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THHOBAIIIMHI PIINEHHS /11 EHEPTOE®EKTUBHOI'O BUPOBHUIITBA
BOJHIO: IEPCIIEKTUBH JIJIsI YKPATHA

Metoto HaykoBoi CTarTi € aHasm3 Ta OOIPYHTYBaHHS  IHHOBAUMIHUX PILLEHb, CIPSMOBaHNX HAE  IMIABULYEHHS
EHEProepekTUBHOCTI BUPOOHULTBA BOAHIO, 13 BU3HAYEHHSIM IEPCIIEKTUB IX BIIPOBAMKEHHS B YKpaiHi. Y CTatti po3r/iggacrscs
PO3BUTOK BOAHEBOI EHEPrETUKY, SK BaX/MBMIA €Tar repexody A0 CTaroro €HEPreTUYHOro MavbyTHboro. B YkpaiHi 3HauHmi
r10TeHLlfan A/15 BIIPOBALKEHHS] BOAHEBUX TEXHOJIONMV CTBOPIOETLCS 3aBASKU MPUPOAHUM DECYPCAM, TakuM SIK COHSYHA Ta BITPOBa
eHepris. [lpote, roripu Ui MOX/MBOCT], IPOLEC BUPOOHULTBA BOAHIO 38/IMLLAETLECS EHEDIOEMHUM, LYO [MIABULYYE BaXI/INBICTb
PO3PO6KU  IHHOBALIIVIHUX TEXHOJIONMY [U15 3HWWKEHHS EHEDIETUYHNX BUTPAT. OfHUM i3 K/THOHYOBUX ACIEKTIB € BAOCKOHA/ICHHS
TEXHOJIOMW  €/IEKTPOsII3Y, @ TaKOX BIIPOBA/KEHHS HOBUX METOIB TPaHCIIOPTYBaHHA BOAHIO. CTaTTs TaKoX AaKkYEHTYE Ha
HEOOXIAHOCTI M0AONIAHHS TEXHIYHNX Ta EKOHOMIYHNX 63p EPIB, LU0 CTPUMYIOTHL PO3BUTOK BOAHEBOI eHEpreTukn B YKpaiHi. 30kpema,
PO3r/194al0TbCS HOBITHI JOCAIHEHHS Yy CREDI €/1EKTPO/IBEPIB, TakuX 5K JIY)KHI Ta MPOTOHHO-OOMIHHI MEMOPaHY, a TaKox ycriixv y
CQEDI TPAHCIIOPTYBAHHS BOAHIO, LLO BIAKPHBAIOTE HOBI MOX/IMBOCTI /15 KOMEPLIIVIHOrO BUKOPUCTaHHS BOAHIO. PO3BUTOK IHHOBALI y
BOAHEBOMY BUPOOHULTBI AO3BOJISIE 3HUINTU 38/IEXHICTL Bifl KDUTUYHUX MATEPIa/IB, 30i/IbLUNTH TEPMIH EKCIIYaTaLlii e/1eKTposIi3EpIB
7@ NABALYNTY IX EDEKTUBHICTL. Bpaxosyroun TeHAEeHUIi r106a/ibHux /1iaepis, YkpaiHa mae roreHyian A5 iHTerpauli BogHo B
HALIOHa/IbHy EHEPreTUYHY CUCTEMY, 30KPEMA YEPE3 PO3BUTOK IHPPACTPYKTYpHU A1 36EDIraHHa Ta TPaHCrIopTyBaHHS BOLHIO.
3oKkpema, [HHOBALI Y MEMOPaHHMUX TEXHOJIOrISIX, Taki SK pPO3POOKa HOBUX MeM6paH A/ E1EKTPOMZEDIB, AaOTb 3MOry 3HAa4YHO
MIABMLUYNTH EPEKTUBHICTE BUPOOHULITBE BOAHIO, 3MEHLLYIOYN BUKOPUCTAHHS AOPOrOLIHHNX META/IB. Y CTaTTi TakoX pO3I/ISAAETbCA
M1OTEHLIMIHa y4acTb YKpaiHn B MPKHAPOAHWX TPOEKTax, Takux Ak HORIZON-JTI-CLEANH2-2024-02-04, o MaroTe Ha METI
OKPALUEHHSI TEXHOJIONY KOMIPECH Ta TPAHCIOPTYBAHHS BOAHIO, LUO CIIPUSTUME 3HIWKEHHIO BUTPAT Ha BUPOBHULITBO 3€/1EHOMO
BOAHIO Ta MIABULLEHHIO EHEPrOEPEKTUBHOCTI,

KIo40Bi ¢/10Ba; BOAHEBa EHEPreTvKa, €HEProe@EKTUBHICTb, BUPOBHNLTBO BOAHIO, BIHOB/IIOBA/IbHI [XKepesa eHEDITi,
E/IEKTPO/ZEPH, IHHOBALIIVIHI TEXHO/IONT], IH@PACTPYKTYDPa, TPAHCIOPTYBAHHS.
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INNOVATIVE SOLUTIONS FOR ENERGY-EFFICIENT HYDROGEN PRODUCTION:
PROSPECTS FOR UKRAINE

The aim of this scientific article is to analyze and justify innovative solutions aimed at enhancing the energy efficiency of
hydrogen production, with a focus on the prospects for their implementation in Ukraine. The article examines the development of
hydrogen energy as a crucial stage in the transition towards a sustainable energy future. Ukraine has significant potential for the
deployment of hydrogen technologies due to its natural resources, such as solar and wind energy. However, despite these
opportunities, hydrogen production remains energy-intensive, highlighting the importance of developing innovative technologies to
reduce energy consumption.

One of the key aspects is the improvement of electrolysis technologies, as well as the implementation of new methods for
hydrogen transportation. The article also emphasizes the need to overcome technical and economic barriers that hinder the
development of hydrogen energy in Ukraine. In particular, recent advancements in electrolyzer technologies, such as alkaline and
proton exchange membrane (PEM) electrolyzers, are discussed, along with achievements in hydrogen transportation that open new
opportunities for its commercial use.

The development of innovations in hydrogen production helps reduce dependence on critical materials, extend the
lifespan of electrolyzers, and improve their efficiency. Considering global trends, Ukraine has the potential to integrate hydrogen
into its national energy system, especially through the development of infrastructure for hydrogen storage and transportation.
Notably, innovations in membrane technologies, such as the development of new membranes for electrolyzers, can significantly
enhance hydrogen production efficiency while reducing the use of precious metals.

The article also explores Ukraine’s potential participation in international projects, such as HORIZON-JTI-CLEANHZ2-2024-
02-04, aimed at improving hydrogen compression and transportation technologies. This would contribute to lowering the costs of
green hydrogen production and increasing energy efficiency.

Keywords: hydrogen energy, energy efficiency, hydrogen production, renewable energy sources, electrolyzers, innovative
technologies, infrastructure, transportation.
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MOCTAHOBKA IMTPOBJIEMMU Y 3ATAJIBHOMY BHI'JISIAI
TA i1 3B’S130K 13 BA’JKJIMBUMU HAYKOBUMH YU ITPAKTUYHUMU 3ABJIAHHAMHU

BopnHeBa eHepreTHMka € KIIOUYOBHM HamlpsIMOM DPO3BHUTKY BITHOBIIOBAHUX JDKEPET CHEpril, IO CHpHsE
3HIKCHHIO BYTJICIIEBOTO CIIiy Ta 3a0e3neueHHI0 eHepreTHaHoi Oesnekn. CydacHi TEXHOIOTii BHPOOHHUIITBA BOIHIO
OXOIUTIOIOTH €JIEKTPOJIi3 BOAM, PeOPMIHT IPUPOAHOIO a3y 3 YJIOBIIOBAHHSAM BYIJICLIO Ta iHHOBALiiHI METOAH,
Taki SK GoTOKaTamiTHUHE po3IIeieHHs1 Boau. OCHOBHOIO POOJIEMOIO € BUCOKA EHEPTOEMHICTH MPOIIECiB Ta 3HAYHI
BUTpaTu Ha OOJNaJHAHHA, IO BUMAarae BIPOB3/DKCHHS HOBHX TEXHOJOTIYHMX pillleHb. |HHOBauiliHi po3poOku
CHpsIMOBaHI Ha MiJBUILEHHS €PEKTUBHOCTI €JIEKTPOIIi3epiB, 3MEHIICHHS 3aJIS)KHOCTI BiJ NedilUTHUX MaTepiaiiB i
30UIBIICHHST TEPMiHY CIIyOu oOnamHaHHs. KpiM TOro, MepcrieKTHBHUMHM HampsMaMH € BHPOOHHITBO BOJHIO B
OoUIOPHUX yMOBaxX Ta HOro BUKOPHCTaHHS B NMPOMHCIIOBUX Ipolecax i3 MiHIMi3ali€l0 eHepreTMYHUX BTpaTr. Y
IFOMY KOHTEKCTI YKpaiHa Mae 3HAUHWH MOTEHIIal JJIS PO3BHTKY CHEProe(eKTHBHOTO BOTHEBOTO BHPOOHHIITBA,
BHKOPHUCTOBYIOUM HAasBHI BiJHOBIIOBaHI pPeCypcH Ta CydacHi TexHouorii. ToMmy mochmikeHHS B il cdepi
CHPUATAMYTH BIPOBAKCHHIO BOJHEBOI CKOHOMIKH Ta iHTerpaiii YKpaiHH y CBITOBHHA PHHOK E€KOJOTidHO YHCTOL
EHEPTeTUKU.

AHaJi3 cydyacHHX AOCJTiMKeHb i myOJikanii 3acBiqdye MiABHUINCHUH iHTEpeC YICHUX O TEXHOIOTIIHHX
acTeKTiB iHHOBaIiifHOTO BUpOOHUITBAa BomHIO. Tak, Kapm . 3a3Havae, mo mapoBa KOHBepcis BYTJIEBOAHIB abo
BYrIA € OCHOBHOIO TEXHOJIOTi€l0 BUPOOHMIITBA BOJHIO, NPOTE IIed MNpPOLEC CYHNPOBOIKYETHCS 3HAYHUMHU
BUKHUJIAMH JIOKCHY BYTJIeNto B aTMochepy. BojeHb, oTpuMaHuii TAKUM METOIOM, KIacHu(iKyeThes SIK «cipuii» 1 He
CIpusie TOCATHEHHIO Iiell Oe3ByrienieBoi eHepretuku [1, ¢. 11]. 3i cBoro 6oky, Kuterbekov K., Kabyshev A.,
Bekmyrza K., Kubenova M., Kabdrakhimova G., Ayalew A. 3ayBaxxyloTh, L0 Cy4acHi iHHOBaLilHI MiAXOAH IO
BUPOOHHUIITBA BOJHIO CIIPSIMOBaHI Ha IMiJBUINCHHS CHEProe(EeKTUBHOCTI Ta €KOJOTIYHOI CTIKOCTI TEXHOJIOTTUHHX
npoueciB. Ha aymMKy BYeHHX, BHCOKOTEMIEpAaTypHHH €JIEKTPOMi3 Iependadae eIeKTposi3 BOASHOI Mapu IpH
Temrepatypax monan 700°C 3a 10mOMOTro0 TBEPJOKHCHEBUX EIEKTPOJI3HUX KOMIPOK, IO AO3BOJISE e(EKTHUBHIIIE
BUKOPHCTOBYBAaTH €HEPTiI0 Ta 3alydyaTH BTOPHHHE TeIio. BomHouac mma3MoBHi pUGOPMIHT BHUKOPHCTOBYE
IUTa3MOBI TEXHOJIOTI JIJIs TICPETBOPCHHS BYTIJICBOHIB a00 OioMacH Ha BOJICHb i3 MiHIMAJbHAM BHKHIOM BYTJICIIO,
mo poOuTh Horo epeKTUBHUM IS MICIIEBOTO BHPOOHHWIITBA BOJHIO Ta IEepepoOKH BIAXOIIB B €Heprito. Meron
TEPMOXIMIYHOTO PO3IICIUICHHS BOIM 0a3yeThCS Ha XIMIYHHX pPEaKIisfX, IO JO3BOJIIIOTH OTPHUMYBAaTH BOJNCHB i3
BOAM 3a JIOMIOMOTOK BHCOKOTEMIICPATYpPHOTO TEIUIAa, 30KpeMa BiJl COHSIYHOI CHEprii, 0 MiIBHILYE
MacIiTabOBaHICTh MPOLECY, a MIKPOOHHIA €IEKTPOIIi3 BHKOPHCTOBYE 3aTHICTh MIKPOOPTaHi3MiB PO3IICIUIIOBATH
OpraHiuyHy MaTepilo 3 BHIUICHHSM BOJHIO, 110 € e()EeKTUBHUM METOJOM JICHEHTPAII30BaHOIO BUPOOHHIITBA,
0COOJIMBO y CHCTEMax OYMILIECHHS CTIYHUX BOA. KoKeH i3 1UX MEeTOAIB, 3 MO3UIlii HAYKOBIIIB, Ma€ CBOI NepeBaru:
BHUCOKOTEMIIEPATYPHHI €IEKTPOIII3 MiIXOIUTh AJIsl IPOMHCIIOBOTO BUKOPUCTAHHS, IIA3MOBHUI pU(GOPMIHT 3MEHIIYE
BYIJICIIEBUH CIIiJl, TEPMOXIMIUYHHMI NPOLIEC € NEPCIIEKTUBHUM /IS BUKOPUCTaHHS BIJIHOBIIIOBAHUX JKEpell eHepril, a
MIKpOOHHH eJIeKTPOIIi3 3a0e3edye eKoJIoTrivHe epeTBOPeHHs opraniyHux Bigxonis [2]. [lopsa 3 Tum, Alinejad Z.,
Parham N., Tawalbeh M., Al-Othman A., Almomani F. cTBepIXyIOTh, [0 BUPOOHHUIITBO BOIHIO 3MiHCHIOETHCS 32
PI3HUMHY TEXHOJIOTIYHHMH ITiIXOJAMH, SKi BU3HAYAIOTh HOTO THIT — CipHi, CHHIH a00 3eJIeHH — 3aJIe)KHO B piBHS
BukuAiB CO; Ta BUKOPHUCTaHHS BiTHOBIIIOBaHUX JDKepes eHeprii. HaliOimpl mommpeHuM METOI0M € BUPOOHHUIITBO
ciporo BOJHIO, IIO CYNPOBOPKYETHCS 3HaUYHMMHU BHKHIAaMH CO; i 6a3yeTbcs Ha KOHBEpCii BHKOITHOTO IajMBa,
30KpeMa nmapoBoMy pupopMiHTy. BoneHs, oTpuMaHnil i3 BUKOITHHX JDKEpEJI i3 MOJaNIBIINM YJIOBIIOBAaHHIM abo
neperBopeHHsM BUKHIIB CO», kinacudikyerbes sik cuHid [3]. Hatomicte Nyangon J., Darekar A. miakpeciioroTs,
10 BOJIHEBI TEXHOJIOTII BiAIrPalOTh KIIFOYOBY POJIb Y MPOIECi JeKapOOHi3aIlil KamTaloMICTKIX rairy3eil, TaKux siK
TPaHCIIOPT, CHEPreTHKa Ta XiMiuHa POMUCIIOBICTh, 3aB/SIKK IX IIMPOKOMY CHEKTPY 3aCTOCYBaHb Ta MOCTYIIOBOMY
3HW)KEHHIO KalliTalbHUX BUTpAT. Y TPaHCIIOPTHOMY CEKTOpI BOJHEBI MallMBHI €JIEMEHTH 3a0€3Ie4yIOTh HYJIbOBI
BUKHUJIM, 3HAYHUI 3arac XOAy Ta LIBHJKE 3allpaBjieHHs, [0 POOUTh X KOHKYPEHTOCIPOMOXKHOIO allbTEPHATHBOO
TpaIMLIHUM enekTpoMoOuIsIM. B eHepreTnuHiii cdepi BoaeHb BUCTYNA€E e(hEKTHBHUM aKyMyJISITOPOM, CHPHUSIOUN
OayaHCYBaHHIO BiJHOBIIIOBAaHMX JDKEPEIN €HEprii, TAKUX SIK COHSYHA Ta BITPOBa EHEPIreTHKa, IUISIXOM HaKOIHMYCHHS
HaJUIMIIKOBOI enektpoeHeprii [4]. Kpim Toro, Ilumumnenxo B., Hounidenko I., Jlyroscekuii O. Ta Koctiok /.,
JIOCIIIIKYIOUH TIPOIIECH BUPOOHUIITBA BOJHIO 13 3aCTOCYBaHHSIM MOAYJISl YJIBTPa3BYKOBOTO PO3IMIIIOBaYa B METO1
BHCOKOTEMIIEPATYPHOTO €JIEKTPOIIi3y BOISHOI MapH, BiJ3HAYarOTh, IO IIEW METOJ| Ma€ 3Ha4yHi MepeBard, 30Kpema
MiHIMaJIBHI BTpaTH ONOPY Ta BiJICYTHICTB IEpEHaNpyXeHHs eJNeKTPoIiTOM. Bo/ieHb, oTpuMaHnii TakiuM criocoOoM,
XapaKTepU3y€eThCSI BUCOKOIO YHIBEPCAIBHICTIO, OCKUTBKH MOJKe 30epiraTucs B ra3omnoaioHOMy, piAKoMy cTaHax abo
Yy BUTJISII TiOpHIIIB METaiB, IO JIETKO JUCOIIOI0Th, TPAHCIOPTYBATHCS Yepe3 ra30IPOBON Ta TAHKEPH, a TAKOXK
CIIyTYBaTH JDKEpPEeNoM eHeprii abo CHpOBHMHH i mojaajibinoi mepepobku. OJHAK OCHOBHHM HEIOJIIKOM I[HOTO
METOJy € 3Ha4YHi KamiTalbHi BUTPATH, HEOOXimHI /i Horo peamizamii. JlogaTkoBl TeXHIYHI TPYIHOIII MOB’s3aHI 3
YTBOPEHHSAM CyMIIlli BOAHIO Ta BOJASHOI MapH, sika, BTIM, MOXe OyTH e(peKTHBHO pO3MdijicHa IMIJIIXOM OXOJOIKEHHS
Ta KoHAeHcamii. OKpeMHM BHKIMKOM 3aJIMINAETHCA BHOIp MarepiaiiB, 3JaTHUX IPAIIOBaTH B YMOBaX BHCOKHX
TEMIEpaTyp, 0 € KPUTUIYHUM aCTICKTOM JIJIs IMiBUILEHHS e()eKTUBHOCTI mporecy [5, c. 294].

AHani3 3a3HauyeHMX JDPKepesl CBINUUTH MpO Te, IO IHWTaHHS BIPOBA/DKEHHS IHHOBALM y KOHTEKCTI
e()eKTUBHOTO0 BUPOOHMIITBA BOJHIO 3 IIPAKTUYHOI TOUKH 30PY 3aJIMIIAETHCS HEAOCTATHHO BUCBITIICHHM.
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®OPMYJIOBAHHS IIJIEA CTATTI
MerToro HayKOBOi CTaTTi € aHaJi3 Ta OOIPYHTYBaHHS iHHOBAIIITHHUX PIIIeHb, COPSIMOBAHNX HA ITiIBUIICHHSI
eHeproeeKTHBHOCTI BUPOOHHUIITBA BOHIO, i3 BU3HAUCHHIM IIEPCIICKTHB iX BIPOBAHKEHHS B YKpaiHi.

BUKJIAJL OCHOBHOI'O MATEPIAJTY

Po3BUTOK BOAHEBOI EHEPIreTHKHU € BaXKIMBUM €TAalloOM Ha HIISIXY JO CTaJIOr0 €HEpreTHYHOro MaOyTHHOTO,
30KpeMa y KOHTEKCTI Iepexojy 10 BiJHOBIIOBaHUX JiKepen eHeprii. B YkpaiHi HasBHICTh 3HAUYHUX NPUPOIHHX
pecypciB, TaKHX K COHSYHA Ta BITPOBA €HEPTis, CTBOPIOE MOXKIIMBOCTI JJIsl BIPOBA/DKEHHSI IHHOBaLIHHUX PillIeHb y
BOJHEBOMY BUpPOOHMITBI. OJHaK MNpolec BHPOOHHUIITBA BOJHIO 3aIMIIAETHCS EHEPrOEMHUM, IO IiJBHIILYE
BaXKITUBICTH JTOCIIIPKCHHS HOBITHIX TEXHOJIOTIH ISl 3HUKCHHS CHEPTeTUYHUX BUTPAT Ta 30UThIICHHS ¢(pEKTHUBHOCTI
BHUPOOHHUIITBA.

BpaxoByroun 3HauHHM TOTeHNian YKpaiHM Yy BHUKOPHCTaHHI BiJHOBIIOBAJbHHUX JDKEpEN EHepril,
BIIPOBA/KCHHS HOBITHIX BOJHEBUX TEXHOJIOTII BIMarae He JIHMIIE MOKPAIICHHS e)eKTUBHOCTI BUPOOHHUIITBA BOJHIO,
a ¥ IOJ0JTaHHA TeXHIYHUX Ta eKOHOMIYHHX Oap’epiB. IHHOBaIiHI MIXOMU B PO3POOIN €IeKTPOIIi3epiB Ta HOBITHI
METOAM TPAHCIOPTYBAaHHS BOMHIO BIOKPHUBAIOTH HOBI MOJMIIMBOCTI UIsI KOMEPIIIHOTO BUKOPHUCTAHHS ITi€l
eHeproe()eKTUBHOI TEXHOJOTil. ¥ KOHTEKCTI pPO3BHTKY BOJHEBOI €KOHOMIKM YKpaiHi BapTO 3BEpHYTH yBary Ha
JIOCBi TNIO0aNbHUX JIJEPiB, IO BXKE JEMOHCTPYIOTh €(EKTHBHICTh 3aCTOCYBAaHHS BOJHIO B IPOMHCIIOBOCTI Ta
TpaHcropTyBaHHi. lle 103BOJMTH He JHMIIE IHTETPYyBAaTH BOJICHb SIK €HEPrOHOCIH y HaliOHAJIbHY €HEepreTHYHY
CHCTEMY, a i CIIpUATHME PO3BUTKY iHQPACTPYKTypH Iisl 30epiraHHs i po3MoaiTy BOJHIO. 3aBISIKH 1IbOMY YKpaiHa
3MOXKE€ CKOPOTUTH CBOIO 3aJI@KHICTh BiJl TPAIULIWHUX EHEPropecypciB Ta 3pOOMTH BaroMuil BHECOK y TJI00anbHi
€HepreTuyHi TpancopMartii.

Po3BuToK iHHOBaMiH y chepi YNCTUX EHEPTETHIHNX TEXHOJIOTIH € KIIFOYOBHM JJISI BIIPOBA/LKEHHS BOIHIO B
SHEepPreTUYHUM Tepexil, 10 Mae BeJMKE 3HAUeHHA A YKpaiHW. BomHEBI enexTpoizepH, 30KpeMa IJIyXHi Ta
MpoTOHHO-00MiHHI MemOpanu (PEM), Bxke € KOMepHifHO JOCTYIHHMH, a HOBITHI pO3pOOKH, HAIpHUKIAL,
enekrpomizep H2U Technologies moryxnictio 200 kBTt 0e3 ipuziro, CIpusifoTh 3HIKEHHIO BUTPAT HA 00JIaTHAHHS.
3rigao 3 Global Hydrogen Review 2023 [6] y 2023 poui xommanii Sunfire (2,6 MBT) ta Bloom Energy (4 MBT)
BBEJM B EKCIDTyaTalil0 HalOimpmi aeMoHcTpamiitHi TBepmokcunmHi emekrpomizepu (SOEC), mo Habmmkae Iro
TEXHOJIOTII0 J0 KOMEpIIHHOr0 BUKOPHCTaHHS. BaJIMBUM JOCSTHEHHSM CTajo BIAKpUTTS KommnaHiero Hysata
HOBOTO 3aBOJy Ul BAPOOHMIITBA €JIEKTPOIII3EPIB 3 JIy>)KHUM KallIIPHUM JKUBICHHSM, SKi MalOTh €(DEKTHBHICTD 110
95%. ¥V cdepi TpancnopryBanHs BoaHIO y 2023 polii y CBITI po3Mo4ano poOOTy MepIiie YHCTE BOIHEBE IMig3EMHE
cxoBuie notyxHicTio 3 I'Br-ron. YV npomucioBocti 3amymeno npoext HylnHeat 3a yuacti 30 maprthepi i3 12
€BPOIEHCHKUX KpaiH, CIPSIMOBaHMH Ha JEMOHCTpAlil0 BUKOPHCTAHHS BOJAHIO Yy JONOMDKHHMX IIpoliecax
BUPOOHMITBA CTajl Ta antoMiHilo. BoxHeBuil cekrop TakoX 3a3Hae 3MiH y cdepi Tpancmopty: y 2023 poui B
Hopgerii mowaB kypcyBaTm mepmuii y cBiti BogHeBuii mopoM, a MAN Energy Solutions mpoBena ycmimHe
TECTyBaHHS ABOTAKTHOT'O JBUT'YHA Ha aMiaky.

[HHOBaMIMHI pimIeHHS U €HEProe(EeKTHBHOTO BHPOOHHIITBA BOJHIO IEPEeN0AYar0OTh YIOCKOHAICHHS
TEXHOJIOTIH eNeKTPOIIi3y, aJbTePHATHBHI METONM BHUPOOHHWITBA Ta IHTETPAIlil0 BiIHOBIIOBAHUX JKEPEN CHEpril.
30KkpemMa, KITIOYOBUMHU HAIpsIMaMU PO3BHUTKY € ITiIBUIIECHHS €(EKTUBHOCTI €IEKTPOIII3EpPiB, 3HIDKCHHS 3aJIeKHOCTI
BiJl KPUTUYHUX MaTepiamiB Ta 30UIBIICHHS TepMiHy iX ekcroryatamii. ¥ Global Hydrogen Review 2024 [7],
HaMpUKIaa, 3a3HadeHo, mo y 2023 pomi kommanis H2U Technologies BumpoOyBana ipumieBuii kaTtamizatop i3
TepMmiHoM cityx6u 25000 roauH, a Toshiba criinbHO 3 Bekaert po3po0Ouiia TEXHOJIOT10, 1110 3MEHIIYE BUKOPUCTAHHS
ipugito Ha 90%. Ilpoekr HYPRAEL, mo ¢inancyerscs €C, 3 2023 poky mpaifioe Haj pO3POOKOI0 JTYKHHUX
eJIEKTPOITi3epiB, 3AaTHUX npairoBaTy Mg Tuckom 80-100 Gap, 1110 3HAYHO TEPEBHIIY€E TIOTOYHUN piBeHb y 30 Oap. Y
coepi odmopHoro BupoOHHHITBAa BOmHIO TpoekT Sealhyfe kxommanii Lhyfe ycmimmo sumpoGysBa 1 MBrT
eJISKTpOJIi3ep Ha MoOpchKill miardopmi, a eBponeiickkuii npoekt HOPE nependauae 3amyck 10 MBT odmropHoro
3aBogy 10 2026 poky. Y HampsiMi BOJHEBOI €HEPreTHKH 3 BUKOPHCTaHHSIM BHKOIHOTO NMAJIMBA 3 YJIOBJIIOBAHHIM
Byriento (CCUS) nepcneKTUBHUM € TIepexif] BiJ MapoBoro pugopMiHry MeTaHy 0 aBTOTEPMIYHOIO pU(OPMIHTy
(ATR), mo n03BOJIsIE AOCATTH BUIIMX piBHIB ynoBmoBaHHI CO,. Bognouac y 2024 poui npoextn HyPEC y Karapi
ta Hylios B Icnanii po3mouany mijgoTHI AOCIIUKEHHS BHPOOHHMIITBA BOJHIO 3 BIIXOJIB BOJHM 32 JOIOMOIOO
(hoTOKATATIITUYHOTO PO3ILETIIICHHS.

BopeHs po3risimaeTbes SK MaduBO MaOyTHROTO, 1 3a mporHo3amu €Bpomnericbkoi Komicii, BinmosingHo 10
«BonHEBO1 JOPOKHBOT KapTH», BiH MOKE MTOKPUTH JI0 UBepTi eHepreTrnuHuX motped €C mo 2050 poxy. Hapasi 96%
BOJIHIO BUPOOJIAETHCS 3 BUKOIMHOTO TAIMBA, IO CYNPOBOKYEThCS 3HauHMMH Bukpumamu CO,, ToMy mepexin Ha
BiJTHOBJIIOBAaHUI BOJCHb € BAKIMBUM KPOKOM I JOCSATHEHHS KIIMaTHYHOI HEHUTpalbHOCTI. BigHOBIIOBaHMIA
BOJICHb OTPUMYETHCS HIJSIXOM €JIEKTPOJIi3y BOJIM, BUKOPHCTOBYIOUH €JIEKTPOSHEPTIIO 3 BIIHOBIIOBAHHUX JDKEPEI, 10
JI03BOJIsIE 3HAYHO CKOpoTHTH BHKHAM CO> B XimiuHill mpomucnoBocti. Himerska xommaniss Evonik y cmiBmpari 3
NapTHEpaMH po3po0miIa iIHHOBALiHHY MeMOpaHy Ul eJIEKTpPOJIi3epiB, sKa MiJBUILYE ePEKTUBHICTh BUPOOHMIITBA
BojHIO. L[ MemOpaHa 3 mojiMepHOro Matepiaiy Ji€ K GUIbTP 1 pO3AUIBHUK, 320€3MeUyI0Un IIPOXOKEHHS JINIIE
NEBHUX 1OHIB, IO CHpHUSE YTBOPEHHIO BOAHIO 0€3 BUKOPHUCTAHHS IOPOTOLIHHMUX METalliB. Y MeXax IPOEKTY
CHANNEL, mo ¢inancyerbcss nporpamoro Horizon 2020, rmuaHyeTbCsi CTBOPEHHS Ta BHIPOOYBaHHS
CJICKTPOJII3EpHOI CHCTEMH Ha OCHOBI L€l MeMOpaHu. 3aBAsKW il KOHKYPEHTHHM IepeBaraM, TakuM SIK BHCOKa

BicHuk XmernbHUUbKo20 HauioHarnbHo20 yHisepcumemy 2024, Ne 6 615



EkoHomi4HI Hayku ISSN 2307-5740

e(heKTHBHICTh, HU3bKiI iHBECTHUIIIiHI BHTpPATH Ta MOXKJIHMBICTH BTOPHHHOTO BHKOPUCTAHHS, ISI TEXHOJIOTiS MOXE
CHPHUATH MacIITaOHOMY BIIPOBAPKEHHIO BOJHEBOI CHEPTETHKH [ §].

Jnst mocsiTHeHHS miei MoA0 MacIITaOHOTO BIPOBAIKEHHS BOJHEBOI EHEPTETHKH, BAXINBUM € HE JIHIIC
PO3BHUTOK HOBITHIX TEXHOJIOTiii BHPOOHHUIITBA BOJHIO, ajie¢ i aKTHBHE 3aJTy4eHHS BiTHOBIIOBATIHHUX JDKEPEN €HEeprii,
0 3a0€3MeYyloTh CTAJNICTh 1 HU3bKUH BYIJICLEBHH CIiJl. Y LbOMY KOHTEKCTI €JEKTPOJi3, K METOA OTPUMAaHHSI
BOJIHIO, NOTpeOye TNOAANBIIOT0 YIOCKOHAIEHHS Ul JIOCATHEHHs OuIbIIOi eQEeKTUBHOCTI Ta 3MEHIICHHS
BUKOPHCTAHHS JOPOTOI[IHHUX MeTaniB. [HHOBawii y cepi MeMOpaHHUX TEXHOJIOTIH, TaKUX SK po3poOka MeMOpaHu
JUIsl eNeKTpoizepiB kommaniero Evonik, BiIKpHBalOTH HOBI MOXJIMBOCTI JUIs OE3MIEYHOrO Ta EKOHOMIYHOTO
BUPOOHMIITBA BOJHIO O€3 BUKOPHUCTAaHHS TPAAMIIMHUX, 1oporux marepianis. IIporpamu, nanpuxiaan, CHANNEL,
mo peani3ywoThcss B pamkax Horizon 2020, MOXyTh CTaTW BaXXJIMBUM IIOIITOBXOM JUIS IHTErpailii MOmiOHUX
TEXHOJIOTiH y BUpOOHUYI TpotiecH B YKpaiHi. 3aBIsgky NOAIOHNM iHHOBAaiHHIM PIMICHHAM, Y KpaiHa Ma€ MOTEHITial
HE JIUIIE 3HU3UTH €HePreTUYHI BUTPATH, aJle 1 CTATH YaCTHHOIO TI00albHOI BOTHEBOI EKOHOMIKH, 3a0€3Meuyoun
O YncTe 1 eheKTUBHE eHEepreTHYHE BHPOOHUITBO. BpaxoByoun HassBHICTH 3HAYHUX NMPHUPOTHUX PECYPCIB IS
BHPOOHHUIITBA BiTHOBIIIOBAIBGHOI €HEPTil, Ili TEXHOJIOTii MOXYTh CTaTH OCHOBOIO Ui CTBOPCHHS HOBUX Tally3ed Ta
MTOKpAIIeHHs eKoJIoTiuHoi cuTyarii B Ykpaini. ToMy BpoBapkeHHS iHHOBAIIfHUX pillIeHb B €HEPTeTUIHUI CEKTOp
CTa€ BAXJIMBUM CTPATETIYHIM KPOKOM Y JOCSTHEHHI KJIIMATHYHHUX Ta €eKOHOMIYHHX LJIEH KpaiHu.

HORIZON-JTI-CLEANH2-2024-02-04 € BaxyuBUM NpoekToM y Mexax mnporpamu HORIZON JU
Innovation Actions, cipsIMOBaHMM Ha JIEMOHCTpAIIi0 IHHOBAIIMHUX PillicHb Y chepi KOMIPECIHHUX TEXHOIOTIH JJIs
BUPOOHMIITBA, 30epiraHHs Ta TPAHCHOPTYBAaHHS BOJHIO. Peamizamlis IbOro NPOEKTY CHPHUATUME 3Mil[HEHHIO
€BPONCHCHKOTO JIJEPCTBA y pPO30YAOBI BOMHEBOI 1H(PPACTPYKTYypH, 30KpeMa il TPAHCIOPTY, MPOMHUCIOBOIO
BUKOPDHCTaHHS Ta Ta3oBMX Mepex. OJHUM 13 KIIOYOBHMX 3aBJaHb € pPO3poOKa e(pEeKTUBHUX KOMIIPECOPHUX
TEXHOJIOTIH, IO TO3BOJIATh 3HU3UTU BUTPATH BUPOOHHITBA 3€JIEHOTO BOJIHIO, ITIABHIINTH €HEProe(eKTHUBHICTD i
HanifHicTh cucTeM. O4WiKyeTbes, IO PE3YAbTATH HOCIIKEHb CIPHATHMYTh CTBOPEHHIO ITOBHOMACIITaOHOTO
JIEMOHCTpaTOpa IMPOPUBHOTO Kommpecopa a0 2027 poky, a TaKoK HOTO MOJANbINil peruTikarii Ha moHaiMeHIIe
st iHmmMX Jokamisx 10 2030 poky. BakinmBoro MeTOI € 3HMKEHHS eKCIUTyaTalifHMX BHTPAT KOMIIPECOPHHX
cucteM i 3a0e3neueHHsI iXHbO1 TOBTOBITHOCTI, 30KpeMa 30UTbIICHHS TepMiHy CITy>kOu 10 20 pOKiB Ta IiABHIICHHS
cepeqHpOro dYacy Oe3BinMOoBHOI pobotu mo 60000 rommH. Y MexaxX TNPOEKTy mependadeHo 24-MicsaHy
JIEMOHCTpAIlil0 KOMIPECIHHUX PINIeHb Yy pealbHUX KOMEPLIHHMX yMOBaxX i3 BHKOPUCTaHHSM BiJHOBIIIOBaHOI
eHeprii. OcoOJMBHMI aKIEHT 3po0JEHO Ha EKOJIOTIYHUX AacleKTax, 30KpeMa MOXKJIMBOCTI BUKOPUCTaHHS
KOMITPECOPIB Y CKJIQJIHUX KJIIMaTHYHHX YMOBaX, Ha MOPChKUX IuaTdopmax, y TipCbKUX perioHax Ta BiJJaJeHHX
parionax [9].

Po3BuUTOK BOAHEBOI eHEPreTHKH B YKpaiHi MoTpedye He TiJIbKH BJIOCKOHAJIEHHS TEXHOJIOTiH BUPOOHHIITBA
BOJIHIO, ajie W iHTerpauii iHHOBaUiMHUX pilleHb y pi3Hi cdepu eHepreTnuHoi iHdpacTpykTypu. BakiuBumu
KpOKaMH{ y I[bOMY HATPSAMKY € MiITPUMKA MPOEKTIB, MO CHPHUSIIOTH PO3pOOIl HOBITHIX KOMIIPECIHHUX TEXHOJOTIH
Ut 30epiraHHs Ta TpaHCTOPTyBaHHS BOAHIO, Takux sk HORIZON-JTI-CLEANH2-2024-02-04. Llei mpoexT Moxke
CTaTH BaXJIMBHM eTaroM y (opMyBaHHI e¢(QEKTHBHUX pIlICHb I 3HIDKCHHS BUTPaT Ha BUPOOHHUIITBO i
TPAHCIIOPTYBAaHHS 3€JICHOTO BOJHIO, IO OE3MOocCepeHhO BIUIMHE Ha EHEpPreTH4Hy e(eKTHBHICTh YKpaiHu.
[HTerparis TakuX TEXHOJIOTIH 3a0€3MeYHTh CTaiCTh BOJHEBOI iHQPACTPYKTYPH Ta CIPUSITHME 3MCHIIICHHIO BUKH/IIB
BYTJICIIO, IO BiAIMOBiTa€ €BPOMEHCHKUM cTaHAapTaMm i BuMoram. Kpim Toro, peami3allis nuxX iHHOBAIild CTBOPHUTH
MOXJIMBOCTI JJIsl PO3BUTKY HOBUX Trajy3eil B YKpaiHi, 11O /J03BOJIUTH KpaiHi MOCHJIMTH CBOE CTaHOBHUILE Ha
€BPOIEHCbKOMY PUHKY BOJHEBOI CHEPI€TUKH.

Bapro 3ayBaxkuTH, 10 €Bponeicbkuii poH I iIHHOBaIiil BUAIIMB IpaHTH Ha cyMmy 4,8 MiJbspa €Bpo s 85
IHHOBALIHHUX TPOEKTIB, TPETHHA 3 SKHUX CIPSIMOBaHa HAa PO3BHTOK BOJHEBHMX TexHojorid. Lle HaibiibmIe
¢diHaHCYBaHHA 3 MOMEHTY CTBOpeHHS (oHIy y 2020 pori, mo 30iIpIINI0 3arajbHy MIATPUMKY 10 12 MUTBApIiB
€BPO Ta PO3LIMPHIO KUIBKICTH NMpoekTiB Ha 70%. 3HauHa 4YacTHHA KOWITIB Oyne CHpsSIMOBaHA HA BIPOBAJDKEHHS
€JIEKTPOJIi3epiB pi3HUX TexHojorid, 3okpema PEM, SOEC, AEM, a takox Ha NPOEKTH 3i 30epiraHHs BOAHIO, IO
JIO3BOJIUTD 301JBLIMTH 3arajbHy IOTYXHICTH enekrpoumizepiB 1o 9,3 I'Bt. Kpim Toro, ¢inancyBaHHsS cripusTMe
BupoOHHULTBY 61 KinoToHHn RFNBO-BoJHIO Ha piK, 10 JO3BOJUTH 30UIBIINTH 3arajbHi 0OCSITH MiATPUMYBAHOTO
¢douny BupoOHUITBA 10 631,5 KinoToHHM [10].

VkpaiHa Mae 3HAUHMHA MOTeHLian y cdepi BUPOOHMITBA BOJIHIO 3aBJASKH HAasSBHOCTI BiIHOBIIIOBAaHHX
JoKepen eHeprii, 1 miarpuMka 3 60Ky €C MoKe NMPUCKOPHUTH BIPOBAPKEHHS IHHOBALIMHHUX pilleHb UIS HOTro
eHeproepeKTUBHOTO BUpOOHUIITBA. Y pamkax iHimiatuBu REPowerEU mepenbadeHo akTuBi3allito BUKOPHCTAHHS
BiIHOBJTIFOBAHOTO BOJHIO JJII 3MEHIICHHS 3aJI)KHOCTI BiJl BHKOITHOTO TMajnBa, IO OCOOIMBO aKTyalbHO IS
VkpaiHn B ymoBax BilfHM Ta MicIIBO€HHOro BigHOBJIeHHS. [Iporpama Horizon Europe Ta maptaepctBo Clean
Hydrogen crnipusitors po3poO1ii mepenoBUX TEXHOJOTIN ISl 3HWKEHHsSI BAPTOCTI Ta MacmTaOyBaHHS BHUPOOHHUIITBA
BOJIHIO. BayknuBy ponb Bimirpae Takox €BpomnelHchKiii BOXHEBUI OaHK, SIKMH MIATPUMY€E CTBOPEHHSI PUHKY BOJHIO
Ta 3aJly4eHHs IHBeCTHLINH. YKpaiHa MoXe CKOpHCTaTHC MOxIuBocTsiMu criBrpari B Mexxax SET Plan ta ERA Pilot
on Green Hydrogen, 110 cnpusitumMe po3LIMPEHHIO AOCTITHULBKUX IPOEKTIB Y cepi BoaHEeBOI eHepreTuku. OgHuM
i3 NMEpCHEeKTHBHHUX HANpsMiB € CTBOPEHHS BOJHEBUX JOJMH, IO BXE MIATPUMYIOThcs Komtom 3ryproBaHoCTi
(Cohesion Fund) Ta Connecting Europe Facility. Oco6muBo akryansHum € npoext GreenHyScale, mo no3Bossie
TeCTyBaTH MaclTabHe BUPOOHHMITBO BOAHIO Ha OCHOBI €JIEKTpOJI3epiB. YKpaiHChKI YHIBEPCHTETH Ta HaBYaJbHI
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3aKJIaIM MOXYTh Joiy4uthcs no imimiatuBu European Hydrogen Academy ta mpoekty GreenSkills4H2, ski
CHPUSIOTH MIATOTOBIII CHEIIaJICTIB Y BOTHEBiH eKoHOMIIli. BayknmuBuM actiekToM Takox € criBmpars Ykpainu 3 €C
y Mexax MbkHapomHoi iHimiatmBu Mission Innovation — Clean Hydrogen Mission, ska copsmMoBaHa Ha
imeHTU}IKaIlI0 Ta pO3BUTOK BOJHEBUX JOJHH y BCbOMY CBiTi. OKpiM TOTO, IepeadadaeTbes po3pooka iHCTPYMEHTY
JUISL OLIIHKM MOTEHINiany BUPOOHMITBA BOAHIO B YKpaiHi Ta MOXJIMBOCTEeH ioro excmopty no €C, mo craHe
B)XJIMBUM KPOKOM JIJIsl iHTerpanii KpaiHu B €Bponelchbkuid BOAHEBUH puHOK [11].

3 oAy Ha 3a3HayeHE BHIIE, 3ayBaKMMO, 110 PO3BUTOK BOJHEBOI EKOHOMIKM B YKpaiHi Oe3noceperHbo
NOB’sI3aHUH 13 €BPONEHCHKUMHU IHILIaTHBAaMU Ta (hiHAHCOBOIO MIATPUMKOIO, IO BiAKPUBA€E HOBI MOKJIMBOCTI I
iHHOBalliil B eHepreTUuHii cdepi. €Bponeiicbkuil GoHJ iHHOBaUil, 110 BUAIIMB TPAHTH HA PO3BHTOK BOJHEBUX
TEXHOJIOTiH, CTaB BaKJIMBUM YMHHUKOM Y (POpMyBaHHI KOHKYPEHTOCHPOMOKHHMX BOJHEBHMX PHHKIB, IO CIIPHSE
3MCHIICHHIO BYTJICLEBUX BHKHIIB. BpaxoByloun moreHmian YKpaiHH y BHPOOHHIITBI BiJHOBIIOBAJIBHOI €HEprii,
(hinancoBa migTpuMKa 3 60kxy €C Moke CTaTH OCHOBOIO JUIA BIIPOBAKCHHS HOBITHIX TEXHOJIOTiH €JIEeKTpOIi3y Ta
CTBOPCHHS NOTYXKHOI BOIHEBOI iH(pacTpyKTypH B KpaiHi. [Himiatusu, taki sk REPowerEU ta Horizon Europe, €
mwiatpopMaMH Ui CIIIIBHOI POOOTH HAJA 3HIKCHHSAM BapTOCTI BHPOOHHWIITBA BONHIO Ta WOTO iHTEerpamii B
eHepreTudHi cucteMu kpaid €C, mo BiAKpHUBaE MOXJIIMBOCTI Ui cmiBmpani 3 YkpaiHot. Kpim Toro, cTBOpeHHS
BOJHEBUX JONWH B YKpaiHi, sk dactuHa mporpam Cohesion Fund ta Connecting Europe Facility, mo3Bomuts
peanizyBaTh MacIITaOHI NPOEKTH, IO CIPHATHMYTh €KOHOMIYHOMY PO3BUTKY Ta TEXHOJOTIYHOMY IpPOTpecy B
raiysi. CoinbHi 3ycuiuis Ykpainu Ta €C y pamkax nporpamu Clean Hydrogen MoxyTh Takox 3a0e3nednTy KpaiHi
JIOCTYII IO TIEPEIOBUX TEXHOJIOTIH 3 BUPOOHHIITBA, 30€piraHHs Ta TPAHCIIOPTYBAHHS BOJAHIO. Ba)ITHBOIO CKJIaI0OBOIO
€ W yd4acThb YyKpalHCBKMX HAyKOBO-IOCHIIHMX YCTaHOB Yy iHimiatuBax European Hydrogen Academy Ta
GreenSkills4H2, sixi cripusirOTh MiArOTOBIN KBadi(ikOBaHUX KalapiB y BomHEBii cdepi. Kpim Toro, mapTHEpCcTBO 3
MDKHApOZHAMH IPOEKTaMH, TakuMu sk Mission Innovation, mo3Boisie YKpaiHi JOMYIHTHCS O TIOOAIBHUX
MPOLIECIB PO3BUTKY BOJHEBOI CKOHOMIKH. Bce 1ie CTBOpIOE yMOBH AJSI PO3BUTKY €()EKTHBHOTO PHHKY BOJHIO B
VYxpaini Ta ii iHTerpamii 10 €BpONEHChKNX SHEPreTHYHUX MEPEeX, [0 CTaHE BAXIMBHUM €TaloM y 3a0e3ledeHHi
EHEepPreTUIHOI Oe3MEeKH KpaiHu.

BUCHOBKH 3 JAHOT'O JOCJIIAKEHHA
I IEPCHEKTUBHU NIOJAJIBIINX PO3BIAOK ¥ JAHOMY HAIIPAMI

[MincymoByrouH, 3a3Ha4MMO, IO BOJHEBA CHEPreTHKA € BAXKJIMBUM HAIPSIMOM JUIS JTOCSATHEHHS CTaJloro
EHEPreTUYHOr0 MailOyTHROrO YKpaiHH, OCOOJMBO B KOHTEKCTI MEPEXOIy JO BiIHOBIIOBAHHX JDKEPEN CHEPIii.
IHHOBaMHI TexHOJOTI], 30kpeMa B c(epi eneKTpoi3epiB i TPaHCIIOPTYBAHHS BOJHIO, MAlOTh IOTEHIlal 3HAYHO
MIABUIIUTY epEeKTUBHICTh BUPOOHHIITBA BOJHIO i 3HU3UTH BUTPATH eHepril. BpaxoByroun 3HauHI NpUpoIHI pecypcu
VYkpaiHy, Taki SK COHSYHA Ta BITPOBa E€HEPris, € MOXJIMBOCTI JUIs PO3LIMPEHHS BOJHEBOI €KOHOMIKH dYepes3
IHTerpamilo BiJHOBJIIOBAIBHUX JKepen eHepril. Kio4oBMMHM 3aBIaHHSIMH € BIOCKOHAJCHHS TEXHOJIOTIH
BUPOOHHWIITBA BOIHIO, 3MCHIIICHHS 3aJIeKHOCTI BiJl KPUTHYHHX MarepialiB i MiJABHIICHHS TEPMiHY eKCIUTyaTarii
enekTpomizepiB. Po3BuTok iHHOBamii y cdepi MeMOpaHHMX TEXHOJOTIH Ta KOMIIPECIHHUX pIMICHb OIS
TPaHCIIOPTYBAaHHS BOJIHIO TaKOX CIPUATHUME 3HIKECHHIO BUTpAT Ta MiJBHIIEHHIO eHeproeeKTHBHOCTI. [HTEerparmis
TaKMX TEXHOJOTIH B €HEpPreTH4Hy iH(PpacTpyKTypy YKpaiHd 103BOINTH 3HU3UTH BUKHIM CO7 i CIPUATH CTajIoOMy
po3BUTKY Kpainn. BomnHouac peamizamis mpoektiB, Takux sk HORIZON-JTI-CLEANH2-2024-02-04, Oyne
BOXJIMBUM €TalloM Ha LUIIXY 0 3MIl[HEHHsS BOAHEBOI 1H(QPACTPYKTYpH Ta iHTerpauii BOJHEBOI €HEpPreTHKU B
rJ00aIbHy eKOHOMIKY.
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