHepril 0yze HakonnueHo B LC — ¢inbTpi, a Lie B CBOIO Uepry mpu3sBeje [0 BHUIIOL
Harpyry Ha BUXO[j;
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® Bix Harpyru Ha Bxozi. ToOTo sKIIo KoedillieHT 3arnoBHeHHs Oyze piBHUiA 0.5
i BxigHa Hampyra Oyzme 3MiHeHa, TO BWXiAHa Hampyra Oyzge 3MiHFOBaTHCS
aHaJIoTivyHO B TAKOMY CaMOMY Jiiaras3oHi, K 3MiHIOBa/acs Harpyra Ha BXOZ,.

ITigBuimyrouiii nepersopioBau (boost converter)

Boost nepeTBoproBad - Lie pi3sHOBHJ, O/I0KY >KHBJIEHHS], SIKMM TPUHLUIIOBO
TIpaL{to€ 3 IBOMA /IiF0UMMH HaIliBIPOBiJHUKAMH (TPaH3UCTOD i AioA) i K MiHIMyM 3
OZHUM TIaCUBHUM KOMIIOHEHTOM Yy BHIVIAA4I KOHJeHcaTopa abo KOTYLIKH
ingykTuBHOCTI abo 060X Amst 6isbiioil edektrBHOCTI. KoTyiKa iHAYKTUBHOCTI, B
OCHOBHOMY, BHKODHUCTOBYETBbCSI [ MiJBUIEHHS Harpyrd, a KOHJEeHCaTop
CTaBUTbCS A (inbTpauii KoaMBaHb Ta [/l 3MeHILEHHs MyJbcaliii cTpymy Ha
BUXO/Ii TepeTBOPIOBAYA.

IIpuHLMI po60TH MepeTBOPIOBaYA

[TigBuIyrOUill MepeTBOPIOBAY MO CBOEMY MPUHLIMITY POOOTY AyXKe CXOXKUH
Ha TepeTBOPIOBAY TIOHIKYIOUOTO THITy, Uepe3 Te, 1[0 OOWZBa TepeTBOpIOBaui
MpaLlol0Th B JBa eTamu. [lif yac meplioro eramy eHeprisi HaKONMUYYETbCS B
Jpocesii, a HaBaHTa)XeHHsSI >KUBUTBLCS BiJi KOHAeHcaTtopa Ha Buxogi. Ilig uac
JpYroro eTamy eHeprig, sKa HakONuuyBajacsi B [Jpoceni BiJfaeTbCs B
HaBaHTa)XeHHs1 1 3aps/pKae BUXIJHUA KOHJEHCaToOp, 3a PaxyHOK $KOro
HaBaHTa)XeHHs1 Oyzle 3abe3reuyBaTHCs €HEPri€l0 B TOW wYac, sIK Apocesb Oyze

«nepe3apanXaTnucs».
Puc. 1.9 Cxema boost-riepeTBoproBaua

Kommu ko4 3aMKHYTHM, O KOTYIIKM iHAYKTMBHOCTI MpHK/IaZieHa BXifHa
Hanpyra. CTpyM B Jpocesi HapocCTae, i BiH Hakonuuye eHeprito. CTpyMm ige mo
KOHTYpy S1. [lios BuUK/IIOUa€ pO3psf BUXILHOrO KoHAeHcatopa (C2 uepes
3aMKHYTHH Kmou. B 1elt mepiog uyacy BUXiZHUN CTpyM, CIIOXKMBaHUM
HaBaHTa)XeHHsM, MIATPUMYETbCS 3a PpaxyHOK 3apsjy, HaKOIIMUeHOro Ha

KoHzeHcaTopi C2.
Puc. 1.10 ITepiuii etan — TPaH3UCTOP BiAKPUTUI

Tak SIK MOMEHTa/lbHO 3MIHUTH CTPYM uepe3 [poce/b HEeMOXX/IUBO, IiC/s
PO3MMKaHHS K/Ioua, CTpyM Jpocess uepe3 Jiof Teue 10 KOHTypy S2. Bin
3apspkae BuxigHuM KoHfeHcatop C2. Ilpu 1poMy Hampyra Ha LbOMY
KOH/IeHCATOpi BUXOAUTH Oifblile, HIXK BXi/fHa.

bnok ympaeninaa CK dopmye IHIM-curHan, To6To (opmye iMIyabCcu
KepyBaHHSl KmoueM. Yac, IpPOTArOM $KOTO KW 3a/JUIIAETHCA  BiJKPUTUM,
3aJIe)KUTh BiJi HAarpyry Ha KoHzeHcatopi C2.

Konpencatop C1 notpibeH ajisi Toro, 1mj00 3aXUCTUTH BXiZIHUH JIQHIIOT Bif
My/abCaLiil CTpyMy.

Puc. 1.11 [Ipyruii eTamn — TpaH3UCTOP 3aKPUTHH

Brpatn eHeprii B mMiABMIYyIOUOMY IepeTBOpIOBAYi, TakKOXX (K I B
TIOHWKYIOUOMY, TIPOTIOPLIiiHI  BifAHOIIEHHIO BXigHOI 1 BHUXigHOI Hampyr.
[MigBuiiytoya TexHoJOrist - HalmpocTilla B peasi3allii, Tak $K BUTIK CHUJIOBOTO
TPaH3UCTOPA He MOEAHAHUH 3 3araJbHUM TIPOBO/IOM.

1.3. /lBoKaHa/IbHA cHCTeMa KepyBaHHSA

PobGoty cuctem Micro Grid, siKi mpaijiol0Th 32 PaxXyHOK Bi/HOB/TFOBAJIBHUX
[PKepern eHeprii, MOXJIMBO e(eKTHBHO OI[iHUTH JHIlle BPaxOBYHOUM Oarato
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(akTopiB, sKi BIUIMBAIOTh Ha e(peKTHUBHICTH PoOOTH BCiei cuctemu. Cepen LUX
(hakTOpiB MOXXKHA BUALTUTH HACTYIIHI:

1. Tlig yac pobOTH CHUCTEM 3aBX/AU iCHYe HeoOXigHicTh B 3abe3mneueHHi
MaKCHMaJIbHOTO Bif0OpY eHeprii Bij COHSUHMUX TiaHe/qeld abo iHIIWX pKepes
Bi/IHOBJIFOBAHOI eHepril.

2. A TakoX BUHHMKA€E HEOOXiHICTH B TOMY, I[00 BU3HAUWTH 3HAueHHS
eHeprii, siKa B cepeJHbOMY Oyzle TeHepyBaTHCS BifIHOB/IIOBAaHUMHU [DKepeslaMH B
NeBHUI iHTepBasl yacy.

Ons Toro, mo0 3abe3neunTd MakCUMalbHUK Bifbip eHeprii  Bif
TIOHOBJTIFOBAaHNX JDKepes, HeoOXiJHO 3aCTOCOBYBAaTH Criellia/lbHi MeTOou Ta
aZrOpUTMHM aHasli3y BOJIET-aMITepHOI XapaKTepUCTUKU MaHesiel /Jisl MOIIyKY TOUKH,
B sKill Oyze BifOyBaTHcs Bifbip MakCHMasbHOI €Heprii COHTYHUMY TIaHeNsIMUA. A
JJil Toro, 106 MakcuManbHO i Ge3 BTpaT BHKODHCTAaTH HaKONMMYeHY eHeprilo,
noTpiOHO BifOWpaTH eHeprio B TaKWii MOMEHT i iHTepBan 4acy, B SIKUU piBeHb
eHeprii, sKWH Oyfe 3reHepoOBaHO 3a DPaxyHOK ITOHOBJIFOBAHWMX [pKepen Oyze
TiepeBUILyBaTH CepejHE 3HAUeHHs, i Oy/le roBepTaTh HAKOIIMUEHY eHeprifo Ha3az B
CUCTeMy TOZi, KOMM piBeHb 3reHepoBaHOI eHeprili OyJe HIWKUYMM HiX cepefHe
3Ha4YeHHA.

ToMmy MO>KHa 3pOOMTH BHCHOBOK, III0 KOJIM CHUCTeMa Oyzie piBHOMipHO
CTIO)KUBAaTH €HEprifo, BUHMUKAe MpobsieMa, siKa 3aK/IIOUAETbCS B TOMY, LI00
O/JIHOUACHO peasti3yBaTd BiJjbip MakCMMasbHOI eHeprii i MaTH 3Mory 3abe3neunTH
MaKCHUMaJlbHO MpaBU/IbHe BUKOPUCTAHHS eHeprii Bifj HakonruyBada. Ajie, SIKILO 10
cucteM Micro Grid 3acTocyBaTd TPHHLIMI HeBHW3HaueHOCTi [ei3eHOepra, To
MO)KHa CKa3aTH Tpo Te, 1[0 Mai’ke HEMOJK/IMBO 3a TOW iHTepBaJl, 3a sIKUM BeJ|eThbCs
CTIOCTEPEXEHHS 3 MiHIMaTbHOIO TIOXUOKOI0 BU3HAUUTH: TTOJIO’KEHHST pOO0OUOi TOUKH
Ha 30BHIIHIM XapakTepUCTHL{i BiJHOBJIOBAHOTO /hKepena [JJisi 3abe3reueHHs
poboTH B pexxumi BijbOpy MakCHMasIbHOI eHeprii; cepe/jHE 3HaUeHHs eHepril s
3abe3neueHHsT edeKTHBHOI pOOOTH HakomuuyBada. OT)Ke METOH JUIJIOMHOI
poboTu € po3pobKa MepeTBOPIOBAaYa, CUCTEMAa KepPYBAHHs SIKOTO 3a BHU3HAUeHHSM
TPUBAIOCTI iHTepBally CIIOCTEPeXXeHHs, a TaKOX KIiIbKOCTI iHTepBasiB
CTIOCTEPEXXEHHsT Ha 0a30BOMY iHTepBaii peasidye [JBOKaHa/bHE KepyBaHHS Y
CHACTeMax po30Cepe/yKeHOl reHepalil IIpU 3MiHI MOTOKY IepBUHHOI eHeprii i
3abe3rneuye BifOip MakKcUMManbHOI eHepril BiJHOB/IIOBaHUX [PKEpe, TakK i
peasi3allito pallioHa/JIbHOTO BUKOPUCTAHHS eHepril Hakonuvysayda.

Hna Toro, mo6 mMporHo3yBaty, sika MiHiMajbHa KiJIBKICTb eHeprii, 10
30epiraeTbCs B HAaKOMWUyBaui, a TOTIM HaJXOAWTh B HaBaHTa)KeHHs, HalKpalie
obUpaTy TeBHMH iHTepBaa 4Yacy, 3a SIKMH BeeThCS CIOCTePEeXKeHHs. [lopeyHo
BUOMpaTH 3a /100y, THK/EHb, MiCAL[b.

106 po3pobutu anroputmu [ KepyBaHHS Micro Grid moTpibHO 3HaTH
(byHKL0, 3a SIKOI0 MOXXYTb 3MiHIOBaTHCS IIOTOKHM TEpPBUHHOI eHeprii. Ajie Taka
(dyHKIIif BUMarae ampokcumaiiii, 1006 MPOBOJAWTH B MOAA/BIIOMY pPO3pPaxXyHOK.
ITpoBojsium  anpokcuMaliito  AuckpeTHol GyHKLiT mMepeBaKHO Halyacrimie
KODUCTYIOTBCSI ab0 KYCKOBO — TIOCTiHHMMH HaOMM>KeHHSMU 3 BHUKODHUCTaHHSIM
¢dyHkOik Xaapa i Yosmua, abo HesinilHI HabmwkeHHs Jle-kaHpa, Yebuiera.
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BpaxyBaHHA TIpUHLIUITY HeBW3HaueHOCTi [eliseHOepra mnpu KepyBaHHI
CHCTEMOI0 PO30Cepe/PKeHOI reHepallii BKa3ye Ha HeoOXiJHICTb po3msigy sIK
0a3oBoro, Tak i MiHiMa/JBHOTO iHTEpBaIiB CHOCTEPeXeHHS [ BHU3HAUeHHs
TIOJIOKeHHsT po60U0i TOUKH, OCKINBKY, po3risifaroun 6a3oBwuii iHTepBan T, cepefHe
3HAUYeHHs] eHepril Ha [JbOMY IHTepBa/li BU3HAYAE€TbCS TOUHO I € MOK/IUBICTh TOUHO
BU3HAYUTH piBeHb eHeprii Ay 3apsiy HakonuuyBaua. AJjie, BCe-OJHO BaXKO
MaKCHMajIbHO TOYHO BH3HAUUTH TMONOKEHHs pobouoi TOukH, 1j00 MoKHa Oyrio
3abe3neunTé poOOTY TMOHOBJIIOBAHUX [Kepel B peXxuMi Bif6opy MakcHMasbHOI
eHepril. | HaBMakw, AKIIO JOCUTh TOYHO Oyzie BiZIOMO MO/IOKeHHST po60YO0i TOUHO,
TOOTO HaliMeHIy TpUBAaliCTh iHTepBaldy, 3a SIKWH BeJeTbCs CIIOCTEPEXEHH,
JIOCHTh CK/IaZIHO TOUHO BHM3HAUMTH CepefiHE 3HAUeHHs eHeprii, a siKk Hac/i 0K ToH
piBeHb eHepril, SKui HeoOXiZHWK A/ 3apsfy HakomuuyBaua. TOMy MOXKHa 3
BIIEBHEHICTIO CKa3aTH, L0 AOCJi/KeHHs Ta po3poOKa [BOKaHA/JbHOI CHCTEMH
kepyBaHHs1 Micro Grid € JOCUTB aKTyalbHOIO Ta HeOOXiJHOFO.

2. PO3PAXYHOK ITEPETBOPIOBAYIB Y MICRO GRID

2.1. Po3paxyHOK IIMPOTHO-iMIIy/IbCHOI0 IlepeTBOPIOBaUa COHAYHOL
naHeni

3a pO3paxyHKOBY CXeMy CWIOBOI YaCTMHU IIHUPOTHO-IMITY/IbCHOTO
repeTBOpIOBaua BiOepeMo cxeMmy, sika HaBeZieHa Ha puc. 1.5. HeobxizHo mpoBecTu
pO3paxyHOK Ta BUbpaTH BianosigHuil konaeHcaTtop (C) Ta iHaykTUBHICTE (L).

B manHuii uac HanbinbIn nomvpeHuM € Bubip yactotu (f) B 50 KI'11, TOMy
IS PO3paxyHKY TepeTBoproBaua Oy/ia obpaHa yacToTta

3aZiaHi mapameTpH Ai/1s1 pO3paxyHKy e/leMeHTIB MepeTBOproBayva:

Bxigna Hamnpyra:

BuxigHa Harnipyra:

Hamnpyra xosocTtoro xony:

UYacrora:

BHyTpiwmHiit omip

BuyTpimHiii  omip  po3paxoByBaBCS 1O  Haxwily  BOJbT-aMIIEpHOL

XapaKTepUCTUKU COHSIYHOI MaHesi, Ky HaBe/leHO Ha puc. 2.1
Puc. 2.1 BonbT-amnepHa XxapakTepUCTHKa COHSIUHOI MaHei

BosbT-amMriepHi XapakTepHCTUKH OyAyBamucs [JJis1 3HaueHb COHSYHOTO
BUIIPOMIiHIOBaHHs, gKe gopisHioe 1000, 800, 600, 400 i 200 B1/m?

[TpoanasnisyBaBmy BAX Mo)kHa 1Mo6auwTH, 1[0 NPH BeJMUYMHI COHSYHOTO
BurpomiHioBanHs B 1000 Bt/m? BHYTpiiuHiii omip 6yzae gopisHioBartu 0.72 OM, ripu
800 Bt/m? BHYTpilIHil omip Gyge pienuii 0.84 Owm, ripu 600 Bt/mM? gopiexioe 1.03
Ow, tipu 400 Bt/m? — 1.45 Om, ripu 200 Br/m? — 2.58 Om.

OT)e, MOXKHa 3pOOWMTH BHCHOBOK, IO UMM HIK4Ye Oyze BesHMUMHA
COHSIYHOTO BUTIPOMiHIOBAHHS, TUM BHIIle Oyie BHYTPIllHiH orTip.

Orip HaBaHTa)KeHHs

Ormip HaBaHTa)KeHHs], TaK CaMo sIK i BHYTPIllHil omip OyJe 3MiHIOBaTHCH B
3aJIEXKHOCTI Bifi TOTO, SIK Oy/ie 3MiHIOBAaTUCh COHSIUHE BUITPOMiHIOBAHHS.

[TpoananisyBaBum BAX MoKHa opaxyBaTH OIlip HaBaHTa)KeHHsI, TOMY:

1000 Bt/m* — 3.055 Om; 800 Bt/m® — 3.83 Om; 600 Br/m® — 5.13 Om; 400
BT/M? —7.77 Om; 200 B1/M? — 14.7 Om.

CXO0XiCTb I LuTtatn I MocnnaHHs KomeHTap A [MigMiHa cumBonis


https://unicheck.com

ID cphanny:

HaszBa pokymMmeHTy: 2020-bachelor-EDD_Bilinets_Dvokanalna_system... 1004076731

OTXe, Tak caMo fIK i B BUIMAJKy 3 BHYTPIIHIM OIMOpOM, UMM HIKue Oyze
BeJIUMHA COHSYHOTO BUMPOMiHIOBaHHSI, TUM BHIIle Oy/ie Omip HaBaHTa)KeHH;I.

CTpym HaBaHTa>KeHHSI

AmnarnoriuHo, SIK i OMMcaHo BUILe, CTPYM HaBaHTa)KeHHsI Oyzie 3MiHIOBaTUCh B
3aJIeXKHOCTI Bifl BeJIMUMHY COHAYHOIO BUTNIPOMiHIOBaHHS. ToMmy

Ipu 1000 Bt/m* — 7.89 A; 800 Br/m? — 6.32 A; 600 Br/m? — 4.72 A; 400
BT/M?-3.1 A;200- 1.6 A.

ToMy, BUCHOBOK TakKuii, 1110 YMM MeHIlle COHSTYUHE BUIIPOMiHIOBaHHS, TU
MeHI1e Oyzie CTpYM HaBaHTa)KeHHS.

Hamnpyra HaBaHTa)KeHHsI

Cnovatky TpoBe/leMO PO3pPaxyHOK [Jisl CepeJHiX Ta MiHiMaJbHUX 3HayeHb
rapaMmeTpiB iHAYKTUBHOCTI. ToMy 3HaxXoguMo:

BizgHocHa TpuBaicTh BiJKPUTOIO CTaHy TPaH3UCTOpa

3 ymoBu 3abe3reueHHs peXXumMy 0e3nepepBHOCTI CTpPyMiB apocens
BU3HAYA€MO MOro MiHiManbHy iHAYKTHBHICTB:

Bu3HauaeMo cepefHiii CTpyM fpocessi:

BusHauaemo fiitoue 3HauUeHHS HAMpyTry iHAYKTUBHOCTI JpOCeJIsi:

ne

I'paHnuHe 3HaYeHHs! iHAYKTUBHOCTI, fIKe 3a0e3reuye pe>XUM HerepepBHOro
CTpyMmy

ne

3a ymoBH, 1110

, 0bepemo 1 M['H

KinbkicTe BUTKIB pocerist

- KoeiLlieHT iHAYKTUBHOCTI.

OGepemMo TMOPOIIKOBUH TOpoifanbHUN cepAeuHuk (Tak sk f<100kI'm), y
SIKOTO HaCTYTIHi TapaMeTpH.

KoedinienT ingyKTUBHOCTI:

Ha 100 BUTKIB.

JoBXX1Ha MarHiTONpoBOAY:

[Tnoma nepepi3y:

O6’em:

KinbKicTh BUTKiB OOMOTKH IpH JliaMeTpi MPOBiIHUKA:

€MHICTb KOHZIEHCaTopa BUXiTHOTO (iBTpPY:

Ob6epemo koHgeHcatop CD60 250MkD +20%.

MakcumasbHa Hafpyra NpyK/ajieHa 0 TPaH3MCTOpa B 3aKPUTOMY CTaHi:

MakcruMasbHe 3HaueHHs CTpyMy MPOTiKaro4uoro yepes TpaH3UCTOP:

O6epemo tpansucrop VT - RJH60F7DPQ 3 HaCTYIIHUMU TTapaMeTpaMHu:

Marepian: KpeMHil

Turm: n-p-n

600B

15A

3BOpOTHS Harpyra fnpukiazeHa o gioga VD:

O6epemo kpemHieBui fiog — 1N5408, sikuii Ma€e HACTYIIHI XapaKTePUCTUKU:

- MakcuManbHa nocTiiHa 3BopoTHs Haripyra 1000B;
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- MakcumanbHuit ripsimuii ctpym 20 A.

2.2. Po3paxyHOK 3apsi/JHOr0 NIPHCTPOI0 HAKONMUYyBavya

HeoOxizHO mpoBecTH po3paxyHOK Ta BUOpAaTH BiATIOBiZHWI KOHZEHCATOD
(C) Ta ingykTuBHicTh (L).

B manHuit uac HanbinbIn nommpeHuM € Bubip yactotu (f) B 50 KI'11, TOMy
IS PO3paxyHKY repeTBoproBaua Oy/ia obpaHa yacToTa

[TapameTpu BHYTPIlIHBOTO OIOpPY, OINOPY HaBaHTaXeEHHSI Ta CTPyMY
HaBaHTAKEHHs, BUOMPA/IMCS Ta pO3PaxXOBYBalUCA aHANOTIYHO TyHKTY 2.1,
aHajizyroun BAX.

3ajaHi mnapameTpu [/ pO3PaxyHKy eJIeMeHTIB 3apsifHOrO IPUCTPOXO
HaKornm4yyBa4a:

BxizfHa Hampyra:

BuxizfHa Harnpyra:

Hanpyra xosocToro xony:

UYacrora:

BHyTpiuIHiit omip:

Orip HaBaHTa)KeHHS:

CTpyM HaBaHTa)KeHHS:

Harnpyra HaBaHTa)keHHS:

BigHocHa TpuBaicTh BiJKPUTOIO CTaHy TPaH3UCTOpa

3 ymoBU 3abe3reueHHs pexXumMy 0e3nepepBHOCTI CTpPyMiB apocens
BM3HAUa€eMO MOro MiHiMasbHY iHAYKTHBHICTb:

Bu3HauaeMo cepefiHiii CTpyM Jpocessi:

BusHauaemo fiitoue 3HauUeHHS HAMpyTy iHAYKTUBHOCTI JPOCeJIsi:

['paHnuHe 3HaueHHsI iHAYKTUBHOCTI, siKe 3a0e3reuye pekKiM HellepepBHOTO
cTpymy

3a YMOBHY, 1[0

, 0bepemo 2 MIH.

KinekicTe BUTKIB pocerisi

- KoeilieHT iHAYKTHUBHOCTI.

OGepemMo TMOpPOIIIKOBUH TOpOifanbHU cepAeuHuk (Tak sk f<100kT'1), y
SIKOTO HaCTYITHi TTapaMeTpU.

KoediuienT ingyKTBHOCTI:

Ha 100 BUTKIB.

JoBXXrHa MarHiTOMPOBOAY:

I1o1wa nepepisy:

O6’em:

KinbKicTh BUTKIB 0OMOTKH IPH JliaMeTpi MPOBiHUKA:

€MHICTb KOHZIEHCATOpa BUXi/THOTO (QiBTPY:

O6epemo kongercatop CBB60 70Mk® +5%.

MakcrMasibHa Hanpyra NprK/aZieHa o TPaH3UCTopa B 3aKPUTOMY CTaHi:

MakcuMasibHe 3HaueHHs CTpyMy MPOTiKarouoro uepes TpaH3UCTOP:

O6epemo tpan3zuctop VT - RJH60F7DPQ 3 HaCTYIIHUMU TTapaMeTpaMH:

Martepian: KpeMHil
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Turm: n-p-n

600B

15A.

3BOpOTHS Harpyra npukiajeHa o gioga VD:

O6epemo kpemHieBuii giog — 1N5408, skuii Mae HACTYTIHI XapaKTEPUCTUKU:

- MakcumarsbHa nocTiiiHa 3BopoTHs Harpyra 1000B;

- MakcrumanbHui nipsamuid ctpym 20 A.

3. MOJE/TFOBAHHS IBOKAHAJIbHOI CUCTEMU KEPYBAHHSA

MopentoBaHHSl [JBOKAHAJBHOI CHCTeMHU KepyBaHHS, IO Ma€ CUCTEMY
KepyBaHHs 3i 3BOPOTHIM 3B’SI3KOM IO Haripy3i, OyJi0 IpoBeJjeHO B TPOrpaMHOMY
cepenoBuili Matlab R2019b Simulink, 3a jomomMororo siKoro Mo>kHa 3MO/ie/TFOBaTH
pi3Hi CXeMHM Ta CHUCTEMH 3a [IOTIOMOTOI) BUKOPHUCTAaHHS rpadiuHux O/oKiB i
3MiHIOIOUM TTapaMeTpPH [ijisl CBOI MOTped.

3.1. CucTeMa coHAAYHA NaHe/Ib - IePeTBOPIOBAY

Ha puc. 3.1 mokasaHo Mo/ie/Ib CUCTEMH COHSIUHA [aHeJlb — [lepeTBOpIoBay 3i
3BOPOTHIM 3B’S13KOM 10 Harpysi.

Puc. 3.1 Cucrema coHsIUHa NaHe/Ib IlepeTBOPIOBaY

Mogesb cUCTeMU MiCTUTB:

1) Solar Radiation = 1000 Br/M*> — COHsiluHE BHIPOMIHIOBaHHs. BJIOK
ZIO3BOJISIE  MOJIE/TIOBATH TIOCTiiHe 3HAueHHS COHSYHOTO BHUIIPOMiHIOBAHHSI.
IMapametpu 6s10Ka MOXXHA 3MiHIOBAaTH CaMOCTIIHO;

2)Cell Temp = 25°C— TeMmrmepaTypa HaBKOJMILIHBOTO cepejoBHuIlia. Biok
JIO3BOJISIE  MOZE/IOBATH TIOCTiiHE 3HAueHHS COHSIYHOTO BHUIPOMiHIOBaHHSL
IMapameTp 6/10Ka MO)KHa 3MiHIOBaTH CaMOCTiHHO;

3)PV Armray — mopens coHsuHOi TiaHesti. [TapameTpw COHSUHOI TaHesi
HaBeZieHi Ha puc. 3.2. [lapameTpu HajlaHi COHSIUHOKO €eKTPOCTaHL{i€l0 y MICTi
3arpe0b, Xopgaris;

Puc. 3.2 ITapameTpu coHsuHOI NaHeni

4) MPPT Solar charge controller — 670K, SIKHil BifC/TiAKOBYE MOTY)KHICTB
COHSTYHOI I1aHesli B KO)KHUM MOMEHT MOJIe/TFOBaHHS;

EneMeHTH CWIOBOI 4YaCTMHM IepeTBOpIOBaYa MOJEMIOIOTHCS HACTYITHUM
YNHOM:

5) MOSFET - TpaH3ucTop, 1[0 TIPalto€ B K/IFOUOBOMY DeXKUMi;

6) Diode — HamiBIIpOBiJHUKOBHH Ai0f;

7)L =1 mI'H — iHIyKTUBHICTB;

8) C = 250 Mx® — emHicTb PiIbTPY;

9) Ry = 3.055 OM — ormiip HaBaHTa)KeHHST;

10) Tload — 610K, IKWIT BUMIpPIOE 3HAYEHHS] CTPYMY;

11)  Vload — 6710k, 1110 BUMipIOE 3HAUEHHS HATIPYTH;

12) Control system — cucTeMa KepyBaHHs [IMPOTHO-iMITy/TbCHUM
repeTBOpIOBaueM 3i crabinizarjiero BuxigHoi Harmpyru. Cxema CUCTeMH KepyBaHHs
300parkeHa Ha puc. 3.3.

Puc. 3.3 Cucrema kepyBaHHs

Mogesb cCUCTeMU KepyBaHHS MiCTUTh:
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1) Constant = 20 B — 3aziatoue 3HaueHHs HaripyTH. [TapameTp 610Ky
3a/Ia€THCS B 3a/IE)KHOCTI Bifi HEOOXiJHOTO 3HAUEHHS HATIPYTH Ha BUXO[1
nepeTBOpPlOBaYa;

2) Voltage — curaasn 3BOPOTHBOTO 3B’S13KY I10 Hampy3i;

3) Subtract — 6s10K BifiHiMaHHS;

4) Gain = 1 CMm — KoeillieHT ITi/|CHU/IeHHS;

5) Repeating Sequence = 50 KI'1] — reHepaTOp MUIKOMOiOHOTO CTPYMY;

6) Relational Operator — 610K TOpPiBHSIHHSL.

Ha puc. 3.4 noka3aHO 4acOBY 3a/Ie)KHICTb CUTHA/IB B CUCTeMi KepyBaHHS.
MoskHa 3p06HTH BUCHOBOK, 1[0 CHCTEMA 3HAXOJUTLCS B CTIHKOMY peXXuMi poOOTH.

Ha puc. 3.5 moka3aHO 4YacoBi 3a/le)KHOCTI CTpyMy Ta Hamnpyrd Ha
HaBaHTaXeHHi. Ha BMxo07i mepeTBOprOBaua Aitode 3HayeHHd cTpymy I = 6.3 A.
3naueHHs Haripyru U=19.24 B. Tpusanictb nepexigHoro nporecy 0.005 c.

Puc. 3.4 Curnanu B cucremi KepyBaHHs
Puc. 3.5 ®opma Hamnpyru Ta CTpyMy Ha HaBaHTa’KeHHi

3.2. CucreMa HaKONUYYyBay - 3apsAHUI NPUCTPil

Hactynne, 110 6y10 3po6/ieHO B JUTJIOMHOMY TIPOEKTi — 1ie MOJIe/TFOBaHHS
CHCTeMU HaKONWUyBay — 3apsifHAM npucTpiid. Poboty 3apsigHoro mpuctporo 6ymo
JIOC/i/KeHO TIpY Pi3HUX TMOCTIMHMX 3HaueHHSX CTPyMy Ta Halpyrd 3apsify, a
TaKOXX MPU JMHAMiYHil 3MiHi CTpyMy 3apsiay, sikuii 3asiaBaBcsi 6okom. Ha puc. 3.6
300pa)KeHO CHUCTeMy HaKONUUyBauy — 3apsifHUN TIPUCTpPiH, a Ha PHUCYHKY 3.7
TI0Ka3aHO CXeMY 3apsiJHOro MPHUCTPOI0 HaKOMMUyBaya.

Puc. 3.6 Cucrema HakonuuyBay 3apsifHAN NpUCTPiit

Mogenb cucTemMu MiCTUTb:

1) Charging current — cTpyM 3apsiJly HakoMuyBaua;

2) Lithium Battery Charger — 3apsigHuii mprCTpiii HAKOIIMUYBaua;

3) Lithium-Ion Battery — miTili-ioHHUMI aKyMy/STOD;

Ha puc. 3.6 nmokasaHO cxeMy 3apsifHOrO IIPUCTPOIO HAaKOMHMYyBaya.
Puc. 3.7 Cxema 3apsiiHOTO MPUCTPOIO HAKOIMYYBaua
3apsiiHUI TIPUCTPIiii 3apsi/Kae MiTil-iOHHUH aKyMyJIsiTOp y [iBa eTaru.
Ha nepiioMy etarti 3apsiiHUE MPUCTPiii MpaLifoe 3a paxyHOK CTPyMY 3apsifiy,
SKMA MO)KHA 3aflaBaTH camoctiiiHo, Bif Bxoxmy (Charging Current = 7 A) i
TepexofUTb Ha Jpyryii etam 3apsiy moctiiiHoro Hampyroto (Constant Charging

Voltage = 21 B), Konu Harpyra Ha aKyMyJIsiITOpi [JOCSira€ BCTAHOBJ/IEHOTO
MOCTIMHOTO 3HAUEHHsI HAMpYTH, sIKy MO)KHA 3aziaBatd B Oromni Lithium Battery
Charger.

Ha puc. 3.8 300pakeHO AiarpaMd Ha BUXO[i HakKoMMYyBada. IToyaTKOBWIA
3apsi/ HakormuyBaua 50%. TTouaTKoBHiA 3apsii MOXKHa 3MiHIOBaTH B Ostoti Lithium-
Ion Battery B 3a/1eXXHOCTI Bif moTpe6.

Puc. 3.8 Ocuunorpamu Ha BUXO/li HAKOMMUyBada

3.3. /IBoKaHa/IbHA CHCTeMa

OcTaHHill eTan JWTUIOMHOTO TPOEKTY — Lje MO/IeJIFOBaHHS ABOKaHaIbHOI
CHCTeMU KepyBaHHs1. [|[BOKaHanbHa cuctema Oysia moOyzoBaHa Iic/st POBe/ieHHsI
MOC/TiIOBHUX JIOC/IiI)KeHb CHCTeM COHsiYHAa [laHejdb — I1ePeTBOpHOBAY Ta
HaKOMWYyBau—3apsiAHUN  mpucTpil. Po00oTy ZJBOKaHambHOI cUCTeMH  Oy/i0
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JOCJIIPKEHO TIPY Pi3HMX 3HAUeHHSX COHSIYHOIO BUMPOMIHIOBAHHS Ta TeMIlepaTypy
HaBKOJIMIIHbOTO Cepe/loBUILLA.
Ha puc. 3.9 300pakeHa Mo/ie/ib IBOKaHA/IbHOI CUCTEMHU.
Puc. 3.9 Mogens 1BoKaHaIbHOI CCTEMU

Ha puc. 3.10 noka3aHO CTPyKTypHY CXeMy [BOKaHa/JbHOI CUCTEMU

KepyBaHHs1 Micro Grid
Puc. 3.10 CtpykTypHa cxema JBOKaHaIbHOI CHCTEMU KePyBaHHS

[MpuHIMn pobOTH ABOKAHAIBHOI CUCTEMH TIOJISITAE B HACTYIIHOMY. [171s1 TOTO,
mob MpoTHO3yBaTH, $iKa MiHiMajbHA KIiJMBKICTh eHeprii, 1o 30epiraeTbcsi B
HAaKOMM4yBaui, OOMpAeThCsI TIEBHUH iHTepBa/ dYacy, 3a SIKUH BeeThCs
crnioctepexxeHHs1. B Hamomy Bumazky e 30 XBWIMH Ta CUrHan 3a 700y. [JoBuii
iHTepBan yacy — 3a zo0y BUpPOOJSEThCA /i1 KepyBaHHS HaKOMUYyBaueM, a
KODOTKMH iHTepBan uacy 3abesmeuye Bif0ip MakCHMaslbHOI TOTY)KHOCTi Bif
COHSAYHOI MaHesi.

Koxkui 30 xBumuH OyAyTh HAAXOAWUTH [laHi, AKAM OyJe COHsuHe
BUINPOMIHIOBaHHS Ha HACTyIHI 30 XBUJIUH.

3a [0MOMOror OTPUMAHHUX /aHUX MOXKHA KepyBaTH 3apsiZioM aKyMyJIsiTopa,
SKUH Mae OyTu 3apspkeHWM, Hanpukaag Ha 50%, i BiH MOBUHEH MaTH 3MOTY Ha
TIPOT#3i [HS B SIKiCb MOMEHT PO3PSIAUTHUCH - 3apPSIUTHUCh, TaK, II00 B KiHLIi HS BiH
OyB 3apsi/KeHHI TaK caMo, siK OYB 3apsi[pkeHHi Ha MOYaTKy [JHS.

UacoBi fiarpaMy Ha BUXO[lI COHSYHOI ITaHesi. MOKas3aHO Ha puc. 3.11.
BuxiHi XapakTepUCTUKWA COHSIYHOI IMaHesli 3HIiMa/ucsl NpU 3HaueHHiI COHSYHOrO
sunpominroBanns 1000 B1/mM? i TemriepaTypi HaBKOIUIIHBOTO cepegoruina 25°C.

Puc.3.11 Yacosi fiarpamMy Ha BUXO/i COHSTYHOI MaHeJI

Sk BUgHO 3 puc. 3.11, B COHsIUHINM MaHesi BUHMKAIOTh MyJbcalii HanpyrH i
CTpyMY, sIKi 0O0YMOB/IEHI MOZIe/ITI0 COHSTYHO] MTaHeJIi.

Ane BapTO 3a3Ha4YMTH, L0 MyJIbCallii HA BUXOZi COHSYHOI MaHesi 3HUKal0Th
(puc. 3.12), koM BeJIMUMHA COHSYHOTO BUIIPOMiHIOBaHHs Oyzie MeHIIow HiK 750

BT/M? i TemniepaTypa HaBKOJIMIIIHLOTO cepezoBuina 25°C.
Puc. 3.12 Yacosi fiarpaMuy Ha BUXO/i COHSYHOI [TaHesIi, BeJIMYrMHa BUNIPOMiHIOBaHHS 750
BT/m?

B pe3synbrati nmynbcaijiii Hampyru Ta CTPYMy Ha BHUXOZi COHSIYHOI MaHesi
3’SIB/IIFOTHCS My/bCallii Halpyry Ta CTPYMY Ha HaBaHTa)XeHHI, siKi 300pakeHO Ha
puc. 3.13.

Puc. 3.13 Ilynbcanii Hanpyru Ha HaBaHTaKeHHI
BUCHOBKN

Mepexi Micro Grid 3parHi 3abe3neuyBaTd CHOKHUBAYiB Ti€r0 HEOOXiJHOO
KiNBKiCTIO eHeprii 3 MaquMy BTpaTaMd Ha BHUPOGHHWIITBO, Tlepefauy Ta
HaKOoMn4yeHHA.

EnexkTpoeHeprisi [0 CHoXWBa4iB B TaKUX CUCTeMax pO30Cepe[KeHOl
re”epaljil NMPUXOLUThb 3 3arajbHOi LeHTpa/ai30BaHOI Mepexi, a Lie Bif Axepes
BiZIHOBJIIOBa/IbHOI eHeprii. B sKOCTi eHeprii BiJHOBIIOBAaHUX [pPKEpea MOXKe
BUKODHCTOBYBAaTUCh EHEpTisi BiTpY, COHI, TiJpoeHeprisi, abo Oyab-sKUX iHIINX
TIOHOB/IFOBAHUX JiKepe/l. BUKOpDUCTaHHA eJIeKTpOeHeprii 3 LleHTpasi30BaHOi
Mepexi mia cuctemM Micro Grid moBuHHa OyTH $SK MOXXHAa MEHIIOH, 0
3aIrpOIIOHOBAHO €KOJIOTIYHUMHU Ta eKOHOMIUHUMU BUMOTaMHU [0 TAKUX CUCTEM.
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ITiz yac BUKOHAHHS JUTVIOMHOTO TIPOEKTY OY/I0 PO3IJISTHYTO Ta AOC/iHKEHO:
B TEPIIOMY DPO3/i/ii PO3IMISIHYTO TPUHLIMITK KepyBaHHs cucteMamu Micro Grid,
0COOMMBOCTI KepyBaHHSI CUCTEMAaMH PO30CEPe/PKEHOI reHeparlii, rnepeBaryd Takoi
MepeXi, TPUHLUITYM NOOY/0BY, TaKi SK JIOKalbHAa Ta aBTOHOMHA €HeproMepexi,
HaBe/IeHO /IBa TIPUKJIaAW, SIKi TOKa3yrTh peaidauii cucremM Micro Grid pi3Hux
KpaiHax CBiTYy, pO3IJIIHYTO TepeTBoproBaui Asisi cucteM Micro Grid Ta omucaHo
MPUHLMUI X poOoTH.

Hpyra uactuHa Oysna TpuUCBsYeHa pPO3PaxyHKY ILHPOTHO-iMIY/IbCHOTO
MepeTBOPIOBAYa Ta 3apsifHOTO TIPMCTPOI0 HAKOMWUyBadya, 3a pe3y/IbTaTaMU
po3paxyHKiB o6paHi BiAMOBiZHI BapiaHTH KOHAeHCaTOpa Ta IHAYKTUBHOCTI,
TIPOBe/IeHO aHa/li3 BO/IbT-aMIepHOl XapaKTepUCTHUKY COHSIUHOI TIaHesi.

B Tpertiii uacTuHi moctipKyBasiacs IBOKaHabHA CHCTeMa KepyBaHHs Micro
Grid B nporpamHomy cepefoBuii  Matlab.  [locnimpkeHHs TpOBOAMIMCS
MOC/TifHOBHO, crouatky Oysa 3MofenboBaHAa MOJeNb «COHSIYHA TaHelb —
TepeTBOPIOBau» Ta JOCIi/KeHO ii po6OTy, HAaCTYIHHUM KDPOKOM AOCTiKyBasacs
MOJie/lb CUCTeMH «HaKOMW4yBad — 3apsiiHUAM NPUCTPili», a MOTiM, MPOBOAWIOCS
MO/IeJIFOBaHHSl JBOKAaHa/IBbHOI CHCTeMd. MogzientoBaHHS Ha KOXXHOMY KpOL{
MPOBOJW/IMCA TP 3HAYeHHI COHSYHOTO BWIIpOMiHIOBaHHs 1000 Br/m® i
TEMITEpPaTyPO0 HaBKOJIUIIHBOTO cepenosuiiia 25°C.

He3Baykatour Ha po3po0OKy Ta MOJie/TFOBaHHSI IBOKAHA/IBLHOI CUCTEMH, BCE IIe
CTOITh 3ajiaua B peaJii3allii afrOpUTMy KepyBaHHS JaHUMM [/ HaKONKMYyBaua Ta
COHsIYHOI TaHesi. BupillleHHsa [JaHOi 3azaui JorMoMoXke 3abe3reuyBatd Bifbip
MakKCHUMasbHOI TIOTY)KHOCTi IIOHOB/IIOBAaHMX /[pKepesl eHeprii Ta peasnisaliro
paLjioHaIbHOr0 BUKOPUCTAHHS eHepril HakornuJyBaua.

SUMMARY
Two-channel control system for MicroGrid

The diploma project of first educational level "Bachelor”" by specialty 171
Electronics, specialization Electronic Systems Bilinets Vitalii. National Technical
University of Ukraine «Igor Sikorsky Kyiv Polytechnic Institute». Faculty of
Electronics, Department of Electronic Devices and Systems. Academic group DS-
61. - Kyiv: Igor Sikorsky Kyiv Polytechnic Institute, 2020. - 53 p., Ill. 25, tables 0.

Keywords: Micro Grid, systems, renewable energy sources.

Summary of the project:

Today, modern energy faces many key problems, among the main - rapid
population growth, rapid industrial development and, as a consequence, increasing
energy consumption, while limited energy sources.

The concept of Micro Grid was able to become a new way to solve existing
problems in energy.

Distributed energy generation systems called Micro Grid can be called one of
the best concepts, using which, there is an opportunity for further development and
modernization of modern energy systems around the world. Among the main
elements used to build the Micro Grid are: modern control systems, tracking and
redistribution of energy, connection to the system of renewable energy sources, as
well as the ability to connect to a local or centralized power supply network.
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In general, we are talking about the development of an "intelligent" power
system with an active-adaptive network, which defines a system in which all
components of the power system (generation, network, consumers) take an active
part in the transmission and redistribution of electricity.

The main advantage of using Micro Grid systems is the creation of local power
systems in separate, remote regions, due to the fact that in such areas there is some
stock of own energy resources, which can almost completely meet the needs of
consumers in electricity and reduce the overall load. power grid.

A characteristic feature of Micro Grid systems is the use of renewable energy
sources, which are becoming more and more interesting every year. An important
feature of distributed generation systems is that they have the ability to
automatically switch to stand-alone mode in the event of an emergency power
outage from the centralized network and restore power to the entire system while
maintaining proper power quality.

Therefore, due to this, the development of a two-channel control system Micro
Grid is relevant.

Today, the world's energy supply systems based on renewable energy sources
are increasingly developing, becoming more environmentally friendly (reducing
waste from use), decentralized and generally becoming increasingly popular
among supporters of "green" energy. The way in which modern energy has taken
today is primarily to keep the cost of electricity, change outdated infrastructure,
reduce emissions to reduce the impact on climate change, increase resilience and
reliability, and generally secure electricity in remote parts of the world, where there
are problems with the power supply system, or such systems do not exist.
Nevertheless, in order to solve such problems it is necessary to resort to different
methods depending on different factors in different places. Micro Grid has a
flexible architecture that aims to distribute energy resources for all needs in
different parts of the world, from the most developed cities to the most remote
settlements.

In developed countries, the Micro Grid system is considered to be part of the
huge "Macro Grid". This system has its own properties:

1) Such systems include gigawatt power generators;

2) High-voltage power lines stretch for hundreds of thousands of kilometers;

3) Not the ability to store energy in large quantities;

4) Fossil fuels are used as an energy source.

The power grids that exist today have evolved over the years, from very small
networks that transmitted direct current in the late 19th century. Due to the
increasing demand for electricity, such networks developed, grew and became
centralized.

In the middle of the 20th century, the reliability of power lines continued to
improve due to the connection of different energy sources to different loads,
resulting in reduced cost of such a structure for energy transmission, and more and
more opportunities for energy transmission from remote power plants. However,
even systems with such advantages have reached their maximum and are gradually
losing their relevance due to economic problems as well as environmental
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problems. Due to the constant development of utilities, the development of energy
distribution technologies, and the economic risks of building large-scale systems
that will generate and transmit electricity, large energy companies have become
more inclined to develop much smaller, decentralized energy systems. Such
activities are primarily related to the advantages that distributed generation systems
can offer, including: much lower costs for generation, redistribution and
transmission of electricity; control of voltage and reactive power consumption;
saving electricity; increase reliability; quality improvement; combination of
thermal and electric energy.

In the late 1990s, a study of decentralized approaches was launched to guide the
integration of more than one thousand distributed energy resources so that
reliability and resilience to physical attacks, natural disasters, cyber-attacks and
power outages were maximized.

The solution was to use a grid architecture that would manage electricity
generation and demand at the local level in grid units that would be automatically
separated from a more massive grid to ensure uninterrupted power supply, even
when the grid stopped shutting down altogether. This approach is called "Micro
Grid".

Micro Grid is a power system for a specific location (housing, industrial
production), with which you can create your own power grid, which can be
disconnected from the power grid at any time and work independently.

Because of its concept, which is shown in Fig. 1.1, Micro Grid has recently
become quite common abroad. Despite this, the Micro Grid becomes even more
relevant due to the changes that usually occur in the energy sector, especially due
to the promotion of electricity generation from renewable sources in certain
countries. The priority of Micro Grid systems was a constant, and most
importantly, stable energy supply to consumers in places where centralized supply
is unavailable or economically unprofitable.

Existing technical solutions are successfully used in local networks in many
parts of the world, such as the United States. To date, the requirements for the
construction and operation of this type of network in Ukraine have not yet been
formed, due to the fact that the specifics of such power systems in each country
have their own characteristics, so experience in this area can’t always be used
successfully.

The decisive factor for the advancement of Micro Grid technology was the
problem of energy efficiency. At the beginning of the origin of this concept, the
solution of the problem was considered to be a purposeful search for potential
sources of energy supply. Such sources can be the installation of low-power power
transformers, transmission of electricity by direct current in networks, the use of
LED-technologies instead of conventional lamps. Proponents of renewable energy
actively supported the idea of replacing traditional fuels, such as coal and gas with
renewable sources.

Due to the fact that prices for fossil fuels began to rise and their stocks began to
decline sharply, there was a need to reduce the cost of these raw materials. As a
result, many changes have taken place due to the energy crisis and its
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unpreparedness for the new conditions. Due to this, benefits for alternative energy
sources were later introduced.

Over time, with the advent of renewable energy subsidies, technology
developers have many prospects in this area. Thanks to the benefits, the use of
alternative sources has become increasingly popular.

But because the existing infrastructure was not ready for change, many sources
were connected to networks unable to work with power plants of this type. Also
due to the technical features of the use of new sources required a different
operating experience. Power was calculated to a greater extent in units or tens of
megawatts, which also negatively affected the electricity grid. In each case, a
sufficient active reserve is needed to respond to changes in the work of alternative
sources. If in large network systems such tasks are more or less feasible, then in
isolated networks (those that are not connected to the backbone network or in
which it is poorly supported) it was impossible to implement or possible only by
supplying energy of inappropriate quality. While the main quality characteristics
for consumers are constant voltage and frequency. It is the solution of these
problems associated with the operation of traditional and renewable sources in
isolated networks, is today the most important issue in the electricity sector.

Distributed generation systems require certain management capabilities and
conditions to balance and improve cost-effectiveness as much as possible. There
are certain criteria that Micro Grid control systems must meet:

1. First, the Micro Grid must be a single self-managed object in a centralized
power grid;

2. Second, the system must provide frequency control, for example, as a
synchronous generator;

3. The system must be able to regulate the frequency and voltage within certain
limits that will be acceptable for operation in isolation;

4. Micro Grid must give resources to the central network to maintain energy
balance;

5. Avoid power values that will exceed a certain setpoint;

6. When the power supply to the utility networks is disconnected, the system
must switch to offline mode smoothly and be able to resume uninterrupted
operation during re-synchronization with the general network.

WG systems can be managed in the same way as the main centralized network,
ie by means of three-level hierarchical control. Primary control is frequency
control, and secondary control is voltage control. Such control can be implemented
using a central microcontroller, the purpose of which is to send commands to
distributed energy resources or decentralized, such as CERTS systems, in which
each resource corresponds to the conditions of the area where they are installed.
But in addition to primary and secondary control, Micro Grid systems usually add
a tertiary control level, the purpose of which is to perform economic and
optimization operations for distributed generation systems. That is, the tertiary
control layer thus provides drive management, WG scheduling and power
exchange control between the Micro Grid system and the centralized network.
Such control architectures, which can manage energy within Micro Grid systems
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and are able to exchange with the utility network, have been implemented in two
European countries where the Micro Grid system has been built. The first is
located in Greece on the island of Kitnos, and the other in Germany as part of the
project "Am Steinweg". The examples given in the example are built using the
approach of the so-called "multi-agent system". Increasingly, research is being
conducted and Micro Grid systems are being implemented, to which "intelligence"
is being added to optimize operational control.

Every day the number of installed Micro Grid systems around the world is
constantly growing. The speed of this growth, and as a consequence, the
emergence of a large number of technical solutions in the field of Micro Grid
indicates its profitability.

There are several main advantages of the Micro Grid network.

First of all, it is an economic benefit. The Micro Grid can be beneficial not only
for its immediate owners or consumers, but also for energy suppliers. Among the
main economic aspects of distributed generation systems are:

1) Increasing demand for systems with renewable energy sources: through the
use of several types of generation systems and Micro Grid drives can reduce
energy consumption from central networks;

2) Reduction of electricity costs: due to the fact that the system capacity
provides energy to many consumers, Micro Grid makes it possible to reduce
several times the purchase of electricity from central networks. In addition, the use
of distributed generation sources reduces the dependence of electricity prices on
fluctuations in energy costs (Micro Grid network in Feldheim);

3) Sale of unused energy to the central grid: Micro Grid can also generate
revenue by helping ordinary citizens and businesses sell surplus energy generated,
or energy stored in storage to the general grid. This is also called a feed-in-tariff,
which has been introduced in many countries where surplus electricity is paid for
exported electricity to the national grid;

4) Due to the ability of the Micro Grid to control energy consumption, it can
independently reduce the energy consumption inside the system, by disabling
equipment that I do not use, thus bringing additional benefits to the Micro Grid;

5) Thanks to the Micro Grid, you can reduce energy losses during transmission.
Because energy is generated directly near the consumer, the Micro Grid can reduce
network loads and losses when transporting energy over long distances;

Another advantage of Micro Grid systems is its reliability and quality.

6) The Micro Grid system saves consumers from power outages. Because the
problem of stable power supply is significant for many consumers, the Micro Grid
can reduce the load on the centralized network, thereby reducing the risk of power
outages.

7) Micro Grid improves the quality of electricity. When the voltage or current
level deviates from the specified standards, the equipment may start to fail as a
result. Thanks to its technology, the Micro Grid is able to deliver energy of stable
quality and frequency, in addition, it is able to deliver additional power to the
central network, equalizing the quality of electricity for consumers, even those
outside the Micro Grid system;
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The third advantage of Micro Grid systems is its environmental friendliness.
Due to the constant development of technologies in the field of load control,
storage systems with high response speed, demand forecasting, the use of
intermittent generation from renewable sources is no longer a problem. Modern
Micro Grid systems can be built on any combination of energy sources, allowing
the use of only renewable, thus making energy supply as environmentally friendly
as possible.

The proliferation of Micro Grid systems leads to an increasing distribution of
distributed generation sources for RES, reduces demand for energy from a
centralized network with a significant share of greenhouse gas emissions, and can
lead to a reduction in local air pollution through the use of cogeneration to replace
obsolete GDP-based generators.

In order to ensure the smooth operation of the Micro Grid it is necessary to have
in the system:

 Generators based on solid fuel cells;

» Wind farms;

* Solar power plants;

» Ability to connect to a local or central network.

« It is necessary to have energy storage devices, which, for example, can be
used as batteries.

The Micro Grid concept has been around for decades, but is only now
beginning to be widely used and recognized for all the benefits it has.

Because the Micro Grid connects to a shared network but has the ability to
function as a small stand-alone network, it is advisable to install it around critical
infrastructures, such as hospitals, schools, police stations and shelters, and other
individual facilities in any village, town, or town. Thus, if the central network is
disconnected, network operators can first restore power with the Micro Grid,
delivering energy to hospitals, schools and homes, just when needed.

Once the Micro Grid is operational, power in the mains will begin to recover.

Expanding the integration of renewable energy sources into the general grid is a
significant achievement, which, along with the advantage of micro Grid
sustainability, provides such a system with good prospects for development.
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1 In addition, the use of distributed generation sources reduces the dependence of electricity prices on fluctuations in energy costs
(Micro Grid network in Feldheim); 3) Sale of unused energy to the central grid: Micro Grid can also generate revenue by helping ordinary
citizens and businesses sell surplus energy generated, or energy stored in storage to the general grid.
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