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Kepeyw /].1. MeTtonionoris e(peKTUBHOTO BUKOPUCTAHHS 3€MEJIbHUX PECYpPCIB s
PO3BUTKY COHSYHOI €HEPreTHKH Ha OCHOBI JWCTAHIIIHHOTO 30HAYBaHHS 3eMJi Ta
I'IC-texnonoriit. - KBamigikaiiiina HaykoBa Ipailsl Ha MpaBax PyKOIHUCY.

Hucepramisi Ha 3700yTTS HAyKOBOTO CTymHeHsS JokTopa (dimocodii 3a
crerianbHicTio 193 - ['eonesis Ta 3emieyctpiit (19 «ApxiTekTypa Ta OyaiBHHIITBOY).
— Hamonanpauit yHiBepcuteT «JIbBiBChbKa moiTexHika», JIbBiB, 2019.

HucepramiitHa poOoTa MNPUCBSIYECHA PO3POOJEHHIO Ta  OOTPYHTYBaHHIO
METO/I0JIOri €(PEeKTUBHOIO BUKOPUCTAHHS 3E€MEJIbHUX PECYpCIB JIi PO3BUTKY
COHSIYHOT €HEPTreTUKU HAa OCHOBI JaHUX JUCTaHIINHHOTO 30HAYyBaHHsA 3emuil Tta ['IC-
TEXHOJIOTIM. 3a JOMOMOror 3aCTOCYBAHHSI JaHOI METOJO0JIOrii Oyiu 3HaljeHi
HAWOUIBII MPUAATHI MICUA JJIi PO3TAIIyBaHHS HA3€MHHUX IMPOMMCIIOBUX COHSYHHX
(OTOENEKTPUYHUX  €JEKTPOCTAHIIM Ha TepuTopli 3acTaBHIBCHBKOIO pailoHy
YepHiBenpKoi 00J1acTi.

Y po3aumni 1 «AHam3 BUKOPUCTaHHS 3€MEJIbBHUX pecypciB YKpaiHM B
aNbTEPHATUBHIN E€HEPreTUll» PO3IJHYTO Ta MpPOAHAII30BaHO CYYacHUW CTaH
BUKOPHUCTAHHS 3€MEIbHUX PECypCiB, NTMHAMIKY PO3BUTKY aJbTEPHATHUBHUX JKEpE
eHeprii B MaJIMBHO-CHEPTeTUYHOMY KOMIUIEKC] JIEp>KaBU Ta MPABOBUM PEKUM 3EMEIb
aTbTEPHATUBHOI €HEPreTUKu. BcTaHoBieHo, 10 Ha Teputopii Ykpainu € o6uts 10 %
3eMellb, SKI MOXYTh OyTH TOTEHI[IWHO MPUIATHUMHU [IJI PO3TAIIyBaHHS Ha HUX
O00’€KTiB  albTEPHATHBHOI  €HEPreTHKH, a caMe Ha3eMHHX  COHSYHHUX
(OTOENEKTPUYHHUX €NEKTpPOCTaHlill. BusHaueHo, 110 Jep)kaBHE CTUMYJIOBAaHHS
BUPOOHHUIITBA €JIEKTPUYHOI €HEprii 3 ajJbTEePHATHUBHUX JKEPEN €HEeprii y BUIIIAIL
«3eneHoro» Tapudy, HaAOaBKM 3a JOTPUMAaHHS PIBHS BUKOPUCTaHHS OOJaJHAHHS
YKpaTHChKOTO BUPOOHUIITBA Ta ayKIIOHHOI I[IHMA, TO3WTHUBHO BIUIMBAE HAa PO3BUTOK
aJbTEPHATUBHUX JIPKEPEJ €HEPTii, 0 0COOJIMBO YITKO BiAOOpa)kaeThCsl HA AMHAMIII
PO3BUTKY COHSYHOI eHepreTuku npotsarom 2016 — 2018 pokis. BcraHosneno, 1mo B
VYkpaiHi CpUsSTINBI KJIIMAaTUYHI YMOBU JJI1 PO3BUTKY COHSIUHOI €HEPTreTUKU - piyHa
cyma riobanbHOi coHsiuHO1 pasiamii y kpaini (1 070 - 1 750 kBT rox Ha onuH KB.
MeTp 1 BuIle) Oinbina, HXK y HimedunmHi — CBITOBOro jijiepa y raimy3l COHSYHOI

€HEPreTUKH.



Y pospimi 2 «Po3pobnenHss metomosorii  epeKTUBHOIO BUKOPHUCTAHHS
3eMEJIbHUX PECcypciB  [Jii  PO3BUTKY COHAYHOI EHEPreTHKW»  po3poOJIEeHO
METO/I0JIOTII0 Uil 3HAXOKEHHS Ta aHaIli3y 3€MEJIbHUX PECYPCIB JJIsl MOJANBIIOTO iX
BUKOPUCTAaHHA JJI1 NOTPEO MaIMBHO-EHEPreTUYHOrO0 KOMIUIEKCY JEp)KaBH, a came
Uist 00 €KTIB COHSYHOI EHEPreTUKU - Ha3eMHHUX [POMHCIOBUX COHSYHUX
eJIeKTpOoCTaHLil moTyxkHicTio Big 500 kBT 1 Builte, sSiki BUPOOIAIOTH EIEKTPOCHEPTiI0
3a  gomoMoror (oroenekTpuuHUx maHeneld. CTBOPEHO TEXHOJIOTII0 BHOOPY
3eMEJIbHUX JUISTHOK JUJII ONTUMAJbHOTO PpO3TAlllyBaHHS HA3EMHUX COHSYHUX
€JIEKTPOCTAaHIIINA. 3arpoIOHOBAHO 3aCTOCYBaHHS MporpamMHOTo 3abe3neueHHss FOSS,
JaHUX JUCTAHI[IMHOTO 30HAYBaHHS 3eMJll Ta JKEpeNl NaHUX, AKl € Yy BLUIbHOMY
JOCTYTIl, 110 J03BOJUTH Ha O€30IUIaTHIA OCHOBI BCIM 3alliKaBJICHHUM I1HBECTOpPaM,
MiAIPUEMIIM, OpraHaM BHUKOHABYOi BIAAM BUKOPUCTATH JaHy METOJOJIOTIIO Ta
CTBOPUTH BJIACHY KapTy-cxemy npujaTHocti 3emenb a1 CEC. BpockonaneHo Ta
OOTpYHTOBAHO METOJIUKY BUOOPY KPHUTEPIiB Ta BUMOT IIOAO PO3MIIIEHHS HAa3eMHUX
(OTOENEKTPUYHUX COHSYHUX EJIEKTPOCTAHLIH. 3ampONOHOBAHO 3aCTOCYBAaHHS
METOJy MHOXHHHOIO Koe(illleHTa paHroBoi KOpeyslii AJii BHU3HAYEHHS
Y3rOJIPKEHOCTI €KCIEPTHUX CYKEHb WIOAO OI[IHKM KpUTEpIiB BHOOPY, Ta METOIY
aHai3y 1epapxiil AJig MPUCBOEHHS Baru KOKHOMY KPUTEPIIO OI[IHKH, 1, TAKUM YHHOM,
BU3HAYEHHS iX BIIHOCHOT BaXJIMBOCTI Y OCTATOYHOMY PILIEHHI.

VY po3aini 3 «EkcniepuMeHTallbHI JOCHIKEHHS (Ha TMpHKIaal 3acTaBHIBCHKOTO
paiiony YepHiBerpbkoi 00J1acTi)» BHUKOHAHO ampoOarfito TEOPETUYHUX JOCITIIKECHb
o010 BHUOOpPY 3€MENbHUX JUISHOK JJIsi COHSYHOI EHEpPreTMKM Ha TepuTopli
«IJIOTHOTO» 3aCTaBHIBCHKOTO paiioHy YepHiBerpkoi obnacti. Buznaueno kpurepii
OLIIHKM Ta BHUKIIOYEHHS, IO BPAXOBYIOTbCA JJI1 ONTUMAJIbHOTO PO3MIIIEHHS
Ha3eMHOI COHSIYHOI €JIEKTPOCTaHIlli came il jJaHoi Teputopli. BcTaHoBiaeHO
y3TOJIKEHICTh €KCIIEPTHUX CYIKEHb, Ta KOXHOMY 3 KPHUTEPIiB OIIHKHM BH3HAYEHO
HaJlliHy Bary y MNOPUUHATTI OCTATOYHOIO pilleHHs. BuKOHAHO Tmpolenypy
BIIOPSIKOBAHOTO 3BAKEHOTO YCEPEIHEHHs Uil OTPUMAaHHS MMOYaTKOBOI KapTU-CXEMHU
npunatHocTi 3eMenb it HazemHux CEC, Ta mnpoueaypy KOHTPOJbOBAHOI
kjacu@ikamli CymyTHUKOBOTO 300pa)K€HHSI Il CTBOPEHHS MACKW HENpUIATHUX

3emensb uig po3ranryBaHHs CEC. CTBOpeHO pe3ynbTyrouy KapTy-CXeMy MPUAATHOCTI



3eMeNlb 3 BU3HAYCHHMH ONTUMAJbHUMU MICISIMH  PO3TAIIyBAaHHS COHSYHUX
€JIEKTPOCTaHIIIM, 10 BigoOpaxkae 58 3eMeNbHUX IUISHOK 3arajibHOIO IUIomer 7,56
kB.KM (755,74 ra), sKi mpuAaTHI IS PO3TAIlyBaHHS Ha3eMHHX (HOTOCICKTPUYHHUX
COHAYHUX €JIeKTpocTaHlid. BusnaueHo edexkTuBHICTH TpaHchopmalii 3eMeTbHHX
TUITHOK Yy 3€MJIi COHSIYHOT EHEpPreTHKM Ta piuHy NPOAYKTHBHICTH HA3EMHHUX
COHSIYHHX €JICKTPOCTAHIIIM PO3TAIIOBAaHUX Ha OOpaHUX 3eMEIbHUX MUITHKAX.
Knwouosi cnosa: ebeKTHBHE BHUKOPHCTAHHS 3E€MEIIBHHX pECypCiB, COHSIYHI
eJeKTpoCcTaHIlii, nuctraniiine 3oaayBanHsa 3emii, ['IC-rexnonorii, FOSS, kputepii
BIUTUBY Ta BUMOTH JI0 BUOOPY 3eMeNbHOT JUISTHKH, METOJI MHOXHUHHOTO KOe(iIlieHTa

PaHroBO1 KOpeJsilii, MeTo 1 aHai3y 1€papxiil, epeKTUBHICTH TpaHChOpMAIli YTidb.
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ANNOTATION

Kereush D.I. Methodology for the efficient use of land resources for the purpose
of developing the solar industry on the basis of Remote Sensing and GIS-
technologies. — Qualifying scientific work on the rights of manuscript.

Dissertation for the degree of Doctor of Philosophy (PhD) on specialty 193 -
Geodesy and Land Management (19 «Architecture and Construction»). — Lviv
Polytechnic National University, Lviv, 2019.

This dissertation is devoted to the development and the substantiation of a
methodology for the efficient use of land resources for the purpose of developing the
solar industry on the basis of Remote Sensing data and GIS-technologies. With the
help of this methodology, the most suitable places for the location of ground-mounted
industrial solar photovoltaic power plants were found on the territory of Zastavna
district in the Chernivtsi region.

In section 1 "Analysis of the use of Ukraine's land resources in the renewable
energy industry", the current state of the use of land resources, the dynamics of
renewable energy sources development in the fuel and energy complex of Ukraine
and the legal regime of land of renewable energy industry are reviewed and analyzed.
It is established that on the territory of Ukraine there is about 10% of land that may

be potentially suitable for placing solar photovoltaic power plants. It is determined



that state incentives for the production of electric energy from renewable energy
sources in the form of a “green” tariff, an allowance for compliance with the level of
use of Ukrainian production equipment and auction prices have a positive effect on
the development of renewable energy sources, which is particularly reflected in the
dynamics of solar energy development in years 2016 - 2018. It is established that in
Ukraine there are favorable meteorological conditions for the development of solar
energy - the annual amount of global solar radiation in the country (1 070 - 1 750
kWh per square meter and above) is higher than in Germany - the world’s leader in
the field of solar energy.

In section 2 "Development of a methodology for the efficient use of land
resources for the purpose of developing the solar industry" a methodology for finding
and analyzing land resources for their further use for the needs of the country's fuel
and energy complex, namely for solar energy facilities - ground-mounted industrial
solar photovoltaic power plants with a capacity of 500 kW and higher is developed. A
technology of selection of the land plots for optimal location of ground-mounted
solar power plants is created. It is proposed to apply FOSS (Free and Open Source
Software), Remote Sensing data and data sources which are freely available, in order
to allow all interested investors, entrepreneurs, authorities to follow this technology
and create their own Land Suitability Map for solar power plants for free. The
method for selecting the criteria and requirements for the optimal site selection of
ground-mounted solar photovoltaic power plants has been improved and
substantiated. Application of the method of multiple coefficient of rank correlation
for determination of the consistency of expert judgments with respect to the selection
of evaluation criteria, and the method of Analytical Hierarchy Process for assigning
the weights to each evaluation criteria to determine their relative importance in the
final decision, are proposed.

In section 3 “Experimental studies (on the example of Zastavna district in the
Chernivtsi region)” an approbation of theoretical studies on selection of land plots for
solar industry on the territory of the "pilot" Zastavna district in the Chernivtsi region
was performed. The evaluation and exclusion criteria, which are taken into account

for the optimal site selection for solar power plants, are determined for this territory.



The consistency of expert judgments is established, and the reliable weight for each
evaluation criteria is determined. The procedure of Ordered Weighted Averaging is
performed to obtain an initial Land Suitability Map for ground-mounted solar power
plants, and a procedure of supervised satellite image classification was applied to
create a mask of unsuitable lands for solar power plants. The final Land Suitability
Map with optimal locations for solar power plants is created. It represents 58 land
plots with a total area of 7.56 sgq.km (755.74 hectares), which are suitable for the
placement of ground-mounted solar photovoltaic power plants. The efficiency of
transformation of land plots into the category of lands of the solar energy industry
and the annual performance of solar power plants located on selected land plots are
determined.

Key words: efficient use of land resources, solar power plants, Remote Sensing,
GIS technologies, FOSS, criteria and requirements for site selection, method of
multiple coefficient of rank correlation, Analytical Hierarchy Process, efficiency of

transformation of lands.
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