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AHomayia. HasedeHo OCHOBHI acriekKmu po3ocepeodmeHoi ee-
Hepayii. 3a3HayeHa ideonozia 6azyemocs Ha akmuseHil iHgop-
mamu3sayii ma iHmenekmyanizayii eHepeemu4yHux ob6’ekmis,
WUPOKOMY BUKOPUCMAHHI po3ocepedxceHoi 2eHepayii, Hacam-
rnepeod Ha pisHi po3nodinbHUX efeKMPUYHUX Mepexc cepedHboi
ma HU3bKOI Hanpyau, cmeopeHHi ma 8rnposaoi eHHi nposioHuUx
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eHepzoepekmusHUX mexHos0e2ili y cehepi 2eHepauyii ma po3srno-

diny eHepeii. HadaHo pekomeHOayii 019 cmeopeHHS po3ocepedeHoi eHepaemuyHoi iHghpacmpykmypu, wo
dae 3moay byoysamu cmpykmypy eeHepauii, CyMiCHy 3 HABAHMAMXEHHAM, a Ue Cripusmume aA0Kanizauyii npo-
uecie eeHepyB8aHHA-CIIOHUBAHHSA, d OMMce, MiHIMI3auii empam y mepexcax 3a paxyHOK 3MeHWeHHs 8i0cmaHi

nepedayi eHepeii 8i0 eeHepamopa 00 crioxueaya.

Knro4yoei cno8a: 8i0HO8/1108AHI Oxcepesna eHepeaii, cucmema es1eKmpornocma4vyaHHs, po3ocepedreHa eeHepayis,
HadiliHicme, eHep2oegheKmu8HiCmMb, COHAYHO-8IMPOBA eNeKMPOCMAHUis.

Bcryn. Ha cborogHi npakTM4HO BCi NPOBIAHI KpaiHKM CBIiTy po-
3p0o6.1At0Tb NPUHLUMNOBO HOBY iAeonorito Nobyaosu Ta GpyH-
KLiOHYBaHHA eHepreTMYHOI raaysi 3 meToo HagaHHA 6esne-
YHOrO, HaAiMHOro, EKOHOMIYHO [OLi/IbHOrO Ta €KOJOriYHO
NPUAHATHOrO eHepro3abesneyeHHs cnoxueadis [1].

Cuctema posocepeaskeHoi reHepadii (CPl) — ue noBHicTo
iHTErpOBaHa, CamoperynboBaHa i CaMoBi4HOB/OBaHa eHep-
reTM4yHa CUCTeMa, WO MAE MepeKeBy TOMOJIOrit0, OXOMJIHOE
BCi A)Kepena reHepauii, BCi enekTpuYHi mepexi i yci Tunm
CNOXKMBAYiB €NEKTPUYHOT eHeprii, KepoBaHi EAMHOI Mepe-
et iHGOopMaLiMHO-KepyBaibHUX MPUCTPOIB Ta CUCTEM Y
pexumi peanbHoro yacy [2] (3a KopgoHOM oTpMMana HasBy
Smart Grid). lo cknagy CPI BxoaaTtb mani TEL, Ta TEC, napo-
rasosi yctaHoBKku (MlY), razotypb6iHHi yctaHoBku (ITY), co-
HAYHi enekTtpocTaHuii (CEC) [3]. Ockinbku BCi axkepena Pr
MaloTb MPaLLloBATU Y CUHXPOHHOMY PEXKUMIi, OAHe BiaKAt0-
YMOCH iHLIE BiApasy BK/OYMAOCH, 33 LMMM BCiMa npoue-
CamMu NIOAMHA He 34aTHa AOrNefitv, a TOMy cucTema no-
BMHHA CaMOCTIMHO KepyBaTUCb i BiAHOB/OBATUCb NpPWU
Pi3HUX BiAKNHOUYEHHSAX, WO 1 NOKNaAEeHO B KOHUenLito Smart
Grid [4]. TakMm YMHOM, iHTerpauis posocepeaKeHoi reHe-
pavii B @NeKTPUYHI MepeXKi Aa€ MOXKAMBICTb BUPILLUTKU pAL
npob6aem Ana NigBULLEHHA HaAIAHOCTI 1 Be3NeKn eNeKkTpo-
NocCTavyaHHA Ta ONTUMI3aLii BapTOCTi enekTpoeHeprii ana
CNOXMBAYa. 3aCTOCYBaHHA pPO30cepeaKeHoi reHepaLii aae
3MOTYy 3HU3UTU BUTPATU HA LEHTpasi3oBaHe BUPOOHULTBO
" nepepgavy enekTpoeHeprii Ta NigBULWLNTK HadiNHICTb ene-
KTPOMOCTa4aHHA CMnoXXuBayiB. [MOHATTA «iHTeNeKTyanbHa
eHepreTMKa» [5] cTae TepMiHOM, LLO MO3HAYA€E HOBI NPUH-
uMnu poboTn eHepreTUKM ik B YKpaiHi, TaK i 33 KOpAOHOM.
CyyacHi eneKkTpoHHi, iHpopMmaLiltHi, TenekomyHiKaLiliHi,

06uynctoBasIbHI TEXHOJIOTiT BAOCKOHANIOKTL NPOLLECU eHep-
roBMpO6HMLTBA Ta KepyBaHHA €HepreTMYHMMM NOTOKamMu
Ha NignNpuemMcTBax, pobasaTb iX HaginHUMK, 6e3nedyHumn 1
epeKTMBHUMM, HALiNATb CNOXMBAYA HOBUMM MOMKINBOC-
TAMM, a NOrNNBAEeHHA AeueHTpanisauji, MeTol AKOro € ne-
peTBOpPEHHS MiNbAOHIB NPUBATHUX BYAMHKIB, 0diCHUX LEeH-
TpiB Ta nMiaNnpuMeMcTB Ha BMpPOBHMKIB i npoaasuis
e/IeKTPUYHOI Ta TenJI0BOi eHeprii, NnpuBege A0 ONTUMi3au;i
BaApPTOCTi eNeKTpOoeHeprii ANA CMNOXKMBAYa, 3HUMKEHHA BU-
TpaT Ha LLeHTPani30BaHy nepesayvy Ta PO3MNOAiN eNnekTpuy-
HOi eHeprii, 3a6e3ne4yeHHss OCHOBHWX MOCAYr Ta NigBu-
WeHHA eHeproedeKTUBHOCTI 06’eaHaHOl eHepreTU4HoI
cuctemn YKpaiHu [8-12]; niasuweHHa 6esnepebilHocTi
eNeKTponocTaYyaHHA, NiaBULWEHHA HafiMHOCTI 3aBAAKK 3a-
XWULLEHOCTi Big, aBapiliHMx BigKntoueHb. TOX 3aCTOCyBaHHA
po3ocepenKeHoi reHepaLii Aae 3mory NigBUWMTA Hagin-
HIiCTb €N1eKTPOMNoCTavYaHHA CNoXKMBayis [6].

OTKe, 3 MOrnsAy 3MmeHLWweHHA HepiBHOMIPHOCTI rpadika ene-
KTPUYHOIO HaBaHTaXKEHHSA 3aCTOCYBAHHA AxKepen po3ocepe-
OXKeHoi reHepauii maTume HallbinbLWNn eKOHOMIYHUI edeKT
Y Pasi BUKOPUCTAHHA iX HaceneHHAM. BapTo 3a3Haumty, Wo
BCTQHOB/IEHHA Ta 06CAYroByBaHHA TaKMX BiAHOBAIOBAHMX
Axepen Pl 3aHafTo fopore AnA 3BUYAMHMX TPOMAAAH, ane
AKLLO TaKOK YCTAHOBKOK KOPWCTYETbCA rpyna HaceneHHs
(*kuTnoOBMIA palioH, KOTeAXKHE MICTEYKO TOLLO), TO aKTyasb-
HIiCTb BUKOpMCTaHHA PI panToBo 3pocTae. ToXK MoXKanBee 3a-
CTocyBaHHA andepeHuinHmx TapndiB, SMEHLIEHHS NaaTH 3a
€/1eKTPUYHY eHeprito, ribpnaHe enekTponocTadyaHHs Big me-
pexi un Big, pKepen PI. BUKOPMCTaHHA TaKOi MiKpomepexKi
BUriAHE He TiNbKM ANA MiCLEeBUX CNOXKMBaYiB, a 1 ans o6’ea-
HaHOI eHepreTUYHoi cuctemm Ykpainu [8—12].
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Mpn LbOMY MiHi- i MiIKPOYCTaHOBKW Manoi NOTYXHOCTIi, nepe-
BaXXHO NPWMBATHOI NPWHANEMKHOCTI, MOXYTb NiAKAYaATUCA
[0 mepexi 0,4 KB abo npaLtoBat B aBTOHOMHOMY PeXKUMI.
3a TaKoi opraHisauii po3noginbya mepexka MNPUHLMNOBO
3MiHIOE KOH®IirypaLito Ta BNAaCTUBOCTI. PO3BaHTa*KeHHA OCHO-
BHUX OiNSHOK MepeXKeBoi CTPYKTYpU, 0COBMBO B HU3bKOBO-
NIbTHIM YacTuHi 3 Hanpyroto 0,4 KB, cnpusie 3MeHLLEHHIO TEX-
HO/IOTIYHUX BTPAT, 36iNblUEHHI0 HAZIMHOCTI NMOCTAYaHHA Ta
nepenycKkHOT MOXX/IMBOCTI MirKcucTeMHMX 38’a3KiB [7]. Cepep,
OCHOBHWX nepeBar MOBIZIbHUX PO30CEPEAKEHUX FeHepa-
TOPIB MOXHA TaKOX BUAINUTK iX CMPOMOXKHICTb BiaaasaTu
€N1eKTPOeHeprito nLe B 3a3HaveHi YacoBi iHTepBaan niko-
BMX | HaniBMiKOBMX HaBaHTa*KeHb. TakMil pexunm pobotu €
0Cc0o6/IMBO aKTyanbHUM Yy Mepiogy NiABULLEHOTO CMOMKMK-
BaHHA B TUX PaMOHaX, A€ HALXOLKEHHA enekTpoeHeprii
BiOyBa€eTbCA 33 04HO- ab0 ABONIHINHOK CXEMOIO 3 HeAOCTa-
THIM KoediLLiEHTOM 3anacy NOTYKHOCTI.

CTpyKTypa KOMN/NIEKCHOI CUCTEMU pO30cepeaKeHOoi reHe-
pauii

TexHiYHa CyTb 3aMPOMNOHOBAHOIO MPUCTPOIO MOACHIETLCA
KpecneHHam (puc. 1), Ha sakomy 306paskeHo 610K-cxemy
CUCTEMM KOMMNEKCHOTO BUKOPUCTAHHA BiAHOBAOBAHMX
nxKepen eHeprii.

Bci gykepena eHeprii 06’egHy0Tb B €4MHY CUCTEMY | pery-
NIIOIOTb MOTY}KHOCTI OKPEMUX [AXKepesn 3a peKomMeHAalieo
MmaTemaTU4YHOT ONTUMI3aLiitHOT mogeni [2], npu ubomy Bpa-
XOBYHOTb BAPTIiCTb €HEPrii B KOXHOMY TUNI AxXepena eHeprii
1 3abe3nevyoTb MiHIMYM BapTOCTi eHeprii B 3arasbHii cuc-
Temi eHepronocTa4yaHHA. EnekTpuyHy “ Tennosy eHeprito
BiZlL COHAYHMX YCTAHOBOK Ta BITPOBOI €N1eKTPOCTaHL,ii crno-
KMBatoTb 6e3 obmeKeHb.

Puc. 1. Cxema cucmemu KOMIMAEKCHO20 8UKOPUCMAHHS
8i0HOBM0BAHUX OXcepen eHepeail

Jl0 KOMNNEKCHOI po3ocepeaKeHOT CUCTEMM BXOAATL: BITPO-
€/IeKTPOCTaHLis 1; COHAYHA eneKTpuyHa baTapes 2; biora-
30Ba YCTAHOBKa 3; Na/IMBHUIN enemeHT 4; reniokonektopu 5;
TEPMOK/aNaH 3 TEepPMOYYT/IMBUM €/1eMEHTOM Ha OCHOBI Ma-
Tepiany 3 epekToMm nNam’sTi popmu 6; KoreHepauinHa cuc-
Tema 7; TBepAonannBHUIA BOASHUIA KOTeN 8; pO3MoaiNbynit

WNT 9; aKyMyNAaTOp Tenna 3 enektponigirpisom 10; AaT4MKK
BUTPAT esleKTpoeHeprii Ta rapayoi soan 11, 12; 610K Kepy-
BaHHA 13; cnoxkmBaui enektpoeHeprii Ta Tennoi soau 14.

Cuctema QYHKLIOHYE AK €AMHA eHepreTMyHa MIKpo me-
pexa, B AKi MikponpoL.ecopHuii BNOK KepyBaHHA Koopan-
HYE PEXMMWU POBOTU OKPEMUX AKepen eHeprii 3aneXHo
Bif: PiBHA €N1EeKTPUYHOIo HaBaHTAXKEHHA; NoTpeb y Tensno-
Bil1 eHeprii; WBMAKOCTI BiTPY; PiBHA COHAYHOI paaiauii; Bap-
TOCTi eHeprii BiJ OKpeMux axxepen.

OCHOBHMM 3aBAAHHAM CUCTEMM KEPYBaAHHA € 3abe3neyeHHs
MiHiMa/IbHOT BapTOCTi eHepronocTayaHHA nNpu 36epekeHHi
HeobXiAHOI HagiMHOCTI Ta cTabinbHOCTI poboTH cUcTEMM.

BiTpoBa enekTpocTaHLUis 1 Ta coHAYHA enekTpuyHa b6aTapen
2 MOXYTb 336e3neynTh HaceneHHsA EeNeKTPUYHOI eHep-
rieto, KoreHepauiiHa cucTema 3aBoACbKOT KOMNIEKTaLi 7 —
TEMJIOBOIO Ta E€NEeKTPUYHOI0, reniokosekTopm 5— Tenno-
BOtO. MasibHMM AN1A KOreHepaLiHoi cuctemu € bioras, AsKUn
HaaxoamuTb 3 H6iorasosoi yctaHoBKM 3. Liei ke 6ioras noga-
€TbCA Ha NAaNUBHUI eneMeHT 4, Ae Moro eHepria 6esnoce-
pefHbO NepeTBOPIETLCA HA E/IEKTPUYHY EHEpTito.

AHani3 pexxumis po6oTu cuctemm

Y niTHIl nepio, OCHOBHE HaBaHTAXKEeHHA NPUNALAE Ha COHA-
YHi eneKkTpuYHi baTtapei 2 i reniokonektopu 5. Lle nos’a3aHo
3 BUCOKMM piBHEM COHAYHOI pagiay,ii i, BianosiaHo, epekTn-
BHUM FreHepyBaHHAM e/IeKTPUYHOI 1 Ten/10BOi eHeprii.

Y UbOMy peXuUmi: SMEHLLYETbCA HaBaAHTaXEeHHA Ha KoreHe-
pauiliHy cuctemy 7, WO CNpPUYMHAE eKOHoMIo bBiorasy Ta
TBEpA0ro NannBa; 3MeHLUYE HAaBAHTAXKEHHA Ha LeHTPaNbHY
mepeKy. BiTpoenekTpocTaHLUia Npauloe AK OONOMIXKHe
OsKepeno reHepaLiii 1 BAKOPUCTOBYETLCA B Pasi SMEHLLIEHHA
COHAYHOI aKTUBHOCTI.

B onanoBanbHWUI CE30H (3MMOBUIA PEXKMM) CYTTEBO 3POCTAE
CMOXKMBAHHA TEN0BOI eHeprii 1 0AHOYACHO 3MEHLLYETbCA
piBeHb COHAYHOI pagiauii. EbeKkTUBHICTb coHAYHOT baTapei
Ta reiokoNEeKTopPiB CYTTEBO 3MEHLLYETLCA, afe 3pOCTAE NOo-
TYXHiCTb BITPOE/NIEeKTPOCTaHLUil, OCKiNbKM 36inblyeTbCA
WBMAKICTb BiTPY. LLe YacTKOBO KOMMNEHCYE HeA0BUPOOHULL-
TBO e/leKTpoeHeprii coHAYHMMMU baTapesamu. Y nepioau
LITHAO M HU3bKMX TEMNEPATYpP NOBITPA 36iNbLUYIOTb NOTYXK-
HiCTb KoreHepauiliHoi cuctemu, 6iora3oBoi yCTaHOBKM, aB-
TOMaTM30BaHOro TBEPAONAMBHOIO BOAAHOMO KOT/1a Ta Na-
nmBHoro enemeHta. Ockinbku 6GiorasoBa ycCTaHOBKa
npawule NepiognyHo i BiAKNIOYAETLCA Nig 4ac 3aBaHTa-
JKEHHS UM OuMLLLEHHSA Ti Big Biaxoais, HeobxigHo nepenba-
yntn ABi (abo binblue) ycTaHOBKM.

HeobxifHO TaKoX NpoaHanisysaTv poboTy CUCTEMMU 33 HU-
3bKOI BiTPOBOI Ta COHAYHOI aKTUBHOCTI. Y LLIbOMY peXMMi 3a-
ranbHe HaBaHTAXXeHHA NepexoanTb Ha KoreHepaLinHy cuc-
Temy, 6iorasoBy ycTaHOBKYy Ta TBEpAOMaAWBHUIA KOTen.
CniBBigHOLEHHA NOTY}KHOCTEN OKPEMMUX AKepen reHepauii
BiANOBIAHO 0 NOTOYHMX NOTPEDL CNOXKMBaYiB aBTOMATUYHO
KepYETbCA MiKPOMNPOLECOPHOK CUCTEMOIO.

[ns 3abesneyeHHA HagiMHOCTI pobOTU cUCTEMM 3AiINCHIO-
€TbCA AYHNIOBAHHA e/1eMeHTiB cucTemu. Lie BaXKAnBO B pasi
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HeobXigHOCTI TMMYacoBMX BiAK/IOYEHb Nig Yac 3aBaHTa-
KeHb ab0 oYMLLEHHS.

Bak/IMBMM € MUTAHHA BUKOPUCTAHHA CUCTEMM 32 MaKCUMa-
JIbHUX WBWAKOCTEN BITpPY.

Y TaKkuX pexmmax BiTPOeNEeKTPOCTaHLUiA B CUCTEMI Nepexo-
OUTb Y PeXUM KOMBIHOBAHOrO BUPOOHMULITBA EEKTPUYHOT
" TennoBoi eHeprii. MexaHiYHa eHepria po3noAinAeTbea Ha
BMPOOHULTBO e/IEKTPOEHEPTIi | HarpiBaHHA BOAM 3 HAaKOMM-
YEeHHAM Ten10BOi eHeprii B TeNI0BOMY aKyMyNATOPI.

Y pasi 06’eaHaHHA BiAHOBAOBAHUX AXKEpPeN eHeprii — BiT-
pOeHepreTMYHOI YCTaHOBKK, COHAYHMX GaTapei, bioraso-
BMX YCTAaHOBOK, renioKO/IeKTOPiB, aBTOMaTU30BaHUX TBep-
LOMAaZIMBHUX BOAAHUX KOTNIB, Y AKUX BUKOPUCTOBYHOTb
roptoyi Biaxoam, — B EAMHY CUCTEMY HeobXiaHiCTb y 3acTo-
CYBaHHi pe3epBHUX AKepen eHeprii Bignaaae.

Y 6araTbox BUMNaZKax A0 CUCTEM KOMMJIEKCHOTO BUKOpPUC-
TaHHA BigHOBOBAHUX AXKepen eHeprii 4oNYy4YarTbCA BIT-
poBi TennoenekTpocTaHuii [14].

BiTpoBa TensoeneKkTpocTaHL i (puc. 2) cKNaJaeTbes 3: BiTpO-
AsuryHa 1, enektpomarHiTHoi mydTn 2, neudi rigpoanHamiy-
HUX BTPAT 3, Hacoca nogadi Bogu 4, TepmoKaanaHa 5, renno-
BOro aKymynaTopa 6, enektporeHepaTtopa 7, faT4ymKa CTpymy
8, 6/10Ka KepyBaHHA 9, faTyMKa WBUAKOCTI poTopa 10.
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Puc. 2. briok-cxema 8imposoi menaoenekmpocmaHuy,ii

Y pasi 3HaYHOro eNEKTPUYHOIO HaBAHTAXKEHHA W cepeaHix
LIBMAKOCTEN BIiTPY YCTAHOBKA NpPaLLIOE AK 3BMYAlHA BiTpoe-
NIEKTPOCTAHLIA: BITpOABMIYH 1 BigAa€ BCIHO CBOK MOTYXK-
HiCTb enekTporeHepartopy 7.

AKWO WBMAKICTb BITPY HABAMMKAETBCA A0 MAKCUMMANbHUX
3HaYeHb, NiAKNOYAETLCA NiY FiAPOANHAMIYHUX BTPAT 3 40
poTtopa BiTpoasuryHa 1. Lle 3abe3neuntb MOXAMBICTb 36a-
JNIaHCYBATM NOTYXKHOCTI reHepyBaHHA 3a PaxyHOK BiTpoycTa-
HOBKW Ta nedi rigpoamnHamiyuHmnx stpaT (MIMB) i nepeTi-
KaHHA rapsyoi BoAW B TENNOBUA aKyMyAnsTop 6.

Boaa 3 Tenn0Boro akymynatopa moxke 6yTv BUKOpUCTaHa B
3PYYHUI A5 HAcesIeHHA Yac 3 MeToto 3abe3neyeHHA Hace-
JIEHHA eNEKTPUYHOIO | TENIOBOIO EHEPTIELD.

HaaBHiCcTb TENI0BOr0 aKyMyAsaTOpPA aKTyasibHa 417 BUKOPU-
CTaHHA KOPOTKOYACHMX LWIKBaNiB Ta TpuBanux bypb gns Ha-
rpiBaHHA BOAM i BAKOPUCTAHHSA il B WTUAb [14].

IHTerpauina posocepesKeHux axepen eHeprii notpebye ¢po-
PMyBaHHA CKNagHoi cucTemu eHeprosabesnedyeHHs [16,
17]. HeobxigHO po3rnaHyTn meToan GOpPMYBaHHA MiKpPO
MepeX Ta iHTerpoBaHMUX CUCTEM, a4E€KBATHO OLiHMBLUM MO-
JK/IMBICTb BTiIIEHHA KOHLENL,ii B ymoBax YKpaiHu. MpoaHani-
3yBaBLUM MOXIMBOCTI Ta Npobemmn 3acTocyBaHHA po3oce-
peakeHoi reHepauii, AOXOAMMO BMCHOBKY, WO AnA
ONTMMAIbHOTO PO3MiLLEHHSA Ta BUBOpPY ArKepen po3ocepe-
OXKeHol reHepalii (PT) fouinbHO BUKOPUCTOBYBATU METOAMN
HeuyiTKoI noriku Ta 6aratokputepianbHUiM aHanis. MoBUHHa
6yTn po3pobneHa cneuiaibHa METOAMKA AN1A BPaxyBaHHA
HEBWM3HAYEHOCTi Ta HEPIBHOMIPHOCTi CNOXMBAHHA €/1IEKTPO-
npuMimMmadyamu Ta reHepauii enekTpuyHoi eHeprii BiAgHOB/O-
BaHUMM AKepenamum eHeprii. Jna OUiHKM eKOHOMIYHOro
acneKTy BTiIEHHA KOHUenuii po3ocepeneHoi reHepaduii
HeobxigHa meToAmMKa BMBOPY anbTepHaTMB reHepaduii, 3a
pe3y/sbTaTaMu AKOI BM3HAYaeTbCA diHAHCOBA AOUINbHICTb
NPOEKTYBaHHA MIKpPO eHeprocuctemu Ha 6asi gepen Pl. 3
OrNA4y Ha aKTya/bHICTb, NepeBaru Ta NoTeHL,ian BiAHOBO-
BaHWUX pecypcis B YKpaiHi, Ha 6a3i oTpumaHuUX meToAiB Mae
6yTV chOPMOBaHN aNrOpUTM aibTEPHATUBHOTO eHeprosa-
6e3neyeHHA 06’eKTa 3 BMKOPUCTAHHAM pPO30CepeaKeHuX
oxepen eHeprii. CKNagHIicTb TaKOi CUCTEMM e/1IeKTPONOoCTa-
YaHHA nonfArae B HeobxigHOCTI iHbopmaTU3auji npouecis,
3aCTOCYBaHHA Cy4YaCHUX €HepreTMYHUX YCTaHOBOK, efeKT-
PUYHMX anapaTis Ta cuctem ob6niky. MepeBaru Big Takoi cu-
CTEMM OTPUMALOTDb AK CMOXKMBAY, TaK | eHeprocMcTema, ocKi-
JIbKW PO3HECEHHA eNeKTPUYHOro HaBaHTaXKEHHA MO3UTUB-
HO BN/AWBAE Ha rpadik eNeKTPUUYHOro HaBaAHTAMKEHHA, A€
3Mmory 3actocyBaTtu gudepeHuinoBaHi Tapudu Ta nigsuLLye
HAAiMHICTb eN1eKTPONOCTAaYaHHA.

Po3po6bkKa uiTKoi cTpaTerii eBotOUii iCHYHOUMX eHepreTuy-
HUX Ta NOB’A3aHMX 3 Heto iHPpPaCTPYKTYp NoTpebye cuctem-
HoOro Ta 36anaHcoBaHOro NiaAxoAy, KOMMAEKCHOrO aHanisy
a/IbTePHATMB i3 3aCTOCYBAHHAM TEXHIYHUX, GiHAHCOBUX, CO-
Lia/IbHUX Ta €KONOTIYHUX KPpUTEPIiiB 3 BUKOPUCTAHHAM me-
TOLIB PU3NK-MeHeaKMeHTY. MoaibHa TpaHchopmaLiia eHe-
PreTMYyHoi CMCTEMM HAZAE i NO3UTUBHUX AIKOCTEN, OAHAK
NpU3BOAMTL A0 NOABM NEBHUX Npobaem Ta pU3MKIB.

BnpoBaaeHHsA 3acobiB po3ocepearkeHoi reHepauii ctumy-
JIIOETbCA NParHeHHsaM A0 Ansepcudikalii naaMBHO-eHepre-
TUYHUX PECYPCIiB 3@ PaXyHOK 36i/blUEHHA YAaCTKU anbTepHa-
TUBHMX Ta MicLeBMX (BK/tOYAOUM TEXHOJ/OFIYHI BiAxoam)
pecypcis. B ymoBax pocTy Tapudis Ha eHeproHocii, HecTaui
reHepytYmnx NOTYKHOCTEN, iX 3HOCY Ta HU3bKOT ePEKTUBHO-
CTi 3aL,iKaBNEHICTb Y BUKOPUCTAHHI po30cepesKeHoi reHe-
pauii 3 meToto NigBULLEHHA HAAIMHOCTI 3 BOKY CNoXKMBaYiB
HenepepBHO 3pOCTaE.

MosBa 3miwaHOT NpUBaTHO-AepKaBHOI popmmM BAacHOCTI no-
Tpebye pedopmyBaHHs eHepreTMyHoro cektopy [13], po3su-
TKY HOBMX TEXHO/IOTiN, BNPOBaAXKeHHsA iHbopMaLiiHKX Ta Ai-
arHOCTUYHMX cUCTeM, 3acobiB BUMIpIOBaAHHA 11 yNpaBAiHHA 3
METOIO NiABULLEHHA edeKTUBHOCTI BUPOOHMLTBA, Nepedadi i
po3noainy enekTpu4yHOi eHeprii  gna  3abesnevyeHHA
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HaAjiMHOCTI | AKOCTI enekTpo3abesneyeHHs crnoXkmBauis. Po-
30ceperKeHa reHepawia po3mMillyeTbCA B CTPATENYHUX MicC-
LAX MepeXKi 3i cnabKMmmn enekTpuyHMMK 3B’A3KaMu, a came
He[0CTAaTHbOK NPOMNYCKHO 34aTHICTIO MepeXk nepesadi Ta
po3noAineHHs enekTpoeHeprii abo B micuAx, 3Ha4YHO Biaaa-
JIeHUX Big, AKepen LeHTPanisoBaHOi reHepaLii, Wo noKpa-
LLLYE HaAiMHICTb Ta CTabiNbHICTb POBOTN EHEPrOCUCTEMM.

Y cuctemi po3ocepeaKeHoi reHepadii 41A KepyBaHHA NOTO-
KamMu NOTYXKHOCTI Ta PeryntoBaHHA Hanpyru MoX/ivse BU-
KOPUCTaHHA ABOPIBHEBOI CMCTEMU KepyBaHHA [18].

CyTTeBOIO NepeBarolo ABOPIBHEBOrO Cnocoby pery/toBaHHA €
KOMMM/IEKCHICTb KepyBaHHA MOTOKaMM NOTYXKHOCTI Ta 04HOYa-
CHICTb peryntoBaHHA BCIX AXKepen NOTYXHOCTI B CUCTEMI.
MpoTe Ha BiAMIHY Big, ANCTaHLIMHOrO peryatoBaHHA, e 3a Cu-
rHa/JIOM 3 OUCMETYEPCbKOro MYHKTY 3A4iACHIOETbCA Nepemu-
KaHHS HE3a/IeXKHO Y BITL, Liel cnocib NponoHye BpaxoByBaTH
PiBHi 4BOX CUIHANIB — BiZ, MiCLLEBOro AaBava i Big perynaropa
BMLLLOTO piBHA. MepeMunKaHHsA BiLbOyBa€eTbCA BUBIPKOBO, B OK-
peMMX BiTKaX i Ti/IbKK 33 NEBHUX PiBHIB CUrHaNIB.

TaKMm YMHOM, iHTErpauia posocepenrKeHoi reHepaLii B ene-
KTPMUYHI MepeKi Oae MOMK/MBICTb BUPIWNUTK psag npobsiem
ONA NigBULLIEHHA HagiMHocTi Ta 6e3neku enekTponocTa-
YaHHs [15], 36eperkeHHs CTIMKOCTI GYyHKL,iOHYBaHHA eHepro-
CUCTEM Ta OMTUMI3aLLii BAPTOCTi eNeKTPOoeHeprii A CNoXu-
Baya, 3HWXKEHHA 3a/71eXKHOCTI Bif, LeHTPaNi30BaHUX Mepex,
3HWXKEHHA BUTPAT Ha nepepadvy enekTpoeHeprii, 3abesne-
YeHHA OCHOBHWX NOCAYT Ta NiABULLEHHA eHeproedeKTUBHO-
CTi, NigBULWEHHA CTIMKOCTi eHeprocncTemMm 40 aBapinHux pe-
KMMIB, 3MEHLUEHHA BUTPAT OpraHiyHOro naauea.

BucHoBKM

MpoBeaeHUt aHani3 NoKasas, WO KOMMNAEKCHI (iHTerpa-
NIbHi) cucTemn posocepenKeHoi reHepauii 3abesnevyoTb
edekTnBHE OYHKLIOHYBaHHSA B Pi3HUX perkMmax poboTu 3a
paxyHOK ONTUMa/IbHOTO BUKOPMUCTAHHA COHAYHOI [19], BiT-
poBOI, KoreHepalilHoi Ta 6iorasosoi reHepaduii.

MepeBarammn cUCTEMU €: MOXKAMBICTb adanTauii 4O 3MiH
€/1eKTPUYHOro M TENN0BOr0 HaBaHTaXXEHHA 3 aBTOMAaTWu-
HMM Nepepo3noAiloM NOTOKIB MOTYXHOCTi; NiABULLEHHA
HaZiMHOCTI eNeKTPOoNOoCTayaHHs, 3MEeHLUeHHs BUTpPaT na-
MBa, 3abe3neyeHHs poboTn Mmepexki B PisHUX KNIMaTUUYHUX
yMOBax.

TakMmM 4YMHOM, PO3NOAiINbHA eNeKTpUYHa mepexka MnocTy-
NMOBO NEPETBOPHETLCA HA MEPEKY 3 XapaKTePHUMM 0coban-
BOCTAMM i30/1b0BAHOT €1EKTPUYHOI CUCTEMM.
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Abstract. This paper outlines the key aspects of distributed gen-
eration. The proposed concept is based on the digitalisation and
intellectualisation of power facilities, the widespread deployment
of distributed generation — primarily at the level of medium- and
low-voltage distribution networks — and the development and
implementation of cutting-edge energy-efficient technologies in
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the field of energy generation and distribution. Recommendations

are provided for the establishment of a distrib-uted energy infrastructure that enables the design of a generation
structure compatible with the load profile. This allows generation and consumption to be located closer to each
other, thereby minimising network losses by reducing the distance over which energy is transmitted from the gen-

erator to the end user.
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Introduction

Today, virtually all of the world's leading countries are de-
veloping a fundamentally new concept for the design and
operation of the energy sector, with the aim of providing
consumers with a safe, reliable, economically viable and
environmentally acceptable energy supply [1].

A distributed generation system (DGS) is a fully integrated,
self-regulating and self-healing power system with a net-
work topology that encompasses all generation sources, all
electrical networks and all categories of electricity consum-
ers, governed in real time by a single network of infor-
mation-and-control devices and systems [2] (known abroad
as the Smart Grid). A DGS incorporates small CHP plants
and hydroelectric power plants (HPPs), combined-cycle gas
turbine (CCGT) units, gas turbine (GT) units and solar power
plants (SPPs) [3]. Since all DG sources must operate in syn-
chronism — the moment one is disconnected, another
must immediately come online — these processes are be-
yond the capacity of a human operator to track; the system
must manage control and restore itself under different out-
age conditions, which is precisely the principle underpin-
ning the Smart Grid concept [4]. Thus, integrating distrib-
uted generation into electrical networks makes it possible
to address a range of problems concerning the reliability
and security of power supply and the optimisation of elec-
tricity costs for the consumer. The deployment of distrib-
uted generation reduces the costs of centralised electricity
generation and transmission and enhances the reliability of
supply to consumers. The expression "intelligent power en-
gineering" [5] is becoming a term that denotes the new

operating principles of the energy sector, both in Ukraine
and abroad. Modern electronic, information, telecommu-
nications and computing technologies are refining the pro-
cesses of energy production and the management of en-
ergy flows at enterprises, rendering them reliable, safe and
efficient and equipping the consumer with new capabili-
ties; meanwhile, the deepening of decentralisation —
whose goal is to turn millions of private homes, office cen-
tres and enterprises into producers and sellers of electrical
and thermal energy — will lead to the optimisation of elec-
tricity costs for the consumer, a reduction in the costs of
centralised transmission and distribution of electrical en-
ergy, the provision of essential services and improved en-
ergy efficiency of the Integrated Power System of Ukraine
[8-12], along with greater continuity of supply and en-
hanced reliability through protection against emergency
outages. Therefore, distributed generation can improve
the reliability of power supply. [6].

Accordingly, from the standpoint of smoothing out the un-
evenness of the electrical load curve, distributed genera-
tion sources will deliver the greatest economic benefit
when employed by households. It is worth noting that in-
stalling and maintaining such renewable DG sources is pro-
hibitively expensive for ordinary households; however,
once a single installation is shared by a group of users (a
residential district, a cottage settlement and the like), the
case for deploying DG rises sharply. This enables the use of
differentiated tariffs, reduced electricity charges and a hy-
brid power supply drawn either from the grid or from DG
sources. The operation of such a microgrid is advantageous
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not only for local consumers but also for the Integrated
Power System of Ukraine [8-12].

In this context, low-capacity mini- and micro-installations,
predominantly privately owned, may be connected to the
0.4 kV network or operate in stand-alone mode. Under
such an arrangement, the distribution network fundamen-
tally changes its configuration and characteristics. Offload-
ing the main sections of the network structure — particu-
larly the low-voltage part at 0.4 kV — helps to reduce
technical losses and to increase both supply reliability and
the throughput capacity of inter-system links [7]. Among
the principal advantages of mobile distributed generators,
one may also single out their ability to feed electricity into
the grid only during specified time intervals of peak and
shoulder loads. Such an operating mode is especially rele-
vant during periods of elevated consumption in areas
where electricity is supplied via a single- or double-line
scheme with an insufficient power reserve margin.

Structure of the Integrated Distributed Generation Sys-
tem

The technical essence of the proposed device is illustrated
by the drawing (Fig. 1), which presents a block diagram of a
system for the integrated use of renewable energy sources.

All energy sources are combined into a single system, and
the power outputs of the individual sources are regulated
in accordance with the recommendations of a mathemati-
cal optimisation model [2]; in doing so, the cost of energy
from each type of source is taken into account, and the
minimum energy cost across the overall power supply sys-
tem is ensured. Electrical and thermal energy from the so-
lar installations and the wind power plant is consumed
without restriction.

0 4

|

3

Fig. 1. Diagram of a system for the integrated use of re-
newable energy sources

The integrated distributed system comprises: a wind power
plant 1; a photovoltaic (PV) array 2; a biogas plant 3; a fuel cell
4; solar thermal collectors 5; a thermal valve with a heat-

sensitive element based on a shape-memory material 6; a co-
generation system 7; a solid-fuel hot-water boiler 8; a switch-
gear 9; a heat accumulator with electric heating 10; electricity-
and hot-water-consumption sensors 11, 12; a control unit 13;
and consumers of electricity and hot water 14.

The system operates as a single energy microgrid in which
a microprocessor-based control unit coordinates the oper-
ating modes of the individual energy sources depending on
the following: the level of electrical load; the demand for
thermal energy; wind speed; the level of solar radiation;
and the cost of energy from the individual sources.

The principal task of the control system is to ensure the
minimum cost of energy supply while maintaining the reg-
uisite reliability and stability of the system's operation.

The wind power plant 1 and the photovoltaic array 2 can
supply households with electrical energy; the factory-as-
sembled cogeneration system 7 supplies both thermal and
electrical energy; and the solar thermal collectors 5 supply
thermal energy. The fuel for the cogeneration system is bi-
ogas, which is fed in from the biogas plant 3. The same bio-
gas is fed to the fuel cell 4, where its energy is converted
directly into electrical energy.

Analysis of the System's Operating Modes

In the summer period, the main load falls on the photovol-
taic (PV) arrays 2 and the solar thermal collectors 5. This is
attributable to the high level of solar radiation and, corre-
spondingly, to the efficient generation of electrical and
thermal energy.

In this mode, the load on the cogeneration system 7 is re-
duced, which yields savings in biogas and solid fuel, and the
load on the centralised grid is likewise eased. The wind
power plant operates as an auxiliary generation source and
is brought into use whenever solar activity declines.

During the heating season (winter mode), the consumption
of thermal energy rises substantially while, at the same
time, the level of solar radiation falls. The efficiency of the
PV arrays and solar thermal collectors decreases markedly,
but the output of the wind power plant grows as wind
speed increases. This partially offsets the shortfall in elec-
tricity generated by the PV arrays. During periods of calm
and low air temperatures, the output of the cogeneration
system, the biogas plant, the automated solid-fuel hot-wa-
ter boiler and the fuel cell is increased. Since the biogas
plant operates intermittently and is shut down for loading
or for cleaning out waste, provision must be made for two
(or more) such plants.

It is also necessary to analyse the operation of the system
under conditions of low wind and solar activity. In this
mode, the entire load is transferred to the cogeneration
system, the biogas plant and the solid-fuel boiler. The ratio
of the outputs of the individual generation sources is con-
trolled automatically by the microprocessor-based system
in accordance with consumers' current demand.

To ensure reliable operation, redundancy is provided for
the system's components. This is important whenever tem-
porary shutdowns are required for loading or cleaning.
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An important consideration is the operation of the system
at maximum wind speeds.

Under such modes, the wind power plant within the system
switches to combined generation of electrical and thermal
energy. The mechanical energy is split between electricity
generation and water heating, with the thermal energy
stored in the heat accumulator.

When renewable energy sources — a wind power installa-
tion, PV arrays, biogas plants, solar thermal collectors and
automated solid-fuel hot-water boilers fired with combus-
tible waste — are combined into a single system, the need
to employ reserve (backup) energy sources is eliminated.

In many cases, wind thermal power plants (WTPPs) are em-
ployed in systems for the integrated use of renewable en-
ergy sources [14].

A wind thermal power plant (Fig. 2) consists of: a wind tur-
bine 1; an electromagnetic clutch 2; a hydrodynamic-loss
furnace 3; a water-feed pump 4; a thermal valve 5; a heat
accumulator 6; an electric generator 7; a current sensor 8;
a control unit 9; and a rotor-speed sensor 10.

5
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Fig. 2. Block diagram of a wind thermal power plant

Under a significant electrical load and moderate wind
speeds, the installation operates as a conventional wind
power plant: the wind turbine 1 delivers all of its power to
the electric generator 7.

If the wind speed approaches its maximum values, the hy-
drodynamic-loss furnace 3 is coupled to the rotor of the
wind turbine 1. This makes it possible to balance the gen-
erating capacities provided by the wind installation and the
hydrodynamic-loss furnace (HLF) and to channel the result-
ing hot water into the heat accumulator 6.

The water from the heat accumulator can be drawn off at a
time convenient for households, in order to supply them
with electrical and thermal energy. The presence of a heat
accumulator is valuable for harnessing short-lived squalls

and prolonged storms to heat water, which can then be
used during periods of calm [14].

The integration of distributed energy sources calls for the
formation of a complex energy-supply system [16, 17]. The
methods for forming microgrids and integrated systems
need to be examined, with a sound assessment of the fea-
sibility of implementing the concept under Ukrainian con-
ditions. Having analysed the opportunities and the prob-
lems associated with the deployment of distributed
generation, we arrive at the conclusion that, for the optimal
siting and selection of distributed generation (DG) sources,
it is expedient to use fuzzy-logic methods and multi-criteria
analysis. A dedicated methodology must be developed in
order to account for the uncertainty and unevenness both
of consumption by electricity consumers and of electrical-
energy generation by renewable energy sources. To evalu-
ate the economic dimension of implementing the distrib-
uted-generation concept, a methodology for selecting gen-
eration alternatives is required, the results of which
determine the financial viability of designing a micro power
system based on DG sources. In view of the relevance, the
advantages and the potential of renewable resources in
Ukraine, the methods obtained should serve as the basis
for formulating an algorithm for alternative energy supply
to a given facility employing distributed energy sources.
The complexity of such a power supply system lies in the
need to digitalise the relevant processes and to deploy
modern power-generating installations, electrical appa-
ratus and metering systems. The advantages of such a sys-
tem will be appreciated by both the consumer and the
power system itself, since the dispersal of the electrical
load has a beneficial effect on the load curve, enables dif-
ferentiated tariffs to be applied, and enhances the reliabil-
ity of power supply.

The development of a clear strategy for the evolution of ex-
isting energy and related infrastructures calls for a system-
atic and balanced approach, together with a comprehen-
sive analysis of alternatives drawing on technical, financial,
social and environmental criteria and on risk-management
methods. Such a transformation of the energy system en-
dows it with a number of positive qualities; it does, how-
ever, give rise to certain problems and risks.

The introduction of distributed generation facilities is driven
by the pursuit of diversification of fuel and energy resources
through an increased share of alternative and local resources
(including industrial waste). Against a backdrop of rising en-
ergy tariffs, a shortfall in generating capacity, the wear and
tear of existing assets and their low efficiency, consumer in-
terest in deploying distributed generation as a means of en-
hancing reliability continues to grow.

The emergence of a mixed private-and-public form of own-
ership calls for a reform of the energy sector [13], for the
development of new technologies and for the deployment
of information and diagnostic systems, as well as measure-
ment and control facilities, with the aim of improving the
efficiency of the generation, transmission and distribution
of electrical energy, while ensuring the reliability and qual-
ity of electricity supply to consumers. Distributed genera-
tion is sited at strategic points of the network with weak
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electrical links — namely, where the throughput capacity of
transmission and distribution networks is insufficient, or in
locations significantly remote from centralised generation
sources — which improves the reliability and stability of the
power system's operation.

In a distributed generation system, a two-level control
scheme [18] may be employed for the management of
power flows and for voltage regulation.

A substantial advantage of the two-level control approach
lies in the integrated management of power flows and the
simultaneous regulation of all power sources within the sys-
tem. By contrast, unlike remote control — where switching
is performed in a given branch on a signal from the control
centre, independently — the proposed approach takes into
account two signal levels: from a local sensor and from a
higher-level regulator. Switching occurs selectively, in indi-
vidual branches, and only at certain signal levels.

Thus, the integration of distributed generation into electri-
cal networks makes it possible to address a number of
problems concerned with: enhancing the reliability and se-
curity of power supply [15]; preserving the stable operation
of power systems and optimising the cost of electricity for
the consumer; reducing dependence on centralised net-
works; cutting electricity transmission costs; ensuring es-
sential services and improving energy efficiency; increasing
the resilience of the power system to emergency condi-
tions; and reducing fossil-fuel consumption.

Conclusions

The analysis carried out has shown that integrated distrib-
uted generation systems ensure effective operation across
a range of operating modes through the optimal use of so-
lar [19], wind, cogeneration and biogas generation.

The advantages of such a system are: the ability to adapt to
changes in the electrical and thermal load through the au-
tomatic redistribution of power flows; enhanced reliability
of power supply; reduced fuel consumption; and the capac-
ity to operate the network under a variety of climatic con-
ditions.

The distribution network is thus gradually being trans-
formed into a network that exhibits the characteristic fea-
tures of an islanded electrical system.
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