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a1acmi 3 OUiHKOK Moxcausocmi lio2o noemarnHo2o macumaby-

B8AHHA. AKMyasnbHiCMb 00CiOHEeHHA 3yMosneHa HeobxioHicmio nidsuUWeHHA eHep2emu4YHOi a8MOHOMHOCMI
domozocnodapcme ma adanmayii azposupobHUYyMea 00 ymos u,opas suuwoi nocywsnusocmi. Memoto po-
b6omu € ¢hopmMy8aHHA MeEXHIKO-eKOHOMIYHOI modesi cmapmoso2o azpoghomoeonbmaiyHo20 mModyna nnao-
wieto 100 m? ma po3pobaeHHA (hopmanizoeaHo20 Mopo208020 Kpumepito npuliHAmMmas piweHHa ujodo io2o
8r1POBAOHEHHA 3 YPAXYBAHHAM repcriekmus rnepexody 00 Masnozo bisHecy.

Ha ocHosi aHanizy numomoi eHepaoeeHepauii pomoesneKkmpuyHUX cucmem ma MOX/UB020 3HUMEHHSA 8P0-
mwaliHocmi 8 pasi YacmKo8020 3amiHeHHSA 3arpPornoHOBAHO CNiBBIOHOWEHHS, W0 M08 ’A3ye piyHuli eHepeemu-
YyHuli epekm i3 empamamu az2papHoi NpodyKuii. llokazaHo, wo 3a Yacmku nokpummsa 35-40 % ma nomip-
HO20 3HUMCeHHA epoxaliHocmi eHepzemu4vHul egekm 3a3suvalli repesuwyye azpapHi empamu, wWo
3a6e3ne4yye eKOHOMIYHY 00YinbHICMb CMapmoso2o Modys 0758 00M0o20Crnodapcmad.

Haykoea Hosu3Ha pobomu nonszae y ¢hopmMysaHHi nopo2o8oi modesi npuliHaAmms piweHHsa 0718 MasoMdac-
wmabHoi aepoghomosonbmaiyHoi cucmemu ma po3pobaeHHi noemanHoi cxemu macwmabysaHHs 8i0 asmo-
HOMHO020 0omozocrnodapcmea 00 MAs1020 eHep2emu4HoO-a2papHo2o bisHecy 3 ypaxy8aHHAM eKOHOMIYHUX,
pe2ynamopHuUX i aepomexHiyHUX pakmopie HesusHa4eHocmi. Ha 8iomiHy 8i0 HasA8HUX 00CNiOHEHb, OPIEH-
MOBAHUX MepesamdtHO Ha 8esaUKi a2papHi NPOEKMU, 3arnpPOrNoHOBAHO CMPYKMYypos8aHy Mmodesab cmapmy ma-
71020 NPOEKMY 3 MiHIMI3AUiEO PU3UKiI8.

OmpumaHi pezynemamu c8id4ame npo O0yinbHICMb BUKOPUCMAHHA a2podomosoanbmaiku AK iHcmpyme-
HMy cmpameziyHo2o po3sumky manux 2ocrodapcms. odanswi 00CnioHeHHA Marome 6ymu crnpamMo8aHi
Ha eKcrepumMmeHmManesHy 8anidayito modesni, ymoyHeHHA napamempie MiKpOKAiMamu4yHo20 8rausy ma rno-
enubneHull aHani3 ekKoHOMIYHOI echekmusHoCcmMi macumabosaHux KoHgi2ypauid.

Knrouoei cnoea: 8i0H081108GHA eHepeemuKd, az2podhomosonbmaika, Hanienpo3opi COHAYHIi MoOyi, 800HA
egekmueHicme, NiwaHi rpyHmu, mani 2ocnodapcmea.

Mepenik BUKOPUCTAHUX NO3HAYEHb Ta CKOPOYEHb

A®B — arpo¢doToBO/IbTAIYHA CUCTEMA EPV — piuHni1 BUpOLITOK enekTpoeHeprii, KBT-rog,

CEC — coHAYHa eneKTpoCTaHuiA EPV, scale — piyHuit BUPOBITOK enekTpoeHeprii gns mac-
PV — dpoToeneKTpUYHa cucTema (aHra. Photovoltaic system) — WTabosaHoi cuctemu, KBT-rog,

PAR — (pOTOCUHTETUYHO aKTUBHa pagjaLif (aHr. Yspec — nuTomuii piuHunii BupobiTok, kBT-roa/kBT
Photosynthetically Active Radiation) Y — 6a30Ba BPOXKAWHICTb, KI

STC — cTaHgapTHi ymosu BunpobysaHb (aHra. Standard AY — 3HUKEHHA BPOXAUHOCTI, KT

Test Conditions) Cel — BapTicTb enekTpoeHeprii, rpH/KBT-roA,

Pinst — BCTaHOB/NIEHA NOTYXHICTb GOTONEKTPUUHOIT CUC- Ccrop — BapTiCTb CiNbCbKOroCnoAapCcbKol NpoayKLii, rpH/Kr
Temm, KBt

Bel — piyHUI eHepreTMYHNN eKOHOMIYHUI edeKT, rpH
Pinst, scale — BcTaHOB/IEHA NOTYKHiCTb MacWTaboBaHOI cK-

ctemu, KBT

Lcrop — BTpaTH f0X0AY Bif 3HUMKEHHSA BPOXKaANHOCTI, FpH

Ctot — 3aranbHi iHBeCTULiMHI BUTPATWH, TPH

Acov — naoua NoKpuTTa GOTOENEKTPUYHNUMM MOAYNAMM, M2 . . . .
Cunit — NMTOMI KaniTanbHi BUTPaTW Ha OANHULLIO BCTAHOB-

pA — NUTOMA BCTAHOB/IEHA MOTY}KHICTb MOAYNA Ha O4M- NeHOT NOTYKHOCTI, TpH/KBT

HULIO naowwi, BT/m?
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Bctyn. B ymoBax 3pOCTaHHA BapTOCTi efieKTpoeHeprii,
NiABMLLEHHA KNIMAaTUYHUX PU3MKIB Ta HecTabinbHOCTI
€HepronocTayaHHA MUTAaHHA eHepProHe3aNeXXHoCTi AOMO-
rocnofapcTs HabyBa€e CcTpaTeriyHOro 3HaveHHaA. Ans Bnac-
HUKIB NpucagmMbHux AinAaHoK i manux rocnogapcts Kuisch-
Koi obnacti ua npobnema NOEQHYETbCA 3 iHLWOW —
AediunTom BOMOMM Ha NerkMx MilaHMX FPyHTaXx, Wo ocob-
INBO NPOABAAETLCA B NiTHI nepioa. OTXKe, Jomorocnoaap-
CTBO OJHOYACHO CTMKAETHCA 3 ABOMA BUKAWKAMU: HeOb-
XigHicTio 3abe3neyeHHA CTabiNIbHOrO eHePronocTavyaHHA Ta
NiATPMMaHHA BPOXKANHOCTI B yMOBaxX BOAHOIO CTpecy.

ArpodoToBosbTaika, AKa nepenbayae NoeaHaHHA BUPOO-
HUUTBA efieKTpoeHeprii Ta BMPOLLYBAHHA CifIbCbKOrocno-
[APCbKUX KyNbTYp Ha OAHIN NAOLLi, PO3rNALAETLCA AK Nep-
CNEeKTUBHUIM HanpAMm iHTerpawii eHepreTMKM Ta arpapHoro
cekTopy. MpoTe 6inbWicTb AOCNiIAMKEHD NPUCBAYEHO BEAN-
KM dpepmepcbKMm abo NpOMUCNIOBMM NPOEKTAM, TOAi AK
NMUTaHHA BMNPOBAaAXKEHHA MasomMacwTabHux cuctem ana
L,0MOrocnogapcTs 3a/MWaoTbCA HeAOCTaTHLO ONpaLboBa-
HUMW. BiacyTHA YiTKa moaens cTapTy HEBEIMKOro arpodo-
TOBO/IbTAIYHOTO NPOEKTY, AKA AaBana 6 3Mory OLiHUTK 1ioro
[AO0UiNbHICTb Ha piBHI 100 m? Ta BU3HAUYUTM NepCneKkTUBHM no-
Aanblioro macwtabyBaHHs.

[na BnacHMKa 4oOMOrocnoAapcrsa KPUTUHHMUM € PO3YMiHHA
He JMe TEXHIYHOI MOM/IMBOCTI BCTAHOB/IEHHA COHAYHMUX
MOAYANiB HaA AiNAHKO, a U EKOHOMIYHOIo basiaHCy Mix no-
TEHUiIMHUMW BTpaTammM BPOXKAMHOCTI Ta BUrOAaMu Big, BU-
pobHuLTBa enekTpoeHeprii. BogHoyac came HeBENUKUIA
NiNOTHUM MOAYNb MOXE CAyryBaTM iHCTPYMEHTOM 3HW-
KEHHA PU3UKIB | NOETanHOro nepexoay 40 Manoro arpoe-
HepreTuyHoro bisHecy.

3 ornAagy Ha ue akTyanbHUM € po3pobsieHHA moaeni cTap-
ToBOro arpooToBO/bTAIMHOrO Moayna naouieto 100 m?2
ON5 YMOB NilaHuX FpyHTiB KMiBCbKOT 06.1acTi 3 noganblimnm
aHani3oM MOXKAMBOCTEM MacwTabyBaHHA. Takuii niaxig,
[Q€ 3MOry NOEAHATU 3a4adi eHepreTUYHOi aBTOHOMHOCTI
LOMOrocrnogapcTea 3 [A0BrOCTPOKOBOK CTpaTerielo po-
3BUTKY Masioro 6i3Hecy Ha OCHOBI iHTENPOBAHOrO BUKOPU-
CTaHHA 3eMeNIbHOI NIoLL;.

MocTtaHOBKa 3aBAaHHA

MeToto poboTh € po3pobseHHA Ta O6rpyHTyBaHHA MNpak-
TUYHOT MoAeni 3anycKy masiomaclTabHoro arpopoToBo/ib-
TAilYHOro NPOEKTY ANA [OMOrocnogapcTsa Ha NpuKAagi
cTapToBoro moayns niaoweto 100 m? B ymoBax nilaHmx
rpyHTiB KniBcbKoi 061acTi 3 OuiHKOW NoTeHLiany Moro no-
Aanblioro macwtabyBaHHA 0 piBHA manoro 6isHecy.

[na pocArHeHHA nocTaBaeHol meTn nepeabayeHo BUKO-
HaHHA TaKWX 3aBAaHb:

— chopmyBaTH TEXHIYHY KOHirypauito ctaptoBoro arpodo-
TOBO/IbTAlYHOrO MOAYNA, OPIEHTOBAHOro Ha 3abesne-
YeHHA 4YaCTKOBOI eHepreTMYHOI aBTOHOMHOCTI A4OMOroc-
nogapcTsaa;

— OLiHWUTK BaNaHC MiXK MOXKANBMMM BTPATaMM BPOMKANHOCTI
Ta BUro4amm Bif, BUPOOHMLITBA eNeKTpoeHepril;

— 3aNPOMNOHYBATM NOPOroBUI KPUTEPI NPUNHATTA pilleH-
HA WOAO0 AOLINbHOCTI BNPOBAAXKEHHA CUCTEMU HA PiBHiI
[OMOrocnofapcrea;

— NpoaHani3yBaTh cueHapii macwTabyBaHHs Big, NinoTHOI
naow;i 100 m? 40 HaniBKOMEpPLiNHOro Ta Manoro bisHec-
piBHA;

— BU3HAYMTM YMOBMU, 32 AKMX arpodoTOBOIbTAIHHUIN NPOEKT
nepexoguTb Bif, IHCTPYMEHTY eHeproHe3aneXHocTi Ao
€KOHOMIYHO OB6rpYyHTOBaHOI MiANPUEMHULBKOT Aianb-
HOCTI.

TakMM 4YMHOM, y pobOTIi NOEAHYETLCA TEXHIUHWUW, €EKo-
HOMIYHWI Ta cTpaTeriyHUI Nigxig, 40 BNPOBaAMKEHHSA arpo-
¢$0oTOBOMBLTAIKM Ha pPiBHI Manoro rocnogapcrea. 3a3Have-
HUIM niaxia Aae 3mory MOEAHATU AHANITUYHY IMBUHY 3
NPUKNAAHUM iHCTPYMEHTApPIEM, WO MOXKe BYTU KOPUCHUM
AK ANA AOCNIAHWKIB, TaK | ANA NPAKTUKIB.

Ornap, nitepatypu

MuTaHHA iHTerpayii $oToeNeKTPUUHNX CUCTEM i3 CiIbCbKO-
rocrnofapCcbKMM BUPOBHULTBOM aKTMBHO BMBYAETLCA 3 NO-
yaTky 2010-x pokis. OgHi 3 nepwunx KOHUENTYyanbHUX Nig-
XO4iB A0 MNOEAHAHHA BUPOOHWMUTBA eNleKTpoeHeprii Ta
BMPOLLYBaHHSA KynbTyp Bynm chopmynbosaHi B poboTax [1],
e ObIpyHTOBAaHO MOMKAMBICTb NOABIMHOIO BMKOPWUCTaHHA
3eMenbHuX pecypcis. Moganblumii PO3BUTOK KOHLEeNL,i arpo-
¢doToBObTAIKM NpeacTaBieHo B AOCAiAKEHH [2], y Akomy
aBTOPW 3aNpOMOHYBaAM MOZeANi ONTUMI3aLiii NPOCTOPOBOro
po3MiLLeHHA GOTOENEKTPUYHUX MOAYIB 3 YPaxyBaHHAM ar-
poTexHiYHMX napameTpis. Y poborTi [3] npoaemoHCTpoBaHO
NO3UTUBHUI BMNJIMB arpoPpoTOBONLTAIMHMUX CUCTEM Ha BOA-
HWIA BanaHC y NOCYLWMBUX PEriOHAX, 30KPemMa 3MeHLUEHHSA
eBanoTpaHcnipauii Ta NiaABULLEHHS BOAHOI e(peKTUBHOCTI.
JocnigeHHs [4] nigTBepaKye, WO MIKPOKAIMAT nig moay-
JIAMU MOXKe CnpuATK cTabinisauii NpoayKTUBHOCTI KyAbTyp B
YMOBAX BUCOKMX TemnepaTtyp. AHaNorivyHi pesynbtaTu Woao
BMN/IMBY YaCTKOBOrO 3aTiHEHHA Ha PiCT i PO3BMTOK POC/AUH
HaBeZeHi B [5], Ae AeTanbHO NPOoaHani3oBaHO 3MiHW MiKpO-
METEOPOJIOTiYHUX MapameTpiB. OKpemuid Hanpsm Ao-
CnifeHb NPUCBAYEHUIM BUKOPUCTAHHIO HaniBnpo3opux Ta
CNEeKTPanbHO-CeNeKTUBHUX moaynis. Y poboTi [6] nokasaHo,
WO ONTUMI3aLiA CNeKTPasbHOro CKAagy NPOnyLLEeHOi
pagiauii  cnpuAe 3MEHLWEHHI  HeraTMBHOrO  BN/MBY
3aTiHEHHA Ha PoToCcUHTE3. Y KpUTUUHOMY ornagi [7] cucrte-
MaTU30BaHO MigxoAM A0 NPOEKTYBAHHA arpo¢doToBO/Ib-
TAiYHUX CUCTEM Ta NigKpecneHo HeobxiaHicTb aganTauii na-
pamMeTpiB KOHCTPYKLT L0 KOHKPETHUX KYAbTYP | KNiMaTUYHUX
ymoB. BoaHouyac 6ifblwicTb HAafABHUX AOCAIAXKEHb OPIEHTO-
BaHa Ha BesMKomacwTabHi depmepcbki abo npomucnosi
NPoekTU. Y poboTi [8] HaronowyeTbCcA HA BaXKAMBOCTI eKO-
HOMIYHOI OLiHKK iHTEerpoBaHMX cuctem a B poborTi [9] nu-
TaHHA PO3rNA4AETbCA 3 MO3ULM iHTerpanbHOI NPOAYKTUB-
HOCTi 3eMNIEKOPUCTYBaAHHA, OAHAK CTapTy Ma/IuX NPOEKTIB Ha
piBHI AOMOrocnofapcTB NMPaKTUYHO He MNPUAiINEeHO yBaru.
AHani3 cyyacHUX TeHAEHLUi po3BMTKY arpodOTOBO/IbTAIKM
[10, 11] cBigYnTb NPO 3POCTaHHSA iHTEpecy A0 AeLeHTpani3o-
BaHWX eHepPreTUYHUX pilleHb, NpoTe BiAcyTHi popmanizoBaHi
Mozeni nepexoAy Bi MNiOTHOI AiNAHKKM A0 MacluTaboBaHOro
manoro 6isHecy. OTKe, NONPU 3HAYHY Ki/IbKICTb A0CNIAXKEHD,
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npob6aema po3pobaeHHs CTapToBOI MoAesi MasomacluTab-
HOro arpodoTOBO/IbTAIHHOMO MPOEKTY 3 OLLIHKOK YMOB Mac-
WTabyBaHHA 3a/IMLWAETHCA HEA0CTAaTHBO ONPALLLOBAHOLO, LLLO
BM3HAYaE aKTya bHiCTb AaHOi poboTy.

BuKnag OCHOBHOro martepiany

CrapToBuit arpodoTOBONbTAIYHMI MOy b naoweto 100 m?
po3rnagaetbca B poboTi AK MiHiManbHa MNPaKTUYHO pe-
anisoBaHa OAMHULA BNPOBALKEHHA CUCTEMW NOABIAHOIO
BMKOPWUCTAHHA 3eMeJIbHOI AiNIAHKM Ha pPiBHI Aomorocno-
papctea. Takmi  macwTtab f[ae  3mory  04HOYacHo
MiHiMi3yBaTW GiHAHCOBI PU3NKM Ta OTPUMATU penpeseHTa-
TUBHI NOKA3HWKM A/1A NOAANbLIOTO MacLITabyBaHHs.

Ons ymos niwaHux rpyHTiB KuiBcbKoi obnacti xapakrtep-
HUMU € LWBUAKE BUCUXAHHA BEPXHbOrO LWApy [FPYHTY,
HU3bKa BOAO3B’A3yBasbHA 34aTHICTb Ta MigBULLEHA YyT-
JIMBICTb Ky/IbTYpP A0 Neperpisy B NiTHIM nepioa. 3rigHo 3 pe-
3yAbTaTaMu gOCNiAXKeHb [3—5], YacTKoBe 3aTiHeHHSA nig ¢o-
TOENEKTPUYHUMM  MOAYNAMWU  34aTHE  3MEeHLUyBaTu
eBanoTpaHcnipauito Ta cTabinisyBaTn MiKpoKIiMmaT y NpuKo-
peHeBil 30Hi pocanH. Came Ui NnepeayMoBM NOKNALEHO B
OCHOBY KOHUENU,ii CTapTOBOro moayns.

KOHCTPYKTMBHO Moaynb nepenbayae€  BCTAHOBAEHHS
HaniBnpo3opux abo CTaHAAPTHUX GOTOENEKTPUYHMNX NaHe-
nen i3 yactkoto nokputta 35-40 % BiA, 3arasbHOI N/OLL.
ToXK paKTMYHA NAoLWa PO3MILLLEHHA MOAYANiIB CTAaHOBUTb 35—
40 M2, 3a nuTOMOI BCTaHOBNEHOI MOTyXHocTi 130-
160 Bt/m? (xapaKTepHOi 418 4acTKOBO Npo3opux abo po-
3PiAMKEHNX KOHCTPYKLiA) CymapHa BCTaHOB/IEHA MOTYX-
HiCTb CMCTEMM OLIHIOETBLCA Ha piBHi 4,5—-6,0 KBT.

CyyacHi mac-mapkeT PV-moayni 3 KpeMHIEBUMW enemeH-
Tamn matoTb edeKkTuBHICTb Ao 24,5 %, wo Bignosigae
6113bko 170-180 BT BCTaHOBMEHOI MNOTYXKHOCTI Ha 1 m?2
naow,i naHeni 3a CTaHAAPTHWX YMOB BMNpobyBaHb.
Hanisnpo3sopi (spectrally selective) ¢poToenekTpuyHi TexHo-
Norii, WO NOEAHYIOTb FeHepaLLito €1eKTPUKM 3 MPOMYCKaHHAM
YacTUHM (GOTOCMHTETUYHO aKTMBHOFO BWMMPOMIHIOBAHHA
34e6inblIOro AEMOHCTPYIOTb HUMKYY MUTOMICTb MOTYMKHOCTI
yepes KOMMPOMIC MiK MPO30PICTIO Ta NEepeTBOPEHHAM
eneKkTpoeHeprii [12].

BcTtaHOBAEHA NOTYKHICTb BU3HAYAETLCA CNiBBIAHOLWEHHAM
I:?nst = A:ou ) pA'

ae ﬂou — nnola NOKPUTTA MOAYNAMU, MZ;

H 2
P, — nutoma notyxHicte moayns, Bt/m?.

Lna cepegHix KNIMaTUYHMX YMOB LLeHTPasIbHOi YKPAiHWU NK-
TOMMUM PiYHUIM BUPOBITOK GOTOENEKTPUYHUX CUCTEM CTaHO-
BMTb 6aM3bko 1000-1100 kBT-roa/pik [13]. BignosigHo,
O4iKyBaHWI PiYHMIN BUPOBITOK CTApPTOBOrO MOAY/A MOXKHA
OLHUTU AK

EPV = I:)inst 'Yspec ’
ae YspeC — NMUTOMMI BUPOBITOK (KBT-roa/pik)

OnanoTtyHocTi 5 KBT e Bignosigae 5000-5500 KBT-roa Ha
piK. Takuin obcar reHepa,ii 3icTaBHUI 3 PIYHUM CNOXKUBAH-
HAM efleKTpoeHeprii TMNOBOro AOMOrocnoAapcTsea, Lo
BiAKPVMBAE MOX/IMBICTb YacTKOBOi abo NOBHOI eHepreTuy-
HOT @aBTOHOMHOCTI.

3 arpoOHOMIYHOrO NOrAAAY MOAY/Ib OPIEHTOBAHMUI Ha BUPO-
LWyBaHHA KyAbTyp, BIAHOCHO CTIMKMX A0 MOMipHOro
3aTiHEHHA, 30KpemMa noayHuui. 3rigHo 3 gaHumu [5, 9], po-
NyCTUMMUI piBeHb 3MeEHLWEHHA GOTOCUHTETUYHO aKTUBHOI
pagiauii 6e3 KPUTUYHOIo NAAIHHA BPOXKANMHOCTI CTAHOBUTb
20-40 % 3a/1eXHOo Big, KNiMaTUYHUX YMOB i copTy. Y poboTi
NpUMMaEeTbea, Wo B pasi NokputTa 35—-40 % MoKAnBe 3HU-
YKEHHA BPOXKAMHOCTI y cCepeAHbOCTaTUCTUYHMM PiK He nepe-
suye 15-20 %, w0 BiANOBIAAE AaHMM NOILOBUX eKCNepu-
MEHTIB, HaBeaeHux y [3, 4].

BogHouyac ovikyBaHe 3MEHLIEHHS CE30HHOIO BOAOCMOMM-
BaHHA Moke gocsaratm 20—-30 %, wo ocobaMBO BaXKJINBO
ONA NiWaHnx rpyHTie. EKoHomia Boay ana naowi 100 m?2
MO3Ke CTaHOBUTK 8—12 m3 33 Ce30H, LLLO Y3roAXKYETLCA 3 pe-
3y/NbTaTaMn MOAEN0BaHHA BogHOro banaHcy B poborti [9].

3 nornagy AOMOrocnoAapcTsa crapTosuii moaynb 100 m?2
BMKOHYE TPW OYHKLI:

— 3abesneyye 6a30By reHepaliito enekTpoeHeprii 4 Bna-
CHWX NoTpeb;

— 3MEeHLUYE BOAHI PU3UKM BUPOLLYBAHHA Ky/bTypu;

— CTBOPIOE EKCnepumeHTanbHy NAatGopmy AR OLiHKM
NoAAMbLIOTO PO3LUNPEHHS.

[JnAa HaoO4YHOCTI OCHOBHi TEXHIKO-EKOHOMIYHi napameTpwm
CTapTOBOro MoAyNA 3BefeHo B Tabn. 1.

Tabaunysa 1. OpieHTOBHIi NapameTpu cTapToBOro arpo¢o-
TOBOAbTaiuHOro moayns 100 m?

3'\/|:2'| MNokasHuk 3HayeHHA
1 3aranbHa naouwa 100 m?
2 YacTKka noKpuTTA 35-40 %
3 Mnowa moaynis 35-40 m?2
4 BcTtaHOBAEHA NOTYKHICTb 4,5-6,0 KBT

5 PiyHuni1 BUpOBITOK 4500-5500 kBT1-rog,

6 3HUMKEHHA BPOXKaUHOCTI 15-20 %

20-30 %

7 EkoHOMIA BOAM

TaKMM YMHOM, CTapTOBUIA MoAy b naoweto 100 m? posraa-
paeTbcA AK 36anaHcoBaHa KoHOIrypauia, WO NOEAHYE
NPUNHATHUI piBEHb arpapHUX BTPAT 3 CYTTEBUM EHEpPreThy-
HUM edeKTom. Moro ocHoBHa nepeBsara NOAArae y MOXAN-
BOCTi NOETANHOro BNPOBaAKEHHA 3 MiHIMAanbHUMK PU3U-
KamMu ans Aomorocnogapcrsa Ta GopmyBaHHi 6asu gaHux
ANA No4aNbLWOoro macluTabyBaHHs.

207




BigHoBntoBaHa eHepretka. Ne 2/2026 | CoHAYHa eHepreTMKa

[nsa pomorocnofapcrea pilleHHA NPO BCTAHOB/IEHHSA arpo-
¢$0TOBONBTAIMHOT CMCTEMU NPUMNMAETLCA HE SINLLE 3 NO3U-
Ui TeXHiYHOI MOXK/MBOCTI, @ Nepeaycim Ha OCHOBI €Ko-
HOMiYHOro 6anaHcy MiK BUrogamu Big, BMpPOBHMUTBA
eNeKTpoeHeprii Ta MOXIMBMUMM BTpPaTaMM arpapHoi npo-
AyKuii. Tomy gouinbHo chpopmynoBaTU NPOCTUIM NMoporo-
BUI KPUTEPIN, AKUWA AaE 3MOTY OL,iHUTM AOUINbHICTb CTapTy
MPOEKTY Ha niowi 100 m2.

BBeaemo YyMOBHWIA PiuHUIA eHepreTudHuin goxia (abo eko-
HOMIt0) BiZ Po60TN GOTOENEKTPUYHOI CUCTEMMU:

BeI = EPV 'Cel ’

ae EPV — piYHKUI BUPOBITOK enekTpoeHeprii, KBT-roa,

napcrea, rpH/KBT-rog,

ol — CepeaHA BapTiCTb eNeKTpoeHeprii 4i1a gomorocno-

MoK nK1Bi BTPaTH Bif 3MEHLLIEHHA BPOXKANHOCTI BU3HAYMMO
AK

Lcrop = AY ’ C

crop’

ne AY —3meHweHHs BpoxaiHOCTI, Kr;
C — cepeaHA LiHa peanisauii npoAayKLuii, FpH/Kr.

crop
Moporosa ymoBa A0UiNbHOCTI CTapTy NPOEKTY MAE BUTNAA,

Epy -Cy =AY -Cpp-
Lle cnisBigHOLWeEHHA 03HayaE, WO eKoHoMiA abo aoxia Big,
eNeKTpoeHeprii Mae nepeBuLLYBaTU NOTEHLIMHI BTpaTH Big,
3HUMKEHHSA BPOXKaNHOCTI.

[Ons craptosoro moaynsa 100 m? 3a ymos KuiBcbKoi obnacTi
MOXHa NPUAHATU TaKi OPIEHTOBHI MapameTpu: PiYHUI BU-
pobitok — 4500-5500 KBT-ros, (3a BCTAaHOB/AEHOI MOTYX-
HocTi 621M3bKo 5 KBT), cepeHE piuHe CNoXKMBaHHA 4OMO-
rocnogapctea—  3000-4000 kBT-roa  [14], BapTicTb
eneKkTpoeHeprii Ana HaceneHHa —4-5 rpH/kBt-roa. Y Ta-
KOMY pasi piYyHa EKOHOMifl CTAaHOBUTUME:

B, = 18000-27500 rpH/pik.

AKLLO 3HWMKEHHA BpOXKalHOCTI cTaHoBUTbL 1520 % 3a 6a30-
Boro Bporkato 110 Kr, TO BTpaTM NpoAyKLii cTaHOBNATL 16—
22 Kr. 3a UiHn 80—120 rpH/Kr NoTeHLilHi BTpaT AOPIBHIOOTH:

Lirop & 1280-2640 rpH/pik.

MopiBHAHHA NOKA3YeE, WO HaBiTb 3@ BEPXHiX 3Ha4YeHb BTPAT
NPOAYKLUI eHepreTMYHUn edpeKT CyTTEBO MepeBULLYE ar-
papHi BTpatu. OTKe, AnAa JOMOrocnoAapcrsa 3 TUMOBUM
CMOXMBAHHAM €NeKTPOeHeprii CTapTOBUA MOAY/b € €KO-
HOMiYHO OBIPYHTOBAHMM 33 YMOBW NOMIPHOrO 3aTiHEHHA.

OpHaK y pasi 3HAYHOro 3HUMKEHHA BPOXKaMHOCTI (noHapg,
30 %) abo HWM3bKOI BapTOCTi enekTpoeHeprii noporosa
YMOBa MOe He BMKOHYBaTMUCA. TOMY KAO4OBUMMU daKTo-
pamu € piBeHb 3aTiHEHHA, CTPYKTYpa CNOXKMBAHHA e/IeKTPO-
eHeprii Ta pPMHKOBA LiHa NPoAYKLil.

[OnAa y3aranbHeHHA yMOB AOLiNbHOCTI B Taba. 2 HaBeaeHO
CNpoLLEeHy iHTepnpeTaLilo NOPOroBmx CLEeHapiis.

Tabnuus 2. NMoporosi ymoBu AoLinbHOCTI cTapTy arpodo-
TOBOAbTaiYHOro mogyns 100 m?

- EHepreTuu- Brpatu .

CueHapin UM edeKT BPOXKaIO PiweHHA
MomipHe
3aTiHeHHA Bucokui Hu3bki JouinbHo
(15-20 %)
CW?bHe - . MoTpebye
3aTiHeHHA CepegHin Bucoki ananis
(>30 %) ¥
Hu3sbKe cno- O6MesKeHa
KNBaHHA Hu3bkuin Hu3bKi [ouinb-
eneKkTpoe- HicTb
Heprii
|_|0‘(‘2yLI.JI1VI- Bucokui MiHimanbHi | douinbHo
BUN PiK
MomipHe
3aTiHEHHA Bucokui Hu3bKi [ouinbHo
(15-20 %)

TakMm 4YMHOM, 3anMponNoOHOBaHa MOPOroBa MoAeNb Aa€
3MOry [lOMOrocrnofapcTsy OUHUTU  AOUiNbHICTL BMNPO-
BagyKeHHs arpodoToBO/bTAIYHOI cucTemmn 6e3 cKaagHoro
dinancosoro mogentosaHHsa. Ii nepesara nonarae 8 npo-
CTOTi 3aCTOCYBaHHA Ta MOXJ/MBOCTI aganTauii O NOKaab-
HUX YMOB, L0 CTBOPKE OCHOBY A/1A NOAA/bLIOrO MacLTa-
6yBaHHA NPOEKTY.

Mogenb macwTtabysaHHA arpo¢d0TOBObTAIUHOIO
NPOEKTY

CrapTtoBuit moaynb naouweo 100 m? po3rnagaEerbca He
e AK iHCTPYMEHT eHepreTMYHoi aBTOHOMHOCTI AOMO-
rocnofapcTsa, a i AK 6a3oBa CTPYKTYpHA OAMHULA ANA MNO-
Aanbloro poswupeHHa. MacwTtabysaHHA arpodoToBONb-
TaivyHoi cuctemun go naow, 0,1 ra ta 0,5 ra 3miHIOE He nunwe
abCoNIOTHI MOKa3HWMKM reHepaujii Ta BMPOOHMUTBA nNpo-
AYKUii, ane 1 eKOHOMIYHY NOTiKYy PYHKLiOHYBaHHA NPOEKTY.

Y pasi 36eperkeHHA 4acTku noKputta 35-40% Ta aHa-
JOTIYHMX TEXHIYHMX XapPaKTEPUCTMK MOMKHA MPUNYCTUTH,
LLLO BCTAHOB/IEHA NOTYXHiCTb 3pOCTA€E NPOMOPLIMHO NAOLL
[15]. Omke, ana naowi 0,1 ra (1000 m?) noTeHuiitHa BCTa-
HOBJIEHA MOTYXHICTb CTAHOBUTUME OPiEHTOBHO 45—60 KBT,
a ana 0,5 ra (5000 m2) — 225-300 KBT. BignosigHo, ouikysa-
HUA pPiYHUI BUPOBITOK eniekTpoeHeprii BU3HAYaAETLCA
CniBBiAHOWEHHAM
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EPV,scaIe = Pinst,scale .Yspec’
ae F’inSt scale — BCTAHOB/IEHA MOTYKHICTb CMCTEMM BiANOBIA-
HOro macLTaby,
YSpec — MUTOMWIA PiYHUI BUPOBITOK, NPUAHATUI Ha pPiBHI

1000-1100 KkBT-roa/KBT.

Ons HaniBkomepuiiHoro pisHA (0,1 ra) ue sianosigae 45—
66 MBT-rog Ha pik, a anqa 0,5 ra —225-330 MBT-roa Ha piK.

BopaHo4vac arpapHa Ck/i1af0Ba TakoX MacliTabyeTtbes. 3a 6a-
30B0i BpoxainHocTi 1,0-1,2 Kr/m? cymapHuit ypoxai Ha
naow,i 0,1 ra moxe cTaHOBUTU 6aM3bKo 1-1,2 T NpoayKLii,
a Ha 0,5 ra— 5-67 [16]. HaBiTb y pasi 3HWKEHHA BpOXKaW-
HocTi Ha 15—-20 % arpapHa cknazoBa 36epirae cyTTeBe eko-
HOMIYHEe 3HaYeHHA.

MpuHUMNOBa BiAMIHHICTb MacluTabyBaHHA NONATAE Y 3MiHi
CTPYKTYpu BUTpaT [17]. AKWO AAA CTapTOBOrO MoAyAns
YyacTKa BUTPAT Ha iHBEPTOP, eNeKTPOoTeXHIYHe 061agHaHHA
" MOHTaK € BifHOCHO BMCOKOIO B nepepaxyHKy Ha 1 m?, To
3i 36iNbLWIEHHAM NJIOLWi CnocTepiraeTbca epekT macluTaby:
YyacTKa KaniTasbHUX BUTPAT HA OAMHULIO BCTAHOB/EHOI No-
TYXHOCTi 3MeHLWyeTbcA. MoaibHi 3aKoOHOMIpPHOCTI eKoHoMIT
MacwTaby xapaKTepHi s GoTOENEKTPUYHUX CUCTEM 3ara-
nom i onucaxiy [2, 8].

[NA HaoYHOCTI pe3ynbTaTM MaclwTabyBaHHA HaBeAEHO B
Tabn. 3.

Tabnuusa 3. OpieHTOBHI NnapameTpu macwTabyBaHHA ar-
pPodOTOBONbLTAIYHOIO NPOEKTY

MoKkasHuK 100 m? 0,1ra 0,5ra
BcTtaHoB-
neHa ~5 kBT 45-60 KBT iéf"wo
NOTYKHICTb

PiyHnit 5-5,5 _ ) 225-330
BUpPOBITOK MBT-rog, 45-66 MBrrop, MBT-rog,
Ypo-

KaWHicTb 01T 1-1,2T 5-6T
(fazoea)

3HUKEHHA

BpOXKali- 0,016— _ 0,75-1,2
HoCTi 0,022 71 0,15-0,24 7 T
(15-20%)

EKo- .
HOMIYHa ABTq- ‘-Iacmpsg KO- bisHec-
norika HOoMiA mepujianisauia | moaenb

MacwTtabyBaHHs 3MiHIOE XapaKTep NPOEKTY. AKLWO Ha pPiBHI
100 m?> cucTema oOpieHTOBaHa Ha camo3abesneyeHHA
€NEeKTPOEHEPTIEID Ta 3HUKEHHA PU3KKIB, TO Ha piBHi 0,1 ra
3’ABNAETLCA MOXAUBICTb peanisauii HaaIMLWKOBOI eNeKTpo-
eHeprii abo npoaykuii. Ha nnowax 6amsbko 0,5ra

arpodoToBOMbTAIKA BXE MOXe pPo3rnsgaTmca AK Mos-
HOLiIHHWI enemeHT manoro 6isHecy [18].

OfHaK BaX/IMBO BPaxoBYyBaTW, WO 3i 36inblIeHHAM naoLLi
3pOCTaloTb BMMOMM A0 PErynatopHoro odopMeHHs,
NigKNOYEeHHA A0 MepeXKi, piHAHCYBaHHA Ta arpoTeXHIYHOro
cynposogy. Tomy macwTtabyBaHHA MOBMHHO 3filCHIOBa-
TUCA NOeTanHo — Bif MINOTHOTO MOAYAA A0 HaniBKOmep-
LiAHOro piBHA 3 MOCTYNOBMM HAKOMWYEHHAM eMMipUYHMX
AaHUX.

OTKe, 3anNponoHoBaHa Mozeslb MacliTabyBaHHA AEMOH-
CTPYE, W0 CTapToOBMIA Moayb nioueto 100 m? moske BUCTY-
naTv 6a30BMM eNeMEHTOM NOCTYNOBOrO PO3BUTKY NPOEKTY,
3abe3neyytoun 3HUMKEHHA ¢GiHAHCOBUX pPU3MKIB i ¢op-
MYBaHHA [0CBi4y nepes nepexogomM A0 KOMepLiiHOro
piBHA.

MpoTe 3anponoHoBaHe nponopuiiHe macwTabyBaHHA He
cnig, po3rnAgaT™M AK MOBHICTIO NiHiMHWMIA npouec. 3i 36inb-
LWEeHHAM noLLi arpodOTOBONLTAIHHOI CUCTEMM BUHUKAIOTb
[043aTKOBI GaKTOPW HEBU3HAYEHOCTI, LLLO MOXKYTb BM/IMBATH
AK Ha TEXHiYHi, TaK i HA EKOHOMIYHi NOKA3HWKN NPOEKTY,
YHacnigoK Yoro iHTerpanbHUin epekt moxke 6yTn abo nosu-
TUBHUI, abo HeratusHMiA (puc. 1).

Mo-nepLe, ekKoHOMIKa macwTaby He € abcontoTHO Nponop-
uinHot. Ana craptosoro moaynsa 100 m? 3HauyHy 4acTky
BUTPAT CTAHOBAATbL iHBEPTOP, CUCTEMA 3aXWUCTY, MPOEKTY-
BaHHA Ta MOHTaX. Y pasi 36inblweHHs naowi go 0,1 ra Ta
6iNbLue CNoCTepPiraeTbCa 3MEHLWEHHA MUTOMMUX KaniTaNbHUX
BUTPaAT Ha 1 KBT BCTAaHOBAEHOI MOTYXKHOCTI 33 pPaxyHOK
epeKTUBHIOro BWMKOPUCTAHHA 06/MafHAHHA Ta  KOH-
CTPYKUiH. Y cnpoLweHoOMy BUMAAAI LLe MOoXKe byTn onucaHo
CNiBBIAHOLWEHHAM:

C = Ctot
unit P ’
inst
e Cunit — NMUTOMI KaniTanbHi BUTpaTh Ha 1 KB,
Ctot — 3aranbHi iHBECTULiMHI BUTPATH,
F’mst — BCTQHOBJIEHA MOTYXHiCTb.

3i spocrannam P, sennumna C; mae teHaenuiio go

3MeHLeHHs, O4HaK Micaa NeBHOro Nopory AoAaTKOBi BUT-
paTy Ha MigKAOYEHHA 00 MeperKi, NMPOEKTHI poboTn Ta
[03BiNIbHI NpoLEeAypU MOXKYTb YaCTKOBO HiBestoBaTU LeW
edekT [19].

Mo-ppyre, perynAaTopHi obmexeHHA MOXKYTb BUCTynaTu
6ap’epom MmacwTabyBaHHA. AKWO ANA HEBEAWMKOI YyCTa-
HOBKMW, OPIEHTOBAHOI Ha BNAcHE CNOXMBAHHA, Npoueaypa
NiAKAOYEHHSA € BiJHOCHO CNPOLLLEHOIO, TO B pasi nepexoay
[0 AecATKiB abo coTeHb KinoBaT BUHMKAE HeOobXiAHicTb no-
rOOXEeHHA TeXHIYHWX YMOB, MOXX/IMBOTFO MOCWJIEHHA Me-
pexi Ta 3miHu cTaTycy cyb’ekTa rocnogaptoBaHHs. Lle o3Ha-
yae, Wo nepexig, Big, Aomorocnogapcrea 4o Masioro 6isHecy
CYNPOBOAKYETLCA HE NnLe 36iNbLIEHHAM MOTYXKHOCTI, a i
3MiHOK HOPMaTUBHOIO CcepenoBULLaA.
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Mo-TpeTe, arpOHOMIYHI PU3NKM 3POCTAIOTh 3i 36iNbLUEHHAM
naouwi. AKwo Ha 100 m2 3a6e3neynT oAHOPIAHICT NONNBY
Ta KOHTPO/Ib MiKPOK/IIMATy BiHOCHO NPOCTO, TO Ha MJOLW;i
0,5 ra 3’aBnAwTbCcA paKkTOpPU NPOCTOPOBOI HEOAHOPIAHOCTI

Piunit A
€KOHOMIYHUI edekT,
rpH

Touka
6e336MTKOBOCTI

I'PYHTY, HEPIBHOMIPHOCTI 3aTiHEHHA Ta CKNAAHOCTI TEXHO-
noriyHoro obcnyrosysaHHA [20]. Le morke Bn/avMBaTtH Ha
baKTUYHUI piBEHb 3HUMKEHHA BPOXAMHOCTI Ta BMMaraTu
afanTauii arpoTexHiYHMX 3axoaiB.

= EHepreTuyHmnin epexT
= |HTErpanbHuin edext
= ArpapHuit eekT

Komb6iHoBaHa
6i3Hec-mMomenb

1
1
¢ 6€3361TKOBOCTI
1

-
-+ eHeAs)T;%?manﬂ KombiHoBaHa 6i3Hec-
p MOZENb
(=)
L 1
100 m2 ~0,1ra ~0,5ra Mnowwa arpocdoToBOAbTaIMHOI CUCTEMM

Puc. 1. Moxcausi mpaekmopis po38umky azpogomogonbmaiyHo20 Npoekmy 8id cmapmosozo modysa 00 Mas020
bi3Hecy 3 ypaxy8aHHAM hakmopa HegusHayeHocmi

TakMm 4YMHOM, MacwTabyBaHHA arpodoTOBONLTAIMHOIO
NPOEKTY AOLINbHO PO3rNALATM AK NOETANHMIA NpoLec 3 no-
CTYNOBUM HapOLLYyBaHHAM MAOLLi Ta aHaNi30M GaKTUYHUX
pesynbTaTiB CcTapToBOro moaynAa. Came ninoTHa AinAHKa
100 mM? BUKOHYE PO/b IHCTPYMEHTY 3HUMKEHHA HeBM3Haue-
HOCTIi, Aa04YN 3MOTy eMMiPUYHO YTOYHUTU NapameTpu Bpo-
YKaMHOCTI, BOAOCMOMXMBAHHA Ta eHeproreHepadii nepes ne-
pexoaom 40 HaniBKOMepLiMHOro piBHA.

3anponoHoBaHa MofeNb CTapTOBOro MOAY/A M/OLLED
100 M2 po3rnagacTbea He AK i30/1bOBaHe TEXHIYHE pillleHHs,
a AK NepLlIMin eTan TPAEKTOPIi po3BUTKY arpodoToBO/IbTAIY-
Horo npoekTy. CTpaTeria po3BUTKY nepenbavae nocrtyno-
BMIA nepexia Big 3abe3neyeHHA eHepreTMYHoi aBTOHOM-
HoOCTi gomorocnofapctea A0 GOPMYyBaHHA EKOHOMIYHO
CaMoA0CTaTHbLOI bi3sHec-moaeni.

Ha nepwomy eTani (NiNOTHWUI piBeHb) arpodoToBONbTAIYHA
CUCTEMA BMKOHYE (YHKLIiO 3HUKEHHA eHepreTuyHoi 3a-
NIEXHOCTI Ta BOAHUX pPu3MKiB. OCHOBHA MeTa — MOKPUTTA
B/IACHOTO CMOXWBAHHA eNeKTpoeHeprii Ta HaKoMuMYeHHA
baKTUYHUX JaHMX LWOAO BPOMKAMHOCTI, BOAOCNOMKMBAHHSA
Ta ctabinbHocTi poboTn obnagHaHHA. PiHAHCOBUIM PUBKK
Ha UbOMy eTani € BiAHOCHO 0OMeKeHUM, OCKifIbKM HaBiTb
YaCTKOBA reHepaLlia enekTpoeHeprii 3abesneyvye eKOHOMItO
KOLUTIB JOMOrocnoAapcraa.

Ha ppyromy etani (HaniBKomepuiliHWIA piBeHb, 6/M3bKO
0,1 ra) cucTema NoYMHaE reHepyBaTH HaA/IMLLKOBY €/1eKTPO-
eHeprito abo 36inbluyeTbCA 0b6cAr NpoAayKLUil ana peanisaduii.
TyT popmMyeTbCA NOABIMHMIA EKOHOMIYHMI edeKT: AoXia, Big,

NPOAarKy CiIbCbKOrocnoAapcbKoi NPOAYKLLT NOEAHYETLCA 3
noTeHLiMHOW peanisalielo enekTpoeHeprii abo KomneHca-
LliE0 BNACHOTO CNOXMBAHHA. BaxaMBUM CTa€e aHani3 puUHKY
36yTy NPOAYKLi Ta YMOB NiAKNOUYEHHA 10 €1EeKTPOMEPEXKI.

Ha TpeTtbomy etani (macwTtab 6amsbko 0,5 ra) arpodoTo-
BO/JIbTAlYHUI MPOEKT MOKe TPaHCPOPMYyBATUCA B Masni
6i3Hec 3 YiTKOW MigNPUEMHULBKOI MoZennto. Y Lbomy
pasi KNKYOBY POJIb BigirparoTh:

— cTabinbHicTb arpapHOi NPOAYKTUBHOCTI;

— NPOTrHO30BaHiCTb EHEPreTUYHOro BUPOBITKY;

— ONTUMI3aLiA BUTPAT Ha 06CNYroByBaHHS;

— HOpMaTMBHe 3abe3neyeHHs KOMepLitHOI AiaabHOCTI.

Mepexia mix eTanamu AOLiNbHO 34iMCHIOBATM AULLE B pasi
BMKOHAHHA MOPOroBoi YMOBW E€KOHOMIYHOI AO0UiNbHOCTI,
cbopmynboBaHOi B nonepeaHbomy po3gini. Kpim Toro,
pileHHA Npo macwTabyBaHHA MOBUHHO FPYHTYBaTUCA Ha
daKTMUYHUX pe3ynbTaTax eKcnyaTaujii ctTapToBoro moayns
NpPOTArom NpPUHaMMHi 04HOro BEreTauimHoro UmKay.

CxemaTW4HO cTpaTeria PO3BUTKY MOXe ByTun npeacTasieHa
AK NOCNiA0BHICTb TPbOX $a3 (puc. 2). OcobaumsicTio 3anpo-
NMOHOBAHOTO NiAXOAY € NOEAHAHHA TEXHIYHOrO I cTpaTeriy-
HOro nNnaHyBaHHA. Ha BigMiHY Bif BEIMKMX LeHTpanisosa-
HUX arpodoTOBO/NLTAIYHMX MPOEKTIB, A€ MacCLITabyBaHHSA
BigOYBa€ETLCA 04 pA3y HA 3HAYHUX NJIOLLAX, MOAEeNb ANA A0-
morocnogapctea nepegbayae NocTynoBe HApOLLyBaHHSA
MOTYYKHOCTi 3 OAHOYACHUM 3HUMKEHHAM PU3MKIB.
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1 Jomorocnopap

» BnacHe cnoXxuBaHHs

» MikpoeKcnepuMeHT

» [lopatkoBui Joxif,

» [ignpveMHULTBO

» Ontumisallis BUTpaT

> AHani3 puHKy

~0,1ra

>

~0,5ra Mnowa A®B

Puc. 2. Emanu po3sumky a2pogomososibmaiyHo20 npoekmy 8i0 domoaocnodapcmea 0o Mmasnozo bizHecy

TakMm 4MHOM, arpo¢dOoTOBO/IbTAIKA B KOHTEKCTI MillaHMX
r'pyHTiB KMiBCbKOT 061acTi MOXKe po3rnagaTnca He nLle aK
iHCTPYMEHT NOABINHOIO BUKOPWUCTAHHA 3eMe/IbHOI NJIoLLj,
ane i AK mexaHiam GopMyBaHHA CTiIAKOI IOKaNbHOT eHepre-
TUYHO-arpapHoi cuctemun. Came noeTanHicTb PO3BUTKY 3a-
6e3neyye MOMK/AMBICTb afanTauii 4O KAIMATUYHUX, eKo-
HOMIYHWUX Ta PErynaTopHUX YMOB i CTBOPIOE OCHOBY ANA
TpaHchopmaLii LOMOrocnofapcTea B Manaunii eHepreTU4Ho-
arpapHuii bisHec.

BucHoBOK

1. Y pob60Ti 3aNponoHOBaHO KOHLEMNL,i0 CTapTOBOro arpo-
doToBonbTaiUHOrO Moayna naouweto 100 M2 ana ymos
niwaHux rpyHTiB KniscbKoi 061acTi, opieHTOBaHy Ha 3a-
6e3neyeHHA YacTKoBOi abo NOBHOI eHepreTUYHoi aBTo-
HOMHOCTI gomorocnozapctea. [MoKasaHo, WO 4YacTKa
nokputta 35-40 % 3pmatHa 3abesnevyyBaT BUPOBITOK
€N1eKTPOeHeprii  CMCTEMOID HAa piBHIi, 3icTaBHOMY 3
PiYHUM CMOXKNBAHHAM TUNOBOrO AOMOrocnoAapcTBa.

2. ChopmynboBaHO NOPOroBy  MOAENb  MPUUAHATTA
pilleHHA wWoao BNPOBaAMKEHHA arpodoToBO/LTAIYHOT
cuctemun, fika 6asyeTbcA Ha CNiBBIAHOLWEHHI MiXK eKo-
HOMI€EIO Big, BUPOBHULTBA eNeKkTpoeHeprii Ta BTpaTamu
BiZL MOX/IMBOTO 3HUMKEHHA BPOMKAMHOCTI. 3aNponoHo-
BaHWI KpwuTepih [A€ 3MOry OUJHUTU AOUiNbHICTb
NPoeKTy 6e3 cknagHoro GpiHaHCOBOro MoAeNtoBaHHA
a[anTyeTbCA A0 NOKaNbHUX LLIHOBUX YMOB.

3. MMoKasaHo, Lo 33 YMOB NOMipHOro 3aTiHeHHs (15-20 %
3HUXKEHHA BPOXaWHOCTI) eHepreTMYHnin edpeKT y b6inb-
WOCTi CuUeHapiiB CyTTEBO NEPEBULLYE arpapHi BTpaTH,
O PObUTHL CTAPTOBUIA MOAYNb EKOHOMIYHO OBrPyHTO-
BaHUM A/19 AOMOrocnoAapcraa.

4. Po3pob6seHO mogenb NOETanHOro MacwTabyBaHHA Big,
ninoTHoi ainAHkm 100 M2 00  HaniBKoMepuiHoro
(0,1 ra) Ta manoro 6isHec-piBHAa (0,5 ra). BctaHoBAeHO,
Wo MmacwTabyBaHHA CYNpPOBOAMKYETbCA 3MIHOKO €EKOo-
HOMIYHOI /IOTiKM NPOEKTY — Bif, aBTOHOMHOIO eHeproc-
MOXKMBAHHA A0 KOMbBiHOBaHOI BisHec-mopeni 3 noaBil-
HUM [LOXO0M.

5. BuABneHo, Wo macwtabyBaHHA He € NiHIMHUM npoue-
COM Ta NoB’A3aHe 3 EKOHOMIYHUMU, PEryNATOPHUMMU Ta
arpoTexHiYHMMM  PU3MKaMU. 3MEHLWIEHHA NUTOMMX
KaniTanbHUX BUTPAT NpW 36iNbLUEHHI NAOLL MOXKe KOM-
NneHCcyBaTW YacTUHY AO0AATKOBMX BUTPAT, O4HAK noTpe-
6ye NoeTanHOro BNPOBaAMKEHHA Ta aHaNi3y paKTUUYHUX
pe3y/nbTaTiB CTapTOBOro MOAYNA.

6. 3anponoHoBaHWI Niaxig Aa€ 3Mmory posraagaTu arpo-
$OTOBONBLTAIKY HE NLLE AK TEXHONOTIYHE PilleHHSs, a AK
iHCTPYMEHT cTpaTeriyHOro po3BUTKY Jomorocrnoaap-
CTBa 3 NOTEHLLiiHO TpaHcHOpPMaLLiElD B Manuii eHepre-
TUYHO-arpapHuin 6isHec.

Puc 1ipuc. 2 6yau cmeopeHi asmopamu 3 BUKOPUCMAHHAM
iHCMpymeHmie wmy4Ho20 iHMesnekmy Ha O0CHosi po3pob-
n1eHoi 8 00CniOHeHHi MemoOUKU ma ompuMaHUX pe3yslb-
mamis.
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Abstract. This paper develops a conceptual model of a small-
scale agrivoltaic module for a household located on sandy soils
in the Kyiv region and evaluates its potential for phased scaling.
The relevance of the study is driven by the need to enhance
household energy autonomy and to adapt agricultural
production to increasing aridity. The objective is to formulate a techno-economic model of a 100 m? starter
agrivoltaic module and to develop a formalized threshold criterion for decision-making regarding its
implementation, taking into account the potential transition to small-scale business operations.

Based on the analysis of specific photovoltaic energy generation and the expected yield reduction under
partial shading, a relationship linking the annual energy benefit to potential agricultural losses is proposed.
It is demonstrated that with a coverage ratio of 35—40% and moderate yield reduction, the energy effect
generally exceeds agricultural losses, ensuring the economic feasibility of the starter module at the household
level.

The scientific novelty of the study lies in the development of a threshold-based decision model for small-scale
agrivoltaic systems and in the formulation of a phased scaling strategy from energy-autonomous households
to small energy-agricultural businesses, accounting for economic, regulatory, and agronomic uncertainties.
Unlike most existing studies focused primarily on large-scale agricultural projects, this work proposes a
structured framework for initiating small agrivoltaic projects with risk minimization.

The obtained results indicate the feasibility of agrivoltaics as a strategic development tool for small farms.
Further research should focus on experimental validation of the proposed model, refinement of microclimatic
impact parameters, and detailed economic assessment of scalable system configurations.

L2 |nstitute of Renewable Energy of the
National Academy of Sciences of Ukraine,
Kyiv, Ukraine

Keywords: renewable energy, agrivoltaics, semi-transparent photovoltaics, water savings, sandy soils, small-
scale farming.

Abbreviations

AV — agrivoltaic system Yspec — specific annual yield, kWh/kwW

SPP —solar power plant Y — baseline crop yield, kg

PV — photovoltaic system AY - reduction in crop yield, kg
Cel — electricity cost, UAH/kWh

Ccrop — cost of agricultural products, UAH/kg

PAR — photosynthetically active radiation
STC — standard test conditions

Pinst —installed capacity of the photovoltaic system, kW Bel — annual economic benefit from energy generation,

Pinst,scale —installed capacity of the scaled system, kW UAH

Acov — area covered by photovoltaic modules, m?
pA — specific installed module capacity per unit area, W/m?
EPV —annual electricity generation, kWh

EPV,scale — annual electricity generation for the scaled
system, kWh

Introduction. Under conditions of rising electricity costs, in-
creasing climate risks, and instability of energy supply, the
issue of household energy independence is becoming stra-
tegically important. For owners of household plots and

Lcrop — revenue losses due to reduced crop yield, UAH
Ctot — total investment costs, UAH

Cunit — specific capital costs per unit of installed capacity,
UAH/kW

small farms in the Kyiv Oblast, this problem is combined
with another challenge — moisture deficiency in light sandy
soils, which is especially pronounced during the summer
period. Thus, households simultaneously face two
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challenges: the need to ensure a stable energy supply and
the need to maintain crop productivity under conditions of
water stress.

Agrivoltaics, which involves the combined use of land for
electricity generation and agricultural crop cultivation, is
considered a promising direction for the integration of the
energy and agricultural sectors. However, most studies are
focused on large-scale farming or industrial projects,
whereas the implementation of small-scale systems for
households remains insufficiently investigated. There is
currently no clearly defined model for initiating a small agri-
voltaic project that would allow assessment of its feasibility
at the scale of 100 m? and determination of the prospects
for further scaling.

For a household owner, it is critically important to under-
stand not only the technical feasibility of installing solar mod-
ules above a land plot, but also the economic balance be-
tween potential crop yield losses and the benefits obtained
from electricity generation. At the same time, a small pilot
module can serve as a tool for risk reduction and a gradual
transition toward a small-scale agro-energy business.

In this regard, the development of a starter agrivoltaic mod-
ule with an area of 100 m? for the conditions of sandy soils
in the Kyiv Oblast, followed by an analysis of scaling oppor-
tunities, is highly relevant. Such an approach enables com-
bining the objectives of household energy autonomy with
a long-term strategy for small business development based
on integrated land use.

Problem Statement

The aim of this study is to develop and substantiate a prac-
tical model for launching a small-scale agrivoltaic project
for a household, using a starter module with an area of 100
m? under the conditions of sandy soils in the Kyiv Oblast,
with an assessment of its potential for further scaling to the
level of a small business.

To achieve this objective, the following tasks are proposed:

— to develop a technical configuration of a starter agri-
voltaic module aimed at ensuring partial household en-
ergy autonomy;

—to assess the balance between potential crop yield losses
and the benefits of electricity generation;

— to propose a threshold decision-making criterion for de-
termining the feasibility of system implementation at the
household level;

—to analyze scaling scenarios from a pilot area of 100 m? to
semi-commercial and small-business levels;

— to determine the conditions under which an agrivoltaic
project transitions from an energy independence tool to
an economically viable entrepreneurial activity.

Thus, the study combines technical, economic, and strate-
gic approaches to the implementation of agrivoltaics at the
small-farm level. The proposed approach makes it possible

to combine analytical depth with practical tools that may
be useful for both researchers and practitioners.

Literature Review

The issue of integrating photovoltaic systems with agricul-
tural production has been actively developing since the
early 2010s. One of the first conceptual approaches to com-
bining electricity generation with crop cultivation was for-
mulated in studies [1], which substantiated the possibility
of dual land use. Further development of the agrivoltaic
concept was presented in study [2], where the authors pro-
posed models for optimizing the spatial arrangement of
photovoltaic modules while considering agrotechnical pa-
rameters. Study [3] demonstrated the positive impact of
agrivoltaic systems on water balance in arid regions, partic-
ularly through reduced evapotranspiration and improved
water-use efficiency. Research presented in [4] confirms
that the microclimate formed beneath the modules can
contribute to stabilizing crop productivity under high-tem-
perature conditions. Similar results regarding the influence
of partial shading on plant growth and development are
presented in [5], where changes in micrometeorological pa-
rameters were analyzed in detail. A separate research di-
rection is devoted to the use of semi-transparent and spec-
trally selective modules. Study [6] demonstrated that
optimization of the spectral composition of transmitted ra-
diation makes it possible to reduce the negative impact of
shading on photosynthesis. The critical review presented in
[7] systematized approaches to the design of agrivoltaic
systems and emphasized the need to adapt structural pa-
rameters to specific crops and climatic conditions. At the
same time, most existing studies are focused on large-scale
farming or industrial projects. Study [8] emphasizes the im-
portance of the economic assessment of integrated sys-
tems, while study [9] considers the issue from the perspec-
tive of integrated land-use productivity; however, the
problem of initiating small-scale projects at the household
level has received little attention. Analysis of current trends
in agrivoltaic development [10,11] indicates a growing in-
terest in decentralized energy solutions, yet formalized
models for the transition from a pilot-scale installation to a
scalable small business are still lacking. Thus, despite the
considerable number of studies, the problem of developing
a starter model for a small-scale agrivoltaic project with an
assessment of scaling conditions remains insufficiently in-
vestigated, which determines the relevance of this study.

Presentation of the Main Material

The starter agrivoltaic module with an area of 100 m? is
considered in this study as the minimum practically imple-
mentable unit for introducing a dual land-use system at the
household level. Such a scale makes it possible to simulta-
neously minimize financial risks and obtain representative
indicators for further scaling.

The conditions of sandy soils in the Kyiv Oblast are charac-
terized by rapid drying of the topsoil layer, low moisture-
retention capacity, and increased crop sensitivity to over-
heating during the summer period. According to the results
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of studies [3-5], partial shading provided by photovoltaic
modules can reduce evapotranspiration and stabilize the
microclimate within the root zone of plants. These prereq-
uisites form the basis of the starter module concept.

Structurally, the module is designed with the installation of
semi-transparent or standard photovoltaic panels with a
coverage ratio of 35-40% of the total area. Accordingly, the
actual area occupied by the modules amounts to 35-40 m2.
With a specific installed capacity of 130-160 W/m? (typical
for semi-transparent or sparsely arranged structures), the
total installed capacity of the system is estimated at 4.5—
6.0 kW.

Modern mass-market photovoltaic modules based on sili-
con cells achieve efficiencies of up to 24.5%, which corre-
sponds to approximately 170-180 W of installed capacity
per 1 m? of panel area under Standard Test Conditions
(STC). Semi-transparent (spectrally selective) photovoltaic
technologies, which combine electricity generation with
the transmission of a portion of photosynthetically active
radiation, typically exhibit lower specific power density due
to the inherent trade-off between optical transparency and
electrical conversion efficiency [12].

Installed capacity is determined by the following relation:
Pinst = Atou “Pas
where A)OU - is the module-covered area, m?;

P, -is the specific module power, W/m?.

For average climatic conditions of Central Ukraine, the spe-
cific annual yield of photovoltaic systems is approximately
1000-1100 kWh/year [13]. Accordingly, the expected annual
energy output of the starter module can be estimated as

EPV = I:)inst 'Yspec ’
where Yspec - specific yield (kWh/year)

For a capacity of 5 kW, this corresponds to 5000-5500 kWh
per year. Such a level of electricity generation is compara-
ble to the annual electricity consumption of a typical house-
hold, which creates the potential for partial or full energy
autonomy.

From an agronomic perspective, the module is designed for
cultivating crops that are relatively tolerant of moderate
shading, in particular strawberries. According to data [5, 9],
the permissible reduction in photosynthetically active radi-
ation without a critical decline in yield ranges from 20-40%,
depending on climatic conditions and cultivar. In this study,
it is assumed that at a coverage ratio of 35—-40%, the result-
ing yield reduction in an average year does not exceed 15—
20%, which is consistent with field experiment data re-
ported in [3, 4].

At the same time, the expected reduction in seasonal water
consumption may reach 20-30%, which is particularly im-
portant for sandy soils. Water savings for a 100 m? area may

amount to 8—12 m? per season, which is consistent with the
results of water balance modeling presented in [9].

From the household perspective, the 100 m? starter mod-

ule performs three functions:

— provides baseline electricity generation for self-con-
sumption;

— reduces water-related risks in crop cultivation;

— creates an experimental platform for assessing further
expansion.

For clarity, the main technical and economic parameters of
the starter module are summarized in Table 1.

Table 1. Approximate parameters of a starting agropho-
tovoltaic module of 100 m?

No Indicator Value

1 | Total area 100 m?

2 | Module coverage ratio 35-40 %
3 | Module area 35-40 m?
4 | Installed capacity 4.5-6.0 kW

5 | Annual energy genera- 4500-5500 kWh

tion
6 | Yield reduction 15-20 %
7 Water savings 20-30 %

Thus, the 100 m? starter module is considered a balanced
configuration that combines an acceptable level of agricul-
tural losses with a significant energy output. Its main ad-
vantage lies in the possibility of phased implementation
with minimal risks for the household and in the creation of
a database for further scaling.

For a household, the decision to install an agrivoltaic sys-
tem is made not only based on technical feasibility but pri-
marily on the economic balance between the benefits of
electricity generation and potential losses in agricultural
production. Therefore, it is appropriate to formulate a sim-
ple threshold criterion that allows assessing the feasibility
of initiating the project on a 100 m? area.

Let us define a notional annual energy income (or savings)
from the operation of the photovoltaic system:

Bel = EPV 'Cel'

where E,,, -annual electricity generation, kWh,

C | - average household electricity price, UAH/kWh

e

Potential losses due to reduced crop yield are defined as
follows

Lcrop =AY -C

crop

where AY - reduction in crop yield, kg;
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Ccrop - average selling price of agricultural produce,

UAH/kg

The threshold condition for the feasibility of initiating the
project is expressed as follows:

EPV ’ CeI =AY - Ccrop'
This ratio means that the savings or income from electricity
must outweigh the potential losses from reduced yields.

For a 100 m? starter module under the conditions of the
Kyiv Oblast, the following approximate parameters can be
assumed: annual electricity generation of 4500-5500 kWh
(for an installed capacity of about 5 kW), average annual
household consumption of 30004000 kWh [14], and a res-
idential electricity price of 4-5 UAH/kWh. In this case, the
annual savings would amount to:

B., ~ 18000-27500 UAH/year.

If the reduction in crop yield is 15—-20% at a baseline yield
of 110 kg, the resulting loss in production amounts to 16—
22 kg. At a price of 80—-120 UAH/kg, the potential losses are
equal to:

Lerop & 1280-2640 UAH/year.

The comparison shows that even at the upper bound of
crop losses, the energy effect significantly exceeds the ag-
ricultural losses. Thus, for a household with typical electric-
ity consumption, the starter module is economically justi-
fied under conditions of moderate shading.

However, in cases of a substantial reduction in crop yield
(more than 30%) or a low electricity price, the threshold
condition may not be satisfied. Therefore, the key deter-
mining factors are the level of shading, the structure of
electricity consumption, and the market price of agricul-
tural products.

To summarize the feasibility conditions, Table 2 presents a
simplified interpretation of the threshold scenarios.

Table 2. Threshold conditions for the feasibility of start-
ing an agrophotovoltaic module of 100 m?

. Energy ef- -

Scenario fect Crop losses Decision
Moderate high low feasible
shading
(15-20%)
Strong shad- medium high requires
ing (>30%) analysis
Low elec- low low limited fea-
tricity con- sibility
sumption
Dry year high minimal feasible

Thus, the proposed threshold model enables a household
to assess the feasibility of implementing an agrivoltaic sys-
tem without complex financial modelling. Its advantage lies
in its simplicity of application and adaptability to local con-
ditions, which provides a basis for further project scaling.

Agrivoltaic project scaling model

The 100 m? starter module is considered not only a tool for
household energy autonomy, but also a basic structural
unit for further expansion. Scaling the agrivoltaic system to
areas of 0.1 ha and 0.5 ha changes not only the absolute
values of electricity generation and agricultural production,
but also the economic logic of the project.

Assuming a constant coverage ratio of 35-40% and similar
technical characteristics, it can be assumed that installed
capacity increases proportionally with area [15]. Thus, for
an area of 0.1 ha (1000 m?), the potential installed capacity
would be approximately 45-60 kW, while for 0.5 ha (5000
m?2), it would reach 225-300 kW. Accordingly, the expected
annual electricity generation is determined by the follow-
ing relationship

EPV,scaIe = Fznst,scale 'Yspec'
where Pinst,scale -installed capacity of the system at the cor-

responding scale,

Yspec— specific annual yield, assumed at 1000-1100
kWh/kW.

At a semi-commercial scale (0.1 ha), this corresponds to
45-66 MWh per year, while for 0.5 ha it amounts to 225—
330 MWh per year.

At the same time, the agricultural component also scales
accordingly. Assuming a baseline yield of 1.0-1.2 kg/m?, the
total harvest from an area of 0.1 ha may amount to approx-
imately 1-1.2 t of produce, while for 0.5 ha it may reach 5—
6t [16]. Even with a 15-20% reduction in yield, the agricul-
tural component retains substantial economic significance.

The principal distinction of scaling lies in changes to the
cost structure [17]. While for the initial module, the share
of expenditures on the inverter, electrical equipment, and
installation is relatively high per 1 m?, an economy-of-scale
effect is observed as the area increases: the share of capital
expenditures per unit of installed capacity decreases. Simi-
lar economy-of-scale patterns are characteristic of photo-
voltaic systems in general and are described in [2, 8].

For clarity, the scaling results are presented in the Table 3.

Scaling changes the nature of the project. While at the 100
m? level the system is primarily oriented toward electricity
self-sufficiency and risk reduction, at the 0.1 ha level oppor-
tunities emerge for the sale of surplus electricity or agricul-
tural produce. In areas of approximately 0.5 ha, agrivoltaics
can already be considered a fully-fledged component of a
small business model [18].
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Table 3. Approximate scaling parameters of
an agrophotovoltaic project

Indicator 100 m? 0.1 ha 0.5 ha
Installed ca- ~5 kW 45-60 kW 225-300
pacity kw
Annual elec- 5-5.5 45-66 225-330
tricity genera- MWh MWh MWh
tion
Yield (base- 0.1t 1-1.2t 5-61t
line)

Yield reduc- 0.016- 0.15-0.24 | 0.75-1.2t
tion (15-20%) 0.022 t

Economic ra- self-suffi- cg;rgzlr_ business
tionale ciency cialization model

Annual

economic effect,
UAH

I
Breakeven point |
()

-

1 Autonomous energy consumption

t‘\‘“
TUUTY Y

]
i Breakeven point
1
1

However, it is important to consider that, as the area in-
creases, the requirements for regulatory compliance, grid
connection, financing, and agronomic support also become
more demanding. Therefore, scaling should be imple-
mented progressively — from a pilot module to a semi-
commercial level, with the gradual accumulation of empir-
ical data.

Thus, the proposed scaling model demonstrates that a 100
m? initial module can serve as the foundational element for
the gradual development of the project, thereby reducing
financial risks and enabling the accumulation of operational
experience prior to transition to the commercial scale.

Nevertheless, the proposed proportional scaling should not
be regarded as a fully linear process. As the area of the agri-
voltaic system increases, additional uncertainty factors
arise that may affect both the technical and economic per-
formance indicators of the project, resulting in an overall
effect that may be either positive or negative (Fig. 1).

— Energy effect
— Integral effect

= Agrarian effect

Combined business model

Combined business
model

=

100 m?2 ~0,1ha

~0.5ra Area of the Agrivoltaic

Fig. 1. Possible development trajectories of an agrophotovoltaic project from a starter module to a small business, taking
into account the uncertainty factor

First, economies of scale are not entirely proportional. For
the initial 100 m? module, a significant share of expendi-
tures is associated with the inverter, protection system, de-
sign, and installation. As the area increases to 0.1 ha and
beyond, a reduction in specific capital costs per 1 kW of in-
stalled capacity is observed due to the more efficient utili-
zation of equipment and structural components. In simpli-
fied form, this may be described by the following relation:

C = Cut
unit P ’
inst
where C; - specific capital cost per 1 kW,
C. _ - total investment cost,

tot

P

inst - installed capacity.

As P tends to decrease.

Ins
However, beyond a certain threshold, additional expendi-
tures related to grid connection, engineering design, and
permitting procedures may partially offset this effect [19].

. increases, the value of C;

Second, regulatory constraints may constitute a barrier to
scaling. While, for a small installation intended for self-con-
sumption, the grid connection procedure is relatively sim-
plified, the transition to systems with capacities of tens or
hundreds of kilowatts requires the approval of technical
conditions, potential grid reinforcement, and changes in
the legal status of the business entity. This implies that the
transition from a household-scale system to a small
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business involves not only an increase in capacity but also
a transformation of the regulatory environment.

Third, agronomic risks increase with scale. While, on a 100
m? area, ensuring irrigation uniformity and microclimate
control is relatively straightforward, at an area of 0.5 ha,
factors such as spatial soil heterogeneity, uneven shading,
and increased complexity of technical maintenance emerge
[20]. These factors may affect the actual level of yield re-
duction and require the adaptation of agronomic practices.

Thus, the scaling of an agrivoltaic project should be consid-
ered as a phased process involving the gradual expansion
of the area and the analysis of the actual performance re-
sults of the initial module. In this context, the 100 m? pilot
site serves as a tool for reducing uncertainty, enabling the
empirical refinement of parameters related to crop yield,
water consumption, and energy generation prior to transi-
tioning to the semi-commercial level.

The proposed 100 m? initial module is regarded not as an
isolated technical solution, but as the first stage in the de-
velopment trajectory of an agrivoltaic project. The develop-
ment strategy envisages a gradual transition from ensuring
the energy autonomy of a household toward the establish-
ment of an economically self-sustaining business model.

At the first stage (pilot level), the agrivoltaic system per-
forms the function of reducing energy dependence and wa-
ter-related risks. The primary objective is to cover the
household’s own electricity consumption and to accumu-
late empirical data regarding crop yield, water consump-
tion, and the operational stability of the equipment. The

» Additional income

1 Household o

» Self-consumption

» Micro-experiment

financial risk at this stage is relatively limited, since even
partial electricity generation provides cost savings for the
household.

At the second stage (semi-commercial level, approximately
0.1 ha), the system begins to generate surplus electricity or
an increased volume of agricultural produce for sale. At this
stage, a dual economic effect is formed: income from the
sale of agricultural products is combined with the potential
sale of electricity or compensation for the system’s own
electricity consumption. Analysis of product sales markets
and grid starts to be important.

At the third stage (with a scale of approximately 0.5 ha), the
agrivoltaic project may evolve into a small business with a
clearly defined entrepreneurial model. In this case, the fol-
lowing factors play a key role:

— stability of agricultural productivity;
— predictability of energy generation output;
— optimization of maintenance costs;

— regulatory support for commercial operations.

The transition between stages should be carried out only if
the threshold condition of economic feasibility formulated
in the previous section is satisfied. Furthermore, the deci-
sion to scale up should be based on the actual operational
results of the initial module over at least one growing sea-
son.

Schematically, the development strategy may be repre-
sented as a sequence of three phases (Fig. 2)

3 Small business

» Entrepreneurship

» Cost optimization

Market analysis

~0,1 ha

>

~0,5 ha Area of the Agrivoltaic System

Fig. 2. Stages of development of an agrophotovoltaic project from household to small business

A distinctive feature of the proposed approach is the inte-
gration of technical and strategic planning. Unlike large-
scale centralized agrivoltaic projects, where scaling is

implemented immediately over extensive areas, the house-
hold-oriented model provides gradual capacity expansion
accompanied by simultaneous risk reduction.
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Thus, agrivoltaics in the context of the sandy soils of the
Kyiv region may be considered not only a tool for the dual
use of land resources but also a mechanism for establishing
a resilient local energy-agricultural system. It is precisely
the phased development approach that enables adaptation
to climatic, economic, and regulatory conditions and cre-
ates the foundation for transforming a household into a
small-scale energy-agricultural business.

Conclusion

1.

This study proposes the concept of a starter agrivoltaic
module with an area of 100 m? for the conditions of
sandy soils in the Kyiv region, aimed at ensuring partial
or complete energy autonomy of a household. It is
shown that, with a coverage ratio of 35-40%, the sys-
tem can provide electricity generation at a level compa-
rable to the annual consumption of a typical household.

A threshold-based decision-making model for the im-
plementation of an agrivoltaic system has been formu-
lated, based on the relationship between savings from
electricity generation and losses caused by a possible
reduction in crop yield. The proposed criterion makes it
possible to assess the project feasibility without com-
plex financial modeling and can be adapted to local pric-
ing conditions.

It has been demonstrated that under conditions of
moderate shading (15—20% reduction in crop yield), the
energy benefits substantially exceed agricultural losses
in most scenarios, making the starter module economi-
cally feasible for a household.

A phased scaling model has been developed, ranging
from a 100 m? pilot plot to a semi-commercial level (0.1
ha) and a small business level (0.5 ha). It has been es-
tablished that scaling is accompanied by a shift in the
project’s economic logic — from autonomous energy
consumption to a combined business model with dual
sources of income.

It has been found that scaling is not a linear process and
is associated with economic, regulatory, and agronomic
risks. The reduction in specific capital costs with increas-
ing area may compensate for part of the additional ex-
penses; however, this requires phased implementation
and analysis of the actual performance results of the
starter module.

. The proposed approach makes it possible to consider

agrivoltaics not only as a technological solution, but also
as a tool for the strategic development of a household
with the potential transformation into a small-scale en-
ergy-agricultural business.

Figures 1-2 were created by the authors using artificial in-
telligence tools based on the methodology developed in
the study and the results obtained.
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