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Hokwuna C.FO. Mogeni Ta METOJIM MOHITOPUHTY €HEeproe()eKTUBHOCTI PETiOHIB
VYkpainu. — KBamidikariiiiHa HaykoBa Ipallsd Ha MpaBax pyKOIIHCY.

Hucepramisi Ha 3100yTTS HAyKOBOTO CTYyNeHs JOKTOp (imocodii 3a
cnemianbHIicTIO 141 —«EnexTpoenepreTrka, eJIeKTpOTEXHIKA Ta eeKTpoMexaHikay (14—
Enextpuuna imxepepisi). — HarloHanbHUil TEXHIYHUW  yHIBEPCUTET YKpaiHuU
«KuiBcpkuii monmiTexHiuHui iHCTUTYT iMeHi [ropst Cikopebkoroy», Kuis, 2023.

JluceprariitHe JOCIIKEHHS «Monem Ta METOIN MOHITOPHUHTY
€HEproe()eKTUBHOCTI PETiOHIB YKpaiHW» NPHUCBAYEHE AaAKTYyaJlbHOMY HayKOBOMY
3aBJAHHIO TMIJABUIIEHHS PIBHA €HEProe(EeKTUBHOCTI PETIOHIB YKpaiHU HUIIXOM
PO3po0IIEHHST MO/IeNIel Ta METO/IIB MOHITOPUHTY, 3a]U1s 3a0€3MeYeHHs] EHEPreTUUHOI Ta
eKosoriyHoi Oe3nek kpaiHu. 11 BUKOHAHHSA aHamizy Oyino BHOpaHO MIACEKTOP
OTTAJICHHS CEKTOPY JIOMOTOCIOAAPCTB SIK HAWOUIBIIMKM CHOXKUBAaY €HEPTii cepe]l 1HIITUX
CEKTOpPIB, Ta TPAHCIOPTHUM CEKTOp SK OJWH 13 HAWOUIBIIUX CIIOXKUBAYiB Ta
3a0pynaoBadiB  CO,. JlucepramiifHe JOCTIIKEHHS BIAMOBITAE TMPIOPUTCTHOMY
HampsIMKy po3BUTKY Kpainu: «EHepretnka Ta eHeproedektuBHicTh» (Texnonorii
pO3pOOJICHHsT Ta BHUKOPHCTaHHS HOBHX BHJIB MaJlUBa, BIJHOBJIIOBAHUX 1
aNbTEPHATUBHUX JOKEpENl eHeprii Ta BUAIB TmanuBa; EHeproepexkTuBHICTh 1
eHEepro30epekeHHs, pUHKH eHepropecypciB, Exonoriuno 30anaHcoBaHa eHEpreTHYHA
Oe3rneka) 10 3aTBepKeHui noctaHoBoro KabiHeTy MiHICTpiB YKpaiHu Bif 7 BEpecHs
2011 p. Ne 942 «IIpo 3aTBep/KEHHSI TEPEIIKY MPIOPUTETHUX TEMATUYHUX HAIPSMIB
HAayKOBHUX JOCJII/PKEHb 1 HAYyKOBO-TEXHIUYHUX pO3poOok Ha mepion 10 2023 poky». Ta
BUKOHYBaJIOCh cHibHO 3 YHiBepcuretoM Jlotapuarii (Université de Lorraine),
@pamniist, 3a nporpamoro akaaemiunoi MmooutbHOCTI ERASMUS+ KA107 y nepiox 3
03.04.2023 mo 02.09.2023 p.

Y mepmioMy po3dini  pO3TISHYTO CTaH EHEProeeKTUBHOCTI B YKpaiHi,
JIOCITIJIPKEHO METOJHM 110 3acTocoBaHi B EHepreTmunmx crparerisix, Bukonano SWOT-
aHaii3 piBHS eHeproeeKTUBHOCTI PErioHIB YKpaiHu. BuzHaueHO MeTy Ta 3aBlaHHs

JOCITIJKEHHS. 3a OIlIHKAaMM MOHITOPUHTOBO 3BITY IHIWKATOPIB CTaJOrO0 PO3BUTKY B



VYkpaini 2021 poky, HaBiTh y nepioa a0 MacumTaOHoro Bropruenus 2022 poky, 7 3 14
71N 1HANKATOPIB CTAJIOTO PO3BUTKY, IO CTOCYBAIMCH €HEProeeKTUBHOCTI, HE OyIH
nocsrHyTl. EHepretuuna ctpareris YKpaiHu 3MiHIOBaJIach TpU4i BIPOAOBXK 11 pokiBs,
npuuomy, y Ilepmiii Tta Jlpyriii cTpaTerisx 3acTOCOBYBaBCA IMiAXi MPOTHO3YBaHHS
NOMUTY HA CEHEeproHocii 3a TphOMa CIEHAPIIMU EKOHOMIYHOTO  3pOCTaHHS
(cepennropiunoro 3poctanHs BBII), y Tperiii crparerii 3acTocoByBaBCS METO/I
CKJIalaHHsl aJrOpUTMIB 3apaayl JOCSATHEHHA OaxaHux pe3yabpTaTiB. KirouoBumu
OpIEHTUpPaMU Y  HalpsIMKYy PpO3BUTKY C€HEPreTUKH YKpaiHM €  3HIKEHHS
IMITOPTO3AJICKHOCTI HAa(PTONMPOAYKTIB, Tra3y Ta aTOMHUX TMPOAYKTIB, MOIINIICHHS
€KOJIOTIYHOI CHUTyalli, [0 MOXYTb OyTH JOCSATHYTI IUIAXOM BIIPOBAKECHHS
eHeproeeKTUBHUX 3aXOJIIB MOJIEpPHI3allli CUCTEM BHUPOOITKY Ta PO3MOALTY E€HEprii,
OyniBenb, €BpoOIHTErpaiii Ta PO3BUTKY BIAHOBIIOBAJIBHUX JDKEpEN €HEprii Ta
aIbTEpPHATUBHUX BU/IIB MAJIMBA.

BusHnaueHo TO3WUTHMBHI Ta HETaTUBHI YWMHHUKA BIUIMBY Ha  PIBEHb
eHeproe(eKTUBHOCTI YkpaiHu. HeratuBHO Ha piBeHb eHeproe()eKTUBHOCTI YKpaiHu
BIUIMBAIOTh HACTYIHI UYWHHUKHU: EHEPreTHYHUA YMHHHUK: EHEProOJIOKM aTOMHHUX
€HEProCTaHIlI|, BOJOMPOBIIHI MEPEXK1, CACTEMH PO3MOJILTY, Ta, 0COOJIMBO, CTIOKUBAHHS
Telja 3HAXOASAThCA Y HE3aJOBUIBHOMY CTaHl; €KOJOTIYHUW YWHHUK: pIBEHb
3a0pyaHEeHHS TIOBITpS cTraHoM Ha 2022 BBaXKA€TbCA IIJIBHINCHUM, EKOHOMIYHHUMN
YyuHHUK: Maibke uyBepTb BBII B VYkpaini mepeOyBae B TiHi, 3 MOYaTKy BOEHHOIO
BTOprueHHs 24 motoro 2022 poky, Ta cranom Ha 1 BepecHs 2022 poky, YkpaiHa
noHecna 30utku y 127 mupa. nonapis CHIA, 3 sSkuX Ha NepuIoMy MiCIl KUTIOBI
OyZiBil, Ha Ipyromy iH(PacTpyKTypa, COLlaIbHUN YMHHUK: HU3bKa 1HPOPMOBAHICTH
HACEJICHHSI CTOCOBHO MepeBar eHeproeeKTUBHOCTI, HU3LKUM PIBEHb KUTTS HACEICHHS
0aliIy>KiCTh HACEJICHHSI.

[To3utuBHO Ha pPiBEHb €HEProeEeKTUBHOCTI BILTMBAIOTh: MPOEKTH 3 MOJEPHI3aIlii
E€HEProCcUCTeMH, PO3BUTOK eHeprocepBicHuX kommnaHii (ECKO), comianpHi mporpamu,
nporpaMu MDKHApPOJHOT MIATPUMKH, po3BUTOK BJIE Ta MOXIMBOCTI OTpUMaHHS

AJIBTCPHATHUBHOI'O BUAY ITAJIMBA.



Pa3zoMm 3 TiM, HaliOIbITY Bary y piBHI €eHeproe(eKTUBHOCTI BiIITPalOTh YNHHUKU
TEXHOJOTTYHOTO Ta CTPATETIYHOTO XapakTepy, Ha APYroMy MICIll BUSBUINCh YNHHUKU
€KOJIOTIYHOTO Ta COLIAIbHOTO XapaKTepy, BArOMUMH, ajie 0€3 MOMJIMBOCTI BILUTUHYTH
Ha HUX € YUHHUKW €KOHOMIYHOTO Ta Hemepea0auyyBaHOTO XapakTepy.

Mema. TlinBuilleHHs piBHS €HEProe(PEeKTUBHOCTI PErioHIB YKpaiHH MUIIXOM
PO3pOOJICHHS PET1IOHAIBHUX MOJIeNIeld MOHITOPHHTY.

Axmyanvuicms. Tema cHpsiMOBaHa Ha TMIJABUIICHHA EHEPreTHMYHOI Oe3MneKu
VYkpainu Ta BUPIIICHHS 3a/1a4l OI[IHIOBaHHS eHeproe()eKTUBHOCTI PErioHIB YKpaiHHu.

Hosusna  memu  monsarae 'y  po3pOOJIGHHI ~ MOJEIl  OIIIHIOBaHHS
eHEeproe()eKTUBHOCTI PEriOHIB YKpaiHU KUTJIOBOIO Ta TPAHCIOPTHOTO CEKTOPIB, LIO
HAJaCTh MOXJIMBICTH BHUPOOUTH CTpaTerii MiJABUIICHHS PIBHSA €HEProe(eKTUBHOCTI
pEerioHiB YKpaiHu.

O6'exm: Tipoliec CHOKMBAHHS TEIUIO-, €JIEKTPO- €HEprii, ra30CHOKWBaHHS Ta
CIIO’KUBAHHS MOTOPHUX IMAJIUB PErioHaMu Y KpaiHu.

Ilpeomem: 1HAUKATOPU €HEPrOe(PEKTUBHOCTI PETIOHIB Ta iX 3B'SI3KM, YMHHUKHU
BIUIUBY Ha €HEProe(eKTUBHICTb, MOJIENI OILIHIOBAHHS €HEProe(peKTUBHOCTI PETIOHIB,
TEXHOJIOT1i  MIABUIIEHHA  €HEProe(EeKTUBHOCTI,  METOAM  OLIHKA  CKJIQJHHUX
0aratoakTOPHUX CHUCTEM.

3asoanms:

1. JlocnmiauTd BUMOTM 10 1HAMKATOPiB €HEpProe(eKTUBHOCTI, CBITOBI
IHIUKATOPH €Heproe(peKTUBHOCTI Ta IHAUKATOPH B YKpaiHi;

2. JloCHiANTH METOAM OLIIHKU CKIaAHUX 0araroakTOpHUX CUCTEM;

3. Po3poOut  anropuT™M  IHTEPBAJBHOIO  OIL[IHIOBaHHS  1HAMKATOPIB
eHeproe)eKTUBHOCTI PETiOHIB YKpaiHu;

4, Po3pobutu anroput™ po3paxyHKY CHOKMBAaHHS Ha OMAJICHHS JHCUMIOB020
ceKkmopy perioHiB YKpaiHu;

5. Po3pobut anroputM po3paxyHKy CHOKHUBAHHA Ta3y MPAaHCcHOPMHO20
cekmopy perioHiB YKpaiHu;

6. Bukonatu knacudikaiio o#cumioeoeo cekmopy PETIOHIB YKpaiHu 3

BUKOPUCTAHHAM JIMCKPUMIHAHTHOTO aHAJI3y Ta aHA13y TOJOBHUX KOMIIOHEHT;



1. Buxonatu kmacudikamiro mpancnopmuo2o cekmopy PETioHIB YKpaiHu 3
BUKOPHCTAHHSAM JUCKPUMIHAHTHOTO aHAJI3y Ta aHaji3y rOJIOBHUX KOMIIOHEHT;

8. BukoHatu MOpIBHSAJIRHUM aHaTI3 pe3yNbTaTiB Kiaacuikaiii orcumiosozo
ma mpaHcnopmHo20 Cekmopie perioHiB YKpainu;

Q. [ToOynyBat Mojenb OCHUMApPKIHTY peErioHiB YKpaiHM BCepeIuHi
KJIACTEPHUX TPYIL;

10. IIpoananizyBaTé MOJIHMBOCTI 3aCTOCYBaHHSI aJIbTEPHATUBHUX TEXHOJOTIH
M1JIBUIIICHHS eHeproeeKTUBHOCTI B YKpaiHi Ta MIJIAXIB X ONTHUMI3aIli;

11. Po3pobutu anroputM Ta MOJIE€JIb MOHITOPUHTY €HEpProeeKTUBHOCTI
pEerioHiB YKpaiHu.

VY Po3aimi 2 BUKOHAHO aHaNi3 cy4acHuUX 0a3 JaHUX 3 E€HEeproeeKTUBHOCTI.
BceranoBiieHo, 110 cydacHi 0a3u JaHHMX 3 €Heproe(eKTUBHOCTI Ta HABEACHI CTaHIAPTH
BIJIOOp@XKalOTh CEKTOPAIbHUM MiJX1J 1O OIlIHIOBAHHSA €HEpProeeKTUBHOCTI 3a
kpainamu. [lominm cexkTopiB 3a pI3HUMU pIBHSMU JieTajiizamii (Ha TMIJCEKTOPH),
PO3paxyHOK 1HJIUKATOPIB Ta 1HJEKCIB €HEproe(EeKTUBHOCTI, 3aCTOCYBaHHS METOJIIB
KOPUTYBaHHSI, HAIPUKJIA]I, TAKUX AK KJIIMAaTUYHI MOMPABKU, KOPUTYBAHHS 33 MAPUTETOM
KYIIBEJIbHOI CHPOMOHOCTI, MIAXOAU A0 BUOOpPY 0a30BOr0 pOKY JUIsl MOPIBHSHHS —
JIO3BOJISIIOTH TIOPIBHIOBATH PIBHI €HEProe(eKTUBHOCTI Ta OOCSTH cepeln KpaiH Ha
BUCOKOMY piBHI. J[7s1 MiJBUINEHHS PiBHS €HEProeeKTUBHOCTI OKPEMOi KpaiHu, I
METOAM MOXJIMBO 3aCTOCOBYBATH Ha PEriOHAJbHOMY PIBHI 3  MOJAJbIINM
3aCTOCYBaHHSAM OCHUYMApPKIHTY.

3anpoBOHOBAHO JIJIsl OLIIHIOBAHHS PIBHS €HEProeeKTUBHOCTI BCEPEAMHI KpaiHu,
3aCTOCOBYBaTM METOAM OLIHKU CKJIAJHUX O0araTopakTOpHHX CHUCTEM, CEpel SIKUX €
METOJM KJlacTepHu3allii, MeTo] TOJIOBHMX KOMIIOHEHT Ta JUCKpHMIHAHTHHUM aHam3. J{is
KJIACTEPHOTO0 aHajizy OyJio BUOpaHO JBa METOAM KiacTepu3ailii 13 MONepeHIM
3aJJaHHSIM KUIBKOCTI KiacTepiB (KiacTepu3sallis MeTooM K-cepeHix Ta arjoMepaTuBHa
KJacTepu3ailis), Ta METOAu Oe3 TMOMEepPeIHbOro 3aJaHHS KIJACcTEepiB Taki SK
kinacrepu3aiis 3a muibHicTIO (DBSCAN) Tta adiniatuBra kinactepusaris (affinity

clustering).



Knacudikauiss crnoxuBauiB eHeprii pi3HUMH METOJaMH JO03BOJIUTH OLIHUTU
pPO3ODKHOCTI 3a PI3HUMH DPIBHAMU €HEProe(eKTUBHOCTI TEBHOTO CEKTOpYy Ta
BU3HAUYCHHsI KJIACTEPiB, KOTP1 MOTPEOYIOTh MEPIIOUEPIOBUX JiH y eHeproepeKTUBHUX
3axo0Jlax 3a/J1s1 3a0€3MEeUYeHHsI CTAjJoro PO3BUTKY KpaiHu. MeTo TOJOBHUX KOMIIOHEHT
JIO3BOJIUTh 3MEHIIUTH PO3MIPHICTh JaHUX 3a IMOTPeOH 3aiIsl IIJBHUINCHHS SIKOCTI
Kiactepu3ailii. JIMCKpUMIHAHTHUN aHaI3 JIOMOMOKE 3HAWTH KIIFOYOBI1 1HJAMKATOPH IO
BIUIMBAIOTh HAa PIBEHb EHEProe(EeKTUBHOCTI y 3aJaHOMYy CEKTOpi. A MoJanbIIuit
OCHYMApPKIHT PETiOHIB YKpaiHM J03BOJUTH JOJATKOBO BHU3HAYMTH PEUTHHT PET1OHIB
BCEpENIMHI KIACTEPHUX TPYIIL.

CekTop OOMOrocnoJapcTB Ma€ HAWOUIbIII MEPCIEKTUBU y MIABUIICHHI pPIBHS
eHeproe()eKTUBHOCTI, OCKIJIbKM ICTOPUYHO CKJIa/a€ TPETUHY CIIOKUBAHHS, a M1JCEKTOP
OMAJICHHS CIIOKMBA€ HAaWOUIbLIE cepel NNaHUX MIJACEKTOPIB CEKTOpPY CIOXKUBAaHHS
(Hamp., OXOJIOJKEHHS, OCBITJIICHHSI, Tapsiye BOJONOCTauyaHHs). TpaHCIIOPTHUN CEKTOp €
OJIHUM 3 HaWOuUTbIMX 3a0pynHioBauiB moBITPsA. OpHak, AaHl MAXOAU MOXKYThb
3aCTOCOBYBATHUCH 1 J0 1HIIUX CEKTOPIB.

VY Po3aini 3 noOynoBaHi iHTEpBaibHI Tpadiku 1HAUKATOPIB €HEProePEeKTUBHOCTI
MiJCEKTOPY OMaJIEHHSI CEKTOPY JOMOTOCIOIAPCTB Ta TPAHCHIOPTHOTO CEKTOPY PETiOHIB
VYkpainu, 1m0 J03BOJIHIIO OI[IHUTH JUHAMIYHI 3MIHU JJAHUX 1HIUKATOPIB Y IIUX PETiOHAX
Ta BHUKOHATH TIOTIEPEHE TIOPIBHSHHS perioHIB. BusHaueHo Halikpani Mojenl
OLIIHIOBAHHS JUISl LMX JaHUX Ta BUPOOJEHO CTpaTerii pO3BUTKY KIACTEPHUX TPYII
perioHiB Ykpainu. Po3po01eHo MeTO/1 MOHITOPUHTY €Heproe(eKTUBHOCTI Ta aJrOPUTM
OLIIHIOBAHHSI PIBHS €HEProe(eKTUBHOCTI Ha OCHOBI KJIACTEPHOI CTa01JIbHOCTI.

HaiikpammmM pe3yiapTaToM KiacTepusallii sl niocekmopy OnajieHHs BUSBHUBCS
METOJl K-CepelHIX 3 BKIIOUeHHsIM M. KuiB Ta 3 HactynmHumu pganumu: Cepenss
TEMIIEpaTypa 3a onamosaibHuil nepiof, °C, CroXuBaHHs IPUPOIHOIO ra3y Ha KHTIIO,
M /xuT0, CIOKHBAHHS eIeKTPOCHEprii Ha kuTiIo, KBT/rox, Clo)KHBaHHS BYTiIL Ha
XKUTIO, THC. T/ *kuTio, CepeqHbOMICSYHA 3ap00iTHA IJIaTa MTATHUX MPAI[iBHUKIB, TPH;
BanoBuii perioHanbHUM MPOIYKT HAa OAHY 0coOy (y (akTHYHMX MLiHAX), TpH. JlaHwuii
METOJI Ma€ KIJIACTEepHY HECTaOUIBHICTh JHIlIEe B OJHOMY perioHi. OnHak, OUIbIIY

1H(QOPMATUBHICTh HECYTh pE3YyJbTaTH arjlOMEpPATHBHOI KiacTepu3allii 3 KIACTEPHOIO
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HECTAOLIBHICTIO Y TPhOX perioHax. TOMy OMMIIEMO CTpaTerii PO3BUTKY 3a OCTaHHIM
3raJlaHiM aHaJTi30M.

JI1s KiTacTepHUX TPy MiJICEKTOPY OIMaJIeHs PETioHIB YKpaiHu JOIIJIbHI HACTYIIHI
3axonu: nns xnacmepy 0 JOLITBHO 3aCTOCYBATH MMl JIaHUX PETIOHIB 3aXOAH 3
MOJIEpHI3allli I[EHTPAJbHOTO TEIUIONOCTaYaHHS 3 TEPEeXOJOM Ha PO330CepeDKEHI
JUKepesla eHeprii Ta po3IIAIOM ajlbTepPHATUBHUX JDKEped eHeprii  (OCKUIbKU
TEMIIepaTypa CEpedHs CEepell IHIIUX PETIOHIB — MOXJIMBHUH PO3TIsA] 0l0ora3oBHX
YCTAaHOBOK Ta BITPOT€HEpaATOpiB); I Kiacmepy [ NOUUIBHO PO3IJISHYTH IPOCKTHI
PIIICHHS 1010 IEPEXOY 10 PO330CEPEMKEHUX JKEPEN eINEKTPUIHOI €HepTii, OCKUTbKU
TeMrepaTypa HallMeHIla — JIOIIJIbHO BCTAHOBJIIOBATH BITPOTEHEPATOPU Y KOMOIHAIIT 3
BOJAHEBMMU  ycTaHoBKamu. CrHokuBaHHSI razy  BigoOpaxkae  OajlaHC — MK
IIEHTPATI30BaHUM Ta30TI0CTAYaHHsAM; ISl KIacmep) 2, IO MA€ PETI0HHU 13 CIPHUITIMBUM
KJIIMAaTOM, BapTO PO3TJIIHYTH MPOEKTH 3 OIMaJeHHSM BiJi KOMOIHOBaHHUX YCTaHOBOK 3
BITPOTE€HEpPATOPAMHU, COHTYHUMU MaHEJSIMU Ta BOJHEBUMH YCTaHOBKAMH.

JUIst BCIX PErioHIB JOIUIBHO PO3TJISIHYTH MEPEXij BiJ ONATIOBAIBHUX YCTAHOBOK
3 BUKOPUCTAHHSM rasy /10 yCTAaHOBOK 3 BUKOPUCTAHHSIM ajbTEPHATUBHUX BUIIB MaJIUBa
(SIK MaJIMBO 3 TJIACTUKOBUX Ta T'YMOBHX BIIXOIB Ta 0iorasy).

Hatikpaii pe3ynbTaTtd s MPaHcHOpmHO20 ceKmopy ToKa3ana MOJCNb 3a
METO/JIOM TOJIOBHMX KOMIIOHEHT (2 KOMIOHEHTH) 3 TMOJAIbHOI KIIACTEPU3AIIIEI0
METOJIOM K-CEepeJHIX 3 KJIACTEPHOI HECTaOIBHICTIO y YOTHUPHOX perioHax. Jlis
KJIACTEPHUX TPYIN TPAHCIOPTHOTO CEKTOPY JOIUIbHI HACTYyMHI 3axoau. JloIiiaspHO,
0COOJIMBO JIJIsl KJacTepy 2, KOTpU Mae HAWOUIbII MOKA3HUKUA Cepel 1HIINX PETi10HIB:
MOKPAIIUTH TPOMAJICEKHI TPAHCTIOPT JJISI 3MCHIIICHHS] BAKOPUCTAHHS OCOOMCTHUX aBTO;
3aMpoBaKEHHST TPOrpaM JIOSUIBHOCTI JUIS TMACaKUPIB TPOMAJCHKOTO TPaHCIOPTY;
ONTHUMI3yBaTH JIOTICTUKY BaHTaXiB, CHPUAIOYH €()EKTUBHOMY BHKOPHUCTAHHIO
BaHT@XIBOK Ta MiHIMI3allii MOPOXKHIX TPOOIriB (3agada KOMIBOSDKEpa, MOAATKH IS
MOKpaIIeHHs]  €(QEeKTUBHOCTI  MapHIpyTiB  Ta  YNPaBIIHHA  TPAHCIOPTOM);
BUKOPUCTOBYBAaTH TEXHOJIOT1i MOHITOPUHTY Ta AaHAIITUKU Ui  €(PEeKTUBHOIO
BUKOPUCTAHHSA TPAHCIIOPTHUX 3aco0iB; 3a0XOYyBaTH BUKOPUCTAHHA TIOPUIHHUX

TEXHOJIOT1M Ta CHCTEM BIJIHOBIIIOBAJIBHOI €HEPrii il aBTOTPAHCIOPTY; HaJaBaTh
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(b1HAHCOBI CTUMYJHU 7Sl KOMIIaHI|, 1110 BUKOPUCTOBYIOTh €HEProe(peKTUBHI TEXHOJIOTIT
y TPaHCHOPTI.

VY uyerBepTOMY pO3aUTl OyNO AOCHIIHPKEHO TMOTEHIIaN ajbTEPHATHHUX JIKEpell
eHeprii, a caMe OTpPUMaHHS AaJbTEPHATUBHOTO MOTOPHOTO MalMBa 3 IJIACTHKOBHX
BIJIXO/IB Ta BIJIXO/IB 3HOIIICHUX IITMH B YKpaiHi Ta onTumizailis 610ra30B0i yCTaHOBKU
aHaepoOHOTro 30POKYBaHHS 32 JOTIOMOTOI0 IITYYHOI HEHPOHHOI MEpexi.

[IpoBenena aHanmiTU4HA OIIHKA 3 OPIIIHUX CTATUCTUYHUX JPKEpEIT oKa3aa, 1o
NOTEHI[la]l OTPUMaHHs MaliuBa BiJl MEPEPOOKH IUIACTHKY, IO HAKOIMHMYMUBCS Ha
CrelialbHO 00JaTOBaHUX 3BanuIax K kiHiro 2020 poky, cranoBuTh Bifg 5,43 no 17,2
TUC TOH nayuBa. [Ipy HamaroHKeHH1 €KOJIOTICTUKH, IOPIYHO MOKIMBO OTPUMYBATH BiJT
9,39 o 29,74 tuc. TOH mamuBa. A SKIIO IMOBOHKEHHS 3 INTACTUKOBUMH BIAXOJIaMHU HE
3MIHUTBCS, TIPU HAJIArO[KEHH1 300py HEYTWJII30BaHOTro IuiacTuky, 10 2030 poky
MoxIuBO otpuMatu Big 137,54 no 435,53 tuc. T manmBa. [loTeHImian oTpuMaHHS
najguBa BiJ TEpepoOKHM 3HOIIEHUX IIHH, [0 YTBOPWINCh Ha CIEHiaIbHO
oOnamToBaHux 3Banuiax K kiHmo 2020 poky cranoButh Bix 1,99 go 3,13 Tmc. T
nanuBa. [Ipy HaaroKeHH1 €KOJIOTICTUKH, IIIOPOKY MOXKIIMBO OTPUMYBATH Bif 5,27 10
8,26 THC. T majgMBa BiJl 3HONICHUX IIWH. SIKIO MOBOPKCHHS 3 YTHIII3AIIEI0 3HOIMECHUX
IIMH He 3MIHUTHCA, 710 2030 poKy, TP HAJIaroKEHHI1 iX 300py, MOXKJIMBO OTPUMATH BiJT
110,45 no 173,04 tuc. T manuBa. OpHaK, BapTO 3a3HAYUTH, LIO MHPH HEMPIMOMY
OLIIHIOBAHHI MOTEHI1aTy, 00CSATM OTPUMAaHHS MOTOPHOIO MajuBa MOXKYTh OYTH 3HAYHO
OUTBIINMU.

Po3pobsena monens IITHM ycTaHoBkHM aHaepoOHOTO 30pOJIKYyBaHHS Jana 3MOTy
3MIMCHUTH 17IeHTU]IKAIII0 ONTUMAIBHUX POOOUYUX MapameTpiB peakTopa-MeTaHTEHKa,
K1 TIPU3BOJISATH 10 30UIBIICHHS] BUXOy MeTaHy Ha moHajn 12,6%. Tak, onTUMaIbHOIO
TeMIIEpaTypol0 Ul IiABUINEHHA BuxoAy Oiorasy ¢ 39°C; pisemr pH 8,0;
CHIBBITHOIIIEHHSI OpPTaHiKh 70 CcyXoi ¢pakiii moBuHHO ckiagatu 98,8%. Jlns kpamroi
poOOTH YCTAaHOBKM CIiJl MiJABHUILYBaTH BMICT aMOHiI0 a30Ty Ha 5%, mpoTe BMICT
BUIBHUX JIETKUX JKUPHUX KHUCJIOT Yy cCyOCTpaTli JOLUIBHO 3MEHIMUTH Ha 46%.

JlocnikeHHsT TPOJIEMOHCTPYBao, mo mMonaens [ITHM € kopucHuM 1HCTpYMEHTOM ISt



MOJICJIIOBAHHS Ta ONTHMI3alii BUpOOHHUIITBA 0lora3y 3 METaHTEHKY B PI3HUX POOOUYUX
YMOBaX.

[IpakTuuHe 3HAYEHHS OTPHUMAHOIO MOTEHIialy MOTOPHOTO MajluBa MOJSATAaE B
MOTAJIBIIIOMY PO3BUTKY HAJIAro/PKCHHIO €KOJIOTICTHKHU 300py HEOE3NmeYHMX BiIXOJIB B
Vkpaini Ta iX MNOAAJIBIIOTO TMEPETBOPEHHS Y TMAaJUBO, IO MOXE 3a0e3MeUUuTH
TPaHCIOPHUN CEKTOpP Ta BUKOPUCTOBYBAaTUCh SIK CHPOBHHA 3aMIIEHHS Ta3y JJIs
OTaJICHHsS] TPOMaJ BiJ] KOTEIbHMX, [0 BUKOPUCTOBYIOThH a3, a TaKOX y KOMOiHamii 3
CJIEKTPOTEXHIYHUMHU ycTaHOBKamMu. OTpuMaHi ONTHUMAalibHI 3HAYEHHS YCTAaHOBKHU
aHaepoOHOTo 30po/KyBaHHS, M03BOJOTh miaBummTu KKJ[ manux ycraHoBOK Ha
12,6% Tta cnpusitume iX BIPOBAKEHHIO U1 ONaJeHHS TrpoMaa. Bce me n03BOIHTH
3a0€3MeYNTH EHEPreTUYHy Ta EKOJOTriuHy Oe3NeKy KpaiHu, a TaKOX CIPUSTHME
M1JIBUIIICHHIO PIBHS EKOHOMIKHU.

HaykoBa HOBH3HA JOCJIi/I’KEHHS MOJISITA€ Y TOMY, LI0:

1. Habyna MOAANBIIIOTO PO3BUTKY peanizaris MOHITOPUHTY
€HEeproe()eKTUBHOCTI ~ PETIOHIB ~ YKpaiHW, 30KpeMa, KIACTepHUM Mmiaxig 1o
pPO3MEXKyBaHHS PETiOHIB YKpaiHW 3 BUKOPUCTAHHSAM JUCKPUMIHAHTHOTO aHami3y, Ta
MO/IeJIb OEHUMApPKIHTY BCEPEIUHI KIIACTEPIB.

2. Bnepmie  moOymoBaHO ~— iHTEpBaJIbHE  OINIHIOBaHHS  1HJAMKATOPIB
eHeproeeKTUBHOCTI, 10 JI03BOJISIE€ TIOPIBHIOBATH PETIOHU y TMHAMIII KPIYHUX 3MiH.

3. 3anponoHOBaHO METOJ OLIHIOBAHHS PIBHS €HEProeEeKTUBHOCTI PETIOHIB
VYkpainu, 1Mo M03BOJISE€ JOCITTH KJIACTEPHOI CTAaOUIBHOCTI Ta BHUPOOWTH CTpaTerii
PO3BUTKY /ISl KOSKHOTO KJIacTepy.

4. 3anpomoHoBaHa MOJENh PO3PAxXyHKY 31 CTaTUCTHUHUX JDKEepen raso-,
TEIJIO- E€JEKTPOCIOKUBAHHA Ta CHOKUBAHHS BYTULIS Y PO3PaxXyHKYy Ha OMaJeHHS
OJIMHULII )KUTJA Y PErioHax Ta ra3oCrnoXKMBaHHS TPAHCIIOPTHUM CEKTOPOM PET10HIB.

d. Y 1ockoHaJIEHO CHCTeMY BUPOOHHUIITBA 010Ta30BOi YCTAHOBKHU 3a PaxXyHOK
4oro MOXJIMBO gocsarty masumenHs i1 KK/ Ha 12,6% .

IIpakTnuHe 3HaYeHHs. Po3p00JieHI METOMOJIOTIS PO3paXyHKY MapaMeTpiB IS
OIIIHIOBAHHSI OMIAJICHHSI KUTJIOBOTO CEKTOPY, METOJIOJIOTISI PO3pPaxXyHKY IMapaMeTpiB IS

OLIIHIOBAHHSI TPAHCIOPTHOTO CEKTOPY PETiOHIB YKpaiHW, METOJO0JIOTIS 1HTEPBAIBHOTO
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OLIIHIOBaHHS  1HAMKATOPIB  €HEproe(eKTHUBHOCTI  PErioHIB  YKpaiHW, MOJeNb
OCHUMapKIHTy PErioHIB YKpaiHH, aJlfOPUTM OLIHIOBAaHHS PIBHS €HEproe(eKTUBHOCTI
perioHiB YKpaiHU Ha OCHOBI KJIACTEPHOI CTaOUIBHOCTI, 3arajbHa MOJIE€b MOHITOPUHTY
eHeproe()eKTUBHOCTI, Ta AJITOPUTM OIIIHIOBAHHS PIBHS €HEProeeKTUBHOCTI MOMKIMBO
BUKOPUCTOBYBATH JJI OLIHIOBAHHS PiBHS €HEProe(PEeKTUBHOCTI Y HACTYIIHI POKU Ta JUIsI
IHIIMX CEeKTOpiB. Po3paxoBaHuii TOTEHIIal OTPUMaHHS MOTOPHOIO MalluBa BapTo
BpaxoByBaTH mpu po3poOieHH JlopokHbOi KapTh 300py Ta yTwumi3ailli HeOe3meuHux
BimxoaiB. IlimBUINIEHHS TPOAYKTUBHOCTI 010ra30BUX YCTAHOBOK aHAepOOHOIO
30pOo/pKyBaHHSI 3a0€3MeYyBaTUMEThCA 3a PaxXyHOK BHKOPUCTAHHS CIHIBBITHOIIECHHS
poOOUYNX MapaMeTpiB YCTAHOBKU aHAepOOHOTO 30pOJKYBaHHS, 10 OTPUMaHI HUISIXOM
BUKOPHUCTAHHA MITYYHOT HEHPOHHOT MEPEX1 y TaHiil poOOTI.

HuceprarmiitHe mociaipkeHHs ckiaamgaeTbes 3 231 cropinka, 5 mogaTtkiB. OCHOBHA
YyacTHHA JUcepTalii MiCTUTh 53 pucyHka Ta 16 Tabnuib.

KurouoBi cioBa: eHeproedeKTUBHICTh, MOHITOPHUHI, KJIACTEPHUN aHai3,
€HepreTuyHa CTpaTeris, perioHalbHUI PO3BUTOK, EHEProePEKTUBHICTb CEKTOPY
JIOMOTOCIIOJIaPCTB, E€HEProe(PEeKTUBHICTh TPAHCIIOPTHOTO CEKTOpPY, albTepHATHUBHE
NajJuBO, ONTHMI3allisl YCTAaHOBKH aHaepoOHOro 30pouKyBaHHs, Oloras, yTWIII3alis
HeOe3MeYHUX BIJIXOJIB, aHaji3 TOJOBHHUX KOMIIOHCHT, JIHIWHUNA JUCKPUMIHAHTHUM

anami3, koedinientr AKAIKE, neitponna mepexa.



ABSTRACT

Dokshyna S.Y. Models and methods of monitoring energy efficiency of regions
of Ukraine.

Thesis for obtaining the Doctor of Philosophy degree in the specialty 141 -
"Electric power engineering, electrical engineering and electromechanics” (14-
Electrical engineering). - National Technical University of Ukraine "lgor Sikorsky
Kyiv Polytechnic Institute”, Kyiv, 2023.

The thesis "Models and Methods of Monitoring Energy Efficiency of
Ukrainian Regions™ is devoted to the urgent scientific task of increasing the level of
energy efficiency of Ukrainian regions by developing models and methods of
monitoring to ensure the country's energy and environmental security. For the
analysis, the heating sub-sector of the household sector was selected as the largest
energy consumer among other sectors, and the transportation sector as one of the
largest consumers and polluters of CO2. The thesis corresponds to the priority
direction of the country's development: "Energy and Energy Efficiency”
(Technologies for the development and use of new fuels, renewable and alternative
energy sources and fuels; Energy Efficiency and Energy Saving, Energy Markets,
Environmentally Balanced Energy Security) approved by the Resolution of the
Cabinet of Ministers of Ukraine of September 7, 2011, No. 942 "On Approval of the
List of Priority Thematic Areas of Scientific Research and Scientific and Technical
Development for the Period up to 2023". It was carried out jointly with the University
of Lorraine, France, under the ERASMUS+ KA107 academic mobility program from
04/03/2023 to 09/02/2023.

The first section discusses the state of energy efficiency in Ukraine, examines
the methods used in the Energy Strategies, and performs a SWOT analysis of the
energy efficiency level of the regions of Ukraine. The purpose and objectives of the
study are defined. According to the 2021 monitoring report of sustainable
development indicators in Ukraine, even in the period before the large-scale invasion
of 2022, 7 out of 14 targets of the sustainable development indicators related to

energy efficiency were not achieved. Ukraine's energy strategy has been changed
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three times in 11 years, with the First and Second Strategies using an approach to
forecast energy demand under three scenarios of economic growth (average annual
GDP growth), and the Third Strategy using a method of compiling algorithms to
achieve the desired results. The key guidelines for the development of Ukraine's
energy sector are to reduce import dependence on oil, gas and nuclear products,
improve the environmental situation, which can be achieved through the
implementation of energy-efficient measures to modernize energy generation and
distribution systems, buildings, European integration and the development of
renewable energy sources and alternative fuels.

Positive and negative factors affecting the level of energy efficiency in Ukraine
are identified. The following factors have a negative impact on the level of energy
efficiency in Ukraine: energy factor: nuclear power units, water supply networks,
distribution systems, and especially heat consumption are in an unsatisfactory
condition; environmental factor: the level of air pollution as of 2022 is considered to
be elevated; economic factor: almost a quarter of GDP in Ukraine is in the shadow,
since the beginning of the military invasion on February 24, 2022, and as of
September 1, 2022, Ukraine has suffered losses of 127 billion USD. The social
factor: low awareness of the population about the benefits of energy efficiency, low
living standards, and indifference of the population.

Energy efficiency is positively influenced by projects to modernize the power
system, the development of energy service companies (ESCOs), social programs,
international support programs, the development of renewable energy sources, and
opportunities to obtain alternative fuels.

At the same time, technological and strategic factors play the greatest role in
the level of energy efficiency, followed by environmental and social factors, and
economic and unpredictable factors are important but cannot be influenced.

Objective. To increase the level of energy efficiency in the regions of Ukraine
by developing regional monitoring models.

Relevance. The topic is aimed at improving the energy security of Ukraine and

solving the problem of assessing the energy efficiency of the regions of Ukraine.
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The novelty of the topic is the development of a model for assessing the energy
efficiency of the regions of Ukraine in the housing and transport sectors, which will
make it possible to develop strategies for improving the energy efficiency of the
regions of Ukraine.

Object: the process of consumption of heat, electricity, gas and motor fuels by
the regions of Ukraine.

Subject: indicators of regional energy efficiency and their connections, factors
influencing energy efficiency, models for assessing regional energy efficiency,
technologies for improving energy efficiency, methods for assessing complex
multifactorial systems.

Objectives:

1. To study the requirements for energy efficiency indicators, global energy
efficiency indicators and indicators in Ukraing;

2. Investigate methods for assessing complex multifactorial systems;

3. To develop an algorithm for interval assessment of energy efficiency
indicators in the regions of Ukraine;

4. To develop an algorithm for calculating the heating consumption of the
residential sector in the regions of Ukraine;

5. Develop an algorithm for calculating gas consumption in the transport
sector of the regions of Ukraine;

6. To classify the residential sector of the regions of Ukraine using
discriminant analysis and principal component analysis;

7.  To classify the transport sector of the regions of Ukraine using
discriminant analysis and principal component analysis;

8. Perform a comparative analysis of the results of classification of the
housing and transport sectors of the regions of Ukraine;

9.  To build a model of benchmarking of Ukrainian regions within cluster
groups;

10. Analyze the possibilities of using alternative energy efficiency

technologies in Ukraine and ways to optimize them;
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11. To develop an algorithm and model for monitoring energy efficiency of
Ukrainian regions.

Section 2 analyzes current energy efficiency databases. It was found that
modern energy efficiency databases and standards reflect a sectoral approach to
energy efficiency assessment by country. The division of sectors at different levels of
detail (into sub-sectors), the calculation of energy efficiency indicators and indices,
the use of adjustment methods, such as climate adjustments, purchasing power parity
adjustments, and approaches to choosing a base year for comparison, allow for a high
level of comparison of energy efficiency levels and volumes among countries. To
improve the energy efficiency level of an individual country, these methods can be
applied at the regional level, followed by benchmarking.

To assess the level of energy efficiency within the country, it is recommended
to use methods for assessing complex multifactorial systems, including clustering
methods, principal component method and discriminant analysis. For cluster analysis,
two clustering methods with a predefined number of clusters (k-means clustering and
agglomerative clustering) and methods without predefined clusters such as density
clustering (DBSCAN) and affinity clustering were selected.

Classification of energy consumers by different methods will allow assessing
differences in different levels of energy efficiency in a particular sector and
identifying clusters that require priority action in energy efficiency measures to
ensure the country's sustainable development. The principal component method will
allow to reduce the dimensionality of the data, if necessary, to improve the quality of
clustering. Discriminant analysis will help to find key indicators that affect the level
of energy efficiency in a given sector. Further benchmarking of Ukrainian regions
will allow us to further determine the ranking of regions within cluster groups.

The household sector has the greatest potential for energy efficiency
Improvements, as it historically accounts for one-third of consumption, and the
heating subsector consumes the most among these consumption subsectors (e.g.,
cooling, lighting, hot water). The transportation sector is one of the largest air

polluters. However, these approaches can be applied to other sectors as well.
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In Section 3, interval graphs of energy efficiency indicators for the heating sub-
sector of the household sector and the transport sector of the regions of Ukraine are
constructed, which allowed us to assess the dynamic changes in these indicators in
these regions and to perform a preliminary comparison of regions. The best
estimation models for these data were identified and strategies for the development of
cluster groups of Ukrainian regions were developed. A method for monitoring energy
efficiency and an algorithm for assessing the level of energy efficiency based on
cluster stability were developed.

The best clustering result for the heating sub-sector was the k-means method
with the inclusion of Kyiv and the following data: Average temperature for the
heating period, oC, Natural gas consumption per dwelling, m3/dwelling, Electricity
consumption per dwelling, kWh, Coal consumption per dwelling, thousand
tons/dwelling, Average monthly salary of full-time employees, UAH; Gross regional
product per capita (in actual prices), UAH. This method has cluster instability in only
one region. However, the results of agglomerative clustering with cluster instability
in three regions are more informative. Therefore, we will describe the development
strategies based on the latter analysis.

For cluster groups of the heating sub-sector in the regions of Ukraine, the
following measures are advisable: for cluster 0, it is advisable to apply measures to
modernize the central heating supply in these regions with the transition to dispersed
energy sources and consideration of alternative energy sources (since the temperature
IS average among other regions, biogas plants and wind generators may be
considered); for cluster 1, it is advisable to consider design solutions for the transition
to dispersed sources of electricity, since the temperature is the lowest - it is advisable
to introduce Gas consumption reflects the balance between centralized gas supply; for
cluster 2, which has regions with a favorable climate, it is worth considering projects
with heating from combined plants with wind turbines, solar panels and hydrogen

plants.
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For all regions, it is advisable to consider the transition from gas-fired heating
plants to plants using alternative fuels (such as fuel from plastic and rubber waste and
biogas).

The best results for the transport sector were shown by the principal
component model (2 components) followed by k-means clustering with cluster
instability in four regions. The following measures are advisable for cluster groups of
the transport sector. It is advisable, especially for cluster 2, which has the highest
indicators among the other regions: to improve public transport to reduce the use of
private cars; to introduce loyalty programs for public transport passengers; to
optimize freight logistics by promoting efficient use of trucks and minimizing empty
runs (the task of the salesman, applications to improve route efficiency and transport
management); use monitoring and analytics technologies for the efficient use of
vehicles; encourage the use of hybrid technologies and renewable energy systems for
vehicles; provide financial incentives for companies using energy-efficient
technologies in transportation.

Chapter 4 investigated the potential of alternative energy sources, namely the
production of alternative motor fuel from plastic waste and waste tires in Ukraine and
the optimization of an anaerobic digestion biogas plant using an artificial neural
network.

An analytical assessment based on official statistical sources showed that the
potential for fuel production from plastic recycling accumulated at specially
equipped landfills by the end of 2020 ranges from 5.43 to 17.2 thousand tons of fuel.
With environmental management, it is possible to receive from 9.39 to 29.74
thousand tons of fuel annually. And if the management of plastic waste does not
change, with the collection of unrecycled plastic, it is possible to obtain from 137.54
to 435.53 thousand tons of fuel by 2030. By the end of 2020, the potential for fuel
production from recycling worn-out tires generated at specially equipped landfills is
from 1.99 to 3.13 thousand tons of fuel. With environmental management in place,
5.27 to 8.26 thousand tons of fuel can be produced annually from worn tires. If the

management of worn tires remains unchanged, by 2030, if their collection is
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organized, it is possible to obtain from 110.45 to 173.04 thousand tons of fuel.
However, it is worth noting that an indirect assessment of the potential could result in
much higher volumes of motor fuel.

The developed ANN model of the anaerobic digestion unit's made it possible to
identify the optimal operating parameters of the digester, which lead to an increase in
methane yield by more than 12.6%. Thus, the optimum temperature for increasing
biogas yield is 39°C; pH is 8.0; the ratio of organic to dry fraction should be 98.8%.
For better operation of the plant, the content of nitrogen ammonium should be
increased by 5%, but the content of free volatile fatty acids in the substrate should be
reduced by 46%. The study demonstrated that the ANN model is a useful tool for
modeling and optimizing biogas production from the digester under different
operating conditions.

The practical significance of the obtained motor fuel potential lies in the further
development of the environmental management of hazardous waste collection in
Ukraine and its further conversion into fuel that can supply the transport sector and
be used as a raw material to replace gas for community heating from gas-fired boiler
houses, as well as in combination with electrical installations. The obtained optimal
values of the anaerobic digestion plant allow to increase the efficiency of these plants
by 12.6% and will facilitate their implementation for community heating. All this will
ensure the energy and environmental safety of the country and contribute to the
economic growth.

The scientific novelty of the study is that:

1.  The implementation of energy efficiency monitoring in the regions of
Ukraine has been further developed, in particular, the cluster approach to the
differentiation of regions of Ukraine using discriminant analysis, and the model of
benchmarking within clusters.

2. For the first time, an interval assessment of energy efficiency indicators

was built, which allows comparing regions in the dynamics of incremental changes.
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3. A method for assessing the level of energy efficiency of Ukrainian
regions is proposed, which allows to achieve cluster stability and develop
development strategies for each cluster.

4. A model for calculating from statistical sources gas, heat and electricity
consumption and coal consumption per unit of housing in the regions and gas
consumption by the transport sector of the regions is proposed.

5. The system of biogas plant production has been improved, due to which
it is possible to increase its efficiency by 12.6%.

Practical significance. The developed methodology for calculating parameters
for assessing residential heating, methodology for calculating parameters for
assessing the transport sector of the regions of Ukraine, methodology for interval
assessment of energy efficiency indicators in the regions of Ukraine, model for
benchmarking the regions of Ukraine, algorithm for assessing the level of energy
efficiency in the regions of Ukraine based on cluster stability, general model for
energy efficiency monitoring, and algorithm for assessing the level of energy
efficiency can be used to assess the level of energy efficiency in the regions of
Ukraine. The calculated potential for motor fuel production should be taken into
account when developing the Roadmap for Hazardous Waste Collection and
Utilization. Increasing the productivity of anaerobic digestion biogas plants will be
ensured by using the ratio of the operating parameters of the anaerobic digestion
plant, which was obtained by using an artificial neural network in this thesis.

The dissertation consists of 231 pages and 5 appendices. The main part of the
thesis contains 53 figures and 16 tables.

Keywords: energy efficiency, monitoring, cluster analysis, energy strategy,
regional development, energy efficiency of the household sector, energy efficiency of
the transport sector, alternative fuels, optimization of anaerobic digestion plant,
biogas, hazardous waste disposal, principal component analysis, linear discriminant

analysis, AKAIKE coefficient, neural network.
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