AHOTALIIA

baxmin J[. C. llpunuunu popmyBaHHsA 00'€MHO-TIPOCTOPOBOI Opraxizauii
eHeproeeKTUBHUX rpoMajachbkux OyaiBesib — KpamidikaliiiHa HayKoBa mparis
Ha IIpaBaxX PyKOMUCY.

Huceprariss Ha 37400yTTS HAYKOBOTO CTYNEHS KaHAWJATa apXiTEKTYpH
(moxTopa dinocodii) 3a cremianpHicTIO 191 — ApxiTekTypa Ta MiCTOOY/TyBaHHS. —
Opecwka nepkaBHa akajeMis OymiBHUIITBA Ta apxiTektypH, Omeca, 2023.

Y BeTyni OOTpYHTOBAaHO aKTyalbHICTh TEMH, BU3HAUEHO 3B’SI30K POOOTH 3
HAyKOBHMMH IporpamMamu, copMyJIibOBaHO METY, 3a/Jadl 1 METOAU JOCIIKEHHS,
BU3HAYECHO PEe3yNbTaTH AOCIIKEHHS, 1X HAYKOBY HOBH3HY Ta MPAKTUYHY I[IHHICTh
1 BOPOBAKEHHS pE3YyJIbTATIB B MPAKTHUKY IPOEKTYBAaHHS €EHEProe(eKTUBHUX
IrPOMaJICEKUX OYlIBEIb.

[Tepumit po3I «IlepexymoBu BIIPOBA/I’)KEHHHA TeXHOJIOT il
eHeproeeKTUBHOCTI B NPOEKTYBAaHHA 1 OyJIBHMUTBO I'POMAACBKHX
OyaiBesIb» MPUCBAYEHUI JOCITII)KEHHIO CTAHOBJICHHSI, PO3BUTKY NPOEKTYBAHHS 1
OyZIBHUILITBA €HEProe(PeKTUBHUX I'POMAJICHKUX OyaAiBEIb, BUHUKHEHHS NPOOIEeMHU
CHEepPro30eperKeHHS. Y mpoMy po3aini  BH3HAYEHO OCHOBHI — TEHICHIIIT
MPOEKTYBAHHS Ta OyAIBHUIITBA eHeproeeKTUBHUX rpoMackkux Oymaiens (EI'B),
PO3IIIAHYTO Ta MPOAHATI30BAHO ICHYIOUMI TEOPETUYHUMN Ta MPaKTUYHUHN JIOCBI,
MIPOBENICHO TOPIBHSUIBHUM aHalli3 3aCTOCYBAaHHSA €HEeProe(EeKTUBHUX TEXHOJIOTIH B
npoekTyBaHHi Ta OyaiBHuTBl EI'B.

VY migposzaini 1.1 «Haykoeo-meopemuuni 0ocnioxicenns i emanu po3eumky
eHepzoeheKmusHux 2pomaocekux Oyodisenv» Ha TIACTaBl  aHami3y Ta
y3arajJbHEHHS CIELIaJIbHOI JIITEpAaTypyu Ta HAYKOBO-AOCIIAHUX POOIT BUSABJIEHO,
10 MUTaHHS MPOOJIEMH €HEPro30epeKeHHS B apXIiTeKTypl YKpaiHu po3TIIsiIainch
OaraTpbMa JIOCJIIJHUKAMH.

Y  dysnamentanpHii  mpami O. M.  beperoBoro  «bymimi 3
eHepro30epiralouuMy  KOHCTPYKLISIMHU» PO3IJISIHYTO —apXiTEKTYpHO-OyiBENbH1
pillieHHs, 110 3a0e3MeuyoTh MIHIMI3AIllI0 TEIUIOBUX BTpaT 1 ¢()OPMOBAHO 3acajau

CTBOPEHHSI KOM(MDOPTHUX YMOB MIKPOKJIIMATy B MPUMIIICHHSIX OyiBeNb B PI3HUX



KJIIMaTUYHUX paliOHaX.

B o06rnacti po3poOku po3paxyHKIB mapameTpiB GOpMHU KUTIOBUX OYyJIMHKIB,
0 JO03BOJISIIOTH MIABUIIUTH E€HEProePEeKTUBHICTh Ta 3HU3UTH TEIUIOBUTPATH
npucBsiueHa aucepramiiiaa pobora T. O. Kamenko nHa Temy «IligBumieHHs
€HEepProe(PeKTUBHOCTI KUTJIOBUX OYJMHKIB HA OCHOBI onTHMI3aIli iX hopm».

JlocniKeHHsT BUSIBUIIM, 1110 BUBYEHI JIMIIE OKPEMI aCMEKTH, sIKI CTOCYIOThCS
dbopmyBaHHS apXiTeKTypHu eHeproeeKTHBHOCTI OyIWHKIB pI3HUX
(GYHKIIIOHATBHUX TMPHU3HAYCHb, NMPU IbOMY, (YyHIAMEHTAJIbHHX JOCIIKEHb 1
pexomeHaiii 3 mpoextyBanHs EI'b Ha cydacHOMy eTari He iCHYE.

Ha ocHOBI iCTOPUYHOrO aHadi3y PO3BUTKY aJIbTEPHATUBHHX JIKEPEN €Heprii
Ta BIJHOILIEHHS J0 €HEPropecypciB BUSBICHO 3 €Tamu, U0 OXOIUIIOIOThH MEpiof 3
1974 no HuHimHIN yac. [TouaTkoM MOKHa BBa)KaTU CBITOBY €HEPreTUYHY KPHU3Y
1973 poky, KoIu Tiepel CYCHIIbCTBOM 3sSBHJIACANPOOIEMa BHUCHAKCHHS
OPUPOAHUX EHEPreTUYHUX JoKepen (HapTu, BYruwia, razy). TakuM YHHOM,
aBTOPOM BCTAaHOBJICHO HACTyIHI eTanu: 1 eran — PosainenHicts (1974-1998 pp.),
XapaKTepU3y€eThC HEMOCTIMHUM BHUKOPUCTAHHSAM 1HHOBAIIMHUX TEXHOJOTIH; 2
etan — Cum6io3 (1998 -2008 pp.) xapakrepusyerbcsa mosiBoro y 1998 pori
perituaroBoi cucremu LEED; 3 eram — Iimichicts (2008 p. — Ham dac),
XapaKTepu3yeThcsi BUKOpUCTOBaHHSAM 3 2005 poky MeToly aHalli3y >KUTTEBOTO
nukiny (LCA 1 LCC) Ha eKOHOMIYHOMY Ta €KOJIOTIYHOMY PIBHSIX.

Y miaposnuti 1.2. «Ceéimoeuii ma @imuuzHaHUIL 00C8I0 PO32OPMAHHA
npozpam 3 OyOieHUYMEa eHeP2oePEKMUBHUX 2POMAOCLKUX  0yodise/ib)
PO3IIIAHYTI MIKHAPOJIHI CTaHJAPTH 1 MPOTpaMu €Heproe(EeKTUBHOCTI Ta 31HCHEHO
NOpIBHSUIBHUI aHami3 MixHapogHux crtanaaptie LEED, BREEAM 1 WELL,
mporpaM  €Heproe(eKTHUBHOCTI B  3apyObKHUX KpaiHaX Ta  Mporpamu
eneproedexktuBHOCTI B KpaiHax CH/I. Busnaueno, mo MikHapoaHe mapTHEPCTBO
31 cmiBpoOiTHUIITBa B Tanmy3l eHeproedextuBHocti (IPEEC), MixnapogHe
enepreruyHe areHTCTBO (IEA) Ta JlupextuBa mpo eHeproedeKTUBHICTH OyiBeh
(2010/31/ €C) € xI0OYOBUM HOPMATUBHHMM I1HCTPYMEHTOM, CIPSIMOBAaHHUM Ha

MIBUIIEHHS €HEeProeeKTUBHOCTI OYIIBETLHOTO CEKTOpa. ABTOPOM PO3IIISIHYTI



OCHOBH1 KOHIIemNIii eHeproe(ekTUBHUX OyaiBeNb B CBITOBOMY JOCBIiJl, a came:
Konnenmis «macuBnoro 0yaunky» (Passivhaus), Konueniiss OyaiBii 3 HyJIbOBHM
CHEProCIOKUBAHHAM, KOHIICMIIiSI «aKTUBHOro OyauHKy» (Active house).
Bcranoneno, mo 6a30BUM MpUHOMOM aKTUBHOTO OYJTMHKY € TIOE€IHAHHS PIllICHb,
po3poosiennx IHctuTyToM macuBHoro OyauHky (Himewyuwmna), TexHOIOTIH
«PO3YMHOTO JIOMY» Ta BUKOPHCTAHHSIM aJlbTEPHATUBHOI €HEPreTHUKU; OYJIMHKH,
CIOPY/UKEHI 3a II€I0 KOHIEMIEI0 BUTPAayalOTh Ha BJIACHI MOTPeOM MiHIMyM
eHeprii.

ABTOpOM 31HCHEHHUI OTJIsAl YKpaiHChbKOT HOPMATHUBHOI Ta IPaBOBOi 0a3u Ta
PO3IIIAHYTE 3aKOHOJABYE 3aKpIIUIEHHS TMOJITUKA BIPOBAKEHHS TEXHOJOTIN
ereproedexTuBHOCTI. BcTaHoBIeHO, 110 YnWHHA HOpMaTHUBHA 0a3a He 3abe3meuye
HEOOXITHOI HOpMATHBHOI 0a3u i TPOEKTYBaHHS  eHeproe(EeKTUBHUX
rpOMAJICBKUX OyJIBEJIb 3 BUKOPUCTAaHHSM BIJTHOBJIIOBAHMX JDKEpEN €Heprii, a
JUIIe BU3HAYA€ IMapaMeTpu MIKPOKJIIMATy Ta MOHITOPUHT CTaHAapTHU30BAHHUX
TEIJIOCHEPTEeTUYHUX TTapaMeTPiB Mij1 yac Oy [IBHUIITBA.

VY migposaini 1.3. «Ananiz YCHiWHUX 00'€EMHO-RPOCMOPOBUX pilLeHb
eHepzoeheKmuHUX 2poMaodcbKux 0yoigensby pO3TIIIHYTO NPUKIAAN TPAKTUYHOTO
BIIPOBAHKEHHS 00’ €MHO-TIPOCTOPOBUX PIIICHh €HEProe(EKTUBHUX TPOMAJCHKHUX
OyxiBenb. Ha ocHOBI aHali3y MpOEKTYBaHHS Ta OYJIBHHUIITBA BUSBJIEHA TEHJICHLIIS
BIMBY 3actocyBaHHs IIJIE Ha QopmyBaHHsS 00'€éeMHO-IPOCTOPOBHUX pILIEHb
rpOMaJChKUX OynaiBenb. JlJis MiIBHINEHHS IIBUIKOCTI BITPY 3 TOJATIBIITUM
3aCTOCYBaHHSAM MO0 €HEprii 3aCTOCOBYIOTHCS B 00'€MHO-TIJIAaHYBaJbHUX PIIICHHAX
BEpPTUKAJIbHI, TOPU3OHTAJIbHI OTBOPHU, OYIIBHHUIITBO JEKUIBKOX KOPIYCIB IS
CTBOPEHHSI «IACTKW» JUIsSI BITPY; 3aCTOCOBYIOThCA (popMuU Oy/iBENb 3 MOXWIUMHU
MOBEPXHSAMH, MOABIMHUMHM ((dacamamu (BKJIIOYAIOUM JAWHAMIYHI), 10 MAalOTh
BIIOPSAJIKOBaHY T'€OMETPUUHY «TEKCTYpY» JUIsl BUKOPUCTAHHS (OTOEIEKTPUUHHUX
naHeneit 1 T. 1. Bcranosneno, mo BkimodeHHs B cTpykTypy EI'b enexrpocranii,
sKa TpaIloe Ha TOHOBIIOBAJILHUX JDKEpENax EHeprii BIUIMBAE Ha apXITEKTypy
OyAMHKY.

VY pesynbTarti aHami3y BUSBICHO, 1110 3aJIEKHO BiJ 00paHOTO JpKepesa eHeprii,



00'eMHO-TIpOCTOpOBE pillleHHs OyniBiai HaOyBae meBHOI (opmH, sKa CIpHSE
OTPUMAHHIO IIyKaHOi eHeprii. ABTOPOM TMPOBEIEHUI TMOPIBHAIBHUN aHAai3
3aCTOCYBaHHS  €HEpProe(EeKTUBHUX  TEXHOJOriH. Bu3HaueHO  BIJCOTKOBE
cruiBBigHomeHHs 3acTocyBaHHs [IJIE B eHeproedexTuBHUX OymiBIISIX: €HEPris
coHis - 47,82%, enepris BiTpy - 31,52%, eneprisa Boau - 8,69%, eHepris 3emi -
6,52%, eneprisa 6iomacu - 5,45%.

Y apyromy po3aini «MetoauuHi ocHOBH ¢opMyBaHHS 00'€eMHO-
NpPOCTOPOBUX  pillleHb  eHeproe)eKTUBHUX  TIPOMAICHLKUX  OyaiBesIb»
PO3TIITHYTO TPOBITHI HAYKOBO-IOCIHIIHI METOAM, IO BUCTYMHAIOTh 0a3010 s
dbopMyBaHHS METOJOJIOTIYHOTO amapary JaHHOTO JOCIIKEHHS; po3po0ieHa
METOJMKa TMPOBEACHHS  JOCHIPKEHHS  €HEeProePEeKTHUBHOCTI  TI'POMAJICBKUX
OyziBenb; mpoaHali3oBaHi (pakToOpu BIUTUBY Ha (HOpMyBaHHS eHEproedeKTUBHUX
IpOMaJICBKUX Oy/iBeNIb;, HaJlaHa MeTOAuKa €(EeKTUBHOCTI BHOOPY 00’€MHO-
MIPOCTOPOBOTO PIMICHHS TPOMAACHKUX OYJIBENIb 32 KPUTEPISIMHU €KOJIOTTYHOCTI;
nana knacudikaiis EI'b 3anexHo Bua BUOOPY TUITY JIKEPEN €HEpPrii.

YV migpo3gimi 2.1 «Memooduka oOocnioxycenns eHepzoehekmusHocmi
2pomaocvkux Oyodigenb) BUKJIAJACHI OCHOBHI TPyNU METOJMIB IPOBEICHHS
nocimimxenHss EI'b: Meron KUIbKICHMX XapaKTepUCTUK EHEeproe(eKkTUBHOCTI
OyaiBenb; METOJ MOJICTIOBAaHHS €HEproeeKTUBHUX T'POMAJICHKUX OyiBeb.
BusiBieHo, M0 TOETHAHHS JaHUX METOMIB Ja€ 3MOTY BH3HAYUTH apXiTEKTYPHO-
IUIaHYBaJIbHI MMapaMeTpu TPOMaJICbKoi OyaiBii, CTBOPUTH 0a30BYy apXITEKTypHY
MOJIENIb Ta TIPOBECTH PO3paxyHKH eHeproedekTuBHOCTI. Kputepii oriHKH
apXITEKTYpHUX PIIIEHb /JI TPOMAJAChKUX €Heproe(eKTUBHUX OyJiBeNb Oyiu
po3po0JieHl 3 TakMMM TMapaMeTpamu: BUcOTa OyaiBii, oOpuCH TUIaHy, (opma
OymiBii, sKa BIUIMBa€ HAa €HEProeeKTUBHICTh Ta HASBHICTb BIJHOBIIOBAHUX
JIKEpes eHeprii.

Y miapo3aini 2.2 «Memoou ouinku axmopie enausy Ha popmyeanHs
eHepzoeheKmusHUX 2poMadCLKUX 0yoigesib) 3a TONOMOTOI0 METOy (PaKTOPHOTO
aHaii3y JlaHa METOJMYHA OI[IHKa OCHOBHMX (DaKTOpIB BIUIMBY Ha (POPMYBaHHS

EI'b. J[lo rpynu 30BHIIHMX (HaKTOPIB HaAJIEkKaTh MICTOOYAIBHUN, MPUPOIHO-



KJIIMaTUYHUN, COLIATbHO-€KOHOMIYHMM, €KOJOTIYHMUNA; 10 TPYNHU BHYTPIIIHIX
¢dakTopiB - apXITEKTYpPHO-XYT0XKHIMN, (GyHKIIOHAaTbHO-TIJIAaHYBaJIbHUH,
KOHCTPYKTUBHUM,  1H)KCHEPHO-TEXHIYHUM.  AHami3  (QakTopiB  J03BOJISIE
3apONOHYBATH  BIAMOBIMHI  3aX0Qu  IMIOAO  3a0€3Me4YeHHS  ONTUMAJIBHOI
eHeproeeKTUBHOCTI. BusiBIEHO, 10 NpU MPOEKTYBaHHI eHEpProeheKTUBHUX
IpOMaJICBKUX OyJiBEJIb HEJOUIILHO 3aCTOCOBYBATH THIIOBI MPOEKTH. Y KOXKHOMY
KOHKPETHOMY BHUNAJAKYy i (aKTopiB HEpPIBHO3HAYHA 1 B 3aJEKHOCTI BIJ
KOHKPETHOI CUTYaIlil MatOTh 3HAYCHHS PI3HI CKJIAO0BI, 110 1HAIBUIyaIbHO BILIMBAE
Ha 00’ emHO-TIpocTopoBe pimenHs EI'b.

YV miaposmim 2.3 «Knacughikauin enepzoegpexmusnux 2pomadcvoKux
0yoigenpy BHU3HAYEHO KiIacU(IKAIII0 THINB €HEProe(heKTUBHUX TPOMAICHKHUX
OyniBenb. BoHa BKiIIOYa€e MOHOCHEPTeTHUYHI 1 TMOJIEHEPreTUYHl TUIU OY/IiBEb.
Knacudixkariis mpoBeneHa Ha OCHOBI aHali3y 45 OyiBesb Ta MPOEKTIB. Y I’ SIThOX
MOHOEHEPIeTUYHUX THUIIaX 3aCTOCOBYIOTHCS TaKi JKepesia eHeprii, ik coHle abo
BITEp, B MOJIICHEPTETUUHUX TUIAX 3aCTOCOBYETHCS KOMOIHALIIS JIKEPEI EHEeprii.

Pozmin 1II. «IlpuHuunu mnigBuieHHs1 eHeproe(eKTUBHOCTI OyaiBeb
IUIAXOM 00'€MHO-IUIAHYBAJbHUX TpaHcdopMaliiy MNPUCBIYCHUN TMOIIYKY
e(eKTUBHUX LUISIXIB (OPMYBaHHS €HEProe(EeKTUBHUX TPOMAICHKUX OyiBeb;
aBTOpOoM C(OPMOBAHO MPUHIUNK TiABUIIEHHS eHeproedekTuBHocTi EI'D;
PO3p00JICHO PEeKOMEH ALl 010 TPOEKTYBAHHS €HEProe(EKTUBHUX TPOMAICHKUX
Oy/iBeb.

YV migposmimi 3.1  «llpunuyunu npockmyeanHs  eHepzoehekmusHUxX
2pomadcvKux 0yoigesib) Ha OCHOBI aHANI3y CTPYKTYPHUX €JIEMEHTIB TPOMAJICHKUX
OymiBenb Ta 3ac001B MiJBUINEHHS X €HEProe(eKTUBHOCTI PO3POOJICHI IPUHIIUITHA
MIJBUIIEHHS  €HeproeeKTUBHOCTI TPH MPOEKTYBaHHI  eHepProe(eKTUBHUX
IpOMAJICBKUX OYJiBElb, @ caMe: MPUHILIUIIKA IPOCTOPOBOrO PO3MILIEHHS, TPUHIIMI
dbopMyBaHHS apXITEKTYpH 3aJIEKHO Bl MPUPOTHO-KIIMATUYHUX (PAKTOPIB,
OpUHIMN TiAO0PY (DYHKIIIT 3aJ€XKHO Bl THUITY JIKEpEN €Heprii, MpUHUUI BUOOPY
IHKeHepHOro OONagHAHHS, IO MPAIIOE Ha OCHOBI MOHOBIIOBAIBHUX JDKEPEI

€HEprii, MPUHIIAI BKIIFOYECHHSI JHKEpell eHeprii B 00'€MHO-TUIaHYBAJIbHY CTPYKTYPY



OyZiBIl, MPUHIUIN PO3MIIICHHS TMMOHOBIIOBAILHUX JDKEPENI eHeprii B 00'€éMHO-
TUTaHYBaJIbHIM CTPYKTYpi1 KOMILJIEKCY, NPUHIUI (dbopMOyTBOpEHHS
MOJIICHEPTETUYHUX TPOMAJICHKUX Oy/iBeNb 3 MOHOBIIOBAILHUX JIKEPEN €Heprii Ta
METOIH iX peaizaii.

Y migposmimi 3.2 «llpuitomu  ¢hopmysanns  enmepzoepexkmusnux
2pomaocvKux 0yoigeib ma meopemuuHi mooeni  00’€EMHO-NPOCMOPOBOZO
piuienna 3a Kpumepiamu ekonoziunocmi» po3pooOsieHa Mozenb opranizaiii EI'B,
sAKa YMOBHO MOJUIAETHCS Ha JIBa PIBHI BIAMOBIIHO 10 MICTOOYIIBHOI i€papxii.
[lepmmii piBeHb MICTUTH TaKl MiJIPiBHI SIK Micmo0OyOienuil (TPaHCTIOPTHI BY3IIH,
PO3MIIIICHHS JUISTHKI, 1HXXEHEPH1 MEpexi), pecionanvhuil (MIClieBl OCOOJIUBOCTI,
KyJIbTYpHI,  TPUPOJHO-KIIMATUYHI),  COYiaNbHO-eKOHOMIYHUiL  (€KOHOMIKA,
COIllaJIbHUM, JIepKaBHI Mporpamu), exonoliynuii (0e3BiaXoaHe OyIIBHUIITBO,
CTAJIMA PO3BUTOK, 3MEHIICHHS BUKOPUCTaHHS pecypciB). Jlpyruii piBeHb
CKIAJA€ThCsl 3  HACTYNMHUX  MJIPIBHIB:  (YHKIIOHATBHO-TUIAHYBAJIbHUMN
(B3a€MO3B’SI30K 3 BHYTPIIIHIM Ta 30BHINIHIM CEpPEIOBUILEM, B3a€EMO3B 30K 3
byHKIIsIME Ta 00pa3oMm, Oprasizaiis Tpylnd MOPUMIIIEHb), KOHCTPYKTUBHHUUN
(YHIKQJIbHICTh KOHCTPYKTUBHUX pIIIEHb, €HEProe(EKTUBHICTh KOHCTPYKTHBHUX
pillieHb, CydYacHl 1H)KCHEpHI pIIIeHHS), apXITeKTypHO-XYIOXKHIM (ecTeTuka
apXITeKTYpHOTO 00pa3y, B3a€EMO3B’S30K 3 MICIIEBUMH YMOBaMH, SKICTb,
CBOEYACTHICTb, JOBIOBIUHICTb), IHKEHEPH1 (EHEeproe(PeKTUBHI iH)KEHEPHI pILIECHHS,
eHeproeeKTHUBHI TEXHIUHI PIIIICHHS, TH)KEHEPHI PIIIEHHS KOMOIHOBAHOTO THITY).

CdopmynboBani 00’ €MHO-IPOCTOPOBI pUioMH POEKTYBAHHS
€HEeProePEeKTUBHUX TPOMAJICHKUX OYJiBEIb: MPUHOM 3aCTOCYBAHHS €KOJIOTTYHUX
TEXHOJIOT1M, TPUIOM BJIOCKOHAJIEHHS IUIAHYBAaJbHUX PINIEHh B KOHTEKCTI
eHeproe()eKTUBHOCTI, MPUHOM BHUPA3HOCTI APXITEKTYPHO-XYJOKHBOI'O PILIEHHS,
MPUIIOM KOHIIENTYaJIbHOCTI pO3POOKH.

Y migpozpim 3.3 «llponosuyii w000 po3miugeHHA eHepeoyCMAHOBOK 6
apxXimeKmypHux pilleHHAX 2POMAOCbKUX Oydieesib i nepcneKkmueu pPo3eUnIKy
0anoz2o muny 06'ckmie» chopMynbOBaH1 MPUHOMH 00'€MHO-TIPOCTOPOBUX PIllIEHb

IrpOMAJChKUX OyJiBeJb Ta HABEJEHO OIUC BIPOBAIKEHHS B CTPYKTYpPY



MOJIIEHEPTeTUYHUX TPOMAJICHKUX OyJIBEeh TEXHOJOTIH, SKI BHKOPHUCTOBYIOTH
€HEpril0 COHIA 1 BITPY, MO BIUIMBAE Ha 00'€MHO-TIPOCTOPOBE 1 ApXITEKTYPHO-
XYJI05KHE PIIICHHS.

Hagano mpomno3utiii mo0 po3TairyBaHHs TOHOBIIOBAJIBHUX JPKEPENT €HepTii
(ITHE) B ctpykrypi EI'b: BepxHs yacTtuHa OymiBii, cepeiaHs 4YacTUHA OymiBIi,
HIDKHSI yacThHa OyiBJi, KOMOIHOBaHE poO3TalllyBaHHsS. ABTOPOM 3aIllpOINIOHOBaH1
00’€MHO-TIPOCTOPOB1 MPUHOMH BUKOPUCTAaHHS albTEPHATHUBHHUX JKEPEN CHEprii:
aKTUBHUM CHIIYeT, IUIACTHMKA 00’ €MIB, OpIEHTAIlis 3a COJHIIEM, IUTacTUKa dacany,
wiaBHi (opmu, nepdopailisi, BUCOTHICTb, pO3IAiICHHA 00’eMiB. Buspieno, 1o
nepcnektuBamMu po3BUTKy EI'b € ix Tpancpopmaiis B mnom@yHKIIOHAIbHI
eHeproe(peKTHUBHI KOMIUICKCH.

KuarouoBi ciaoBa: rpomMaiceki OyZiBil, eHepreTuyHa e(eKTUBHICTD,
apXITeKTypHO-IUIaHyBajJbHA  OpraHizailisi, 00’ €MHO-POCTOPOBI  PIIIEHHS,
MOHOBJIIOBAJIbHI JIXKEpesia eHeprii, TEXHOJOT1i eHeproe)eKTUBHOCTI, THUIIOJIOT1s

Oy/liBEb.



ABSTRACT

Bakhtin D. S. Principles of forming volume-spatial solutions of energy-
efficient public buildings. — Qualifying scientific work on manuscript rights.

Dissertation for obtaining the scientific degree of candidate of architecture
(doctor of philosophy) in specialty 191 - Architecture and urban planning. — Odesa
State Academy of Construction and Architecture, Odesa, 2023.

The introduction substantiates the relevance of the topic, defines the
connection of the work with scientific programs, formulates the purpose, tasks and
research methods, defines the research results, their scientific novelty and practical
value, and the implementation of the results in the practice of designing energy-
efficient public buildings.

The first section '‘Prerequisites for the implementation of energy
efficiency technologies in the design and construction of public buildings" is
dedicated to the study of the formation and development of the design and
construction of energy efficient public buildings, the emergence of the problem of
energy saving, the main trends in the design and construction of energy efficient
public buildings (EGB) are defined, the existing theoretical and practical
experience, conducted a comparative analysis of the use of energy-efficient
technologies in the design and construction of EGB.

In subsection 1.1 "'Scientific and theoretical studies and stages of
development of energy-efficient public buildings™ based on the analysis and
generalization of special literature and scientific research works, it was found that
the issue of the problem of energy saving in the architecture of Ukraine was
considered by researchers: S. G. Buravchenko, G. V. Kazakov, T. O. Kashchenko,
G. N. Khavhun, L. O. Shuldan, V. F. Hershkovich, V. L. Martynov, O. V.
Fareniuk, R. A. Firt, L. P. Khokhlova, H. F. Chernykh, O. B. Vasylenko, O. V.
Sergeychuk, I. N. Skryl, P. I. Skryl, I. P. Kozyatnik, and others.

In the fundamental work of O. M. Berehovoy "Buildings with energy-saving
structures” consider architectural and construction solutions that ensure the

minimization of heat losses and the principles of creating comfortable



microclimate conditions in the premises of buildings in different climatic regions
are formed.

The dissertation work of T. O. Kashchenko on the topic "Increasing the
energy efficiency of residential buildings based on the optimization of their
shapes"” is devoted to the development of calculations of the parameters of the
shape of residential buildings, which allow to increase energy efficiency and
reduce heat consumption.

The research revealed that only certain aspects of the formation of the energy
efficiency architecture of buildings of various functional purposes have been
studied, while there are no fundamental studies and recommendations on the
design of EGB at the current stage.

As a result of the etymological analysis, the following interpretation of the
concept of energy-efficient public buildings is proposed.

An energy-efficient public building is a building whose design, construction,
and operation take into account the characteristics of efficient consumption of
energy resources and provision of a comfortable microclimate, and contains all the
essential features of an energy-efficient building.

Based on a retrospective analysis of the development of renewable energy
sources and energy paradigms abroad, 3 stages were identified, covering the time
period from 1974 to 2023. The world energy crisis of 1973 can be considered a
starting point, when humanity faced the problem of depletion of traditional natural
energy sources (oil, coal, gas). Thus, the author established the following stages:
1st stage - Separation (1974-1998), characterized by non-constant use of
innovative technologies; Stage 2 — Symbiosis (1998-2008) is characterized by the
appearance of the LEED rating system in 1998; The 3rd stage - Integrity (2008 -
present time), is characterized by the use since 2005 of the life cycle analysis
method (LCA and LCC) at the economic and ecological levels.

In subsection 1.2. ""Global and domestic experience of deploying programs
for the construction of energy-efficient public buildings™ considered international

standards and programs of energy efficiency and carried out a comparative analysis



of international standards LEED, BREEAM and WELL, energy efficiency
programs in foreign countries and energy efficiency programs in the CIS countries.
The International Partnership for Energy Efficiency Cooperation (IPEEC), the
International Energy Agency (IEA) and the Energy Performance of Buildings
Directive (2010/31/EU) have been identified as key regulatory instruments aimed
at improving the energy efficiency of the building sector. The author considers the
key concepts of energy-efficient buildings in the world experience, namely: the
concept of a "passive house" (Passivhaus), the concept of a building with zero
energy consumption, the concept of an active house (Active house). It has been
established that the basic technique of an active house is a combination of solutions
developed by the Passive House Institute (Germany), "smart house™ technologies
and the use of alternative energy; houses built according to this concept use a
minimum of energy for their own needs.

The author reviewed the Ukrainian regulatory and legal framework and
considered the legislative consolidation of the policy of implementing energy
efficiency technologies. It was found that the current system of rules and standards
does not provide the necessary regulatory framework for the design of energy-
efficient public buildings with PDE, but only establishes the parameters of the
microclimate and the control of standardized thermal and energy parameters during
the operation of the building.

In subsection 1.3. "Analysis of successful volume-spatial solutions of
energy-efficient public buildings' examines examples of practical implementation
of volume-spatial solutions of energy-efficient public buildings. Based on the
analysis of design and construction, the trend of the influence of the use of
renewable energy sources on the formation of volumetric and spatial solutions of
public buildings was revealed. To increase the speed of the wind with the
subsequent use of its energy, vertical and horizontal openings, construction of
several buildings to create a "trap" for the wind are used in volume-planning
solutions; forms of buildings with sloping surfaces, double facades (including

dynamic ones) are used, which have an ordered geometric "texture" for the use of



photovoltaic panels, etc. It is established that the inclusion of a power plant
operating on renewable energy sources in the structure affects the architecture of
the building.

As a result of the analysis, it was found that depending on the chosen source
of energy, the volumetric and spatial solution of the building acquires a certain
form, which contributes to obtaining the desired energy. The author conducted a
comparative analysis of the use of energy-efficient technologies. The percentage
ratio of the use of renewable energy sources (RES) in energy-efficient buildings
was determined: solar energy - 47.82%, wind - 31.52%, water - 8.69%, land -
6.52%, biomass 5.45%.

In the second chapter "*Methodical foundations of the formation of
volume-spatial solutions of energy-efficient public buildings"

The section provides for the use of a number of scientific and research
methods that serve as a basis for the formation of the methodological apparatus of
this study; developed a methodology for researching the energy efficiency of
public buildings; an analysis of influencing factors on the formation of energy-
efficient public buildings was carried out; provided a methodology for choosing
the volumetric-spatial solution of public buildings according to environmental
criteria; this classification of EGB depends on the type of choice of type of energy
sources.

Subsection 2.1 ""Methodology for researching the energy efficiency of public
buildings" outlines the main groups of methods for conducting EGB research: the
method of quantitative characteristics of the energy efficiency of buildings; method
of modeling energy-efficient public buildings. It was found that the combination of
these methods makes it possible to determine the architectural and planning
parameters of a public building, create a basic architectural model and perform
energy efficiency calculations. Criteria for evaluating the architectural solutions of
public energy-efficient buildings were developed using the following parameters:
object height, plan shape, openings for wind amplification, the shape of the

building that captures the wind, the external blowing frame into which



photovoltaic modules are integrated, systems that monitor the trajectory of the sun,
piezoelectric elements and the presence of renewable energy sources.

Subsection 2.2 "Methods of assessment of influencing factors on the
formation of energy-efficient public buildings" using the method of factor
analysis provides a methodical assessment of the main influencing factors on the
formation of EGB. The group of external factors includes urban planning, natural-
climatic, socio-economic, ecological; the group of internal factors includes:
architectural-artistic, functional-planning, constructive, engineering-technical
factors. The analysis of factors allows us to propose appropriate measures to ensure
optimal energy efficiency. It was found that it is impractical to use standard
designs when designing energy-efficient public buildings. In each specific case, the
effect of the factors is not equal, and depending on the specific situation, different
components are important, which individually affects the volumetric and spatial
solution of the EGB.

Subsection 2.3 "Classification of energy-efficient public buildings' contains
a classification of types of energy-efficient public buildings. It includes 5 mono-
energy and 5 poly-energy types of buildings. The classification was formed based
on the analysis of 55 objects and projects. Among the mono-energy types, the sun
and wind became the most common renewable energy sources, and among the
poly-energy types, type 1 (use of solar energy) is the leader.

Chapter 111. ""Principles of increasing the energy efficiency of buildings
through volume-planning transformations." The section is dedicated to finding
effective ways to form energy-efficient public buildings; the author formed the
principles of increasing the energy efficiency of EGB; recommendations for the
design of energy-efficient public buildings have been developed.

In subsection 3.1 *'Principles of designing energy-efficient public buildings™
based on the analysis of structural elements of public buildings and means of
increasing their energy efficiency, the principles of increasing energy efficiency in
the design of energy-efficient public buildings are developed, namely the

principles of spatial arrangement, the principle of the formation of architecture



depending on natural and climatic factors, the principle function selection
depending on renewable energy sources, the principle of accounting selection in
the architectural and planning decision of engineering equipment operating on
renewable energy sources, the principle of placing renewable energy sources in the
volume-planning structure of an energy-efficient complex, the principle of placing
renewable energy sources in the volume capacity-planning structure of the
complex, the principle of forming multi-energy public buildings from renewable
energy sources and methods of their implementation.

In subsection 3.2 ""Techniques for the formation of energy-efficient public
buildings and theoretical models of volumetric-spatial solutions according to
ecological criteria™ a model of the EGB organization was developed, which is
conditionally divided into two levels according to the urban planning hierarchy.
The first level includes such sub-levels as urban planning (transport hubs, location
of the site, engineering networks), regional (local features, cultural, natural and
climatic), socio-economic (economy, social, state programs), ecological (waste-
free construction, sustainable development, reducing the use of resources). The
second level includes the following sub-levels: functional-planning (relationship
with the internal and external environment, relationship of functions and image,
organization of a group of premises), constructive (uniqueness of constructive
solutions, energy efficiency of constructive solutions, modern engineering
solutions), architectural - artistic (e aesthetics of the architectural image,
relationship with local conditions, quality, originality, durability), engineering
(energy-efficient engineering solutions, energy-efficient technical solutions,
combined engineering solutions).

Formulated volumetric and spatial methods of designing energy-efficient
public buildings: the use of ecological technologies, the method of improving
planning decisions in the context of energy efficiency, the use of the
expressiveness of an architectural and artistic solution, the use of conceptual

development.



Subsection 3.3 "'Proposals for the placement of power plants in the
architectural solutions of public buildings and prospects for the development of
this type of objects™ formulates the methods of volumetric and spatial solutions of
public buildings and describes the introduction of technologies that use solar and
wind energy into the structure of multi-energy public buildings. which affects the
volume-spatial and architectural-artistic decision.

Proposals are provided for the location of renewable energy sources (RES) in
the EGB structure: upper part of the building, middle part of the building, lower
part of the building, combined location. The author proposed volumetric and
spatial methods of using alternative energy sources: active silhouette, volume
plasticity, sun orientation, facade plasticity, smooth forms, perforation, height,
volume separation. It was found that the prospects for the development of EGB are
the transformation of such in the field of functional energy-efficient complexes.

Keywords: public buildings, energy efficiency, architectural and planning
organization, volumetric and spatial solutions, renewable energy sources, energy

efficiency technologies, typology of buildings.



