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NEPINAHWH

2TOX0G TN Mapouoag SLEAKTOPLKAG SLATPLBAG elval N LEAETN TNG EVEPYELAKNG AMOS00NG
Ktnplwv SladopeTkWY XPNoEWV HECW TNG XPNONG AOYLOUIKWY KAl TELPAUATIKWY
6ebopévwy. T TIC HOVTEAOTMOLAOEL] TNG EVEPYELOKAG Kol BEPUIKAC OUUTIEPLDOPAS
Slapopetikwy  Ktnpiwv xpnowwomowOnkav ta akoAouBa Aoylopika: TEE-KENAK,
EnergyPlus, OpenStudio kot DesignBuilder. Xtnv mapaueTplk) avaluon Tmou
npaypatonolBnke oe kabe Siadopetikny mepimtwon, AnpOnkav v’ 6YPn oL teEXVO-
OLKOVOULKEG HETABANTEG yLa TTOAAQTAG OEVApPLA EEOLKOVOLNONG EVEPYELAG KL OTO TEAOG
e€nxdnoav ta amoteAéopata pe ) BEATIOTN AUON yla KABe epimtwon.

ITn mpwtn evotnta, BAcsL tng cuyxpovng BLBAloypadiag avaAlovtal oL oplopol Kat Ta
KpLtipla mou adopolv TO XAPAKTNPLOUO €VOG KTnpiou wg NZEB. Emetta, opiletal n
€vola TOU PLOKALUATIKOU OXeSlOOUOU, TIOU KOTA ETUKEVIPWVETAL OTn Oepuiki
npootaocia Tou KeAUPouC aAAd Kal OTNV EKUETAAAEUON TWV KALLOTIKWY CUVONKWV Tou
e€wteplkol mepBarloviog tou ktnpiou. H oxediaon evog ktnplou pe €udaocn otov
BLOKALLATIKO OXeSLACUOC YIVETOL UE OKOTIO TNV EMITEVEN EEOLKOVOUNONG EVEPYELAG KOTA
TIC TEPLOSOUG BEppavaong aAAa kat Puéng.

Itn 8eltepn evotnta, yivetal avadopd ota cuothpota BEpUavong Kal KALLATIOHOU,
OoTlG Texvoloyie¢ PwWTOPOATAIKWY OCUOTNUATWY KOl TIAPOUCLAIOVIOL EKTEVWG TA
ETUEPOUG £(6N Kal TO TPOMOG Asttoupyiag auvtwyv. AvaAvovtal Lolaitepa ol PUKTIKES
EYKATAOTAOELS KABWE Ol KATAVAAWOELS TOUC OTOTEAOUV £va TTOAU ONUAVTIKO KOMUATL
TWV OUVOAIKWV EVEPYELAKWY KOTOVOAWOEWYV Twv Ktnplwv. EWdikotepa yivetal n
neplypadn NG ouvnBoug PUKTIKAG €EYKATAOTAONG KL TWV OTOlKElwv Tou TNV
amnaptilouv.

Itn tpltn evotnta, mepllapPavetrat n pebodoloyia n omoia akoloubnBnke oTIg
KTNPLOKEG AVAAUOELG KOl CUUTIEPIAAUBAVETAL TO HaBNUATIKO BewpnTikd utoBabpo Twv
OX€0EwV TOU xpnolpomolnOnkav. Mo ocuykekplpéva, eEnyolvral ol €ELOWOELS TIOU
adopolv TNV Bepuik) CUUMEPLPOPA TOU KINPilou, oL €ELOWOEL TWV CUOTNUATWV
Bépuavong/Puéncg kabwg kat ot e€LloWoelg TToU aPOopPOUV TNV OLKOVOULKH aVAAUGH TOU
eykataotnuévou efomAlopol. EmutAéov, o€ aut tnv evotnta mneplypadovtal ta
AOYLOMIKA T omola xpnotpomotntnkav ya tTnv availuon tne Oeputkng oupnepldpopag
TWV KTNplwv oA Kal Ta eKelva yla TNV eMAuon Twv PUKTIKWV EYKATAOTACEWV. TEAOG,
napouctaletal n meplypadr Twv BNUATWVY KoL 0 TPOTMOC HOVTEAOTOINONG TWV KTNPilwv
HEow Tou Aoylopkou OpenStudio.

TN TéTaptn evotnTa Tapouctalovial To PEAETNOEVTA KTpLO KOL TA XOPOAKTNPLOTIKA
TOUG. AVOAUTIKOTEPQ, TA HEAETNOEVTA KTNPLOL ATMOTEAOUVTOL QIO KTAPLA KOTOLKLWYVY Kall
OOUTIEPUAPKET €VW HEAETATAL KOl €va KtAplo ypadeiwv Tou omoiou ta Sedopéva
Katavalwong AndOnkav and petpntikég dtataéelc. Ooov adopd T COUTIEPUAPKET T



Beppoduvapika OSedopéva TG YUKTIKAC eykataotaong oAAd kot ta Sedopéva
EVEPYELAKNG Katavalwong AndOnkav Kal autd HECW UETPNTIKWYV Slataewyv Kal
ouyKekpLéva amd petpnteg tng ClimaCheck. EmumAéov, pe tn Xprion TOU AOYLOULKOU
DesignBuilder mpaypatonow}Bnke povieAomoinon KAtolkiag, otnv omoia cuykpivovrtal
TMOAQTMAEG emeuBaoel oto kEAUDOC Kal OTo ocuotnua Bépupavong. TEAog, yivetal
TIOUPAUETPLIKN) AVAAUCN ULECW TNG HEBOSOU TMEMEPACUEVWY OTOLXELWV yla TN PBEATIOTN
TOMOBETNON TWV TEPUATIKWY HovAdwyv B€puavong.

TNV MEUMTN evotnTa, AapBavovtag we Se50UEVO OTL OTLC KTNPLAKEG EYKATOOTAOELG TWV
OOUTIEPUAPKET Ol MEYOAUTEPEG EVEPYELOKEG KATAVOAWOELS Tapoucialovial ota
cuotnuata PuEng twv mpoidoviwy, mPayUaTonolinke mpooopoiwaon TnG KABE YUKTIKAG
EYKATAOTOONG TWV MEAETNOEVIWV OCOUTEPUAPKET KAl EYLVE ouUyKpLON TWV
QMOTEAECUATWY TNC TPOCOUOLWAONG HE TA TIPAYUOTLKA OTOTEAECHATA. XTN CUVEXELQ, UE
NV edappoyrn HEBOSWV e€0LKOVOUNONG EVEPYELOG LETPNONKAV EK VEOU OL EVEPYELOKEG
KatavoAwoelg kal Bpédnke n BEATiotn Avon €€ autwv Kal mpotddnkav dladopeTika
ovotnuata Yuéng pe T Xxpnon CO2 ylo TNV OVIKATAOTAON TWV UPLOTAUEVWV
€yKATAOTAOEWV. Emiong, otn méumtn evotnta mapouctalovial OAa Ta OMOTEAECUATO
TWV TPOCOUOLWOEWY TIoU adopolV Ta KTHPLA TWV KATOLKLWY, TWV COUTIEPUAPKET OAAA
Kal Tou ktnpiou ypadeiwv. TEAOG, HEOW TIVAKWY KAl SLaypopupATwY CUyKpivovTal T
anoteAéopata Twv MOAATAWY SLOUPOPETIKWY Cevaplwy €E0LKOVOUNONG EVEPYELAG TNG
KABe peAETnc Kot mapouaotdlovrol Ta BEATIOTO QUTWV.

TéNog, otnv €Ktn evotnta, mapouctalovtal Kot oXOALA{ovVTolL CUYKEVTPWTLKA OAa Ta
OTOTEAECUATA TWV TOPATIAVW avaAUoswv. Emiong, emonpaivovtol ol PBaoikOTeEPEC
16€ec yLa peAovtikn €peuva oto nedio.



SUMMARY

The objective of this doctoral dissertation is to study the energy efficiency of buildings of
different uses through the use of software and experimental data. The following
software was used for the modeling of the different buildings: TEE-KENAK, EnergyPlus,
OpenStudio and DesignBuilder. In the parametric analysis performed in each different
study, the techno-economic variables were taken into account for multiple energy-
saving scenarios and in the end, the results were extracted with the optimal solution for
each case.

In the first section, based on the modern literature, the definitions and criteria regarding
the designation of a building as NZEB are analyzed. Next, the concept of bioclimatic
design is defined, which focuses on the thermal insulation of the shell but also on the
exploitation of the climatic conditions of the external environment of the building. The
design of a building with the emphasis on bioclimatic design is done in order to achieve
energy savings during periods of both heating and cooling.

In the second section, a detailed literature analysis is conducted for heating and air
conditioning systems, photovoltaic system technologies and their individual types and
operation are presented in detail. Refrigeration installations are analyzed in particular as
their consumption plays a really important role in the total energy consumption of
buildings. In particular, the usual refrigeration system and its components are described
in detail.

In the third section, the methodology followed in the building analysis is included as well
as the mathematical theoretical background of the relationships used. More specifically,
the equations concerning the thermal behavior of the building, the equations of the
heating/cooling systems as well as the equations concerning the economic analysis of
the installed equipment are mentioned. In addition, this section describes the software
used to analyze the thermal behavior of buildings and those used to solve the operations
of the refrigeration installations. Finally, the description of the steps and how to model
buildings through the OpenStudio software is presented.

The fourth section presents the studied buildings and their characteristics. More
specifically, the studied buildings consist of residential buildings and supermarkets, as
well as an office building is also studied in which consumption data were taken from
metering devices. As far as supermarkets are concerned, the thermodynamic data of the
refrigeration installation and the energy consumption data were also obtained through
measuring devices, specifically from ClimaCheck meters. In addition, using the
DesignBuilder software, a house modeling was performed, in which multiple operations
on the shell and the heating system were compared. Finally, parametric analysis is



performed through the finite element method for the optimal placement of the heating
terminals.

In the fifth section, assuming that in the building facilities of supermarkets the highest
energy consumption is presented in the cooling systems of products, a simulation of
each refrigeration plant of the studied supermarkets was performed and the results of
the simulation were compared with the actual results. Then, with the application of
energy-saving methods, energy consumption was measured again and the best solution
was found. Furthermore, different cooling systems using CO; were proposed to replace
the existing installations. Also, in the fifth section, all the results of the simulations
concerning the residential buildings, the supermarkets and the office building are
presented. Finally, tables and diagrams comparing the results of the many different
energy-saving scenarios of each study are presented and the optimum solution is
highlighted.

Finally, in the sixth section, all the results of the above investigations are presented and
commented on collectively. Also, some critical ideas for future research are highlighted.



