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Pedepar/anoTamis:

1. lana nucepTauiitHa poboTa NprCBsiYeHa YA0CKOHATIEHHIO HAyKOBO OOI'PYHTOBAHOI METOAUKY eHeproeeKTUBHO]
BiIOYJ0BM iCHyIOUMX Oy/liBeJIb HA OCHOBI paljioHaJIbHOTO BUOOPY apamMeTpiB eHeproepeKTUBHOCTI, BUBHAYEHHS
palioHaJIbHUX BapiaHTiB TEPMOMO/EPHI3allil Ta OOI'PYHTYBaHHIO palliOHAJIbHOTO PiBHS iHTerpauii BifHOBIIOBAaHUX
mkepet eHeprii. EHeproedekTuBHa Bifj0y[0Ba PO3IJISAAETHCS SIK IPOLLEC BiIHOBIEHHS OMKOAKEHUX ab0
3pyHHOBaHUX 00'€KTIB i3 32CTOCYBaHHSIM Cy4aCHUX TEXHOJIOTIH i MaTepiasiB, 110 3abe31edye CKOPOYEHHSI
€HEProCIOKMBaHHSI Ta MiABUILEHHS eHeproepeKTUBHUX XapaKTePUCTUK OyZiBeb. Y epuoMy po3[ii BUKOHAaHO
OTJIS1]] HAyKOBUX My0JIiKallill om0 MifgBUlleHHs eHeproepeKTUBHOCTI OyAiBesb Ta OyiBesbHUX cTaHAapTiB NZEB,
MIpOaHasi30BaHo OCBif KpaiH €Bpomnu moao0 ix BIPOBAAKEHHS, 4 TAKOK HOPMAaTUBHUX BUMOT YKpaiHU Ta METOIiB
BIM /BEM-MogentoBaHHS. BuzHaueHo NpuyurHY, 10 YCKIaAHIOITh pearisallito BuMor NZEB, 3anpoBaiskeHUX B
Ykpaini y 2025 poui: BiiCyTHICTb ME€XaHi3My BIIPOBA/I)KEHHSI, HEIOCTATHS MiATOTOBKA (paxiBLiiB, 0OMeKEHa
€KOHOMiYHa MOTHBAllis 3a0y1OBHUKIB, BiICYyTHICTb J€P>KaBHUX CTUMYJIiB Ta BiIHOCHO JOCTYIHA BapTiCTh

eHepropecypcis. Y npyromy po3ziji yloCKOHaJeHO METOAMKY paljioHaJIbHOrO BUOOPY BapiaHTiB TepMOMOepHizallii



Ha ocHOBi BEM-MopemoBanHs y Microsoft Excel i3 moeTannHUM airoputMom po3paxyHKY TEIJIOBTpAT,
TeIJIOHATXOKeHb, piYHOI IOTpeby B eHeprii, Kjlacy eHeproedeKTUBHOCTI Ta TeXHIKO-€KOHOMIYHOI OLIiHKHU.
[TpoBeneno anpobarliito MoJiesli Ha ceMU peanbHuX 06'ekTax y JHinpi ra Kam'sHCbKOMY: BiIXUJI€HHS BiJl JAHUX
€HepreTMYHUX cepTU@ikaTiB CTaHOBUTS Bif -3,9% 10 +3,6% Npu NOBHOMY 30ir'y KJIaCiB €eHEProe(eKTUBHOCTI, 110
HiATBEPAXYe JOCTOBIPHICTb MO Y TPeTbOMY PO3/isi Ha npukiazi opicHoi 6yzisii niometo 617 M2 y [JHinpi
po3pobieHo BIM- ta BEM-Mogesi Ta po3paxoBaHO JeB'sITh BapiaHTiB TepMOMOJiepHi3allii Bin 6a30Boro ctaHy 1o
NZEB. KommnnexkcHa NZEB-mojepHizallis 103B0JIsie CKOPOTUTY €HEPIOCIIOKMBaHHS OyAiBili Ha 86%, 3i cTaHy OyiBii
6e3 yrenseHnHs kiaac G (86,5 kBr-ron /m?) no kiacy A (12,37 kBt-roz /m?®), mo Bignosinae sumoram H3EB.
[Topganpmoro po3BUTKY HabyJIM MaTeMaTUYHi 3a7I€XKHOCTI 3MiHU TIUTOMOTO €HEeProCIIOKUBAaHHS Ha OIlaJIeHHs Bif
TOBILIVH YTEIVIEHHS OrOPOJIKYBaJIbHUX KOHCTPYKLiY Ta ONIOPY TEIJIONepenadi CBITIONPO30PUX KOHCTPYKUIN IIPU
BMOOPI pallioHaJIbHUX BapiaHTiB TepMOMOZEepHi3alii. BUKOHaHO eKOHOMIUHY OLiHKY BapiaHTiB 3a NPV, IRR,
TepMiHOM OKynHocTi Ta NPVQ npu cTaBkax UCKOHTYBaHHS 0-25% (rOpU30HT 25 POKiB) 17151 IBOX 3agay: 1)
€JIEKTPUYHE €HEePronoCcTayaHHs; 2) KOMOiHOBaHe €JIeKTPO-Ta3oBe. Briepiie BU3Hau€HO MaTeMaTUYHY 3aJI€KHICTh
NPV 5o craBku AUCKOHTYBaHHS Bif, 0% 1o 25% npu BU6Opi pallioHaIbHUX BapiaHTiB TepMOMOJepHizarii. ¥
4eTBEPTOMY PO3[iJli yIOCKOHAJIEHO METOAUKY BU3HAYEHHS YACTKU IIOKPUTTSI €HEPronoTpe6 OyAiBii Ha OnajieHHs
Ta OXOJIOIKeHHS 3a paxyHOK BJIE (0-100%) Ha OCHOBI TEI1JIOBOTO Hacoca «IOBITPsI-BOoAa» Ta GOTOBOJIbTAIYHOI
craHLjii. Y nianazoHi 5-61,4% notyxHocti TH i CEC 3pocTaloTs NponopuiiiHo, 3a6e31euyoyu TePMiH OKYITHOCTI
3,07-4,10 poky. ITicns 65% notyskHicTb TH ikcyeTbest Ha piBHI 21 KBT (06MekeHHS Aianaszony -5...+8°C), nogasnblie
3pocrtanHs yactku BIIE 3a6esneuyerscs nnme CEC, mo gae HenponopiifiHe 3poctanHs iHBecTuin. Yactka BAE
noHaz, 90% eKOHOMIYHO HelOlLli/IbHA 32 YMOB BpaxyBaHHS JIMILe BJIACHOTO CIIO>KMBAaHHS OyiBii. PalioHabHUM
BM3HA4YeHO BapiaHT i3 yacTkoio BJIE 55-65%, mo Bifnosigae NZEB Ta 3a6e3neuye MakCMMaIbHUH cepef
HOPMAaTMBHO JONyCTUMUX BapiaHTiB NPVQ, NPV i Tepmin okynHocTi. OGI'PYHTOBAHO, 10 MEXaHi3M HETOLIiHTY
no3BoJisie gocsirtu 100% noxkputTs notped BIE npu MeHIil NOTyKHOCTI cTaHLii, 1[0 BU3HAYa€ NEePCIIeKTUBHUN
HaIpsM MOoJasblINX NOCTiIKEHb. Briepie BU3Ha4€HO MAaTEMATUYHY 3aJIEKHICTh TEPMiHY OKYIIHOCTI Bill 4aCTKU
BUKOpHUcTaHHs BJIE npu TepmomoaepHisalii 6yiBeb.

2. This dissertation is devoted to improving a scientifically grounded methodology for the energy-efficient
reconstruction of existing buildings based on the rational selection of energy efficiency parameters, the
identification of optimal thermal modernization options, and the justification of an optimal level of integration of
renewable energy sources. Energy-efficient renovation is viewed as the process of restoring damaged or destroyed
structures using modern technologies and materials, which ensures a reduction in energy consumption and an
improvement in the energy efficiency characteristics of buildings. The first chapter provides an overview of
scientific publications on improving the energy efficiency of buildings and NZEB building standards, analyzes the
experience of European countries in their implementation, as well as Ukraine’s regulatory requirements and

BIM /BEM modeling methods. The study identifies the factors hindering the implementation of the NZEB
requirements set to take effect in Ukraine in 2025: the lack of an implementation mechanism, insufficient training
of specialists, limited economic incentives for developers, the absence of government incentives, and the relatively
low cost of energy resources. In the second chapter, the methodology for the rational selection of thermal
modernization options is refined based on BEM modeling in Microsoft Excel, using a step-by-step algorithm for
calculating heat losses, heat gains, annual energy demand, energy efficiency class, and a technical and economic
assessment. The model was tested on seven real-world buildings in Dnipro and Kamianske: deviations from the
data in energy certificates ranged from -3.9% to +3.6%, with complete agreement on energy efficiency classes,
confirming the model’s reliability. In the third chapter, using the example of a 617 m? office building in Dnipro, BIM
and BEM models were developed, and nine thermal retrofit scenarios were calculated, ranging from the baseline
condition to NZEB. Comprehensive NZEB retrofitting reduces the building’s energy consumption by 86%, from an
uninsulated building in Class G (86.5 kWh/m?) to Class A (12.37 kWh /m?), which meets NZEB requirements.
Further research was conducted on the mathematical relationships between changes in specific energy
consumption for heating and the thickness of insulation in building envelopes, as well as the thermal resistance of
translucent structures, with a view to selecting optimal thermal retrofitting options. An economic evaluation of the



options was performed using NPV, IRR, payback period, and NPVQ at discount rates of 0-25% (25-year horizon) for
two scenarios: 1) electric power supply; 2) combined electric and gas supply. For the first time, the mathematical
relationship between NPV and the discount rate ranging from 0% to 25% has been determined when selecting
optimal thermal modernization options. Chapter 4 refines the methodology for determining the percentage of a
building’s heating and cooling energy needs met by renewable energy sources (0-100%) using an air-to-water heat
pump and a photovoltaic system. In the range of 5-61.4%, the capacities of the heat pump and the PV system
increase proportionally, resulting in a payback period of 3.07-4.10 years. Above 65%, the heat pump’s capacity
stabilizes at 21 kW (range limitation: -5...+8°C); any further increase in the RES share is provided solely by the PV
system, resulting in a disproportionate increase in investment. A RES share exceeding 90% is economically
unfeasible when considering only the building’s own consumption. The option with a 55-65% RES share was
determined to be optimal, as it complies with NZEB standards and provides the highest NPVQ, NPV, and payback
period among the regulatory-compliant options. It was demonstrated that the net-metering mechanism allows for
100% coverage of RES needs with a smaller power plant capacity, which identifies a promising direction for further
research. For the first time, the mathematical relationship between the payback period and the share of renewable
energy use in the thermal retrofitting of buildings has been determined.
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