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AHomayia. Lya cmammsa npedcmasnse mexHivyHuli, ekcnepu-
MeHmanbHUl ma cmamucmuyHull aHANi3 iHHosauiliHoi onmu-
YHOI COHAYHOI cucmemu oc8imseHHs iIHOycmpianbHUX UueHmpie
ma Kpumu4Hoi iHppacmpykmypu. Po3pobka 3arnpornoHo8aHol
as8MOHOMHOI MAs0NOMYHHOI cucmemu € KpUmMu4YHUM rpiopu-
memom y KOHmeKcmi HayioHansbHuUXx yinel YKkpaiHu w000 eHe-
peemuy4Hoi 0eyeHmpanizayii ma nioguuwjeHHs cmilkocmi iH-
thpacmpykmypu, OCKinbKU HO 0C8IMsEHHA M[POMUCI08UX
06’ekmis moxce npunadamu 0o 20-40 % 3a2aa1bHO020 CHOXU-
B8AHHA enekmpoeHepeii. Cucmema npusHavyeHa 014 N000AAHHA HedoniKie nonepedHix KOHCMpPYyKyil, Ak-om
HecmabinbHicMb €8iMaI08020 MOMOKY, HEPIBHOMIPHA NMepedavya c8imsaa Mma 3HUMXCEHHA ehekmusHocmi Ye-
pe3 po3cCito8aHHA ceimana.

ExkcnepumeHmu, nposedeHi 8 bepsiHCbKOMYy yHigepcumemi NpUKAAOHUX HAYK 3 BUKOPUCMAHHAM COHAYHO20
cumynamopa [1, 11] 3i cmaHdapmu3zosaHum onpomiHeHHam 1000 Bm/m? 6ynu 30cepediceHi Ha KinbKicHil
OUiHYi 8MaU8Y Kyma Haxusy COHAYHO20 KosieKmopa Ha nepedaruli ceimaosuli nomik. [JaHi cmamucmu4Hoz2o
aHanizy, nposedeHo2o 3a 00MoMo20t 00HOGPAKMOopHO20 ducnepciliHozo aHanizy (ANOVA), niomeepdunu ai-
nomesy, W0 Kym Haxusay MAe cmamucmu4Ho 3Hauywuli 8naue Ha suxioHuli caimaosuli nomik.

Ompumani peayanbmamu rnoKasanu, Wo Kymose 3MileHHA CNPUYUHAE pi3ke nadiHHA egheKmusHOCMIi: AKUW,O
Kym Haxuny 3miHioeMbcA 8i0 0° 0o 90°, caimaosuli nomik 3HUXYeMbCA, 8i0rnosioHo, 3 57,7 nromeHis 0o npu-
61u3Ho 0,008 ntomeHis. Lli sucHoBKU niomeepoxcytoms, ujo 045 3abe3nevyeHHA NPAKMuUYHoOi xummeszoam-
HOCmMi ma onmMumMasnsHoi MPOOYKMUBHOCMI cucmemMu 8 peasnbHUX yMmosax HeobxiOHe 8rnposadxeHHA asmo-
MOMUYHO20 MEeXAHI3My COHAYHO20 e8idcmexceHHs, AKUlU OUHAMIYHO Kopuaysamume [OM0XEHHSA
KOHUyeHmpamopa. [llonpu nidsuweHHAa MeXAHIYHOI CKAaOHOCMI, KanimasnsHUX sumpam | eHepaoCrnoxcu-
BAHHA, Ue HeobxiOHa ymosa 018 8eaUKOMacwWmabHux abo KpUMUYHO 8aHIUBUX 3ACMOCY8AHb.

L2 |HeTUTYT BIAHOBAIOBAHOT EHEPreTUKM
HAH YkpaiHu, m. Kuis, YKkpaiHa

1 3axigHouecbkuit yHisepcuteT B MA3HI,
Mn3eHb, Yexin

L BiHHMLbKMIA HALOHANBbHWIA TEXHIYHNI
yHiBepcuTteT, BiHHMUA, YKpaiHa

Knrouoei cnoea: oeueHmpanisayis, Kym Haxusay KOHUeHmpamopa, cgimaosuli nomik, o0HogpakmopHuii duc-
nepciliHuli aHanNi3, MeXaHI3M COHAYHO20 8i0CMEMEHHS.

Bctyn. MoBHOMacCLUTabHI aTaku Ha eHepreTUyHy iHPpacTpyK-
Typy YKpaiHu cnpuumHmunaun 6esnpeueneHTHi BTpaTH eHep-
reTMYHUX NOTYXKHOCTEN i CTilKi AediumTn enekTpoeHeprii B
nikosi nepiogn. 3a ouiHKkamn MiKHapo4HOro eHepreTny-
Horo areHTcTBa (IEA), cTaHom Ha 2024 pik maiixke ABi Tpe-
TUHWU TreHepauii 6yan OKynoBaHi, NOWKOAMEHI abo 3HM-
LeHi, a B bepesHi — annHi 2024 poky 404aTKOBO BTPayYeHo
61u3bKo 9,2 BT, 34eb6inbworo TensoBoi Ta rigporeHepadu;i
[8, 10]. 3a nporHo3om IEA, yanmky 2025-2026 pokis nonut
y Niky morKe carHytv ~18,5 BT, a 6anaHcHMI gediumt — oo
6 BT, nonpu iMnopT enekTpoeHeprii 3 KOHTUHEeHTaNbHOI
€sponu. NlimiTn imnopTy 6yNo NocTynoso posluMpeHo (4o
1,7 TBty 2024 poui, 3 noganbwum 36inblueHHsm go 2,1 Bt
3 1 rpyaHsa 2024 poKy), ogHaK LbOro HeAoCTaTHbLO, LO6
KOMMNEeHCYBaTU BTPATY BE/NKOI LLeHTPani3oBaHOi reHepauii
Ta 06MeKEeHH: MepeXKeBoi iIHPPaCTPYKTYpU.

B ymoBax npoaoBXKyBaHWX 3arpo3 i HeobxigHOCTI wBua-
Koro [7, 8] BiaHoBNeHHs |IEA NponoHye cTpaTeriyHnit 3cys

00 [eLeHTpani3oBaHoi Mogeni BNpoBagKeHHA po3nogine-
HUX eHepreTMyHux pecypcis (DER): gaxoBuX Ta Ha3eMHUX
CEC/BEC, akymynaTopis, Mannux MoayAbHUX ra3oBuUX TypbiH
i rasonoplwHeBMX arperariB, AKi reHepywTb nNopy4y i3
LEeHTPaMM CMOXKMBaAHHA, 3SMEHLUYIOYM BPA3/IMBICTb A0 Uine-
CNPAMOBAHMX y4apiB i BTPATM Nig, 4ac TPaHCNOPTYBAHHA
enektTpoeHeprii. MogentoBaHHsA |IEA noKasye, Wwo KombiHy-
BaHHA DER (Hanpwuknaga, CEC + BiTpoBa reHepauisa + HaKo-
nuyyBsaui) gonomoske: (i) 3abesneuntn noTpebu eHepreTn-
YyHoi cuctemn, (ii) 6yaysatn ctpaterito go 2030 poky
BiANOBiAHO A0 €BpOiHTerpauiliHoro Kypcy, (iii) 3HMKyBaTH
CMUCTEMHI BUTPATK 3@ PaXYHOK EKOHOMIi nananBea Ta imnopTy.

BogHouac macwTabyBaHHA DER noTpebye y3roaskeHux pe-
rYNATOPHUX | PUHKOBUX pedopm: popmyBaHHS Bisii Ta go-
POKHbLOI KapTK AeueHTpanisaLii, yA0CKOHaAeHHA npaBua
poctyny DER po puHKiB enekTpoeHeprii Ta ZONOMiXKHUX NO-
CNYr, OHOBJIEHHA MEPEKEBUX BUMOT [0 NPUEAHAHHA, a Ta-
KOX MexaHi3miB ¢iHaHcyBaHHA [3]. OKpemoro 3HayeHHn
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HabyBalOTb MiCbKi KpUTUYHI HaBaHTaXKeHHS, AKi MatoTb Npa-
LtoBaTU HaBiTb 33 YyMOB AediunTy NOTYXKHOCTI Ta NOLIKO-
JKeHb MepeXK: NikapHi, BogoKaHanu, 06’ekTn 38’s3Ky, n0-
ricTUYHi ueHTpw [2, 12].

32 MiXKHAapOOHUMW eHeproayauMTaMu, OCBITIEHHA MOXKe
ctaHoBuTN 20-40 % [8, 10] eneKTpoCnoKMBaHHA NPOMMUC-
nosux byaisesb; NP LEHTPANI30BAHOMY KUBJIEHHI BOHO €
BPa3/IMBUM A0 BigKNOYEHD | KONMBAHb AKOCTI €NeKTpoeHe-
prii. Lle cTBopto€e Hiwy Ana iHHOBALIMHUX CBITNIOTEXHIYHUX
pilleHb, L0 3MEHLLYIOTb 3a/IEXHICTb Bif, MepeXxi BAeHb i ra-
paHTYOTb NOTPIOHY OCBiTNEHICTL AN 6e3neyHoi poboTu
BMPOOHMUTB i CKNagais.

Y ui poboTi AK NpUKAaL TaKoro pilleHHA PO3rNALAETLCA
HOBA TEXHO/IOriA — BONIOKOHHO-OMNTUYHA COHAYHA CMCTeMa
[EHHOTO OCBITNIEHHS 3 €/IeKTPOHHUM 3BOPOTHUM 3B’I3KOM,
34aTHa NiATPUMYBATU CTaNly OCBITNIEHICTb Y NPUMILLEHHAX
He3aneXKHo Bif NorogHMx ymos [6]. CucTeMa KOHLEHTPYE
COHAYHE BMMPOMIHIOBAHHA 3a AOMOMOrol 36MpanbHUX
NiH3, Nnepenae CBITNI0BUIA NOTIK NOAIMEPHUM ONTUYHMM BO-
JIOKHOM BE/IMKOrO fAiameTpa [0 BHYTPiWHbOro Aundysii-
HOro MoAayns, Ae AATYMK OCBITIEHOCTI M WTYYHE OKepeso
aBTOMATMYHO A0OMPatOTb HEeCcTavy CBiTAa A0 3a4aHOro pi-
BHA — TOOTO peanisyeTbes ribpua «npupogHe + WTyYHe CBi-
TNO» i3 3aMKHEHUM KepyBaHHAM. Ha BigmiHy Big Tpagmuin-
HUX [A3€epKaZbHUX KOHUEHTPATOpPiB | MNy4KiB TOHKMX
BOJIOKOH, TaKa apXiTeKTypa YCYBa€ MiXXBOJIOKOHHi 3a30pu
Ta 3MEHLYE pO3CitoBaHHSA, 3abe3neyye piBHOMIPHILWWA CBi-
TA0BMI Npodinb | MeHWy aerpagauiio Big nuay / sonoru.

MeTa pocnigeHHsa:(1) obrpyHTyBatn notpeby B 3meH-
LWEeHHI CNOXMBAHHA eNneKTpoeHeprii Ha OCBITNEHHA, WO €
3aX040M JeKapboHi3auji Ha OCHOBI aKTya/lbHUX AOCHi-
OxeHb IEA; (2) noka3aTu TeXHIKO-eKCNepMmMeHTasibHY Cnpo-
MOXHICTb TEXHO/IOTIi A1 MPOMMUCAOBOro / NOTCTUYHOIO
OEHHOTo OCBITNEeHHS; (3) A0BECTM TEOPETUYHY CNPOMOXK-
HiCTb YyCTaHOBKM ByTK edeKTUBHOIO ANs iHTerpauii B AeueH-
TPani3oBaHy eHepreTUUHy CUCTEMYy.

1. O6rpyHTyBaHHA nNoTpebu B peueHTpanisauii micbKux
eHeprocucrem

AKTyanbHi OuiHKM MiKHapo4HOro eHepreTMYHOro areHTC-
TBa (IEA) cBiguaTb, WO TpaguuiiiHa UeHTpani3oBaHa MoO-
AeNb eHepronoctavyaHHaA, nobynoBaHa Ha BEIMKUX FreHepy-
BaJIbHUX 06’€KTaX i NPOTAXKHUX MAriCTPANIbHUX MepexKax, €
BKpali BPa3/IMBOI B YMOBAX BOEHHMX 3arpo3 Ta Linecnps-
MOBAHMX aTak [2]. 3rigHO 3 aHanAiTUY4HMMMK 3BiTamu IEA, y
2022-2024 poKax 3Ha4Ha YacTUHa eneKkTporeHepaLii YKpa-
iHM Byna BMBeLEHA 3 Nafly CaMe Yepes yparKeHHA BEIMKUX
TENJ/IOBUX eNEeKTPOCTaHL,iN, FApOoeneKkTPOCTaHLiM | BUCOKO-
BOJIbTHWUX MiACTaHL,iN, LWLO NPM3BEN0 A0 CUCTEMHUX Aediun-
TiB NOTY)KHOCTi Ta HeobXiAHOCTI BNpPOBaAMKeHHA rpadikis
obmexKeHHA cnoXmBaHHA B micTax [5, 10].

Y Bignosigb Ha Ui BUKAMKK IEA pekomeHaye [7] YKpaiHi
CTpaTeriyHW 3cyB A0 AeLeHTPani3oBaHoi moaeni, Wo ne-
penbayvyae po3milleHHA reHepyBasibHUX MOTYXKHOCTEN 6e3-
nocepegHbo Noban3y cnoxkmeayva. Takuit nigxig aae smory
3MEHLUNTM 3aNEeXKHICTb Bif, MaricTpaJibHUX Mepe’K, CKOpo-
TUTW BTPATK Nig Yac nepenaBaHHA eleKTpPoeHeprii Ta cyT-
TEBO MiABULLMTM  CTIMKICTb  MICbKMX €HeprocucTem.

MpaKTUKa €BPONENCbKUX KpaiH MOKAa3ye, WO HaBiTb 4acT-
KOBa AeLeHTpanisauia — y BUIAAI MiCbKUX MiKpOMeEpEeK,
JIOKANbHUX COHAYHMX €NeKTPOCTaHLIM i cucTem HaKkomu-
YeHHA [Aa€ 3MOTy MiATPMMYBATU KPUTUYUHI HABAHTAXEHHA B
aBTOHOMHOMY ab0 HaniBaBTOHOMHOMY pPeXUMi y pasi aBa-
pii y 3arasibHOHaLOHAbHI Mepexi.

Ocob6anBo rocTpo nNpobnema LLeHTPani3oBaHOro eHepromno-
CTa4YaHHA NPOABNAETLCA Y BEIMKMX MICTaX, e 30cepeKeHa
NPOMMC/IOBA, NIOFICTMYHA Ta CoLUjianbHa iHPpacTpyKTypa. Ana
Taknx 06’eKTiB xapaKTepHe 3HayHe 6a30Be enekTpuyHe Ha-
BAHTa)KEHHS, AKe POPMYETbCA HEe /IMLLE TEXHONOMNYHUM 06-
NAJHaHHAM, ane 1 cucTemMamMmm OCBITAEHHSA [2, 5]. 3a gaHUMun
Mi*KHapOAHWX EHeProayAuTiB Ta rasy3eBux AOC/IAXKEHb, Ya-
CTKa OCBIT/IEHHA B €NeKTPOCNOXMBAHHI MPOMUCNOBUX i NOTi-
CTMYHMX 06’€KTIB CTaHOBUTL Yy cepeaHbomy 20—40 %, a B OK-
pemMux TMNax CKAaACbKMUX KOMMJIEKCIB 3 BEIMKUMMW NIOLLAMM
i BACOKMMW BMMOramMn [0 OCBIT/IEHOCTI MOXKEe NepesuLLy-
BaTh 50 % y aeHHuiM nepiog (puc. 1).

33%
20%

15%
21%

OcsiTneHHn OX0NOAMEHHA Ta BEHTUNALIA

OBumncnoBancHa TexHiKa OnaneHHs

B |Hwe

Puc. 1. CepedHe crnoxcusaHHA eneKmpoeHepeii
8 iHOycmpianoHux 6ydiensax

B ymoBax aediunty enekTpoeHeprii Taki HaBaHTa*KeHHA
CTalOTb KPUTUYHMMU. Hanpuknag, ANa NOTiCTUYHOTO LeH-
Tpy naoweto 10—20 TMc. M? BCTAHOB/IEHa MOTY}KHICTb CUC-
TeM OCBITNIeHHA MOKe cTaHoBUTU 80—-150 KBT. Y pasi aBa-
PIMHOrO OOMENKEHHA eNeKTPONOCTAa4YaHHA BiAK/IIOYEHHA
ab0 3HMKEHHA PiBHA OCBITAEHHA 6e3nocepeaHbO BMNIMBAE
Ha 6e3neky nepcoHany, poboTy CKAaACbKOI TEXHIKM Ta Bes-
nepepBHICTb NOFICTUYHUX onepauiit. AHanoriyHa cuTyauis
XapaKTepHa ANA BUMPOOGHMYMX UEeXiB, Ae HOPMATUBHI BU-
morun ao ocsitneHocti (300-750 iK) € 060B’A3KOBOIO YMO-
BOK eKcnayaTauii.

3 ornAgy Ha ue AeueHTpanisalia MiCbKMX eHeprocmuctem
Ma€ po3rnagaTca He nLe AK HapOLLYBaHHA JI0OKa/IbHOI re-
Hepauii Ta HaKONWYEeHHsA eHeprii, ane i AK aKTUBHe ynpas-
NiHHA NONUTOM Ta 3MEHLIEHHA eNeKTPUYHUX HAaBaHTaXKeHb
Yy FOAVHM NiKOBOTrO CNOXMBaHHA [5]. BUKOpUCTaHHS Npupo-
OHUX eHepreTUYHUX pecypciB, 30Kpema COHAYHOro CBiTNa
ONA OEeHHOro OCBIT/IEHHSA, € O4HMM 3 HaepeKTUBHILNX i
TEXHONOFYHO NPOCTUX iIHCTPYMEHTIB AOCATHEHHA LLiET MeTW.
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€BponeiicbKMit A0CBIA, Ha AKKI nocnnaeTbea IEA, aeMoHc-
TPYE, WO 3aBAAKM iHTErpauii cMctem 4eHHOro OCBIT/IEHHA Y
NPOMWCNOBI Ta rPOMaACbLKi ByaiBni MOXHa 3HM3UTK 3ara-
/IbHE efIeKTPOCNoXKMBaHHA byaisenb Ha 10-25 %, a B oKkpe-
MMX CLLeHapiax — LWe binblue, 3a paxyHOK 3MeHLLEHHA HaBa-
HTaXXeHHA came B AeHHI roanHu. Ana YKpainu, ge gediunt
MOTY»KHOCTi MA€ ACKPaBO BUPAKEHNIN AEHHUI XapaKTep ye-
pe3 poboTy NPOMUCNOBOCTI Ta iIHGPACTPYKTYPMU, Lel edeKT
HabyBae 0cob6mBOI LLiHHOCTI [8].

TakMM YMHOM, AeLeHTPanNi3aLia MiCbKUX eHeprocucTem no-
BMHHA BK/IIOYATU KOMMAEKCHUI NigXid, WO NOEAHYE NOKa-
JIbHY TeHepaLilo, CUCTEMW HAKOMUYEHHSA, IHTeNeKTyanbHe
KepyBaHHA HABaHTAa)XEHHAM i BMKOPUCTAHHA MPUPOAHUX
eHepreTUYHUX pecypcis. Y LLbOMY KOHTEKCTi CUCTEMU COHA-
YHOTO AEeHHOro OCBIT/IEHHA MOXYTb PO3rN1AAaTUCA AK MOB-
HOUiHHUI enemeHT Distributed Energy Resources, wo
CNpUAE NiABULLEHHIO eHepreTuYHoi 6e3nekn MicT i CTinKo-
CTi KPUTUYHOI iIHOPACTPYKTYPU B YMOBAX CyHaCHWUX 3arpos.

2. Marepianu Ta metogm

3anponoHoBaHa BOJIOKOHHO-OMNTMYHA- COHAYHA CUCTEMA
[OEHHOro OCBIT/IEHHA 6a3yeTbCA Ha NPUHUMNI KOHUEHTpaLT
COHAYHOTO BUMPOMIHIOBAHHA 3 NOAaNblUMM MNepeaaBaH-
HAM CBIiT10BOTO MOTOKY 33 AONOMOTIOK OAHOrO CYLi/IbHOro
noJlimepHOro oNTMYHOIo BONOKHA BENMKOro AiameTpa (10—
12 mm) (puc. 2). Takuid Nigxis NPUHLMNOBO BiApPi3HAETHLCA
Bif TPAAMLIMHUX PilleHb, Y AKUX BUKOPUCTOBYIOTbCA NMyYKMU
TOHKWUX BONIOKOH abo A3epKasibHi KOHUEHTpaTopu, i Aae
3MOrY YCYHYTU HU3KY GyHAAMEHTAIbHUX HeA0NIKIB, XapaK-
TEPHUX ANA ICHYIUNX CUCTEM.

\

\

3 2 1214 11 13 \10 7 9
T [/ Y
\

Puc. 2. CoHA4YHa onmuy4Ha cucmema:niHza ®pexsens (1);
Kopnyc KoHyeHmpamopa (2); mpumay (3); nonimepHe on-
muyHe 8os0KHo (POF) (4); niocuntosay ceimna (5); siobus-
Huli npucmpiti (6); cucmema Ougpysii (7); dugpy3iliHa niH3a
(8), damuuk iHmeHcusHocmi ceimna (9); cucmema 380po-

mHo20 38'A3Ky (10); enekmpoHHa cucmema ynpaesiHHA
(11); emanorHHuli damuyuk (12); npucmpiili wmy4yHo20 ocei-

maneHHs (13); Oxucepeno enekmpoxusneHHA (14)

BuKopucTaHHA OfHOro Be/MKOAiaMeTpasibHOro BOJIOKHA
3abe3neyvye BiACYTHICTb Mi*KBOJIOKOHHUX 3330piB, L0 € OC-
HOBHUM J}Kepenom NapasmMTHOro po3citoBaHHA cBiT/a B ba-
raToXXWIbHUX Ny4dKax. Lle Aa€e 3mory icTOTHO 3MeHLWKTK on-
TUYHI BTPATU Nig 4ac BBeAEHHA CBITNIOBOrO MOTOKY B
CBITIONPOBIAHUI KaHan Ta cpopmyBaTU OAHOPIAHMI

cBiTN0BMI Npodinb No BCild naoLi BUXigHoi anepTypu. 3 iH-
YXEHEepHOro nornagy Taka KOHCTPYKLIA NiABULLYE cBiTAOMNE-
pefaBasbHy 34aTHICTb CUCTEMW Ta CMPOLLYE il MEXaHiYHy
iHTerpauito B 6yaiBesibHi KOHCTPYKLLT NPOMMUCAOBUX i Noric-
TUYHUX 06’€eKTiB [6].

Ona ekcnepnmeHTanbHOI MNepeBipKM Npaues3faTtHoCTi Ta
edpeKTUBHOCTI cuctemn ByNo BMKOPUCTAHO crhelianisoBa-
HWI BUNPOOYBaNbHUI CTEHA ANA COHAYHUX KONeKkTopis be-
PAIHCbKOrO YHIBEPCUTETY NPUKAAAHUX HAYK, AKUN [a€E
3MOry NpoOBOAMUTU OOCNIAKEHHA B YMOBAX NOBHICTIO KOHT-
PO/IbOBAHOrO COHAYHOTO BUNPOMIiHIOBaHHsA (puc. 3). CoHsA-
YHUIN cumynaTop, nobyaoBaHWi Ha 6asi meTanoranorex-
HUX namn Tuny ATLAS MTT «Solar Constant 4000»,
3abe3neyyBaB CMeKTPasbHi XapaKTepUCTUKM Ta oAHOpIA-
HiCTb ONPOMiHeHHA BignosigHO o ctaHpapTis EN 12975,
ISO 9806 Ta ASTM G173 [1, 4, 9].

Puc. 3. CoHa4Huli cumynamop Solar Constant 4000

IHTEHCMBHICTb BUMPOMIiHIOBAHHA B 30Hi BCTAHOBEHHSA ON-
TUYHOrO KONeKTopa niaTpumyBsanaca Ha pisHi 1000 Bt/m?
(AM1.5) 3 yacoBoto cTabinbHicTio £1 %, Wo AaBano 3mory
NnopiBHIOBATM pe3ynbTaTu Pi3HMX cepii BUMiptoBaHb 6e3
BMNMBY 30BHiLWHix pakTopis [11].

OcobnvBy yBary B EKCMEPUMEHTANbHOMY AOCAIAXKEHHI
6yn0 NpuAaineHo BNAMBY KyTa Haxuay KOHLEHTpaTopa Ha
BE/IMYMHY NepesaHoro ceiTaoBoro noToky (puc. 4). Kyt ami-
HloBaBCA B AianasoHi Big 0° go 90° 3 Kpokom 3°, WO
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Bigobparkae peanbHi cueHapii 3miHM nonoxeHHA CoHuA Ta
MOMK/IMBI BIOXWUNEHHA Mig Yac MOHTAXKy cUcTeMM Ha byais-
nax.

Puc. 4. BcmaHo81eHHA KOHCMPYKUii HO COHAYHOMY CUMY-
aamopi

OTpuMaHi ekcnepuMmeHTaNbHI AaHi MOKa3aau, WO CBIT/IOBA
BigZla4a CUCTEMM € BMCOKOYYT/IMBOKO [0 FEOMETPUYHOro
NOJIOYKEHHSA KOHUeHTpaTopa (Tabanuysa). MakcumanbHi 3Ha-
YeHHs CBITI0BOrO NOTOKY CNOCTepiraanca B 061acti manmx
KYTiB, TO4j K 3i 36iNblUeHHAM KyTa BigbyBanocs piske 3HU-
eHHA edeKTUBHOCTI BBEAEHHA CBiTNA Y BOJIOKOHHO-ONTU-
YHWUI KaHan. Llei edpeKT € xapaKTepHUM 15t ONTUYHUX KOH-
LEHTPaLiMHMX cucTem i niaTBepArKye HeobxigHicTb abo
TOYHOI reoMeTpMYHOI ONTUMI3aLii, abo0 BUKOPUCTAHHA aK-
TUBHUX KOMMEHCYIOUYMX MEXaHi3MiB.

Tabnuusa. Habip aaHUX cnocTepeXxeHb

Kyt Haxuny po . .

A)K(?r”)lzl':i :csi- OC(IBI'L"A:::)"’ KaTteropis
0-3 57,7-55,-1 Bucokuin

69 31,913-28.2 CepeaHil
12-15 17.,5-15,2 Hu3bKui
18-90 9,-762-0,008 LyKe HU3bKKUi

3. Pe3synbratn

OnAa KinbKicHOro niaTBepaXeHHA OTPMMaHMX 3aKOHOMIp-
HocTel 6yno 3aCTOCOBaHO OAHO(AKTOPHUI ANCIEPCIAHNI
aHaniz (ANOVA). AHani3s nokasaB CTaTUCTUYHO 3HauyLWMi
BMNJIMB KyTa HaXW/ly KOHL,EHTpaTopa Ha CBIT/N0BY Bigavy cu-
ctemun (p < 0,05), WO BMKNOYAE BMMALKOBWUIA XapaKTep

CrnocTepekyBaHWX BiAMIHHOCTEN MiX eKcnepumeHTanb-
HUMW Tpynamu.

Takum umHom, ANOVA He nuiwe niatsepams ¢isnyHi 3ako-
HOMIPHOCTI NpoLecy ONTUYHOT KOHUEHTpaLii, ane 1 Hagas
dbopmanbHe CTaTUCTMUHE OBIPYHTYBAHHA A/A 3acToCy-
BaHHA €EKTPOHHOI CUCTEMM 3BOPOTHOTO 3B’A3KY, AKA AA€E
3Mmory ctabinisyBaTn piBeHb OCBIT/IEHOCTi aBTOMATUYHUM
OO[AaBaHHAM LWITYYHOrO CBiT/@ Yy BMMAAKAX 3MEHLLEeHHA
NpUPOAHOro CBIT/I0OBOrO NOTOKY.

OKpemum eTanom AocigxKeHb byna oLiHKa TeNA0BOI CTil-
KOCTi KOHCTPYKTUBHUX e/1eMEHTIB cuctemu (puc. 5). Komno-
HEHTU, BUrOTOBAEHI 3 pi3HMX maTepianis (PLA, ABS, CPE), a
TaKOX BY30/1 BBEAEHHA ONTMYHOrO BONIOKHA, Niaaasanuca
ONPOMIHEHHIO 3 iHTeHcuBHIcTIo 1000 BT/M? npoTArom KoH-
TPONbOBAHOro 4acy. TemnepaTypHi nosna ¢ikcysanmca 3a
OOMOMOrOH0 TEMJIOBI3iIMHOI Kamepy Ta KOHTAKTHUX AaTyu-
KiB.

FLIR AX8 71219319

Puc. 5. BusHa4yeHHs memnepamypu ecepeduHi Kopnycy
KoHUeHmpamopa

Pe3ynbTaTn nokasanu, Lo TemMnepaTypu eNemMeHTiB He ne-
PEeBULLYIOTb AOMYCTUMMX 3HAYEHb | HE MPU3BOAATL [0 Tep-
MIYHOI Aerpagauii maTepianis, WO NiATBEPAKYE MOMKIN-
BiCTb TPMBA/Oi eKcnyaTalii CMCTeEMM B peanbHUX YMOBaXx
COHAYHOro onpomMiHeHHsA 6e3 pusnKy neperpisy abo BTpaTH
ONTUYHUX BNACTUBOCTEN.

CyKynHICTb OTPUMAHUX EKCMepPUMEHTaIbHMX | CTaTUCTMY-
HWUX pe3yabTaTiB CBiAYMTL NPO Te, WO 3anNponoHOBaHa BO-
NOKOHHO-OMTUYHA COHAYHA cUCTEMa:

e 336e3neyvye pPiBHOMIPHWUI i CTabiNbHWUI CBITNIOBUI NOTIK;

® MaE€ NiaTBEPAKEHY eKCNEePUMEHTAsIbHO CBITI0BY edek-
TUBHICTb;

® [EeMOHCTPYE TEPMIUHY Ta KOHCTPYKTUBHY HaAiNHICTb;
€ NPUAATHOM ANA iHTerpaLii B NPOMKUCAOBI Ta NOFiCTU-
YHi MPUMILLEHHSA 3 BUCOKMMW BUMOTaMu [0 AKOCTI AeH-
HOTO OCBIT/IEHHA.

Ha ocHOBi OTpMMaHMX pe3ynbTaTiB cucTEMa LEMOHCTPYE
BMCOKY TeXHiKO-eKCnepnmMeHTabHY CNPOMOXKHICTb | MOXKe
po3rnagaTMca  AK  NEepCneKkTUBHWUIA  CBITNOTEXHIYHMI
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KOMTMOHEHT fleLLeHTPaNi30BaHNX EHEPreTUYHMX PilleHb ANsA
MiCbKOi iHppacTpyKTypu.

ObmeKeHHAMM pocnigKeHHA € nabopaTopHUiA xapaKkTep
BMMNPOBYBaHb, BiACYTHICTb AOBroTPMBaAUX NOJIbOBUX BUMI-
ptoBaHb Ta BM/IMBY 3abpyAHEHHSA ONTUYHUX enemeHTiB. Mo-
Oanblli ocNiAKeHHs byayTb CNPsSIMOBAHI Ha BanigaLito cu-
CTEMM B pPeasbHUX KNIMATUYHUX YMOBAX.

BucHOBKM

Y cTaTTi KOMNAEKCHO PO3rNAHYTO Npobaemy eHepreTUyHoI
CTIMKOCTI MiCbKMX eHeprocuctem YKpaiHM B yMOBaXx BOEH-
HWX 3arpo3 Ta TpMBanoro Aediunty reHepyBaabHUX NOTYK-
HocTel. Ha ocHOBI aKTyanbHMX aHANITUYHUX OLIHOK MiXKHa-
poAHOro eHepretyHoro areHtctBa (IEA) obrpyHTOBaHO
HeobXiaHICTb Nnepexoay Bif TPaAMLIAHOI LLeHTpaNi30BaHOI
Mmogenli eHepronocTayaHHA [0 [AeueHTPanisoBaHux pi-
lWeHb, OPIEHTOBAHMX Ha JIOKa/bHY reHepawilo, Hakonwu-
YeHHA eHeprii Ta akTMBHE yNpaB/iHHA HAaBaHTAXXEHHAM Ha
PiBHI MiCbKMX MiKpOMepex.

MokaszaHo, wo nopag 3 knacuyHnmm DER (coHAYHI Ta BiT-
POBi eNeKTPOCTaHL,i, aKYMYNATOPHI CUCTEMU, pe3epBHa re-
HepaLis) BaXK/MBY POJb y AELLEHTPANiI30BAaHUX eHeprocuc-
TeMax MOXYTb BiZirpaBaTM CBIT/NIOTEXHIYHI  pilUeHHS,
CNPAMOBAHI Ha 3MEHLUEHHA e/IEKTPMYHOIO HAaBAHTAXKEHHA
B AeHHUI nepiog,. OcobMBO Le aKTyasibHO A1 MPOMUCO-
BMX i NOTiICTUYHMX 06’€KTIB, A€ OCBITNEHHA GOPMYE 3HAUYHY
YaCTKY e/1eKTPOCMOXKMBAHHA | € KPUTUUHOIO YMOBOIO Hesne-
YHOI eKcnayaTaLi.

Y poboTi eKcnepuMeHTaNbHO AOCNIAMKEHO BOIOKOHHO-OM-
TUYHY COHAYHY CUCTEMY AEHHOrO OCBITIEHHA 3 BMKOPWC-
TaHHAM OAHOrO BEAUKOALIaMETPasibHOro NoAIMEepHOro on-
TMYHOTFO BOJIOKHA Ta €1EeKTPOHHOro 3BOPOTHOIO 3B'A3KY.
NabopaTtopHi BUNpobyBaHHSA, BUKOHAHI Ha cTeHAi AnAa co-
HAYHUX KOMIEKTOPIB Yy KOHTPO/bOBaHWX ymoBax (AML1.5,
1000 BT/M2), niaTBEPAMAN TEXHIYHY CMPOMOKHICTb CMC-
Temun 3abesneyyBaTn PiBHOMIPHWUI Ta cTabinbHUIA CBiTNO-
BMI NOTiK. CTaTUCTUYHE AOCNIAXKEHHA METOAOM OAHOdaK-
TOpHOro AaucnepciiHoro aHanisy (ANOVA) nokasano
CTAaTUCTUYHO 3HauYyLMi BMNMB reoMeTpii KOHUEeHTpaTopa
Ha CBiTNOBY BifAauvy, Wo obrpyHTOBYE HEOBXiAHICTb ONTU-
Mi3aLii ONTUYHOI YaCTUHM Ta 3aCTOCYBaHHA aKTUBHOTO efe-
KTPOHHOIO KepyBaHHS.

3anponoHOBaHO apXiTeKTypy KOMbBIHOBAHOIro eHepro-ceiT-
NIOTEXHIYHOTrO BY3/1a, iIHTErPOBAHOIO B MiCbKY MiKpOMEpPEXKY
pa3om 3 iHwumu DER. Taka cuctema fa€e 3Mory amMeHLWUTH
e/IeKTPUYHE HaBaHTAXKEHHA Ha OCBIT/IEHHA B I€HHI roAMHM,
NiABULLINTM aBTOHOMHICTb i HaZiliHICTb 06’€KTIB KPUTUYHOT
iHbpacTpyKTypm Ta cnpmaTM GopmyBaHHIO CTINKUX AeUeHT-
panizoBaHWX eHeprocucTem.

OTpuMaHi pe3ynbTaT € peneBaHTHUMM He Ane ans YKpa-
THM B YyMOBAx BOEHHOrO 4acy Ta NiCAIABOEHHOI Bia6yA0BHY,
ane 1 ana KpaiH €EsponeicbKkoro Coto3y B KOHTEKCTI peani-
3auji cTpaTerii eHepreTUYHOT 6e3neKkun, PO3BUTKY MiKpome-
pex Ta AoCATHEHHA KaimaTuduHux uineit Net Zero.
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Abstract. This article presents a technical, experimental, and
statistical analysis of a new lighting system designed for
industrial buildings and critical infrastructure. The development
of this autonomous, low-power system is a priority in the
context of Ukraine's national objectives for energy
decentralization and enhancing infrastructure resilience, as
lighting can account for up to 20-40% of electricity
consumption in industrial facilities. The system is designed to
overcome the disadvantages of previous designs, such as highly
unstable luminous flux, non-uniform light transmission, and reduced efficiency due to light scattering.
Experiments were conducted at the Berlin University of Applied Science using a solar simulator [1, 11] with a
standardized irradiance level of 1000 W/m?. These tests focused on quantifying how the tilt angle of the solar
collector influences the transmitted luminous flux. Statistical analysis, performed using a one-way analysis
of variance (ANOVA), unequivocally proved that the tilt angle has a statistically significant impact on the
output luminous flux.

The results showed that efficiency drops sharply with angular displacement: the luminous flux decreases from
57.7 lumens at 0° tilt to approximately 0.008 lumens at 90°. These findings confirm that, to ensure the
practical viability and optimal performance of the system in real-world conditions, the implementation of an
automated solar tracking mechanism, which dynamically adjusts the concentrator's position, is necessary.
While adopting tracking entails trade-offs, such as increased mechanical complexity, higher capital costs,
and greater energy consumption, it is a necessary condition for large-scale or mission-critical applications.
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Introduction. Large-scale attacks on Ukraine’s energy infra-
structure have caused unprecedented losses of generation
capacity and persistent electricity shortages during peak
periods. According to the International Energy Agency
(IEA), as of 2024, nearly two-thirds of generation capacity
had been occupied, damaged, or destroyed, while an addi-
tional 9.2 GW—primarily thermal and hydropower genera-
tion—was lost between March and July 2024 [8, 10]. Ac-
cording to IEA projections, peak demand in the winter of
2025/2026 may reach approximately 18.5 GW, with a sup-
ply deficit of up to 6 GW, despite electricity imports from
continental Europe. Import limits have been gradually ex-
panded (to 1.7 GW in 2024, with a further increase to 2.1
GW from 1 December 2024), yet this remains insufficient to
compensate for the loss of large-scale centralized genera-
tion and the constraints of grid infrastructure.

Amid ongoing threats and the urgent need for rapid recov-
ery, the IEA proposes a strategic shift toward a decentral-
ized model—namely, the deployment of distributed energy
resources (DER): rooftop and ground-mounted solar and
wind power plants, battery storage systems, small modular
gas turbines, and gas engine units. These systems generate

electricity close to consumption centers, thereby reducing
vulnerability to targeted attacks and transmission losses.
IEA modelling indicates that combining DER (e.g., solar PV
+ wind generation + energy storage) can: (i) meet the oper-
ational needs of the energy system, (ii) support the devel-
opment of a strategy toward 2030 in line with European in-
tegration objectives, and (iii) reduce system costs through
fuel savings and decreased import dependency.

At the same time, scaling up DER requires coordinated reg-
ulatory and market reforms: the development of a clear vi-
sion and roadmap for decentralization, improved market
access rules for DER participation in electricity and ancillary
services markets, updated grid connection requirements,
and enhanced financing mechanisms [3]. Particular im-
portance is attached to urban critical loads that must oper-
ate even under conditions of capacity shortages and net-
work damage, including hospitals, water utilities,
communication facilities, and logistics centers [2, 12].

According to international energy audits, lighting can ac-
count for 20-40% [8, 10] of electricity consumption in in-
dustrial buildings; under centralized supply, it is vulnerable
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to outages and power quality fluctuations. This creates a
niche for innovative lighting solutions that reduce grid de-
pendency during daytime and ensure the required level of
illuminance for safe operation of industrial and warehouse
facilities.

In this study, such a solution is exemplified by a novel tech-
nology—an optical fiber solar daylighting system with elec-
tronic feedback control, capable of maintaining stable indoor
illuminance regardless of weather conditions [6]. The system
concentrates solar radiation using collecting lenses, trans-
mits the luminous flux through a large-diameter polymer op-
tical fiber to an indoor diffusion module, where an illumi-
nance sensor and an artificial light source automatically
compensate for any deficit to a predefined level—thus im-
plementing a hybrid “natural + artificial lighting” scheme
with closed-loop control. Unlike traditional mirror-based
concentrators and bundles of thin fibers, this architecture
eliminates inter-fiber gaps and reduces scattering, providing
a more uniform light distribution and lower degradation due
to dust and moisture.

The objectives of the study are: (1) to substantiate the
need to reduce electricity consumption for lighting as a de-
carbonization measure based on current IEA research; (2)
to demonstrate the technical and experimental feasibility
of the technology for industrial and logistics daylighting ap-
plications; (3) to prove the theoretical capability of the sys-
tem to be effectively integrated into a decentralized energy
system.

1. lJustification for the need to decentralize urban energy
systems

Current assessments by the International Energy Agency
(IEA) indicate that the traditional centralized energy supply
model, based on large-scale generation facilities and exten-
sive transmission networks, is highly vulnerable under con-
ditions of military threats and targeted attacks [2]. Accord-
ing to IEA analytical reports, in 2022-2024, a significant
share of Ukraine’s electricity generation capacity was disa-
bled precisely due to damage to large thermal power
plants, hydropower plants, and high-voltage substations,
resulting in systemic capacity deficits and the need to im-
plement consumption restriction schedules in urban areas
[5, 10].

In response to these challenges, the IEA recommends [7]
that Ukraine pursue a strategic shift toward a decentralized
model, which involves deploying generation capacities in
close proximity to consumers. Such an approach reduces
dependence on transmission networks, minimizes electric-
ity transmission losses, and significantly enhances the resil-
ience of urban energy systems. The experience of European
countries demonstrates that even partial decentraliza-
tion—through urban microgrids, local solar power plants,
and energy storage systems—enables the supply of critical
loads in autonomous or semi-autonomous modes during
disruptions in the national grid.

The issue of centralized energy supply is particularly acute
in large cities, where industrial, logistics, and social

infrastructure are concentrated. These facilities are charac-
terized by substantial base electrical loads, formed not only
by process equipment but also by lighting systems [2, 5].
According to international energy audits and sectoral stud-
ies, illumination accounts on average for 20-40% of elec-
tricity consumption in industrial and logistics facilities (see
Fig. 1), and in certain types of large-scale warehouses with
high illuminance requirements, this share may exceed 50%
during daytime operation.

Under conditions of electricity shortages, such loads be-
come critical. For example, in a logistics center with an area
of 10,000-20,000 m?, the installed capacity of lighting sys-
tems may reach 80-150 kW. In the event of emergency
power limitations, the shutdown or reduction of lighting
levels directly affects personnel safety, the operation of
warehouse equipment, and the continuity of logistics pro-
cesses. A similar situation is observed in industrial work-
shops, where regulatory illuminance requirements (300—
750 Ix) constitute a mandatory condition for safe and effi-
cient operation.

33%

20%

15%
21%

Lightning = Cooling and ventilation = Computing equipment = Heating = Other
Fig. 1. Average electricity consumption in industrial build-

ings

In this context, the decentralization of urban energy sys-
tems should be considered not only as the expansion of lo-
cal generation and energy storage, but also as the active
management of demand and the reduction of electrical
loads during peak consumption periods [5]. The use of nat-
ural energy resources, particularly solar radiation for day-
light illumination, represents one of the most efficient and
technologically simple tools for achieving this objective.

European experience, as referenced by the IEA, demon-
strates that the integration of daylighting systems into in-
dustrial and public buildings can reduce total electricity
consumption by 10-25%, and in certain scenarios even
more, primarily by lowering loads during daytime hours.
For Ukraine, where capacity shortages exhibit a pro-
nounced daytime pattern due to industrial and infrastruc-
ture activity, this effect is of particular importance [8].

Thus, the decentralization of urban energy systems should
involve a comprehensive approach that combines local
generation, energy storage systems, intelligent demand-
side management, and the utilization of natural energy re-
sources. In this context, solar daylighting systems can be
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considered as elements of Distributed Energy Resources
(DER), contributing to enhanced urban energy security and
the resilience of critical infrastructure under modern threat
conditions.

2. Materials and Methods

The proposed optical fiber solar daylighting system is based
on the principle of concentrating solar radiation followed
by the transmission of the luminous flux through a single
continuous large-diameter (10-12 mm) polymer optical fi-
ber (see Fig. 2). This approach fundamentally differs from
conventional solutions that utilize bundles of thin fibers or
mirror-based concentrators and allows for the elimination
of several inherent drawbacks characteristic of existing sys-

tems.
12 14 11 13 \10
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Fig. 2. Solar optical system

Fresnel lens (1); concentrator housing (2); holder (3); poly-
mer optical fiber (POF) (4); light amplifier (5); reflecting de-
vice (6); diffusion system (7); diffusing lens (8); light inten-
sity sensor (9); feedback system (10); electronic control
system (11); reference sensor (12); artificial lighting device
(13); power supply unit (14)

The use of a single large-diameter fiber eliminates inter-fi-
ber gaps, which are the primary source of light scattering in
multi-fiber bundles. This significantly reduces optical losses
during coupling of the luminous flux into the light-guiding
channel and enables the formation of a uniform light profile
across the entire output aperture. From an engineering
perspective, such a design enhances the light transmission
capacity of the system and simplifies its mechanical inte-
gration into the building structures of industrial and logis-
tics facilities [6].

To experimentally validate the operability and efficiency of
the system, a specialized solar collector test bench at the
Berlin University of Applied Sciences was employed, ena-
bling investigations under fully controlled solar radiation
conditions (see Fig. 3). The solar simulator, based on metal
halide lamps of the ATLAS MTT “Solar Constant 4000” type,
provided spectral characteristics and irradiance uniformity
in accordance with EN 12975, ISO 9806, and ASTM G173
standards [1, 4, 9].

The irradiance intensity in the optical collector installation
zone was maintained at a level of 1000 W/m? (AM1.5) with
a temporal stability of +1%, which ensured comparability of

results across different measurement series without the in-
fluence of external factors [11].

Fig. 3. Solar simulator Solar Constant 4000

Particular attention in the experimental study was given to
the effect of the concentrator tilt angle on the magnitude
of the transmitted luminous flux (see Fig. 4). The angle was
varied within a range from 0° to 90° in 3° increments, re-
flecting real-world scenarios of solar position changes as
well as possible deviations during system installation on
buildings.

"J!MI wme |

e T
=

Fig. 4. Installation of the system on the solar simulator
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The obtained experimental data demonstrated that the lu-
minous efficiency of the system is highly sensitive to the ge-
ometric position of the concentrator (see Table). Maximum
luminous flux values were observed at small tilt angles,
whereas a significant decrease in light coupling efficiency
into the fiber-optic channel occurred with increasing angle.
This effect is characteristic of optical concentration systems
and confirms the necessity of either precise geometric op-
timization or the implementation of active compensation
mechanisms.

Table. Dataset of observations

Tltlitvaentgokii;filta- IIIumri:::sc)e (lu- Category
source
0-3 57.7-55.1 High
6-9 31.913-28.2 Medium
12-15 17.65-15.2 Low
18-90 9.762 - 0.008 Very low
3. Results

To quantitatively validate the observed patterns, a one-way
analysis of variance (ANOVA) was applied. The analysis re-
vealed a statistically significant effect of the concentrator
tilt angle on the luminous efficiency of the system (p <
0.05), thereby excluding the random nature of the differ-
ences observed between the experimental groups.

Thus, ANOVA not only confirmed the physical principles of
the optical concentration process but also provided formal
statistical justification for the implementation of an elec-
tronic feedback control system. This system enables the
stabilization of illuminance levels by automatically supple-
menting artificial light in cases where the natural luminous
flux decreases.

An additional stage of the study involved evaluating the
thermal stability of the system’s structural components
(see Fig. 5). Elements manufactured from various materials
(PLA, ABS, CPE), as well as the optical fiber coupling unit,
were exposed to irradiation at an intensity of 1000 W/m?
over a controlled period. Temperature fields were recorded
using a thermal imaging camera and contact sensors.

FLIR AX8 71219319

Fig. 5. Temperature measurement inside the concentrator
housing

The results showed that the temperatures of the compo-
nents did not exceed permissible limits and did not cause
thermal degradation of the materials, confirming the feasi-
bility of long-term system operation under real solar irradi-
ation conditions without the risk of overheating or loss of
optical properties.

The combination of experimental and statistical results in-
dicates that the proposed optical fiber solar system:

e provides a uniform and stable luminous flux;

e has experimentally validated lighting efficiency;

e demonstrates thermal and structural reliability;

e issuitable for integration into industrial and logistics fa-
cilities with high requirements for daylighting quality.

Based on the obtained results, the system demonstrates
high technical and experimental feasibility and can be con-
sidered a promising lighting component within decentral-
ized energy solutions for urban infrastructure. The limita-
tions of the study include the laboratory nature of the
experiments, the absence of long-term field measure-
ments, and the lack of assessment of contamination effects
on optical elements. Further research will focus on validat-
ing the system under real climatic conditions.

Conclusion

The paper comprehensively addresses the problem of en-
ergy resilience of urban energy systems in Ukraine under
conditions of military threats and a prolonged deficit of
generation capacity. Based on up-to-date analytical assess-
ments of the International Energy Agency (IEA), the neces-
sity of transitioning from a traditional centralized energy
supply model to decentralized solutions has been substan-
tiated, focusing on local generation, energy storage, and ac-
tive demand-side management at the level of urban mi-
crogrids.

It has been demonstrated that, alongside conventional Dis-
tributed Energy Resources (DER) such as solar and wind
power plants, battery storage systems, and backup gener-
ation, lighting technologies aimed at reducing electrical
loads during daytime can play a significant role in decen-
tralized energy systems. This is particularly relevant for in-
dustrial and logistics facilities, where lighting constitutes a
substantial share of electricity consumption and is a critical
requirement for safe operation.

The study experimentally investigated an optical fiber solar
daylighting system utilizing a single large-diameter polymer
optical fiber and an electronic feedback control mecha-
nism. Laboratory tests conducted on a solar collector test
bench under controlled conditions (AM1.5, 1000 W/m?)
confirmed the technical capability of the system to provide
a uniform and stable luminous flux. Statistical analysis using
one-way ANOVA demonstrated a statistically significant in-
fluence of concentrator geometry on luminous efficiency,
thereby justifying the need for optical optimization and the
application of active electronic control.
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An architecture of a combined energy-lighting unit inte-
grated into an urban microgrid alongside other DER has
been proposed. Such a system enables the reduction of
electrical loads for lighting during daytime hours, enhances
the autonomy and reliability of critical infrastructure facili-
ties, and contributes to the development of resilient decen-
tralized energy systems.

The obtained results are relevant not only for Ukraine in the
context of wartime conditions and post-war reconstruc-
tion, but also for European Union countries in the context
of energy security strategies, microgrid development, and
the achievement of Net Zero climate targets.

REFERENCES

1. ASTM G173-03(2020) (2020) Standard Tables for Refer-
ence Solar Spectral Irradiances: Direct Normal and
Hemispherical on 37° Tilted Surface, ASTM Interna-
tional, West Conshohocken, PA, USA.

2. European Commission (2018) Energy Performance of
Buildings Directive (EPBD), European Commission,
Brussels.

3. European Commission (2020) A Renovation Wave for
Europe — Greening our Buildings, European Commis-
sion, Brussels.

4, EN 12975-2:2006 (2006) Thermal solar systems and
components — Solar collectors — Test methods, Euro-
pean Committee for Standardization.

5. Green Deal Ukraine (2024) Decentralized Energy Solu-
tions for Urban Resilience, Green Deal Ukraine, Kyiv.

6. Yakymchuk M., Alipatova M. (2024) Solar energy sys-
tem, Patent of Ukraine No. 155842, IPC FO3G6/06,
HO01L31/04, published 17.04.2024, Bulletin No.
16/2024.

7. International Energy Agency (IEA) (2023) Distributed
Energy Resources: Powering a Secure Energy Transi-
tion, International Energy Agency, Paris.

8. International Energy Agency (IEA) (2024) Ukraine’s En-
ergy Security and the Coming Winter, International En-
ergy Agency, Paris.

9. 1SO 9806:2017 (2017) Solar energy — Solar thermal
collectors — Test methods, International Organization
for Standardization, Geneva.

10. Kyiv School of Economics (2024) Energy Infrastructure
Damage Assessment in Ukraine, Kyiv School of Eco-
nomics, Kyiv.

11. Labor fir konventionelle und erneuerbare Energien,
Berliner Hochschule fiir Technik (2023) Solarenergie —
Leistungsprifstand fir Solarkollektoren, labor.bht-ber-
lin.de/kee/solarenergie

12.UNDP (2023) Towards a Green Transition of the Energy
Sector in Ukraine, United Nations Development Pro-
gramme, Kyiv.

166



