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The doctoral dissertation of Norbert Harmati is written on 270 pages in English language and 26 pages
of extended abstract in Serbian language. The dissertation contains 8 chapters and 7 appendixes, 143
references, 163 figures and 56 tables. The reference list is given at the end of the dissertation. The
complete work is elaborated electronically. The text of the dissertation is organized according to the
following contents:

Extended abstract of the doctoral dissertation in Serbian
Doctoral dissertation in English language
Introduction
Methodology and materials
CAD model, WWR/WG analysis and illumination simulation
Building envelope performance
Energy performance simulation
Optimization of energy performance in the function of comfort parameters
Optimal solution Best Case Scenario
Summary and conclusion
References
0. Appendix:
Appendix A Selected monitoring data sheets
Appendix B Lighting intensity analysis
Appendix C Photoelectric analysis
Appendix D Solar exposure simulation
Appendix E EnergyPlus output variable
Appendix F PMV and PPD values
Appendix G HVAC systems
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\Y BPEJHOBAIBE INOJEJUHUX JEJTOBA JOKTOPCKE JUCEPTAIINJE:
EVALUATION OF CHAPTERS OF THE DOCTORAL DISSERTATION:

Jucepranuja cagpku CBe HEONXOAHE SIEMEHTE NPONKCaHe BaKChNM IpaBHITHULIAMA.
Hacnos pana je jacHo hopMysrcaH u y MOTITYHOCTH YKa3yje Ha caipikaj paaa.

Y yBOIZHOM TOTJIaBJBY AWCEpTAIHje jacHO je AeUuHUCAaH mpenMeT 1 IpolieM HCTpakuBama, morpeda 3a
UCTPaXXMBAbEM, IMJb HCTPaXKMBambha, XUIOTE3€, TPEHYTHO CTamkbe y O0JacTH M Mperjie] OCHOBHE
JuTeparype.

Y npyrom moriaBjby IpHKa3aHa je NMPUMEHEHA METOJO0JOTHja y WCTPaXHMBamby Y3 NPHKYIUbEHE U
aHaIM3MpaHe IOJaTKe Mepema W TexHWuyke Trpahe. AHaIM3MpaHM M BPEAHOBAHH CY EHEPreTCKU
TPOILIKOBH 3aj€JJHO ca JeTaJbHO 00pa3IokKeHNM KIMMAaTCKUM HOAaIMa U3 mporpama MeTeoHOpM.

Y Ttpehem nornaBsby o0yxBaheHa je onTUMHU3aIMja OMOTaya 3rpaje y GyHKIHMjU IPOCTOPHE AUCIIEp3Hje
TIPUPOAHE CBETIIOCTH, KBAJUTETa W jaunHe cBeTIocTH. OOpas3iiokeHa je KOHCTPYKIHje T€OMETPH]CKOT
HA momena 3rpane npumenoM BUM texnomnoruje. 311 DXF momenu cy merassHO paspaljeHH y HUIbY
CIIpoBOjera MHOTOOPOJHHX cuMynanmja y mporpamy Radiance. Pesynaratn cy BpemHOBaHH TpeMma
nehUHUCAHUM KpHTEepUjyMHMa y LWJby onpehuBama epHKacHUX NeppOpMaHCH Mpo30pa y 3aJaTUM
KIMMaTCKAM yCJIOBUMA.

VYV derBpTOM TIOTNIaBJbY (GoOpMyiHcaHa Cy TeppOpMaTHBHA pEIIeHa 332 MOOOJBIIAKE TEPMUUKUX
KapaKTepUCTHKa OMOTa4ya 3rpaga y CKIaay ca eBPOICKAM CTaHAapJuMa W CPIICKOj PEryJaTHBH O
eHeprerckoj edukacHocTH 3rpama. Takolje cy mpukasaHa W TymMadeHa TEPEHCKa CHHMama MocTojeher
oMoTaua pedepeHTHOT 00jekTa Kysie PakynreTa TEXHUUKUX HayKa.

ITeto mornassbe paspaljyje CI0KEHOCT MPOjEKTOBakA TCPMHUUKOT MYJITH 30HCKOT MOJETA U ICHUHHUIIC
CBE HEOMXO/HE yJa3He MapaMeTpe y by MOKpeTama JHHAMHUYKE CUMyalmje y mporpamy EnergyPlus.
JletasbHO cy OIMCaHM yJIa3HU TOJAIM W METOIOJIOTHja IpopadyHa Koje CIeAW KOMIIapaTHBHA aHAIHN3a U
BpeIHOBame pe3ynraTa. EHepreTcku 3aXTeBH 3a BeHTHIAIN]Y ¢y yTBpheHn mpema ctangapny EH 15251.
Hanasn xpuTwdky neUHUIIY BHCOKO e(rKacHa pelema ca acleKkTa CHEepPreTCKHX nephopMaHCH 3a
3aJare KIMMaTCKe yCIIOBE.

VY mecTom MoTNaBiby AETAJHHO j€ 00pa3IoKeH ONTUMAaIaH MOJEN y (pyHKIMjU mapaMeTapa komdopa. 3a
YCBOjEHO HAjIIOBOJHHU]E CHEPIETCKO peIeHe NMpuMemyje ce DaHrepoB MoAen TepMUYKOT KoMmdopa y
by oapehuBama u ananuse [N u [IITH unpekca. MctpaxkuBame 00yxBaTa MHOIOOpPOjHE JMHAMUYKE
cuMylangje y 1MJby ozpehuBama OCHMIALMOHMX HWHTEpBaja Iapamerapa Komdopa y mnporpamy
EnergyPlus u mnpencraBiba JetajbHy o0paay HM Tymademe IlapaMmerapa. Ha oOCHOBY pesyirata
(dopmynucaHo je HajedUKacHUje peliehe Y QYHKIHMjU KOPUCHUYKOT KOM(Oopa y CKIaay ca eBPOICKHM
CTaH/AapuMa.

Cenmo nornasibe 00yxBaTa IIperyiesl CBOjcTaBa Haje(hMKaCHUjer pelleha IpeMa IPETXOAHO CIIPOBEACHUM
UCTpaKMBabUMa U3JIOKEHUM Yy norjiasbuMa 3, 4, 5 u 6. CuMynupaHa 1 KOMIAPaTHBHO aHATM3HPaHa Cy
YEeTHPH paslifyuTa CHUCTeMa 3a Tpejambe M Xialjere KOA HOBONPOjEeKTOBaHHMX 3rpaja. Kpurwuku je
00pa3noXeH CUCTEM ca Haje(UKACHH]jOM €HEePreTCKOM mep(OpMaHCOM 3a yMepeHe KIMMATCKE YCIOBE
Kputepujyme Tepmuakor kompopa. Takohe ce maje mpeanor yHanpehema cucteMa 3a rpejame U xinaheme
KoJI pexalbminTanuje nocTojehnx aqMIHACTPATHBHAX 3Tpaja.

Y okBupY OCMOT IOTJIaBJba jaCHO Cy HaBeJCHA 3aBpIHA pa3MaTpama M (OPMYJIHCAHU Cy 3aKJbydlH
UCTpakuBama. [IpukazaHu pe3yiTaTH UCTPaKMBama Cy y CKJIQAY Cy ca MOCTaBJBCHUM LUJBEBUMA U Y
calipXKajHO M METOAOJIONIKK KOPEKTHO MOTKpeIJbeHu. Hanme, oHM cy jacHO Je(MHUCAHU U MOBE3aHH ca
MOCTaBJFEHUM XHITOTE€3aMa HCTpaknBama. KopekTHO cy Ha3HaueHe MOTyhHOCTH NpHMEHe pe3yiTaTa H
MIPEU3UPaHH Cy MPABIHN AaJbUX UCTPAKNBAKbA.

The dissertation contains all elements according to the prominent regulations.
The title is clearly formulated and completely reflects the content of the work.

Chapter one elaborates the research subject and research problem of the dissertation with concise
description of topic significance in global and in Serbia. Current state in the field, research objectives and
hypotheses are outlined, followed by pertinent literature review.




Chapter two shows the applied research methodology and collected materials in the dissertation. On-site
monitored data, technical information and energy expenses are analyzed and evaluated including detailed
weather data from the global climatological database Meteonorm.

Chapter three presents the building envelope optimization in the function of illumination dispersion and
daylight quality analysis in Radiance engine. The geometric CAD building model constructed by using
BIM technology is elaborated with detailed analysis and evaluation of the obtained results concerning
exterior glazing properties for the given climatic conditions.

Chapter four presents performative solutions for building envelope’s thermal improvement according to
European Standards and Serbian directives. Existing building envelope is evaluated including on site
monitoring with thermal camera images.

Chapter five presents the complexity of designing a multi-zone thermal model and provides the
definitions of all necessary input parameters in order to perform a dynamic simulation in EnergyPlus
engine. Precise description of input data and calculation methodology are described followed by
evaluation and comparative analysis of the results. The energy demand for air ventilation according to
Annex B of EN 15251 was determined respectively. Findings define the Best Case Scenario from the
energy performance aspect for temperate climate conditions.

Chapter six elaborates the optimal building model in the function of comfort parameters. The comfort
model is applied for the Best Case energy performance Scenario in order to obtain and analyze the PVM
(predicted mean vote) and PPD (predicted percentage of dissatisfied) values from the comfort equations.
The investigation includes dynamic comfort parameter simulations in EnergyPlus and presents detailed
analysis of parameter oscillations in hourly intervals. In conclusion the Best Case Scenario from the
comfort aspect is determined.

Chapter seven presents an overview of the Best Case Scenario’s properties from the previously elaborated
researches in Chapters 3, 4, 5 and 6. Four HVAC systems are simulated and analyzed from the energy
performance aspect and system efficiency. The systems are explored in newly designed buildings and
proposals are given respectively for HVAC system improvement in existing office buildings.

Chapter eight concludes the considerations, indicates the application of findings and proposes directions
for further research. The presented results are in accordance with the defined aims and completely
correspond to the methodology of the dissertation. Results are clearly defined and answer the hypotheses
of the dissertation. The application possibility of the results is clearly pointed out, including directions for
further investigation.
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CIIUCAK HAYYHUX U CTPYUYHUX PAJIOBA KOJU CY OBJAB/bEHU W
MPUXBAREHHU 3A OBJAB/BUBAILE HA OCHOBY PE3YJITATA UCTPAJKUBAIbA Y
OKBHUPY PAJIA HA JJOKTOPCKOJ JUCEPTALIUJUA

LIST OF SCIENTIFIC AND PROFESSIONAL PAPERS WHICH ARE PUBLISHED OR
ACCEPTED FOR PUBLICATION BASED ON THE INVESTIGATION RESULTS IN THE
FRAMEWORK OF THE DOCTORAL DISSERTATION

PanoBu cy pa3zBpcranu 1o kareropujama xoje cy nate y “IIpaBHiIHHKY 0 IOCTYIKY U HAYMHY BpEIHOBAmMbA,
1 KBaHTHUTAaTHBHOM HMCKa3UBaky HAYYHONUCTPAXHUBAUYKHX PE3yJITaTa HCTPaKUBada’.

The papers are divided by categories which are given in the “Regulations of the evaluation procedure and
quantitative statement of scientific-investigation results of researchers”.

Pan y ucrakuyrom mel)ynapoasom uacomucy ca umMnakt paxkropom (M 22):
Paper in prominent international scientific journal with impact factor (M 22):

Harmati, N., Foli¢, R., Magyar, Z. Energy performance modelling and heat recovery unit efficiency
assessment of an office building, Thermal Science, Nuclear Institute Vin¢a, Belgrade, 2014,
Online DOI ref. 10.2298/TSCI1140311102H

Pan y Bonehem uyaconucy HanuonaaHor 3navaja (M 51):
Paper in leading scientific journal of national importance (M51):

Harmati, N., Magyar, Z. HVAC system energy performance analysis in office buildings, Magyar
Epuletgépészet, Epiletgépészet kiado kft., Budapest, 2014, no. 1-2, pp. 21-25., HU ISSN 1215 9913

Harmati, N., Jaksi¢, Z., Vatin, N. Heat balance method application in building energy performance
simulation, Applied Mechanics and Materials, Trans Tech Publications, Switzerland, Vols. 725-726, pp.
1572-1579, Online DOI ref.: 10.4028/www.scientific.net/ AMM.725-726.1572

Caonumreme ca Mel)yHapoaHor ckyna mramMnaHo y neansu (M 33):
Proceedings of international conferences printed in complete (M 33):

Harmati, N., Magyar, Z. Energy consumption monitoring and energy performance evaluation of an
office building, BauSIM 2014, International Building Performance Simulation Association, 22-
24.Sept.2014., RWTH Aachen, Germany, pp. 115-122.

Harmati, N., Magyar, Z., Foli¢, R. Energy performance evaluation from the comfort aspect,
Proceedings of International conference E-Nova Nachhaltige Gebaude, 13-14. Nov. 2014, Pinkafeld,
Burgenland, Austria

Harmati, N., Foli¢, R. The influence of building skin on the energy performance in office buildings,
Proceedings of International PhD and DLA Symposium, 20-21. Oct. 2014., Pecs, Hungary

Harmati, N., Magyar, Z. Influence of WWR, WG and glazing properties on the annual heating and
cooling energy demand in buildings, 6™ International Building Physics Conference, IBPC 2015, Turin,
Italy, Jun.2015. (in press)

Harmati, N., Foli¢, R., Magyar, Z. Building Energy Performance Improvement from the Aspect of
Envelope Upgrading, Proceedings of the 7" International Symposium of Exploitation of Renewable
Sources and Efficiency - EXPRES, Subotica, Serbia, 19-21.Mar.2015., pp. 79 - 82., ISBN 978-86-
82621-15-7

Magyar, Z., Harmati, N. Energy performance simulation in the function of comfort parameters,
Proceedings of 23" International Heating Conference, Stara Lubovna, Slovakia, 2015, pp. 59-68.,
ISBN 978-80-89216-70-3
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- Harmati, N., et al. Heat balance method application in building energy performance simulation,
Proceedings of 42" scientific conference Week of Science in Sankt Petersburg Civil Engineering, 3-
4.Dec.2014., St. Petersburg, Russia

- Harmati, N., Jaksi¢, Z. Building Energy Performance Simulation via HB Method, Proceedings of 5th
Int. Conf. of Civil Engineering Science and Practise, 17-21.Feb.2014, Zabljak, Montenegro, ISBN 978-
86-82707-23-3, pp. 1593-1600.

- Harmati, N., Magyar, Z. An investigation of the energy performance in office buildings, Proceedings of
8" International Conference Indoor Climate of Buildings, 1-3.Dec.2013, Strbske Pleso, Slovakia, ISBN
78-80-89216-59-8

VIl 3AK/bYUYIU OJHOCHO PE3YJITATU UCTPAKUBAIbA
CONCLUSIONS WITH REFERENCE TO INVESTIGATION RESULTS

Ha ocHOBy cripoBelieHUX HCTpaXKMBamba, aHain3e JOOMjeHUX pe3yiraTa y OKBHPY paja Ha JIOKTOPCKO]
aucepraudju  GopMyiIHcaH je ONTHMalHH MOJAEN Y IMJby YyHarpelhema eHepreTckux nepdopmancu
aJIMHHUCTPATUBHUX 3rpaja y pyHKIUjH KOPUCHUUKOT KOM(Opa YuMe Cy nMoTBpleHe xumorese:

- Jla je moryhe ¢opmynucaTH ONTHMAaIHO pelleHkhe 3a yHarpeheme eHepreTckux nepdopmancu
aJIMUHUCTPATUBHUX 3rpaja y QyHKUIUjH KOPHUCHUYKOT KoMdopa U 37paBor paJHOT OKpYKema 3a
KIMMaTcke ycioBe Ha Tepuroprju Hosor Cana.

- JHa je wmoryhe ¢dopmynucatiu/uspamutu NPOpavYyHCKH MOl 3a eQeKTUBHO yHampelheme
SHEPreTCKUX Mep(OpPMaHCH W KOPHUCHUYKOT KOM(Opa aIMHUHHCTPATHBHHX 3rpaja MPUMEHOM
BUILICKPUTEPHjyMCKE ONTHMH3AlMje W KOMIapaTWBHe aHamuze. Ilopen Tora, wmoryhe je
(bopMyIcaTH ¥ IMOjeIHOCTABJGEHW MOJIEN YHjOM HPHMEHOM Ce MOTY PEIyKOBAaTH E€HEPreTCKH
3axXTeBH U oMoryhyje mocTuzama KOM(pOPHOT paHOT OKPYKEHha.

HajBaxxuuju pesynrar oBe nucepranmje je GopMylUcame CI0KEHOT HyMEPHUIKOI Mojesa Koju o0yxBaTa:
MehycoOHO ycarnamaBambe M IIOBE3UBAKE TEPMUUKUX 30HAa MoJela ca JOAEJbEHHM EHEPreTCKUM
onrepehemnma, KapakTeprCTHKaMa KOHCTPYKIHMje U MaTepHjaia, MHTepBajIkMa 3ay3eTOCTH U olepanujaMa
MEXaHMYKHX CHCTEMa y jeAMHCTBEHY LeluHy. MelyTum, y pagy je Kao OCHOBHa TeMa pa3MmarpaH
TEpMHUYKH KOM(Op KOpHCHHKA y HWJbY (OpMyNHCama 3ApaBUX 3rpaja ca palloOHAIHMM KopuuihemeMm
enepruje. [Ipu ToMe cy HM3BpLIeHe OpojHE TMHAMUYKE cUMylanuje y nporpamy EHepuymiyc kako Ou ce
OJIpeI0 HaJIIOBOJEHUjU eHepreTckd creHapuo. OOyxBaheHa je BHINIEKpUTEPHjYMCKa ONTHMHU3AIja
onpehuBama ONTUMATHOT 3acTak/bela OMOTada oOOjeKTa mpeMa YeTHPH KpUTepHjyma (Iucreps3uje
CBETJIOCTH, UHTCH3UTETA CBETIIOCTH, (POTOCIEKTPUYHOT CEH30PCKOT CUCTeMa 3a oJpehHBame y4ecTanocTH
SNICKTPUYHE CHEpruje, U M3JI0KCHOCTH COJIADHOM 3paverby). 3aTUM ce OIpendo HajeUKacHHjU THUII
KOHCTpYKIIMje Mpo3opa Inpema napamerpuma (YKyIMHOT KOe(QHIMjeHTa MpoJia3a TOIUIOTE, KOe(QHIUjeHTa
COJIAPHOT TOIUIOTHOT TOOMTKA U KOE(UIMjEHTa TPAaHCMHUCH]E) U TO CBE Y QYHKIMjU KIMMATCKUX YCJIOBa U
napamerapa koM¢opa npemMa eBpoICKUM CTaHJapIuMa. 3aKJby4eHO je Ja n300p e(UKacCHOT 3aCTaK/bUBamba
JeXH Yy IpOHATaxemy Kopenanuje u3Mel)y eHeprerckux 3axTeBa rIpejamba M KIUMaTH3anuje y
aJIMMHUCTPATUBHUM 3rpaziama 300r crenn(pryHO BUCOKUX YHYTpaIllbUX eHepreTckux onrepehema, Te cy
HEONMXOJHM JETaJbHH KIMMATCKU MOJAAIM Yy LUJbY CUMYJHPamka CHEPreTCKUX mneppopMaHCH paiu
onpehuBama oBe Kopenamnyje.

OnTUMU3aIjoM eHepreTcKux meppopmancu pedepeHTHe 3rpane (kyne dakynrera TEXHHYKHX HayKa) y
nopehemy ca yCBOjEHHM CLIEHApHjOM, €HEPreTCKH 3aXTEBH MO jeJINHUIM TI0/IHE TIOBPIINHE CHIDKEHHU Cy 3a
80% y ogHoCy Ha Tpomkose u3 2012. ronune, 3atuM 3a 83% y onHocy Ha 2013. roauny 1 KoHa4HO 3a 85%
y omnocy Ha 2011. roguny. Pe3ynaratu ycBojeHOT ClieHapHja 3a yKYNHY €JIeKTPUIHY €HEPTHjy V KOjy
Clazajy BEIITauykKo OCBETJhEHE, ONMpeMa W KIMMAaTH3allfja HHCY NpHKa3ajl 3HadajHa OJICTyHama Of
TpomkoBa pedepeHTHe 3rpajae, MeyTHM UCTpaKUBambE je MPHUKA3ajo pe3yiTare 3a Clyda] HHTEH3MBHHX
€HEepTeTCKUX onTepehema y3 3aJJ0BOJbEHE MUKPO-KIMMATCKE YCIOBE Ha TOAMIIHEM HUBOY.

IIpema cumynupanum mapameTpuMa kompopa 3a HajeUKaCHHjHU €HEePTeTCKH CIeHapHuo, Opoj M3Ia3HUX
1oJiaTaka Io mapamerpy usHocuo je 8760 mo mpocropuju. Pasmarpano je ykynmHo 78 840 mopmartaka u3




KOjHUX ce 3akJbyqmiio (mpema daHrepoBoM MOJENTy) Ja je Yy PaHOM IPOCTOPY OCTBAPEH BUCOK KBAJIUTET
komdopa, jep cy IIIIH wmunexcu ox ykymaux 10 950 y Bume om 95% cmydajeBa y mpBOj M APYroj
KaTeropuju KoMpopa Mpormmcannx y eBporckom crangapay EH 15251.

3akspyueHo je ga Ou HajeHKalHUje PElICHEe 3a HOBE aIMHHHUCTPATHBHE 3rpaje Ouia MpUMeHa cHCTeMa
TOIUIOTHAX MyMIIH Ca PEKyNmepaTopoM W3 pasjiora HAjHWKHX TOJMIIPMX CHEPreTCKHX 3axTeBa 3a
omepammjy cucrema, 15.56 kWh/m%a. V cioyuajy nocrojehux ajMHHHCTPaTHBHHX 3rpaja Koje ce
cHab/IeBajy M3 IEHTPATHOI CHCTEMa JAJbUHCKOT Tpejara, HEOMXOAHO je MCIHUTATH MaJoBe MPUTHCAKA H
MPOTOK TOIUIC BOJE y PaAdjaTopuMa y LHJby M30eraBama Xuapayindke HEYPaBHOTSKEHOCTH CHCTEMa 3a
rpejame.

dopmyircaH MoJeN je NPUIAroAJbHB M 3a Apyre KauMmarcke yciose. [lopen tora, Moryhe je IpUMEHHUTH
UCTYy METOHOJIOTHjYy, WIM ca MaluM MoIudukamujama, 3a aJMUHHUCTPATHBHE 3rpaje ca pasiIHduTHM
YHYTpammuM onTepehemuma.

MoryhHocT npuMeHe pe3ynTaTta HCTPaKUBAmbA!

- IlobGospmiame eHepreTckux nephopMaHCcH aIMUHUCTPATUBHUX 3Trpajia ca UCTUM WU CITMYHUM
KapaKTepHCTHKaMa Kao KOJ BUILIECIIPATHOT pe)epeHTHOT MO/IENa MPUMEHEHOT Y UCTPAKHUBAY;

- IlocTtuzame 3apaBor ¥ KOMPOPHOT PaJHOT OKPYKEHa 3a 3aI0CIICHE;

- Panumonanno u epukacHo kopuiheme eHepruje;

- dopMmynHcame CMEpHHUIA Y paHuM (pazama NpojeKToBamba HOBUX aJMUHUCTPAaTHBHUX 3rpajia;

- ®opMynucame CMEpHHMIIA 32 peXabuiIuTanyjy noctojeinx aqMUHUCTPATUBHUX 3rpaja;

- IIpojekToBame eUKACHOT OMOTa4Ya aJMUHHUCTPATHBHUX 3rpaga OBUM (PICKCHOMIHUM MOJIEIIOM;

- Ilpenmnarame epuracHOT cUCTEMa 3a rpejame, KIMMAaTH3aIH]y H BEHTIWIANN]Y Y oApeheHIM
KIIMMATCKUAM yCJIOBUMA,;

- ®opmynucaHu MoJen je diexcuOmnan ca MoryhHomhy npiuMeHe y pa3iniuTuM KIMMaTCKUM
yCIIOBHMA.

Based on the investigation and the analysis of determined results in the framework of the doctoral
dissertation an optimal model was formulated with the aim of energy performance improvement of
administrative buildings in the function of occupant comfort, wherewith the hypotheses were confirmed:

- That it is possible to find an optimal solution for energy performance improvement of
administrative buildings in the function of occupant comfort parameters and healthy work
environment for the climatic conditions on the territory of Novi Sad.

- That it is possible to develop a model for energy performance improvement of administrative
buildings with the utilization of multi-criteria optimization and comparative analysis. Furthermore
it is possible to formulate a simplified application of the model in order to achieve both energy
reduction and comfortable/healthy work environment.

This dissertation presented the complexity of designing a numerical energy model which interconnects
thermal zones with the following elements: climate conditions, construction and materials, envelope
properties, building function, occupants (intensity and activity), building operation schedules, lighting,
equipment, thermostat and mechanical system schedules. Occupant health and comfort were an important
topic of consideration in order to design healthy buildings and rationally use energy. Numerous EnergyPlus
simulations were conducted in order to determine the most efficient energy scenario. Optimal exterior
glazing was investigated by multi-criteria optimization for window to wall ratio reduction, window
geometry determination in the function of visual comfort and energetic aspects considering four criteria
(illumination dispersion analysis, minimal daylight factor, photoelectric lighting simulation in order to save
electricity and solar exposure analysis — radiation gains). It was concluded that the SHGC coefficient has
the most significant influence on the energy demands due to high internal gains specific for office
buildings. In conclusion the selection of performable glazing lies in finding a correlation between the
heating and cooling demand of office building due to specifically high internal gains. Detailed climatic data
is significant in order to perform precise dynamic simulations and determine this correlation.




Results from the energy optimization compared to the reference office tower building of Faculty of
Technical Sciences presented 85% less heating energy demand according to the Best Case Scenario
compared to 2011 expenses, 83% compared to 2013 and 80% compared to 2012. Considering the state of
indoor environment the reference office-tower had unsatisfactory results according to the comfort
parameters from the monitoring. The Best Case Scenario had satisfied indoor environmental standards
since the comfort parameters were set up according to the thermal satisfaction of occupants.

The EnergyPlus comfort parameter simulation output was setup for an annual period with hourly time steps
which resulted in 8760 values per single parameter. PMV and PPD values were calculated according to
Fanger’s comfort equations. The total number of determined PMV and PPD-indexes was 78 840 from
which it was concluded that high comfort quality can be established in the building. 95% of total 10 950
PPD indexes were in the first two comfort categories according to the European standard EN 15251.

The analysis indicates that the most preferable solution for new office buildings would be the application of
the heat pump powered HVAC system with heat recovery unit with an annual operating energy demand of
15.56 kWh/m?/a. Althought the climate parameters and internal loads are variable, the same method can be
applied for further investigation. Considering existing office buildings with district central heating and
radiators it is obligatory to test the pressures and hot water flow in the radiators on each floor in order to
avoid hydronic imbalance of the system and to enable even heat dissipation on all levels.

The developed methodology can be applied for various climatic conditions and internal heat gins in order
to formulate efficient solutions.

Results present various possibilities of application, as the following:

- Improving the energy performance of administrative buildings with the same or similar
characteristics;

- Achieving a healthy and comfortable work environment for occupants;

- Rational and efficient use of energy in the building sector by predictable occupancy intensity
analysis;

- Providing guidance in the early stages of designing new administrative building;

- Providing guidance in rehabilitation of existing administrative building;

- Flexibility of the model from the aspect of office building envelope design;

- Suggesting installations of efficient HVAC systems, preferable for specific climate conditions;

- The optimization model is flexible and can be applied for different climate conditions.




VIII OLHEHA HAYHWHA ITPUKA3A U TYMAUYEA PE3YJITATA HCTPA’KUBAIBA
ExcnnunuTHO HaBECTH MO3UTUBHY WJIM HETATUBHY OLIEHY HAuMHA [IPHKa3a U TyMadewa pe3yiraTa
HCTPAKUBamaA.

EVALUATION OF PRESENTATION AND ANALYSIS PROCEDURE OF
INVESTIGATION RESULTS

Explicitly state positive or negative evaluation of presentation and analysis procedure of investigatin
results

Jucepranuja je 1o0po CTPYKTypHpaHa, a JOOUjeHN Pe3yNTaTH UCTPAKUBaba Cy MPErieHO PUKa3aHu 1
jacHo, CHCTEMaTCKHU M3JIOKEHU. Y3 CBE NpUKa3aHe pe3yiTaTe M yBelleHe HOBUHE Cy JaTa M oaroBapajyha
o0paznoxema U KpUTHYKa TyMauewa. Kopumihena nurepaTypa ykasyje Ja cy pasMOTPEHH aKTyeIHH
CTaBOBM Be3aHW 3a Tpal)eBHHCKY EHEPreTHKY, CHEPreTCKy e(QHKacHOCT U TeopHjy Komdopa y
BHCOKOTpaamki/3rpagapcTBy. KaHaumaT je jacHO mpHKas3ao IMOCTaBKe MCTPaKUBamka, jacHO je AeruHucao
METOIOJIOTHjY MCTpaXKMBamba IPH YeMy Cy Pe3ylTaTH y CKJIagy ca HNOCTaBKaMa W METONOJIOTHjOM U He
OICTymajy Of IUbeBa AePUHUCAHWX y OKBHpY HOWcepramuje. Pe3ymath wucTpaxuBama Cy jacHO,
00jeKTUBHO W KPUTHYKU TpOoTyMadeHH. KaHaumaT je Ha OCHOBY HCTpaKMBama M NOOHjeHHX pe3ynraTa
(dopMynmcao onTHMAao pellehe 3a yHaNpeleme eHepreTckux nepGopmMaHcy afIMUHHCTPATHBHUX 3rpaja
y ¢yHKUMjH KOpucHHYKOr KoMmdopa. Komwucuja, carimacHo Tome, KOHCTaTyje Aa Cy HpUKa3aHUM
pesyaTaTuMa jacHo HOTBpheHe MoCTaBJbeHE XUIIOTE3E OBE AUCEpTaLHje.

The dissertation is well structured and the obtained results are clearly presented and systematically
displayed. For all presented results and introduced innovations proper elaborations and critical analyses
are given. The consulted and applied literature point out that current and innovative topics were consulted
considering the field of building energetic, energy performance and comfort theory in buildings
construction. The candidate has clearly presented the structure of the investigation, and clearly defined
the methodology of the research, whereas the results are in correspondence with the structure, scientific
methods and defined goals of the dissertation. The results are clearly, objectively and critically analyzed.
The candidate formulated and optimal solution for energy performance improvement of administrative
buildings, based on his investigation results, in the function of occupant comfort parameters. The
commission had come to an agreement that the hypotheses are confirmed with the presented results of
this dissertation.

IX KOHAYHA OIEHA JOKTOPCKE JUCEPTAIIUJE:
EKCHJ‘II/IIII/ITHO HaBECTHU Ja JIU /:[HcepTaqua jCCTC HIn HI/Ije HanMcaHa Yy CKJIagdy C€a HaBCACHUM
06pa3n0>1<eﬂ,eM, Kao W Ja JM OHa CaJpiKu WKW HE CaJApPKU CBC OUTHE €eJIEMEHTE. I[aTI/I jaCHC,
NPEHM3HE U KOHIIU3HE OJATOBOPE HA 3. n 4. nutame:
FINAL MARK OF THE DOCTORAL DISSERTATION:
Explicitly state if the dissertation is or is not written in accordance with the stated elaboration, also if
it comprehends or not comprehends all important elements. Give clear, precise and concise answers
for the 3" and 4™ question:

1. Jla nu je mucepTaiiyja HallMCaHa y CKJIaay ca 00pa3ioKemheM HABSACHUM Y MPHjaBH TeMe?
Is the dissertation written in correspondence with the stated elaboration in the reported topic?

Jucepranuja je HanMcaHa y ckjaajgy ca 00pa3iioxxemeM y IPUjaBU TeMe.
The dissertation is written in correspondence with the stated elaboration in the reported topic.

2. a nu amcepranyja caip>Ku CBe OMTHE eleMeHTe?
Does the dissertation contain all important elements?

Jducepranuja cagpxku cBe OHMTHe ejleMEHTe: jaCHO Cy NOCTAB/bEHHM NpeaIMeT M HUJbeBH
HCTPAKUBaKA, jacHO cy (popmyJucaHe xunorese a y odpaau paaa kopumheHa je agekBaTHa
HCTPAKNBAYKA METO10JI0THja.

The dissertation contains all important elements: the investigation subject and goals are
clearly stated, hypotheses are clearly formulated and throughout the investigation process
adequate research methodology was applied.




3. ITo yemy je mucepTalija OpUrHHAIAH JOTPUHOC HAYIIH?
By what is the dissertation an original contribution to science?

JlokTOpCcKa aucepTalija IpencTaB/ba OPUTHHAIHA HAyYHH Pajg M AONPHHOC U3 00IACTH apXUTEKTOHCKE U
rpal)eBUHCKe €HEpreTuke W €HepreTcke epUKacCHOCTH M MO0O0JbIIAKka KOPUCHUYKOT KOM(opa y pasHOM
IIPOCTOpY.

Kannunat je nonpuneo yHanpehemy HayqHOT IPUCTYIIa Y 00JacTH eHepreTcke e(hPUKaCHOCTH U €HEPreTCKe
ONTHMHU3AIM]jE y 3rpajapcTBy. BpenHOBaH je M 0Ka3aH yTHIIaj MHOTHX Iapamerapa Koju OUTHO yTHYy Ha
eHepreTcKy neppopmaHncy kopumhemeM HajcaBpeMEHHje TEXHOJIOTHje TMHAMUYKE eHePreTCKe CUMYJIaluje
U BHIICKPUTEPHjYMCKE ONTHUMHU3aLHMje y LY IOCTU3ama aleKBaTHUX pesynTtata. Kanmmmatr je y
JMCepTalljH OCTBAPHO OPHIHMHANAH INPUCTYI pellaBamkby HCTPAXKMBAYKOT IMpoOJieMa, BeoMa JeTaJbHO
OmUca0 HA4YMH paja W INPUMEHE aIeKBaTHE HAYYHO-HCTPAKUBAYKE METOJOJIOTHje Ca KPUTHYKUM
mpuctyrmoM  ¢GOpMyJHECao  ONTHMallaH MoOJeNT 3a  yHampeheme  eHepreTckux  mepdopMaHcH
aJIMUHUCTPATUBHUX 3rpajia mpuapkaBajyhu ce mapamerapa KOpUCHIIKOT KoMpopa.

[ToceOHa OpUTHHANHOCT JUcCepTalydje JISKH Y MPUMEHJbUBOCTH (OpPMYJIHCAHOT Mojeia 3a yHanpeheme
€HepreTckux mnepopMaHCH aJMHHUCTPAaTHBHUX 3rpaga. dopmynucan wMozaen Takohe mocenyje
(IIeKCHOMITHOCT U MPUIIAroIJbUBOCT 32 Jajba Moryha yHanpeljewa u puMeHy y pa3iIMduTUM KIUMaTCKUM
yCIIOBHMa.

This doctoral dissertation presents an original scientific work and contribution in the field of architectural
and building energetics and energy efficiency.

The candidate has contributed to the innovation of the scientific approach in the field of energy efficiency
and energy optimization in buildings. The influence of numerous parameters was proven, which contribute
to the energy performance of buildings, utilizing the most contemporary technology of dynamic energy
simulations and multi-criteria optimization. The candidate has presented an original detailed scientific
approach in the dissertation in order to find solutions for the defined research problem on a highly detailed
and critical level, utilizing adequate investigation methodology in order to formulate an optimal model for
energy performance improvement of administrative buildings in the function of comfort parameters.

Special originality of the dissertation lies in the applicability of the formulated model for energy
performance improvement of administrative buildings. The formulated model also possesses flexibility and
adaptability for further improvement and application in different climatic conditions.

4, Henocranu nucepranuje U lBUXOB YTHUIIA] HA PE3yNTAaT UCTPAKUBAHA
Imperfections of the dissertation and their influence on the investigation results

Komucuja koHcTaryje 1a cy MCIIyH>€HHM IOCTAB/bEHN HMJbEBH M 1 JUCEPTALMja He CAAPKA
HeJ0CTaKe KOjHu 0M YTHIAJIH Ha pe3yJITaTe HCTPAKHBamba.

The commission agrees that the dissertation fulfills the defined goals and that the dissertation does
not contain imperfections which could influence the investigation results.




X  OPEJJIOT:
X  PROPOSAL:

Ha ocHOBY yKkymnHe olieHe JucepTalyje, KOMUCH]ja Ipeulaxe:
Based on the overall assessment of the dissertation, the commission proposes:

apXuTeKType 0100pH K-eHa o10paHa.

Ja ce TOKTOpcKa qucepraumja noa HacaosoMm ,,OIITUMU3SAIUIJA EHEPTETCKHUX
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KOPUCHHUYKOI' KOM®OPA“ npuxBaTtu, a kauauaaty Hopoepry Xapmarujy, mactepy

that the doctoral dissertation entitled "ENERGY PERFORMANCE OPTIMIZATION OF
ADMINISTRATIVE BUILDINGS IN THE FUNCTION OF OCCUPANT COMFORT "
accepts and for the candidate Norbert Harmati, M.Sc.Arch., approves the defense.
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