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AHomayifa. Y cmammi 0ocnidxceHo mMmoxausocmi 3acmocy-
BAHHSA rMpuHYuUy net metering y menau4yHomy eocrnooapcmei
3anopizbkoi 06aacMi K e¢hekmu8HO20 IHCMpymeHmy ynpae-
iHHA eHep20CcnoXusaHHAM. EkcriepumeHm nposedeHo Ha
6a3i menauui naowero 1000 m? 061a0HAHOI COHAYHOO ene-
KmpocmaHujeto. Y mexax 0ocnioxceHHa 30ilicHeHo cucme-
MamuyYHUl MOHIMOPUHe eHepeemuyHUX rnapamempie npo-
mA20M B8ECHAHO-MIMHb020 UYUKsY 8UPOWYBAHHA MOMamie
copmy «Pio paHOe» (6epe3eHb — ceprieHb 2025 poky).

Ocobnusy ysazy npudineHo OYiHYi 8rausy 8rposaoMeHHs
080CMOPOHHBLOR20 061Ky enekmpoeHepeii Ha 3a2anbHe eHep-
20CrOMUBAHHA, EKOHOMIYHY eghekmusHicmb menau4Ho20
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KomnneKkcy ma cmabinbHicme a2poKAiMamuyHUX yMo8. 3acmocy8aHHA MexaHiamy net metering daso amoey 0o-
CA2MU 3HUXCEHHA 8UMPAM HA efieKmpoeHepaito Ha 52 %, ompumamu KoMeHcayito 3a nepeddHy 8 Mepexcy eHe-
peito, a makoxc 3a6e3neqyumu cmabinsHull MiKPOKAiMam, W0 crpusso nidsuweHHo spoxcaliHocmi Ha 12 %.
Pe3ynbmamu 0ocnidxceHHs nNiomeepoxytoms 00UinbHICMb iHMe2payii homoenekmpuyHUX cucmem y mennu-
YyHe sUPOobHULUMEB0, 0c0bUBO 8 pe2ioHaX 3 BUCOKUM pieHem iHconauii. 3anpornoHosaHuli nioxio cnpuse popmy-
BAHHIO eHepaoeheKmMuUBHOI Mooesni azpapHo20 20crodapcmed, 3HUMCYE 3a1eHHICMb 8i0 308HIWHIX OXcepes 1 u-
8/1€HHA Ma Nid8UWYE eKoo2iyHy cmanicme supobHUYMEa.

Knrouoei cnoea: coHAYHa eHepeemuka, mernauyHe 2ocnodapcmeo, net metering, eHepeoedekmusHicmes, azpap-

Huli cekmop.

Bcryn. CyyacHi rnobasnbHi TeHAEHLiT, 30Kpema CTpiMmKe
3POCTaHHA YMUCENbHOCTI HaceNeHHsA, akTMBHA ypbaHizauis
Ta KNIMaTUYHI 3MiHM, POPMYIOTb HOBI BUKAWKM ANA arpap-
Horo cekTopy. Ocob6aMBO LLe CTOCYETLCA 3abe3neyeHHs cTa-
6inbHOro BMPOBHMLTBA CiIbCbKOroCnoAapCcbKoi NpoayKLil
B YyMOBax HecTabisibHOro KnimaTy Ta wopas 6inbworo no-
nuTy. Y LLbOMY KOHTEKCTi TEMIMYHI KOMNaeKcu HabysatoTb
0Cc06/1MBOT 3HAYYLLOCTi, OCKiIIbKM [3al0Tb 3MOry CTBOPUTU
KOHTPONbOBAHE CepefoBuLLE ANA BUPOLLYBAHHA KyabTyp
He3a/IeXKHO Bif, 30BHiLLHIX norogHmx ymos [1].

BogHo4yac po3BUTOK TENAMYHOrO rocnogapcresa B YKpaiHi
CTMKAETHCA 3 HU3KOIO EKOHOMIYHMX 6ap’epiB. O4HUM 3 KAto-
YOBWX CTPMMYBAJSIbHUX YUHHUKIB € MOCTiAHE 3pOCTaHHA Ta-
pudiB Ha eNeKTpo- Ta TENNO EHEPrilo, @ TaKOXK 3arasbHi Ko-
MYHaNbHi BMTPaTU. 3a AaHMMMU Tany3eBuX AOCNIOXKEHb,
BUTPATU Ha eHepropecypcn MoxKyTb CTaHOBUTU 40 60 % y
CTPYKTypi cobiBapToCTi TenJn4YHOI NpoayKLuii, Wo icToTHO
3HUIKYE Ti peHTabenbHicTb. Y NolyKax WAaxiB onTumisauii
BUTpaAT baraTo depmepiB NepemillyoTb CBOI rocnogapcraa
00 NiBAEHHUX perioHiB YKpaiHu, AK-0T OpecbKa, XepCcoH-
CbKa Ta 3anopisbKa ob6nacTi. 3aBAAKM BULLiA cepenHbo-

piYHili TemnepaTypi Ta 3HAYHIN KiNIbKOCTi COHAYHUX OHIB Y
UMX perioHax 3MeHLWYyTbCA BUTPaTM Ha obirpis i OCBiT-
NIEHHA TeNAMUb, WO YaCTKOBO KOMMEHCYE BUCOKI Tapudu. 3
ornagy Ha ue ocobsMBOI aKTyanbHOCTI HabyBae BNpoBa-
J)KEHHA TEeXHONIOMYHUX pilleHb, CNPAMOBAHUX Ha 3HU-
YKEHHA eHepreTMYHOro HaBaHTaXKeHHA 6e3 WKoan ans ar-
poTeXHiYHMX napameTpis. OAHMM 3 NEepPCneKTUBHUX
HanNpAMIB € BAKOPUCTAaHHA COHAYHOI EHEepPreTUKM, 30Kpema
iHTerpauis ¢poToeNeKTPUYHUX NaHenemn y KOHCTPYKL o Ten-
nnup. Lle aae 3mory 4acTkoBo abo NOBHICTIO NOKPMBATK MO-
Tpebn B eneKTpoeHeprii, NiABUWNMTA aBTOHOMHICTb
06’€KTiB, 3HM3UTK cOBiIBapPTICTb NPOAYKLT Ta 3MEHLUMTH 3a-
NEXHICTb Bif, 30BHiLLHIX NOCTaYya/ibHUKIB.

CyyacHi goCniAKeHHA NiATBEPAKYOTb BUCOKMI NMOTeHLian
BMKOPUCTAaHHA COHAYHOI eHepreTMKn B TeMJIMYHOMY FrOCrno-
[APCTBi AK IHCTPYMEHTY NiABULLEHHA eHeproedpeKTUBHOCTI
Ta 3HWKEHHA eKcnyaTauiiHux BuTpaT [2]. 30Kpema, 3a3Ha-
YAETbCA, WO NOEAHAHHA CiIbCbKOroCcnogapcbKoro BMpob-
HUUTBA 3 reHepauielo eNeKTpoeHeprii Jae 3mory ogHo4a-
CHO BMpOLLYBaTM NpOAYKLitO Ta BUMPOONATM eHeprito,
ONTUMI3YIO4YM BMKOPUCTAHHA 3emenibHUX pecypcis [3]. Y
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[ocniaxKeHHi, nposegeHomy B KeHii [4], BCcTaHOB/EHO, LIO
BMPOLLYBAHHA KanycTu Ni, COHAYHMMM NaHENAMU CMPUAE
36iblUEeHHI0 BpoXKaliHOCTI Ha 30 % NOPIBHSAHO 3 KOHTPO/1b-
HUMW OiNAHKAMM, WO CBIAYMTL NPO NO3UTUBHUI BMNJIUB Ya-
CTKOBOrO 3aTiHEHHA Ha AeAKi Ky/nbTypu. EBPONENCbKUI
KOoHcopuiym REGACE [5], peanisye macluTabHUiA NPOEKT 3
TECTyBaHHA Npo30pux GOTOENEKTPUYHUX NAHeNen y Tenam-
uax. Cucrema TriSolar ymOXANBAIOE perytoBaHHA KyTa Ha-
XMy naHenen, 3abesneyyoymn onTMManbHe OCBITAEHHSA po-
CNH 1 edeKTUBHY reHepauito eHeprii [6, 7]. Y ®paHuyii
NPUMHATO 3aKOHOAABYI 3MiHWM, fAKi CNPOLLYOTb peryto-
BaHHA arpoBo/ibTalYHUX MPOEKTIB, a B HigepnaHaax dep-
MepPWU IHBECTYIOTb Y NiABULLEHI KOHCTPYKLIT ANA COHAYHMUX
naHenen, WO AalOTb HArogy BMPOLLYBATM KyAbTypu nig
HUMK 6e3 BTpaTU NPoAYyKTUBHOCTI [8].

Xoya noTeHLUian BUKOPUCTAHHA COHAYHOI eHepreTukun B Te-
NANYHOMY rocnogapcTei YKpaiHu e obmexReHuni, yKe ic-
HYHOTb OKpPeMi NPUKAAAM Ti yCNilWHOro 3acTocyBaHHA. Y po-
6oti  [9] pochigXeHo MoxamBocTi  3abesnedyeHHA
JNIOKaNbHOrO CMOXWBAYa eNeKTPOEeHeprielo 3 BiAHOBMOBA-
HUX AXKepen ANA 3MEeHLUEeHHA 3a1eXXHOCTi Bif, LeHTpaniso-
BaHOro nocrayaHHs. Ocob6auBicTioO 3a4a4i € BNAMB BMNaA-
KOBOi  NMpupoau  BigHOB/IOBAHOI  eHepreTMKM Ta
CMOXWBAHHA Ha MO/AMBOCTI 3abe3neyeHHs eHepreTuuy-
Horo 6asnaHcy B NOKaNbHIN eHeprocucTemi, Wo noTpebye
BMOOpPY CKNaZy Ta NOTYXXHOCTEN BiZHOBAOBAHOI reHepauii
" fonomixkHoro obnagHaHHA. Takui Niaxis € 0co6aMBO aK-
Tya/bHUM B YMOBAxX MOCTIMHOrO 3pOCTaHHA Tapwudis Ha
€/1eKTPOo- Ta TEenOEeHeprilo, a TaKoX 3arasibHOro niasu-
LLLeHHSA BUTPAT Ha eHepProHoCii.

30Kkpema, y JHinponeTpoBCbKii 061acTi peanisoBaHO Npoe-
KTW, fle COHAYHI eneKkTpocTaHuii 3abe3neyyoTb eHepromno-
Tpebu X0NoANNBHUX KOMMJIEKCIB Ta TENNULb, WO CNPUAE
3HUKEHHIO BUTPAT Ha eniekTpoeHeprito A0 40 % y BeCcHAHO-
NiTHIK nepiog, [10]. Y niBAeHHUX perioHax KpaiHK mani roc-
NnoAapcTsa BNPOBaAKYHOTb MOAY/IbHI GOTOENEKTPUYHI CUC-
Temu NoTyHicTio 10—30 KBT, aiKi 3a6e3ne4ytoTb aBTOHOMHY
poboTy cuctem nonuey Ta BeHTMAALil [11]. Hanpuknag, y
2022 poui KomnaHia ETL Group peanizyBana NPOEKT COHAY-
HOI eneKTpoCTaHLii NOTYXKHicTio 680 KBT-rog, po3mileHor
Ha Aaxy CKAAACbKUX NMPUMILLEHb 3 XONOAUNBHUMMK Kame-
pamu ana 36epiraHHA oBodis Ta GpyKTiB. ENnekTpoeHepria
BMKOPUCTOBYETHLCA TiZIbKM 415 BAACHUX NoTpeb nignpuemc-
TBa, BK/IOHAOUMN KUBNEHHA CUCTEM OXONOLKEHHSA, OCBIT-
JIeHHA Ta BEHTUAALIT. 33 nonepegHiMn po3paxyHKamu, Tep-
MiH OKYNHOCTi MPOEKTY CTaHOBUTb 4-5 poKiB, WO CBiAYUTL
npo Moro GiHaHCOBY KMUTTE3LATHICTb. Y MeXKax arponpomm-
CNOBOro Knactepa B [JHinponeTpoBcbKii o6nacTi 6yno BcTa-
HOBJ/IEHO COHAYHY €/1eKTPOoCTaHLiito NOTYXKHICTIO
10 MBT-rog, fika 4acTKoBO 3abe3neyye eHepronoTpebu Te-
NAWYHOro rocnogapctea. CTaHLUiA BMKOPUCTOBYETbCA AN
YKMBNIEHHA CUCTEM KpanesbHOro 3pOLWeHHA, aBTOMaTWu-
HOro KepyBaHHA MIKpOKnimaTom Ta ocsiTneHHA. Lle aano
NiANPUEMCTBY Haro4y 3MEHLWUTU BUTPATU HA eNIeKTPOeHe-
prito Ha NnoHaa 40 % y BeCHAHO-NITHIM nepiog, [12].

Y niBgeHHMx perioHax YKpaiHu, 30Kpema B 3anopisbkiit Ta
XepCcoHCcbKin 0bnactax, HEBeNMKi rocnogapcTsa NoYvMHa-

IOTb BNPOBAAKYBATU MOLYNbHI COHAYHI CUCTEMM MOTYXKHi-
cTto 10-30 KBT. X BUKOPUCTOBYIOTb 4711 aBTOHOMHOTO YKMB-
NIeHHA Tenauub, ocobanBO B CE30H NIKOBOrO HaBaHTa-
YKEHHA. TaKi pilleHHA cnpustoTb 3abe3neyeHHto cTabinbHOT
pob0TK cucTeEM NONAUBY, BEHTUAALLT Ta OCBITNIEHHA 6e3 nia-
K/IIOYEHHA [0 LLeHTPasi3oBaHOI mepexi.

TaKMM YMHOM, MiXKHApPOAHUI AOCBIA i HALiOHANbHI NPUK-
nagn [eMOHCTPYIOTb BMCOKMIA MOTEHUiaN BUMKOPUCTAHHA
COHAYHOT EHEepPreTUKN AK IHCTPYMEHTY NOABIMHOIo Npu3Ha-
YeHHsA — An1A BUPOBOHMLTBA NPOAYKTIB XapyyBaHHA Ta eNnek-
TpoeHeprii [13-16].

OujiHKa aouinbHOCTI 3acTocyBaHHA GOTOENEKTPUYHMX CUC-
TEM Y TENINYHOMY BUPOBHULTBI 6A3yETHCA HA TPLOX KAtO-
YOBUX KNIMaTUYHMX MOKa3HMKaxX: cepeaHbopiYHii Temne-
paTypi, KiNIbKOCTi COHAYHMX AHIB Ta piBHi iHconAuii [17-18].
HalcnpuaTamsiwmmmn ymoBamun ansa BNpPOBagKeHHA COHA-
YHOI eHepreTUKM BUPI3HALOTLCA NiBAEHHI 061acTi YKpaiHu —
Opecbka, XepcoHcbKa Ta 3anopisbka. TyT cepeaHbOpPiYHa
TemnepaTypa cTaHoBUTb 61n3bK0o +10,5 °C, KiNbKicTb COHA-
YHUX AHiB nepesuLLye 250, a piBeHb iHconau,ii carae 1500—
1600 kBT-roa/m?/pik (puc. 1). Le aae 3mory iCTOTHO 3HK-
3UTWN BUTPATK Ha obirpis Tenanyb i 3a6esneunTtn ctabinbHy
reHepauilo eniekTpoeHeprii NpoTarom b6inblIoi YacTUHM
POKYy.

LeHTpanbHi perioHu (KuiBcbka, YepKacbKa, MonTtascbka 06-
1acTi) matoTb NOMIpHUIA KNiMmaT i3 cepeiHbOPiIYHO Temne-
patypoto +8..+9°C Ta iHconAuieto Ha piBHi 1200—
1350 KBT-roa/m?/piKk. KinbKicTb COHAYHMX AHIB CTaHOBWUTH
200-220. Y TaKnx ymoBax COHAYHA eHepreTuka moxe bytu
epeKTUBHOI, OAHAK Y 3MMOBWIA Nepios BUHUKAE noTpeba B
[OOATKOBUX AxKepenax Tenna.

CxigHi obnacTi (XapKiBcbKa, /lyraHcbka, JoHelbKa) 4eMOH-
CTPYIOTb CXOXKi NOKa3HMKKU: TemnepaTtypa +8...49 °C, iHcona-
uis —1300-1450 kBT-roa/m?/piK, KiIbKiCTb COHAYHMX AHIB —
200-230. Le cTBOptOE NOMIPHO CNPUATANBI YMOBU ANA BU-
KOPUCTAHHA GOTONEKTPUYHUX CUCTEM.

MpaKkTU4YHe 3acToCyBaHHA COHAYHOT EHEPreTUKM CynpoBo-
OYKYETbCA HU3KOIO BUKINKIB, 30Kpema A060BOI0 Ta CE30H-
HOM HepiBHOMIPHICTIO iHcoNALii. Y HiYHMI Yac reHepauin
e/leKTpoeHeprii NPUNUHAETBCA, a B MOXMypi AHi abo
B3WMKY i1 epEKTUBHICTb iICTOTHO 3HUKYETbLCA. Lle morKe He-
raTMBHO BMN/IMBATU Ha CTabinbHICTb MiKpOKNiMaTy B Ten-
vy,

[na nofonaHHA umMx npobiem AOLINbHO BNPOBALKYBATH
TaKi TEXHONOTIYHI pilLEeHHA:

e T[ibpnaHi eHepreTMYHi cuCTEMM, WO NOEAHYIOTb COHA-
YHY reHepauilo 3 pesepBHUMM Axepenamu (bioras,

LeHTPani30BaHe e/IeKTPONOCTaYaHHsA).

AKymynaTopHi 6aTapei BUCOKOT edeKTUBHOCTI, AKi HaKo-
NUYyIOTb HAA/IMLWIKOBY €Heprilo AN BUKOPWUCTaHHA
BHOUI.

Cuctemun eHepromeHeaXMeHTY, WO OMTUMI3YHOTb CMo-
KMBAHHA eHeprii BiANOBIAHO A0 ii 4OCTYNHOCTI.
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Puc. 1. lNopisHAHHA cepedHbopiYHOI memnepamypu, KinbKocmi COHAYHUX OHi8 ma
PiBHA IHCONAYIT 8 A2PAPHO AKMUBHUX pe2ioHaxX YKpaiHu

OcobnuBy yBary ciig npULInUTM HaKONUYEHHIO Hag/IMLIKO-
BOI efleKTpoeHeprii. Y roanHu nikosoi iHconsauii potoenek-
TPWYHI NaHeNi MOXyTb BUpobnaTH binblue eHeprii, HiX cno-
KuBae Tenanus. bes edpekTnMBHOI cnuctemmn 3b6epiraHHs Ui
Haanuwkm abo BTpayatoTbes, abo nepenatoTbCa B €NEKTPO-
MEPEIKY, WO He 3aBXAN EKOHOMIYHO BUTigHO.

OAHMM i3 Cy4acCHMX pilleHb € cMcTema KomneHcau,ii Haaaun-
LWKOBOI eneKkTpoeHeprii — net metering [19, 20]. BoHa aae
arpoBMpPOBHMKAM MOKAMBICTb 3apaxoByBaTU BUPOBNEHY
€Heprilo 3a TUMW caMUmK Tapudamu, WO M CROXKUTY 3 Me-
pexi. Le 3abe3neuyye rHyyke ynpaBniHHA eHepreTUYHUM
6anaHCcoOM TeNAMLL Ta 3HUKYE eKCnyaTauiiHi BUTpaTy.

MexaHi3m net metering npautoe Tak:
1.
2.

doToeNneKTpUYHI NaHeni reHepyloTb eHeprito BAEHb.

EHepris BUKOPUCTOBYETLCA A/1A XKUBNEHHA CUCTEM Ten-
nnui.

HaanunwoK nepenaeTbeca B e1eKTpOMepeKy.

Y nepioan HMU3bKOI reHepaLii TenamMusa CNOXKMBAE eHep-
rito 3 MepesKi, onnavyoun anwe pisHULLIO MixK Bupobne-
HOIO Ta CMOXKUTOI eNeKTPOEHEPriElD.

Y MeXax YKpaiHCbKOro 3aKoHO4ABCTBA MpuHUMN net
metering peaniayeTbca Yepes NONOXKEHHA NP0 «3e/EHUN»
Tapuod i NiATPUMKY OKaNbHOTrO BUPOBHULITBA e/1eKTPOEHe-
prii. Lle 0cobanBoO aKTyanbHO A4/A Manux i cepedHix ¢ep-
MEePCbKUX rOCnoAapcTB, AKi NParHyTb 3HU3UTU BUTPATH, 3a-
6e3neuntn cTabinbHiCTb BUPOOHMUTBA Ta MiABULLATK
€KOJIoriYHY ePEeKTUBHICTb.

MocraHOBKa 3aBpaHHA. MeTo [0CNIAKEHHA € OLiHKA
e(pEeKTMBHOCTI BUKOPUCTAHHA COHAYHOI eneKTpoeHeprii B
TENJINYHOMY rocnoAapcTBi 3anopi3bKoi obnacTi Ta aHanis
AOUINbHOCTI BNPOBaAXKeHHA mexaHismy net metering. Oc-

HOBHI 3aBAAHHA:
e BU3HAYMTUN EHEProCrnoKMBAHHSA K/OUOBUX CUCTEM Ten-

nvu,;

e OuiHWTM NOTEHLiaN COHAYHOI reHepau,ii;

e [lpoaHanisyBaTu BN/IWB E€HEPreTMYHWX MapameTpiB Ha

BPOXKAMHICTb.

Buknaa ocHoBHOro marepiany. 3anopi3bka 061acTb € oa-
HUM 3 HaliNepCneKTUBHILWMX perioHiB YKpaiHu ana Bnposa-
[OXKEHHA COHAYHOI eHepreTMKN B arpapHoOMy CekTopi. Buco-
KM piBeHb iHconsuii— go 2200-2400 roauH Ha pik—y
NOEAHAHHI 3 MOMiIPHMM KAiMaToM (TemnepaTypa B3UMKY —
5...42 °C, BniTKy +25...4+35 °C) cTBOpPIOE CNPUATINBI YMOBMU
ONA BUKOPUCTAHHA COHAYHUX NAHeNen y TeENIMYHOMY roc-
noAaapcr.i.

Y mexax fgocnigxeHHa ebeKTUBHOCTI 3aCTOCYBaHHA NPUH-
umny net metering B arpapHomy cekTopi 6yno nposeaeHo
eKCnepuMeHT Ha 6a3i Tenauui 3arafbHO  NAOLWED
1000 m2, posTalloBaHoi B 3anopisbkiin obnacti. Tenaunua
obnagHaHa COHAYHOK E/eKTPOCTAHLIED MOTYXKHICTIO
30 KBT, sika 3abe3neyvyBana 4YacTKoBe eHeprosabesneyeHHs
BMPOBHMYOro npouecy. AK 06’eKT BUPOLLYBaHHS BMBpPaHO
TennonbHy KynbTypy — TomMaT copTy «Pio MpaHae», wo no-
Tpebye cTabinbHOro MiKpoKiiMmaTy, 30KpemMa BUCOKOI OCBIT-
NIeHOCTi Ta KOHTPO/IbOBAHOI TEMMNEepPaTypu.

Ynpogosx 6epesHa — cepnHa 2025 poky 6yno nposegeHo
CUCTEMATUYHUIMA MOHITOPUHI €HEeProcrnoXKMBAHHA Tenany-
HOrO KOMMJIEKCY, WO OXOMN/0BaB MOBHWUN BECHAHO-ANITHIN
LMKA BMPOLLYBaHHA TOMaTiB — Bif nocafaku o 36opy Bpo-
»Kato. Takuii BUbip AO3BOINB HE NINLLE OLLIHUTK peanbHi ne-
peBaru BNpoBaaKeHHA GOTOENEKTPUYHUX CUCTEM Y TENAN-
YHOMY rocnofapcTBi, a M NPoaHanisyBaTM B3aEMO3B’A30K
MiXK eHepreTM4HMMM NapameTpamm Ta arpOHOMIYHOIO NPo-
AyKTuBHicTio. OcobauBy yBary 6yno npuaineHo aHanisy go-
60BMX Ta CE30HHUX KOIMBAHb CMOMKMBAHHA eHeprii, edpek-
TUBHOCTI BMKOPWUCTaHHA (OTOENEKTPUYHUX CUCTEM, A
TaKOX BMNANBY KNAIMAaTUYHMX YMOB Ha CTabiNbHICTb MiKpOK-
nimaTy B TenAunL,.

Ona 360py AaHWXx 6YN0 BMKOPMCTAHO CydyacHe TexHiuHe
OCHaLLEHHA:
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PO3YMHi NiYMNBbHUKN eneKkTpoeHeprii 3 ¢yHKLUiElo pea-
JIbHOTO Yacy;

iHBEPTOP 3 ABOCTOPOHHIM 06/1iKOM, WO diKcye sK crno-
YKMBaAHHA, TaK | reHepaL,ito enekTpoeHeprii;

YmapHy nnatdopmy MOHITOPUHrY, Wo 3abesneyyBana
OUCTAHUiIMHWI [OCTYN 4O MOKAa3HUKIB €HeprocrnoxKu-

BaHHA, reHepaujii, TemnepaTypu, BOAOroCTi Ta OCBiT/e-
HOCTI.

Lle aano 3amory oTpMmaTu fOCTOBIPHI AaHi Ana aHanisy ede-
KTUBHOCTI BNPOBaAXEHHA MexaHi3my net metering. Y npo-
Leci 4ocNiarKeHHs 34ilcHIoBaBCA 061K TaKMX NapaMeTpiB:
e 3ara/ibHe CMOXMBaHHA enekTpoeHeprii (KBT-roa/aeHs);
e reHepauisi COHAYHOI eHeprii (KBT-roa/aeHb);

obcAr nepeaaHoi eHeprii B Mepexy;

NiKoBi HaBaHTa*KeHHsA (paHKOBI Ta BeuipHi nepioan);
BUTPATM Ha eNeKTpoeHeprilo A0 Ta nicna BNpoBa-
L)KeHHA net metering.

MeTogonoriyHa OCHOBa AOCNIAMKEHHA 6a3yeTbcA Ha KOM-
NAEKCHOMY MiAXo4i [0 OUiHKM  €eHeprocnoXuBaHHA

OCHOBHWX CUCTEM TenuLj, 30Kpema: ocBiTAeHHA (Qocs),
06irpiBy (Qonan), BeHTUNALT (Qeernm), NONNBY (Qnoqus) Ta BTPAT
y cuctemi (Qempamu) [21]. EHepreTMuHuin 6anaHc Tennunui
OMUCYETHLCA PIBHAHHAM:

Q3ar =QOCB +QBEHT +QI'IOI1MB +QCI'I3/'I +QBTpETVI (1)

leHepaLia COHAYHOI eneKTpoeHeprii BU3Ha4Ya€eTbca 3a pop-
MY/1010:

G=A-n-l (2)
ne G — pobosa reHepauia (KBT-rog), A— naowa COHAYHUX
naHenein (m?), n — epektnsHictb naHenen (0,20), | — nobosa
iHconauia (KBT-roa/m?).

AHani3 CTPYKTYpu eHeprocnoXKmMBaHHA NoKasas, Lo Hanbi-
NblUY YaCTKYy CTAaHOBUTb OCBITNAEHHA — 40 %, WO 3ymoBAEHO
notpeboto B TpmBanomy dotonepiosi A8 BUPOLLYBaAHHSA
ToMarTiB. BeHTUAALUjA cnoxuBae 31,2 % eHeprii, 3abe3neyy-
oYM perynsuito Temnepatypu Ta BonorocTi. O6irpis ctaHo-
BUTb 28,8 %, MepeBaKHO aKTyaslibHUI Yy BECHAHI Mmicaui
(puc. 2).

= OCBIiTNI€HHA

= BeHTmnAuiA

O6irpis

Puc. 2. CmpyKmypa eHep20Crnoxu8aHHA menauyi

MpoTarom nepiogy AOCNIAKEHHA NApaMeTPU MiKpoKaimaTty
3anMWanmca ctabinbHMMK: TemnepaTtypa — +22...+26 °C, Bo-
norictb —60-70 %, ocsiTneHicTb — 12—14 roa/neHsb. Lii ymosun
€ ONTUMaZIbHUMM /1A BUPOLLYBaHHA TENA0NOOHUX KyAbTyp,
30Kpema TomartiB. [OpiBHAHHA BpOXKaMHOCTI 40 Ta nicaA
BMPOBAAKEHHA COHAYHOI reHepauii NOKas3ano MNO3UTUBHY
AMHamiky: [0 BrpoBagMeHHs — 8,2 T/ra, nicna Bnposa-
OXKeHHA — 9,2 T/ra. 3pocTaHHA —12 %.

Y npoueci gocnigxeHHsa byno 3adikcoBaHO 3arasibHe CNOXU-
BaHHA e/IeKTPOEeHeprii TEMNJIMYHMM KOMIMIEKCOM Ha pPiBHi
21500 KBT-roa,. BctaHOoBNEHa COHAYHA eNeKTPOCTaHLiA No-
Ty»KHicTo 30 KBT 3abe3neunna reHepauito 13 800 KBT-rog, 3
AKnx 3200 KBT-roa 6yno nepegaHo A0 3aranbHOI eleKTpome-
pexi 3a npuHumMnom net metering. Lle nano amory otpumaTu
KomneHcauito B po3mipi 11 200 rpH Ta 3HU3UTM BUTPATK Ha
efleKTpoeHeprito Ha 52 % NOPIBHAHO 3 aHaNOr4YHMM nepio-
[OM rnonepeaHboro poky.

MopiBHANBHUIA @aHanNi3 MICAYHOrO CMOXMBAHHA efNeKTpoe-
Heprii B Tennuui 3a nepiog 6epeseHb — ceprneHb 2025 poky
MoKasas (puc. 3), WO CNOXMBAHHA LLOMICALA 3MEHLIYBa-
noca. Ue 6yno 3ymoBneHo 3HUMKeHHAM noTpebu B obirpisi
Ta WTYYHOMY OCBITNIE€HHI B TeNAiwWi micAui, Wwo fano amory
CYTTEBO ONTUMI3YBaATU EHEPTrETUYHI BUTPATH.

leHepaLis COHAYHOI eHeprii NOCTynoBo 3pocTana 3 bepesHs
[0 YepBHs, gocAratoyM nika B NiTHINM nepioa, nicns 4oro
CMnocTepiranoca HesHayHe 3HUXKEHHA. Taka gMHaMiKa Bia-
noBifae ce3oHHoMy 36inblUEHHIO TPMBANOCTI CBIT/IOBOrO
OHA Ta IHTEHCMBHOCTI COHAYHOrO BUMNPOMIHIOBAHHA. X04a
reHepaLia AeMOHCTpyBasia NO3UTUBHY TEHAEHLI0, BOHA He
nepeBuLLyBaJia PiBEHb CMOXUBAHHSA.

HaliMeHwWwKit po3purB MixK BUPOBNEHOIO Ta CMOMXKMUTOIO eHe-
prieto cnocTepiraBca y AMMHI Ta CEprHi, WO CBig4YnTb NPo
BMCOKY eeKTUBHICTb pob0TH cucTemMU net metering came B
NiTHIN nepioa, Konu iHconALia AoCATaE NiKoBMX 3HAY€EHb.
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OTpuMaHi pe3ynbTati NigTBEPAKYHOTb AO0UINBHICTE BUKOPUC-
TaHHA GOTOENEKTPUYHMX CUCTEM Y TENAMYHOMY FrOCNOAAPCTBI,
0c06/1MBO B perioHax 3 BUCOKUM PIBHEM COHAYHOI aKTUBHOCTI.

5000

4000

3000

2000

1000

o

BrnpoBaakeHHA MexaHi3my net metering cnpusae He auwwe on-
TUMI3aLii BUTPAT Ha eNleKTPOoeHeprito, a M NiATPMML CTanoCTi
eHeprosabesneyeHHs B yMOBaX CE30HHMX KOMIMBaHb reHepalLyji.

bepeseHb KaiTeHb TpaseHb YepseHb JiuneHb CepneHb

B leHepauia (KBT-roza)

CnoxuBaHHA (KBT-roa)

Puc. 3. [Topi6HAHHA CNOXUBAHHA MQA 2eHepayii COHAYHOI eHepeaii 8 menauyi

[ONs OUiHKM B3aEMO3B’A3KIB MiK eHepreTMYHUMK Ta arpo-
HOMIYHMMM NOKa3HMKamMuM By10 NpoBeAeHO KOPEeNALiMHNMA
aHani3 3a nepiog bepeseHb — cepneHb 2025 poKy. [aHi cBi-
[A4aTb NPO HAABHICTb CUIbHUX NO3UTUBHUX 3B'A3KIB:

reHepawia COHAYHOI eHeprii <> BPOXKalHICTb:
— AyKe CUNbHUIN MO3UTUBHUI 3B'A30K;

r=0,96

OCBITNEHICTb <> BPOXKaWHicTb: r = 0,93 — cMnbHWUI NO3K-
TUBHUM 3B’A30K;

TEMMepPaTypHa CTabiNbHICTb € BPOXKANHICTb: I = MiHYC
0,81 — HeraTMBHUI 3B’A30K 3 KONMBaHHAMMW Temnepa-

TYPW.

Lle nigTBepaxye, Wwo crabinbHe eHeprosabesneyeHHs Ta
KOHTPOJ/Ib MiKPOKNIMaTy MatoTb NPAMMUIA BNAUB HA NPOAYK-
TUBHICTb TEN/IMYHOTO rOCNOAAPCTBA.

BUCHOBKU. Pe3ynbTaT focnigKeHHA NiaTBepaKyOThb, WO
BMPOBaAKEHHA net metering y TeNIMMHOMY rOCNOAapPCTBi €
€KOHOMIYHO AOoUuiNbHUM. 30Kpema, CnoCTepiraeTbcA 3Ha-
YHEe 3HUXKEHHA BUTPAT Ha eneKTpoeHeprito —Ha 52 % y no-
PIBHAHHI 3 aHanNoOriYHMM nepiogom nonepeaHbLOro POKY.
3aBAAKKM mexaHismy net metering Tenanua oTpMmana Kom-
neHcauilo 3a nepegaHy B MepexKy eNeKTpOoeHeprito B po3-
Mmipi 11 200 rpH, Wwo Aano 3mory onTMmisyBaTu eHepreTmy-
HUI  BanaHc. Kpim eKoHOMiYHOro edekTy, 6yno
3adikcOBaHO NOKpPaLLLEeHHA arpOHOMIYHUX NOKA3HMKIB: BPO-
»alHicTb TomaTiB 3pocna Ha 12 % — 3 8,2 7/ra go 9,2 7/ra.
Lle cBigunTb NPO NO3UTUBHMI BNAUB CTabinbHOro eHepro-
3abe3neyeHHs Ta KOHTPO/IbOBAHOIrO MiKPOKAIMATY Ha Npo-
OYKTUBHICTb TenauyHoro rocnopapctea. OTke, BMpoBa-
OKEeHHA  OTOeNEeKTPUYHOI CUCTEMWM € He /e
eHeproedeKTUBHUM, a 1 CTpATeriyHO A0LiI/IbHUM pPilleHHAM
AR CTaNoro po3BUTKY arpapHoOro BUpobHULTBA.
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Abstract. This article examines the potential of applying
the net metering principle in greenhouse farming in the Za-
porizhzhia region as an effective tool for energy consump-
tion management. The experiment was conducted in a
1000 m? greenhouse equipped with a solar power plant.
The study involved systematic monitoring of energy pa-
rameters throughout the spring—summer tomato cultiva-
tion cycle (March-August 2025), focusing on the "Rio
Grande" variety.

Special attention was given to assessing the impact of im-
plementing bidirectional electricity metering on overall en-
ergy consumption, economic efficiency, and agroclimatic
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stability of the greenhouse complex. The use of net metering led to a 52% reduction in electricity costs, financial
compensation for energy transferred to the grid, and the maintenance of a stable microclimate, which contributed

to a 12% increase in crop yield.

The results confirm the feasibility of integrating photovoltaic systems into greenhouse production, particularly in
regions with high solar radiation. The proposed approach supports the development of an energy-efficient agri-
cultural model, reduces dependence on external power sources, and enhances the environmental sustainability of

farming operations.

Keywords: solar energy, greenhouse farming, net metering, energy efficiency, agricultural sector.

Introduction. Current global trends, including rapid popu-
lation growth, rapid urbanization, and climate change, pose
new challenges for the agricultural sector. This is especially
true for ensuring stable agricultural production in an unsta-
ble climate and growing demand. In this context, green-
house complexes are of particular importance, as they al-
low creating a controlled environment for growing crops
regardless of external weather conditions [1].

At the same time, the development of greenhouse farming
in Ukraine faces low economic barriers. One of the key re-
straining factors is the constant increase in electricity and
heat tariffs, as well as general utility costs. According to in-
dustry research, energy costs can account for up to 60% of
the cost structure of greenhouse production, which signifi-
cantly reduces its profitability. In search of ways to optimize
costs, many farmers are moving their farms to the southern
regions of Ukraine - such as Odesa, Kherson and Za-
porizhzhia regions. Due to the higher average annual tem-
perature and a significant number of sunny days in these
regions, the costs of heating and lighting greenhouses are
reduced, which partially compensates for the high tariffs. In
this regard, the implementation of technological solutions
aimed at reducing the energy load without harming

agrotechnical parameters is becoming particularly rele-
vant. One of the promising areas is the use of solar energy,
in particular the integration of photovoltaic panels into
greenhouse structures. This allows you to partially or fully
cover electricity needs, increase the autonomy of facilities,
reduce the cost of production, and reduce dependence on
external suppliers.

Modern research confirms the high potential of using solar
energy in greenhouse farming as a tool for increasing en-
ergy efficiency and reducing operating costs [2]. In particu-
lar, it is noted that combining agricultural production with
electricity generation allows for simultaneous cultivation of
products and generation of energy, optimizing the use of
land resources [3]. A study conducted in Kenya [4] found
that growing cabbage under solar panels increased yields
by 30% compared to control plots, indicating the positive
effects of partial shading on some crops. The European con-
sortium REGACE [5] is implementing a large-scale project to
test transparent photovoltaic panels in greenhouses. The
TriSolar system allows you to adjust the angle of the panels,
ensuring optimal lighting for plants and efficient energy
generation [6,7]. In France, legislative changes have been
adopted to simplify the regulation of agrovoltaic projects,
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while in the Netherlands farmers are investing in elevated
structures for solar panels, which enable crops to be grown
beneath them without any loss of productivity [8].

Although the potential for using solar energy in greenhouse
farming in Ukraine has not yet become widespread, there
are already some examples of its successful application. In
[9], the possibilities of providing local consumers with elec-
tricity from renewable sources to reduce dependence on
centralized supply were investigated. A feature of the prob-
lem is the impact of the random nature of renewable en-
ergy and consumption on the ability to ensure energy bal-
ance in the local energy system, which requires the
selection of the composition and capacity of renewable
generation and auxiliary equipment. This approach is espe-
cially relevant in the context of constant growth in electric-
ity and heat tariffs, as well as a general increase in energy
costs.

In particular, several projects have been implemented in
the Dnipropetrovsk region, where solar power plants sup-
ply the energy needs of refrigeration complexes and green-
houses, reducing electricity costs by up to 40% during the
spring and summer period [10]. In the southern regions of
Ukraine, small farms are adopting modular photovoltaic
systems with capacities of 10-30 kW, which ensure auton-
omous operation of irrigation and ventilation systems [11].
For example, in 2022, ETL Group implemented a 680 kWh
solar power plant on the roof of warehouses equipped with
cold storage facilities for vegetables and fruits. The electric-
ity generated is used exclusively for the enterprise’s own
needs, particularly for cooling, lighting, and ventilation sys-
tems. Preliminary calculations indicate a payback period of
4-5 years, confirming the project’s financial viability. In the
Dnipropetrovsk region, a 10 MWh solar power plant has
also been installed in the agro-industrial cluster, partially
meeting the energy needs of the greenhouse industry. The
SPP powers drip irrigation systems, automatic microclimate
control, and lighting, enabling the company to reduce elec-
tricity costs by more than 40% during the spring and sum-
mer period [12].

In the southern regions of Ukraine, particularly Za-
porizhzhia and Kherson, small farms are beginning to adopt
modular solar systems with capacities of 10-30 kW. These
systems provide an autonomous power supply for green-
houses, especially during peak load periods. Such solutions
ensure the stable operation of irrigation, ventilation, and
lighting systems without reliance on a centralized grid. Both
international experience and national case studies highlight
the high potential of solar energy as a dual-purpose re-
source — supporting both food production and electricity
generation [13-16].

In the southern regions of Ukraine, particularly in Za-
porizhzhia and Kherson regions, small farms are starting to
implement modular solar systems with a capacity of 10-30
kW. They are used to provide an autonomous power supply
for greenhouses, especially during peak load seasons. Such
solutions allow for the stable operation of irrigation, venti-
lation, and lighting systems without connection to a

centralized network. Thus, international experience and
national cases demonstrate the high potential of using so-
lar energy as a dual-purpose tool — for food and electricity
production [13-16].

The feasibility of using photovoltaic systems in greenhouse
production is evaluated based on three key climatic indica-
tors: average annual temperature, number of sunny days,
and level of insolation [17-18]. The most favorable condi-
tions for the adoption of solar energy are observed in the
southern regions of Ukraine — Odesa, Kherson, and Za-
porizhzhia. In these areas, the average annual temperature
is approximately +10.5 °C, the number of sunny days ex-
ceeds 250, and the level of insolation reaches 1,500—
1,600 kWh/m?/year (Fig. 1). These factors enable a signifi-
cant reduction in greenhouse heating costs and ensure sta-
ble electricity production throughout most of the year. The
central regions (Kyiv, Cherkasy, Poltava) have a temperate
climate, with an average annual temperature of +8 to +9 °C
and insolation levels of 1,200-1,350 kWh/m?/year. The
number of sunny days ranges from 200 to 220. Under such
conditions, solar energy can be effective, although addi-
tional heat sources are required during the winter period.
The eastern regions (Kharkiv, Luhansk, Donetsk) demon-
strate similar indicators: average annual temperature of +8
to +9°C, insolation levels of 1,300-1,450 kWh/m?/year,
and 200-230 sunny days. These parameters create moder-
ately favorable conditions for the use of photovoltaic sys-
tems.

The feasibility of using photovoltaic systems in greenhouse
production is assessed based on three key climatic indica-
tors: average annual temperature, number of sunny days,
and level of insolation [17-18]. The most favorable condi-
tions for the adoption of solar energy are found in the
southern regions of Ukraine — Odesa, Kherson, and Za-
porizhzhia. In these areas, the average annual temperature
is approximately +10.5 °C, the number of sunny days ex-
ceeds 250, and the level of insolation reaches 1,500—
1,600 kWh/m?/year (Fig. 1). These factors allow for a signif-
icant reduction in greenhouse heating costs and ensure sta-
ble electricity production throughout most of the year. The
central regions (Kyiv, Cherkasy, Poltava) have a temperate
climate, with an average annual temperature of +8 to +9 °C
and insolation levels of 1,200-1,350 kWh/m?/year. The
number of sunny days ranges from 200 to 220. Under such
conditions, solar energy can be effective, although addi-
tional heat sources are required during the winter period.

The eastern regions (Kharkiv, Luhansk, Donetsk) demon-
strate similar indicators: temperature +8...49°C, insolation
— 1,300-1,450 kWh/m?/year, sunny days — 200-230. This
creates moderately favorable conditions for the use of pho-
tovoltaic systems.

The practical application of solar energy is accompanied by
a number of difficulties, in particular, the daily and seasonal
unevenness of insolation. At night, electricity generation
stops, and on cloudy days or in winter, its efficiency is sig-
nificantly reduced. This can negatively affect the stability of
the microclimate in the greenhouse. To overcome these
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problemes, it is advisable to implement the following tech-
nological solutions:

e Hybrid energy systems that combine solar generation with

backup sources (biogas, centralized electricity supply).
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High-efficiency batteries that store excess energy for
use at night.

Energy management systems that optimize energy con-
sumption according to its availability.
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Insolation (kwh/m?2/year).

Fig. 1. Comparison of average annual temperature, number of sunny days, and insolation level
in agriculturally active regions of Ukraine

Particular attention should be paid to the storage of excess
electricity. During peak hours, photovoltaic panels can pro-
duce more energy than the greenhouse consumes. Without
an effective storage system, this excess is either lost or
transferred to the electricity grid, which is not always eco-
nomically viable.

One of the modern solutions is the system of compensation
of surplus electricity — net metering [19, 20]. It allows agri-
cultural producers to charge the produced energy at the
same rates as the energy consumed from the network. This
provides flexible management of the energy balance of
greenhouses and reduces operating costs.

1.
2.
3.
4,

The net metering mechanism works as follows:
Photovoltaic panels generate energy during the day.
The energy is used to power the greenhouse systems.
The surplus is transferred to the electricity grid.

During periods of low generation, the greenhouse con-
sumes energy from the grid, paying only the difference be-
tween the electricity produced and consumed.

Within the framework of Ukrainian legislation, the principle
of net metering is implemented through the provision of a
“green tariff” and support for local electricity production.
This is especially relevant for small and medium-sized farms
that seek to reduce costs, ensure production stability, and
increase environmental efficiency.

Problem statement. The purpose of this study is to evalu-
ate the efficiency of using solar electricity in greenhouse
farming in the Zaporizhzhia region and to analyze the feasi-
bility of implementing a net metering mechanism.

Main tasks:

e Determine the energy consumption of key greenhouse

systems;

e Assess the potential of solar generation;

e Analyze the impact of energy parameters on crop yield.

Main content. The Zaporizhzhia region is one of the most
promising regions of Ukraine for the adoption of solar en-
ergy in the agricultural sector. A high level of insolation —
up to 2,200-2,400 hours per year — combined with a tem-
perate climate (-5 to +2 °C in winter, +25 to +35 °C in sum-
mer) creates favorable conditions for the use of solar pan-
els in greenhouse farming.

As part of a study on the effectiveness of applying the net
metering principle in the agricultural sector, an experiment
was conducted in a greenhouse with a total area of
1,000 m?, located in the Zaporizhzhia region. The green-
house was equipped with a 30 kW solar power plant, which
partially supplied energy for the production process. The
selected crop was a thermophilic tomato variety, Rio
Grande, which requires a stable microclimate with high
light intensity and controlled temperature.

During March—August 2025, systematic monitoring of the
energy consumption of the greenhouse complex was car-
ried out, covering the entire spring-summer cycle of tomato
cultivation - from planting to harvest. This choice allowed
not only to assess the real benefits of implementing photo-
voltaic systems in greenhouse farming, but also to analyze
the relationship between energy parameters and agro-
nomic productivity. Particular attention was paid to the
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analysis of daily and seasonal fluctuations in energy con-
sumption, the efficiency of using photovoltaic systems, as
well as the influence of climatic conditions on the stability
of the microclimate in the greenhouse.

Modern technical equipment was used to collect data:

e Smart electricity meters with real-time functionality;

e Atwo-way inverter that records both consumption and

generation of electricity;

A cloud-based monitoring platform that provided re-
mote access to energy consumption, generation, tem-
perature, humidity, and lighting indicators.

This allowed the collection of reliable data to analyze the
effectiveness of the net metering mechanism's implemen-
tation. The following parameters were taken into account
during the study:

Total electricity consumption (kWh/day);

Solar energy generation (kWh/day);

e Amount of energy transmitted to the grid;

e Peak loads (morning and evening periods);

e Electricity costs before and after the implementation of

net metering.

The methodological basis of the study is based on a com-
prehensive approach to assessing the energy consumption
of the main greenhouse systems, in particular: lighting
(Quight), heating (Qneat), ventilation (Quent), irrigation (Qiriga-
tion) and losses in the system (Quoss) [21].

The energy balance of a greenhouse is described by the
equation:

+Q +Q +Q

Solar electricity generation is determined by the formula:
G=A-n-1 (2)
where G is daily generation (kWh), A is the area of solar

panels (m?2), n is the efficiency of the panels (0.20), | is daily
insolation (kWh/m?).

total light ven

Analysis of the energy consumption structure showed that
lighting accounts for the largest share at 40%, which is as-
sociated with the need for a long photoperiod for growing
tomatoes. Ventilation consumes 31.2% of energy, ensuring
temperature and humidity regulation. Heating accounts for
28.8%, which is mainly relevant in the spring months (Fig.
2). During the study period, the microclimate parameters
remained stable: temperature ranged from +22 to +26 °C,
humidity was maintained at 60—70%, and light exposure av-
eraged 12-14 hours per day. These conditions are optimal
for cultivating heat-loving crops, particularly tomatoes. A
comparison of yields before and after the introduction of
solar generation demonstrated positive dynamics: prior to
implementation, yields were 8.2 t/ha, while after imple-
mentation they increased to 9.2 t/ha, reflecting a growth of
12%. Over the course of the study, the total electricity con-
sumption of the greenhouse complex amounted to
21,500 kWh. The installed 30 kW solar power plant gener-
ated 13,800 kWh, of which 3,200 kWh was fed into the gen-
eral electricity grid under the net metering principle. This
enabled compensation of 11,200 UAH and reduced elec-
tricity costs by 52% compared to the same period in the
previous year.

M Lighting ®™ Ventilation

I Heating

Fig. 2. Structure of Energy Consumption in the Greenhouse

A comparative analysis of monthly electricity consumption in
the greenhouse during the period from March to August 2025
(Fig. 3) revealed a consistent decrease in consumption each

month. This decline was primarily due to reduced demand for
heating and artificial lighting in the warmer months, which en-
abled significant optimization of energy costs.
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Fig. 3. Comparison of Energy Consumption and Solar Generation in the Greenhouse

Solar energy generation gradually increased from March to
June, peaking in the summer, after which a slight decrease
was observed. This dynamic corresponds to the seasonal
increase in daylight hours and solar radiation intensity. Alt-
hough generation showed a positive trend, it did not ex-
ceed the level of consumption.

The smallest gap between produced and consumed energy
was observed in July and August, which indicates the high
efficiency of the net metering system precisely in the sum-
mer period, when insolation reaches peak values. The re-
sults obtained confirm the feasibility of using photovoltaic
systems in greenhouse farming, especially in regions with
high solar activity. The implementation of the net metering
mechanism allows not only to optimize electricity costs, but
also to ensure the stability of energy supply in the face of
seasonal fluctuations in generation. To evaluate the rela-
tionships between energy and agronomic indicators, a cor-
relation analysis was conducted for the period March—Au-
gust 2025. The results indicate the presence of strong
positive correlations:

e Solar energy generation <> yield: r = 0.96 — very strong
positive correlation;

lllumination <> yield: r = 0.93 — strong positive corre-
lation;

Temperature stability <> yield: r = —-0.81 — negative
correlation with temperature fluctuations.

These findings confirm that a stable energy supply and ef-
fective microclimate control have a direct impact on green-
house productivity.

Conclusions. The results of the study confirm that the im-
plementation of net metering in greenhouse farming is eco-
nomically viable. Electricity costs decreased significantly —
by 52% compared to the same period of the previous year.
Through net metering, the greenhouse received UAH
11,200 in compensation for electricity supplied to the grid,
helping optimize the energy balance. Beyond the economic
benefits, agronomic indicators also improved: tomato yield

increased by 12%, from 8.2 t/ha to 9.2 t/ha. This demon-
strates the positive impact of a stable energy supply and
controlled microclimate on greenhouse productivity.
Therefore, the adoption of a photovoltaic system is not only
energy-efficient but also a strategically sound solution for
the sustainable development of agricultural production.
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