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Penxin O.0O. ConsauHo—BiTpo—BOAHEBa cTaHuis. — KaamidikariiiHa HaykoBa
npalls Ha IpaBax PyKOIHUCY.

Hucepramiss Ha 3700yTTS HAyKOBOTO CTYIEHS KaHAWAAaTa TEXHIYHUX HayK
(moxTopa ¢inocodii) 3a crnemianbHIcTh 141 «EnexkTpoenepreTuka, eneKTpoTEXHIKA Ta

enexkTpomexanikay. — IHctutyT BimHOBMOBaHOi eHepretuku HAH VYkpainu, Kuis,

2023.

HucepramiitHa poboTa MpUCBIYCHA TOCHTIHKEHHIO MOMXJIMBOCTI KOMIICHCAITi1
eHepro3arpaT Ha €JIEKTPOJIITUYHE BHUPOOHMIITBO BOAHIO COHSYHUMHU Ta BITPOBHMU
eJIeKTpOCTaHLIIMU B A30BO—HOpHOMOPCHKOMY pErioHi YKpaiHu.

VY CBiTI BUKOPUCTAHHS BOJHIO TOCTA€ CTPATEriuHO BAXKJIMBUM 3aBIAHHSIM Y
KOHTEKCTI €KOHOMIKM PO3BUHEHHMX KpaiH. 3 OTrJIsily Ha CBOi €KOJIOT1YHI BJIACTUBOCTI
BOJICHDb BIJIITPa€ BUPIIIAIbHY POJIb Y BUKOHAHHI CBITOBUX IUIaHIB 11010 3MEHIIECHHS
BUKHU/IB TApPHUKOBUX Ta3iB, 3MCHIIEHHS CIOKUBAHHS BYTJICIIO Ta JOCSITHECHHS
CHEePreTUYHOT HE3aJIeXKHOCTI KpaiH.

[IpoBimHi KpaiHH CBITY pO3pOOJIAIOTH HAIIOHANBHI CTpaTerii PO3BUTKY
BOJITHEBUX TEXHOJIOTIM 1 TOTOB1 JOMOMOITH I1HIIMM KpaiHaMm, 30KpeMa YKpaiHi, y
3al0YaTKyBaHHI HOBOTO PUHKY BiAHOBIIOBaHUX Ta3iB. Hanpukinii TpaBHs 2020 poky
y bprocceni BiuenpesuneHt €Bpoxomicii @panc Timmepmanc npexacrasuB [lnman
PO3BUTKY BOAHEBOI rany3i 10 2030 poky, y sskoMy YKpaiHi BIIBEIEHO BaXKJIMBY POJIb
MIPOMHMCIIOBOTO TIOCTaYajJbHUKA BOJHIO HAa €BPOIMCUCHKUN PUHOK 3 OOOB’SI3KOBOIO
YMOBOIO (DOpMYBaHHS BHYTPIIIHBOTO PUHKY. BOJIHEBI TEXHOJIOTIT BIPOBAIKYIOTHCS
Hacamrepea y BaXJMBI Traidy3l €KOHOMIKHM, TaKl SK €HEepreThka, TPaHCIIOPT Ta
KUTIOBO—KOMYHaJIbHA cepa.

Po3BuTOK BOAHEBOI Tay3l B YKpaiHi MOXXE JOMOMOITH OTOBTAaTHUCS HAIii
JepkaBl BIJT HACHIJIKIB €KOHOMIYHOTro cmaay uepe3 mnanuaemito Covid-19 Ta
MOBHOMACHITAOHOTO  POCIMCHKOTO BTOPTHEHHS 1 BidHU. [lmaHu  pO3BUTKY

nepeadoavyaroTb CTBOPEHHST pobouoi cuctemu BogueBoro Xaly, sSIKMil MICTUTHME BCi



IPOLIECU BOAHEBOI IPOMHUCIIOBOCTI: BUPOOHUIITBO BOAHIO, PO3BUTOK 1H(PACTPYKTYpPH,
CTBOPEHHS CXOBHUII JIs 30€piraHHs Ta PO3MOBCIOKEHHS BOHIO.

3 orisay Ha HasBHI MPOOJEMHM PHUHKY €NEeKTpOeHeprii YKpaiHH, BUKIUKaHI
HOPYILIEHHSAM 3000B’s3aHb JEPKABU ME€PE] BUPOOHUKAMU «3€JI€HOI» EJIEKTPOEHEPTti,
BOJIHEBI TEXHOJIOTIi MOXYTh OTPUMATH MAaCHITaA0OHUN PO3BUTOK SK CHCTEMH, IO
3a0e3meuyroTh 0alaHCyBaHHS FeHepailii.

VY poboTI OKpecieHo CyyaCHUIl CTaH PO3BUTKY Bi1JHOBJIIOBAHOI €HEPTETHKHU B
CBITI Ta YKpaiHi K KIIFOYOBOTO CEKTOPY TNI00ATBHOTO EHEPTETUIHOTO PUHKY, 30KpeMa
COHSIYHO1 Ta BiTpoeHepreTuku. CBITOBI JiJIepyU IPOJIOBXKYIOTh 1HBECTYBATH Y IieH
CEKTOp Ta PO3IIUPIOBATH BCTAHOBJICHI MOTY>KHOCTI, 110 30UIBIIY€E POIb IET ramysi y
3arajibHOMY OajiaHC1 BUpOOHUIITBA €IEKTPOeHEPrii. 3MEHIIEHHs BapTOCTI 00J1aIHaHHS
Ta PO3BUTOK TEXHOJIOTIN CTBOPIOE T'ApHI MEPCHEKTUBU JIJIsl PO3BUTKY B1IHOBIIFOBAHOI
CHEPreTUKH Y IPOMHUCIOBUX MaclITabax.

Busznaueno HasgBH1 mpoOJieMH IHTerpaiii CTaHIlid, 10 TEHEPYIOTh
eJIEKTPOCHEPT1I0 3 BiIHOBIIOBAHUX JPKEpENl €Heprii 0 3araJbHOi EHEeproMepesxi
VYkpainn. PedopmyBaHHS e€HEpreTHUHOiI Tamy3li YKpaiHu 3a €BPONEHCHKUMH
CTaHJapTaMH Ta NPUHUHATTA JEAKUX pILIEHb JEpKaBHUMH JiJIepaMu IPU3BEIO 10
HAKOMMYEHHSI 3a00pPTOBAaHOCTI YYaCHUKAM PHUHKY EJEKTPOCHEprii, CyTTEBOTO
3pOoCTaHHA Tapudy Ha EJEKTPOCHEPrio s CIOKHMBAauylB Ta KpPHU30BOI CHUTyamii
3arajioM. BaxxinBoro npo06JieMor0 pUHKY €JIEKTPOCHEPTii € BIICYTHICTh YCTAaHOBOK, SIK1
MOXXYTh OallaHCyBaTH HEPIBHOMIpHY TeHepalilo abo aKyMyJIOBaTH HaJIULIIKOBY
EHEPTiIo.

Bozens 31aTeH He Mile JOIOMOTTH y OalaHCYyBaHHI YKPaiHChKO1 €HepreTUYHOT
CUCTEMH Ta CIPHITH JOCATHEHHIO aMOITHHX IJIel nekapOoHi3alii eKOHOMIKH, a U
CTaTH 4YyAOBOIO aJbTEPHATUBOIO pociiicbkoMmy nanuBy aias €C. YkpaiHa Mae psn
3HAYHUX IepeBar Jyuisi BUPOOHULITBA Ta €KCIIOPTY BOJHIO 0 €BpPOIU, 30KpeMa TakKi:
ykpaincbka ['TC mae miakmrodeHHs 10 ra3oTpaHcnopTHux cucteMm €C, HasBHI Ia30Bi
HiA3€MHI CXOBUINA, a TAaKOXX HAJEKHI YMOBHM [UIsl CTBOPEHHS IIOTYKHOCTEM 3

BUPOOHUIITBA BOIHIO.



Kpainu €sponelickkoro Coro3y MNpOSBISIOTh BEJIUKY aKTUBHICTh Y
BIIPOBA/DKEHH] TMOJITUKH JIeKapOoHi3alii Ta BUKOPHUCTAHHI BOJHIO fK 3aco0y
JOCATHEHHSI HYJIBOBOTO BYyTJIeleBOro ciiay. [l0o3UTHBHI NMpUKIaAU BUKOPUCTAHHS
BOJHIO B ACAXXUPCHKOMY TPAHCIIOPTI Ta CYAHOIUIABCTBI CB11YaTh PO HOro MOTEHITIaT
y 3HI>KEHHI BUKH/IIB Ta MOJIIIICHH] SIKOCTI HABKOJHUIIHBOTO CEPEAOBHIIA.

VYkpaina Mae BETUKHUN TEXHIYHHUI MOTEHINIa] Y PO3BUTKY BOJHEBUX TEXHOJIOT1H
1 MO’K€ CTaTH KIIOYOBUM MOCTAYATLHUKOM «3€JIEHOT0» BOJHIO /Uisl KpaiH €Bponu. Ha
HAII{ TEPUTOPIT 30CepeHKEHNI 3HAYHUI TTOTEHITIa BUPOOHUIITBA BITHOBIIIOBAIBHOT
€Heprii, po3BUHEHA IHPpACTPYKTYypa JJIsl TPAHCIIOPTYBAHHSI BOJIHIO.

JlucepranToM po3po0sIeHO ToI0KEeHHS KoHIemnii BogueBoi ctparerii Ykpainu
Ha niepiog A0 2050 poky, siki HaJal0Th YiTKI KPOKH JJIs1 PO3BUTKY BOJHEBOI €HEPTeTUKU
B DpIi3HMX Tamy3sx. Peamizamis crparerii mepeadadyae CTBOPEHHS BiAMOBITHOT
3aKOHO/aBuYO1 0a3u, MpUBAOIEHHS 1HBECTHI Ta MIATOTOBKY 1H()PACTPYKTypu AJis
TPAHCIIOPTYBaHHS «3eJIeHoro» BoAHIO. [IpoekT ykpaincekoi BomHeBoi crparerii
nepeadayae peamizariifo  €BpONeWChKUX TIUIaHiB 1mogo OyxiBammTrBa 10 I'Br
BCTaHOBJICHOT MOTYHOCTI 3aBO/IB 3 BUPOOHHUIITBA «3€JICHOTO» BOJHIO B YKpaiHi 70
2030 poky. Po3rasiHyTo MOKIMBOCTI BUPOOHUIITBA, 30€piraHHs Ta TPAHCIIOPTYBAHHS
BITUM3HSIHOTO BOJHIO, peami3aiis SKHX JOMOMOXE Y BIIPOIKEHHI EKOHOMIKH
MOBOEHHOT YKpaiHU, NPUCKOPEHHI €BPOIEUCHKOI IHTErpamii Ta 3aaydyeHHS
MDKHApOJIHUX 1HBECTOPIB.

Y pob6oTi BUKIANEHO pe3yibTaTH TMPOBEACHUX JTOCHIIKEHb MOMKIUBOCTI
KOMIIEHCAllli eHepro3aTpaT Ha €JIEKTPOJITHYHE BUPOOHUITBO BOJHIO COHSYHUMH Ta
BITPOBUMHU E€JEKTPOCTAHINISIMA B A30BO—YOpHOMOpPCHKOMY perioHi YKpaiHw.
Buxonano anamiz (aKTUYHUX EKCIUTyaTallliHUX  XapaKTePUCTUK  COHAYHOI
enexktpocTaniii «Tokmak» (3amopizbka 00JacTh), OJHIET 3 HAWOIIBIITUX HA TEPUTOPIL
VYkpainu. Takox OTpUMaHO Ta MPOAHAII30BAHO JaHI 3aMipy IIBUIKOCTI BITPY Ha
TECTOBOMY MalJaH4YMKy, pO3TallloBaHOMY Ha miBAHI Ojecbkoi 00yacTi, 1 SKUN
PO3MIISIIAETHCS 711 PO3MIIIEHHSI OTY>KHOI BITPOEJIEKTPOCTAHIII].

[TpoBeneno anami3 nepiofiB BBeAeHHS oOmexeHb Tenepailii CEC omepaTopom

MEpeXi 3 METOI KUIbKICHOI OIIIHKM BTpPAaT BHUPOOITKY CTaHIINA, 110 BXOJSTh [0



oamancyrodoi rpymu Il «I"apantoBanuii nmokymnenps». BusHadeHo, 1o HalOUIbIINMA
cyMapHHi Tiepios; ooOMexxeHb OyB 3adikcoBanmii y 2022 porri ta ckinagaB 22 % Bia
3arajibHO1 KUIBKOCTI pOOOYHX TOJIMH Y polli. 3ayBa)KeHO, 10 KIJIbKICTh OOMEXKEHb Ta
nepioj BBEJICHHS TOTOXKHI JIJIs BCIX CTaHIINA OaJaHCyrOUO0i IPYIIN.

YAOCKOHAIeHO MaTeMaTH4HI MOJIEJl BHU3HAUEHHS TEXHIYHMX IapamMeTpiB
COHSIYHOI Ta BITPOENEKTPOCTAHINN HUIIXOM ypaxyBaHHS BTpAaT €HEprii B Mpolieci
eKCIUTyaTallii, sKi JIO3BOJISIOTHh MIiJBUIIUTA TOYHICTh C€HEPTeTUYHUX PO3PaxyHKIB.
Byno BukoHaHO cuUMyIsLiiHE MOJETIOBaHHSA TMapaMeTpiB 1 EHEepreTUYHUX
XapaKTEepPUCTUK JOCIIJKYBAHUX €JEKTPOCTaHLIM 3 ypaxyBaHHSIM (PaKTUYHOI
METeOpOoJIOTIgHOT iH(pOopMaIIii, IKa OTPUMaHa Ha TECTOBUX MaiTaHYHKaX.

BpaxoByroun KOMIUIEKCHY pOOOTY COHSYHOI Ta BITPOEIEKTPOCTAHINNA IS
BUPOOHUIITBA BOJHIO, BIAMOBIAHO JI0 pO3pOo0JIEHOT MaTeMaTHMYHOI MOjeil oOpaHo
NOTY)XHICTh Ta KUIBKICTh arperariB, 10 YBIMIIUIM 1O CKJIaAy BITPOEIEKTPOCTAHIII].
OTpuMaHi KIJTBKICHI TOKa3HMKU IIJIAHOBOT'O BHUPOOITKY BITPOEIEKTPOCTAHII, IO
BIJMIOBIIal0Th BUOpaHiil BUCOTI OCI pOTOpa Ta pIYHOTO PO3MOLTY IIBHIKOCTI BITPY.

BiamoBimHO 10 TEXHIYHUX XapaKTePUCTUK  JOCHTIKYBAHOI  COHSIYHOI
CJIEKTPOCTAHIll Ta OOpaHUX XapaKTEPUCTHK BITPOEIEKTPOCTAHIIT PO3POOJIEHO
MaTeMaTUYHy MOJelb eHepro3ade3neueHHs] BOAHEBOI YCTAaHOBKH, IIO JO3BOJIAJIO
o0Opatu 1i mapaMmeTpu 3 ypaxyBaHHSIM OCOOJMBOCTEH MIBJACHHOTO PErioHy YKpaiHu Ta
po3paxyBaTu piYHUI MOKa3HUK BUPOOHHUIITBA BOJIHIO.

Po3pobiieHo cuMyssIiiiHy MOJENbh KOMIUIEKCY CTaHI[NA I BHU3HAUYCHHS
piuHOro 00’€My TeHepalii «3eJE€HOr0» BOJHIO 3 YpaxXyBaHHSM HOMIHAJIBHUX
napaMeTpiB €JIEKTPONI3HOI YCTAaHOBKHM, COHSUHHUX Ta BITPOBHUX EJIEKTPOCTAHIIH. Y
pe3ynbTaTi, BcTaHoBNeHa NoTykHicTh CEC 3a iHBepTOpamu npuiiHsATa Ha piBHI 56,97
MBT, noTyXHICTh BiTpoOeJIeKTpocTaHIlli craHoBuiaa 21 MBT, a s enexrposmizepa
3aMmpONOHOBAHA MOTYXHICTH ckianae 10 MBT a6o 20 MBT.

J171s1 moalIbIIoil OIIHKY €KOHOMIYHOI MPUBAOIMBOCTI IPOEKTY COHSIYHO—BITPO—
BOJHEBOI CTaHIli 3alpONOHOBAHO PO3TJISIHYTH JBa BapiaHTH KOMIUIEKTallii

KOMOIHOBAaHOI CUCTEMU, a CaAME:



- YMOBHO aBTOHOMHA CHUCTEMa, Y SIKMM €NEKTPOJII3E€P BUKOPUCTOBYE TLIBKH
TeHEPOBAaHY C€HEPril0 COHSYHOI Ta BITPOBOIO CTaHIisAMU. Hammumiok
€JIEKTPOCHEPT1i IPOAAETHCS Ha JEP>KaBHUN PUHOK 32 JII0YUM «3eJIEHUM» a00
3arajJbHUM Tapupom;

- g poOOTH eJeKTpojdi3epa MaKCHMajbHO BHUKOPUCTOBYETHCS EHEPTis,
BUpPOOJICHA COHSYHOIO Ta BITPOCJIEKTPOCTAHIISIMHU, a y TEpioau HecTayl
enexkTpoeHepris komneHcyerbest 3 OEC.

Po3paxoBaHO €KOHOMIYHI TOKAa3HUKM I1HBECTHUIIIHOTO TPOEKTY COHSIYHO—
BITPO—BOAHEBOI CTaHIlli. Po3paxyHKH MPOBOAWINCH 3TITHO 3 MOAM(DIKOBAHOIO
MaTEMaTUYHOI0 MOJIEIUTIO, 110 BPaXOBYE OCOOIMBOCTI BHKOPHUCTAHOTO OOJaAHAHHS.
[IpoBeneHo po3paxyHOK IJisi PI3HMX CXEM BUKOHAHHS KOMIUICKCY CTaHIIN Ta IS
pI3HOT BapTOCTI BUPOOJIEHOTO BOAHIO. Bu3Ha4YeHO, M0 I1HBECTULIIHHUN MPOEKT
noTpeOye BEIWKUX KaIiTaJOBKIAJACHh Ta 3aJIHIIAETHCA MPUBAOIUBUM  JUIS
MDKHAPOHUX 1 BITYM3HSIHUX 1HBECTOPIB MPU PO3PAXyHKOBIM BapTOCTI BOAHIO Bij 3 110
5 eBpo. Y pe3ynbTaTi MPOBEACHUX OCHTIIKEHh OTPUMaHI €KOHOMIYHO MPUHHSTHI
TEpPMiHU OKYIHOCTI (6—7 POKIB Bij] MOYATKY €KCIUTyaTallii) 1yt 000X CXeM peatizaltii.
YacTkoBa Ta MOBHA KOMIIEHCAIllsl €HEpro3aTpar Ha eJIEKTPOJITUYHE BUPOOHUIITBO
BOJHIO COHSAYHUMHU Ta BITPOBHUMH €JIEKTPOCTAHIISIMA €KOHOMIYHO BWTiAHA, IO

JIOBOJAUTH HEOOX1THICTh MTPOBEICHHSI MOJATBIINX JOCHIKECHbD Y 1M ramysi.

Karouosi caoBa: A30B0—YopHOMOpPCHKHI perioH, BiAHOBIIOBaHI JpKepena
€Heprii, BITPOEJIEKTPOCTaHIIIS, BOAHEBI TEXHOJIOT1I, €JIEKTPOCHEPreTUYHA Mepexa,
eJIEKTPOJII3ep, «3EJICHUI» BOJCHbB, «3CJICHUN» Tapud, KOMIT I0TepHE MOJAEITIOBAHHS,
KOMIUIEKC CTaHIi, MaTeMaTH4YHa MOJIelb, COHSYHA EJEKTPOCTaHIlisA, COHSYHA

ippaniartisi, IIBUJKICTb BITPY.



ANNOTATION

Repkin O.0. Solar-wind-hydrogen station. — Qualifying scientific work on
manuscript rights.

Dissertation for obtaining the scientific degree of Candidate of Technical
Sciences (Doctor of Philosophy) in specialty 141 "Electropower, electrical engineering
and electromechanics". — Institute of Renewable Energy of the National Academy of

Sciences of Ukraine, Kyiv, 2023.

The dissertation is devoted to the study of the possibility of compensating energy
costs for the electrolytic production of hydrogen by solar and wind power plants in the
Azov—Black Sea region of Ukraine.

In the world, the use of hydrogen becomes a strategically important task in the
context of the economy of developed countries. Given its ecological properties,
hydrogen plays a decisive role in the implementation of global plans to reduce
greenhouse gas emissions, reduce carbon consumption and achieve energy
independence of countries.

The leading countries of the world are developing national strategies for the
development of hydrogen technologies and are ready to help other countries, in
particular Ukraine, in starting a new renewable gas market. At the end of May 2020, in
Brussels, the Vice President of the European Commission, Frans Timmermans,
presented the Plan for the Development of the Hydrogen Industry until 2030, in which
Ukraine is assigned an important role as an industrial supplier of hydrogen to the
European market, with the mandatory condition of the formation of the internal market.
Hydrogen technologies are implemented primarily in important sectors of the
economy, such as energy, transport, housing and utilities.

The development of the hydrogen industry in Ukraine can help our country
recover from the effects of the economic downturn due to the Covid-19 pandemic and
a full-scale Russian invasion and war. The development plans provide for the creation

of a working system of the Hydrogen Hub, which will contain all the processes of the
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hydrogen industry: hydrogen production, infrastructure development, and the creation
of hydrogen storage and distribution facilities.

In view of the existing problems of the electricity market of Ukraine, caused by
the violation of the state's obligations to the producers of "green" electricity, hydrogen
technologies can receive large-scale development as a system that ensures balancing
of generation.

The work outlines the current state of development of renewable energy in the
world and in Ukraine as a key sector of the global energy market, in particular solar
and wind energy. World leaders continue to invest in this sector and expand installed
capacity, which increases the role of this sector in the overall balance of electricity
production. The decrease in the cost of equipment and the development of technologies
create good prospects for the development of renewable energy on an industrial scale.

Existing problems of integration of stations generating electricity from
renewable energy sources into the general energy grid of Ukraine are identified. The
reform of the energy industry of Ukraine according to European standards and the
adoption of some decisions by state leaders led to the accumulation of debts to the
participants of the electricity market, a significant increase in the electricity tariff for
consumers, and a crisis situation in general. An important problem of the electricity
market is the lack of installations that can balance uneven generation or accumulate
excess energy.

Hydrogen is able not only to help balance the Ukrainian energy system and
contribute to the achievement of ambitious goals of decarbonization of the economy,
but also to become an excellent alternative to Russian fuel for the EU. Ukraine has a
number of significant advantages for the production and export of hydrogen to Europe,
including the following: the Ukrainian gas transmission system is connected to the EU
gas transport systems, there are existing underground gas storage facilities, as well as
suitable conditions for the creation of hydrogen production capacities.

The countries of the European Union are very active in implementing
decarbonization policies and using hydrogen as a means of achieving a zero carbon

footprint. Positive examples of the use of hydrogen in passenger transport and shipping
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testify to its potential in reducing emissions and improving the quality of the
environment.

Ukraine has great technical potential in the development of hydrogen
technologies and can become a key supplier of "green" hydrogen for European
countries. A significant potential for the production of renewable energy is
concentrated in our territory, and the infrastructure for transporting hydrogen is
developed.

The doctoral candidate developed the provisions of the concept of the Hydrogen
Strategy of Ukraine for the period until 2050, which provide clear steps for the
development of hydrogen energy in various sectors. The implementation of the strategy
involves the creation of an appropriate legislative framework, attracting investments
and preparing the infrastructure for the transportation of "green" hydrogen. The project
of the Ukrainian Hydrogen Strategy envisages the implementation of European plans
for the construction of 10 GW of installed capacity of factories for the production of
"green" hydrogen in Ukraine by 2030. The possibility of production, storage and
transportation of domestic hydrogen was considered, the implementation of which will
help in the revival of the economy of post-war Ukraine, the acceleration of European
integration and the attraction of international investors.

The paper presents the results of research into the possibility of compensating
energy costs for the electrolytic production of hydrogen by solar and wind power plants
in the Azov—Black Sea region of Ukraine. An analysis of the actual operating
characteristics of the solar power plant "Tokmak" (Zaporizhia region), one of the
largest in Ukraine, was performed. Wind speed measurement data at a test site located
in the south of Odesa region, which is being considered for the location of a powerful
wind power plant, was also obtained and analyzed.

An analysis of the periods of introduction of SPP generation restrictions by the
network operator was carried out in order to quantify the production losses of stations
that are part of the balancing group of state-owned enterprise "Guaranteed Buyer". It
was determined that the largest total period of restrictions was recorded in 2022 and

was 22% of the total number of working hours in the year. It is noted that the number
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of restrictions and the period of introduction are identical for all stations of the
balancing group.

Mathematical models for determining the technical parameters of solar and wind
power plants by taking into account energy losses during operation have been
improved, which allow increasing the accuracy of energy calculations. Simulation
modeling of the parameters and energy characteristics of the studied power plants was
carried out, taking into account the actual meteorological information obtained at the
test sites.

Taking into account the complex operation of solar and wind power plants for
the production of hydrogen, the power and number of units included in the wind power
plant were selected according to the developed mathematical model. Quantitative
indicators of the planned production of the wind power plant corresponding to the
selected height of the rotor axis and the annual wind speed distribution were obtained.

According to the technical characteristics of the studied solar power plant and
the selected characteristics of the wind power plant, a mathematical model of the
energy supply of the hydrogen plant was developed, which made it possible to choose
its parameters taking into account the characteristics of the southern region of Ukraine
and calculate the annual hydrogen production rate.

A simulation model of the plant complex was developed to determine the annual
volume of "green" hydrogen generation, taking into account the nominal parameters of
the electrolysis plant, solar and wind power plants. As a result, the installed capacity
of the SPP according to the inverters was accepted at the level of 56.97 MW, the
capacity of the wind power plant was 21 MW, and the proposed capacity for the
electrolyzer is 10 MW or 20 MW.

In order to further assess the economic attractiveness of the solar-wind-hydrogen
plant project, it is proposed to consider two options for the configuration of the
combined system, namely:

- conditionally autonomous system, in which the electrolyzer uses only the

energy generated by solar and wind stations. Surplus electricity is sold to the

state market at the current "green" or general tariff;
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- for the operation of the electrolyzer, the energy produced by solar and wind
power plants is used as much as possible, and in periods of shortage,
electricity is compensated from the united energy system.

The economic indicators of the solar-wind-hydrogen plant investment project
were calculated. Calculations were carried out according to a modified mathematical
model that takes into account the features of the used equipment. The calculation was
carried out for different schemes of execution of the complex of stations and for
different costs of produced hydrogen. It was determined that the investment project
requires large capital investments and remains attractive for international and domestic
investors at the estimated cost of hydrogen from 3 to 5 euros. As a result of the
conducted research, economically acceptable payback periods (6—7 years from the start
of operation) were obtained for both implementation schemes. Partial and full
compensation of energy costs for the electrolytic production of hydrogen by solar and
wind power plants is economically beneficial, which proves the need for further

research in this field.

Keywords: Azov—Black Sea region, renewable energy sources, wind power
plant, hydrogen technologies, electric power network, electrolyzer, "green" hydrogen,
"green" tariff, computer modeling, complex of stations, mathematical model, solar

power plant, solar irradiation, wind speed.



