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JuceprariitHa poOoTa IPUCBIYCHA JTOCIIKEHHIO EHEPreTUYHOI Oe3MeKu
OararonoBepxoBUX OyaiBedb 1 BHUPIMIEHHIO HAyKOBO—TPUKIAJAHOTO 3aBIAHHS
CTBOPEHHSI 1HTErpOBaHOI CHUCTEMHU YIPaBIIHHS EHEPreTUYHOI Oe3MeKor0
OararonoBepXxoBUX Oy/IIBeNb Yy 3€JeHId BIIOy/OBI YKpaiHd, IO TMOETHYE
aHATITUYHI  METOAW 300py KIIIOYOBHX IOKAa3HUKIB, PO3PAXyHKOBI Ta
EKCIIEPUMEHTAIbHI MIIX0AU TOCHIPKEHHS €HEpreTUYHMX BTpar Ta BIUIMBY Ha
30BHILIHE CEPEIOBUIIIE, @ TAKOXK CUCTEMY MPUMHSTTS BIAMOBIIHUX 3aXO0/I1B.

BiamoBimHO 10 pe3ynbTaTiB OIIHIOBAHHS €HEPTOCIOKUBAHHS JKUTIOBOTO
dbouny VYkpaiHu, y3arajJlbHEHUX Yy 3BiTaXx MDKHApOJAHOTO EHEPreTUHYHOTO
areHTcTBa Ta Jlep»aBHOTO areHTCTBA 3 €HEProe(EeKTUBHOCTI, BCTAHOBJICHO, IO
OararoKBapTUPHUM KUTIIOBUN CEKTOP HAJIEKUTH 10 HAMMEHIII
eHeproe()eKTUBHUX CKJIaJ0BHUX KUTIOBOTO GoHay. bianzbko 60% 1ux OymiBenb
3BeZIeHO 710 1970—x pokiB, BOHU 3a0€3M€4UyI0Th CTIO)KMBAHHS OPIEHTOBHO TPETUHU
KIHIIEBOI eHeprii KpaiHu, TOAl SIK BTpaTH TEIJIOBOI €HEPrii y Mepexkax 1 uepes
OTOPOJIKYBATbHI KOHCTPYKITT TepeBUIITYIOTH 20%, 1110 €KBIBaJIEHTHO MPUOIU3HO
3% BaJOBOr0 BHYTPIIIHHOTO MPOAYKTY IIOPIUHO. 3 OISy Ha 1ie, (GopMyBaHHS
METOJIOJIOTi OLIIHKK €HepreTUyHOoi Oe3neku OyaiBenb 13 ypaxyBaHHSIM BOEHHUX
pPU3UKIB, JACIEHTpai3allii €HEePreTUKH Ta EKOJIOTTYHUX OOMEXeHb HaOyBae
CTPATEriYHOTO 3HAYEHHS JJIsSI €KOJIOTTYHOI Oe3MEeKH il CTIKOCTI eHEProCUCTEMH.

Y po0oTi y3araJibHEHO CBITOBHI JOCBI] TIOBOEHHOI B1I0Y/I0BU KUTIOBOTO

donmy, 30kpema mpaktuku Himeuuwnu, Hinepnawmais, [lompmii ta CIHIA, ge



3aBISIKU THOOKIN TepMozepHi3aiii 000I0HKU Oy/iBelb, TOCUICHHIO HOPMAaTHBIB
1 iHaHCOBIN MIATPUMII BAAJIOCS 3MEHIIUTH MUATOMI BUTpaTu Temia g0 50-75
kBT:rog/m?-pik Ta ckopotuTH eHeprocrnoxkuBaHHs Ha 20-30% 1 Oinbmie. Llei
BHCHOBOK TTOKJIa/ICHO B OCHOBY PEKOMEH/IaIlii III0JI0 TIepeopie€HTAIlli YKPATHCHKOT
NOJIITUKK ~ BiIOymoBM Ha npuHuunu nZEB, mupoke  BUKOpHUCTaHHS
BITHOBIIFOBAHUX JIKEPEJT €HEeprii, 3aCTOCYBaHHS PO3YMHHX CUCTEM KEpyBaHHS Ta
rapMOH130BaHUX 3 IPUPOAHUM CEPEIOBUIIEM apXITEKTYPHUX PIIICHb.

[IpoBenenuit aHami3 MDKHApPOAHUX TPAaKTUK IIOKa3aB, IO 3HAYHO
parioHaNbHIIIEe Ofpa3dy OyayBaTH XHUTJIO 3a BUCOKUMHU eHEproeheKTUBHUMU
CTaHJIapTaMHU, HIXK 3T0JIOM 3JIIMCHIOBAaTH peCypCcOEMHY MoJiepHizallio. Halikpari
MDXHApPOJIHI MMPAKTUKU Y c(epl cTamoro po3BUTKY Ta BiOYIOBU OyJIU KPUTUUHO
OCMHCJICHI ¥ aJanToBaHl 10 YKPAaiHCBKUX peajii, o J03BOIWIO chOpMyBaTH
KOMIUICKCHI PEKOMEHJAIlii JJis BIPOBA/KEHHS IMPUHIUIIB 3€JeHOI BiI0YI0BU
VYkpainu. Y3araabHeHHS JOCHIIKeHb MibkHapoaHux opranizamiii (IEA, IRENA,
€BpoIeChKOT KOMICIT) MOKa3aio, 110 KOMIUIEKCHA TEPMOMO/IEpHI3allis Ta 3eJIeHa
PEKOHCTPYKIIA 3[aTHI 3MEHIIyBaTd mnoTpeOy B eHeprii a0 70%, mepBUHHE
C€HEProCNOKMBaHHA — TpuOu3Ho 10 60%, a BUTpaTH TEIUIOBOI €Heprii Ha
onaneHHs — Ha 50—-59%.

MeTo107I0TIYHOI0 OCHOBOIO JUCEpTallii € po3poOsieHnid GararopiBHEBUN
MiJX1J] 70 OIIHIOBAaHHS EHEPreTUYHOI O€3MEeKH JKUTIOBUX Oy/iBENb, SIKUM
IHTErpy€e TpaauiiiHI METOAM aHAI3y 3 CYYaCHUMHU IHCTPYMEHTAMU OLIIHIOBAHHSI
B yMOBaX KPH30BOi HEBU3HAYEHOCTI ¥ BKIIOYAE TPU B3aEMOIIOB’S3aHI PIiBHI:
aHATITUYHUM, PO3PaxXyHKOBUI Ta eKCIiepUMEHTaIbHUI. Ha aHamiTHuHOMY PiBHI
BUKOHAHO OIIIHKY aKTyaJbHUX BOEHHHMX 3arpo3 Ta PU3HKIB JIJII €HEPreTUYHOI
CUCTEMH, aHali3 MeToAiB eHeproayauty, LCA, a TakoX MOPIBHSAHHS KIIOUOBUX
MOKa3HHUKIB €HEProe(eKTUBHOCTI 3 YpaxyBaHHSAM pPETiOHAIbHUX OCOOIMBOCTEM
eHepro3abesneyeHHs. Ha po3paxyHKOBOMY piBHI BHKOPHUCTAHO CHCTEMY
MOKa3HUKIB €HEPreTUYHUX IMACTIOPTIB 1 €KOJIOTIYHUX XapaKTEPUCTUK Oy/I1BEIIb
JUTSI KUTBKICHOT OITIHKY B3a€MO3B’ SI3KY MK CITIO’KUBaHHIM eHeprii, Bukuaamu CO2

Ta CTIWKICTIO /10 30BHIIIHIX BIUIMBIB, a TAKOXK MPOBEJCHO MOPIBHSILHUN aHai3



KUTTEBUX IUKJIIB THUIOBUX Ta €HEProe(eKTUBHUX OyaiBeslb 3a METOJOJIOTIEI0
LCA. EkcnepuMeHTallbHUI pIBEHb BKIIIOYAE PO3PAXyHKH 1 CTBOPEHHS
MaTeMaTHYHUX MOJENEH eHepreTuyHoro OaynaHcy OyaiBenb 13 BUKOPUCTAHHSIM
CHeIialli30BaHUX MPOTPAMHUX KOMIUIEKCIB, TEIUIOTEXHIYHI  JIOCIIIKCHHS
peallbHUX O00’€KTIB Ta TEIUIOBI31MHI OOCTEXKEHHS Il BU3HAYCHHS (PaKTUUHHUX
TEIUIOBUX MOTOKIB, BUSIBIIEHHSI MICTKIB X0JIOAY ¥ 1e(DeKTHUX 30H.

Y  poboTi mpoaHaNi30BaHO Ta PEKOMEHJOBAHO JI0 MPAKTUYHOIO
3aCTOCYBaHHs HHU3Ky TmporpaMHux KomiuiekciB (EnergyPlan, RETScreen,
EnergyPlus, ENSI EAB, ENSI «Enepromonitop», PHPP, ArchiPHYSIK,
Hottgenroth), siki 1at0Th 3MOTY MOJICTIOBATH €HEPreTUYHI OajlaHCH, TOPIBHIOBATH
CrieHapii TepMOMOJEpHI3allii, OI[IHIOBATU EKOHOMIYHY JOIIJIBHICTh 3aXOliB
(TepMiH OKYMHOCTI, BIUIMB Ha BHUTpAaTH Ta NaJUBHHUM OanaHc), ¢opMmyBaru
E€HepreTUYH1 cepTudikatu Ta TJIaHYBaTH ONTHUMAaJIbHI MOETHAHHS TEXHOJIOTIH.
[lokazaHo, 1o iHTErpamis Takux I1HCTpyMeHTiB 13 BIM-mopemioBaHHsSM Ta
1HTeNeKTyaapHUMHU 3acobamu 00iiky (EMS, BEMS, «po3yMHi» J1YUILHUKH)
CTBOPIOE TIAIPYHTS Uisi TOOynOBH UGPOBUX NBIMHUKIB Oy/IiBEIb, MiIBUIIYE
TOYHICTh JIIaTHOCTUKHM TEIUIOBTPAT Ta CIPOIIYE TPUUHATTS YIPABIIHCHKUAX
pILIEHB.

Sk mpukiax NPaKTUYHOTO 3aCTOCYBAaHHS METOAMKHU IPOaHaTI30BaHO
€HEProCIOKMBAaHHS 1CHYI0YOi 7—TI0BepX0BOi >kuTioBoi Oymiial KK «Apr—
Ksapran CniBoue» y M. KueBi, aiisi gKo0i po3paxoBaHO €HEPreTUUYHHUI MacHopT,
BU3HAUEHO PIYHY MHUTOMY TOTpeOy B €HEprii Ha OmMajieHHs, OXOJIOMDKEHHS Ta
rapsiue BojmonocrtadanHg Ha piBHI 90,75 kBt rog/mM?, a TakoX BHU3HAUYEHO KJlac
eHeproedextuBHOCTI «Dy». JlogaTkoBo oLiHEHO ByrieneBui ciig Oyaisii (81,7 kr
CO2/m?*pik), 0OCsTH BTUIEHOI €HEprii CTIHOBOI KOHCTPYKIIII HAa OTHOMY 3 €TariB
KUTTEBOTO MUKITY. [[OpIBHSHHS )KUTTEBUX IUKIIIB TUTIOBOI Ta eHEproepeKTUBHOI
3a0y0BH TIOKAa3aJio, 110 B €HEproeeKTUBHUX OyHiBISX BUTpPATH Ha EHEPTii0
ctaHoBIATh 60—120 rpa/m? pik mpotu 160-260 rpH/M?*piK y 3BUYANTHUX, BUKUAH

CO2 — 50-90 kr/m? mpotu 160—250 kr/m?, yacTka BinacHoro 3abe3nedueHHs 3 BJIE



carae 25-40% mnporu ™meHme HIK 5%, a TPUBANICTh JKUTTEBOTO LHUKIY
30utbIIYeThCs 10 60—100 pokiB mpotu 40—60 poki..

Takoxx mpoBeneHO TEMIOBI3iiHE OOCTEKEHHsI 0ararormoBepXoBoi Oy/iBIi,
3a pe3yabTaraMH SIKOTO OI[IHEHO €HEeProeeKTUBHICTh 00 €KTa JOCIIIKCHHS.
Jl0/1aTKOBO pO3NISIIAINCH TEIUIOBI31MHI 00CTEXEeHHs OyAiBeNb PI3HUX IEpiojiB
3a0ynoBu. Ciony BXOIATH CTAJIHKH, XPYIIOBKH, MaHEIbHI OYyIWHKH, Cy4YacHi
00’ekTH. 3’51COBaHO, 10 OUIBIIICTh OYIMHKIB, 3BeAcHUX 10 2000 poky, MaroTh
HU3BKUHI pIBEHb €HEepProe(eKTUBHOCTI: TeMIeparypa 30BHIIIHIX CTIH MOXeE
caratu jume 3 °C yepe3 BIICYTHICTb HAJIEKHOTO YTEIUJICHHS, 3acTapiii
CBITJIONPO30P1 OTOPOJIPKEHHS Ta MICTKH XOJIOAY. YHidiKaIlisg TUIOBUX JAe(EKTIB
Takoi 3a0yT0BH JOMIOMOXKE B EHEPTreTHUUH1N OIIHII MOAIOHNX 00’ €KTIB Ta y BUOOp1
BIJIMOBITHUX 3aX0[iB €HEProe(HeKTUBHOCTI.

JIonaTKOBO 3aCTOCOBAaHO JIBOBUMIPHE Ta TPUBHUMIPHE MOICIIOBAHHS
TEIUIOBUX TOTOKIB Yy BY3JOBHX 30HaX OTOPOKYBAJIbHUX KOHCTPYKLIH, IO
JTIO3BOJIJIO BUSIBUTU HES(DEKTUBHI PIIIICHHS, SIK1 HE MOIVIM OyTH 3apiKCOBaHI JUIIIE
TEIUIOBI31ITHOIO N11arHOCTUKOI0. MOMENIOBaHHsI BY3/IB PO3MISHYTOI OyAiBmi Yy
nporpamuux komiuiekcax TEPM 6 1 TEMPER 6.14 BusiBuno 3ouu, 1e
TeMreparypa MoBepxHi BHYTPIIIHIX €JIeMEHTIB cTaHOBUTH 9,60-9,96 °C. Jlanuit
pe3ynbTaT He BiANOBIAa€ HOPMATUBHUM BUMOTaM 1 € HIXKYOIO 32 TOUKY POCH, IO
OOTPpYHTOBY€E HEOOXIIHICTh IIHOOKOT PEKOHCTPYKII TaKUX BY3JIB. 3aBISKH
MaTeMaTUYHUM MOJEISIM KOHCTPYKTHUBY OyAiBEIb MPOJIEMOHCTPOBAHO, 1110 CaMe
KOMIUJIEKCHE TO€JHAHHS TEIUIOBI31MHOI 11arHOCTUKH, OE3MUIOTHUX MIaTopMm i
CEHCOPHUX MEPEX € HaledEKTUBHIIIMM IHCTPYMEHTOM IPOCTOPOBOI OIIHKH
CHEPreTUYHOTO CTaHy 3a0ylOBH Ta BU3HAYEHHS MPIOPUTETHUX OO’ €KTIB MJIS
TEPMOMOJEPHI3allii.

Po3po06iieHo psia KIIFOUOBUX PEKOMEH/ Al Mo MiABUIEHHIO €HEPreTUYHOT
Oe3nmeku OyaiBenb Ta TMPOBEACHUN aHaNl3 OYIKyBaHMX €(QEeKTiB BiJ
JeleHTpalli3allii e€HEepProcucTeM, TEPMOMOJEPHI3allli, PO3YyMHUX TEXHOJIOTIH,
BJIE, pe3epBHUX JKepei KUBICHHS i CHCTEMaTHYHOTO MOHITOPUHTY. 3TiAHO

HasBHUX KeHciB B Ykpaini ta €C 1mi 3axoau 37aTHI 3MEHIIWTH CIIOKHUBaHHS



ereprii B OymiBnsix Ha 40-60%, mokputu 10 70% iX eNeKTpUYHUX MOTPEO,
ckopotut Bukuau CO: Ha 50-70%, 3HU3UTH BUTPATH JOMOTOCIOJIAPCTB Ha
KoMyHasbHI mocayru Ha 30-40% 1 BomHOYac WIABUIIUTHA EHEPIETUYHY
aBTOHOMHICTh ~Ta IHBECTHULIWHY TpHUBAONUBICTh JKWTIA. KomruiekcHe
BIIPOBA/KEHHS €KOJIOTIYHUX Ta PECYpCo30epirarouux 3axoiiB Ma€e po3rsaaTucs
SK OIMH 13 KJIIFOYOBHUX HAMNpsAMiB IOBOEHHOT MOJIEPHI3allii )KUTJIOBOTO (DOHY.

Jlns  BpaxyBaHHS BIUIMBY 30BHIIIHIX YMHHUKIB Ha peai3alliio
eHEeproe(PeKTUBHUX Ta EKOJIOTIYHUX 3axOfiB 3/AIMCHEHO pPO3paxyHOK 3a
MeTooJoTier0 OaratokputepiaabHoro ananizy PESTEL, ne Bu3HaueHo KijgbKiCcHI
Bard MHOJITHYHHUX, €KOHOMIYHHMX, COIIaJILHUX, TEXHOJOTIYHUX, CKOJOTIYHUX 1
npaBoBuX (aKTOpiB, a TaKOXK iXHI Kopeunsiii. BusBieHO JgOMiHyBaHHS
TexHOJOTTYHUX (22%) Ta nomituyHux (20%) pU3UKIB, a TaKOX IOBENIECHO, IO
JELICHTPaJII30BaHl €HEPTOCUCTEMH, TEPMOMOJIEPHI3aIlis, PO3YMHI TEXHOJIOTII Ta
3aKOHO[aBya IMiITPUMKA 3€JIEHUX TEXHOJIOT1H MalOTh 3HAYHO BUILY CyMapHy Bary
NO3UTUBHOIO BIUIMBY TMOPIBHAHO 3 JAW3EIBHUMU TIEHEparopamu, sKi
3a0€3MeuyIoTh JIMIIIe TUMYAcOBY CEKOHOMIYHY Ta TEXHOJIOTIYHY BUTOIY IIPH
KPUTHUYHO HHU3BKHUX EKOJOTIYHUX MOKa3HHKax. Ha 11iii OCHOBI 3ampornoHOBaHO
CTpaTerivHo OPIEHTYBATUCS Ha TMPIOPUTET JACIHEHTPANI30BaHUX 3EJCHUX
TEXHOJIOT1M, MOCTINHE OHOBIIEHHS BAaroBHX KOE(ILI€HTIB Ta BUKOPUCTAHHS
IHTEerpajbHOTO IMOKAa3HWKA EHEPreTHYHOi O€3IeKH [JIs OIIHKKM €(EeKTHUBHOCTI
YIPaBIIHCHKUX PIIIEHb HA JIOKAJIbHOMY PiBHI.

[IpakTHUHU BHECOK MOJISATa€ B pO3pOOJECHHI HOBOTO MiAXOAY MOETAIMHOI
METOJMKUA OIIIHKM EHEePreTUYHOI OE3MeKH ICHYIOUOT0 J>KUTIOBOTO (oHIY.
3ampornoHOBaHO CydacHy YIPaBIIHCBKY CHCTEMY, fKa BKIIO4ae 0a30BYy
CHEPreTUYHy cepTu(dikailio, €HeproayauT, MOTOJWHHE EHEPrOMOJICTIOBAHHS,
€KO—€HEPIreTUYHY OLlIHKY, 3aCTOCYBaHHS aHAJIITUYHUX, PpO3PaXyHKOBHX Ta
EKCIIEPUMEHTAILHUX METO/IB, BIPOBA/KEHHS KIIFOYOBUX 3aXOJ(IB ITiIBUIICHHS
SHEePreTUYHOI Oe3MeKH 1 3MEHIIIEHHSI HETaTUBHOTO BIUIMBY Ha TOBK1LISL. 30Kpema
BOHA IHTErpy€ MOHITOPHHI JaHMX, OaraToKpUTepialbHy OILIHKY, MAaTPHIIO

PIOpUTH3AIIIT TEXHOJIOT1H Ta y4acTh yCiX CTEUKXOJEPIB (Iep>KaBH, ONEpaTopiB,



eKCIEpTiB, CIIOKUBAYIB) 1 JO3BOJISIE 00’ €KTUBHO MOPIBHIOBATH albTEPHATHBH 3a
E€HEeProe(PeKTUBHICTIO, €KOHOMIYHICTIO, €KOJIOTIYHICTIO Ta MAacIITabOBaHICTIO.
3acTtocyBaHHS pO3pO0JIEHOT METOAMKM B YMOBaxX 3€J€HOI BIAOYIOBU YKpaiHu
3a0es3reuye Mpo3ope i MOCHIIOBHE MPUMHSATTA pIlIeHb HIOAO0 MPIOPUTETIB
MOJIEpHi3allli, MiJABUIIYE EHEPreTUYHY aBTOHOMHICTH KHUTJIOBOTO (DOHIY,
3MEHIIY€ EHEPreTHUHY O1/1HICTh Ta CIIPUSIE JOCATHEHHIO LIJIEH CTAJIOT0 PO3BUTKY.
Pe3ynbraru nuceprariiHoro JOCHiKEHHS OyJin MPpeACTaBIeH] JIJIsl OIlIHKH
Ha nignpueMctsl TOB «ATJIIAHT-BY/l», TOB «®ipma «bynKommaekr»», B
AHJpPYIIKIBCBKIM CUIBCBKIA paAl fK OpraHi MICIIEBOTO CaMOBpPSAYyBaHHS
BI/IMOBITHOT TEPUTOPIaJIbHOI I'POMaJId, a TAaKOXK BIPOBAIKCHO B HaBUAJIbHHI
MpoIIeC Mpy MiAroToBI cTyaeHTIB cremianbHocTi 101 «Exonoris»y KHYBA.
Knrwowuoei cnoea: ctanuii po3BUTOK, €HEPreTUYHa Oe3IeKa, BiTHOBIIOBaHI
JOKEpesia eHeprii, 3ejeHa eHEepreThka, 3€JIeHl KOHCTPYKIIi, CcTpareriyHe
yIOpaBIiHHS,  €HEeproe(eKTUBHICTb,  EHEPreTHYHI  Mepexi,  1udpona
TpaHcdopmarlisi, CTEUKXOIJAEPU, EKOJOoriyHa Oe3neKa, EKOJOTIYHUM eqeKT,

eKOJIOTTYHUN MOHITOPHUHT, aJarnTallis 10 3MiH KJIIMaTy, TPOMaJIChbKa y4acTb.

ABSTRACT

Hamotskyi R.O. Assessment of Energy Security of Multi—Story Buildings
in Ukraine’s Green Reconstruction — Qualification scientific work (manuscript).

Thesis for the degree of Doctor of Philosophy in the field of knowledge 10
— «Natural Sciencesy, specialty 101 — «Ecology». Kyiv National University of
Construction and Architecture, Ministry of Education and Science of Ukraine,
Kyiv, 2026.

The dissertation is devoted to the study of the energy security of multi-
storey buildings and to solving the applied scientific task of developing an
integrated energy security management system for multi-storey buildings in the
green reconstruction of Ukraine, which combines analytical methods for

collecting key indicators, computational and experimental approaches to the study



of energy losses and their impact on the external environment, as well as a system
for implementing appropriate measures.

According to the results of the assessment of energy consumption in the
Ukrainian housing stock, summarised in the reports of the International Energy
Agency and the State Agency on Energy Efficiency and Energy Saving of
Ukraine, it has been established that the multi-apartment residential sector is
among the least energy-efficient components of the housing stock. About 60% of
these buildings were constructed before the 1970s; they account for
approximately one third of the country’s final energy use, while heat losses in the
networks and through the building envelope exceed 20%, which is equivalent to
about 3% of gross domestic product annually. Against this background, the
development of a methodology for assessing the energy security of buildings that
takes into account wartime risks, energy decentralisation and environmental
constraints becomes strategically important for environmental safety and the
resilience of the energy system.

The work generalises international experience in post-war reconstruction
and thermal retrofitting of the housing stock, in particular the practices of
Germany, the Netherlands, Poland and the United States, where deep
modernisation of building envelopes, tightening of regulations and financial
support have made it possible to reduce specific heat consumption to 50-75
kWh/m?-year and cut energy use by 20-30% or more. This conclusion underpins
recommendations to reorient Ukrainian reconstruction policy towards nZEB
principles, the wide use of renewable energy sources, the deployment of smart
control systems and nature-based architectural solutions.

The analysis of international practice has shown that it is far more rational
to construct housing in accordance with high energy-efficiency standards from the
outset than to carry out resource-intensive retrofits later, which underlies the
recommendations to orient Ukraine’s reconstruction towards nZEB standards, the
use of renewable energy, Smart House systems, BIPV technologies, heat pumps

and nature-based architectural solutions. A synthesis of studies by international



organisations (IEA, IRENA, the European Commission) has shown that
comprehensive thermal modernisation and green renovation can reduce the
demand for delivered energy by up to 70%, primary energy consumption by
roughly 60%, and heating energy consumption by 50-59%.

The methodological basis of the dissertation is a multi-level approach to the
assessment of the energy security of residential buildings which integrates
traditional analytical methods with modern assessment tools under conditions of
crisis-related uncertainty and comprises three interrelated levels: analytical,
computational and experimental. At the analytical level, current wartime threats
and risks to the energy system are assessed, methods of energy auditing and LCA
are analysed, and key energy-efficiency indicators are compared with due regard
to regional features of energy supply. At the computational level, a system of
building energy certificate indicators and environmental characteristics is used for
the quantitative evaluation of the relationships between energy consumption, CO2
emissions and resilience to external impacts, and a comparative life-cycle analysis
of typical and energy-efficient buildings is performed according to the LCA
methodology. The experimental level covers the calculation and development of
mathematical models of the energy balance of buildings using specialised
software packages, heat-engineering studies of real facilities and thermographic
inspections to determine actual heat flows and to identify thermal bridges and
defective zones.

The thesis analyses and recommends for practical use a number of software
tools (EnergyPlan, RETScreen, EnergyPlus, ENSI EAB, ENSI «Energomonitor»,
PHPP, ArchiPHYSIK, Hottgenroth) that make it possible to model energy
balances, compare thermal retrofitting scenarios, assess the economic feasibility
of measures (payback period, impact on costs and fuel mix), prepare energy
certificates and plan optimal combinations of technologies. It is shown that the
integration of such tools with BIM modelling and intelligent metering systems

(EMS, BEMS, smart meters) creates a basis for the construction of digital twins



of buildings, increases the accuracy of diagnosing heat losses and simplifies
management decision-making.

As an example of the practical application of the methodology, the energy
consumption of an existing seven-storey residential building in the “Art-Kvartal
Spivoche” residential complex in Kyiv is analysed; its energy certificate is
calculated and the annual specific energy demand for heating, cooling and
domestic hot water is determined at 90.75 kWh/m?, which corresponds to energy-
efficiency class «D». In addition, the building’s carbon footprint (81.7 kg
CO2/m?-year) and the embodied energy of a wall structure at one of the life-cycle
stages are assessed. The comparison of life cycles of typical and energy-efficient
developments shows that in energy-efficient buildings energy costs amount to 60—
120 UAH/m?-year compared with 160-260 UAH/m?year in conventional
buildings; CO: emissions are 50-90 kg/m? compared with 160-250 kg/m?; the
share of self-supply from RES reaches 25-40% compared with less than 5%; and
the life-cycle duration increases to 60—100 years versus 40—60 years.

A thermographic survey of a real building is also carried out, and on this
basis the energy efficiency of the object under study is assessed. Thermographic
inspections of buildings from different construction periods are additionally
considered, including Stalin-era buildings, Khrushchevkas, panel houses and
modern developments. This demonstrates that most buildings constructed before
2000 have a low level of energy efficiency: the exterior wall temperature can be
as low as 3 °C due to insufficient insulation, outdated glazed structures and
thermal bridges. The standardisation of typical defects in such buildings will help
in the energy assessment of similar facilities.

Moreover, two-dimensional and three-dimensional modelling of heat flows
in nodal zones of the building envelope is applied, which makes it possible to
identify inefficient design solutions that cannot be detected by thermographic
diagnostics alone. Modelling of the joints of the analysed building in the TERM
6 and TEMPER 6.14 software packages reveals zones where the surface

temperature of interior elements is 9.60-9.96 °C. This result does not meet



regulatory requirements and is below the dew point, which substantiates the need
for deep reconstruction of such nodes. This comprehensive study of mathematical
models of building structures shows that only a combined use of thermographic
diagnostics, unmanned platforms and sensor networks is the most effective tool
for spatial assessment of the energy condition of development and for identifying
priority buildings for thermal retrofitting.

A set of key recommendations for improving the energy security of
buildings is developed and the expected effects of energy-system decentralisation,
thermal modernisation, smart technologies, RES, backup power sources and
systematic monitoring are analysed. According to existing case studies in Ukraine
and the EU, these measures can reduce energy consumption in buildings by 40—
60%, cover up to 70% of their electricity needs, cut CO2 emissions by 50—70%,
lower household utility bills by 30-40%, and at the same time increase the energy
autonomy and investment attractiveness of housing. This demonstrates that the
comprehensive implementation of such solutions should be regarded as one of the
key directions of post-war modernisation of the housing stock.

To account for the influence of external factors on the implementation of
energy-efficiency measures, the thesis applies PESTEL and multi-criteria
analysis, determines quantitative weights of political, economic, social,
technological, environmental and legal factors and their correlations. The
dominance of technological (22%) and political (20%) risks is identified, and it is
shown that decentralised energy systems, thermal modernisation, smart
technologies and green legislative support have a significantly higher combined
positive impact than diesel generators, which provide only temporary economic
and technological benefits while exhibiting critically poor environmental
performance. On this basis, it is proposed to orient strategy towards the priority
of decentralised green technologies, continuous updating of weighting
coefficients and the use of an integral energy security index to assess the

effectiveness of management decisions at the local level.



The practical contribution of the dissertation lies in the development of a
new staged methodology for assessing the energy security of the existing housing
stock. A modern management system is proposed that includes basic energy
certification, energy auditing, hourly energy modelling, eco-energy assessment,
the use of analytical, computational and experimental methods, and the
implementation of key measures to increase energy security and reduce negative
environmental impacts. In particular, it integrates data monitoring, multi-criteria
assessment, a technology prioritisation matrix and the involvement of all
stakeholders (the state, operators, experts, consumers), and enables objective
comparison of alternatives in terms of energy efficiency, cost-effectiveness,
environmental performance and scalability.

The application of the developed methodology in the context of Ukraine’s
green reconstruction ensures transparent and consistent decision-making on
modernisation priorities, increases the energy autonomy of the housing stock,
reduces energy poverty and contributes to the achievement of sustainable
development goals.

The results of the dissertation research were presented for evaluation at
LLC «ATLANT-BUD», LLC «Firma BudKomplekt», and at the Andrushkivka
Village Council as the local self-government body of the respective territorial
community, and were also implemented in the educational process in the training
of students majoring in 101 «Ecology» at Kyiv National University of
Construction and Architecture (KNUCA).

Keywords: sustainable development, energy security, renewable energy
sources, green energy, green structures, strategic management, energy efficiency,
energy networks, digital transformation, stakeholders, environmental safety,
ecological effect, environmental monitoring, climate change adaptation, public

participation.
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