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Cmpameeleoeo {.HcmpymeHmy 30563[7€LI€HHH. eHepeemuy- 1BH3 «YHiBepcuTeT eKoHOMIKM Ta npaBa «KPOK»,
Hoi 6e3neKu YKpaiHu 8 yMOBaX B0EHHUX BUK/IUKIE MA MOBOEH- Kuis, YkpaiHa
HO20 6i0HOB/1EHHA eHepaemuy4Hoi cucmemu. [ocnidweHo . o .
mexHos102iuHi  repesaau  Manaux 2idpoeseKkmpocmaHuy;ili ' LleHTP IHHOBALW Ta TEXHO/IOMUHOTD PO3BHTKY,
Y «|AHTNIH im. T. M. JlobpoBa HAH YKpaiHuy,
(MTEC) nopieHaHo 3 eeaukumu [EC ma iHWUMU Oxepenamu . Kuis, Ykpaita
eHepeii, 30kpema: OeueHmpanizosaHuli xapakmep 2eHepauyii,
8i0HOCHO WBUOKi mepmiHu bydisHUYUMEa, MiHIMaAbHUL 8MaAUS HA O0BKIN/SA, MOMXAUBICMb 8UKOPUCMAHHS ICHYHO-
Yoi' eidpomexHivyHoi iHghpacmpykmypu, cmabinbHicmes supobHUUMBa enekmpoeHepeii. lpoaHani308aHoO HasAe-
Hull 2idpoeHepeemuyHUll TOMeHYian pivoK YKpaiHu, sussneHo nepcriekmusHi aokayii 0a1a poamiweHHA MIEC y
PIi3HUX pe2ioHax KpaiHU 3 ypaxy8aHHAM 2i0p0102iyHUX, eKoMo2iuHUX ma eKOHOMIYHUX YUHHUKIB. Y pobomi dema-
/IbHO PO32/IHYMO EKOHOMIYHI acriekmu po38UmkKy Masoi 2i0poeHep2emuKU, 8KAOYHO 3 AHAI30M /1e8e1i308AHOI
sapmocmi enekmpoeHepeii (LCOE), kanimansHUx ma onepayiliHux sumpam, mepmiHie oKynHocmi iHsecmuuid,
nomeHuiliHo2zo 8HecKy 8 eHepaobanaHc KpaiHu ma eghekmy 6i0 0ekapboHizauii ekoHomiku. MpedcmasneHo no-
pisHAAbHUL aHAni3 eKonoeiyHux xapakmepucmuk MIEC i3 mpaduyiliHumu Oxcepenamu eHepeii, OUiHeHo 8rnaue
HQO 800HI eKocucmemu, Moxsausocmi 36epexceHHs biopi3HOMaHIMmMsa ma MiHiMmi3ayii HeeamueHUX HAcioKie by-
disHuymea 2idpomexHiyHux criopyd. Ocobuea ysaaa npudineHa aHanizy MixHapoOHo20 00C8idy po38UMKY Ma-
707 2idpoeHepeemuKu y nposidHux KpaiHax ceimy (Kumati, Hopeezis, Aecmpis, Lllseliyapis, KaHada), mexaHi3-
MaM 0epHasHoi MiOMpPUMKU ma CMUMYAOBAHHA iHeecmuyili y ei0HoeneaHy eHepzemuky. [ocnidiceHo
pe2ynamopHi BUK/UKU, 108°A3aHi 3 He0bxiOHicmIo cripoweHHA npouedyp AiyeH3y8aHHA ma ompuMaHHA 00360-
nie 0ns 6ydisHuuymea MIEC, adanmauii «3eneHo20» mapugy ma mexaHiamie nidmpumku 8i0HOB/HOBAHOI eHep-
2emuku 0o cy4acHux peanit. O6rpyHMoBaHo, WO PO38UMOK MAsoi 2idpoeHep2emuKU MoXe Cmamu Kao408um
YUHHUKOM Ousepcucbikauil eHepeemuyHo20 6anaHcy, nidsuweHHa cmilikocmi eHepaocucmemu 00 308HiWHIX 3a-
2po3, 3abe3neyeHHsa eHepeemu4YHOI ABMOHOMII pe2ioHie ma CrpUSHHA CManomMy Po38UMKY CinbCbKUX Mepumo-
pill. Peaysibmamu 00cnidxnceHHA hopmMyombs HAYKOBO-NPAKMUYHY OCHO8Y 0714 po3p0bKU HauioHanb6HOI cmpame-
2il po3sumMKy manoi 2idpoeHep2emuKu ma 8U3HAYEHHSA NPIOPUMEMHUX HANpPAmMie iHeecmysaHHSA y 8i0HOB/08AHY
eHepaemuKy 8 KOHMeKCMi N0BOEHHO20 8iOHOBAEHHA MA O0CA2HEHHS KAiMamu4vHux yinel YKpaiHu.

Knrouoei cnoea: mana 2iopoeHepeemuka, eHepeemuyHa be3rneKa, 8iOH0808aHI Oxcepena eHepeii, deyeHmparli-
308aHA eeHepauis, 2idpoeHepzemu4HUll MomeHuiasn, neeenizosaHa sapmicme esekmpoeHepeii, cmanuli po3su-
MOK, YKpaiHa.

MNOCTAHOBKA 3ABOAHHA . o
1. MpoaHanizyBaTV Cy4acHWUM CTaH Ta TEHAEHLT PO3BUTKY

MeToto CTaTTi € AOCAIAKEHHA IHHOBALMHOIO NoTeHuiany Manoi rigpoeHepreTMku B YKpaii.
Manoi rigpoeHepreTMkn YKpaiHM B KOHTEKCTi MOCUMNEHHA 2.
eHepreTM4YHOI 6e3neKku aepasu Ta 3abesnedeHHs CTanoro
pO3BUTKY eHepreTMyHoi cuctemun. Ocobavea yBara npuai-
NAETBCA BUABIEHHIO TEXHOMOMYHUX, IHCTUTYLIHUX Ta eKo- 3+ OuiHnTn BHECOK Miﬂno'l' ri,u,poeHeprfeTMKm y 3abesne-
HOMIYHUX YMHHMKIB, LLO BU3HAYalOTb ePEKTUBHICTb BMPO- HEHHA EHEPTETUHHOI besnekn Ha perioHanbHOMY Ta Ha-
BaZKEHHA ManuX rigpoenekTpocTaHLiit (MFEC) y cTpyKTypi LIOHAIbHOMY PIBHAX.

HaLiOHa/IbHOT eHEePreTUKK, a TaKoX aHanisy 6ap’epis inep- 4. BuBuMTM MidKHapPOAHUI AOCBIA PO3BUTKY Manux MEC i
CMEeKTMB iHTerpauii iIHHOBaLHMX pilleHb Y Lien cexkTop. MOM/IMBOCTI MOro aAanTaLii B yKpaiHCbKMX YMOBaX.

BW3HAUMTM OCHOBHI iIHHOBALiIMHI HaNpPAMKM MoAgepPHi3aLi
TexHoAorii BUpobHMLTBa enekTpoeHeprii Ha manumx M'EC.

[na pocArHeHHA noctaBneHoi meTn nepepbaveHo BUKO- 5. ChHopmynoBaTh NPaKTUUHI peKomeHaallii woao cTumy-
HaHHA TaKUX 3aBAaHb: NIOBaHHSA iHHOBALM Y CEKTOPI Manoi rigpoeHepreTuKu.
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MeToA0M0ri4HY OCHOBY AOCAIAMKEHHA CTaHOBAATb 3ara/ib-
HOHAYKOBI Ta cneuiaNbHi MeToAN €KOHOMIYHOro aHanisy,
30Kpema:

® CUCTEMHWI Niaxia — onNA BUAB/MEHHA B3aEMO3B’A3KIiB
MiX [HHOBaLiMHUMM, TEXHIYHUMM Ta PErynaTopHUMMU
acrnekTamMu po3BUTKY Manoi rigpoeHepreTuku;

® MeToAM MOPIBHANLHOTO aHanilzy — ANA y3araJbHeHHA
MiXXHapogHOro 4ocsiay;

® EeKOHOMIKO-CTAaTUCTUYHUI aHani3 — s OLHKM AMHa-
MiKM ranysi; aHaniTM4He y3aranbHeHHA — ana Gopmy-
BaHHA BUCHOBKIB i MPAaKTUYHMUX MPOMO3ULLIN.

Y Mmexax OO0CNiAKEeHHA BMKOPUCTAHO AaHi MiHicTtepcTtsa
eHepreTnkn YKkpaiHuM, MiKHapo4HOro areHTcTsa 3 BigHOB-
ntoBaHoi eHeprii (IRENA), EBponeicbKoi KOMicii, a TaKOX Bi-
OKPUTI CTaTUCTUYHI MmaTepianm CeiToBoro 6aHKy Ta MixHa-
pPOAHOro eHepreTMyHoro areHTcTea (IEA).

BCTYN

EHepreTMyHa 6e3neKka AepiKaBu € KPUTUYHUM YMHHUKOM
HaUioHaNbHOI 6e3neKn, eKOHOMIYHOro PO3BUTKY Ta coLia-
NbHOI cTabinbHOCTi, 0c06/1MBO B yMOBaXxX Cy4aCHUX reononi-
TUYHUX BUKAUKKIB. 32 JaHMMKM MiHicTepcTBa eHepreTUKn Yk-
paiHKM, CcTaHOM Ha noyaTtok 2025 poKy BHACAILOK
CUCTEMATUYHUX PAKETHUX 06CTpiNiB 6yno 3HULWeHo abo no-
LWKOAMKEHO MoHag, 50% reHepyroumx NoTyKHOCTEN KpaiHu.
Lle npm3Beno oo macwrtabHux 61eKayTiB Ta eHepreTUYHoi
KpU13K, WO CAPUUYMHUAO 3aNpoBaaKeHHA rpadikis aBapin-
HUX BiAKNtOYeHb ANA cTabinisauii enektponoctayaHHa. Mi-
HiCTEPCTBO 3a3HAYaE, WO eHepPreTUKM akTMBHO MpaLooTb
Haj BiAHOBNEHHAM iHPPACTPYKTypK, 3aCTOCOBYIOTb pesep-
BHi CXeMM nepeniakntoYeHHA Ta NparHyTb MiHiMi3yBaTu Yac
BigKAtoYeHb. IHbopMaLis WoAHSA OHOBAKETLCA | NiATPUMY-
€TbCA Y KOOPAMHALT 3 ycima cny»kbamu Ans WBMAKOrO Bia-
HOB/IEHHA eHepronocTaYyaHHA.

TpaguuinHa LueHTpanisoBaHa eHepreTMyHa cuctema Ykpa-
iHM, nobygoBaHa y pagAHCbKUIA nepioa, BUABWMAACA Hag-
3BMYaMHO BPa3/IMBOIO A0 LiNecnpAmMoBaHMX aTaK. Beawuki
TEN/IoOBi Ta aTOMHI e/IeKTPOCTaHLLil, a TaKOoX 06'eKTU maricT-
pafibHOI eHepreTUYHoi iHPPaCTPYKTYypU cTann npiopuTeT-
HUMM LinAMM ANA NPOTUBHUKA. BogHouac Benwmkirigpoene-
KTPOCTaHLii, 30Kpema Kackag [HinpoBcbKux MEC, TaKoX
3a3Ha/In PaKeTHWUX yaapiB, WO NiATBEPAKYE HeobXiaHicTb
avsepcudikalii eHepreTUYHUX AXKepes Ta PO3BUTKY Aele-
HTPaNi30BaHOI reHepauy,ii.

Y ubOMyY KOHTEKCTi Mana rigpoeHepreTvka po3rnagacerbea AK
OAMH i3 HaliNepCneKTUBHIWMNX HANPAMIB PO3BUTKY BigHOB-
NIOBaHOI eHepreTkn YKpaiHu. Mani rigpoenektpocTtaHuii
(MTEC) — ue rigpoeHepreTnyHi 06'eKTM BCTAaHOB/IEHOO MOTY-
*KHicTio A0 10 MBT (3a Knacudikauieto €C) abo ao 30 MBT (3a
Knacudikaujieto MATATE), W0 BUKOPUCTOBYIOTb EHEPTIiO BO-
[OOTOKIB ANA BUPOBHULTBA enekTpoeHeprii 6e3 cTBOpeHHA
BE/IMKMX BOAOCXOBUL, abo 3 MiHIMaNbHMM BNAMBOM Ha Fia-
POJIOTIYHUIA PEXKMM PIYOK.

AKTyanbHIiCTb AOCNIAXKEHHA iIHHOBALIMHOro NOoTeHuiany ma-
Noi rigpoeHepreTkn ana YKpaiHW 3ymoOBAEHa KiNbKoma
CTpaTeriyHMMM YUHHUKaAMK:

Mo-neplie, HeObXiAHICTIO CTBOPEHHA AeLeHTPaNi30BaHOI,
CTIMKOT 4,0 30BHILLHIX 3arpo3 eHepreTUyHoi cuctemu. MIrec

MOXYTb 33a6e3neynTn eHepreTMYHy aBTOHOMIO OKpemumx
HaceneHuX NyHKTIB, NPOMMUCAOBUX 06'EKTIB Ta CiSIbCbKUX Te-
PUTOPIN, 3MEHLUYIOYM 3a/IEXKHICTb Big LEeHTpanisoBaHoro
€NeKTPONOCTaYaHHA.

Mo-gpyre, notpeba B TepMiHOBOMY BiiHOB/IEHHI 3pyliHOBA-
HWX reHepyoYMX NOTYKHOCTEN Y NICAABOEHHWUI Nepiog, po-
61Tb Mani rigpoenektpoctaHuii (MIEC) ocobanso npunsab-
nmBum piweHHAam. MIEC BigpisHatoTbea Big Bennkux MEC
3HAaYHO MeHWMMM maclwTabamu, Wo BU3HAYAE iXHi BigHO-
CHO KOpOTKi TepMiHu byaiBHMUTBa — 3a3BMYali Big 1 ao 3
pOKiB, NOpiBHAHO 3 5—10 pokamu, HeobxigHMMK onA Benu-
KUX rigpoeHepreTMyHnx o6’ekTis. BignosigHo, KaniTanbHi
BUTPaT Ha MTIEC icTOTHO MeHLWi, NpoTe ua nepesara 6es-
nocepeaHbo NoB’A3aHa i3 MEHLLIOK BCTAHOBIEHOH NOTYK-
HiCTIO TaKumx cTaHuit. Came ue 3abe3nedyye MOXKIMBICTb
LBMAKOrO 3anycKy HOBMX 06’€KTIB Ta iX MacluTaboBaHOCTI,
L0 € KPUTUYHO BaXK/IMBMM B YMOBAxX 0bMmexkeHoro diHaHcy-
BaHHA Ta HEOOXiAHOCTI WBUAKOIO BiAHOBNEHHA eHeprocu-
cTemu KpaiHu. Mpuknaam peanisauii npoektis MTEC B YKpa-
THi  nigTBEpAXKYOTb Taki TepmiHu  OyaiBHMUTBA i
BK/1a4atoTbCA B HAa3BaHi YacoBi pamKu, Wo pobuTb ix edek-
TUBHWUM IHCTPYMEHTOM CTa/IOr0 PO3BUTKY Ta eHepreTUYHoi
6e3neKkn Ha perioHaNbHOMY PiBHi.

Mo-TpeTe, eBpOiHTErpaLiiHnmm 30608'a3aHHAMKM YKpaiHu
o0 AeKkapboHi3aLii eKOHOMIKM Ta AOCATHEHHA KNiMaTHu-
HOT HelTpanbHOCTI go 2060 poky BianosiaHO Ao Mapu3bKoi
yroan. PO3BUTOK BiAHOB/IIOBAHOI €HEPreTUKM, BKAKOYAOUN
Many rigpoeHepreTuKy, € KJKO4YOBOIO CKIaA0BOI eHepreTu-
YHOro nepexoay.

Mo-yeTBEPTE, 3HAYHUM HEBUKOPUCTAHUM FifpOEHEepreTnY-
HMM NOTEHLIAIOM Manux PiYoK YKpaiHKu. 3a ouiHKaMM eKc-
neptis JepKaBHOro areHTCTBa 3 eHeproedeKTMBHOCTI Ta
eHeprosbepeskeHHA YKpaiHu (2024), TexHiYHO AOCTYMHUIA
NnoTeHLian Manoi rigpoeHepreTMkM B YKpaiHi CTaHOBUTb
6113bKo 1500-2000 MBT, Npu LUbOMY OCBOEHO MEHLU HiXK
10% uporo pecypcy. BukopucraHHA noteHuiany manux pi-
YOK € NePCNEeKTUBHUM HAMPAMOM A1 PO3BUTKY BiLHOBO-
BaHOI eHepreTmkn, 0cobMBO B KOHTEKCTI MiCNABOEHHOIO
BigHOB/IEHHA eHeprocucTemu [1].

Mo-n'aTe, MOMANMBICTIO BiAHOB/MEHHA iCTOPMYHOI iHPpa-
CTPYKTYpU. Ha TepuTopii YKpaiHu 36epernucsa coTHi manmnx
riapoBy3nis Ta rpebni, nobynosaHi y XIX — nepuwii nonoBuHi
XX cToNiTTA, AKIi MOXYTb OYTU MOAEpPHI30BaHi Ta ob6naaHaHi
cyyacHUMM rigpoTypbiHamu.

MeTolo CTaTTi € KOMNIEKCHWI aHani3 iIHHOBaLIMHOro noTe-
HUjany manoi rigpoeHepreTMkn ana 3abesneveHHsa eHepre-
TUYHOI 6e3nekun YKpaiHM Ta 06rpyHTyBaHHA HAayKOBO-MNpPaK-
TUYHUX PEKOMEHAALIN WoA0 PO3BUTKY LbOrO CEKTOPY
BiAHOBNOBAHOI €EHEPreTUKM.

AHAI3 OCTAHHIX AOCNIAXEHD | NYBNIKALIA

MpobnemaTtnka po3BUTKY Manoi rigpoeHepreTMkM € 06'eKTom
MiKANCUMNANIHAPHUX OOCAIAMKEHD, L0 OXONOTb TEXHIYHI,
E€KOHOMIYHi, eKOJIOriYHi Ta coLjianbHi acneKkTn. Y cBITOBIl Hay-
KOBIl NiTepaTypi HAKOMMYEHO 3HAYHWIA AOCBIA BUBYEHHA NO-
TeHUjany Ta NepcneKkTMB Manoi rigpoeHepreTUKun.

Mani rigpoeneKktpocTtaHuii (3i BCTAaHOBNEHO MOTYXKHICTIO
no 10 MBT) 3aranom BBaalTbCA TaKMMU, LLO MakoTb
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MEHLLUMM BNINB NMOPIBHAHO 3 BENIMKMMM €NEeKTPOCTaHLiAMM,
LLLO CTMMYJTIOBAJIO iX LWBUAKE MNOLMPEHHA; NPU LLbOMY NoTe-
HLian X PO3BMTKY 3a/MLIAETLCA HeBMYepnaHum. Lle gocni-
oxxysann QUARANTA E., BODIS K., KASIULIS E., MCNABOLA
A., PISTOCCHI A.,[2]. EKOHOMIYHi acneKkTn manoi riapoeHe-
preTmku npoaHanizosaHo Paish O. (2022), skuit nopisHAB
nesenisoBaHy BapTicTb enektpoeHeprii (LCOE) sia MIEC i3
iHWMMM BigHOBAKOBAHUMU AXKepenamn Ta BCTAaHOBUB, LLO
33 YMOBM onTMMasnbHoro Bnbopy nokauii LCOE gna manoi
rigpoeHepreTMKn moske ctaHoBuTH $S40-80/MBT-roa, Wwo €
KOHKYPEHTOCMPOMOXHUM 3 BITPOBO Ta COHAYHOW eHep-
retTukoto [3].

EKosoriyHi Hacnigkn 6yaisHuuTBa MIEC po3rasHyTo y po-
60Tax Anderson D., Moggridge H., Warren P., Shucksmith J.
(2021), aki gocniannn BNAUB MaNUX TiapPOeNeKTPOCTaHLM
Ha BOAHI eKocucTemm Ta b6iopisHOMaHITTA. ABTOpU po3po-
61N KOHUENUiO «EKONOrMYHO YYTAIMBOrO NPOEKTYBAHHAY
MTEC, Wwo miHimi3ye HeraTMeHi Hacnigku gna ixtiodayHu Ta
3abe3nevye ekonoriyHui cTik [4].

Y BiTUM3HAHIN HayKOBIl NiTepaTypi NpobaemaTika mManoi rig-
pOeHepreTMKN A0CNIOKYETbCA HeQOCTaTHLO. Ky3Heyos M./,
[5], B aHaniTMuHOMY AOKYMeEHTI nig peaakuieto P. b. MaBpu-
noka Ta I'. K. BepemiitumKa po3rnsHyTO iCTOPito CTaHOBAEH-
HA rigpoeHepreTUKM YKpaiHu Ta AMHaMIKy ii BNAWBY Ha O0-
BKiNAS, HAcNigKyM Ta NOTEHLUiMHI 3arposu cTaBAeHHA A0
PiYOK YKpaiHM BUKAIOYHO, AK 4,0 riapoeHepreTM4HOro pecy-
pcy, EBPONENCHbKi NPaKTUKN BUKOPUCTAHHA rigpoeHepreTu-
YHOro NOTEHL,iaNy, cydyacHe HayeHHA eKOCUCTEMHUX NOCAYT
PiYOK Ta MaltbyTHBLOTO TiAPOEHEPTrETUKN B KOHTEKCTI iHTer-
pOBaHOro ynpasniHHA BOAHWUMM pecypcamu 33 baceiHo-
BMM NpUHUMNOM [6].

OkcaHa CraHkeBMY-BonocaHuyk pgocnigkye Temy rigpoe-
HepreTukun y KapnaTtax Ta pobutb BUCHOBOK MPO Te, WO Mi-
KporiapoeHepreTMka mano LjikaBa 6i3Hecy, 60 BOHa He Ha-
uineHa Ha oOTpuMMaHHA npubyTkiB. OpHaK BOHAa Mae
3aLiKaBUTU Hacamnepes rpomagan. Agye pasom 3 KOMy-

HanbHUMK TibpuaHummn CEC, mikpolEC MOXKyTb CTaTh oc-
HOBOO EHEepProHe3aneXKHoCTi MicueBux rpomag, [7].

. B. CredpaHunwmH, HO. C. Bnactok npoaHanisyBanu nepcne-
KTMBW PO3BUTKY MAJIOi rigpoeHepreTnkm YKpaiHum Ta ix eko-
NIOTFiYHMIA Ta TexHiYHWi acnektu [8]. OgHaK nonpu Hass-
HiCTb OKpeMux nyb6nikaLiil, KOMMNNEKCHOIO AO0CNIAMKEHHA
iHHOBaUjiHOro NoTeHuiany manoi rigpoeHepreTMkn YKpa-
THWU 3 ypaxyBaHHAM Cy4aCHMX BUKJINKIB eHepreTU4Hoi b6es-
NeKW, TEXHOJIOTIYHUX MOXKINBOCTEN, EKOHOMIYHOT edeKTU-
BHOCTi Ta €KO/IOTYHMX ACMEKTiB NPAKTUYHO HE MPOBOAM-
J10CA, LLLO 3YMOBJIHOE aKTya IbHICTb AaHOT CTaTTI.

PE3Y/IbTATU OOCNIAXKEHHA
1. TiapoeHepreTMYHUI NOTEHLLIAN Manmx piYoK YKpaiHm

YKpaiHa Ma€ po3ranyXeHy MepexKy Manaumx Ta cepegHix pi-
YOK, AIKi CTBOPIOIOTb 3HAYHMIM NOTEHLAN ANA PO3BUTKY Ma-
Noi rigpoeHepreTMkn. 3a gaHumun [lep’KaBHOro areHTCTsa
BOAHUX pecypciB YKpaAiHM, HA TePUTOPIi KpaiHM HanivyeTbCA
noHag 63 TMcAYi PiYOoK 3arasibHO AOBKMHOK 6113bKO 206
TUCAY KilomeTpiB. 3 HUX 6M3bKO 99 % CTAHOBAATL Mani pi-
YKM A0BXMHOI MeHLe 100 km [9].

HuHi B YKpaiHi rinpoeHepreTMyHi pecypcu 3abesnevytotb
piYHMI BUPOBITOK enekTpoeHeprii Bcima MNEC B cepeaHbomy
11 mnpg KBT-T i3 3aranbHo0 NoTy»KHicTio 4,8 maH KBT, B 30-
Kpema mani Ml'EC (go 10 MBT) — Bcboro 0,1 maH KBT (2,1 %
3arasibHOI NOTY}KHOCTi) 3 BUpo6iTKOM 0,23 Mnpa KBT-r (2,3 %
3aranbHoro Bupobitky) [10].

EKOHOMIYHMI NOTEHUian — e YaCTMHA TEXHIYHOro NoTeHL;-
a/ly, OCBOEHHA AKOrO € EKOHOMIYHO A0LIIbBHUM 3@ MOTOYHMX
E€KOHOMIYHWX YMOB Ta LjiH Ha eneKkTpoeHeprito. OuiHKK eKo-
HOMIYHOTO NOTEHL,ialy BapitorOTbCA 3a/1EXKHO Big, NPUNHATUX
NPUNYyLLEHb WOAO BAPTOCTi OyAiBHMLTBA, TapndiB Ha eNeKT-
pOeHeprito, CTaBOK AUCKOHTYBaHHA. 3a KOHCEpPBAaTUBHUMM
OLHKaMK, eKOHOMIYHUI noTeHuian ctaHosuTb 40-50% Bifg,
TeXHiYHoro, To610 621M3bKo 600—-800 MBT [11].

PerioHanbHWIM po3nogin rigpoeHepreTMYHOro NoTeHuiany.

Ta6nuua 1. NoTeHuian rigpoeHepreTMUHUX pecypciB Manux pivoK B YKpaiHi

O6nacri OCHOBHiI piuku Te.xuquuﬁ noteH- TexHiuHui nOTeHu,ia“J] BUPOGI-
uian noTyXHocTi TKY eneKkTpoeHeprii manmnx
manux NEC, MBT FEC, mnH KBT-roa/pik

IBaHO-®paHKiBCbKa MpyT, Yepemouw, JlimHnua, buctpmua 59 196,18
3aKkapnaTcbKa Tuca, bopaBa, Jlatopuus, YK 132 438,90
JbBiBCbKa Ctpwir, Onip, Ceiva 46 152,95
YepHiBeupKa MpyT, Cipet 24 79,80
KutommpcoKka TeTepis, Ipwa 7,8 27,30
PiBHEeHCbKa lFopuHb, CTnp 2,8 9,80
Kiposorpaacbka IHryn, ATpaHsb, Typia 15,2 53,20
TepHonMinbcbKa lfopuHb Ctpuna, Ceper, 36pyy 12,1 42,35
CymcbKa [ecHa, MNcen, Bopckna 2,2 7,70
XapkKiBCbKa CiBepcbkuii floHeub, Ockin, Yau 9,5 33,25

Oxepeno: CknageHo aBTOPOM Ha OCHOBI AaHUX: ATnac eHepreTUYHOro NoTeHLiany BiAHOBIOBAHMX AXKepen eHeprii YKpa-
THK: BuaaHHsa TpeTe, oHosneHe / 3a 3ar. pea. C. O. Kyapi. Kuis: IHCTUTYT BiaHOBAOBaHOT eHepreTukn HAH YkpaiHn, 2024.
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286


javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
https://dubove.gov.ua/news/62949-gibridna-ta-merezeva-ses-vidminnist-ta-mozlivist-dlia-pidvishhennia-energobezpeki-teritorialnix-gromad
https://uk.wikipedia.org/wiki/%D0%93%D0%BE%D1%80%D0%B8%D0%BD%D1%8C_(%D1%80%D1%96%D1%87%D0%BA%D0%B0)
https://uk.wikipedia.org/wiki/%D0%A1%D1%82%D1%80%D0%B8%D0%BF%D0%B0
https://uk.wikipedia.org/wiki/%D0%A1%D0%B5%D1%80%D0%B5%D1%82_(%D0%BF%D1%80%D0%B8%D1%82%D0%BE%D0%BA%D0%B0_%D0%94%D0%BD%D1%96%D1%81%D1%82%D1%80%D0%B0)
https://uk.wikipedia.org/wiki/%D0%97%D0%B1%D1%80%D1%83%D1%87

BiaHoBAtoBaHa eHepreTuka. Ne 1/2026 | Figpo-BoaHEBa eHepreTUKa

LleHTpanbHi Ta niBAeHHi perioHn YKpaiHM mMatoTb MeHLWNI
rifipoeHepreTMYHMN NOTeHLiaN Yyepe3 PiIBHUHHUIA penbed
Ta HU}KYY BOAHICTb PiYOK, OAHAK NOKANbHO MOXYTb iCHY-

riZpOTEXHIYHUX cropydax (rpebni cTaBKiB, BOAOCXOBULL,
ipurayinHux KaHanis).

BaTU I'IepCI'IEKTVIBHi

06'eKTH,

0co61MBO Ha icHytounx  [lani po3rnaHemo TMNM NepcnekTMBHMX Nokauin ana MIEC.

Ta6nuua 2. TN nepcneKTUBHUX NOKaLiA ANA PO3BUTKY MaINX riapoeneKTpocTaHLili B YKpaiHi

Tun nokauii

XapaKTepucTUKa Ta NOTEHLial BAKOPUCTAHHA

IcTopunyHi rigposy3nn

Y pagAaHcbKMiA nepiog, B YKpaiHi dyHKuioHyBano noHazs 900 manux MEC, 6inblicTs i3 AKMx byna
3aKpuTay 1960-1980-x poKax yepes LeHTpaNi3aL,ito EHEProcucTeMU Ta AeLLeBy reHepaL,ito Ha
TEC i AEC. 36epekeHi rpebni Ta riLpoTexHiuHi Cnopyan MOXYTb OYTU PEKOHCTPYIMOBaHI 3 BU-
KOPUCTAHHAM Cy4acHUX TYp6iH Npu MiHIManbHUX KaniTanbHUX BUTpPaTax.

ICHytoui
Ta CTaBKMu

BOA0CXOBULLA

B YKpaiHi HaniuyeTbca NoHaa 28 TUCAY CTaBKiB i BOAOCXOBULL, BiNbLICTb i3 AKX HE BUKOPUC-
TOBYETbLCA A/1A reHepauii enektpoeHeprii. BctaHoBneHHAa MIEC Ha icHytoumx rpebasx He not-
pebye 3aTon/IeHHA HOBUX TEPUTOPIN | Ma€ HE3HAYHMUI €KONOTIYHWI BNAUB.

IpurauinHi kKaHann Ta
BOZ0BOAM

TexHiYHa BOAQ, LLLO TPAHCMOPTYETLCA KaHANaMM A/1A 3POLLIEeHHS, BOAONOCTa4YaHHA abo npomu-
cnoBux noTpeb, moxe OyTM BMKOPUCTaHa A1a BUPOOHWMUTBA enekTpoeHeprii y ¢opmari
«Mikpo-TEC» noTy»HicTio 40 100 KBT. TaKi NPOEKTU XapaKTEPU3YOTbCA HU3bKUMU BUTPATaMMU
Ta KOPOTKMM TEPMIHOM OKYMHOCTI.

MNepenaan Ha pivKax

MpupogHi noporu, Bogocnaau abo WTyYHO CTBOPEHi Nepenasu BUCOT 3abe3neuyoTb MOXKU-
BicTb byAiBHULTBA pycnoBux abo aepwmeauiiinx MIEC i3 fOKanbHUM eHepreTUYHUM 3HaYeH-
HAM

[xkepeno: CknageHo aBTOPOM Ha OCHOBI AaHuUX [lep’KaBHOro areHTCTBa 3 eHeproedeKTUBHOCTI Ta eHepro3beperkeHHnA
YKpaiHnu, https://saee.gov.ua/, MixkHapoaHoro areHTcTsa 3 BiaHosntoBaHoi eHeprii (IRENA), https://www.irena.org/ Ta Bi-

OKPUTUX CTaTUCTUYHMX maTepianis CeiTosoro 6aHKy (World Bank Open Data, https://data.worldbank.org

2. TexHonOriYHi iHHOBAULLT y Manil rigpoeHepreTuu

CyyacHa mana rigpoeHepreTMKa XapaKTepusyeTbCcA 3Hau-
HUM TEXHONOMYHMM NPOrpecom, Lo nNiasulLye edeKTUB-
HiCTb, 3HWXKYE BAPTICTb Ta MiHIMI3ye €KONOriYHUIM BNANB
MrEC:

IHHOBaUMHI TUNK rigPOTYpP6iIH:

KannaHoBaHi Ta nponenepHi TypbiHM HOBOro MOKOJHHA 3
aBTOMATUYHUM PEFYNIOBAaHHAM KyTa Haxway nonatei 3a-
6e3neuytoTb BUCOKY ePEKTUBHICTb Y LUMPOKOMY Aiana3oHi
BUTPAT BOAM.

TypbiHN 3 BEPTMKaANbHOLIO BicClo 0b6epTaHHA AR BUKOPUC-
TaHHA KiIHEeTUYHOI eHeprii Teuii piuku 6e3 cTBOpeHHs rpebai.
Lia TexHonoris nepebyBsace y cTagii Komepuianisauii Ta mae
noTeHLuian AN1A 3aCTOCYBAHHA HA PIBHUHHMX PidYKax.

MikpoTypbiHu ana ayske manux Hanopis (0,5-2 m) no3Bo-
NAOTb BUKOPUCTOBYBATU EHEPTit0 HEBEIMKUX CTPYMKIB Ta
KaHanis.

ABTOMmaTtuM3auia Ta umudposisauia. Cuctemn BigaaneHoro
MOHITOPUHIY Ta YNpaBAiHHA [03BONAKTb EKCN/yaTyBaTh
MTFEC 6e3 nocTiiHOro nepebyBaHHA NepcoHany Ha 06'ekTi,
LLLO KPUTUYHO 3HUIKYE OnepaLiiHi BUTpaTh. MporHo3yBaHHA
BMPOOHMUTBA HA OCHOBI METEOPOIOTIYHUX AaHMX Ta Tigpo-
NIOFIYHUX MOZenen [a€e MOXKAMBICTb NAaHyBaTU pobOTy
MTEC Ta iHTerpyBath ix y eHeprocuctemy. IHTeneKTyanbHi
CUCTEMM YNPABAiIHHA TypbiHaMM onTUMIi3ytoTb poboTy 06-
NlafHaHHA 3aN1EXKHO Bif, BOAHOCTI, 3abe3nevytoun Makcnuma-
NbHY edEKTUBHICTb BUPOOHMLTBA.

EKonoriyHi iHHoBau,i. PubonponycKkHi cnopyAn HOBOFo NOKO-
NiHHA — pnboxoaun, pMboniaioMHUKKM, 0BXigHI KaHanu, aKi

3abe3neuytoTb mirpaito pubu nig yac Hepecty 6e3 WKoan
Ana nonynauin. Cuctemn 3abesneyeHHA eKoNoriYHOro CTOKY
— aBTOMATUYHI NPUCTPOI, WO rapaHTyIOTb MiHIManbHUI CTiK
BOAM HWKYe 3a Teuieto Big NEC ona nigTpMMaHHA XKUTTEAI-
ANbHOCTI BOAHOI eKocncTemun. EKOCKPIHIHT — cneuianbHi pe-
LWITKK, Wo 3anobiratoTb NOTpanAsHHIO pubu y TypbiHy.

3. Po3paxyHKM eKOHOMIYHOT ePEeKTUBHOCTI NPOEKTIB Manoi
rifpoeHepreTMkM. EKOHOMIYHaA AOUiNbHICTb OyaiBHMUTBA
MTEC 3an1eXuTb Bif, HU3KK GaKTOPIB: FAPONOTiYHUX XapaK-
TEPUCTUK NOKaL,i, BapTocTi byaiBHMLTBa, Tapudis Ha enek-
TPOEHEeprito, TEPMIHIB eKcnayaTauii Ta CTaBKM LUCKOHTY-
BaHHA.

AHanis NeBeni3oBaHoiI BapTOCTI eniekTpoeHeprii
(LCOE)[12].:

LCOE = (CAPEX x CRF + OPEX_annual) / E_annual (1)

ae:

e |LCOE - neBeni3oBaHa BapTiCTb eNeKTpoOeHeprii,

USD/MBT-rog,

e CAPEX —KanitanbHi sutpatun, USD

e CRF —KoedoiuieHT BiglWwKoayBaHHA KaniTany

e OPEX_annual — wopiuHi onepauiiiHi sutpatm, USD/pik

e E_annual — wopiyHe BUPOBHMLTBO enekTpoeHeprii,
MBT-roa/pik

KoedoiuieHT BiglwKoayBaHHA KaniTany:

CRF = [r(21+r)7t] / [(1+r)Mt - 1] (2)

e ge:

® r—CTaBKa AWMCKOHTYBaHHA

e {—TepMiH ekcnayaTaLii, pOKu
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Tunosu po3paxyHok ana MIEC noty»Hictio 1 MBT:

BxigHi gaHi:

e BcraHoBAneHa NOTyxHicTb: P = 1000 KBT

e KoedilieHT BMKOPUCTAHHA BCTAHOBNEHOI MOTYXKHOCTI:
KBIB = 0,40 (TMnoBuit ans KapnatcbKoro perioHy)

e KanitanbHi Butpatn: CAPEX = 2,5 mnH USD (2500
USD/KBT — cepeaHsa BapTicTb ana MIEC 3 BuKopucTaH-
HAM iCHYtO4OT iHbpaCcTPyKTypK)

e LllopiyHi onepauiiHi BuTpatn: OPEX = 50 Tmc. USD/pik
(2% Big, CAPEX)

o TepmiH ekcnnyaTauii: t = 40 pokis (MIEC matoTb ayxe
TPUBANUIA TEPMIH CNYK6OM)

e (CTaBKa AMCKOHTYBaHHA: r = 0,08 (8%)

Po3paxyHokK:

KoedoiuieHT BigLIKOAYBAHHA Kanitany: CRF =

[0,08(1+0,08)740] / [(1+0,08)740 - 1] = 0,084

LLlopiuyHe BMpPOBHMLUTBO enekTpoeHeprii: E_annual = P x
KBIB x 8760 roa = 1000 kBt x 0,40 x 8760 = 3 504 000
KBT-rog = 3504 MBT-rog

LLlopiuHi BUTpaTM Ha ob6cnyroByBaHHA Kanitany: Capital
Cost_annual = 2,5 maH x 0,084 = 0,210 mnH USD

3aranbHi wopiyHi Butpatn: Total Cost_annual = 0,210 +
0,050 = 0,260 mnn USD

JleBenizosaHa BapTicth: LCOE = 260 000 / 3504 = 74,2
USD/MBT-rog,

MopiBHAHHA 3 IHWKMMK AXKepenamu:

e BitpoBa eHepreTuka: 60-90 USD/MBT-roa,

e CoHAYHa eHepreTMKa: 50-80 USD/MBT-roa

e BesuKa rigpoeHepreTuka: 40-70 USD/MBT-rog,

e KombiHoBaHui umKkn (ras): 60-100 USD/MBT-rog,

e ByrinbHa reHepauisa: 70-120 USD/MBT-roa[13]. Takum
YMHOM, Mana rigpoeHepreTnKa € KOHKYPEHTOCM POMOK-
HUM AKepenom eneKkTpoeHeprii, 0co6MBO 3 ypaxyBaH-
HAM nepesar 6a30Boi reHepalii (Ha BigMiHy Big HecTa-
6iNbHUX COHLA Ta BITPY).

TepMiH OKyNHOCTI NPOeKTy:

MNpun cepegHbomy Tapudi Ha enekTpoeHeprito ana MIEC
0,12 USD/kBT-rog, (3rigHo 3 «3eneHum» Tapudom go 2030
POKY):

Piununin poxig, = 3504 MBT-rog, x 120 USD = 420 480 USD

TepmiH oKynHocTi (npocTuii) = 2,5 mnH /(0,420 - 0,050 mAH)
= 6,8 pokKiB

3 ypaxyBaHHAM AMCKOHTYBaHHA TEPMiH OKYMHOCTI CTaHO-
BUTb 6/113bK0 9-10 POKiB, WO € NPUAHATHUM MOKA3HMKOM
ONA iHPPaCTPYKTYPHUX NPOEKTIB.

4. EKonorivyHi acnektn po3suTKy manux NEC 8 YKpaiHi. Po3-
BUTOK MasinX rigpoeneKktpoctaHuiii (mani N'EC) y Bogo3bopi
YKpaiHu 3abe3neuvye BiAHOBAOBAHUIA BUPOBHMUNIA pecypc
3 BiHOCHO HMU3bKUMW NPAMY BUKMAAMM NAaPHUKOBUX rasis
y nepioa, ekcnayartau,ii, WO CNPUAE 3HUKEHHIO 3araibHOro

BYI/1€LLeBOro CNnigy eHepreTMYHOro cekTopa NOpPiBHAHO 3 re-
Hepauielo Ha BUKOMHOMY nanuei. BogHouyac BnanB manumx
l'EC Ha BOAHI eKocucTtemMu Mae ByTW ouiHEHMI Ha micue-
BOMY piBHi Ta BpaxoBaHMWI y NPOEKTYBaHHi. OCHOBHi eKoso-
riYHi PU3MKKM NOB’A3aHI 3 NOPYLIEHHAM MirpaLiMHUX WAAxiB
ixTiodpayHM, 3MiIHEHHAM FigPONOrIYHOrO peXKMMY, HaKonu-
YeHHAM i Mepepo3noAioM 0OCafiB, a TaKOXK TpaHchopma-
uieto npubeperkHux i pycnosux naHawadtis. 4aa ix miHimi-
3aUii 3aCTOCOBYIOTb TEXHiYHi pilleHHA (MPOEKTyBaHHA
pnbonponyckHMX cnopys, pUboxifHWUX KaHaniB, ekonoriy-
HWX CKMAiB), yNpaBAiHCbKi 3axo4m (pernameHTauis caHiTap-
HUX Ta eKOIOTIYHMX MOMYCKIB) i MOHITOPUHT CTaHy bBiopi3HO-
MaHITTA Ta ocagoHaKonuueHHa [14].

Mpobnema nponycky pubu € ogHielo 3 HaNNOLWMPEHIWNX
ans manux TEC. BiacyTHicTb abo HeageKBaTHe BUKOHAHHSA
pileHb aAna mirpauii pub NnpM3BoAMTb A0 IOKA/NbHOMO 3HU-
YKEHHA YNCeNbHOCTI Mirpytoumnx BUAIB Ta NopyLeHHs Tpodi-
YHUX 3B’A3KIB y piuKOBUX cucTemax. EdeKkTuBHa mirpauinHa
iH}XeHepia BKAOYaE KOMBIHOBaHI pilleHHsA: HepecToBi Npo-
xoan, AedbneKkTopu NOTOKY, afanTUBHE KepyBaHHA Nonyc-
KOM Ta 3aX04M 3 BiAHOBNAEHHSA NPUAOHHUX CTPYKTYp. Cean-
MeHTaliA y CTBOPEHMX CTaBKax i 3a rpebnamu 3miHI0E
TPaHCNOPT AOHHOIo MaTepiany, Wo 3meHLwye o6’em BoaoC-
XOBWLL, i HEraTUBHO BMN/IMBAE Ha NPUAOHHI bioueHosu. CTpa-
Terii ynpaBniHHA Oocagamu BKAOYAlOTb NAAHOBI onepawii
BMAANEHHA MyJ/y, NPOeKTyBaHHA 06’emis pe3sepsaLii ana
ocagis, cuctemm obxigHoro nponycky ocagis abo nepioau-
YHi pernameHTHi MOMYCKM AfA MPOMUBAHHA pycna. Kom-
MAEKCHi nigxoon 3 ypaxyBaHHAM epo3iHOro HaBaHTa-
KEHHA B OacelHi (pobota 3 3emseycTpoem Ta
NICOKYNbTYpPOIO BULLE MO Teuii) NiaABMLLYOTb AOBIrOBIYHICTb
cnopya.

3MiHM TigPONOriYHOrO peXXMmy BHACNIAOK peryatoBaHHA
CTOKY MOXYTb NpM3BOAUTM A0 GAYKTYyaUil piBHIB BOAU HK-
»Kue rpebni, Wo noripwye ymoBn Ana npubeperkHoi poc-
JINHHOCTi Ta MOXXe 3MiHIOBaTU YMOBW 3apPOKEHHSA i POCTY
BOZHWX opraHiamie. Ans 3anobiraHHA LbOro 3aCTOCOBYHOTb
BCTAaHOB/IEHHA MiHIMaNbHUX €KONOTIYHNX BUTPAT (eKonori-
YHi NONYCKM), NporpamHe obmeKeHHs LWBUAKOCTI Ta amni-
TyAM rigponikie Ta o6rpyHTOBaHe NOEAHAHHA BUPOOHMUMNX
rpadikis 3 6ionorivHMMK uuKnam micuesoi dpayHm [15].

NaHpwadTHi Ta couiaibHO-eKOHOMIYHI 3MiHK B npubepe-
YKHIM 30HI BUMaratoTb MPOEKTHUX pilleHb, Wo nepeabaya-
IOTb IHTErpauito cnopys y HaBKOJIULIHE CepefoBuLLE, MiHi-
Mi3aLito 3aTONNEeHHA NpubepexkHUX 3emenb, BiLHOBNEHHSA
BOAHO-60/10THUX eKOCUCTEM | NPO30PY KOMYHIKaLLitO 3 Mic-
LEeBUMM rPOMaZaMm LWOA0 KOMNEHCALIMHMX 3aX04iB Ta f0-
CTyny A0 BOAHWUX PECypCiB.

OujiHKa Bn/MBY Ha goBkinna (OB) mae 6yTn 0608’A3K0BOIO
i BAKOHYBATUCA BiANOBIAHO A0 YNHHOIO 3aKOHOAABCTBA YK-
paiHu; 38iTM OB/l MatoTb BK/OYATU BUMipIOBAHHSA Biopi3HO-
MAHITTA, ri4PONOriYHMX NOKA3HMKIB, MOgEeNi MepeHOocy oca-
AiB, OLHKY PU3MKIB Ta NAAH yNpaBAiHHA €KONOMYHUMMU i
couianbHMMmM Hacnigkamm (ESMP). Y npaktuui YKpaiHu Bia-
3HayvaloTb Npobnemu AKocTi geakux 3siTis OB ana manux
F'EC, wo niakpecntoe notpeby B NiABULLEHHI CTaHAapTiB
OUHIOBAHHA Ta Banigauii pe3ynbTaTiB He3aNeXHUMKU eKc-
neptamu.

288



BiaHoBAtoBaHa eHepreTuka. Ne 1/2026 | Figpo-BoaHEBa eHepreTUKa

YacTMHa gocnigKeHb NOKasye, WO Npu AOTPMMaHHI Hane-
YKHUX MPOEKTHUX i eKCcnayaTawifHUX BUMOT BMIMB ManNX
FEC Ha XiMiyHi NnapameTpy BOAN MOXKe BYTU 0BMeEXKeHUM,
npote 6ionoriyHi Ta mopdonoriyHi 3miHK 3anuwaroTbCA
KPUTUYHUMM ONA OLHKU NPUNHATHOCTI NPOEKTY. OTXKe, pi-
WeHHSA woao byaisHuuTea maaux N'EC cnig npuinmaTt Ha ni-
[OCTaBi KOMMNIEKCHOI BaraToKpUTepiabHOI OLIHKK, fiKa Mo-
€LHYE eHepreTUYHy ePeKTUBHICTb, eKOOriYHY Be3neky Ta
coujanbHy NPUNHATHICTL [16].

Ounckycia: mani TEC moxKyTb 6yTM YacTUHOLO cTpaTerii AeKa-
pboHisauji Ta eHepreTUYHOI CTiKOCTi 32 ymosu 060B’A3KO-
BOro nposeaeHHs AKicHoi OB/], 3aCTOCyBaHHA iHXXEHepHUX
pilweHb ana 36epexeHHA ixtiodbayHu i TpaHcnopTy ocaais,
BCTAHOB/IEHHA €KONOrYHMX MNONYCKiB Ta OpraHisau,ii 4OBro-
CTPOKOBOI0 MOHITOPUHTY EKOCUCTEM. PilleHHA o0 KOHK-
peTHUX NPOEKTiB Mae 6a3yBaTUCb Ha A0Ka30Bil 6as3i Ta Bia-
NnoBigaT HauioHa/sIbHOMY 33aKOHOZABCTBY Ta MiXKHapoa-
HUM peKoMeHAaLLAM.

PerynatopHi BuKAnKn po3sutky manmx NEC B YKpaiHi. Pos-
BMTOK Manux rigpoenekTpocTaHLii B YKpaiHi ycKnagHto-
€TbCA dparmMeHTaLLiEl0 HOPMATUBHO-NPABOBOrO MNOAA | He-
Y3rOZKEHICTIO MiX PISHUMW rany3esBMmMM 3aKOHaMW, LLO
npu3BoAMTb A0 Ay610BAHHA BUMOT NPU OTPUMaHHI 4,03B0O-
NiB HAa BMKOPWCTAHHA BOAHMX pecypcis, ByAiBHMUTBO Ta
eKcn/ayaTalilo eHepreTMyHUx 06’eKTiB; Ansa peanisauii
NPOEKTY YacTo NoTPibHi A03BONN 3 NUTAHb BOAOKOPUCTY-
BaHHSA, MicTobyayBaHHA, eKo/orii Ta eHepreTuku, Wwo 36inb-
LWYE aAMIHICTPATUBHI BUTPATU i CTPOKM peanizauii. TapmudpHa
HEBM3HAYEHICTb Nicna pedopmM PUHKY eneKkTpoeHeprii — 30-
Kpema nepexig Bifg, ¢ikcoBaHUX CTUMYyNiB («3eneHunin Ta-
pud») 4O PUHKOBUX MEXAHI3MIB Ta ayKLiOHIB — 3HWU3MANA iH-
BECTMLiMHY npuBabausictb manux NEC yepes BiACyTHICTb
rapaHTOBaHWX [OBrOCTPOKOBMX [0XO04iB, WO 0cobanso
KPUTUYHO A1A KaniTa/JIOMiCTKMX MPOEKTIB 3 TPMBAIMM CTPO-
KOM OKYMHOCTI.

PeryntoBaHHs y coepi OB, (ouiHKM BNAMBY Ha AoBKinAA) do-
PManbHO HasBHe, ane Ha MPaKTULi TPanaAaTbCA BUMNAAKMK
HeZ0CTaTHbOT AKOCTI 3BiTiB, P06 IeMU 3 iHTErpaLLieto pesyb-
Tatie OB, y micTobyaiBHY AOKYMEHTALiO Ta BiACYTHICTb Ha-
NeXXHOro MexaHi3my KOHTPOJIO 1 BigNoBiAanbHOCTI 338 BUKO-
HAHHA eKONOriYHUX YMOB; Lie NiABULLYE PU3UKM peanisauii
NPOEKTiB 683 NOBHOrO ypaxyBaHHA €KO/OMYHUX HaCNigKiB.
HepoctatHA undposizauia A03BONIB i BiACYTHICTb EAMHOTO
LepKaBHoro peectpy manux MEC ycknaaHoW0Tb MOHITOPUHT
TEXHIYHOrO CTaHy Ta eKONOriYHUX 3060B’A3aHb, MepeLuKo-
[KalOTb CTPATEriyHOMY MJIaHYBAHHIO i CTBOPIOKOTb PU3UKM
HecaHKLioHoBaHoro byaisHmuTBa [17]. Hey3roaseHicTb Bo-
[LHOro Ta eHepreTMYHOroO 3aKOHOAABCTBA, @ TAKOXK PO3MNOPOo-
LWEHICTb MOBHOBAXXeHb Mix [eprkBogareHTcTBOM, MiHAO-
BKINNAM Ta eHepreTMYHUMU PErynaToOpHUMU CTPYKTypamum
CTBOPIOE NPaBOBY HEBU3HAYEHICTb WOAO TPMBANOCTI NpPaB
KOPWUCTYBaHHA BOAHWMM pecypcaMm, yMOB NileH3yBaHHA Ta
BiANOBIAANbHOCTI y pa3i €KONOTYHMX NOPYLUEHb.

MixHapoaHi cTaHAAPTU Ta IHCTPYMEHTH 36epeykeHHs cTano-
cTi rigpoeHepretnkn (Hydropower Sustainability Standard;
Hydropower Sustainability Guidelines) nponoHytoTb Kom-
NAEKCHI Nigxoau A0 OWHKM EKONOriYHMX, COoUia/ibHUX i

YyNpaBiHCbKUX PU3MKIB, ane ix 3acTocyBaHHA B YKpaiHi 06-
MEXKYETbCS BiACYTHICTIO HaLioHaNbHOT aganTauii Ta 06oB’s3-
KOBMX BUMOT A0 BiAMNOBIAHOCTI UMM CTaHAapTam. PekomeH-
[OBaHi  pPerynatopHi  3axo4M  BKAKOYAOTb:  YHidiKaL,ito
BM3HaYeHb Ta TEXHIYHUX KpuTepiiB gna manumx NEC y 3aKkoHo-
[aBCTBi; CNPOLLEHHA | LMdpoBi3aLLito A03BiNbHUX Npoueayp
yepes €AMHUI eNeKTPOHHWI NOopPTan; 3anpoBagKeHHA Npo-
30pUX [,0BroCTPOKOBUX MEXaHi3miB ¢iHaHCOBOI NiATPUMKM
(KOHTpaKTM Ha pisHMLI0 abo ayKLiOHW 3 rapaHTiAMMK); CTBO-
peHHA eanHoro peectpy Manmx MNEC 3 AaHUMM NPO TEXHIYHKUIA
CTaH i eKonorivyHi 30608’A3aHHA; IMNAEMEHTAL,i0 MiXKHApPOA-
HUX CTAaHAAPTIB CTANOCTI AK opieHTUpiB Nnpu OB/, Ta NpoEKTy-
BaHHIi; YiTKe poO3NoALineHHA NMOBHOBAXEHb MiX perynatop-
HAMW OpraHamm Ta MOCUAEHHA MPAKTUKW NYyBAIYHUX KOH-
CynbTal,il 3 MiCLLEBMMM rpoMagamu.

MiXHapoaHWI [,0CBIA PO3BUTKY MaNWX rApoenekTpocTaH-
Uin. AHani3 CBITOBMX MPAKTMK NMOKA3YE KifibKa YCMNiLWHUX MO-
Aenen po3BUTKY Manux rapoenekTPoCTaHL i, AKI MOXKYTb
6YTM KOPUCHUMU ANA afganTaLii y KOHTEKCTi YKpaiHu.

Y pamkKax European Renewable Energies Federation (EREF)
3a3HayeHo, wo mani FEC (BcTaHOB/IEHA NOTYKHicTb Ao ~10
MBT) y EBponelicbkomy Cotosi BiZirpatoTb BaxkANBY POb Y
AekapboHisaLii eHeprocuctemm, 3abesneyyoun BigHOBO-
BaHy, KepoBaHy reHepau;to 3 Bucokum KK/ (oo noHag, 85 %)
i THYYKICTIO onA iHTerpayii sSmiHHMX gxepen. BogHovacy €C
NiZAKPECNOETLCA BAaXKAMUBICTb Y3roAKEHHA eHEPreTUYHmX Ta
BOAHUX AMPEKTUB (HanpuKknag, BoaHa pamkosa AnpeKTMBa
(2000/60/€C)) Ta 3acTocyBaHHsA iHHOBALM (PETPODITUHT ic-
Hytounx manumx FEC) gns nigBULEHHSA eKONOTYHOI NPoayK-
TUBHOCTI [18].

Y KpaiHax 3 BUCOKUM piBHEM iHTErpaLLii NOHOBMOBAHMUX AXKe-
pen, 3okpema y Hopseris Ta Lseluapia, mani FEC BkatoyeHi
Y NOKaNbHi eHepreTUYHi CUCTEMM AK YaCTUHaA AeLeHTpaniso-
BAHOI reHepalLii Ta rHy4kmx cuctem. Hanpuknag, y Lsenuapii
HaniyyeTbca noHag 1 400 manux rigpoeneKkTpocTaHL,ii i3 cy-
MapHOI NOTY}KHicTio 6an3bko 1000 MBT, wo crtaHOBUTHL
npmnbaunsHo 10-15 % rigporeHepau,ii KpaiHu. Y Hopserii kom-
naHii, Wo cneuianisytoTbca Ha mannx MEC (1-5 MBT), 3acTo-
COBYOTb MOAY/bHI TYp6iHW, NpaLooTb Y NapTHEPCTBI 3 Mic-
LeBMMW BNACHWKaMMK pecypcis, 3abe3neuyroun aeueHTpa-
Ni30BaHy eKCn/yaTaLiio BOAHOro pecypcy.

Y KaHaga i CLUA cnocTtepira€rbca NnpakTUKa CNpPOLLEHHA Ni-
LEeH3iIMHMX npoueayp AN MasionoTYKHUX rigpoeneKkTpoc-
TaHujih. 3okpema, y CLIA Federal Energy Regulatory
Commission (FERC) 3anpoBaguna npouecu NileH3yBaHHSA
Ta 3BiNIbHEHHA («exemption») AnA Manux/HU3bKOBNAUBHUX
l'EC 3 meTOolo CNPOLWEHHA | NPULIBUALIEHHA 3aTBEPAKEHHSA.
TakoX ypA[0Bi 3BiTU MiAKPECNIOIOTb MPAarHeHHA CKOPOTUTH
CTPOKM Npouecy NiLeH3yBaHHA Ta N036aBUTKU 3allBUX Npo-
ueayp 6e3 WKoaM ANA OXOPOHM A0BKinAA [19].

Y Kutait 3acTOCOBYETLCA KOMMNIEKCHUI Niaxia A0 PO3BUTKY
rifpoeHepreTUKM, BKAKYHO 3 MaIMMU PilLEHHAMM Ta geue-
HTPaNi30BaHOK reHepauieto. 3a JaHUMUM A0CNIOKEHHA, HA
KiHeub 2019 poky B KpaiHi HanivyBanocb NoHag 46 785 ria-
POENeKTPOCTaHLIN i3 CyMmapHOK BCTAaHOB/IEHOK MOTYXKHi-
cTio ~2 376,9 maH KBT, 3 Aakux manum FEC npuginaetbca
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3HAYyHa yBara. Y KMTaMCbKUX KEpPiBHUX AOKYMEHTax 3 Mu-
TaHb PO3BUTKY MAJIOr0 TiAPOEHEPreTUYHOTO CEKTOpY
(«Guiding Opinions for promoting the sustainable and
healthy development of small hydropower») yiTko 3asB-
NIEHO NPO MNPIOPUTET KEKONOTNYHOro NPIopUTETY» Ta iHTer-
paLuito BOAHO-EKOMIONYHNMX KOMMOHEHTIB Big MJaHYBaHHA
[0 ekcnayatauii [20]

Lli npMKnaan MmoxXyTb CAyrysaTm OoCHOBO 414 aganTay,ii i
3acTocyBaHHA B YKpaiHi 3 ypaxyBaHHAM il cneundiku (rip-
CbKi piukM, mannin macwTab, notpeba B AeLeHTpani3osa-
HUX PiLUEHHAX).

BUCHOBKU

MpoBeneHUit KOMNAEKCHUI aHani3 NiATBEPAKYE, O PO3-
BUTOK Manoi rigpoeHepretukn (MIEC) B YKpaiHi € cTpareri-
YHO BaXXK/IMBUM iHCTPYMEHTOM /1A 3abe3neyeHHsA eHepre-
TUYHOI 6e3nekn, 0cobaMBO B yMOBAX BOEHHUX BUKIMUKIB Ta
HeobXiAHOCTI AeueHTpanisauii eHeprocucTemm.

CrtpaTeriyHe 3Ha4YeHHA Ta EKOHOMIYHA KOHKYPEHTOCNPOMO-
KHiCTb. JeueHTpanisauia Ta cTiikictb. MTEC, sk geueHTpa-
Ni3oBaHi 06'eKTM reHepaLii, € MeHLW BPa3INBMMU A0 Linec-
NPAMOBAHMX aTaK, HiX BEAMKI LLeHTPani3oBaHi CTaHu,ji, Wo
pobuTb X KJOYOBUM eNeMEHTOM CTIMKOCTI eHeprocuc-
TemMW. IXHIM 3HaAYHMII TexHiYHMI noTeHuian (6aM3bKO
$1500-2000 \text{ MBT}S) Ta MOXAMBICTb BUKOPUCTaHHS ic-
HytoYOoi iHpacTpyKTypu (icTopuuHi riaposysnum, rpebni cta-
BKiB) n03BonA€ weMako (3a $1-3 \text{ pokn}S) 3anosHio-
BaTM BTPATU TrEHEpPYKUYUX MOTyXKHOCTeNn. EKOHOMIYHA
[OOUiNbHICTb. 33 YMOBM BiAHOBNEHHS iCHYHOYOT iHDpaCTpyK-
TYpY, Mana rigpoeHepreTmka € KOHKYPEHTOCMPOMOXHUM
nxKepenom 6a3oBoi reHepadii. AHani3 nesenisoBaHoi Bap-
TocTi enektpoeHeprii (SLCOES), po3paxosaHuii 3a dopmy-
nowo S\text{LCOE} = (\text{CAPEX} \times \text{CRF} +
\text{OPEX} {annual}) / E_{annual}s (3), ansa Tunosoro
npoekty MIEC crtaHosuTb S\approx 74.2 \text{
USD/MBTtHcdot\text{roa}$. Lie € KOHKYPEHTOCNPOMOMNKHUM
NMOKA3HMKOM MOPIBHAHO 3 BYri/IbHOI reHepaLLielo Ta Kombi-
HOBaHWM LMKIOM Ha rasi, wo niarsepaxye diHaHcoBy npu-
Bab/MBICTb NPOEKTIB 3 OKYNHIcTIO 61n3bKo $9-10 \text{ po-

KiB}S.

IHHOBaAULiMHNI NoTeHUjian. BnpoBaaKeHHA iHHOBALNHMX
TEXHONOrIN, TakKUX AK rBUMHTOBI TypbiHM (Apximepnosi reu-
HTW), aBTOMaTM30BaHi CUCTEMMU YMPAB/IHHA Ta MIKPOTyp-
6iHuK, nigBnlye epeKTUBHICTb BUKOPUCTAHHA HU3bKMX Ha-
nopie Ta MiHiMi3ye onepauinHi BUTpaTM, BOAHOYAC
3abe3neuvyoun ekonoriyHy 6esneky (nponyck ixtiopayHu).

PerynaTopHo-eKoNOriYHMIA NapafoKe Ta BUKANKK Heobrpy-
HTOBaHMUI «3eeHnn» Tapud. B YKpaiHi cknascs napagokKc,
Konn Ao 2015 poKy HagMipHO BUCOKUI «3eneHnin» Tapud
CTMMY/IIOBAB He /InLLe PO3BUTOK, afe M pynHyBaHHA NPUpo-
OHUX PiYOK Ta 3anoBigHWUX 06'eKTiB yepe3 HaanpubyTKK
BNIACHMKIB. Xo4a Tumuacosi 3axoam HKPEKI 3HM3nAM Ta-
pud, 3anMLWAETLCA HEObXiAHICTb 3aKOHOAABYOro 3aKpin-
JIEHHA EKOJIONYHUX KpUTEpPIiB, BUKOHAHHA AKUX Ma€E byTn
060B'A3KOBUM A9 OTPUMAHHA AEPXKABHOI NiATPUMKM.

BiacyTHicTb eKonoriyHMx 3anobixHMKiB. HessaatouM Ha
KPUTUYHWI BNMB HA PiYKOBI eKoCcUCTEMM (NOPYLIEHHSA Tia-
POJIOFiYHOro peXXmnMmy, BTpaTa LLiNiCHOCTI piukM), 3aKOHO4aB-
CTBO Npo nigTpmKy MIEC TpMBanuii Yac irHopysano Heob-
XigHicTb 060B'A3KOBOrO0  3anNpPOBaAKEHHA EKO/OTYHUX
KpuTepiis (HanpuKaag, po3TallyBaHHA Mo3a MeXXamMu oce-
JLL, YEPBOHOKHUXKHUX BUAIB Ta 3abe3neyeHHA eKonoriy-
HOro CTOKy). PedbopMyBaHHA BOAHOI MOMITUKKU 33 NPUHUMN-
namm BogHoi pamkoBoi aupektnenm EC 7 € KpWUTMYHO
BaXK/IMBUM A5 Mepexoay A0 eKONOTNYHO YyT/IMBOro npoe-
KTyBaHHA MIEC.

MixKHapoaHUI gocBig Ta iHBeCTUUiMHa nigTpumKa. Mogeni
niaTpumeun. MixkHapogHuii gocsig (Hopseris, LLseuin) no-
Kasye, WO AnA ycnixy manoi rigpoeHepreTMkn HeobxiaHi
KOMMAEKCHI MexXaHi3mMun AeprKaBHOI NIATPMMKM HA KLWTanT
enekTpuuHux ceptudikatis (Elcertificate system), a He
nvwe o¢ikcoBaHi Tapuodun. CninbHUIA PUHOK €NEKTPUYHUX
cepTtudikaTis Hopserii Ta LLBewii € npuknagom ycniwHoi mi-
KOEPXKABHOI cnisnpaui onA AOCATHEHHA KAIMATUYHUX Li-
nen. ®iHaHcyBaHHA B ymoBax BiliHW: Ypaau Hopserii Ta Hi-
MEYUYMHMU BXKE HaJalTb TPaHTOBY NIATPUMKY 4NA
NiABMLLEHHA €HEeprocTiMKOCTi MIKpo- Ta Maaux nianpwu-
emcTB YKpaiHu, BKAtOYatouM NpuabaHHA pilleHb ANA aBTo-
HOMHMX mxepen eHeprii.’? Lii nporpamu, yacto noeaHaHi 3
KpeauTamu nig, HU3bKUIM BiACOTOK, MOXYTb CTaTU KtO4o-
BMM iHBECTULIMHMUM KaHaNOM ANA BiAHOBAEHHA MaNoi rig-
poeHepreTMKM Ha perioHasibHOMY pPiBHi.

PEKOMEHOALIT

1. 3anpoBagreHHA EkonoriuHmx Kputepiis: Ha 3akoHoAa-
BYOMY PiBHI HEObXiAHO TepPMIHOBO 3aKpiNWUTU E€KOOriYHi
KpuTepii 4nA BCix HOBUX Ta BigHoBAtOBaHMX MTIEC. HagaHHA
6yab-aKkMx GopMm AepKaBHOI MNiATPUMKK (BKIOUYHO 3 «3ene-
HUM» Tapudom) mae 6yTM 3ymoBaeHO 060B'A3KOBUM PO3-
TallyBaHHAM 06'eKTiB N03a NPUPOAOOXOPOHHUMM 30HAMM,
3abe3neyeHHAM €KO/IOMYHOrO CTOKY Ta BCTAHOB/IEHHAM
prbonponycKHMX CNOpYyA HOBOFO NMOKOJIHHA.

2. [Ousepcudikauis MexaHiamis MiaTpMMKKU: 3amicTb KOH-
LEeHTpaL,i BUKNOUYHO Ha dikcoBaHoMy "3eneHomy" Tapudi,
HeobXiZAHO BMNPOBaAMKYBaTU PUHKOBI MexXaHi3mu NiaTpu-
MKMW Ha KLUTaNT 3eneHunx cepTmudikaTiB abo KOHTPAKTIB Ha pi-
3HMU0 (SCFDS), WO 403BONNTb 3HU3UTM AepXKaBHI BUTPaTH,
NiABULLMTM NPO30PICTb Ta 3a7y4UTU MPUBATHI IHBECTULT 3
ypaxyBaHHAM €EBPONENCbKOro AoCBigy .

3. CnpouweHHAa PerynatopHux Mpoueayp: Cnig makcmma-
NIbHO CMPOCTUTU Ta YHidiKyBaTM NpoLeaypu NileH3yBaHHA
Ta BMAaYi A03BiNIbHOI AOKYMeHTaLii AnA BiAHOBNAEHHA Ta
6yaisHMUTBAa MTIEC Ha iCHYHOUMX FiAPOTEXHIYHMX cropyaax
(rpebnax cTaBKiB Ta BOAOCXOBULY), A€ €KOMOTiIYHI PUIUKK
MiHIMaNbHiI.
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Abstract. The article is devoted to a comprehensive analy-
sis of the innovative potential of small hydropower as a
strategic instrument for ensuring Ukraine’s energy security
in the context of wartime challenges and post-war recov-
ery of the energy system. The technological advantages of
small hydropower plants (SHPPs) compared to large hy-
dropower plants and other energy sources are examined,
including: decentralized generation, relatively short con-
struction timelines, minimal environmental impact, the
possibility of using existing hydrotechnical infrastructure,
and stability of electricity production. The available hydroenergy potential of Ukraine’s rivers is analyzed, and
prospective locations for SHPP deployment in various regions of the country are identified, taking into account
hydrological, environmental, and economic factors.

The study provides a detailed examination of the economic aspects of small hydropower development, including
an analysis of the levelized cost of electricity (LCOE), capital and operational expenditures, investment payback
periods, the potential contribution to the country’s energy balance, and the impact on the decarbonization of the
economy. A comparative analysis of the environmental characteristics of SHPPs with traditional energy sources is
presented, assessing their impact on aquatic ecosystems, possibilities for biodiversity preservation, and minimiza-
tion of negative consequences associated with hydrotechnical construction.

Particular attention is given to the analysis of international experience in small hydropower development in lead-
ing countries (China, Norway, Austria, Switzerland, Canada), state support mechanisms, and incentives for invest-
ment in renewable energy. The study investigates regulatory challenges related to the need to simplify licensing
and permitting procedures for SHPP construction, and to adapt the “green” tariff and renewable energy support
mechanisms to current redlities. It is substantiated that the development of small hydropower may become a key
factor in diversifying the energy balance, enhancing the resilience of the energy system to external threats, ensur-
ing regional energy autonomy, and promoting the sustainable development of rural areas. The research results
form a scientific and practical foundation for the development of a national strategy for small hydropower and
for defining priority directions of investment in renewable energy in the context of post-war recovery and achiev-
ing Ukraine’s climate goals.

YInternational Relations and Journalism at the
University of Economics and Law "KROK", Kyiv,
Ukraine

23 State Institution "G.M. Dobrov Institute for
Scientific and Technological Potential and Science
History Studies of the NAS of Ukraine", Kyiv,
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PROBLEM STATEMENT

The purpose of this article is to study the innovative poten-
tial of Ukraine's small hydropower in the context of
strengthening the state's energy security and ensuring sus-
tainable development of the energy system. Particular at-
tention is paid to identifying technological, institutional,
and economic factors that determine the effectiveness of
implementing small hydroelectric power plants (SHPPs)
within the structure of national energy, as well as analyzing
barriers and prospects for integrating innovative solutions
in this sector.

To achieve the stated goal, the following tasks are envis-
aged:

1. Analyze the current state and development trends of
small hydropower in Ukraine.

2. ldentify the main innovative directions for modernizing
electricity production technologies at small HPPs.

3. Assess the contribution of small hydropower to ensur-
ing energy security at the regional and national levels.

4. Study international experience in the development of
small HPPs and the possibilities of its adaptation in
Ukrainian conditions.

292



BiaHoBAtoBaHa eHepreTuka. Ne 1/2026 | Figpo-BoaHEBa eHepreTUKa

5. Formulate practical recommendations for stimulating
innovation in the small hydropower sector.

The methodological basis of the research consists of gen-
eral scientific and special methods of economic analysis, in
particular:

e a systematic approach—for identifying relationships
among the innovative, technical, and regulatory aspects
of small hydropower development;

e methods of comparative analysis—for summarizing in-
ternational experience;

e economic-statistical analysis—for assessing industry dy-
namics;

e analytical generalization—for forming conclusions and
practical proposals.

Within the scope of the research, data from the Ministry of
Energy of Ukraine, the International Renewable Energy
Agency (IRENA), the European Commission, as well as open
statistical materials from the World Bank and the Interna-
tional Energy Agency (IEA) were used.

INTRODUCTION

The energy security of the state is a critical factor in na-
tional security, economic development, and social stability,
especially in the context of modern geopolitical challenges.
According to the Ministry of Energy of Ukraine, as of early
2025, systematic missile strikes have destroyed or dam-
aged more than 50% of the country's generating capacity.
This has led to large-scale blackouts and an energy crisis,
resulting in the implementation of emergency shutdown
schedules to stabilize the electricity supply. The Ministry
notes that energy workers are actively working to restore
infrastructure, applying backup reconnection schemes and
striving to minimize shutdown times. Information is up-
dated daily and maintained in coordination with all services
for the rapid restoration of the energy supply.

Ukraine's traditional centralized energy system, built dur-
ing the Soviet period, has proven extremely vulnerable to
targeted attacks. Large thermal and nuclear power plants,
as well as main energy infrastructure facilities, have be-
come priority targets for the adversary. At the same time,
large hydroelectric power plants, including the cascade of
Dnipro HPPs, have also suffered missile strikes, confirming
the need for diversification of energy sources and the de-
velopment of decentralized generation.

In this context, small hydropower is considered one of the
most promising areas for the development of renewable
energy in Ukraine. Small hydroelectric power plants
(SHPPs) are hydropower facilities with an installed capacity
of up to 10 MW (according to EU classification) or up to 30
MW (according to IAEA classification) that use the energy
of watercourses to produce electricity without creating
large reservoirs or with minimal impact on the hydrological
regime of rivers.

The relevance of studying the innovative potential of small
hydropower for Ukraine is determined by several strategic
factors:

First, the need to create a decentralized energy system that
is resilient to external threats. SHPPs can provide energy
autonomy for individual settlements, industrial facilities,
and rural areas, reducing dependence on centralized elec-
tricity supply.

Second, the urgent need to restore destroyed generating
capacity in the post-war period makes small hydroelectric
power plants (SHPPs) a particularly attractive solution.
SHPPs differ from large HPPs in their significantly smaller
scale, which determines their relatively short construction
periods—typically 1 to 3 years, compared to 5-10 years re-
quired for large hydropower facilities. Accordingly, capital
costs for SHPPs are significantly lower, but this advantage
is directly related to the smaller installed capacity of such
plants. This is precisely what ensures the possibility of rapid
launch of new facilities and their scalability, which is criti-
cally important under conditions of limited financing and
the need for rapid restoration of the country's energy sys-
tem. Examples of SHPP project implementation in Ukraine
confirm such construction timelines and fit within the spec-
ified timeframes, making them an effective tool for sustain-
able development and energy security at the regional level.

Third, Ukraine's European integration commitments re-
garding economic decarbonization and achieving climate
neutrality by 2060 in accordance with the Paris Agreement.
The development of renewable energy, including small hy-
dropower, is a key component of the energy transition.

Fourth, the significant unused hydropower potential of
Ukraine's small rivers. According to experts from the State
Agency for Energy Efficiency and Energy Saving of Ukraine
(2024), the technically available potential of small hydro-
power in Ukraine is approximately 1500-2000 MW, with
less than 10% of this resource currently exploited. Utilizing
the potential of small rivers is a promising direction for the
development of renewable energy, especially in the con-
text of post-war restoration of the energy system [1].

Fifth, the possibility of restoring historical infrastructure.
Hundreds of small hydro nodes and dams built in the 19th
and early 20th centuries are preserved on the territory of
Ukraine and could be modernized and equipped with mod-
ern hydro turbines.

The purpose of this article is to provide a comprehensive
analysis of the innovative potential of small hydropower for
ensuring Ukraine's energy security and justification of sci-
entific and practical recommendations for the develop-
ment of this renewable energy sector.

ANALYSIS OF RECENT RESEARCH AND PUBLICATIONS

The problems of small hydropower development are the
subject of interdisciplinary research covering technical,
economic, environmental, and social aspects. Significant
experience in studying the potential and prospects of small
hydropower has been accumulated in the scientific litera-
ture worldwide.

Small hydropower plants (with an installed capacity of up
to 10 MW) are generally considered to have a lower
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environmental impact compared to large power plants,
which has driven their rapid expansion; at the same time,
their development potential remains unexploited. This is-
sue has been studied by Quaranta E., Bodis K., Kasiulis E.,
McNabola A., Pistocchi A., and other researchers [2].

Economic aspects of small hydropower are analyzed by
Paish 0. (2022), who compared the levelized cost of elec-
tricity (LCOE) from SHPPs with other renewable sources
and established that under conditions of optimal location
selection, LCOE for small hydropower can be $40-80/MWh,
which is competitive with wind and solar energy [3].

Environmental consequences of SHPP construction are ex-
amined in the works of Anderson D., Moggridge H., Warren
P., Shucksmith J. (2021), who investigated the impact of
small hydroelectric power plants on aquatic ecosystems and
biodiversity. The authors developed the concept of "ecolog-
ically sensitive design" for SHPPs that minimizes adverse ef-
fects on ichthyofauna and ensures ecological flow [4].

In the domestic scientific literature, the problems of small
hydropower are insufficiently researched. Kuznetsov M.D.
[5], in an analytical document edited by R.B. Havryliuk and
H.K. Veremiichyk, examines the history of hydropower de-
velopment in Ukraine and the dynamics of its environmen-
tal impact, the consequences and potential threats of treat-
ing Ukrainian rivers exclusively as a hydropower resource,
European practices of using hydropower potential, the
modern vision of ecosystem services of rivers and the fu-
ture of hydropower in the context of integrated water re-
sources management based on the basin principle [6].

Oksana Stankevych-Volosianchuk investigates the topic of
hydropower in the Carpathians and concludes that micro-hy-
dropower is of little interest to businesses because it is not
intended for profit generation. However, it should primarily
interest communities. After all, together with municipal hy-
brid solar power plants, micro-HPPs can become the founda-
tion of energy independence for local communities [7].

D.V. Stefanyshyn, Yu.S. Vlasiuk analyzed the prospects for
the development of small hydropower in Ukraine and their
environmental and technical aspects [8]. However, despite
the presence of individual publications, a comprehensive
study of the innovative potential of small hydropower in
Ukraine, taking into account modern challenges in energy
security, technological capabilities, economic efficiency,
and environmental considerations, has practically not been
conducted, which determines the relevance of this article.

RESEARCH RESULTS
1. Hydropower potential of small rivers in Ukraine

Ukraine has an extensive network of small and medium riv-
ers that offers significant potential for the development of
small hydropower. According to the State Agency of Water
Resources of Ukraine, there are over 63,000 rivers with a
total length of approximately 206,000 kilometers on the
country's territory. Of these, approximately 99% are small
rivers with a length of less than 100 km [9].

In Ukraine, hydropower resources currently provide an av-
erage annual electricity production by all HPPs of 11 billion
kWh with a total capacity of 4.8 million kW, specifically
small HPPs (up to 10 MW)—accounts for only 0.1 million
kW (2.1% of total capacity) with a production of 0.23 billion
kWh (2.3% of total production) [10].

Economic potential is the portion of technical potential
whose development is economically feasible under current
economic conditions and electricity prices. Estimates of
economic potential vary depending on the assumptions
made regarding construction costs, electricity tariffs, and
discount rates. According to conservative estimates, the
economic potential is 40-50% of the technical potential,
i.e., approximately 600-800 MW [11].

Regional distribution of hydropower potential is given in
Table 1.

Table 1. Potential of hydropower resources of small rivers in Ukraine

Technical Ca- | Technical Electricity Gener-
Region Main Rivers pacity Potential | ation Potential of SHPPs,

of SHPPs, MW million kWh/year

Ivano-Frankivsk Prut, Cheremosh, Limnytsia, Bystrytsia | 59 196.18

Zakarpattia Tysa, Borzhava, Latorytsia, Uzh 132 438.9

Lviv Stryi, Opir, Svicha 46 152.95

Chernivtsi Prut, Siret 24 79.8

Zhytomyr Teteriv, Irsha 7.8 27.3

Rivne Horyn, Styr 2.8 9.8

Kirovohrad Inhul, Yatran, Turiia 15.2 53.2

Ternopil Horyn, Strypa, Seret, Zbruch 12.1 42.35

Sumy Desna, Psel, Vorskla 2.2 7.7

Kharkiv Siverskyi Donets, Oskil, Udy 9.5 33.25

Source: Compiled by the author based on data from: Atlas of Energy Potential of Renewable Energy Sources of Ukraine:
Third edition, updated/edited by S.0. Kudria. — Kyiv: Institute of Renewable Energy of the National Academy of Sciences

of Ukraine, 2024. — 56 p.
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The central and southern regions of Ukraine have lower hy-
dropower potential due to flat terrain and lower river water
content; however, there may be locally prospective sites,
especially at existing hydraulic structures (pond dams, re-

servoirs, irrigation canals).

Next, we will consider types of prospective locations for
SHPPs is given in Table 2.

Table 2. Types of prospective locations for the development of small hydroelectric power plants in Ukraine

Location Type Characteristics and Utilization Potential

Historical Hydropower Sites During the Soviet period, over 900 small HPPs operated in Ukraine. Most were
closed between the 1960s and 1980s due to power system centralization and
cheap generation from thermal and nuclear plants. Preserved dams and hy-
draulic structures can be reconstructed using modern turbines with minimal

capital expenditures.

Existing Reservoirs and Ponds Ukraine has over 28,000 ponds and reservoirs, most of which are not used for
electricity generation. Installing small HPPs on existing dams does not require

flooding new territories and has a negligible environmental impact.

Irrigation Canals and Water Conduits | Industrial water transported through canals for irrigation, water supply, or in-
dustrial needs can be used to generate electricity via "micro-HPPs" with a ca-
pacity of up to 100 kW. Such projects are characterized by low costs and short

payback periods.

River Drops (Heads) Natural rapids, waterfalls, or artificially created elevation changes provide op-
portunities for constructing run-of-river or diversion small HPPs with local en-

ergy significance.

Source: Compiled by the author based on data from the State Agency for Energy Efficiency and Energy Saving of Ukraine,
https://saee.gov.ua/, the International Renewable Energy Agency (IRENA), https://www.irena.org/, and open statistical
materials from the World Bank (World Bank Open Data, https://data.worldbank.org)

2. Technological innovations in small hydropower screening—special grids that prevent fish from entering the

Modern small hydropower is characterized by significant turbine.

technological progress that increases efficiency, reduces
costs, and minimizes the environmental impact of SHPPs:

Innovative types of hydro turbines:

Kaplan and propeller turbines of the new generation with
automatic blade-pitch angle adjustment provide high effi-
ciency over a wide range of water flow rates.

Vertical-axis turbines for utilizing the kinetic energy of river
flow without creating a dam. This technology is at the com-
mercialization stage and has potential for application on
flat rivers.

Micro-turbines for very low heads (0.5-2 m) allow utilizing
the energy of small streams and canals.

Automation and digitalization. Remote monitoring and
control systems enable the operation of SHPPs without the
constant presence of personnel at the facility, thereby sig-
nificantly reducing operational costs. Production forecast-
ing based on meteorological data and hydrological models
enables planning SHPP operations and integrating them
into the energy system. Intelligent turbine control systems
optimize equipment operation depending on water availa-
bility, ensuring maximum production efficiency.

Environmental innovations. New generation fish passage
facilities—fish ladders, fish lifts, bypass channels that en-
sure fish migration during spawning without harm to pop-
ulations. Ecological flow assurance systems—automatic de-
vices that guarantee minimum water flow downstream
from the HPP to maintain aquatic ecosystem viability. Eco-

3. Economic efficiency calculations for small hydropower
projects

The economic feasibility of SHPP construction depends on
a number of factors: hydrological characteristics of the lo-
cation, construction costs, electricity tariffs, operating peri-
ods, and discount rates.

Analysis of levelized cost of electricity (LCOE) [12]:

LCOE = (CAPEX x CRF + OPEX_annual) / E_annual (1)
where:
e LCOE - levelized cost of electricity, USD/MWh

e CAPEX — capital expenditure, USD

e CRF — capital recovery factor

e OPEX_annual — annual operating costs, USD/year

e E_annual —annual electricity production, MWh/year

Capital recovery factor:
CRF = [r(1+r)7t] / [(1+r)7t - 1] (2)
where:

e r—discount rate
e t—operating period, years

Typical calculation for a 1 MW SHPP:

Input data:

e Installed capacity: P = 1000 kW

e Capacity factor: CF = 0.40 (typical for the Carpathian re-
gion)
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e Capital expenditure: CAPEX = 2.5 million USD (2500
USD/kW — average cost for SHPP using existing infra-
structure)

e Annual operating costs: OPEX = 50 thousand USD/year
(2% of CAPEX)

e Operating period: t = 40 years (SHPPs have a very long
service life)

e Discount rate: r = 0.08 (8%)

Calculation:

Capital recovery factor: CRF = [0.08(1+0.08)*40] /

[(1+0.08)740 - 1] = 0.084

Annual electricity production: E_annual = P x CF x 8760
hours = 1000 kW x 0.40 x 8760 = 3,504,000 kWh = 3504
MWh

Annual capital servicing costs: Capital Cost_annual = 2.5
million x 0.084 = 0.210 million USD

Total annual costs: Total Cost_annual = 0.210 + 0.050 =
0.260 million USD

Levelized cost: LCOE = 260,000 / 3504 = 74.2 USD/MWh

Comparison with other sources:

e Wind energy: 60-90 USD/MWh

e Solar energy: 50-80 USD/MWh

e Large hydropower: 40-70 USD/MWh

e Combined cycle (gas): 60-100 USD/MWh
e Coal generation: 70-120 USD/MWh [13]

Thus, small hydropower is a competitive source of electric-
ity, especially considering the advantages for baseload gen-
eration (unlike intermittent solar and wind).

Project payback period:

At an average electricity tariff for SHPPs of 0.12 USD/kWh
(according to the "green" tariff until 2030):

Annual revenue = 3504 MWh x 120 USD = 420,480 USD

Payback period (simple) = 2.5 million / (0.420 - 0.050 mil-
lion) = 6.8 years

Taking into account discounting, the payback period is ap-
proximately 9-10 years, which is an acceptable indicator for
infrastructure projects.

4. Environmental aspects of small HPP development in
Ukraine

The development of small hydroelectric power plants
(small HPPs) in Ukraine's watershed provides a renewable
production resource with relatively low direct greenhouse
gas emissions during the operation period, contributing to
reducing the overall carbon footprint of the energy sector
compared to fossil fuel generation. At the same time, the
impact of small HPPs on aquatic ecosystems must be as-
sessed at the local level and taken into account in design.
The main environmental risks are associated with the dis-
ruption of ichthyofauna migration routes, changes in the
hydrological regime, accumulation and redistribution of
sediments, as well as the transformation of coastal and

riverbed landscapes. To minimize them, technical solutions
(design of fish passage facilities, fish passage channels, eco-
logical releases), management measures (regulation of san-
itary and ecological releases), and monitoring of biodiver-
sity status and sediment accumulation are applied [14].

The problem of fish passage is one of the most common for
small HPPs. The absence or inadequate implementation of
solutions for fish migration leads to local decline in the
numbers of migratory species and disruption of trophic
links in river systems. Effective migration engineering in-
cludes combined solutions: spawning passages, flow de-
flectors, adaptive release management, and measures to
restore bottom structures.

Sedimentation in created ponds and behind dams changes
the transport of bottom material, which reduces reservoir
volumes and negatively affects benthic biocenoses. Sedi-
ment management strategies include planned sludge re-
moval operations, design of reservation volumes for sedi-
ments, sediment bypass systems, or periodic regulatory
releases for channel flushing. Comprehensive approaches
taking into account erosion load in the basin (work with
land management and forestry upstream) increase the du-
rability of structures.

Changes in hydrological regime due to flow regulation can
lead to water level fluctuations below the dam, which
worsen conditions for riparian vegetation and can change
the conditions for the generation and growth of aquatic or-
ganisms. To prevent this, minimum ecological flows (eco-
logical releases) are established, programmatic limitation
of the speed and amplitude of hydropeaking, and a justified
combination of production schedules with the biological cy-
cles of local fauna are applied [15].

Landscape and socio-economic changes in the coastal zone
require design solutions that provide for integration of struc-
tures into the environment, minimization of coastal land
flooding, restoration of wetland ecosystems, and transpar-
ent communication with local communities regarding com-
pensation measures and access to water resources.

Environmental Impact Assessment (EIA) must be manda-
tory and carried out in accordance with current Ukrainian
legislation; EIA reports must include measurements of bio-
diversity, hydrological indicators, sediment transport mod-
els, risk assessment, and an environmental and social man-
agement plan (ESMP). In Ukrainian practice, problems with
the quality of some EIA reports for small HPPs are noted,
which emphasizes the need to improve assessment stand-
ards and the validation of results by independent experts.

Some studies show that when proper design and opera-
tional requirements are met, the impact of small HPPs on
water chemical parameters can be limited; however, bio-
logical and morphological changes remain critical for as-
sessing project acceptability. Therefore, decisions on small
HPP construction should be based on a comprehensive
multi-criteria assessment that combines energy efficiency,
environmental safety, and social acceptability [16].

296



BiaHoBAtoBaHa eHepreTuka. Ne 1/2026 | Figpo-BoaHEBa eHepreTUKa

Discussion: Small HPPs can be part of the decarbonization
and energy resilience strategy provided that mandatory
high-quality EIA is conducted, engineering solutions are ap-
plied to preserve ichthyofauna and sediment transport,
ecological releases are established, and long-term ecosys-
tem monitoring is organized. Decisions on specific projects
must be based on evidence and comply with national legis-
lation and international recommendations.

Regulatory challenges for small HPP development in
Ukraine. The development of small hydroelectric power
plants in Ukraine is complicated by fragmentation of the
regulatory framework and inconsistency between different
sectoral laws, which leads to duplication of requirements
when obtaining permits for water resource use, construc-
tion, and operation of energy facilities; project implemen-
tation often requires permits on water use, urban planning,
ecology, and energy, which increases administrative costs
and implementation timelines. Tariff uncertainty following
electricity market reforms—particularly the transition from
fixed incentives ("green tariff") to market mechanisms and
auctions—has reduced the investment attractiveness of
small HPPs due to the absence of guaranteed long-term
revenues, which is especially critical for capital-intensive
projects with long payback periods.

Regulation in the field of EIA (environmental impact assess-
ment) formally exists, but in practice, there are cases of in-
sufficient quality of reports, problems with integrating EIA
results into urban planning documentation, and a lack of
proper control and accountability mechanisms for compli-
ance with environmental conditions; this increases the risks
of implementing projects without full consideration of en-
vironmental consequences. Insufficient digitalization of
permits and the absence of a unified state register of small
HPPs complicate monitoring of technical condition and en-
vironmental obligations, hinder strategic planning, and cre-
ate risks of unauthorized construction [17]. Inconsistency in
water and energy legislation, as well as fragmentation of
powers among the State Water Agency, the Ministry of En-
vironment, and energy regulatory structures, creates legal
uncertainty regarding the duration of water resource use
rights, licensing conditions, and liability for environmental
violations.

International standards and tools for hydropower sustaina-
bility preservation (Hydropower Sustainability Standard;
Hydropower Sustainability Guidelines) offer comprehen-
sive approaches to assessing environmental, social, and
management risks, but their application in Ukraine is lim-
ited by the lack of national adaptation and mandatory re-
quirements for compliance with these standards. Recom-
mended regulatory measures include: unification of
definitions and technical criteria for small HPPs in legisla-
tion; simplification and digitalization of permitting proce-
dures through a single electronic portal; introduction of
transparent long-term financial support mechanisms (con-
tracts for difference or auctions with guarantees); creation
of a unified register of small HPPs with data on technical
condition and environmental obligations; implementation

of international sustainability standards as guidelines for
EIA and design; clear distribution of powers between regu-
latory bodies and strengthening of public consultation
practices with local communities.

International experience in small hydroelectric power
plant development. Analysis of global practices shows sev-
eral successful models for small hydroelectric power plant
development that may be useful for adaptation in the
Ukrainian context.

Within the framework of the European Renewable Energies
Federation (EREF), it is noted that small HPPs (installed ca-
pacity up to ~10 MW) in the European Union play an im-
portant role in decarbonizing the energy system, providing
renewable, controllable generation with high efficiency (up
to over 85%) and flexibility for integration of variable
sources. At the same time, the EU emphasizes the im-
portance of coordinating energy and water directives (for
example, the Water Framework Directive (2000/60/EC))
and applying innovations (retrofitting existing small HPPs)
to improve environmental performance [18].

In countries with high levels of renewable energy integra-
tion, particularly Norway and Switzerland, small HPPs are
included in local energy systems as part of decentralized
generation and flexible systems. For example, Switzerland
has over 1,400 small hydroelectric power plants with a total
capacity of approximately 1000 MW, which represents ap-
proximately 10-15% of the country's hydro generation. In
Norway, companies specializing in small HPPs (1-5 MW) use
modular turbines, work in partnership with local resource
owners, thereby ensuring decentralized water resource ex-
ploitation.

In Canada and the USA, there is a practice of simplifying li-
censing procedures for low-power hydroelectric plants. In
particular, in the USA, the Federal Energy Regulatory Com-
mission (FERC) has introduced licensing and exemption
processes for small/low-impact HPPs to simplify and accel-
erate approval. Government reports also emphasize the
desire to reduce licensing timelines and eliminate unneces-
sary procedures without compromising environmental pro-
tection [19].

China applies a comprehensive approach to hydropower
development, including small-scale solutions and decen-
tralized generation. According to research, at the end of
2019, the country had over 46,785 hydroelectric power
plants with a total installed capacity of ~2,376.9 million kW,
with significant attention paid to small HPPs. Chinese guid-
ance documents on small hydropower sector development
("Guiding Opinions for promoting the sustainable and
healthy development of small hydropower") clearly state
the priority of "ecological priority" and integration of wa-
ter-ecological components from planning to operation [20].

These examples can serve as a basis for adaptation and ap-
plication in Ukraine, taking into account its specifics (moun-
tain rivers, small scale, need for decentralized solutions).
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CONCLUSIONS

The comprehensive analysis confirms that the develop-
ment of small hydropower (SHPPs) in Ukraine is a strategi-
cally important tool for ensuring energy security, especially
in the face of war-related challenges and the need to de-
centralize the energy system.

Strategic significance and economic competitiveness. De-
centralization and resilience. SHPPs, as decentralized gen-
eration facilities, are less vulnerable to targeted attacks
than large centralized plants, making them a key element
of energy system resilience. Their significant technical po-
tential (approximately 1500-2000 MW) and the possibility
of using existing infrastructure (historical hydro nodes,
pond dams) enable rapid (1-3 years) replacement of lost
generating capacity.

Economic feasibility. Under conditions of restoring existing
infrastructure, small hydropower is a competitive source of
baseload generation. Analysis of the levelized cost of elec-
tricity (LCOE), calculated using the formula LCOE = (CAPEX
x CRF + OPEX_annual) / E_annual (3), for a typical SHPP pro-
ject yields an LCOE of = 74.2 USD/MWh. This is a competi-
tive indicator compared to coal generation and gas com-
bined cycle, confirming the financial attractiveness of
projects with a payback period of approximately 9-10 years.

Innovative potential. Implementation of innovative tech-
nologies such as Archimedes screw turbines, automated
control systems, and micro-turbines increases the effi-
ciency of low-head utilization and minimizes operational
costs while ensuring environmental safety (e.g., ichthy-
ofauna passage).

Regulatory-environmental paradox and challenges. Un-
justified "green" tariff. A paradox has developed in
Ukraine, where, until 2015, an excessively high "green" tar-
iff stimulated not only the development but also the de-
struction of natural rivers and protected sites, driven by ex-
cessive profits for owners. Although temporary measures
by NEURC reduced the tariff, there remains a need for leg-
islative establishment of environmental criteria, compli-
ance with which must be mandatory for receiving state sup-
port.

Absence of environmental safeguards. Despite the critical
impact on river ecosystems (disruption of the hydrological
regime, loss of river integrity), legislation on SHPP support
has long ignored the need for mandatory implementation
of environmental criteria (for example, locating outside
habitats of "Red Book" species and ensuring ecological
flow). Reform of water policy according to the principles of
the EU Water Framework Directive is critically important
for transitioning to ecologically sensitive SHPP design.

International experience and investment support. Sup-
port models. International experience (Norway, Sweden)
shows that small hydropower success requires comprehen-
sive state support mechanisms such as electricity certifi-
cates (Elcertificate system), not just fixed tariffs. The joint
electricity certificate market of Norway and Sweden is an

example of successful interstate cooperation to achieve cli-
mate goals. Financing in wartime conditions: The govern-
ments of Norway and Germany are already providing grant
support to enhance the energy resilience of micro- and
small enterprises in Ukraine, including the purchase of so-
lutions for autonomous energy sources. These programs,
often combined with low-interest loans, can become a key
investment channel for restoring small hydropower at the
regional level.

RECOMMENDATIONS

Implementation of Environmental Criteria: At the legisla-
tive level, it is urgently necessary to establish environmen-
tal criteria for all new and renovated SHPPs. The provision
of any form of state support (including the "green" tariff)
must be conditional upon the mandatory siting of facilities
outside nature conservation zones, ensuring ecological
flow, and the installation of new-generation fish passage
facilities.

Diversification of Support Mechanisms: Instead of concen-
trating exclusively on the fixed "green" tariff, it is necessary
to implement market-based support mechanisms such as
green certificates or contracts for difference (CfD), which will
reduce state expenditures, increase transparency, and at-
tract private investment, drawing on European experience.

Simplification of Regulatory Procedures: Licensing proce-
dures and issuance of permit documentation for the resto-
ration and construction of SHPPs on existing hydraulic
structures (pond and reservoir dams) should be maximally
simplified and unified, where environmental risks are mini-
mal.
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