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Po3rnaHyTo HaMakTyanbHiWy npobaemy nannBHoO-eHepreTUyHoi cTpaTerii XXI cT. Bneple npoaeMoHCTpoBaHO
Pi3HOBEKTOPHICTb MiAX0Ay aBTOPIB A0 TEOPETUYHUX Ta NPUKNAAHMX NPOBIEM BOAHEBOI EHEPreTUKMN.

BucaitneHo 3aranbHi NUTaHHA GyHAAMEHTaNbHO-NPUKNALHUX aCNEKTIB MOXOAXKEHHA BOAH!O.

HaBefeHo pe3ynbTaTv HayKOBUX PO3POOOK 3 KapTyBaHHA BOAHIO, BUKOHAHUX Y PaMKax HAaYKOBUX i MPaKTUUHUX
NOLUYKOBMX i F@OEKONOTYHUX A0CNiAxKeHb Ha noHag, 200 ByrneBogHeBMX 06'eKTax Ha CyXxoAoNi (BK/tOYaKoUM WaxTHi Nons)
Ta B MOPCbKMX aKkBaTopifx. O6rpyHTOBaHO NPOrHO3HO-NOLLYKOBI CUCTEMHI KpUTepIi, Ae CKNag0BOo YaCTMHOK KOMMNIEKCY
METOAMYHUX pilleHb BNepLue B MOLWYKOBI NPaKTULi BUKOPUCTOBYBABCA BOAEHD.

MoKa3aHOo Ba*K/IMBICTb BUPILLEHHSA NPo61eMn receKoNoriYHMX NPOLLECIB | NoAiN Yy WaxXTHUX BUPOOKax Ta cBepa/10BU-
Hax, 3 AKMMM NOB’A3aHI YNCNEHHI KaTacTpodK. 3a baraTbMa AOCNIAKEHHAMM WAXTHUX MACUBIB HABOAUTLCA PO3POHAEHNI
KOMMNEKC ynepeaKyBasbHUX 3aX04iB Ta KPUTEPIIB, LLLO YHEMOXKAMBAOIOTL BUBYXxoHebe3neuHi npouecy.

HaBeneHO HaABHICTb YHIKa/IbHOrO NPUPOAHOIO KOMMEKCY CKIaf0BMUX BOAHEBOI TEXHO/OTIT, COHAYHWNX Ta BITPOBUX
eHepropecypciB Ta NPiCHMUX BOA NpUAYHANCbKMX 03ep Ta [lyHato.

BigobparkeHo BupiwanbHy ponb YKpaiHW B 3MaraHHi 3a NepLuicTb y HayKOBUX po3pobKax. Bneplue y cBiTOBIl Npak-
TULi 06I'PYHTOBAHO BNPOBAaAMKEHHA r06asibHUX MPOEKTIB 3 BUA0OYBAHHA Ta BUPOOHULTBA 3e/1€HOro Ta 6inoro BogH!o.

TexHonoria anpoboBaHa Ha YNCAEHHUX POAOBULLAX BYINEBOAHIB, BOAHUX PECYPCIiB i B LLAXTHUX BUPOOKaAX, i TOMy
Ma€ BCi nepcnekTeu ans eGeKTMBHOIO 3aCTOCYBAHHA MPU MOLyKaXx i BUAOOYTKY BOAH!O.

Lla moHorpadia moxke 6yTn KopucHoto Ta iHbopmaTUBHOIO ana daxisuis y ranysi reonorii HadpTH i rasy, 3araibHoi
Ta perioHanbHOI reonorii, rigponorii, OXOPoHW AOBKINAA, CTYAEHTIB Ta acnipaHTiB NaAMBHO-eHepreTMyHoro, Hadptoraso-
reo/Iori4yHOro i rigponoriYyHOro HanPAMIB, a TaKOX BITUM3HAHUX | 3apybiKHNX iHBECTOpIB.

The research studied the pressing problem of the fuel and energy strategy of the XXI century. For the first time,
there was shown the diversity of the authors' approach to theoretical and applied problems of hydrogen energy.

General issues of fundamental and applied aspects of hydrogen origin were covered.

The study provides the results of scientific developments on hydrogen mapping performed within the framework
of scientific and practical exploratory and geo-ecological research on more than 200 hydrocarbon objects both on land
(including mining fields) and in marine water areas. Prognostic and search system criteria were substantiated, with
hydrogen being used for the first time as a component of the complex of methodical solutions in the search practice.

The research showed the importance of solving the problem of geo-ecological processes and accidents in mine
workings and wells, connected to numerous disasters. According to numerous studies of mine massives, a set of preventive
measures and criteria that prevent explosive processes was provided.

The presence of a unique complex of natural components of hydrogen technology, solar and wind energy resources
and fresh waters of the Danube lakes and the Danube was stated.

The study emphasises the decisive role of Ukraine in the competition for primacy in scientific developments. For
the first time in world practice, the implementation of global projects for the extraction and production of green and
white hydrogen was substantiated.

The technology was tested on numerous hydrocarbon deposits, water resources and mine workings and therefore
has all the prospects for the effective application in the search and extraction of hydrogen.

This monograph can be useful and informative for specialists in the fields of oil and gas geology, general and
regional geology, hydrology, environmental protection, as well as for the students and postgraduate students of fuel and
energy, oil and gas geological and hydrological areas, as well as for domestic and foreign investors.
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BctynHe cnoBo

OsaekcaHdp PenkKiH
IIpe3udenm EnepzemuyuHoi acoyiayii
«YKpaiHcbka eodHesa pada»

IIprckopeHe BIpoBaKEHHS BiTHOBIIFOBAHHX KEPET eHep-
rii 3a104aTKyBajio rodaabHy eHepreTHIHy TpaHcgopma-
Iif0: BOAEHB OYyJIO BH3HAYEHO K BAXKIUBY IIAPHHY IS
MOZIANIBILIOTO aHaJli3Y, BPaXOBYIOUH HEIOaBHIN CIUIECK
3amikaBieHoCTi. Kinpka pa3iB y MUHYIIOMY BOIEHB MPH-
BEpPTAaB BEJIUKY yBary, aje 3aJIMIIaBcs
HIIIIEIO B II00ATEHOMY €HEPreTHIHOMY
auckypei. CborozHi (hoKyc HOMITHKY €
Oe3mnpereIeHTHUM, BPaxOBYIOUH HOTO
LHEHTpaJIbHY POJIb Y JeKapOoHizamii
eHepreTuku. BomeHs cTae yHiBepcaib-
HUM €KOJIOTIYHO YUCTHM €HEProHO-
CieM, TI10 TIOB’SI3y€ pi3Hi Tamy3i eKOHO-
MiKH, TiIBULIYIOUH iX e(h)eKTUBHICTD
Ta 0e3meKy. 30KpeMa, BUKOPUCTAHHS
«3€eNIeHOT0» BOJHIO 3yMOBJICHO Harasb-
HOIO TOTPeOOI0 y BUPIMICHHI OHi€]
3 HAUBKJIMBIILIMX NPOOJIEM CBITOBOTO
PIBHS — 3MIHH KIIIMaTYy.

[ToOynoBa rmobanbHUX JaH-
II0KKiB BapTOCTI YHCTOTO BOIHIO
NpUHECe Fe0CKOHOMIYHI Ta reonoi-
TUYHI 3MiHK. HaliBayxuBimmm € Toi
¢haxT, Mo «3eNeHui» BOJAECHb MOXE 3MIHUTHU IpaBHia
TpU 7S 3MCHIICHHS BUKHIIB 1 TOCATHEHHS KIIMaTHd-
HOT HEHTPAJILHOCTI, HE MEPEIIKOPKAIOUH EKOHOMIYHOMY
Ta COMIALHOMY PO3BUTKY. TpaHchopMariiitHi MOKIMBOCTI
BOJIHIO BUXO/SITh 33 MEXKi HOro OLiHOYHOT pUHKOBOI Bap-
TocTi. Bomens Haitkpare po3risaaTé sSK yHIBEpCaTbHHUMA
SHEProHOCIH, KUl MOXKe CHPHUITH iHHOBALisIM y Oara-
TBOX TaNTy3sX i cekropax. [llo me BakmBiImIe, MOMTOBX
JI0 PO3POOKH YKCTOTO BOJHIO SIK OCHOBHOTO HOCIsl €HEpTii,
HMOBIpHO, TOPYIIUTE TOTOYHI JTAHITFOXKKH BAPTOCTI €HEp-
Tii Ta CTBOPUTH MOXIIMBOCTI JUTs OUTBIIOT KITBKOCTI KpaiH
BiJirpaBaTé 3HAYHY POJIb Y BOAHEBIH €HEPTeTHUIIi. 3r00M
e MOKE HaBiTh NPU3BECTH [0 a0COIIOTHO HOBOI EKOHO-
MivHO1 reorpadii mMPOMHUCTIOBOI TisITBHOCTI. 3apa3 ypsau
PI3HHX KpaiH MaroTh YHIKaJbHY MOXJIUBICTb C(HOPMYBaTH
MacImTadHy MOSBY 3eJIEHOTO BOIHIO, CIIPHUSIOYN CTBOPEH-
HIO PUHKIB, SKi CIPUSIOTH EHEPreTHUHIH TpaHcopma-
I1ii, YHUKAIOUX iICHYIOUHX OOMEKEeHb 1 Hee(peKTUBHOCTI,
3MEHIIYIOYM HEPIBHICTD 1 BIUIMBAIOYM HA TEOMOTITHYHI
pe3yabTaTH B HAMPSMKY YHCTIIINX 1 CIPaBEIHBIIINX
CHEPTETHYHUX CHCTEM.

VkpaiHa i1eaTbHO pO3TaIoBaHa Jis TOTOo, o0 cTa-
TH OIHHMM 3 OCHOBHHX MOCTa4YaJIbHUKIB «3€JIEHOT0» BOIHIO
st €Bpony. 3aBISIKK CBOTH BEJHMKIH TepuTopii Ta y30e-
pexokio HopHoro Mops KpaiHa Mae BEeTMYE3HHH HEBUKO-
PUCTaHWH MOTEHITIA U Ha3eMHOI Ta MOPCHKOi BITPOBOT
Ta COHSYHOI eHeprii. YKpaiHChKa ra30TpaHCIIopTHA CHCTEMA
MOJKe OyTH TIepeopiEHTOBAHA Ha TIOCTAYaHHSI 3¢7ICHOTO BOI-
HI0. BukvkiB 6araro, ane i MOKIMBOCTEH TEK.

Introduction

Oleksandr Riepkin
President of the Energy Association
«Ukrainian Hydrogen Council»

The accelerated implementation of renewable energy
sources has ushered in a global energy transforma-
tion — hydrogen has been identified as an impor-
tant area for further analysis taking into account
the recent surge of interest. Hydrogen attracted
a lot of attention several times in
the past, but it remained a niche in
the global energy discourse. Today,
the policy focus is unprecedented,
taking into account its central role
in energy decarbonisation. Hydro-
gen is becoming a versatile envi-
ronmentally friendly energy carri-
er that connects various sectors of
the economy, increasing their effi-
ciency and safety. In particular, the
use of “green” hydrogen is due to
the urgent need to solve one of the
most important global problems —
climate change.

The construction of global
pure hydrogen value chains will
bring geoeconomic and geopolit-
ical changes. Most importantly, green hydrogen
can be a game changer for reducing emissions and
achieving climate neutrality without hindering eco-
nomic and social development. The transformation-
al potential of hydrogen goes beyond its estimated
market value. Hydrogen is best thought of as a ver-
satile energy carrier that can drive innovation in
many industries and sectors. More importantly, the
push to develop clean hydrogen as the main ener-
gy carrier is likely to disrupt current energy value
chains and create opportunities for more countries
to play a significant role in hydrogen energy. Eventu-
ally, it may even lead to a completely new economic
geography of industrial activities. Governments of
different countries now have a unique opportunity
to contribute to the large-scale emergence of green
hydrogen by helping to create markets that facilitate
the energy transformation, avoiding existing con-
straints and inefficiencies, reducing inequality and
influencing geopolitical outcomes towards cleaner
and fairer energy systems.

Ukraine is ideally situated to become one of
the main “green” hydrogen suppliers to Europe. Due
to its large territory and the Black Sea coast, the
country has a huge untapped potential for onshore
and offshore wind and solar energy. The Ukrainian
gas transportation system can be reoriented to the
green hydrogen supply. There are a lot of challenges,
but there are also a lot of opportunities.




r0JIOBHUA PEJIAKTOP

Irop IMuTpoBUY
BAI'PIN

3aBizyBad Bif/iisly reoekoJiorii Ta noury-
KOBHUX JAOCJiJKeHb |[HCTUTYTYy reosoTivyHUX
Hayk HAH Ykpainu, JOKTOp reoJIOrTiYHUX HayK,
npodecop, akageMik Ykpaincbkoi HadTOTaso-
Boi akazeMii. Po3po6HHUK HOBOI MeTO/0J10Til
NOIIYKIiB KOPUCHUX KOMaJUH (BYIJIEBOJHIB,
BOJIHIO, TeJIi10, Mi/I3eMHUX BOJI) IK HA CyX0/10-
JIi, TaK 1 Ha MOpi i3 3aCTOCYBaHHAM KOMIIJIEKCY
IPUNOBEPXHEBUX CTPYKTYPHO-TEPMO-aTMO-
riApoJioro-reoxXiMiyHUX MeTOLIB AOCJiAXKeHb
(CTATTA).

BukoHaHH# 0/1IbOBUX, IaOOPaTOPHO- aHa-
JIITUYHUX, reoiHopMaIliiHUX POGIT i3 moimykiB
KOPUCHHX KONIAJIMH Ta Fe0eKOJIOTIYHUX J0CIi-
J)KeHb 3a6e3MevyeThCcs cneliaJlbHUM anapa-
TYPHUM KOMILJIEKCOM, pO3p06JIeHUM Mif KepiB-
HHULTBOM Ta 3a aBTOpCcbKoOI yuyacTi L. /[. barpis.
MeTtonuka CTAIT/| Ta cTBopeHi anapaTypHI
KOMILJIEKCH 3axullleHi /lep>KaBHUMHU MaTeHTaMU
Ykpainu i CBifoLTBaMM Ha peecTpalito aBTop-
CbKUX MpaB.

ABTop Ta cniBaBTOp NoHa/ 125 HayKOBHUX
ony6JiKoBaHUX Po6iT, 3 AKUX 21 MoHOoTrpadis,
90 crarteii, 15 BUHaxo/1iB (MaTeHTH Ta aBTOPCHKIi
cBifonTBa). 3a KOMIIJIEKC POOIT, MOB’I3aHUX
3 IOKpAIlleHHAM eKOJIOTIYHOr0 CTaHy ripHUY0-
MPOMUCJOBUX PAWOHIB i MPOMUCIOBO-MiChKUX
arjoMepalid YkpaiHu, yJOCTOEHUU 3BaHHA
naypearta [lepxaBHoI npeMil YKpaiHu B raayasi
HayKU | TeXHIKH, JiKBilaTOp HACAILKIB aBapil
Ha YAEC.

EDITOR-IN-CHIEF

Thor Dmytrovych
BAGRIY

Head of the Geoecology and Exploration
Research Department of the Institute of Geolog-
ical Sciences of the National Academy of Scienc-
es of Ukraine, Doctor of Geological Sciences, Pro-
fessor, Academician of the Ukrainian Oil and Gas
Academy. The developer of a new methodology for
prospecting for minerals (hydrocarbons, hydro-
gen, helium, underground water) both on land and
at sea using a complex of near-surface structural-
thermo-atmosphere-hydrologic-geochemical
research methods.

The performance of field, laboratory-
analytical, geo-informational work on the search
for minerals and geo-ecological research is
ensured by a special equipment complex, devel-
oped under the leadership and with the author's
participation of I. D. Baghria The STAGGD meth-
odology and the created hardware complexes are
protected by State patents of Ukraine and Certifi-
cates of copyright registration.

Author and co-author of more than 125
scientific published works, including 21 mono-
graphs, 90 articles, 15 inventions (patents and
copyright certificates). For a complex of works
related to the improvement of the ecological con-
dition of mining and industrial areas and indus-
trial urban agglomerations of Ukraine, he was
awarded the title of laureate of the State Prize of
Ukraine in the field of science and technology, lig-
uidator of the consequences of the accident at the
Chernobyl nuclear power plant.




[Tana Pumcbkuit @paHiUCK 3aKJIUKaB /10 Heramu-
HUX J[i{ 1JI1 BUPIIIeHHS KJIMaTU4YHOI KPU3H.
[maBa CBATOro NpecToJiy 3allpONOHYBaB TPU
HallPAMKHU [iJIbHOCTI y CBOEMY BiJle03BepHEHH]
y paMKax KaMIaHii «3BOPOTHUHN BiJIJIiK».

Ha nymky I[onTtudika, HeobxidHo suxosy-
eamu 8 /11005X yCc8I00MAEHHS
HegiddinbHOCMI npobaem
008KiAA51 810 NH0O0CbKUX
nompeb, 3abe3neyumu
docmyn do npodosgoabcmasa
ma numHoi eodu, a makoic
nocmynoeo i o0Hovac Hezali-
HO 3amiwamu 6UKONHe naau-
80 Hucmumu dxcepeaamu
eHepeii.

MoxHa «irHOpyBaTH
TArap He3aMOXHHUX I KaTy-
BaTU» IJIAHETY, @ MOKHA 3MiHIOBATU HUHIIIHIH
CMOCi0 >KUTTS «Ha BCiX piBHAX», HAr0JIOCUB IJ1aBa
CBdaToro npecroJy.

Yepes m106a/ibHe NOTENJIIHHA JIOACTBO
MOXKe He JO0KUTH 1,0 HACTYIIHOTIO CTOJIITTS, —
Opranisanisa 06’eananux Hanin (OOH).

OOH, 5 kBiTHsa 2022 poky (Ciubxya) —
Ao ypsaau y BCbOMY CBITI He NeperjsaHyThb
CBOI eHepreTUYHY NOJIITHUKY, CBIT CTaHe HENPU-
JATHUM JJ1d KUTTA. [1po Lie 3asaBUB reHepaJbHUI
cekpetap OOH AnToHiy ['yTeppelll, KOMEHTYIOUYHU
OCTaHHI BUCHOBKH Mi>KHapOHOI IPyIH eKCIiep-
TiB 1070 3MiHU KJjaimMaTy (MI'E3K).

lenepanbHui cekpertap OOH AHTOHIY
['yTeppew Harazas, 110, 32 JAHUMU BYEHHUX,
HeoOXiIHO YTPUMYBATH NiJiBUILEeHHS IJ106a/b-
Hoi TemmnepaTypu Ha piBHi 1,5 °C. [IpoTe Hapa3si
1bOTO LIje He CIIPOMOTIJIACA JOCATTH.

«Minvsapou awdell 8 ycboMy ceimi 8ixce
cmpaxcdaroms 8id Hawoi 6e3disiabHocmi. Yepe3
B8KOpIHEHY 3a/1eHCHICMb 8i0 BUKONHO20 NAAU8A MU
mynyremo Ha micyi. [1106aabHI KaiMamuyHi 3MIHU
cnpu4uHsIlOMb 6eanpeyedeHmHi aicosi noicedxci,
IHmeHcusHI I yvacmi YUuK/A0HU, NOBEHI, hocyxu
ma iHWi ekcmpeMa/ibHi N0200HI 1I8UWA», — HATO-
JIOCUB BiH.

Horo koMeHTapi Bifjo6pakaloTh HaIo-
JIerJIMBIiCTh MiXKypsAA0BOI TpyNy eKCIEePTiB 3
nuTaHb 3MiH kaiMmaty (MI'E3K) y Tomy, 1o Bci
KpalHU MalOTh CYTTEBO CKOPOTUTH CIIOKHUBAHHSA
BUKOITHOT'O NIAJINBA, PO3LIMPUTH JOCTYI J10 eJIeK-
TpoeHeprii, NiBUILUTH eHeproePeKTUBHICTb
Ta 361/IbIIUTH BUKOPUCTAHHS aJIbTePHATUBHUX
BU/IiB NIAJIMBA, TAKUX, 1K BOJEHb.

Ao 3axo1iB He 6y/1e BXKUTO HANUOJIMKIUM
4acoM, JAesiKi BeJIMKi MicTa ONMHATbLCA MiJ, BOJOI0,
3aaBUB A.T'yTeppell y Bi/le03BepHEHHI, IPOTHO-
3yI04M «be3npeneaeHTHI XBUJIi ClIEKH, KaxXJIUBI

Pope Francis called for immediate action to
solve the climate crisis. The Head of the Holy
See proposed three areas of activity in his video
message as part of the «Countdown» campaign.

According to the Pontiff, it is necessary to
educate people about the inseparability of envi-
ronmental problems from
human needs, to ensure
access to food and drinking
water, and to gradually and
at the same time immediately
replace fossil fuels with clean
energy sources.

You can «ignore the
burden of the poor and tor-
ture» the planet, and you can
change the current way of
life «at all levels», the head
of the Holy See emphasized.

Due to global warming, humanity may not live
into the next century, — United Nations (UN).

UN, April 5, 2022 (Xinhua) — unless gov-
ernments worldwide reassess their energy poli-
cies, the world will be unlivable. This was stated
by UN Secretary General Antonio Guterres, com-
menting on the latest conclusions of the Inter-
national Panel of Experts on Climate Change
(IPCC).

UN Secretary General Antonio Guterres
reminded that, according to scientists, it is nec-
essary to maintain the increase in global tem-
perature at the level of 1.5 °C. However, he has
not yet managed to achieve this.

«Billions of people around the world are
already suffering because of our inaction. Because
of our entrenched dependence on fossil fuels, we
are trampling in place. Global climate change is
causing unprecedented forest fires, intense and
frequent cyclones, floods, droughts and other
extreme weather events,» he stressed.

His comments reflect the IPCC’s insistence
that all countries must significantly reduce fossil
fuel consumption, expand access to electricity,
improve energy efficiency and increase the use
of alternative fuels such as hydrogen.




IITOPMHU, TIOBHUU GpakK BOAU Ta 3HUKHEHHS MiJb-
VOHIB BU/|iB POCJIUH Ta TBAPUH».

BucokonocrtaBaenuit npejcraBHuk OOH
Jl0/1aB, 1110 «1le He BUTra/iKa i He nepebiibIlIeHHS.
Ak kaxe HayKa, Lie Te, 110 CTaHe pe3yJIbTaTOM
Halllol HUHIIIHBOI eHepreTU4YHO1 NOoJITUKU. Mu
3HAXO0/JUMOCS Ha IJISAXY /10 [1I06a/JIbHOTO MOTe-
IJIIHHSA, SIKe GBI HiXK y/IBiUi epeBUIIMTD rpa-
HUYHUM piBeHb 1,5 rpajsyca «3a LleabcieM», AKUM
6yB y3ropkeHul y [Tapuxkiy 2015 poui.

Haziaroun HayKoOBIi JOKa3Uu HA MiATPUMKY
i€l )kax/InBoI OLiHKHY, y aonoBiai MI'E3K, nHanu-
CaHi¥l COTHSIMM NPOBIHUX yYEHUX Ta CXBaJIeHil
195 kpaiHaMy, 3a3Ha4a€ThCH, 1[0 BUKUY TapHU-
KOBUX r'a3iB, CHpUYUHEHI Ai9/bHICTIO JIO/CTBA,
36inbwuamncsa 3 2010 poKy «B yCix OCHOBHHUX
CEKTOpax y BCbOMY CBiTi».

Hamousisrarouu Ha MOXJIMBOCTI CKOPOTUTH
BUKUAU BABIYi 10 2030 poky, MI'E3K 3akiinkasa
yPSAAY aKTUBI3yBaTH JAii 1110/10 0OMeKEHHSI BUKHU-
JIiB Ta NOLIYKiB aJIbTEPHATUBHUX €EHEPTeTUYHUX
JOKepeJ.

MTI'E3K Takox BiTaJla 3Ha4uHe 3HUKEHHA
BapTOCTI BiZJHOBJIOBAHUX Jixkepest eHeprii 3 2010
POKY, 30KpeMa 3HWKeHHsI Ha 85 BiJicOTKiB Bap-
TOCTi COHAYHOI Ta BiTpOBOI eHeprii, a TaKoX
GaTapei.

AnToHiy ['yTeppelll ponoHy€e TaKUU MJIaH:

e IpiopuTeTHI iHBecTULii B «3eJieHi» po6o-
4i Micig;

e Bi/IMOBa Bi/l iITPUMKHU rajiy3ei mpoMuUc-
JIOBOCTI, 1110 3a06pyAHIOIOTh JIOBKIJJISA;

e IPUNUHEHHS Cy6CUAYBaHHSA NiANpU-
EMCTB, sIKi 3aliMalOThCA BUJ00YTKOM i lepepoob-
KO0 BUKOITHOTO NaJINBa;

* PO3paxyHKH KJIIMaTUYHUX PU3UKIB IIpU
NPUHHATTI 6y1b-AKUX GiIHAHCOBUX i MOJIITUYHUX
pilieHs;

e yio6aJIbHE CIiBPOGITHUIITBO 32 MPUHITU-
[IaMH B3aEMO/J0IIOMOTH i COiZapPHOCTI;

e fOIOMOTA JeprkaBaM, AKi BiACTalOTh
B 60pOTHOi 3a 3J0pOBUH KJIiMAT Ha MJIAHETI.

. -
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If action is not taken soon, some major
cities will be under water, A. Guterres said in
avideo address, predicting «unprecedented heat
waves, terrible storms, total lack of water and
the disappearance of a million species of plants
and animals.»

The high-ranking representative of the UN
added that «this is not a fiction or an exaggera-
tion. As science says, this is what will result from
our current energy policies. We are on track for
global warming to more than double the 1.5
degrees Celsius limit agreed in Paris in 2015.

Providing scientific evidence to support
this dire assessment, the IPCC report, written by
hundreds of leading scientists and endorsed by
195 countries, notes that human-caused green-
house gas emissions have increased since 2010
«in all major sectors worldwide.»

Insisting on the possibility of halving emis-
sions by 2030, the IPCC called on governments
to step up actions to limit emissions and search
for alternative energy sources.

The IPCC also welcomed the significant
reduction in the cost of renewable energy since
2010, including an 85 percent reduction in the
cost of solar and wind power, as well as batter-
ies.

Antonio Guterres proposes such the plan:

e priority investments in «green» work-
places;

e refusal to support industries that pollute
the environment;

e termination of subsidization of enterpris-
es engaged in extraction and processing of fossil
fuels;

e climate risk calculations when making
any financial and political decisions;

« global cooperation based on the princi-
ples of mutual aid and solidarity;

e assistance to countries lagging behind in
the struggle for a healthy climate on the planet.

e 5

e

Photo: AFP / Science Photo Library / Victor de Schwanberg
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FA3OrEOXIMIYHUIA MOHITOPUHTI
KOPO3IMHUX NPOLIECIB, PO3POBKA
TA BNPOBAXEHHA BE3MNEYHOI
TEXHONOTrII 3ANOBITAHHA
OXPYMYYBAHHIO MPU EKCNAYATALLIT
MATICTPAZIbHUX FTA3OrOHIB

Tpy6onpoBoau A/ HAQTU Ta ra3y Npy HAABHOCTI
KOPO3il-0Xpyn4yBaHOCTI MeTaly CTBOPIOIOTh 3HAY-
Hi pU3UKHU PYWHYBaHb Y CUCTeMaX IIPOMHUCI0BOIO
Ta MaricTpajbHOI0 TPAHCIOPTY Byr/ieBOAHIB. OHa
3 OCHOBHUX IIPUYHMH TAKOT0 NIPOLeCY, AKUH MPOTi-
Ka€ MiJl i30JSI1[iHHUM NOKPUTTSAM, 3HAXOJUThCS,
3a IaHUMHU 6araTbox JOCIiHUKIB, ¥ 30HI NPOSBIB
BOJIHEBUX aHOMAaJiH. ¥ TaKUX MicCISX i30JIsILiM-
He OKPUTTS Ha TPyOONPOBO/AI BiZjlIapoOBy€ETbCSA
Bi/l MeTaJly, BAHUKAIOTh MIKPOTPIIIUHU Ta IOPY;
B pe3yJIbTaTi BOJIOTA MOIIUPIETHCH HA 30BHIILHIN
NOBEePXHi TPyOHU i BUKJIMKAE KOPO3iiHi mpoie-
cu — oxpynyyBaHHdA. KpiM Toro, He BUKJIIOYe-
HO, 1[0 KOPO3id NOCUJIOETHCA eJIeKTPOXIMIYHUMHU
NpoLecaMy, a TAKOX 3a paXyHOK NiATOKIB ra3oBol
nudysii razy-BoiHIO 3 MAaHTIHHUX TOBII, 10 Pop-
MYETBHCA B 30HaxX po3TalllyBaHHA TPy6OIPOBOAA.
fAx Ha/;3BUYaHO NPOHUKHUIU a3, BOJIeHb PU3BO-
JUTDb [10 34y TTH, BiALLIAPOBYE i30JI41it0 i P BUXOAI
yepes3 MiKpOMOpH Ta TPILUHU TOKPUTTSA PO3LIUPIOE
JiebeKTH, CTBOPIOIOYU MOXKJIMBICTD He TiJIbKH MIPO-
HUKHEHHs BOJIOTH JI0 IOBEPXHi TPy6, a i 6e3mnoce-
peAHbO BIJIMBAE HA MILHICTb MeTaJly, BUKJIUKAY1
KOpO3it0 Ta TPIIMHYBATICTh — OXPYN4YyBaHHA.
3a pe3ysibTaTaMU NIPOBeleHUX JOC//PKeHb, IpolLie-
CU OXPYMYyBaHHS NPOXOAATD 3/1€61/1bIIOr0 B 30HAX
IPOXO/PKEHHS TPyOOINpPOBOAiB 10 HAQTOra30HO-
CHUX CTPYKTYpaX, Jie piKCyITbCsS BUXOAH BOAHIO.
Y Ham 4ac y cBITOBIM NpaKTHUIli BUSBJIEH-
HSl Ta JioKaJi3alisg KOpo3iMHUX MOIIKO/KeHb
TPy06OINpOBO/iB NPOBOAUTBLCA JBOMAa OCHOBHUMH
cnocobaMu — 3a JI0NOMOTr0l0 BHYTPIIIHbOTPY6-
HOI 1larHOCTHKH Ta eJIeKTPOMETPUYHOT0 06CTe-
KeHHs. EsleKTpoMeTpisa J03BOJISE JOCTOBIPHO
BUSIBJISITU KOPO3ilHI ypa)keHHS 3a HasgsBHOCTI
NOMITHHUX JlePeKTiB K Ha i30/IAL[iIHHOMY IOKPUT-
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SECTION4‘

DEVELOPMENT AND
IMPLEMENTATION OF MONITORING
OF CORROSION PROCESSES OF
HYDROGEN DEGASATION IN
EMBRILLATION ZONES DURING THE
OPERATION OF GAS PIPELINE

Pipelines for oil and gas create significant risks
of destruction in the systems of industrial and
main transportation of hydrocarbons in the
presence of corrosion-embrittlement of metal.
According to many researchers one of the main
reasons for this process is in the area of hydro-
gen anomalies. [t occurs under insulating coat-
ing. Insulating coating on the pipeline is peeled
off from the metal in such places. Microcracks
and pores appear; then moisture spreads to out-
er surface of the pipe and causes corrosion pro-
cesses — embrittlement. In addition, it is not
excluded that corrosion is intensified due to elec-
trochemical processes and due to undercurrents
of gaseous diffusion of hydrogen gas from the
mantle strata formed in the areas of the pipeline
location. Hydrogen is extremely permeable gas.
It leads to swelling, insulation peeling off and
defects expanding. The situation creates possi-
bility for moisture penetration to the pipes sur-
face. It also directly affects strength of the metal
causing corrosion, cracking and embrittlement.
Results of the studies show that embrittlement
processes take place mostly in the areas where
pipelines pass through oil and gas-bearing struc-
tures. In such places hydrogen exits are record-
ed.

Currently detection and localization of
corrosion damage to pipelines is carried out in
two main ways: by intra-pipe diagnostics and
electrometric examination. Electrometry allows
reliable detection of corrosion damage in the
presence of visible defects on the insulating
coating and directly on the body of the product
line. Both methods have limitations and do not
always allow to determine place of possible sub-




Ti, TaK i 6e3mocepeHbO HA TiJIi MPOAYKTONPO-
Boay. 061Ba cnoco6u MalTh CBOI 0OMeEXKeHHS
i He 3aBX/11 J03BOJISSIOTh BU3HAYUTHU MicCIle MOXK-
JIUBOI MiZiNJIiBKOBOI KOpPO3ii Ha MOBEPXHi TPYyOU.
3a IpoIo3ULi€I0 IPeSCTaBHUKIB «YKpTpaHCrasy»
HaMH IPOBeJieH] JOCTizKEHHS 3 KAPTYBaHHS BOJI-
HeBUX aHOMaJlill SIK B 30HaX BUsIBJIEHUX JlePEeKTiB,
TaK | Ha ONOLIYKOBAaHUX TECTOBUX JiJISTHKaX.
[HCTUTYTOM reo/IOriYHMX HayK 3allPOIOHO-
BaHO NPUHIIUIIOBO HOBUW METOJ, MOHITOPUHTY
KOpO3iliHOTO Mpollecy Ha CcTajil Horo 3apokeH-
Hsl, 3aCHOBaHUM Ha peecTpanii ¢pikcanii BogHo
B 30HaX NpUpoAHbOi Audy3ii, mo PpikcyeThcA
IHCTpYMeHTAaJIbHO 3a CIelia/IbHO TEXHOJIOTIE
[[MaTeHT ..., 2019] Ta cneniaJibHUM CeJIEKTUBHUM
anapaTypHUM NPUCTPOEM (puc. 4.1).
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film corrosion on the pipe surface. We conduct-
ed research on mapping hydrogen anomalies
both in the areas of detected defects and in the
searched test areas at suggestion of Ukrtransgaz
representatives.

The Institute of Geological Sciences pro-
posed fundamentally new method of corrosion
process monitoring at its nascent stage. It is
based on registration of hydrogen fixation in
natural diffusion zones. Such zones are fixed
instrumentally using special technology [Pat-
ent ..., 2019] and special selective hardware
device (Fig. 4.1).

Fig. 4.1. Selective hardware complex for hydrogen determination

[IpoBeneHi npodinbHi gocaipKeHHS 3TigHO
3 3allPONIOHOBAHOI0 TEXHOJIOTIE HA BMICT BOJHIO
6e3nocepeiHbO Ha/l TPACOIO ra30roHy Ta Clieljajib-
HO CTBOPEHOTO0 Ta cepTUQiKOBAHOTO 06J1aiHAHHS
JlI03BOJIMJIO 3aKapTyBaTH PO3IO/II BOAHEBUX ra3iB
Bif dpoHoBuUx (10-20 ppm) 10 aHOMabHUX (>200
ppm), 110 6ys1u 3adikcoBaHi Ha Tpaci IPOXoHKEHHS
ra3oroHy.

Taka 3aKOHOMIpPHICTb pO3M0Jiay BOLHEBOI
CKJIal0BOI, 332 JJaHUMU HALIUX TECTOBUX AOCJIi-
JKeHb, 4iTKO 36iraeTbcs 3 pe3y/sibTaTaMH TeCTy-
BaHHS 3TiJIHO 3 BHYTPIIIHBOTPYOHOO JliarHOC-
THUKOIO 3 BHUSIBJIEHHA KOPO3iMHUX YIIKOJKEeHb
Tpy6OMPOBOIB.

3anponoHOBaHUH MeTO/, NPAMOIOIIYKOBOI
TEexXHOoJIoTil BOJHEeBUX aHOMAaJIik Ta crneliaJbHO
CTBOpEHI anapaTypHi KOMIIJIEKCH [T0Ka3aJld BUCO-
Ky eDEeKTHUBHICTb U JI03BOJIMJIM BUSHAYMUTH I'a30Xi-
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Profile studies were conducted according
to the proposed technology on the hydrogen
content directly above the gas pipeline route.
Specially created and certified equipment made
possible to map hydrogen distribution from
background (10-20 ppm) to anomalous (>200
ppm) that were recorded on the gas pipeline
route.

Our test studies showed that this regular-
ity of hydrogen distribution clearly coincides
with testing results according to the intra-pipe
diagnostics for corrosion damage detection of
pipelines as indicated above.

The proposed method of direct search
technology for hydrogen anomalies and spe-
cially created equipment complexes showed
high efficiency and made possible to determine
gas-chemical anomalies in profile and in area




Mi4yHi aHOMaJlii K y TpodiIbHUX, TaK i B TIJIOIIMH-
HUX 3MOMKax y 30HaX pO3TallyBaHHSA ra30rOHY.
MakcumasbHi 3adikcoBaHi 3HaUeHHS BOJIHIO 36i-
raloThCo i3 30HaMM OXPYIIYyBaHH{, a HA TECTOBUX
JIJISTHKAX, e OXpyM4yBaHHs 6yJ10 BiJICYyTHE, aHOMa-
Jiii BOZIHEBUX rasiB TeX OY/IM BiJCYTHi.

KpiM TOro, ana/iiTU4HI pe3y/sibTaTU ra3oreoxi-
MiYHUX KpUTepiaJIbHUX 03HAaK, OTPUMaHUX 6e3110-
CepesHbO B I10JIbOBUX NOC/IIKEHHAX ClIelia/IbHO
CTBOPEHUM anapaTypHUM KOMILJIEKCOM, KOHTPO-
JIIDBAJIMCh y JJabopaTopil [HCTUTYTY aHAII TUYHUM
xpoMoTorpadiyHUM 06.J1aJHAHHAM — AYyOIH0YUX
npoo, SKi Bi/I0UpaOTh 3 OHOIO MIMYPa, 1110 MPaK-
TUYHO YHEMOXKJIMBJIIOBAJIO NOXUOKU BUMIPIOBaHb,
OTpUMaHUX 6e3nocepeiHbO HAJ 06'EKTOM JIOCIi-
JKeHb — Tpy6onpoBoaoM (puc. 4.2, 4.3).

surveys in the areas where the gas pipes are
located. Maximum recorded values of hydrogen
coincide with embrittlement zones. Anomalies
of hydrogen gases were absent in the test areas
where embrittlement was absent.

Analytical results of gas-geochemical crite-
ria were obtained directly during field studies by
specially created apparatus complex. They were
monitored in the laboratory of the Institute by
analytical chromatographic equipment — dupli-
cate samples taken from one hole. They allowed
to exclude errors obtained directly in pipeline
(Fig. 4.2, 4.3).

Fig. 4.2. Profile field studies on hydrogen concentrations mapping in the
area of gas pipelines.

Fig. 4.3. Gas samples selection in vials for control measurements of hydro-
gen on chromatographs
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Hux4ye HaBeieHI pe3yabTaTU JOCHIAKEHD
NposBiB BOAHIO SIK B palioHax 30CepeKeHHs
aBapiHUX TeCTOBUX JiJTHOK ra3oroHiB, Tak
i Ha fiiITHKaX POHOBUX 3HAYEHD.

[Ipu npoBeeHHI MOJIBOBUX I€OXiMIYHUX
JOCJigKeHb Ha BMIiCT BOJHIO BUSIBJIEHI 30HU
Ha JliJISHKax ra3oroHy 36irJiuch 3 30HaMH BUSIB-
JIEHUX 0Xpyn4yBaHb (puc. 4.4-4.7).

Below there are results of studies of
hydrogen manifestations in the concentration
areas of emergency test sections of gas pipelines
and in areas of background values.

Detected zones in the areas of the gas fur-
nace coincided with the detected embrittlement
zones (Figs. 4.4-4.7) during conducting field
geochemical research on the hydrogen content.

Fig. 4.4. Soil gases research for

hydrogen content in the area
of location of affected areas of
gas pipeline
@ - location of research

.-
\
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Anpobaliisg TeCTOBUX OCTiKeHb — TeX-
HOJIOTifl, alapaTypPHUU KOMIJIEKC — JJ03BOJIMJIA
BUSBUTH I NiJTBEPAUTH AIJIAHKHU MiIBULIEHUX
KOHIeHTpaliil Hz-BOJHIO B 30HaxX pO3TallyBaH-
HsI TPy6ONPOBOJY 3 OCepeiKaMHu OXPYITYyBaHHS
Ta Kopoaii (puc. 4.8), o 6y, 11 BUSIBJEHi Tpa-
JULIHHUMU MeToJlaMU JleGeKTOCKOTi, a TaK0oXK
NPOBECTU KOMILJIEKC AOCAI/>KEHb ¥ 30HAaX NMpPO-
XO/I>KeHHS ra30MpoBOAY, /e BiZICYTHI, 3TiHO 3
NpoBeleHUMHU BUMIpMH, aHOMaJbHI IPOSABU
BO/IHIO, Ta BiICYTHI Npo1eCch OXpyn4yBaHHS.

Fig. 4.5. Study of soil gases for
hydrogen content in places near
the gas pipeline near Lokhvyt-
sia - Skorobogatskyi oil and gas
field in the area of salt shafts.
Location Ne3

4.11 ppm

Test studies include technology and equip-
ment complex. Their approbation made possi-
ble to identify and confirm areas of increased
concentrations of hydrogen in the areas of pipe-
line with embrittlement and corrosion centers
(Fig 4.8). They were detected (as indicated
above) by traditional methods of defectoscopy.
Test studies also allowed to carry out complex of
studies in the gas pipeline passage zones. Accord-
ing to the measurements there are no anomalous
manifestations of hydrogen, and there are no
embrittlement processes in thr pipelines zones.

ZA06
ACS

Space photographs of the area show the locations of soil gas sampling. Values of
hydrogen content are detected in parts per million of gas volume.
*- all sampling points have fixed GPS coordinates (accuracy up to 1.5 m)
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3adikcoBaHi nigBuUIEeHI KOHIleHTpaIii

Increased concentrations of hydrogen

BOJIHIO B 30HaX OXpyn4yyBaHHs TpybonpoBo- were recorded in the embrittlement zones of
i the pipelines.

AiB.

192,00 ppm b 603 &
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¥ o

26,35 ppmit J502
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’ 4

54,26 ppm

Space photographs of the area show the locations of soil gas sampling. Values of
hydrogen content are detected in parts per million of gas volume.
*- all sampling points have fixed GPS coordinates (accuracy up to 1.5 m)

Fig. 4.6. Locations of soil gas sampling for hydrogen content. Location N24.

Fig. 4. 7. Areas of damage - embrittlement.

Ha TecToBii1 finguuyi, fe 3adpikcoBaHi poHo-
Bi 3HaYeHH$ BO/IHIO, OXPYMUYyBaHHS He BUSBJIEHO.

[IpoBeneHi HamMu JOCiAKEHHA 3 KapTyBaH-
Hsl BOJIHEBUX NpPOsIBiB HA HaPTOra3oBUX CTPYK-
Typax YKpalHU NPOTArOM OCTAaHHIX ABaALATH
POKIB Jal0Th Mi/[CTaBU CTBEP/KYBATH, L0 BO/-
HeBi ra30Bi NJIOIMHHI aHOMAaJIil He 3MiIHIOIOTh-
cd SIK y 4aci, Tak i Ha mJomax, ToMmy ix ¢ikcaris
MOXKe MaTH YiTKy NPUB’A3KY A0 MiCLIEeBOCTI, 1110,
B KiHI[€EBOMY PaxXyHKY, 1a€ MOXJIUBICTb 1X YiTKOI
IHCTpyMeHTa/IbHOI IPUB’A3KW Ta BIPOBAJXKY-
BaTH 3aX0/lM B 30HI KDUTUYHUX Ta30NpPOABIB
y BUIJIAAI 06/1ailHAHHA BEHTUSALINHUX NPU-
CTpOIB, 1110 HE NOTPEeOYIOTh 3HAYHUX 3aTPATHUX
BIIPOBA/>)KEHb.

JlocBiz MpoBeeHUX JOCTIPKEHb aHOMAJIb-
HUX BOJJHEBUX IIPOSABIB y 30HAX IX pO3TalllyBaHHH,
3adikcoBaHUX K B 4aCOBOMY TaK i B MPOCTOPOBO-
My po3pi3ax (Ha HapTOra3oHOCHUX Ta ONOLIYKO-
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Background values of hydrogen embrit-
tlement were recorded at the test site. Embrit-
tlement was not recorded there.

We have conducted research on hydro-
gen manifestations mapping on the oil and
gas structures of Ukraine over the last twenty
years. It gives grounds for asserting that hydro-
gen gas planar anomalies are not changed in
time and in areas. Therefore, their fixation can
have clear connection to area which makes
possible for them to be clearly instrumental-
ly connected. It also possible to implement
measures that do not require significant cost-
ly implementations in the area of critical gas
manifestations in the form of ventilation device
equipment.

Research of anomalous hydrogen man-
ifestations in the location zones testify their
stability in time and space.




BaHUX 00'€KTax), B KiHI[eBOMY paxXyHKY, CBiTYUTb
npo ix cTabisibHICTh K B 4aci, Tak i B npocTopi
(rmromrax).

BrnipoBa/ppKeHHA JleTa/IbHUX ra30re0XiMivHUX
BOJIHEBUX MPODIIbHUX JOC/TiHKEHD i3 BU3HAYEH-
HSIM [VIMOMH IINYypPOBOi 3OMKHU B KOJJHOMY pa3si
He Hece 3arpo3u (MOUIKO/PKEHHS) TPAHCIIOPTHOMY

Implementation of detailed gas-geochem-
ical hydrogen profile studies with determina-
tion of borehole survey depths does not pose
a threat (damage) to the transport gas pipe-
line and auxiliary technical communications.
Practice showed that such studies will make
possible to record anomalous manifestations
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Fig. 4.8. Locations of soil gas sampling for hydrogen content.
Location Ne3

ra3oroHy, a TaKOX JOINOMDKHHUM TeXHIYHUM KOMY-
HiKanisgM. Taki OCTiKEHHS], IK TOKa3asia MPaKTH-
Ka, alyTh 3Mory 3adikcyBaTH aHOMaJIbHi IPOSBU
BOJHEBUX KOHLIEHTPaLil, 1110 BIVIMBAIOTh Ha NPO-
[leCu OXpyNuyBaHHS TPy6ONpPOBOAY-Ta30roHyY,
Ta, K 0yJ10 HABeIeHO BHUILIE, 103BOJIATh IPUIMATH
OllepaTUBHI pillleHHd W0/0 IX yIiepePKeHHS.
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of hydrogen concentrations affecting embrittle-
ment processes of the pipelines. It is also useful
to make operational decisions regarding their
prejudice.




BUCHOBKH

CONCLUSIONS

Ha cydyacHoMy eTami gerpajganii KJaiMaTUYHUX
YMOB ILJIAHETH, L0 CTaBUTb IIiJi 3arpo3y iCHyBaHHA
JIIO/ICTBA Ta IJIaHETH 3eMJis, Tpo6JieMa BOJHEBOI
€HepreTUKHU € HaMaKTYaJIbHILIOK B NTaJWBHO-
eHepreTUYHil rajuyasi, i reosiorii 3okpema. Cymap-
Hi 3allacu NaJUBHUX PeCYpPCiB JOCUTb BEJUKI,
J10 TOTO K L[OPOKY CTAalTh BiJJTOMUMU HOBI MIOKJIa-
Y BUKOITHOTO INaJInBa. [lepcrieKTUBHUM Hallps-
MOM y PO3BUTKY €HepreTUKH € BUKOPUCTAHHSA
BOJIHIO fIK Na/IMBa. BoJleHb — BUCOKOKaJIOpIMHUM
ras, SKMi MO>Ke 3HalTH 3aCTOCYBaHHS B 6araTbox
cdepax npomuci0BOCTi. Bestmkoro nepeBarorw Boj-
HIO € Te, 1[0 IIpX MOro Ca/Il0BaHHI yTBOPIOETHCA
Julle napa Bogu. OTxe, BOAEeHb TAKOX € €KO0JIO-
riYHO YMCTUM ifjleaJibHUM NasnuBOM. CydacHi Tex-
HOJIOTII BiIKpUBAIOTh JOCTYI [0 BAKOPUCTAHHA
HeTpaJULiMHUX JpKepesl eHepreTUKH, 110 IPUBeJie
JIFO/ICTBO J10 HOBUX €KOJIOTIYHO-0e3MeYHHX KOH-
LeMNMiil CTBOPeHHs NPAaKTUYHO HEBUYEPIIHOTO
eHepreTUYHOrO JpKepesia AJd Hawaakie. HagaHi
KOHI[eNTYyaJIbHI MiIX0AU CBi4aTh HA KOPUCTh
TOTrO, 1110 a6COTOTHOTO AedillUTy eHepreTUYHUX
pecypciB Ha IJIaHETI MOKHU 1[0 He icHYE. /[0 Bax-
JIMBUX CTpaATeriyHUuxX HallpAMKIB reosioriyHoi
HayKU HaJlexKaTh IPOTHO3HO-NOLIYKOBI CUCTEMHI
TEXHOJIOT1] KOMIJIEKCHUX JOCaiKeHb, /e CKaa/l0-
BOIO YaCTUHOI KOMIIJIEKCY METOJAUYHUX pillleHb
BIlepllle B NOLIYKOBIM NPAKTULi BAKOPUCTOBY-
BaBC4 BOJleHb. [lepexis 10 BOiHEBOI eHEPTeTUKU
€ IepCIeKTUBHUM liie ¥ TOMY, 1110 BOJ|eHb € YHi-
BepCa/IbHOI eHepreTUYHO CUPOBUHOI. [loTpeba
B TAKOMY IaJIMBI jy>Ke aKTyaJ/IbHA, AKIL0 BpaxyBa-
TH, 1[0 OCHOBHUM />KepeJsioM 3a6py/iHEeHHs MOBi-
TpsA Yy MiCTax € NIPOAYKTHU HEIIOBHOI'O 3rOPSAHHA
BYIJIEBMiCHOT'O NPHUPO/HOTO NaJIMBa.

OcTanHi noaii, 1110 BiI0yBalOTbCA Y CBITOBIN
eHepreTUYHIN cMCTeMi, BUMararwThb BiJ| YKpaiHU
TEePMIHOBOTI'O YCBiJOMJIEHHA 1100 IPUUHATTS
HOBUX TE€XHOJIOTIYHHX pillleHb, HE0OXiJHOCTI Biji-
pOJKeHHs Ta IOBEpPHEHHS JlepKaBi aBTOPUTETY
INOTY>XHOTO CBITOBOI'O €HEPreTUYHOI'0 rpaBLd
Ha KIITaJIT CBITOBOI XJ1iOHOI YKUTHHUII].

BaX/IMBUM 3aBAAHHAM, IKe CTABUJIU llepes
co6010 aBTOpU MoHOTpadidyHOi po6OTH, OY/IU
po3po6Ka Ta BIPOBA/KEHHS LIUPOKOTO CIIEKTPY
iHHOBaLiMHKUX TEXHOJIOTIN 110/10 BUPOOHHUIITBA
(3es1eHU BOJeHDb) Ta MOUIYKY i BULOOYTKY(6i-
JIUM BoZileHb). B YkpaiHi € BojHeBi ferasaninHi
CTPYKTYpH 3 BEJUMKUM IOTEHIiaJIoM y BifKJa-
Jlax npoTepo30i0 Ta paHepo3oto. [IpoBeseHuU
KOMIIJIEKCHUM aHaJli3 reoJioro-CTPYKTYPHHUX,
riipoJIoro-riporeoJoriYHUX MaTepiaJsis, 110
BUKOHYBaBCs npoTtsaArom Maixe 30 pokiB y pam-
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At the current stage of degradation of the plan-
et's climatic conditions, which threatens the
existence of humanity and the planet Earth, the
problem of hydrogen energy is the most urgent
in the fuel and energy industry and geology in
particular. The total reserves of fuel resourc-
es are quite large, in addition, new deposits of
fossil fuels become known every year. A prom-
ising direction in the development of energy
is the use of hydrogen as a fuel. Hydrogen is
a high-calorie gas that can be used in many are-
as of industry. A great advantage of hydrogen
is that when it is burned, only water vapor is
formed. Hence, hydrogen is also an ideal envi-
ronmentally friendly fuel. Modern technolo-
gies open access to the use of non-tradition-
al sources of energy, which leads humanity
to new ecologically safe concepts of creating
an almost inexhaustible source of energy for
posterity. The presented conceptual approach-
es testify in favor of the fact that there is no
absolute shortage of energy resources on the
planet yet. Among the important strategic
directions of geological science are forecast-
ing and search system technologies of com-
plex research, where for the first time in search
practice hydrogen was used as a component of
the complex of methodological solutions. The
transition to hydrogen energy is also promis-
ing because hydrogen is a universal energy raw
material. The need for such fuel is very urgent,
given that the main source of air pollution in
cities are products of incomplete combustion
of carbon-containing natural fuels.

The latest events in the world energy sys-
tem require from Ukraine to urgently return
to the Country Her authority of a powerful
global energy player just as Ukraine’s image of
a world's global breadbasket.

An important task that the authors of the
monography was the development and imple-
mentation of a wide range of innovative tech-
nologies for production (green hydrogen) and
search and extraction (white hydrogen). In
Ukraine, there are hydrogen degassing struc-
tures with great potential in Proterozoic and
Phanerozoic deposits. A comprehensive anal-
ysis of geo-structural, hydrological and hydro-
geological materials, carried out for nearly
30 years within the framework of scientific
fundamental and applied research basing on
search objects with the purpose of proving the
mapping of the promising sites for laying para-




KaX HayKoBUX QyH/IaMeHTa/lbHUX | MPUKJIaJHUX
JlO0CJiKeHb Ha NOUIYKOBUX 00'€EKTAx 3 MeTOH0
OOI'PYHTYBaHHS KapTyBaHHS NepPCNeKTUBHUX
Miclb [J14 3aKJ/1aZieHHs TapaMeTPUYHUX | IPOMMUC-
JIOBUX CBEP/IJIOBUH Ha UTHI, TepMasibHi Boau, BB
(HadTa, ras), gerasaniiHUX CBEPAJIOBUH Y 30HAX
PO3BUTKY ra30JMHaMIYHUX ABUIL Yy MIAXTHUX
BUPOOKax, J03BOJIMB BCTAHOBHUTH IPOCTOPOBO-
KIJIBKICHI XapaKTepUCTHUKH BYIJIEBOLHEBUX POJO-
BMII] i IX eMaHaliliHO-ra30BUX iHAUKATOPIB reJito
Ta BOLHIO.

HaBepeHi 6araTopiuHi pe3yabTaTH J0Ci-
JDKEHb i3 KapTyBaHHSA HAPTOra30HOCHHUX AiJf-
HOK Ha TpaJuIlilHUX | HeTpaJUuLiKHUX 06'€EKTax
(waxTHi moJss, weab$oBi 30HU, aCTPOOIEMHU )
Jl03BOJIMJIA CTBOPUTHU J0Ka30BYy 6a3y JAaHUX
CUCTEMHUX KpPUTepIiiB MomyKoBoi TexHoJioril CTA-
I'T/l, e ck/1az0BO0 YAaCTUHOK KOMIIJIEKCY METO-
JUYHUX pillleHb Breplle B MOLWYKOBIM NpaKTULL
BUKOPUCTOBYBABCH BOJEHb K I'OJIOBHUH CKJIAJ10-
BUM esemeHT BB. KoMmmiekcHa cuctemMHa iHTep-
npetanisi pesyiabtaTtiB CTAI'T/] f03BO/IMIa BXKe
Ha nolnepeJHbOMY pPerioHaJbHOMY MOIIYKOBOMY
eTani BUAIIUTU 25 MopcbKuX Ta 98 Ha cyxooJi
NPOAYKTUBHUX HAQTOra30HOCHUX Mol (Koedi-
IieHT ycnimHocTi — npu6su3sHo 90%), a Takox
3adikcyBaTH B MeXKax JOCJIPKYBaHUX IJI01L] 3HAY-
Hi KOHLeHTpalil BOAHIO B OJJMHOYHUX IPOJAYKTHUB-
HUX Ia30BUX cBepAJIoBUH. Pikcalisa aHoOMalbHO
eKCTpeMaJIbHUX NIPOABIB BOLHIO IJIOIIMHHUMU
3MOMKaMH 3a IeoJIoro-CTpyKTYPHUMHU, Fe0TepMid-
HUMM Ta IHIIKMU O3HAKAMU [03BOJIUJIA BCTAHO-
BUTHU 3aKOHOMIPHICTb PO3NOAINY eKCTpeMaJbHUX
3Ha4YeHb BOJHIO Ha JIOCJiIXKYBaHUX TEPUTOPIAX.
Tomy Heo6xijHO NpOBECTU B 30HAX MJIOLIMHHUX
BOJIHEBHX aHOMaJIil i BoJloHAaCUYeHUX CBeP/JIO-
BUH OiJIbII leTa/IbHI VIOIMHHI 3HOMKH 3 ieTallb-
HICTI0 KapTyBaHHS COTHi ab0 HaBiTh JeCATKHU
MeTpiB, sIKi 103BOJINJIU 6 OKOHTYPUTH IJIOIUHHI
BO/IHEBi aHOMaJlil 3 METOI OOGI'PYHTYBAHHS MOCTA-
HOBKHM HayKOBO-IIapaMeTPUYHHUX LOCJIJKeHb
AK Yy [IJIAHOBOMY, TaK i Yy BepTUKaJIbHOMY pO3pi3i.

TexHoJsi0TisA anpo6oBaHa Ha YUCJIEHHUX
popoBuilax BB i B maxTHUX BUpOOKaX, TOMY Ma€
BCi mepcrnekTUBHU A epeKTUBHOIO 3aCTOCY-
BaHHS NpPH NOLIYKax i BUAO0OYTKY BOAHIO Ta JAJ1s
BUPIillIEHHS O/(Hi€] 3 HANOOTIOYIIIMX €KOJIOTTYHUX
npo6sieM — 6e3MeYHOro BiJipaloBaHHS BYTi/b-
HUX POZJOBUILL,

3a aHaJ1i30M pe3y/abTaTiB PO3IOAINY BOA-
HEBUX KOHIIEHTpalliil HAaMU BU/IiJIEHO aHOMaJIbHI
NOOJAMHOKI 3Ha4YeHHS BOAHIO Ha MJoIaxX, npodi-
JIAX, TPOLAYKTUBHUX CB. Ta 3alIpOIIOHOBAHO Jierasa-
LiiHe OypiHHA HA MOYAaTKOBUX CTA/lisIX OCBOEHHS
IIAaXTHUX 00’EKTIB, IKe YHEMOXJIMBUTb aBapiiiHi
Ipolecy ra3ofHaMiyHUX BU1. OGIpyHTYBaHHSA
i mocTaHOBKa poOGIT 3 OI[iHKM MePCIEeKTHUB BUSB-
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metric and industrial wells for drinking water,
thermal water, hydrocarbon (oil, gas), degas-
sing wells in the zones of gas-dynamic phe-
nomena in mine workings, allowed establish-
ing the spatial-quantitative characteristics of
hydrocarbon deposits and their emanation-gas
helium and hydrogen indicators.

The presented long-term results of
research on the mapping of oil and gas-bear-
ing areas on traditional and non-traditional
objects (mine fields, shelf areas, astroblems)
made it possible to create an evidential data-
base of system criteria of the STAHGR search
technology, where, for the first time in search
practice, hydrogen was used as the main com-
ponent as part of the complex of methodolog-
ical solutions element of HC. The complex sys-
tem interpretation of the results of the STAH-
GR made it possible already at the previous
regional search stage to identify 25 offshore
and 98 onshore productive oil and gas areas
(success rate — approximately 90%), as well as
to record significant concentrations of hydro-
gen in individual productive gas wells with-
in the studied areas. Fixation of anomalously
extreme manifestations of hydrogen by plane
surveys according to geological-structural, geo-
thermal and other features made it possible to
establish the regularity of the distribution of
extreme values of hydrogen in the studied ter-
ritories. Therefore, it is necessary to carry out
more detailed plane surveys with a mapping
detail of hundreds or even tens of meters in
the zones of planar hydrogen anomalies and
water-saturated wells, which would allow out-
lining planar hydrogen anomalies in order to
substantiate the setting of scientific parametric
studies both in plan and vertical section.

The technology has been tested on
numerous hydrocarbon deposits and in mine
workings, therefore it has all the prospects for
effective use in the search and extraction of
hydrogen and solving one of the most painful
environmental problems — the safe exploita-
tion of coal deposits.

Based on the analysis of the results of the
distribution of hydrogen concentrations, we
identified anomalous single values of hydro-
gen on areas, profiles, and productive wells
and proposed degassing drilling at the ini-
tial stages of the development of mine facili-
ties, which will prevent emergency processes
of gas-dynamic phenomena. The substantia-
tion and staging of works on the assessment
of prospects for the detection of industrial
accumulations of endogenous hydrogen in the
lithosphere should be carried out within the




JIEHHSI IPOMUCJIOBUX CKYITYEHb €H/IOTEHHOT'0 BOJI-
HIO B JliTocdepi MOBMHHI NIPOBOJAUTUCH Y paMKax
HaykKoBUX gocaimxenb HAH Ykpainu. Bouu akTy-
aJIbHI, CBOEYACHI i MalOTh YiTKO BUpPaXKeHY iHHO-
BallillHy CKJIaJI0BY, BXKJIMBY [Jis1 MOJlepHi3zaliii
YKpalHCbKOI €eKOHOMIKU Ta il cTas10ro coyiajibHO-
€KOHOMIYHOTI'0O PO3BUTKY.

BnpoeadiceHHA 3anponoHOB8AHOI MexXHOo-
/102Iif ma Komn/aekcy npupoodHUX NOMyMHCHOC-
meil, AKUMu 80.100i€ YKpaina, He0dMIiHHO cKacye
iHmepec 00 HeeK0.102i4H020 Cip020 8apmicH020
800HI0 ma iio20 supo6HukKie. Taka cmpamezisa
00380.1ums 83ice HA nepuwiomy emani giomicHumu
Hedo6ponopsAdHUX KOHKYpeHMHUX 8UPOGHUKIE,
ma e cmucai mepmiHu suiimu y ceimoasi sidepu
3 8upo6HUYMEa eHepzeMU4HOI cCUpO8UHU Maii-
6ymMHbO20.

Y npueedeHiii monozpadhiuHiti npayi agmo-
pamu enepuie y ceimoegiili npakmuyi Ha ocHo8I
3HAYHO20 06cAA2y )yHOaAMEeHMANbHO-NPUKAAOHUX
doc1idiHceHb NPONOHYEMbCS 00 8NPOBAIHCEHHS
T'PYHMOBHA KOHKYPEeHMOCNPOMOMCHA cmpamezisi,
AKa He0OMIHHO 8ugede YKpaiHy Ha YisibHe micye
8 peasizayii nourykogoi ma eko/102i4H0 6e3ne4Hoi
80dHegoi cmpamezii (3esneH020, 611020 800HIO)
Ha ocHogi (hyHdaMeHMaAAbHO20 Ma NPpuKaao-
HO020 nidrpynms. Cmeopumu ma sukopucmamu
KOMNJ/1eKc eK0/102i4H0 ausajceHuUx nidxodie
00 npupodHuUX drcepes — HASIBHUX KOMNOHEHMI8
61,1020 NpupoOHO20 800HIO 8 30HAX PO3MAUYBAH-
HA mpaduyitiHux ma HempaduyitiHux podosuuy
BB, nidwaxmHux BB, a makosc 6e3asibmepHa-
MUBHO20 BUKOPUCMAHHS YHIKAIbHUX NPUPOOHUX
KoMnJ/iekcie ck/1adosux esiemMeHmie 3e/1eH020
800HI0 — COHAYHOI ma eimpoesoi eHepzii, 8UKo-
pucmosyr4u npakmu4Hi 2/106a/1bHi M0#CAUB0-
cmi naowi d3epkas 600HUX 06'€Kkmie, a Makoyic
Maiixce 6e3MedxcHe 8UKOPUCMAHHS NpicHUX
800HUX pecypcie eup.a p. /[yHati (20.108HOI eHep-
2emu4Hoi 600He80I cCUpo8UHU 3 ypaxy8aHHAM iX
KiZbKICHUX ma sAKiCHUX Xxapakmepucmuk), s1Ki
6e3n080pomMHoO 8nadawms y MOpcoKI akeamopii.
3anponoHosaHuil ek0.102i4HO 06TpyHMo8aHull
npupodHuil Komnsekc eupo6/1eHHs 3e/1eH020
800HI0 He HaHece HCOOHOI eK0.102iYHOi wKodu
dogKinio, nepedba4yae 8 30HAX PO3MAUIYBAHHS
2/106a/1bHUX CNOPY0 CMEOPEHHS ma po3po6KY iHg-
pacmpykmypu yHiKa/asHUX HeNPOHUKHUX CX08Uly
8 iCHyI0YUX 2€0,102IYHUX CO/1IeHOCHUX (hopmayiax
06'ckmie HadiliHux cxoeuu i3 36epicaHHA 800-
Heegoi npodykyii ma eukopucmaHHs iCHylO4ux
MpaHcnOpMHUX 8iMYU3HAHUX I eKCNOPMHUX
J102icMUYHUX uL/151Xie docmaeku 800HI0 0151 8/ac-
HUX nompe6 ma nompe6 egponelicbKoi cniibHomu.
HaeedeHi npopugHi ycnixu mModcauei 3a aukopuc-
MAaHHAM CRiILHUX HANPAyl08aHs HA cmpameziu-
HUX HANPAMKAX 8600He8UX MeXHO0/102ill 3a yyacmi
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framework of scientific research of the Nation-
al Academy of Sciences of Ukraine. They are
relevant, timely and have a clearly expressed
innovative component, which is important for
the modernization of the Ukrainian economy
and its sustainable socio-economic develop-
ment.

The implementation of the proposed
technology and the complex of natural capaci-
ties that Ukraine possesses will certainly can-
cel the interest in non-ecological gray valuable
hydrogen and their producers. Such a strate-
gy will make it possible to displace unscrupu-
lous competitive producers already at the first
stage, and in a short period of time to become
world leaders in the production of energy raw
materials of the future.

For the first time in world practice, the
authors of the monograph, basing on a sig-
nificant amount of fundamental and applied
research, propose to implement a thorough
competitive strategy, which will certainly lead
Ukraine to a prominent place upon the imple-
mentation of an exploratory and environmen-
tally safe hydrogen strategy (green and white
hydrogen) based on fundamental and applied
premises. The authors propose creating and
using a complex of ecologically balanced
approaches to natural sources — the availa-
ble components of natural white hydrogen —
in the areas of traditional and unconventional
deposits of hydrocarbon, underground hydro-
carbon as well as the non-alternative use of
unique natural complexes of the constituent
elements of green hydrogen — solar and wind
energy. Using the global possibilities of the
area of mirrors of water bodies, as well as the
almost limitless fresh water resources in the
mouth of the Danube River (given its quantita-
tive and qualitative characteristics, the main
energy hydrogen raw material,) irreversibly
flowing into marine water areas. The ecologi-
cally based and environmentally friendly natu-
ral complex for the production of green hydro-
gen will ensure the creation and development
of the infrastructure of unique impermeable
storage facilities in the existing geological
salt-bearing formations, the creation of the
reliable storage facilities for storing hydro-
gen products, as well as the use of existing
transport domestic and export logistics facili-
ties for the delivery of hydrogen to satisfy both
Ukraine’s and European community needs.

The above-mentioned breakthroughs are
possible through the use of joint efforts in stra-
tegic areas of hydrogen technologies with the
participation of benevolent European or inter-




d06po3uYAUBUX €BPONEUCLKUX YU MINCHAPOO-
HUX napmHepis Ha ocHog8i hyHdameHMA1bHUX
MEeXHO0/102{4YHUX PO3P06OK YKPATHCbKUX 84EHUX
ma ¢paxieyie Haghmoza3zoeoi npomucs1080cmi.

HasigHicmb COHSAYHUX mMa 8impo8ux eHep20-
pecypcie it maiidce Heo6MedHceHa MoHCAUBICMb
8UKOPUCMAHHSA HaAd38U4atiHO NnpicHUX 800, AKi
enadarms y MOpcuKi akeamopii, po6ums YKpaiHy
HAONOMyMCHUM 2pasyeM y 3Ma2aHHI 3 UP06.1eH-
Hs1 Ma 8UKOPUCMAHHS 800HE80i eHep2emuUKU.

Ha cv0200eHHA YKkpaiHa, sukopucmosyiovu
cmpameziuHe napmHepcmeo y cghepi aupoGHuU-
ymea Kpumu4Hoi cupo8uHU, YHIKa16HI NpupooHi
ymMo8U, MixCcHapoOdHuii doceid po3milyeHHs COHAY-
HUX eJ1leKMpocmaHyiii Ha 8000IiMax, MAae MoJic-
Jueocmi cmeopumu pidkicHi 3a macwmaéamu
eHepzemuYHi 600He8i NapKu 3a2a/16HOI0 NJ10Wjelo
6invwe 500-600 kM-

HaeedeHi nonepedHi po3paxyHKu 06csi-
2y COHAAYHOI eHepezii, 8impoBuUxX KOMNoOHeHMIa
i npaKkmu4Ho Heo6MedceHi MoXHcAuU80Ccmi 8UKo-
pucmaHHsa 800HUX pecypcie dalomb &ci nidcma-
eu cmeepadicysamu, ujo HagedeHi pe3y1bmamu
eapaHmyloms YKpaini cmamu HaiinomyxcHiwium
8UPOGHUKOM eHepzemu4YHO-eKOHOMIYHO020
docepesna XXI cmopiyus 045 en1acHuUX nompeé
ma nompeé6 esponelicbKux napmxepie.

national partners based on the fundamental
technological developments of Ukrainian sci-
entists and specialists of the oil and gas indus-
try.

The presence of solar and wind energy
resources and the almost unlimited possibil-
ity of using extremely fresh waters that flow
into sea water areas make Ukraine a super-
powerful player in the competition for the pro-
duction and use of hydrogen energy.

Currently, Ukraine, using a strategic
partnership in the field of production of criti-
cal raw materials, unique natural conditions,
and international experience in placing solar
power plants on reservoirs, has the opportuni-
ty to create energy hydrogen parks, which are
rare in scale, with a total area of more than
500-600 km?*.

The given preliminary calculations of the
volume of solar energy, wind components and
the practically unlimited possibility of using
water resources give every reason to claim that
the given results guarantee Ukraine to become
the most powerful producer of the energy and
economic source of the 21st century for its own
needs and the needs of European partners.

Irop barpii: «B YkpaiHi
BXKe MOXHa Jo06yBaTH
roToBy BOJHEBY cCyMill,
ajie KepiBHULTBY KpaiHM
e He NOTPiGHO».

I[ToBHUU TeKCT 4YUTauUTe
TyT: https://glavcom.ua/
new_energy/publications/
dvichi-pisav-zelenskomu-yak-
ukrajinski-vcheni-shukayut-
klyuch-do-energetiki-
maybutnogo-voden-701046.html

Ihor Bagriy: «In Ukraine, it is
already possible to produce
a ready-made hydrogen mix-
ture, but the country's leader-
ship doesn't seem to need it».
Read the full text here:
https://glavcom.ua/new_ener-
gy/publications/dvichi-pisav-
zelenskomu-yak-ukrajinski-
vcheni-shukayut-klyuch-
do-energetiki-maybutnogo-
voden-701046.html

«HoBUN CBITOBUN €eHepreTUYHHUH
TpeHJ, — MepexiJ BiJl 3BBUYHOTO BYIJIEEBOTO
MaJuBa J0 €KOJIOTiYHO YHUCTOT0 BOAHIO. 3axi/iHi
KOMIIaHii BKJIaZIal0Th 3HAYHi KOIITU B PO3POOKY
HOBUX TEXHOJIOTIH, 10 J03BOJIAIOTH 3/lelIeBUTH
BUPOOHULTBO H- B YkpaiHi x el ra3 3Haxo-
JUTbCA OYKBaJIbHO MiJi HOraMy — B 3aHe/10aHUX
HadTOra3oBHX CBEp/JIOBUHAX.

[HTepec 110 BOAHIO, K 10 aJIbTEPHATUBHOTO
Ji)KepeJia eHepril B OCTaHHI POKU CITIPOBOKOBaHUU
JiBoMa ob6ctaBuHaMu. [lo-nepiie, 3anacu BUKOI-
HOro na/ivBa (HadpTH, MPUPOAHOTO rasy i Byriuis)
o6MeeHi. 3a pi3SHUMU JAaHUMHU, IPU iICHYIOUHUX
TeMIax BUZ06yTKY BOHU 6y/IyTh BUUepIiaHi yepe3
60-80 pokiB.
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«The new global energy trend is the
transition from the usual carbon fuel to eco-
logically clean hydrogen. Western companies
are investing heavily in the development of
new technologies that make H: production
cheaper. In Ukraine, this gas is literally under-
foot — in abandoned oil and gas wells.

In recent years, interest in hydrogen
as an alternative source of energy has been
fueled by two factors. First, reserves of fossil
fuels (oil, natural gas, and coal) are limited.
According to various data, at the current rates
of production, they will be exhausted in 60-80
years.




[To-Apyre, Npy BUKOPUCTAHHI BYIJIELIEBOTO
nasuBa BUAisseTbcda COz, Apyrui 3a MOUIUPEHi-
CTI0 MAPHUKOBHUM ra3 (Ha nepiiomMy Miclli — Bo/is-
Ha 1apa, Ha TPeTbOMy — MeTaH ), 1|0 TPU3BOJUTb
Jl0 3a6py/iHEHHSI HABKOJIMIIHBOTO CEPEeZIOBULIA i €
O/IHI€10 3 IPUYMH IV1006a/IbBHOT'O MOTEMJIiHHS.

BukopucTtaHHa H: IPpU3BOAUTH [0 HYJIBO-
BUX 3a0py/lHeHb, HA BUXOJi — TiJIbKHA 4YUCTA
eHeprid i Boja. BUCHaKUTH 3anacy BOJIHIO HEMOXK-
JIMBO: Ile HAaUNOUNWPEHIINHN XIMIYHUU eJIeMEeHT,
Ha Hboro npunazae 74% Bciei peyoBuHU y Beec-
BiTi, Ha 3eMJIi BiH BXOJUTB |0 CKJIAZy BOAH, IKOIO
MMOKPHUTO /IBi TDETUHU MTOBEPXHI [JIAHETH.

[neanbHUN BapiaHT — TakK 3BaHUU «3eJie-
HUW» BOJeHb, NOTO MOHA OTPUMATH LJIAXOM
eJIeKTPOJIi3y BOJH 3a JOIIOMOI0I0 a/IbTepHATHB-
HUX /DKepeJ eJleKTpoeHepril — BITPOBUX i COHAY-
HUX YCTAHOBOK. € 11]e «CUHIN» BOJ,eHb, IKUH BUPO-
6/ISIETHCSA 3 MPUPOJAHOTO ra3y, OCHOBHY YaCTUHY
saxoro, 70-98%, craHOBUTb MeTaH — CH..

3apas €Bpomny 1jiKaBJATh MOCTaBKU CyMillli
MeTaHy i BOJHIO, B AIKUX BMICT Hz KOJIUBAETHCA
BiZ 2 no 20%. B YkpaiHni, 3okpeMa B CyMcCbKiii
i [loniTaBCbKiM 06J1aCTAX, iICHYIOTh CBEPAJIOBUHU
i3 BMicToM BoJiHIO 10 24%! To6TO BUTpavyaTH
KOIITH HA BUPOOHULTBO Hz, a MOTiM Ha 3Mily-
BaHHS WOro 3 MEeTAaHOM He Tpeba.

[lonuT 6yB BiACYTHi#, iIHCTPYKTUBHUX
MaTepiaJiiB — IK BUKOPHUCTOBYBAaTH Ilel eHep-
roHociii — He 6yJi0. Hikoro BojieHb He LliKaBUB.
Binbmr Toro, micasg 2000 p. npu 6ypiHHI HOBUX
CBepJJIOBUH IX B3araJii nepecrasu nepeBipaTU
Ha KOHIleHTpali BogHI. A HaBimo? /[id Hay-
KOBHUX JocaifxeHb? Tak Ha TOM Yac NpaKTUYHO
BCIO I'e0JIOTIYHY HAyKy PO3irHa/ii — 3apajid 4oro
crapaTtucs’?

«3BepTanuced [0 ypamLy. IM He 0 BOJHIO
Oys10».

Jlep>xaBa B LIUX JOCJII/PKEHHAX X04Y KOCh
Jgonomarae?

[TpakTruHo Hi. Ock ABivi nucas [Ipe3ueHTy,
1106 ypsi/i 3BepHYB yBary Ha pO3BUTOK BOJIHEBOI
TeMaTUKHU. JIUCT, 0 pedi, miAnucaayd roJoBHI
reoJIord NpoBiJHUX HAPTOra3o0BUX NiZIPHUEMCTB
Ykpainuy, BueHi. Bcboro aBaausaTh paxibiiis.

[Tpuxoauu BiANOBIZAI: MOBJAB, IUTAaHHA
OyAe pO3rJsSIHYTO Ha HaMGJMKYOMY 3acigaHHi
npes3upil.

Y npeacrtaBsieHiit MoHOrpadiuHii pobOTi
Ha 3HaYHOMY (paKTU4YHOMY MaTepiaJi, KUl Bpa-
XOBYE MIXKHApPOJHUH JIOCBiJI mepejjOBUX KpaiH
cBiTy — CIIA, Anowii, Kutato, [liBgenHoi Kopei,
— 0Or'pyHTOBaHi po3po6KHU Jal0Th BCi mijacTa-
BU CTBEpJPKYyBaTH, 1110 Jiep>KaBa Ma€ yHIKa/bHI
€KOJIOTO-TiAPOJIOTIYHI, KJIiMaTHU4HI, T€0JIOTiY-
Hi yMOBY BUHTHU 3a NIATPUMKHU EBPONEHCHKUX
Ta MDKHapO/JHUX NapTHEPIB B OCHAIlleHH] TeXHIY-

264

Secondly, when using carbon fuel, CO:
is released, the second most common green-
house gas (in the first place is water vapor,
in the third place is methane), which leads
to environmental pollution and is one of the
causes of global warming.

The use of H: leads to zero pollution,
the output is only clean energy and water. It
is impossible to exhaust hydrogen reserves:
it is the most common chemical element, it
accounts for 749% of all matter in the universe,
on Earth it is part of the water that covers two
thirds of the planet's surface.

The ideal option is the so-called
«green»hydrogen, it can be obtained by elec-
trolysis of water with the help of alternative
sources of electricity — wind and solar instal-
lations. There is also «blue» hydrogen, which
is produced from natural gas, the main part of
which, 70-98%, is methane — CH..

Europe now takes interest in supplies
of a mixture of methane and hydrogen, in
which the H: content ranges from 2 to 20%.
In Ukraine, in particular in Sumy and Poltava
regions, there are wells with a hydrogen con-
tent of up to 24%! That is, there is no need
to spend money on the production of Hz, and
then on mixing it with methane.

There was no demand, there were no
instructional materials on how to use this
energy carrier. Nobody was interested in
hydrogen. Moreover, after 2000, when new
wells were drilled, they were no longer tested
for hydrogen concentration. Why? For scien-
tific research? So, at that time, almost all geo-
logical science was dispersed — why bother?

«We have appealed to the government.
They seem not to care about hydrogeny.

Does the State help in these studies in
any way? Practically, no. I wrote to president
Zelensky twice so that the government would
pay attention to the development of hydrogen
issues. The letter was signed by 20 leading
geologists of major oil and gas enterprises of
Ukraine. The answer was that the issue will be
considered at the next meeting of the Cabinet
of Ministers».

In the presented monographic work
based on significant factual material, which
takes into account the international education
of the leading countries of the world — the
USA, Japan, China, South Korea, reasonable
developments give every reason to assert that
the Country has unique ecological, hydrologi-
cal, climatic, geological conditions to emerge
with the support of European and internation-
al partners in equipping with technical means




HUMH 3ac00aMHU Ha 4iJibHe Miclie y CBiTOBiH iepap-
xii 3 BUpOOGHUI[TBA 6€3eMicCiiHOr0 eHepreTHUYHO-
€KOJIOTIYHOT 0 JKepeJia HACTYITHUX CTOPiY.

Y MmoHorpadiyHiil po60Ti po3r/IsHYTO Hall-
aKTyaJbHilly Npo6JsieMy MaJuBHO-eHEPreTUYHOI
rajaysi i ekosioriyHi npo6semMu BOgHEBOI eHep-
reTuku. [IpogeMOHCTPOBAHO Pi3HOBEKTOPHICTh
MiAX0AY aBTOPIB 10 TEOPETUYHUX | TPUKIAJHUX
pPO3po60K PO KPYyroobir pe4oBUHU B MPHUPO-
[i, le BOJeHb € eHepreTUYHOI | TeHeTUYHOI0
CKJIaZI0BOO JiiTochepHUx nporieciB. Kpim Toro,
y NpoLeci JOCIiPKeHb HAMU NIPUAIIAIACh BeJIUKa
yBara eHepreTU4YHO-eKO0JIOTiuHi# ckyiamoBin XXI
CTOpiYy4Ya — BiJITHOBJIIOBAHOMY JpKepeJsly — 3eJle-
HOMY BOJIHIO.

3EJIEHUM BOJIEHb MOZKE CTATH
CYINNIEPCUJIOIO YKPAIHH

for a prominent place in the world hierarchy
for the production of an emission-free energy
and ecological source of the next centuries.
The monographic work examines the
more urgent problem of the fuel and ener-
gy industry and environmental problems of
hydrogen energy. The multi-vector approach
of the authors to theoretical and applied
developments on the circulation of matter in
nature, where hydrogen is an energetic and
genetic component of lithospheric processes,
is demonstrated. In addition, in the process of
research, we paid great attention to the ener-
gy and ecological component of the 21st cen-
tury — a renewable source — green hydrogen.

GREEN HYDROGEN CAN BECOME
UKRAINE'S SUPER POWER

PIYAP/ JEWUTL, — npe3sugent VR
Capital Group Ltd.
fIK BOgeHb MOKe A0IOMOITH YKpa-
iHi 36eperTu AoXxijJ Bi TPAaH3UTY
ra3y micJjsi 3amyckKy 06XiJHUX ra3o-
MPOBOJAIB.

"YkpaiHcbka npasda, 8i6mopok,
20 aunusa 2021, 13:15

RICHARD DEITZ — President, VR
Capital Group Ltd.
How hydrogen can help Ukraine
maintain income from gas transit
after the launch of bypass gas pipe-
lines.

Newspaper “Ukrainian Truth’,
Tuesday, July 20, 2021.

Ctae Bce 6i/ibII 0YEBU/HO, L0 3YCUJIA
YKpainu 3ano6irtu 3anycky «IliBHiYHOTO MOTO-
Ky-2» He IPUHOCATH pe3y/bTaTy. Ha KoHy 3aHaaTo
6araTo BeJIMKUX EKOHOMIUHHUX iHTepecCiB.

[Tonpyu HaMaraHHd YKpalHU OTpUMaTH
diHaHCOBY NiATPUMKY Ta rapaHTil 6e31eKH BiJ
€C, 1l HaliKpall00 JOBTOCTPOKOBOI BiAOBI/10
Ha «[liBHIYHMH NTOTIK-2» € HENOKJIaJaHHs Ha 0110~
Mory €C, a cpusiHHS PO3BUTKY rajysi 3eJIeHOro
BOJIHIO, 1110 3aMiHATh BUKOPUCTAHHA ra3y B EBpo-
.

Ile Besinye3Ha cTpaTeriyHa MOXKJIUBICTh AJid
Ykpainy, i Hero MOXKHa CKOPUCTATUCH, AKLIO TiJb-
KU KpaiHa MpoJeMOHCTPYE 6adyeHHs 1[0/[0 TOTO,
SIK 1le 3pOOUTH.

€C TBepso BigmaHuM gekapboHizanii.
['a3 — 1ie nepexiHe NajuBoO, BUKOPUCTAHHA IKOT'O
NOCTYNOBO Bifiili/ie B icTOpito. EAUHUM KaHAW/a-
TOM Ha 3aMiHYy rasy B TaKUX rajy3sx, K aJlOMiHiH,
CTaJlb, XiMiKaTH Ta LIEMEHT, Ha AKi npumnagae 19%
CBITOBUX BUKH/IIB BYTJIEL[10, € BO/J[€Hb.

3eJieHUH BOJEHD, 1110 OTPUMYETHCH 3a J0I0-
MOTOI0 eJIEKTPOJIi3y 3 BUKOPUCTAHHSM Bi/JHOB-
JIIOBAaHUX JKepeJl eHepril, cTaHe y MalOyTHbOMY
OCHOBHHUM MaJINBOM [IJIsl EBPONENCHhKOI MPOMHUC-
JIOBOCTI.
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[t is increasingly clear that Ukraine’s
efforts to prevent the launch of Nord Stream 2
are faltering. Too many large economic inter-
ests are at stake.

While Ukraine seeks financial support
and security assurances from the EU, its best
long-term answer to Nord Stream 2 lies not
in reliance on the EU for assistance but in fos-
tering the development of a green hydrogen
industry to replace the use of gas in Europe.
This is a massive strategic opportunity for
Ukraine, and it is there for the taking if only
the nation has the vision to seize it.

The EU is firmly committed to decarbon-
ization. Gas is a transition fuel whose use is
destined to be phased out. The only candidate
to replace gas in industries such as aluminum,
steel, chemicals and cement, which account for
19% of global carbon emissions, is hydrogen.

Green hydrogen, produced through
electrolysis using renewable energy, will be
Europe’s industrial fuel of choice in the future.

Ukraine is ideally positioned to become
one of Europe’s major green hydrogen sup-
pliers. With its large land mass and Black
Sea coast, the country has massive untapped




YKpaina ifeanbHO po3TalioBaHa JJs TOTO,
1106 CTaTH OZHUM 3 OCHOBHMX IOCTa4aJIbHUKIB
3eJIeHOr'0 BOJIHIO i/ EBPOIU.

3aB/sIKM CBOIW BeJIMKiN TepuTopii Ta y36e-
pexokio YopHOro Mopsi KpaiHa Ma€ BeJIM4e3HUU
HEeBUKOPUCTAHUW NOTeHLiaJ AJid Ha3eMHOI
Ta MOPCBbKOI BITPOBOI Ta COHAYHOI eHeprii. YKpa-
{HCbKa ra30TPaHCIOPTHA CUCTEMa, AKIM 3arpoXKye
«[liBHIYHUU NOTIiK-2», MOXKe OYTH MepeopieEHTO-
BaHa Ha [I0CTa4YaHHA 3eJIeHOr'0 BOJHIO, 1110 B KiH-
1leBOMY MificyMKy 3p0o6uTh «[liBHiYUHUH MOTIK-2»
HeNnoTpioGHUM Yepes Horo 3acTapisicTs.

HanpukiHni yepBHA nocos HiMeydyuHu
B YKpaiHi AHka ®enb/iry3eH, B KOHTEKCTI AUCKY-
ciit HaBKoOJIO «[[iBHIYHOTO MOTOKY-2», 3aKJIMKaJia
YKpaiHy po3rnodaTu NiroTOBKY CBOEI ra30TpaH-
CIOPTHOI CUCTEMH JJI1 TDAH3UTY BOLHIO.

BinzHauyarouy, nio HimeyyrHa Mae Hamip Bij-
MOBUTHUCH BiJi BUKOPUCTAHHS BUKOIHOTO NaJMBa
Jlo 2045 poky, BOHa 3a3HA4MJIa, 1110 BUKOPUCTAH-
HA rasy B HimeuuuHi pisko Bnage Bxe nicaa 2032
POKY, a HiMellbKa NPOMUCJIOBICTb OBHICTIO Mepeit-
Jle Ha BOJleHb IpOTATroM 15 pokiB.

U151 TUX, XTO CTE€XUThb 3a LIUM [IUTAHHAM,
e He HoBHHA. Y innHi 2020 poky EBponercbka
KOMicisl ony6J1iKyBaJia CBil 3BIiT PO €EBPONENCHKY
BOJ/IHEBY cTpaTerito. llel JOKYMEeHT CAYKUTb
JOPOXKHBOIO KapTO0 JJI PO3BUTKY ITOBHOMACILI-
TabHOI iIHPpaCTPYKTYpH 3eJIeHOTr0 BOJIHIO B EBpoIIi
JUIS 3aMIiHU IPUPOJHOTO rasy.

YkpaiHa y iy ctparerii BU3Ha4eHa {K Ipio-
PUTETHUH MApTHEP 3 PO3BUTKY 3€JIEHOT'0 BOJHIO.

P0O3BUTOK 3€/1eHOr0 BOJAHIO CIPUYUHUTD
V106aJIbHUM iHBECTULIMHUEN 6YM. 3a OLiIHKOI0
BloombergNEF, 5o 2050 poky y BoJHEBY €KOHO-
MiKy Oyzie iHBeCTOBaHO noHa/ 11 TpuibloHIB
JloJ1apiB, @ 060pPOTH IHAYCTPil CTAHOBUTUMYTh
2,5 TpUJIbHOHMU J10J1apiB Ha PiK.

3a migpaxyHKaMu, Ha TOW 4ac 3eJeHUH
BOJIeHb MOXe CTaHOBUTH 24% CBITOBOI'O CIIOXKU-
BaHHA eHepril.

3esleHUMH BOJlEHb CTBOPUTH IiJIMK HOBUU
KJIaC CBITOBUX MOCTa4Ya/IbHUKIB eHepril. Yuii mae
HallioHa/JIbHY CTpaTeril 11040 BOAHIO, METOIO
AKOI € BUKOPHUCTAHHS CBOTO COHAYHOTIO NMOTEHLi-
asy Ta reorpadii TuxookeaHcbKoro 6aceiny, 106
CTaTH OAHUM 3 TPbOX HAWOIIBLIMX CBITOBUX €KC-
nopTepiB 3es1eHOr0 BoAH 70 2040 poky.

Jlnst Ykpainu 3e/ieHUU BoJleHb MOXKe ITpUHe-
CTU MIJIbSIP/IU [10J1apiB IHBECTULIN, JleCATKUA TUCTY
p060YHUX MicLb Ta CTA0I/IbHUU NPUIJIMB NOAATKIB
B YKPAIHCbKUH OIO/KET.

Ha reonosiiTH4HOMY piBHI NepeTBOpPEHHA
YKpalHu Ha eKcriopTepa 3eJIeHOT0 BOJHIO 10 EBpo-
Y KapAMHAJIbHO 3MiHWJI0 6 XapakTep ii cTpaTeriy-
HOI'0 3HaY€eHHH Ta NapTHepCcTBa 3 EBPONEUCHKUM
Coro3zom.
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potential for onshore and offshore wind and
solar energy. Its transit pipeline infrastructure,
at risk from Nord Stream 2, can be repurposed
to deliver green hydrogen that could ultimately
make Nord Stream 2 obsolete.

In late June, German Ambassador to
Ukraine Anka Feldhusen, in the context of dis-
cussions on Nord Stream 2, urged Ukraine to
begin preparing its gas transmission system for
the transit of hydrogen.

Noting that Germany was committed to
completely phasing out fossil fuels by 2045,
she noted that German use of gas would drop
sharply after 2032 with German industry shift-
ing entirely to hydrogen over 15 years.

For those who follow this issue, this is not
news. In July 2020, the European Commission
issued its European hydrogen strategy report.
This document serves as a roadmap for the
development of full-scale green hydrogen infra-
structure in Europe to replace natural gas.

Ukraine was uniquely mentioned as a pri-
ority partner for the EU in green hydrogen
development.

The development of green hydrogen will
trigger a global investment boom. Bloomberg
NEF estimates that over $11 trillion will be
invested in the hydrogen economy and that
green hydrogen will be a $2.5 trillion per year
business by 2050.

[t is estimated that, by then, green hydro-
gen could account for 24% of global energy
consumption.

Green hydrogen will create a whole new
class of global energy suppliers. Chile, for
example, has a national hydrogen strategy that
aims to leverage its solar potential and Pacific
Basin geography to become one the top three
global exporters of green hydrogen by 2040.

For Ukraine, green hydrogen can bring
billions of dollars of investment, tens of thou-
sands of jobs and a stable flow of taxes into the
Ukrainian budget.

At a geopolitical level, developing Ukraine
into an exporter of green hydrogen to Europe
would fundamentally change the nature of its
strategic importance for, and partnership with,
the European Union.

Capturing this opportunity will require
sustained commitment from investors and
from the Ukrainian government. Industry is
ready to supply the vision and capital, but only
if the government shares its goals and prior-
itizes the strategy.

Industry does not need handouts or sub-
sidies, but it does need a stable and predictable
environment in which to build this future.




Jlyist TOrO, 106 CKOPUCTATUCS IIEI0 MOXKJIIHU-
BiCTI0, NOTPiOHI MOC/iJOBHI 3yCcUJ/IsA iHBECTODIB
Ta yKpaiHcbKoro ypsaay. bisHec rotroBuit 3a6e3-
NeYUTH OaueHHs Ta KalliTaJl, aJie [je MaTUMe CeHC
JIMIIE 33 YMOBH, 1[0 YPAA, PO3AIIATHME LI/ Ta mif-
TPUMyBaTHUMe CTpaTerilo K cpepy HallioHAIbHOTO
NPiIOPUTETY.

BisHec He noTpebye AKMXOCh MOJAY0K YU
cy6cufiin, asie KoMy MOTPiOHI cTabi/bHI Ta nepej-
6ayyBaHi yMOBHY, B IKMX MO>KHa Oy/lyBaTH lie Mal-
Oy THE.

Y VR Capital mu BipuMo B 11e#l maax JJs
YKpainu Ta xo4eMo 6yTH YaCTUHOI KOTr0 MoOYZ0-
BU. Yepes 104ipHIO KOMIIaHi0 MU BXKe iHBeCTyBa-
Jiv noHaz, 500 MinbHOHIB j0/1apiB Y 6YAIBHULTBO
MPOEKTIB BiIHOBJIOBAHOI eHEPTETHUKHU B YKpaiHi.

ByKBa/IbHO KiJIbKa THXKHIB TOMY MU [IPOBEJIA
YPOYHUCTE BiAKPUTTSA HALIOTO HOBOI'O NPOEKTY —
JlHicTpoBChKOI BiTpoesnekTpocTaHLii B OfecbKii
o6uiacTi notyxHictio 40 MBT.

Ha >kasib, NOKH 1110 LIJISX 10 BiJHOBJIOBAHUX
JoKepeJ1 eHeprii B YKpaiHi 6yB HEMPOCTHUM. 3eJieHa
eHepris cTasa noJiTUYHUM PyTOHOJIOM, y AKOMY
NOCTIMHO 3MiHIOIOTbHCS MPABUJIA, a JIOTOBipHI Tapu-
du He OTPUMYIOThCH.

Y 1ux AucKycigax, 34a€TbCs, BTpa4yeHo J10B-
rOCTPOKOBY LiHHICTb, AKY BiJHOBJIIOBAHI [pKepesia
eHepril MOXKyTb HaJlaTH YKpalHi, AK110 JM1e rany-
3i 6yzie 03BOJIEHO NPALIOBATH.

[IpaBusia Ta nepen6adyyBaHiCTh MAalOTh 3HA-
YyeHHsd. YKpaiHa MO)Ke MaTHh MalbyTHE, B IKOMY
3eJIeHa eHeprid He JIYIle JJ03BOJIUTh HALIUM JIiTAM
JAUXaTHU YACTUM MOBITPAM, aJjie i CTBOPUTH OCHO-
BY /IJIsl MAclITabHOT HOBOI eKOHOMIKU 3eJIeHOT0
BOJIHIO B YKpaiHi, fika 3a6e3ne4uTb po6oyi Micii,
JIOXO/JIY BiJl €KCIIOPTY Ta CTaHEe re0NnoJiTUIYHUM
KO3UpeM.

3 iHII0r0 6OKY, KpaiHa MOXKe ONMMMHUTHCA Oe3
BCHOTO L1bOTO | HATOMICTb BTPATUTU POKHU Y MiXK-
HapoOJHUX apb6iTparkax yepes M030BU iHBECTOPIB,
YUi KOHTPAKTHI npaBa 6yau nopyieHi. [lepuri
II030BH BXe MOJAHO.

Pocis po6UTh cTaBKy Ha Te, 1110 yKpaiHLi
3aBX/AU OyAyThb 3aHAZATO 3aHYpeHi y CBOi BHYy-
TPillIHi KOHGJIIKTH, 11106 CKOPUCTATHUCS OY/b-KOI0
CTpaTerivyHO MOXKJIUBICTIO. MU BBaxKaeMoO, 110
Ile [MHIYHe CTaBJIeHHd € MNOMUJIKOBUM. CTaBKa
Ha 3eJIEeHUU BOJIeHb € MOXKJIUBICTIO Lie JOBECTH.
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At VR Capital, we believe in this path for
Ukraine and want to be part of it. Through our
Kyiv-based subsidiary, Elementum Energy, we
have already invested over $500 million in
building renewable energy projects in Ukraine.
Just a few weeks ago, we hosted an inaugural
opening for our latest project, the 40 megawatt
Dnistrovsky wind park in Odessa region, and
we have already broken ground on a further 60
megawatt expansion.

Unfortunately, the road for renewable
energy in Ukraine has been rocky so far. Green
energy has become a game of political football,
with rules changing constantly and contractual
tariffs not being respected.

What seems to be lost in these debates
is the long-term value that renewable energy
can deliver for Ukraine, if only the industry is
allowed to work.

Policy and predictability matters. Ukraine
can have a future in which green energy allows
our children to breathe clean air while also
forming the basis for a massive new green
hydrogen economy in Ukraine that provides
jobs, export revenues and a geopolitical trump
card.

On the other hand, on its current course
it may end up with nothing but a lost decade
spent sorting out international arbitration
claims from investors whose contractual rights
were violated. Already, the first set of claims
have been filed.

Russia is betting that Ukrainians will
always be too preoccupied with their inter-
nal conflicts to take advantage of any strategic
opportunity. We believe that this cynical atti-
tude is misplaced. The green hydrogen bet is
an opportunity to prove it.
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