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XYNOYH

g avth) Vv Pifloypaeikny Almhopatiky epyacia, éywve tpoomddeia va avaderyBovv ta Zero Energy Buildings - ZEB
®C £VOG ONUAVTIKOG TOPAYOVTOS Y10 TNV TPOCTOCIR TOV TEPPAALOVTOC KOl KATG GUVERELD TNV TTapdTooT TG (NG TOL
mavi I'n. @vowd, yo v enitevén avtod tov 6tdY0v, TPémel va. alomotnfovy ot TeXVOLoYieg Katl Ol apyES TNG
BlokMpoTikig apyltektovikig, Tov Avavedoav Inydv Evépyelog kat €1dtkotepa 1oV YAkdv. To cdyypova vAIKG
kot 1 0§lomoinon 1oV PLGIKOL TEPPAAALOVTOC GUVTEAODY GTNV DYNMAN EVEPYELOKT KOTNYOPiO TG KOTOOKELNG 1| OToio
GLVOJSEVETAL [LE CNUOVTIKT HEIDON TNG EVEPYELOKNG KATAVAAWDGTG Y10l TNV VTOGTHPIEN TG AEITOVPYING TMV KTNPI®V Kot
TOV CLVONK®OV AveoNG TV avOpdT®mV Tov Bpickovial evidc 1 6Tov TEPPAALOVTA YDPO AVT®V. B TapATNPNOEL KAVEIG
OTL OVAAOYQ LLE TIG YEOYPUPIKES CUVIETAYUEVES TNG TEPLOYNG, Ol Mnyavikol ivar vToype®EVOL Vo TPOCAPULOGOVY TV
KOTOOKEDT] KOl VO KOTOPEPOLY VO, TEIGOVV TOVG WOIOKTATEG TOVG Yo TO VEO 0LTO GYESIACHO TV KInpiov. Oo éleye
Kaveig 0Tt avtd Bo TV GYeTIKA g0KoAO v phovoape Yoo Kpdtn to omola dev éyovv petavaoteg, ot omoiot mhvta Ba
€YOUV GTO HVOAO TOVG TNV KOVATOOpO, TNV ap)ltektovikn KAT Tov Kpatdv Tovg kot moAAEg popég eivar oyeTiKa
O00KOAO VO TPOGAPHOGTOVV oTa VEX dedopéva. Eutuymg Opme, 1 Tapoatnpnon Kol 6€ TOAAEG TEPUTTMOELS Ol OKPOIES
KMUOTOAOYIKES oVVONKESG, avayKalovv OAOVE TOVG OVOPOTOVS Vo avayVOPicovY TNV avayKn Yo To KaOe Ti. Xe Kdabe
nepintowon, 660 ypnyopodtepa Katardfovpe 6T 1 didpketo e (ong pog givor eEonpetikd PikpoOTeEPN Od TN SLOPKELL
Long g I'mg kot 611 opeidovpe vo Topaddoovpe oTig endueveg yeveés tov ITAavitn o kaAvTePN KoTdotacn an’ otL
Tov BprKale, TOGO TO KAADTEPO Yo OAOVG UG, Enpeio KAWL o€ avtd glval 1 katavonon tng dtapopdg petas&d Tov Tt
Bélovpe Kot Tov T1 ypetalopaote ot {on pog.



IHEPIAHYH

1o, TAOIG1O TNG OVAYKNG Y0 T HEI®OT) TNG EVEPYELOKNG KATAVAAMGNG GTO LEPIBIO TOV OPOPE TOV KTNPLOkd TOUED,

TPOEKLYE 1 1060 TNG dMUovpyiag KTnpiov VYNNG evepyelokng KAGONG He UNdEVIKY KOTAVOAMON EVEPYEWNG Omd
ooppatikd kavoa, dniadr ta ZEB 1 ta nZEB.
H evepyesaxn moltikn| g EALGSoc, mg Mérog g Evponaikhg Eveoong - EE mov axolovbel tig Evponaikég Odnyiec,
eotidletar o Vo TapPAAANAOVG <dpoHovc>. O TPAOTOG TAPAAANAOG, apopd v e&gbpeon, v eEacpaion Kat
Swyxeipion Tov gvepyslakdv Tovg moOpwv, €101 OOTE Vo SlcPaleTar 1 a&OTIGTN KOl OIKOVOUKE GUUOEPOLGO, OO
Kk60e TAevpd, KAALVy™ TV gvepyelak®dv Tovg avaykmv, aveEaptNTog Tov mBavaV evepyelok®dv kpicemv. O de0TePOg
TAPOIAMAOG, Kol ONUAVTIKOTEPOG, TV Tpootacic Tov mepPdirovtoc. H EE emnevdvel onpaviikd nocd ndve oty
egocovounon g evépyetlag Kot tng opdng xprong g, ddtL 0 6TdY0g Yo TNV TPOcTacio ToL TEPPAAAOVTOG anoTeELEL
610)0 LN Yo oAdKANpo tov [TAaviitn!

INo v vroompign g Wéag Kot ¢ viAomoinong t@v ZEB amatteitar cuveyn €pgvva, pécm g omoiag Oo mapayOdel
TO KOLVOTOMO, OYETIKO WE TO TAPOUKAT® TEYVOAOYKG onueio: Tnv mapaymyn kot v Swyeiplon g NAEKTPIKNG
evépyelag pe éupacn otig AITE kot ta évmva diktva (smart grid). Tnv e€okovounon evépyelog PEC® EvePYELOKE,
avafadopévov texvoloyidv kat g opBoAoykng xpnons . Tig emntdoelg omd TV KALOTIKE 0AAOYT Kot TV UE
péTpo €£OpLEN TV 0pLKTOV TOP®V, TApIAANAa [e T dnpodcia vyeio. Ta Owovopucd g Evépyesag. Tnv a&lomoinon
™G épevvag otV texvoroyia TV VAIKGV. Tn yopota&io Kot TV 00TIKN avArTLEn e EULPOCT) TNV OTOKEVIPWOOT] TOV

mnBucpov.

O kmpuokdg topéag yopiletal og dVO PEYAAES KOTNYOPIES, TOV OIKIOKO KOl TOV EMAYYEALOTIKO. ATO GTUTIOTIKA
otoyeia yvopilovpe 0Tt Ta KTpLe amoppo@ovv mepimov 10 40% g mapayopévng evépyelac, 22% ot katotkieg ko 18%
To emoyyeApoTIkd KTipla. O Knplakog Topéas eivor o peyahhTepog TOUENG KATAVAA®ONG EVEPYELNS, 1 LEYOADTEPT autial
ekmountdv CO,, evd akoAovBovv o topéag Tov petapopdv pe 27% Kot n PBounyavia pe 33%. H evkoipio yio tnv
npootacio. tov [Miovitn épyetar amd 10 Yeyovdg OTL TOPA TOV OVCUEVOV EKTOUMMOV POTOV Kol NG UEYOANG
KOTOVOAMONG €VEPYELNG, O KINPOKOG TOUENS (KOTOWKIEG KOl EMOYYEALOTIKA KINPLYL) TPOCOEPEL SVLVOTOTNTEG

TEPLOPIGLOD AVTDV, AELOTOLDVTAG VEN VAIKA KOl VEEG TEXVOLOYIEC.

Onwg €xet avapepbei, yio v viomoinon nZEB, ZEB 7 yevikotepa tov mabntikdv kmpimv, givol orxapaitmtm
EPUPHOYN NG PLOKMPOTIKAG OPYLTEKTOVIKNG YO, TNV EAOYIOTOTOINGT] TOV EVEPYEINKMY TOVG OVOYK®V KOl TNV
TPOCOPUOYT TOVG OTIG TEPPAAAOVTIKEG amautioeElS. Me v évvoln Tov PlokKAMUOTIKOD oyedlacoy opiletar o
APYITEKTOVIKOG 0)eOOOHOC TOV AapPavel petald ALY DITOYN TOL TNV TOTOYPAPic Kol TOV TPOGUVATOAMGHO TOV
01KOTEDOV, TO WIKPOKAILLO TG TEPLOYNG, KATE TETOLO TPOTO, TTOV APEVOS VO TEPLOPILEL TIG ENMMTMOGCELS OO TNV EMIOPOOT|
TOVG GTO KEAV(POG TOV KTNPIOL Kol APETEPOL Vo, T0, a&lomoLEl otV enitevén TV cLVONK®V TG Beppkng dveong Kot TG
VYEWVNG dPimong Tov avlpOT®V 610 E6MTEPIKO TOV Kol 6TOV TEPPEALOVTO YdPO TOv. APoV emitevydel N péylot
duvatn eEokovouncom eVEPYELAS, e TOV PLOKALOTIKO GYESAGO TOL KTNPiov HECH TOV TAONTIKOV TEXVOLOYIDV ALY
KoL TNG YPNONG CLOKELMOV VYNANG EVEPYELOKNG KAAONG, Ol VITOAOITEG EVEPYELOKES amattioglg KoAvmtovtol and AIIE.
Tote pévo amoKTO OVLGCTIKO VONUO 1 €yKoTdoTacn cvomudtev aéomoinong tov AIIE kot to Kthiplo €xet
TPOYLOTIKA PNOEVIKO 1) GYEGOV UNOEVIKO OUKOAOYIKO OTOTOTMLO.

A&oonpeioto, emiong, ivol To yeyovog OTL 0. OTOTUYNLUEVT] OPYLTEKTOVIKT] KOTAOKELT Oyt Lovo dgv guvoel v
YUYIKN 100ppoTio. TOV oTOHOL OAAE TpokaAel mOAAEG aoBéveleg kar dvuohertovpyieg otov opyaviopd. H xodn
aPYLITEKTOVIKN €lvan amapoitnto Kot BlokAMpotiKn.



H évvola evog ktnpiov pndevikig xatavAaAmong evépyeldg N UNOEVIKGOV EKTOUTMV PUOTOV OV &ivol Kawvodplo.
Xpnowonoteitar 1M amd 1o 1970, motdco dpms, petd to 2000 to maykdouo evdtapépov otpapnke ota ZEB o¢ pa
aKouN Ao Yo TNV omoeLYN TG Kataotpo®ng tov ITAavitn I'm, kabdg amotelel Evav epiktd mapdyovta yio T
peimon tov ekmoundv tov CO, katd ) duipkelo g {oNg TOV AOY® TG LEIDONG TMV EVEPYEINKDY OTALTIOEMY TOVG,
Kot Yo TV vmoompign autig TG 10€ag avamtiydnkay ToAAG 0vikd Kot d1ebvn TPOYPAUAT Yio TN HEAETN KOL TNV
viomoinon tovg . Ta ZEB mbavdg vo anoteAéoouy TV LEAAOVTIKT KATEVOVLVTIAPLO YPOLLLT Y10 TO KTHPLOL.

Awrtééelg evepyntikng & modntikng teyvoroyiag v v vrmootpiEn twv ZEB, nZEB. Xto state of the art tov
TEYVOAOYLDV, TOV YPNCLLOTOIOVVTAL Y10 TV TOPAY®YT, TNV CLAAOYT Kot TNV amobiKevon TG evépyelag, eivat To energy
harvesting. e avti Vv TEXVOrOYiD, GUUPBAAOLY 1 HIKPONAEKTPOVIKY Kol 1 vovoteyvoloyia pe ta Micro Electro
Mechanical Systems (MEMS) kot ta Nano Electro Mechanical Systems (NEMS). O dwakong m68og g vAomoinong tov
6TOY0VL Y 0 <kaBapd Pndév>, 6Gov aPopd To0 16oLVYo TG EVEPYELNS, O OTOl0G Elval GPPNKTA GLVIESEUEVOS e TOL
ZEB kot omoutei wavra v a&lonoinon tov state of the art tng teyvoAoyiag.

[Mleovexmpata petovektpato Kot tpofAinuatiopoi oyetikd pe to ZEB, nZEB: To onuavtikdétepo dhmv, 6t Ba
d00el mapdraon ot dudpketo {ong tov IThavrtn I'n. [T0og KoTowkidY mov €xovv Kotaokevootel puéypt onuepa. Ta
KTP. LYNANG amddoone kot yopunAing / UnNdeviknig KaTovAAMGNG EVEPYELNG OOITOVV OAOKANPOUEVY dladikacio
oYed0O OV KOt Tapddoong kTipimv. O 0OAOKANPOUEVOG GYESIOGUOG KTNPI®V OmaLTel (o VEQ TPOCEYYIOT LE EMIKEVTPO
™V emKovovio Kot v tekpnpioon. Ta mponypéva olokAnpapéva epyaieio oyedioong ktipiov sivar dwbéoia Kot
etvan ovyypova. O oAOKANPOIEVOS GYEICHOG KTNPIOV £xEL TN SuVATOTNTA Yo BEATIOTOTOMUEVO KTPLo. OGOV 0popd

TNV KOTOVOIAW®GT) EVEPYELOG, TV GVEDT), TI AEITOVPYIKOTNTA Kot TO KOGTOC.

Ogpatucn weproyn: Evépyeia ko Apyrtektovikn

AéEerg kherda: Krnpla pundevikng katavaimong evépyetag, Ykd, Blokiyotik Apyltektovikn
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ABSTRACT

In this bibliographic thesis, an attempt was made to highlight the Zero Energy Building — ZEB as an important factor for
the protection of the environment and thus the prolongation of the life of the planet Earth. Of course, in order to achieve
this objective, the technologies and principles of bioclimatic architecture, renewable energy sources and, in particular,
materials must be exploited. The modern materials and the utilization of the natural environment contribute to the high
energy category of the construction which is accompanied by a significant reduction of energy consumption to support
the operation of buildings and the comfort conditions of Within or in the surrounding area. One will notice that
depending on the geographical coordinates of the area, engineers are obliged to adapt the construction and manage to
convince their owners of this new design of buildings. You would think that this would be relatively easy if we were
talking about states that do not have immigrants, who will always have in mind the culture, architecture etc. of their
states and often it is relatively difficult to adapt to the new data. Fortunately, however, the observation and in many
cases the extreme climatic conditions, cause all people to acknowledge the need for everything. In any case, the sooner
we realize that our lifetime is far less than the life of the earth and that we must deliver to the next generations the planet
in a better condition than we found it, the better for all Us. Key point in this is understanding the difference between
what we want and what we need in our lives.



SUMMARY

In the context of the need to reduce energy consumption in the share of the building sector, the idea of building high
energy class buildings with zero energy consumption of conventional fuels, i.e. ZEB or nZEB, emerged. The energy
policy of Greece, as a member of the European Union EU following the European directives, it focuses on two parallel:
The first parallel concerns the finding, securing and management of energy resources, in order to ensure the reliable and
economically advantageous coverage of their energy needs, irrespective of the possible energy crises. The second
parallel, and most important, the protection of the environment. The EU invests significant amounts of On energy
savings and fair use, because the objective of protecting the environment is a life goal for the whole planet!

In support of the idea and the implementation of ZEB, continuous research is required, through which the innovative,
on the following technological points will be produced: The production and management of electricity with emphasis on
RES and smart grids (smart grid). Energy savings through energy-enhanced technologies and the rational use of: The
impacts of climate change and the measure mining of fossil resources alongside public health. Energy Economics. The
exploitation of research in materials technology. Spatial planning and urban development with an emphasis on
decentralising the population.

The building sector is divided into two major categories, the home and the professional. From statistics we know that
buildings absorb about 40% of electrical energy, 22% dwellings and 18% professional buildings.The building sector is
the largest energy consumption sector, the biggest cause of CO2 emissions, followed by the transport sector with 27%
and industry with 33%. The opportunity to protect the planet comes from the fact that despite adverse emissions and
high energy consumption, the building sector (residential and commercial buildings) offers possibilities to limit these,
utilizing new materials and new technologies.

As has been mentioned, for the implementation of nZEB, ZEB or more generally of passive buildings, it is necessary
to apply the bioclimatic architecture to minimize their energy needs and adapt them to environmental requirements.

The concept of bioclimatic design is defined as architectural design which takes into account, in particular, the
topography and orientation of the plot, the microclimate of the region, in such a way that it restricts the effects of Their
impact on the shell of the building and on the other hand to utilize them in the achievement of the conditions of thermal
comfort and the healthy living of the people inside and in the surrounding area.

After the maximum possible energy saving is achieved, with the bioclimatic design of the building through passive
technologies and the use of high energy class appliances, the remaining energy requirements are covered by RES. Only
then does the installation of systems for the utilization of RES and the building have a real zero or almost zero
ecological footprint.

Noteworthy, too, is the fact that a failed architectural construction not only does not favor the mental balance of the
individual but causes many illnesses and malfunctions in the body. Good architecture is essential and bioclimatic.

The concept of a zero-energy or zero-emission building is not new. It has been in use since 1970, however, after 2000
the global interest turned to ZEB as another hope for avoiding the destruction of the planet Earth, as it is a feasible
factor in reducing CO2 emissions during the life of Due to the reduction of their energy requirements, and in support of
this idea, many national and international programmes were developed for their study and implementation. ZEB are
likely to be the future guideline for buildings.

Active and passive technology provisions to support ZEB, nZEB. In state of the art technologies, used for the
production, collection and storage of energy (images 1.3), is the energy harvesting (energy harvest). In this technology,



microelectronics and nanotechnology contribute to Micro Electro Mechanical Systems (MEMS) and Nano Electro
Mechanical Systems (NEMS).

The ardent desire of the realization of the goal for the Pure zero, in terms of energy balance, which is inextricably
linked to the ZEB and always requires the utilization of state of the art technology.

Pros cons and concerns about ZEB, nZEB: Most importantly, that an extension will be given to the life of the planet
Earth. Number of residences built to date. High performance buildings and low/zero energy consumption require a
complete process of building planning and delivery. Integrated building design requires a new approach focusing on
communication and documentation. Advanced integrated building design tools are available and modern. Integrated
building design has the potential for optimized buildings-in terms of energy consumption, comfort, functionality and
cost.

Subject area: Energy and Architecture

Keywords: Zero Energy Buildings, Materials, Bioclimatic Architecture



EYXAPIXTIEX

Oepuég evyaplotiec opeihw otov Kabnyntm pov ko EmiPAiémovro tng Metamtuylokng avtg
epyaociog k. IlavteAn Molatéota, TOc0 Yoo TV avdbeon oavtov Tov BEuatoc 66O Kol Yoo ThV

moAvTun BonBerd Tov kot v epmictosvv Tov Tov Tpog epéva yia TV OAOKANP®GT| TOV.

Tov evyoapiotd Oeppd ko edyopor ohdyvya o Ilavdyabog Oedc va yapiler e Avtoév Kat v
Owoyéveld Tov ypovia ToALG Kot KoAd!
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péxpt o 2017 oeM:
Adypoppa 5.9a: [Tocootd ent TV TEXVOAOYIDV Y10 TN BEPLLOVOT KOL TNV TOPAY®OYT|
Ceotol vepov yprong ota nZEB GEA:
Awdypappa 5.9B: Tlocootd madntikov dwutdéewv mov ypnoponoovvion oto nZEBs
péxpt kan to €tog 2017 GEM:
Adypappa 5.10: TTocootd evepydv Te(vOLOYIOV TTOL YpNGLHLoTTotovVTaL 6ta nZEB
péxpt ko to €tog 2017 oel:
Adypoppa 5.11: Kartowkieg kot katovaimon evépyelag og kdmota kbpa Kpd

tov Kdopov oel:

Awdypappa 5.12: Kdkrog (g TV VAIKOV KATOGKELNG KOl Ol EMTMTMOCEL TOVS GTOV

134

134

135

135

136

137

138

138

139

140

140

141
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AvBpomo kot oto ITepifarrov (HH - Human Health) oel: 145
Awdypappa 5.13: TleptBalhovTikég emMmTOCELS TOV KOKAOL (NG T®V LAIKOV

KOTOGKELNG KOl TOV €100V TOL VAIKOD TOVE TOL YPTCLUOTOI0VVTAL OTO

nZEB (PV - Photovoltaic) oel: 146
Adypoppa 5.14: Id10ktTEG GE GUYKPIOT] LLE TOVG EWOIKOVG Y10, TO

nov TEQPTEL TO BApog oek: 150
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1 ENEPT'EIAKH IHOAITIKH

1.1 Ta onpeia ota onoio eotialovv 1 EALGSa ko 1 Evponn tnv evepysrax)
Tovg moltikn

H evepyerokn moltikn tng EAAGS0g, wg Méhog e Evponaiknc "Evoong - EE mov akoAovbet T1g
Evponaikéc Oonyieg, eotidleton o 0vo mapdAAnAovg <opouovs>. O TPOTOg TaPAAANAOS, aPOPa
mv e&evpeon, Vv eEac@diion Kot Tn Stoyelplon TV gvepyelak®v Tovg ToOpwv, £T6L OOTE Vo
dlo@oAiletor M a&lOTIOTH KOl OWKOVOUIKA GULUEEPOVOH, amd KAOe mAgvpd, KOAvYTN TOV
evepyelokadv Tovg avaykdv, aveopt)tog tov mhovov evepyelokdv kpicewv. O dedtepog
TAPAAANAOG, KOl ONUAVTIKOTEPOG, TNV Tpoctacio Tov mepPdiiovioc. H EE enevdvel onpovtikd
TOGA AV otV €E0KOVOUNOT NG EVEPYELNS Kot TNG opBng xpnong e, 010t 0 6TOYXO0G Yo TNV

TpooTacio Tov nepiPdilovtog anoterel 6Tox0 (NG Yoo oAdKkANpo Tov IThavit! (Sdypoappa 1.1)

i Other  Regional
Cosureaid S, development 8% Research and development

2% including innovation

Sectoral development 9%

4%

Social support
to individual
consumers 4%

Culture 5%

Overall state aid:
€97 Billion

Employment and —
Training
3% '
Small and medium
enterprises (SMEs)
including risk capital
5%

Environmental
protection and
energy saving
58%

Aidypopua 1.1 © Mepiora ovvolikic kpatikic evioyvons otnv EE ova kotnyopio to 2018 [79]

H evepyswokn ayopd, v kébe yopa tov [TAavntn, eivar dvvopikny ko kabopileton pe Pdon Tig
OLKOVOULOTIOMTIKEG GLYKLPIEG Kat T svueEpovTa Tov Kabe Kpdtovg. Me Bdon ta avotépwm, ot
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OTPATNYIKN YOO TNV €MTELEN TNG EVEPYELNKNG TOMTIKNG NG EAAAdOC, yiveton €0TIOGHOG oTO
TOPOKATO oNUEia

e Tn dvvatdTa Kot TNV TPOTPOTY| Yol TNV AELOTOINCT] TV EVEPYEINKMDV TOPMV LUE GOYYPOVESG
TEYVOLOYIES.

e Tmv viomoinon <OpoU®V> Yo TNV UETAPOPE TOL TETPEANIOL KOl TOL PLGIKOV aEPiov GTA
TAOIG10 TOV OLOKPATIKOV EVEPYELNKADV GLUVEPYUGSLOY Yo TV 0E0TOINGT TOVG, TAVTOXPOVA
LLE TNV KATAPYNOT TOV LOVOTOM®V GTNV ayopd NG EVEPYELOG.

e Tnv emkévipwon, oty eKmaidcvon KAl 6TV KOVATOVPO, YOp® amd v aflonoinon (oto
LEYLOTO SUVATO) TOV EVEPYEIOKMVY TNYADV Kot 0mofendtov g Xmpag Le ERpacn ot ¥pnon
tov Avoveooiuwv Inyov Evépyslog - AIIE pe v tontd)povn OIKOVOULKT] ETLOOTNOT TOVG
(ewcova 1.1).

e Tnv efowovounomn g evépyelag ot Propunyovio, OTIC HETAPOPEG, OTO ETOYYEAUOTIKG
KTNPLOL KoL GTIG KATOWKIEG Kot YeEVIKOTEPQ OOV Bal LTOPOVGE VoL Yivet.

Ewcovo 1.1: Meiwon evepysioxns eloptnong kor evioyvon AIIE, o1 Pooikoi otoyor tov
Moaxpoypoviov Evepyertoxot Zyeoiaouot [95]

H épevva, n xowvotopio, n mowdeion ko M ekmaidgvorn amotedobv 1oV akpoywviaio AlBo 1ng
OLKOVOULKTG aVATTUENG KOt TNG EVIGYLOTG TOL VYLOVG AVTIOYOVIGHOV, TPOKELUEVOL Vo a&tomotn el
T0 oYeTKd duvoptkd g EALAd0g kot yevikdtepa g Evpdmng, pe kbplo otdyo ™ Peitioon g

EMnviknic kau g Evpomoaikng owkovouiog kot katd cuvéneio twv Kotoikmv Tovg [1].
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1.1.1 Evponoikni ‘'Evoon & Evepysiokn moltikn

H EE avryetonilel o oepd and mpokAncelg oe 0A0LG TOVG TopElg Kot OTmg elvatl LUOIKO Kot
OTOV TOUEN TNG TOPOy®YNS Kol NG daxeipong g evépyelag. o v avTipetdnion tov
mpofAnpdtov avtdv 1 evepystokn ToAtiky] Tng €xet 3 kOprovg 6tdYoLG:

® TNV aGQAAELD TOV EPOSUGHLOD

® TNV AVTOY®OVIGTIKOTNTO

e Vv frwopdmra
H Evponaikq Emuponn embouet v Evpondikn Evepysiokn ‘Evoon. Me mv kivinon avt 6o
e€0oQAMOTEL ] OGQOAT KOl OLKOVOUIK( TPOGLTH TOPOYN TNG EVEPYEWG, TOVTOYPOVO WHE TNV
npootacio tov mepPdarovtog Tng ko ) pon evépyelog o OAn v EE i v vAonoinon tov
npocdokidv Tng (ewodva 1.2).

Eixova. 1.2: KoBoph pooiki pon nAektpikig evépyeiog uetolo twv yopav (TWh) o 2018 [79]

H EE yia v enitevén tov avotépo otoyov Tng &xer 0ot evepyeloakons Kot KAUOTIKONG
oTOYOVG [E YpoviKa onueia Yo v a&toAdynon tovg o étn 2020, 2030 kon 2050.
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http://ec.europa.eu/priorities/energy-union-and-climate_el

M w e

Gross Electricity Generation [Twh)

O1 o160 Y100 TO £TOG 2020 givon:

H peiowon tov exmopundv oepiov, mpootocio amd TOo @ovopevo Tov Oepuoxnmiov,

TovAdyiotov kotd 20% o chykpion pe ta enimeda Tov £tovg 1990

To 20% g evépyerog va mpoépyeton amd Tig AIIE

H Peitioon g evepyetaxng omddoong katd 20%

O ovveyng mAéov 6TdY0C Yo, T dnuovpyio Zero Energy Building - ZEB

O 6601 Y10 TO £T0G 2030 givan (drdypappa 1.2):

H peioon tov exmopndv aepiov katd 40%

To 27% g evépyerag va mpoépyetan amd Tig AIIE

H abénon g evepyetakng amddoong mepimov oto 30%

H droovvoeon g niektpikng evépyetag og mocootd 15%

O ot6y0¢ Yo 10 £T0g 2050 givon:

Meiwon tov ekmopunmdv agpimv Tov Beppoknmiov e T0cocto and 80 £mg 95% o cuykpion

ue ta enineda tov tovg 1990 [9].

2015 Strategies 2030 Target
178 Mt COz ~550 Mt C0z
3,500 ~3470 TWh
3251TWh

3,000
2,500
2,000

867
1,500

MNudear and natural gas

1,000

s00

847 4. Cut coal generation by two thirds

Coal declines
by two-thirds

B Coal Natural Gas B Nuclear B i Renewable Energy

Aigypopa 1.2: Metaoynuotiouog tov touéa evépyetag yia to 2030 [79]
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1.2 Eotwoopdg ¢ £pEvvag Kot T1G KowvoTopios avagopikd pe to ZEB

[Ma v vroompiEn ™¢ Wéag Kot TG vAomoinong tov ZEB amatteiton cuveyn épevva, Héocw g
omoiag Oa mapaybel TO KAVOTOUO, GYETIKA LE TO, TOPAKAT® TEXVOAOYIKA onueio:

o Tnv mapaywyn kot v dtoyeipion g NAEKTpIKNg evépyetag pe Eppaon otic AIIE kot ta
é&umva diktva (smart grid)

e Tnv efowkovounon evépyelog HECH €VEPYELONKAE OavOBOOLCUEVOV TEXVOAOYIDV Kol NG
opBolroyuiig xprong g

e Tig emumtdoelc amd TV KAMUOTIKY] 0Aloyn Kot TV UE HETPO EEOPVEN TOV OPLKTOV TOP®V,
TopAAANAQ e TN ONpdcila vyeio

e Ta Owovopikd g Evépyetag

e Tnv a&lomoinom g €pevvag GtV TEYVOAOYIL TV VAIKOV

e Tn yopotalio kol TV OOTIKN OVATTUEN UE EUPACT] GTNV ATOKEVIP®GN TOV TANOLGHOV
(o1aypappa 1.3) [1]

14000

12000

HKprtn
O MNot. Aryaio

10000 4 OBop. Aryaio

W MNeromovwnaoog
O ZI1. EMaBa

O owa Nnow
WHmapog

8000

EKOT.

O Seooakia

O At MaexBovia

B Av. Maxebovia - Spdaxn)
B Aut. EAAGSa

B Kev. Makedovia

W ATTIKR

6000 -

4000

2000

2010 2030

Aicypoua 1.3 : Extiunon g uetofolns tov minBoouod ova meprpépeio tg Xwpag [11]
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1.2.1 AIIE - E&owkovopunon Evépyewog - ZEB

Meydin pepido teyvoroyiov twv AIIE (ot omoieg aviKouv otV Katnyopio. TMV EVEPYNTIKOV
TEYVOLOYIOV OV a&L0TO10vVTAL, Y10, TNV VIOGTAPIEN, amd EVEPYEINKNG TAEVPAS, Tov ZEB ) kot
HeTa&l TV AAA®V TEYVOLOYIDV, 01 cLVNBEGTEPEG TTEPUTTAOCELS, etvar [1]:

e H Awlim

e H Hlokn Evepyeio & ta Potofoltaikd

e H Buopéla

e HTewbeppia

e H Ydponiextpun

o Svumapoywyn Hiextpkng Evépyelag & Oegppomtog
o Kuyéleg kavoipov (Fuel cells)

1.3 E€owkovounon evépyelag

H évvoia g e€owcovopoevng evépyelag, apopd TV TocHTNTO TNG EVEPYELNS TTOL OEV GTOTAAATOL
KoL KaTd cLVETELD OgV LILAPYEL Adyog va tapayBel. H eEowkovounon g evépyetag tavtileTon pe tnv
évvotlo ™G 0pOOAOYIKNG KO TG OTOSOTIKNG ¥PNONG TNG.

22% Residential

Space Heatine [N - o
Space Cooling NG 1+ 3%
water Heating [N 1%
tgnung 1 1o o
Bectronics [N 7%
Refrigeration 3. 79
Wet Clean

Buildings
40%

Transportation
28%

Agust to SEDS* [l 2.8%

18% Commercial

21.7%
I
I

%

Space Heating

Space Coofing

ventiation | EEGN o >
Refrigeration - G.9%

Water Heating

K
Electronics [l 4.1%
it

o
rdiust o SEDS [N 7 o

Awaypouua 1.4: Toueic omov umopodue va eColkoVOUNGOVUE EVEPYELD, KAl TO. OVTIOTOLYO TOGOOTO.

KOTOVAAWGHS TOV avTiaToLyodv atov kabe touéa [25]
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H opOn yprion g evépyelag cuvemdyetal TV ££01KOVOUNGT TG KOl OV GNUOIVEL TNV TEPIGTOAN 1)
OKOUT KOL TNV OVOGTOAN EVEPYEIOKMV OVAYKMV Ol OTOIEG OMOLTOVVTOL TOGO Y10 TNV AELTOVPYIKY|
vrootpgn TV Kmpiwv 660 kol yoo v <aveon™> tov oavipormv. H opboroyikn ypnon g
evépyelog PeEATIOVEL Kol 0eV TAMEVOVEL TO €Mimedo ¢ dwPiwong twv avlpdnwv, gite evioc TV

Ktnpiov gite ektoc avtov [1].
E&otkovounon evépyelog UTOPOVUE VOL ETITLYOVUE GTOVG TOPUKAT® TOUElS (Sidypoaupa 1.4):

® GTO KTNPlO
®  OTIG LETAPOPES

e o1 fropnyovio

1.3.1 Zto ktijpro

Ta xmpla amotelobv €vav PEYOAO KOl OTOUTNTIKO EVEPYEONKO KOTOVOAMT OV TOVTOXPOVOGS
TopEXEl Kol HEYAAEG OLUVOTOTNTEG EQOPUOYNG VEMV TEYVOAOYL®V Yoo TNV &&otkovoumon g
EVEPYELNG, ME ovTioTOoro TEPPAALOVIIKA OIKOVOUIKG Kol KOW®VIKG o@EéAN (didypappo 1.5).
[Swaitepn onuacio yio v evePYELNKT GUUTEPLPOPA TOV KTNPIOV Kot TG <AvVECNG> TV avOpOTOV
o€ QVTA 1 YOP® omd aVTA, £XEL T EPAPLOYT TOV PLOKAIUATIKOV GYESOGHOD.

2015 Strategies 2030 Target
669 Mt (O ~330 Mt (0
~488 ~360

400

200

Coal & oil nearly
disappear; natural gas

Final energy consumption in buildings [ Mtoe]

4. Phase-down fossil-fuels

remains strong but covers
a lower energy demand

B Tertiary Residential

Midypopua 1.5 - Metaoynuotiouog (otpatnyikéc kai otoyor) tov topéa twv ktypiomv yio. to 2030 [79]
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H o&omoinon tov Prokipatikod oyedoroopod, n topaymyn evépyeog and AIIE mov Ppickovral
EYKOTECTNUEVEG OTO KTNPLO, 6TOV TEPPAALOVTIO YOPO TOL N KOVTd Ge avTo, 1 a&lomoinon g
TEYVOAOYIOG TOV VE®V VAIKOV KOl TOV TOPOYDY®OV OVTOV KOl TPOTAVI®OV 1) EKTOIOELON TV
avOpoOToV Yoo TNV 0pBn xpnon g evépyelag, odnyovv ota nearly Zero Energy Building - nZEB ko
ota ZEB &gite pécm g apyikne tovg oyediaong eite p€ow tng evepyelokng Toug ovaPdduong [1].

1.3.2 Z1ig petagopés

O1 PBaowkoi aEoveg (otdy01) Yo va éxovue BeTIKA amoTteAéouaTo, 6TOV TORER TNG e&0KOVOUNONG

EVEPYELNG OTIG UETAPOPES, eivar (Srdypappa 1.6):

1. H opbBoroywn, n emdextikn kot 1 BEATIOTN ¥pioN TOV SOOESIU®V HEGHV UETAPOPAS KO
TOV PEG®V TG LACIKNG LETAPOPAC, OTIMG ETIOTG KO TOV TEPTOATHLLATOG.

2. H yprion oynudtwv to omoio. evowpotovovy <éEumvec™ teyvoloyieg 1060 ®G TPOg TNV
KOTAVAA®GON KOLGIH®Y 060 Kol KOTé TV (Aot TG avakmong evépyelag omd to idia Ta
oyfuoral.

3. H opBoloywn ypnon tov oynudtov m omoic. GUVETAYETOL TNV OWKOVOWUIKY 001 ynon
TOVTOYPOVE. LE TNV TEPPAALOVTIKY] TPOGTAGIM, GUVETMDGS, KL avTd amotelel BEpa mondeiog

Kot EKToidgvLoNG.

2015 Strategies 2030 Target

1023 Mt COz ~860 Mt COz
~359 ~320

2. Improve bus and rails,

~18% reduction in diesel

200 introduce shared mobility and gasoline use

(alternatively, introduce
electrofuels blending
quotas)

Final energy consumption intransport [Mtoe]

Electricity (incl. Hydrogen) B Biofuels B 0il products (incl. Gas)

Aidypopua 1.6 . Metooynuotiouog (otpatnylkéc kai 6Toyot) T TOUéER TV UeTopopy yio. to 2030
[79]
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H eEowovounon g evépyELog OTIC HETOPOPES KOl KOTA GUVETELD 1] €E0IKOVOUNGT KOVGIU®V oG
TopExEL (AVOUEVETOL VAL LLOG TTOPEYEL) TO TAPOUKATD OPEAT:

e Tn peiwon 10V KOGTOVG TV UETAPOP®V, TOGO GTNV TPDTN VAN OGO KOl GTO TEMKO TTPOiov,
LE OMOTEAEGHA TN UEION TOV KOGTOVE TOPAY®YNG KOl TV EMBLUNTY HEI®ON TNG TEAIKNG
TIUNG TOV TPOIOVIMV, OOV aVTO ATOTEAEL CNUAVTIKO TOPAYOVTIO KOTE TOV YOPOKTNPIGUO
tov ZEB

e Tn pelwon g e&dptong and 10 meETpEAao Kol Tovg e€myeEVeElG evepyelakoDg TOPOLS Kot
BeAtimon tov gumopikov 1olvyiov

e Tn peiwon tov ekroundv Tov CO; KoL TNV AVTIGTPOPT] TOL PLOLOV TG KAUOTIKAG OAAAYNG
Y. TV mpootacic tov TEPPUAAOVTOS, OV amoTeAEl emiong, €vov OMUOVTIKO OeikTn
xopokInpopoL tov ZEB

o Tnv avénon g Proocipudmrog Tov gvepyelokmv topav [1].
1.3.3 Ztn fropnyovia

H eowkovounon g evépyelag, o€ eminedo TEMKOV KOTOVOAMTH,  €ivol EEQUPETIKA GNUAVTIKY
O10TL 0€ TPMTOYEVES emimedo M e€okovounon toAlamAactdletor, AOY® TV 010QopwV (AcE®V
eneEepyaciog TOV TPOTOV VAV Yo TO TEMKO TPOIOV.
Kotd ™ Oodpken omolaconmote dwadwkaciog, Omwg eivol QUOIKO VIAPYOVY AMMOAEIES, OTMG

KOl KAt T1G S10Qpopec pAoels petatponic g evépyetog (diaypappa 1.7) [2].

2015 Strategies 2030 Target
506 Mt COz ~340 Mt (Oz

285
~260

200

Innovation and
investment needed to

Final energy consumption in industry [ Mtoe]

4. Scale decarbonization technologies
like Green Hydrogen

scale alternatives to
fossil fuels in industry.

B other industrial sectors Energy intensive

Awaypoguo. 1.7 - Metaoynuotiouos (ampotnyikés kai atoyor) tov touéo e frounyaviog yio to 2030

[79]
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[Tpotdoel yio TNV e£01KOVOUNGN EVEPYELNG GTO TOPOYMYLKA KOL LT TUALOTO TOV BLOUNYOVIDV:

AVTIKOTAOTAOT TOV €vEPYOPOp®V unNyavnudTov HE VEO  OmOdOTIKOTEPQ, KOTA TNV
KOTOVAAWDGON TNG EVEPYELNG Kot Oyl LOVO, KaBmG Kot TG duVATOTNTAG OVAKTINGONG EVEPYELNG
and avTd.

Enavacyedioon tov gotiopod a&lomoidvtag 6to péYoto PBabud tov euoikd eoticud. O
owoTOHS POTICUOC, eKTOC TV GAA®VY, aVEAVEL Kol TV TOPOy®YIKOTNTO TOV TPOCOTIKOV,
SLUEGOL TNG YUYLKNG TOL EVPOPING.

TokTikn cLVTAPNON TOV UNYOVNUATOV KOl TOV EYKOTOOTAGE®V HE TNV TOPAAANAN
EKTTOUOEVOT TOV TPOGMOTIKOV YL TV 0pOT YPNOT TOV UNYOVIUATOV KOl TOV EYKOTACTAGEDV
Avtopatn 810pHwon tov COS @ kat Tov cuvtedeotr| woyvog (Power Factor - PF)

Tnv €Eumvn petatponn Kot amodnkevon g NAOKNAG EVEPYELNS e TV a&lomoinon Sidpopwv
texvoroyov [3],[4].

1.4 "E€unva diktvo (Smart Grid)

Yopeova pe to Electric Power Research Institute - ERPI, 1o é&vavo diktvo mapovcialeton
O¢ Mo EVELNG LIOSOUN TOPOYNG TNG NAEKTPIKNG EVEPYELNG KOl TO OO0 Yol TV <AOYIKI>
1OV VTooTNPILETaL Ao TIG TEYVOAOYIEC TOV TOUEN TMOV EMKOWVMOVIAV, TNG TANPOPOPIKNS, TNG
NAEKTPOVIKNG K.0L., TPOKELEVOL VO UTOPEL OVTATOKPLOEL GTIC AMALTOELS TOV KATAVOADTOV.
To "E&umvo Aiktvo opiletar og n otdtasn mov Ba eEacpariost v a&lomiotio, TNV 0cQAAELD
KOl TNV oTod0TIKOTNTO TOL MAEKTPIKOD GUOTHUOTOS HEC® TNG OVIOAANYNG TANPOPOPLDOV
HETOED TNG KOTOVEUNUEVIG TOPOY®YNG KOl TNG OmofNKeELONG TNG MAEKTPIKNG EVEPYELNG
(ewova 1.3).

o
we Nuclear power plant

Factories s
e

* % . Thermal power plant

W ”l *’ j4  hydraulic power

generation

700 Renewable energy Photovoltaic
Cities and offices "__0,.

ecological vehicle Wind generator

Eiwxova 1.3: Eévorvo diktvo (Smart Grid) [8]
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Ymv EE to 'E€umvo Aiktvo opiletar o¢ éva eEgMypévo mAEKTpKO OiKTLO, TOL Omoiov
avamOoTOoTO KOUUATL €lvar M ap@idpoun emkowmvio HETOED TOL TOPAYOYOD KOl TOL
KOTOVOAW®TY], OOUEGOV TOV ELOPLAOV JTAEEOV PETPNONG Kot eMIPAeyMc ™G Aettovpyiog
TOV, £T01L MOTE VO SLUCPAAITEL £VaL OIKOVOUIKE amod0TIKO Kol BUOGIHO GVGTNO TOV aPOpdL
NV TOPOY®YN, TNV Jlovoun, TV amofnkevon Kot Tnv KotavaAwmon NG MAEKTPIKNG
evépyelag (ewova 1.4).

Bdoel tov avotépo, umopovpe vo movpe 0Tt o £EVTVO JIKTLO €ivol U0 EVEVNG ETOMTIKY| KOl

oAokANpouévn dtdtaén mov mpoomabel va daceoricel Ty aEOMGTIA, TNV OTOSOTIKOTNTA KOl

TNV A6QAAELN TOV GUGTNUOTOS TNG NAEKTPIKNG EVEPYELNG, EXOVTOG CLVEXMS AUPIdPOUN ETKOVOVIDL

HEG® HEYAAMV M HWKPOV OECTOPUEVOV TAPOYOYDOV MAEKTPIKNG EVEPYEWNG KOL TNG EVEPYELOKNG

Ntong og kabe topéa tov [7].

Conventional power system - Renewables-dominated power system »
Centralised Individual consumers Decentralised Collective/communitarian prosumers

Eiwcova 1.4 O "opduog povig karevbovens” tov ovotiuatos niektpikng evépyeiag avikobiotatol

amo Eva. OmoKEVIPUEVO, dikTowuevny doun [79]

H a&omotio Tov diktvov dacpaiiletor HEC® TOV GYESIOGHOD TOV GUGTNUOTOS MOTE VO
UTOPEL VO oviYveEVEL TV autiol TV TPOPANUATOV TOL KOl TOVTOYPOVO VO TO EMIAVEL, Y
aE0TOIOVTOS EVOAAUKTIKOVS TPOTOVS TPOPOSOTNONG 1 TN CLVOEST HE TNV amodnkevuévn
EVEPYELD, OTIG TEPITTAOGELG TOV Ol VILAPYOVGEG OOUEG OV UTOPOVV VO OvTamokpliody GTIg
OTTOLTI|GELC.
H amodotikétnTae dtucparileton pécm g aglomoinong AIIE ot omoieg mpoopépovv v
TOPOYOLEVT] EVEPYELDL TOVG GE QVTO.
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e H ao@direro dStac@arileTon HEGm TOV cLVEYOLS EAEYYOV, GE OAOL T GTASLN, ONAOT, ATO TNV
TOPAY®YN LUEYPL KL TNV TPOQOSOTNGT TOV KaTovaiwtn [7].

1.5 Kmpuokog topéog

O xkmplakog Topéag ympiletar oe dVO HEYAAES KATNYOPIES, TOV OIKIOKO KOl TOV ETOYYEALOATIKO.
Amb otoTioTikd ototyeio yvopilovpe 0Tt Ta KTHpLo amoppo@ovv mepinov 1o 40% g mapayouévng
evépyelag, 22% ot katowkieg kot 18% to emayyehpatika ktnplo, (Sidypappa 1.4).

O kmprokog Topéag eivar 0 PeYOADTEPOS TOUENS KATOVAAMONG EVEPYEWNG, 1 UEYOADTEPT] outio
eknouncddv CO,, evd akoAovBodv o Topéag TV peTa@op®v e 27% xor n Propnyavia pe 33%
[10], [13]. H evkaipia ywo v mpootocio tov [MAavimn épyetol and 10 yeyovog OTL mapd TV
OUCUEVOV EKTOUTAOV PUTOV KOl TNG UEYOANG KATOVOAMONG EVEPYELNS, O KINPLOKOS TOUENS
(kotoikieg Kot ETOYYEAUATIKG KTHPLO) TPOCOEPEL SVVATOTNTEG TEPLOPIGUOV AVTMV, AELOTOLDVTOC

VEQL VMK Ko VEEC TEXVOAOYIES.
1.5.1 Kmproxdg topéag s Evpanng
SYNOAIKH KATANAAQSH ENEPIEIAZ STON OIKIAKO TOMEA

EABETIA
NOPBHTIA
IPAANAIA
H.B.
ZOYHAIA
MIAANAIA
POYMANIA

MOPTOrANIA

NOADNIA

AYITPIA

OANANAIA

OYITAPIA

ITANIA

TAAAIA

IZMANIA

EANANA

TEPMANIA

AANIA

TIEXIA

BEAIIO

0 10000 20000 30000 40000 50000 60000 70000

Aidypopuo 1.8 : Karovalwaon evépyerag tov oikiakot ktnpiokot touéa e Evpaonne [13]
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O kmprokdg Topéag omv Evpodnn mapovstdlel onuovtikd volapépov o¢ TPog TNV EVEPYELNKT TOL
Katavoloon (Suaypoppa 1.8) Adyw g paydaiog avénong Tov 610 0oTIKO 1| un TEPPAAAOV Kat
TOPAAANAC LE TNV 10T PNOT TOV VITAPYOVIOV TOAMMDV KTNPIOV Y10 AOYOLS OTMOC 1) 16TOPIKOTNTA
KO 1) OPYLTEKTOVIKN TOV TOAUMV KEVIPOV TOV TOAE®V KAT, L€ OTOTEAEGUO TI GLVEYN N KoL TNV

otadlakn avénon e {Rong kot g Katavaioong evépyestag [13].

Amo 1o dudypappo 1.8 moapatnpeitor 0TL 0 kTplakog topéos tov Kpoatodv Melov, Teppaviag,
ToAAiog ko H.B., mapovoidletl, duocavarioyo pe to 10c06Td 100 TANBLGHoD TV 41% , avénuévn
KOTAVAA®GON EVEPYELNG TG TAEEWMS TOV 51%.

1.5.2 Kmpruokog topéag tng EALGOOG

O kmprakdc topéag otnv EALGSa euBivetar yio to 35% mepinov tov ekmopnmv tov CO, kot Yo to

36% mepinov TG GLVOAKTG KATAVAAWDOTG TNG EVEPYELOG.

Ta xtipro. amotovv VYNAS KOGTOG GYESOGHOD Kol VAOTOINGNG Kot TopAAANAa LeYdAn dtapkel
Cong, OOV AVTO GLVETAYETOL TNV Y10l TOAAG XPOVIA VTTOGTNPIEN TOVG OO EVEPYELOKNG KOt Ol LOVO
TAELPAG. XVVEMMG, omoladnmote AGON 1 mopoaieiyelg €yovv yivel katd v oyedioorn kol Tnv
viomoinon touvg Ba epgaviovior mapdAinio pe to €t Asrtovpyiog tovg Ko Bo avédvovv
OTNUOVTIKA TNV EVEPYELOKT TOVG {fjTnom).

Mayeipeua
38,4%
SEpUavaT Xopwv
3.0%
B

MOITTEG ¥PRTEI
?.1%
X
7.4%
woén xcbp{av_____ ’_d_d_“:iz"';;
45% ‘

PTICHOC

A% __Nhovirpic maTev

— 3.56%

r

NALVTAPIO POty
10.6%

dicypopua 1.9: Ilooootiolo Katovoun KotovaA®oNS NAEKTPIKNG EVEPYEIOS KOTA TEAIKI] YPHON GTOV
oik1ax0 touéo. [17]
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Ta elMnvikd ktpla Topovctdlovy LVYNAN evepyeloKkT|] Kataviiwon. Zopueova pe tnv Eurostat kot
10 gupoTaiKd KéEvipo IlepiPdAloviog, Ta €AANVIKA VOIKOKVLPLE mToapovctdlovv, Tn HeyoAdTtepn
gvepyelokn katovilmon oty Evponn, mepinov 30% peyordtepn amd avt)y g lomaviog xon
nepimov dumAdcia and v katovaiwon g I[loptoyoriag, evd givor onuoavtikd peyoardtepn amd
YOPES e YuypodTepo KA 0Ttmg T0 BEéAy0 kot ot ZxoavdwvoPucéc yopes. H et g % xatovoun g
NAEKTPIKNG EVEPYELOG TOV O1KLOKOV TOpEN ometkovileTol oto dudypappa 1.9 [11].

Ag punv pog dapedyel 6Tt 1 EAAGSa eivor pio pikpn kot Ty Xopo, OTov ot TEPLGGOTEPOL
"EXAnveg d1a0étovv to 81KO TOVG omitl, pe OTL PUOIKA GUVETAYETAL AVTO GYETIKA LE TNV TOLOTIKY|
KOTOOKEL Kot TO £T0¢ kataokevng (daypdupato 1.9, 1.10, 1.11) kot eniong 6t voTepodUE GTNV
exmaidgvon yia tnv opbBoroyikn ypron g evépyetog!

H dwmictowon avty, €xel wwitepa dvopeveic cuvéneleg oto gvepyelakd 6oldyo g Xopag,
emPapivel owoVoUKE Tov KAOe TOAiTH, EKTIVAGGEL TNV O] TOV QOPTIOV, VIOYPEDVEL GTNV
avevpeon vEwV Tyov eEummpétnong avtol, eved avaykdlel Heydlo KOURATL TOL TANOLGHOD NG
Xmpog va Cer vmd cuvOnkeg un <aveons™>.

2001-2005 2004-2010 2011+ Neiv To 1944

—
5.8 _|"., 4.8 0.1 I 53 1944-1540
199&-2000 -.III 10,6
7.9
1991-1995
&b

|
1741-1780

437

1781-17%0
152

Midypoyua 1.9: Katovoun exi e % twv Katoikiov ava Tepiodo KATOOKEVHS YLo. XPOVIKO OLATTHUO.
amd mpwv 1o 1946 éwg kou ueta to 2011 [12], [17]

H mocootwoia yewypagikry kotavoun tov mAnbovg tov katowidv ¢ EAlddog yw to 2010
napovctaletot 6to dypappa 1.10 [11].
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Aidypopo. 1.10 I'ewypopikn katovoury aptOuod katoikiov éwg to 2010 [11]
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Maypopua 1.11: IT1in6Bog ktnpicwv ava ypovikn mepiodo kotookevng atny Attikn [29]
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1.6 Khpoatun airhoyn Kol KT pLo,

H oAhayn tov kApotog onpotodotel Tig emnt@oels pog oto meptPdAlov, sivor Mon gpeovny ta
OPVNTIKA TNG OMOTEAEGLOTA [E TIG EVTOVES Kol TOAAES POPEG ATPOPAENTEG EUPAVIGEIS TOV KOUPIKMDV
eowvopévev. H cofapdtnta Tov ovapevOUEVOV ETIMTAOCEDV TNG KAILATIKNAG OAAAYNG KLOHOIVETOL
avdioya pe tov ye@ypaeikd tomo. H avatponn ¢ KAMUATIKAG oA ayNG omontel Aym HETPOV Yo
TNV QVOGTPOPT OVTHG TNG KATACTPOPIKNG Topeiag T000 Gg mayKOoulo 660 Kot o€ eninedo Kpatdv,
010)0, 6T0V 0moio cuuPdArovv Betikd Ta ZEB.

_China
-

Others
e 28%

33% T

Total
- 32.6 G- CO,

Canada
1%

Mexi -.
1%

UK\
1%

usA

South Korea 16%

Midypopuo. 1.12: Toykooua exkarootiaio rocootd. ekwouncrv CO, kota 102012 [80]

O1 0pAGELS Y100 TNV OVTILETOMION TG KALLATIKNG AAAOYNG TPETEL VL £XOVV GTOXO TNV GTPOPT] TOL
VELOTAREVOL avoTTLELOKOD HOVTELOL, TTPOG TNV Katevhuvon pog Pldoiung, Tpactvng otKovopiog
yaumAov 1 kot undevikdv CO; pe ) ovvels@opd g cOyypovng texvoroyiag (didypappa 1.12). To
KOGTOG TOL TEPLOPIGUOV TOV EKTOUTMOV KOl TNG TPOCUPHOYNS OTNV KAUOTIKY dAdoyr oo Eva
KTNplo, umopel va epgovifetar apykd (Kotd 10 6TA00 TG UEAETNG) LYNAOG, OAAG KaTd TN
Aertovpyio tov Ba amodetyBel 6T B KataPépel va amocPEcel <GUVTOUE™ TO apPYIKO LVYNAG KOGTOG
™G HEAETNG, TNG oYedlooNC Kot TNG KATOOKEVNG Kot TapdAinia va mopéyel {on otov mhavitn I'm
Ko tnv molotikn {on o Epdg [1], [11].

1.6.1 KMpotikn alhoyn - KETOVAA®ON EVEPYELNS - CUVONKES Aveong

Ot emrtdoelg TG KAMUOTIKNG 0AAOYNS 6TOV KTNpLokd Topéa oyetilovtal apevog e v HETOPOAN
NG EVEPYENKNG KATAVAA®ONG TOV KTNPIOV KOl APETEPOVL HE TN UETOPOAN TOV GLVONKOV TOL

38



€0MTEPIKOD KMUIOTOC GTO KTIPLoL TOV AELTOVPYOLV <Ympig N UE EAGYLOTN CUVEIGQOPE> EVEPYELOG,
ZEB xor— nZEB, avtictouyo.

H avénon g Bepuokpaciog (povopevo tov Beppoknmiov, givar cuvdptnon kot tov ponov GHG,
OmOL 0 K&OE evEPYEINKOC TOUENG GUVEICQEPEL PE OLAUPOPETIKA TOCOGTA, dtdypappo 1 Tov mhavn Ty,
elval Tpoeaveg OTL UTOPEl Vo EMPEPEL ONUAVTIKY UEIMON OTNV KOTOVAA®GN EVEPYELNG YLl TNV
emitevén g Bepkng dveong Katd v S1dpKELD TOV YEWUMOVA, 0AAG Bo amoutodvTot peyoAvtepa
TOGA EVEPYELOG YO TNV STNPNON TNG <AveoN > KOTA TNV SLAPKELD TOV KOAOKaptov!

Industrial sector: steady
»0 . Building sector: greatly increased

18 181.1%

Rmaﬂd@mﬂ%é%mmmnmﬂ

¥y
g —_
e o
25 o 81% up
é o é, (Compared with
S el 1990)
‘DOH
et o
ol 8% up
= (O
S35 3
59> 108.9%
— 0 e ]
=¥
2 " m
s =
= 0g | 85.4%
. 0
Industry 15% down
0-6 T T T T T T T T T T T T T T T T T T T T T T T 1
— &M uw M~ o = & @ ) O —~ ~ M
82383828588 8E8888288882¢E¢8¢
Lon T o B o B o B T B o B o B B o O e DY Y o B Y o I ot I o I o™ BN o I oo N Y ™ I o N o |

Midypopuo. 1.13 © Exmounés aepiwv tov Oepuoxnmiov oe kdbe touéo and o 1990 [80]

Oocov apopd T1g GuVONKES <AVECNG> Kol KOTO GUVETELD TMV EVEPYELNKMY OTOLTHGE®Y TOL KTNPiov,
aTEG Elval GLVAPTNOT KoL TOV KTNPLIKAOV VTOSOUDV, OTT®G TG Vapéng N un Beppopudvoong, Tov
cvotnudtov yoéng, Oépupovong, KAATIopod KAT Kol TOL KMpOTog NG KABe meEPoyng
(Swypapparta 1.14, 1.15, 1.16, 1.17) [11].
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HHa WOy O Asv yveopilo

Mwaypopo 1.14: Yropln Ospuouovwons oe koroixieg [17]

98,9
B Na WOy OAsv yvopilo
Eria @Oy
Midypoypo 1.15: Midypoya 1.16:
Yropén Ocpuavons oc karoixies [17] Yropén ovotiuotos wiéng oe karoixies [17]
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Micypopo. 1.17: Katavoun e ovVOMKNG KOTOVOAWGNS EVEPYELAS VIO KOTOIKIEG O OOTIKES KOI
oypotikes wepioyes [17]
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1.6.1.1 Tlopdayovres, EMKPATOVGES OLVVONKES KOL KOTOUVOAMOKOUEVY] EvVEpYEWD YO, TNV
Voo THPLEN TOV KT pPimV

Ot emikpatoHoeg KAMUATOAOYIKEG CUVONKEG KOl T OUTIOL YloL TN CUVEXDS OLEAVOLEVT] EVEPYELOKN
(o, eivan ta TopoKaT®:

e H av&avopevn Beppikn vrofaduion twv LeyOA®mY aoTIKOV KEVIPOV TG YOPOS,
e H atvénon mg Beppokpaciog tov mepipdiiovtog,

e H adwtdpaktn amoyn g ¥pHons ToA®V apydv Tov apopovV To KTNplakd (01KloKkd Kot
EMAYYEMLATIKO) GYEOIAGUO KOl T SoppLOUION TOV AGTIKOV TEPLOYDV, TOVTOYPOVO, LE TNV
adtapopio Yo TNV EKUETAAAEDGT) TOV HUKPOKATLATOC TNG KAOE TTEPLOXTS

e H peyddn pepida kmpiov katackevdotnkav tpv 1o 1980, diywg Oeppopdvmon, Kot tao
omoio. amoutohv TOAD UEYAAD TOGA €vEPYEWS Yo v eEAcPOMOOVY TIG, UE TOL CNUEPVAL

eminedo amodeKTég, cLVONKEG <dveonc™ Katd tn S1dpKel TOL £TOVG

e To yopnAng amddoomg Kot GAVING OVGLOGTIKNG GUVINPNONGS, CLCTHUATA YOENG, BEpLaveng

Kol KAMUOTIGHOD
¢ H ovppikveon tov mpacivov g Teployng Kot 1 pn ypNon Tov PokAMUatikov cyedtoc ol

e H éMewyn oyetikng vopobBeaiag, yio Heydlo xpovikd SLAGTNLO, GYETIKA Y10 TV TPOCTUGIN
ToV TEPPAAAOVTOG KO TNV EVEPYELNKT] KAAOT TOV KINpimV

¢ Ot kowoVIKol kol owKovoputkol mapdyovteg kabdg N amaitnon GYETIKA e TO EMIMEDO TOL
opilet 0 kaBe avOpwmog v <dveon> tov [11].

1.6.1.2 Apacsig (EE kouv pn ) mov / mov 0o ovpuPfdiovv ot pei®on TG EVEPYELOKNG
KOTOVALOGNG TOV KTNPIOV Kot TS BeEATiOong TG EvEPYELOKIG TOVS KAAONS

Ta gvotoya onueion OMOL PUTOPOVV VA VITAPEOLY KINPLOKEG KOl U1 (GTOV AvOp®TO) EVEPYELNKES
<emepPdoeig - mapepPAcelc™> yio TNV EAATTOOT TOL TPOPANLATOG Elva:

e ueiwon TV amotoe®V Yo TNV YO&N Kot v B€praveon, HEGm TG PLGIKNG (d€vopa) Kat
™ TEYVNTNG (S1oTdEEIS OKIAOTPOV ) oKiaong, TG AE10ToiNGNG TOV PVGIKOL OPOCIGLOD, TNG
amofnkevong Oeprkng evépyswog otn palo Tov KIMPiov Kol TNV TPOTPOM Yo TNV
YPNOLLOTOIN o LRPIOIKOV GLGTNUATOV

o «ivnTpa Yy TV evepyslokn Tovg avafaduion M v €€ apyng oxediaomn Kot vAomoinon
oOyypovov ktnpiov (daypdupate 1.1, 1.18 kot 1.19)
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™V 0pBOAOYIKY] YPNON TNG EVEPYELNG Kol TNV GAAAYY] TNG OKEYNG KOl TOV OTOYEWDV GE

OLVAPTNON LE T VEX EVEPYELOK( dEdOUEVDL

v a&lomoinomn g ypnong tov AIIE kot tov apydv Tov BlokAMpatikod oyedtacpuon

fnuo mpog PApa oty viomoinon tov ZEB 1 omv evepyelokn avafabuion tov
VOIOTOUEVDV dOU®V TTpog Tov yopaktnpond ZEB 1 nZEB, v Net Zero Energy Building -
NZEB

mv oaélomoinon g TEYVOAOYiOG TV VEOV VAKOV Ty oTn Oeppopdvmon Kol oTnv
0EPOGTEYOVOTNTO TOV KTNPimV

Tnv emAoyn unyovnudteov Kot S1aTaEemy, Tov YPNCILOTOIOVVTIOL Y10 THV VTOSTNPIEN TV
AELITOLPYIOV TOV KTNpiov, pe PAoN TNV EVEPYELNKN TOVLG OMOO0CT KOl SIOOVTAG HEYAAN
TPOCOoYN £TGL MGTE VO £(OVV TNV OTOPAITNTN GYY TOL OTOLTEITAL Y10l TNV VTOGTHPIEN TOL
KTNPLov, OmOQEVYOVTOG TIG VITEPIIUCTOCIOAOYIUEVEG LOVADES

Tnv TpocekTikn (GLVAPTAGEL TOV TPOGOUVAUTOAGHOD TOV KTNPIOL Kol TOV SLVOTOTHTMV TOL
OKOTEDOV) Kol EMPEPANUEVT ¥PNON TOV OVOLYUATOV T®V KTNPLOV Yo TV aSlomoincn Tov
(QLOIKOV POTIGUOV KoL TNG NAOKNG EVEPYELNG

Tnv emhoyn cuoTNUATOV VYNANAG (QOTIGTIKNG KOl U1 arOd0GNG) Yo TOV TEXVNTO QOTIGUO,
OmOL TOGO O PMOTICHOG TOL KINPIoL (PLGIKOG M TEXVIKOS) OGO Kol OAEG Ol LIWOAOITEG
dwatdéelc Oo eréyyovtan amd to KTnplakd mini smart grid

Tnv amo@uyn TG TOPOUOVIG TOV NAEKTPIKOV GUGKEVOV o€ Katdotact stand by

Tnv perétn ywo v evepyswokn avaBdOuion tov vropydviov dwrtdéewmv 1 v
OVTIKATOOTOGT TOVG e VEES OMOOOTIKOTEPES KOl HE VEEG OLVOTOTNTEG OTNV AELTOLPYinG
TOVG, 01OV Y10 Tapdderypa Ba propovv vo <kovpmrdoovv> oto Mini smart grid

Tnv avatponn tov veloTaueEVOY andyemy tepi T <dveong> [11], [44].
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Micypopyo. 1.18: Avéiven emi s % t0v KOOTOVG TOpEUPoeEY TOV TPOS ovafabuion
Ktnpioxod <onueiov> [11]
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43



1.6.1.3 Evpann — evépyera — mpootacio mtepifdiiovrog

H opBoroyikn Swayeipion g evépyelag, oTic TEMKEC NG YPNOELS, amotedel €vav amd TOVG
ONUOVTIKOTEPOVS TOPAYOVTEG TNG PLOGIUNG avATTLENG Kat pe PAon Tov 6Tdy0 avTd 1 £01KOVOUNoN
G evépyelog omotelel onueio kAewdl e moltikng g E.E..

Mo v ekmAnpoon ovtdv @V Tpocdokimv — omaitnoewv 1 EE éyel Beomicel 11¢ moapaxdto
Odnyieg (ypnuotikég emevdvoetg, odypappa 1.1) oxetikég pe tig AIIE, v peiowon ToV EKTOUTOV
aepiwv pOTOV Kol YEVIKOTEPO TNG TPOCTAGING TOV TEPPAALOVTOG pe TV eATida TG mapoyng {ong
otov [Thavnit I'n.

e Odnyia 93/76/EOK yi00 Tov mEPOPIGUO TV €KTOUTOV d1o&ediov tov dvBpako pe
Beltimon g evepyelaxng anddoong (SAVE).

e  Odnyia 2001/77/EK yia tv mopay@yn NAEKTPIKNG EVEPYELNG OO OVOVEDGLLES TNYES GTNV
ECMTEPIKT AYOPA NAEKTPIKNG EVEPYELOG,.

e  Odnyia 2002/91/EK yio TNV evepyelokt] omdd0oT TV KTIpiwv.

e Odnyio 2003/30/EK oyxetikd pe v mpowbnon g ypnong Prokavcipov 1 GAA®v
AVOVEDGILOV KOVGIL®V Y1 TIC LETAPOPES,.

e  Odnyia 2003/87/EK oyetikd pe m 0€0MIGN GUGTHLATOS Y10 TV EUTOPIN TOV IIKALOUATOV
ekmoundv aepiov Tov Beppoknmiov oy Evponaikn Kowodmra kot v (tportoroinomn tng
odnyiog 96/61/EK).

e Odnyio 2004/8/EK vy v mpo®Onon g yxpNong CLUTOPAY®YNG MAEKTPIOUOD Kot
Beppotnrag.

e  Odnyio 2006/32/EE yio tnVv evepyelakn amrdO00T KOTE TNV TEAIKY| XPNON KO TIG EVEPYELNKES
vanpecieg (katdpynon g odnyioag 93/76/EOK).

e Odnyio 2009/28/EK oyetikd pe v mpo®ONoT e XpNong VEPYEWS Omd OVOVEDGULES
myéc  (tpomomoinomn Kot cuvakdAovdn kotdpynon tov odnyiwv 2001/77/EK ko
2003/30/EK).

e Odnyia 2009/29/EK 7y t Peitioon kot TV €MEKTOCT TOV GULGTHUOTOS EUTOPIOG
dwKlopdtov ekmounmns oepiov Bgpuoknmiov g kowvotntag (tpomomoinon g odnyiog
2003/87/EK).

e Odnyio 2009/33/EK oyetikd pe v mpodbnomn Kabapdv Kol eVEPYEINKDOS OTOSOTIKMV
OYNUAT®V 0OIKOV HETAPOPDV.

e Odnyio 2009/125/EK vy t0v 01KOAOYIKO o)edlacpd (eco-design), ocov agopd oo
OUVOEOUEVA LE TNV EVEPYELN TTPOTOVTAL.

e  Odnyia 2010/30/EE yio tnv €voeiEn g KOTOVAANDGONG EVEPYELNS KOl AOITMOV TOPWV OO TOL
ovvdedeva pe TV evépyeta mpoiovto (energy labeling, avadiatonwon 92/75/EK).

e Odnyio 2010/31/EE vy v evepyeloky] amdooon TV KIPiov - avadlotdTomon g
2002/91/EK (EPBD).
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Odnyia 2012/27/EE yia v evepyslokn| anddoon (tpononoinon twv odnyuwv 2009/125/EK
kot 2010/30/EE ko tnv xatdpynon tov odnyiov 2004/8/EK kot 2006/32/EK) [16].

1.6.1.4 EALGOO — evépyera — TpooTacio TEPLPailovTog

Me Bdaon tic Odnyieg g EE, oyetikéc pe v evépysia Kot v mpootacio tov meptBdAlovtog,
&yovv Beomotel ko oty EAAGSO (€0t Ko pe kabBuotépnon) SaTAEES YO0 TNV EQPAPLOY TOVG
(ovykevrpwtikog mivakog 1.1).

e 1975 —N.40/75 (Nopog - IThaicto) mepl «ANyemg LETP®V E0TKOVOUNONG EVEPYELOGH

e 1979 — «Kavoviopog yio t Oeppopévoon tov Ktipiov» (KOK)

e 1985 - ApOpo 26 tov N.1577/85 «I'evikog Owkodopkog Kavoviopogy (I'OK-2000)

e 1985 - ApBpo 26 tov N.1577/85 «Kivntpa EEotkovounong Evépysiac»

e 1986 — N.1650/86 yio TV mpootacio Tov TEPPAALOVTOG

e 1989 - Y.A. 3046/304 «Knprodopkdc Kavoviopoc»

e 1992 — N.2052/92 ntepi «METP®V Y10 TNV KATATOAEUNOT) TOV OGTIKOV VEQPOVG

e 1993 — Odnyia 93/76/EOK (SAVE) yia tov «Ilgplopiopd tov ekmopndv CO2 péowm g
BeAtioong Evepyelaxng Anddoong»

e 1995 — Zyéd0 Apdong «Evépyera 2001» tov Y.ITE. XQ.A.E.

e 1995 — «Kavoviopoc Katavopng Aaravov Oéppaveng»

e 1998 — Evapuovion Kowotikng Odnyiag SAVE (21475/4707 KY A- ®EK880B/19-8-98) yia
tov «Ilepropiopd tov ekmopndv CO2 pe to koBopiopd pETPOV Ko Op®V Yo TN
Beitioon g evepyelokig am6d06ns TOV KTIpiov» - Apbpo 4: K.O.X.E.E.

e 1999 - Y.A. 11038 «AAK Kavoviopdc Evepyelakmv Embewprioewv»

e 2001 — Zrpatnywn Eowovounong ota ktipta: Xxedio Apdong «Evépyera 2001»

e 2001 —N.2831/00 — Tpomomoinon tov 'OK (N.1577/85)- EEE/AIIE

e 2002 — Odnyia 2002/91/EK ywo v «Evepyeiaxn Anddoon tov Ktipiov»

e 2005-2006 — Emutpomn eumeipoyvoudévov YITAN (Amoppwyn oxediov KOXEE kot
aviikatdotaon pe KENAK, Xxé610 Mntpmov Evepysiokav Embewpntav)

e N.3661/2008 (PEK 89/A/2010) "Métpa yia T Hel®mON TNG EVEPYELOKNG KATAVAADGNG TWV
KTplov kot dAieg datdéels”

e N. 3851/2010 ywo v «Emitéyvvon g avantuéng tov Avaveooipwv [Inyov Evépyslog yia
TNV OVTILETOTION TNG KAMUOTIKNG 0AAaYG Kot GAAeS dlatdEeicy

e N. 3855/2010 «M<£tpa yia ) Bertioon Tng evepyElOKng amdd0oNG KATA TNV TEAIKT (PO,
EVEPYELOKES VIINPEGTES Ko AAAeS dlataEeig» [16].
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ITivokog 1.1: Xvykevipwtikd ta pétpa g evepyetokns rolitikng [92]

T T— YmoAoyi{opevn
AA METpo TTOMITIKAC ApI18uo6C qunFt;i p Aidpkeia {wRg egolkovounon
Yid £E0IKOVOUNON EVEPYEIUS | TTAPEUPBATEWY éT “U ns HETpoU TEAIKRC EVEPYEITC
HETpO (ktoe)
Mpoypdppa "EEoiKovopnan 70.000 B }
1 KaT' Oikov" KQTOIKiEC 2011-2015 2014-2024+ 82,4
MNpéypapda "EEoIKovopw" 104
2 | oToug OpyavigpoUg ToTTIKAS AfiLol 2011-2015 2014-2024+ 3,7
AuTodioiknaong M
Mpoypappa "Eoikovopw 11" 139
3 | oToug Opyaviguoug TOTTIKNAG AR 2011-2015 2014-2024+ 8.3
; Aol
Autodioiknaong
4 | Evepyeiakn avapalpion 150.000 2014-2020 | 2014-2024+ 176,5
KATOIKILWV KATOIKiES
5 | Evepyelakn avapaduion 280 20142020 | 2014-2024+ 12,8
dnuogiwv KTipiwv dnpoaoia KTipia
Evepyelakn avdpduion ot 4.000
KTipla g€ KTipla K'.I'i a 2014-2020 2014-2024+ 33,9
ETTAYYEAHATIKAS XpPRoNg P
E@appoyn cuoTriparog
EVEPVEIAKNG DlaxEipIong pe 3.600
7 | Bdon To TpéTuTIo ISO 50001 K'.I'i a 2014-2020 2014-2024+ 25,2
gt (opEig Tou Anpoaciou Kal P
EupUTEPOU BNPOTIoU TOHED
Evepyelakn avapdduion ot
g |KTipia emayyeANATIKS XpRang 1.500 2014-2020 2014-2024+ 50,8
MEéGw ETXeEIpROEWyY KTipia
Evepyelakuv YTTNpeTIwy
Apdoelg eKTTaideUTnS Kal 40.000
9 |eTIHOPPWONG O OTEAEYN TOU dT;‘J a 2014-2020 2014-2024+ 64.0
TRITOYEVOUG TOHE H
60.000 2014-2015
METPNTES
AVATITUEN EUpUWV
10 OUCTNUATWY PETPNONG 160.000 2014-2016 2014-2024+ 96.8
EVEpPYEIOG HETPMTES
°.540.000 2016-2020
HETPNTES
AVTIKOTASTAGN TTAAQILV 10.000
11 [eAa@piwv @opThywy dhuogiou N 2014-2020 2014-2024+ 11,3
; ; oxnpara
Kal 1I51WTIKoU Topéa
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AlGOKEIT YToAoyi{opevn
AJA MzETpo TToAITIKAG Ap10pog uhorrgi o Alapkeia Jwng efoiIkovopnon
yia £0IKOVOHUNON EVEPYEIAS | TTAPEPPATEWY Tomnans HéTpou TeAIKRS EVEPYEIUG
HeTpou (ktoe)
AVTIKATdoTaan Taiaiiv 50.000
12 ETTIRATIKWY OXNHATWY o ; ara 2011-2015 2014-2024+ 22,7
IBIWTIKOU TOMED XnH
YypaepIOKIVNON ETTIRBATIKWY 10.000 ) )
13 oXNMATWV I1BIWTIKOU TOUED oyfAHaTa 2014-2020 2014-2024+ 8.9
Augnaon Tou £13IKoU gpopou
14 Katavahwaong TeTpeAaiou 2014-2020 2014-2020 2251
Béppavong
Apdoeig evnuépwaong Kal 75.000
15 EKTTCISEUCONG O ¥PrOTEG VOIKCI)KU ” 2014-2015 2014-2024+ 19,86
KATOIKIUV P
AVATITUEN HETRO
16 Oeooahovikng 2017-2020 2017-2024+ 21,4
17 EmékTaon peTpd ABrjvag 2013-2020 2013-2024+ 29,34
ZuvolIKN TTooéTNTA TEAIKIG EVEPYEIQG TTOU E{OIKOVOHEITAI ATTO Ta HETPA TTONITIKIIG 893,8
(ktoe)

1.7 TIpooodokieg oyeTika pe tv gvepyewoki Cntnon oty EE cvvapticer g
EVEPYELOKTG avVUBadpiong TOV vTaPOVTIOV KTNPIMV KOl TNS KAMPOTIKNG 0ALAYNS

H mpoodokovpevn evepyetokn {tnon tov Ktnpiov Paciopévn oe d1dpopa vepyELOKd GEVAPLO Y0
10 2050 eivar:

Béhtioto Xevapro : H katavdiwon evépyelag yioo TV VTOGTHPIEN TOL KTNPLOKOL amofENatog, Tov
ayyiler Tic 90000 GWhlyear, mapd 11 cuvéneleg and v KApatiky ooy, Oo propovoe vo
uewwbei amo 5 éwg 10000 GWh/year edv a&lomombobv cOyypoveg TexvVOLOYieg Yio TNV Tapaymyn
evépyelog o€ OAQ To KTipla Kol TVTOYPOova vo BEATIO0OV onuavtikd ot KTnplokés SOUES TPOG TO
EMIMEDO TOV TOONTIKOV KTNpimV.

Ao100080 Xevapro : Av ¢ 10 2050 o, GLGTNUATO TAPAYMYNG EVEPYELNS GTO VITAPYOVTA KTHPLOl
&xovv vyMAS Babuod amddoong kot va £xet avaPaduiotel n evepyslokn kKAAon tov ktnpiov (Tpv 1o
1980) oe mabnTKd kTpLa, 1 cvvolkn {ntnon g evépyetlag Oa kvpaivetal and 22000 £wg 25000
GWhlyear

Peoiotikd Xevapro : Av péxpt to 2050 1o 70 % TV GUOTAHOTOV TOPOYOYNG EVEPYELONS GTO
vIdpyovTa KTipta mapovstalovy vymAN arnddoon katl va £xel avapaductel To 60 % Tov KTIPLOKOD
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amofépatog mov katackevdoke Tpw to 1980, 1 cuvolikn (Rnon evépyetag Ba KopaiveTor amod
50000 £wg 55000 GWh/year

Koataotpogikd Xevapro : v nepintwon 6mov péypt o 2050 pévo 1o 10 % tov eykotestUéVOV
CLUOTNUATOV TAPAYMOYNG EVEPYELONS, OTA LITAPYOVTA KTHPLol, ToPOoLGLAlovy VYNAN amdOooN EVD TO
vroroma Oa etvan cvpPatikd kot Tapdrinia va avafoabuctel To 20 % Tov kTnprokov arodépatog

(katackevng Tpo tov 1980) oe eminedo cOyypovNG KATAGKELNG, 1| GVVOMKN (RTnon evépyelog Oa
vrepPet 1ig 120000 £mg 130000 GWh/year [11].

20000 EuvoMikn Karavahwaon Knipiwy (GWh/Erog)

60000

50000

40000

30000

20000

Zuppankd Kiipio Movokaroikiag 1980

-
&
g
:
:
=

Movokatoikiag 1980

:

8
2
g
a
i
=1
P

|
ZupBankso Kripio

1990-2010 2050

dwaypouua 1.20: Metafoin tne oOVOMKNG EVEPYEIOKNG KOTOVAAWTNS TS Xwpas yio. To 2010
ka1 2050 vmo v mpodrobeon ot1 Ba vIapyEl 0 O1OYWPIOUOS TV KOTOOKEDDY GE. O) TWV

ovufatikav ktipiov, f) tv adyypovoy KTipiwv kol y) tov radntikov ktpiov [11]
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1.8 Amoteréopata TG 0pOOAOYIKNG YPNONG TNS EVEPYELNS KOL TNG EVEPYELUKNG
avafadpiong Tov KTNplov 6tny £E01KOVOUN O EVEPYELNG

Tons of CO, Savings B Low ambient light with task
lights, high efficiency lighting

fixtures .
B Photovoltaic electrical

m Radiant heating and coaling
1% with Dedicated Outdoor Air

1%_ 1% System (DOAS)
B Daylighting and occupancy

controls

B High insulation walls (U 0,025)
and roof (U-0,02)

B Wood frame/ triple glazed
windows

B Reduce equipment load
allowance

B Solar thermal system

I Total heat recovery system

B Operable windows/ ceiling
fans

M Higher cocling temperature set
points

B CO2 controls

Fixed shading

Miaypopua 1.21: Exorootioio amoteAéouota s peiwons pomwv COz uéow twv evepysiaxmv
ovafobuicewv kot g ypnoews twv AIIE [29]
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1 240 14,0

3.3 T3 LA

7, ins

3 70

!!! 6.5 1.0

o 25,1 A4F

1 1
o 10 20 30 40 50 &0 7O 80 20 100

OnNa W'Dy B Asy yvopifo/Aoy ue agpopa
(Katd oepd and mave mpog to KOTm):

Ayopad OIKIOKOV GUGKEVOV UE PACT) TNV EVEPYELNKN TOLG CTLOVOT

Xpnomn tévtag Kot GAA®V GUOTNUAT®V CGKLOGHOL KATO TS MPEG NALOQAVEWS TO
KoAoKaipt Y10 NAIOTPOGTAGia

Avorypa mapabipov, eeyyrtdv opoeng Katd tn ddpKed TG @OYTOS TO KOAOKaipt,
Y10 QUGIKO OPOGIGUO

Xpnon TAovinpiov podywv / MATov pe TANpN TAVOT

Toaxtikn, cOpeve pe TG 00MYiES TOV KATAGKELOGTH, GUVTHPNGCT TOV GLGTNUATOV
Bépuravonc, yoéng kot KMUOTIoHOD

Pv0pion Ogppootdtn yoéng otoug 26 éog 28 °C katd ) Oepiviy mepiodo

Pv0pion Ogppootatm 0épuovong otoug 18 émg 20 °C katd T yeepvi mepiodo

Micypoga 1.22: Tlpaxtikés amodoTIKOTEPNS EVEPYELOKNGS TOUTEPIPOPIS [17]
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Ollavra W'Orav cal GTny Karoikia o OloTe

(Katd ogpd amd navm mpog to KAT):

o [leprpeperaxéc cvokevéc H/Y
e HAektpovikdg vwoAoyloTng
o  Kovodia NAEKTPOVIKOV oy VIOIDY

e Tnliedpaom

Micypoppo 1.23: OpBoloyikn ypnon TS EVEPYEINS, KOTAVAAWGN EVEPYELAS O10POPWV
oVOKEVDYV OTAY Ppiokovial oe kotaotaon avauovig (Standby mode) [17]
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2 BIOKAIMATIKOX XXEAIAXMOX

2.1 ZEB kot BlokAMpotikog 63£0106 110G

Onwg &xer avaeepbei, yio v viomoinon NZEB, ZEB 71 yevikdtepa tov madnTik@v KTnpimv,
elval amoapaitntn n €Qopuoy ™G POKMUATIKNIG OPYLTEKTOVIKIG Yl0 TNV EAOYIOTOMTOINCT TOV
EVEPYELOKADV TOVG OVOLYKADV KOL TNV TPOSAPUOYN TOVG OTIG TEPPUALOVTIKEG OTULTOELC.

Me v évvola Tov BlokAUaTIKOD GYedAGHOD OpileTal 0 apyITEKTOVIKOG GYESUGHOG TTOL AapPavet
HETOED AAA®Y VITOYN TOV TNV TOTOYPAPIN KOl TOV TPOGOUVATOAIGUO TOL OIKOTEOOV, TO LIKPOKAILAL
™G MEPLOYNG, KATA TETOL0 TPOTO, OV APEVOS VO TEPLOPILEL TIC EMIMTAOCELS GO TV EMOPACT TOVG
07O KEALPOG TOL KTNPiov Kol APeTEPOL va. Ta a&lomolel otV enitevén TV GLVONKOV NG BepIKNG
dveong Ko NG vyewng oaPimong Tmv avlpOT®Y 6TO EGMOTEPIKO TOL KOl 6TOV TEPPAALOVTA YDPO

TOVL.

AoV emtevyBel  péylotn dvvarn eEowkovounon evépyelag, e Tov POKAMUATIKO GYESOGHO TOV
ktnpiov (ewdva 2.1) pécw TOV TAONTIKOV TEXVOLOYLDV OAAG KOl TG YPNONG GLOKELMOV VYNANG
EVEPYELNKNG KAAOMG, Ol vmOAowmeg evepyslokes amantnoelg KoAvmrovtor and AIIE. Tote podvo
OOKTé OLGLOCTIKO VoMU 1| €yKatdotaon cvotnuatov agtonoinong tov AIIE kot 1o ktpo €xet
TPOYUATIKE UNdeVIKO 1] 6XE0OV UNOEVIKO O1KOAOYIKO amoTomtmpa [15].

A&oonueioto, gniong, eivar To yeyovog OTL [o amoTUYNUEVT] PYLTEKTOVIKT] KOTAGKELT Oyl LOVO
dgv €VVOEL TNV YuYIKY| 160pPpOoTia TOV aTOUOL aAAE Tpokalel TOAAEG acBEveleg Ko SuoAeLTOVPYiEg
otov opyaviopd. H kadn apyrtektovikn givon amapaitnta kot frokApotikn [26].

shading lights
|

<€
i |

technical

installation g CooATnng

|
—

w building

£ envelope

daylight
control

: . people,
orientation appliances
heating

system

Eicovo. 2.1: Topdyovieg mov eXOpovdy ot OOVOLIKN EVEPYELOK OmOd0oTn TV KTnpiwy [33]
53



Mo v oyedioon evog ZEB, nZEB, NZEB, ot oyediaotéc Mryavikoi tpénet va Adfovv vr” oyv
TOUG Ol HOVO TNV VYElD TOV ¥PNOTOV 0AAL Kot Vo dtac@oiicovv tnv avetn dwfPioon otov
€0MTEPIKO 1 TOV TEPIPAALOVTO TOV KTNpiov Y®dpo. XOvpewva pe tov Victor Olgyay o dpog <dveon>
Oa umopovoe va meptypael <mo¢ 10 onpeio 6to omoio o AvOpmmoc eival oe BEom Vo GTOTAANGEL T
HIKPOTEPT OLVATY EVEPYELD Y10 VO TPOGAPHOCTEL 6T0 TTEpBdAlov Tov>. H dveon enmpedletarl amd
TOALOVG TTaPAYoVTEG, OMWE Omd TNV €KAGTOTE dPAGTNPLOTNTO TOV ATOUOL, TNV £VOUCY| TOV, TNV
NAkic, TO GUAO TOV Kol amd TIS EMKPATOVGEG GVVONKES TOL ECMTEPIKOV KOl TOV TEPPAAAOVTOG
YHOPOL TOL KTNPIOV Kol EWIKOTEPO TOV TUAATOC TOV cVVIBmG Ppicketal o avOpwmog [26].

O BroxkApaTIKOG 6YEOAGUOG, OMOGKOTEL GTNV TPOGUPUOYT Kot TNV £VTaEN TOL KTNPIov GTO PUOIKO
oV TEPPAAAOV pE TNV a&loToINoN TOV TOTIK®OV KAUOTIKOV YOPUKTNPIOTIKOV, £X0VING MG GTOYO
TOV TEPLOPIGUO TOV EVEPYELNKADV KOTAVOADCEMV, YOPIC OU®MG va dotapdccoviol ot GuvOnKeg
Bepukng Gveong tov xpnotdv. Ot otdyot g EE yio mteplopiopd tov evepyelokdv KATOVIADGEDV
Kot T PEATIOON TNG EVEPYELNKNG GUUTEPLPOPAS TOV KINPIOV 001YoUV 6TV avalfTnoT TEXVIKMV
dounong, ot omoieg B eEacpaiilovv cvvOnKeg Beplikng AveoNS 0TO €0MOTEPIKO TV KTNpiwv,
KOADTTTOVTOG KATA TO OLVOTOV TIG EVEPYEINKEG TOLG OVAYKEG OMO (QUOIKEC TNYEC EVEPYELNG
SLUPBAAAOVTOG £TGL GTNV OVOGTPOPT TOL POVOUEVOL TOV BEPLOKNTION PE TNV TOVTOXPOVY AOYIKN
évtagn tov KtMpiov 6To PLVOIKO TOV TTEPIPAALOV, KOTA GLVETEWD Ol GTOYOL AVTOL aKOAOVOOVV TIC

apy€G TOL ProkAMpatiKod GYEIAGLOD.

Me Bdon ta aveotépm, 0 PLOKALATIKOS GYedcIOG O1cParilet:
e To xoBapdtepo mepPEAlov, LEIDOVOVTAG TOVG TOPAYOUEVOVS POTOVS OO TNV KOTOVIAMOT)
KOWGIHL®V.
o Tnv efowovounon g evépyelng, meplopiloviag TS OMAITNOES KOTOAVAAWGONG Omd TIG
oLUPOTIKEG TNYES EVEPYELOG KO TALTOYXPOVO TNV OmeApTnom an’ dvTés.

OvclooTIKG, EMOUDKETOL GTO PeYOADTEPO duvatd Pabid n a&lomoinon evEPYELNg TOL TAPAYETOL OO
AIIE kaBd¢ kot 1 EKUETAAAELGT] TOV KOUPIKOV CLVONKOV oL €mkpatodv otnv meproyn. H
O0£0LEVOT), M OMOTAUIELON KoL 1] LETOTPOTY TNG TNG NAOKNG EVEPYELNS KATA TN YEWWEPIVT TEPTOJO
a&lomoteitan yio T B€ppavon tov Ktnpiov, avtiotorya, oAl ek dwapétpov avtiBeta, n aglonoinon
TOV OVEHOL KOl TNG okioong Katd ™ Oepwvn mepiodo cLUPAAAOLY GTO dPOCICUO TOV Kot Tailovv
ONUOVTIKO POAO GTNV EEO0IKOVOUNCT EVEPYELNG. ATO TNV AAAN TAEVPA OL®G IGO0V oNuavTiKn glval
K01 1) TPOGTOGi TOV KT piov omd v vaepBEpravon Tov Katd T ddpkeLla Tov BEPOVG Kol Amd TOVG
16YVPOVS AVELOVS 01 OTTOT01 TOV APALPOLY BepUOTNTA KOTA TN SLAPKELD TOV YELLADVOL.

O BroxkApotikdg oyedtaclog e@approleTotl VKOAOTEPO STV VTTaBPO Kot GTO TPOACTIH TV TOAEWV
Kol OUGKOAOTEPO GTO AOTIKA KEVTIPA AOY® TOL OTL TO KTNPLOL OTIG TPATES MEPUTTMCELS, GLVNOMG,
gtvon mavtoydOev erevbepa [28].
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2.2 TlaOnTika kTipo

2.2.1 MMaOnTké kTipro - To TéAE0 NZEB

ATO TNV EMKVPMOT TNG 00MYI0G Yo TNV EVEPYELNKT Amdd0oN TV KTnpiwv, Ta 28 kpdtn MEAN g
EE nmpoonafolv va Slopop@®@covy Tovg d1kovg Toug optopovs mov Ba apopodv ta Ktpla Xyedov
Mnoevikng Evépyetlag, ta omoia Ba amaitnBodv katd v kotackevn amd to 2020. H khaooikn
TaONTIKY oYedlaon TPOoPEPEL MO oL EEALPETIKG OTOOOTIKY KO OIKOVOUIKA Pudoiun Adon mov
umopel va cuvdvaotel anoterespatikd pe tig AIE.

O mévte Bacucol Tapdyovieg mov mpémel va ANeHoHV vdyn 6e OAEG TIG TEPIMTMGELG ElvaLl:

e BéAtioto eminedo Beppopdovoong

o  OepLOUOVOTIKE KOVPOUOTO LLE VUAOTIVAKES VYNANG TOIOTNTAG
o Koaraockeun yopig Bepuikés yépupeg

e Agpooteyéc mepifAnpa ktnpiov

e E&aepiopds pe avaktnon Oeppotrag [81]

2.2.2 10 Loyor Yo Tovg omoiovg to [Madntiké kTiplo tpoceépeTar og faon o ZEB

Onwmg &xet avagepbel, To KTpo pLe yopunAn 1 undevikn Katavdiwon evépyetlag sivorl avtd

mov yopoktnpilovrar amd eEAPETIKA LVYNAN EVEPYELOKT OTOO0CT Kol TAVTOXPOVE OEIOTOLOVY TIG
AITE. Ot akéiovBor 10 Adyor €&vpvovv to madnTikd KTplo AOY® TV cap®dg Kabopiopévav
KpLrTnpiwv Toug:

1. To IaOntkod kmpro amoterel piot OAOKANPOUEVN KOl TPONYUEVT 10 TOL PAETEL TO KTNPLO
010 60OVOAO Tov. Efoutiog avthg g YEVIKNG TPOGEYYIoNs, amoevyovtol AGOn otov
TPOVTOAOYIGHO TNG KOTOGKELTG KOl TO TEMKO KOGTOG givot ousOntd pHetopévo amd emmAcov
dOmAVEC.

2. H mofntkn oyediaon éxet amoderybel emruymg oty mpdén yro tave and 20 ypdvia.

3. H mobntum katackeun givar dwabéoiun oe 6Aovg, dtac@aiilet v moldtnta (dveomn) Kot dev
etvar o Ttotevtapiopévn ea.

4. H évvoln tov mafntucod Knpiov ivor KATAAANAN Yo vEo KTNPLOL OTIMG KOl Y10 EVEPYELOKEG
avakotookevég. OAot ot TOHmMOL TV TPOGPEPOUEVOV  SOUIKOV VAMKAOV UTOPOVV Vo
a&lomomBovv, apkel va TANPOLV KATOlEG EAAYLIOTEG TPOILOLYPAPES.
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10.

H mofntkn oyedioon cvuvovdaletar e OmOl0OMTOTE OPYLITEKTOVIKO GTLA Kol OEV OTOLTEL
wwaitepn kotaokevn). OLot o1 TOTOL TOV KTNPIOV UTOPOVV VO, KATAGKELOGTOVV LE BAon Tov
TaONTIKO oYeEdoUO, OTMG, HOVOKOTOIKIEC, Olapepiopata, KTNPoKd UTAOK, GYOAEld,

ypopeio, vVosokopeio KA.

H obOvdeon ¢ mabntikng oyediaong tovtdypovo e TNV GYOANCTIKY] LAOTOINoN NG KaOE
OYEOLOOTIKNG AETTOUEPELOG KOL TNV ETAOYN TOV KOTOAANAOTEP®OV OO OIKOVOLOTEXVIKNG
TAEVPAC TPAOTOV VA®V Kot €§apTtnUAT®V, 00NYoUV GTO PEATIOTO €MIMEOO EVEPYELOKNG
anddoonc. H modtnta tov 1ehMKov amoteAéopatoc emoindedetor HEow NG EVEPYEIOKNG

TIGTOTTOINGNG,.

Ta tpéyovta epevvnTKd TpoypapLaTe Etval aplepopéva 6T cuvey eEEMEN TOV TaBNTUKOD
oxedoopov. Emiong mpoceépovior TOAAY EKTOLOEVTIKGE LETOTTUYNIOKE TPOYPAULATO HEGH
XxoAdv og OAo taor Kpdtn pe 6Komd v TEPUTEP® KATAPTION APYLTEKTOVAOV KOl UNYAVIKOV

070 TaONTIKO KT1P10.

MokpompdBesia, T0 GLVOMKO KOGTOG TV TAONTIKOV KTNPiov elvar yoaunAdtepo amd avtd
TOV KAIGOIKOV KINPIi®V 7OV KOTOOKELACTNKAV £MG ONUEPA, AOY® TOL YOUNA0D
EVEPYELOKOV AEITOVPYIKOV KOGTOVG Y10 TNV EMTELEN TV GLVONK®OV Gveong Tov avOpdTOoL.

Toa montikd Kmplo Katovod®vovv mOAD  Alyn  evépyeln  efoutiag G PEATIOTNG
Bepropdvoong Kot TG VYNANG EVEPYELNKNG AmOO00NS TV HOVAI®Y Y10l TNV AEITOLPYIKN
TOVG LTOGTNHPIEN.

Téhog, pe Vv gpappoyn e madntikng oyediaong, elval ekt 1 VAOTOINoM NG 10£aG Yo
to. ZEB [81].

2.3 BlokKMpoTikog 60106 110G

Eve ta tedevtaio ypdvie kabiepmbnke o1ebvidg o 0pog <ProkipaTikdg oyedL0opOc>
YPNOLOTOOVVTOL Kol GALOL OPIoLOL, OTMG, O <EVEPYELNKOS OYEOLUGNOS> Kol O <maONTIKOG
NAKo6g oyedaopnoc>. H ovopocio ovtn aviomokpiveton TANPESTEPA GTNV OVTIANYT EVapUOVIoNS
TOV KTNPI®V e TO PIKPOKAIL TOVG Kot TO TEPPAALOV TOVS , SucPaAIlovTag TapdAANAa TV GveTn
Kol TNV vYEWT] 01aPimon Tov avlpdmov PEca 6 AVTA Kol GTOV EEMTEPIKO YDPO OVTMV.

Boowkd otoryeio tov frokipartikod oyediacpod anotehobyv ta madnTikd cvetipoate ( madnTikég
TEYVOLOYIEG) OV YPNCIUOTOLOVVTOL GTO, KTNPLo. pe otoyo v aélonoinon Tov TepBaAloviiK®v
myov ywo ™ Béppavon, v wiEn Kot Tov QUOIKO QTiIopd Tov Yopwv. O Boklpotikdg
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oxed1aGHAC, av kot Ba émpene va Bewpeitan TpOTAPYIKOC GTOYOG eml TNG LEAETNG Kot TNG oyediaong
Kot TG VAomoinong tewv kpiov, Bewpeitor amd moALODG ™G pio vEX 1060 GTNV OPYLTEKTOVIKY| 1|
omoio oyetileTon mEPIGOOTEPO LE TNV OKOAOYia Tapd pe TV €£OKOVOUNGN TNG EVEPYELNS, EVA
amoTeAEL amOiTNON Y10 TN HEIDOT TV EVEPYEINKOV aVAYK®OV TOV amoTeAel mpdopopo tov ZEB.
"Evag onuavtikog Adyog yio tov omoio a&ilel vo mpomndei o ProxAipatikog oyedlacudg ivol ovtog
NG OPYLTEKTOVIKNG TOIOTNTOS HE ONUOVTIKO 0pelog Yia mepiBdAlov Ta kthplo pe mepliocdtepeg
(QUOIKES KOl AIYOTEPO TEYVNTES EIGPOLEC EVEPYELAG EIVOL TOLOTIKOTEPO KO TPOGSPEPOLV TNV EMOVUNTY
dveon otovg avOpomovc. H @von d€xetar AMydtepn OTHOCOUIPIKTY PUTOVGT AOY® TOV TEPLOPIGLOV
ot ¥PNoN TOV CLUPBATIKAOV KALGIH®V, TO VAKE OV YPNGIULOTO0HVTAL Vol OIKOAOYIKA Kot M
a&lomoinon TV TPOCSPEPOUEVOV dVVOTOTHTOV TNG TEPLOYNG TPAYUATOTOLEITAL LE GLVETO TPOTO.
Av1d onpaivel To¢ kGbe KTNPo KATAOKELALETOL (e VAIKE oL Bpiokovtal 6Tov TOTO KOTOGKELTG
TOV, GTO GPEGO TTEPPAALOV TOL YloTl OO KO 1] LETAPOPE TPDOTWV VADV ot GAAES TEPLOYES OEV
emupénel T Bedpnon evog kriopatog wg ProkApatikd, epocov £xel damavnOel yio v avEyepon
TOV TTEPICGOTEPT EVEPYELX OO TNV TEAEIMS avarykoia.

Ot koplotepeg TOPAUETPOL TNG OVYYXPOVNG PLOKAUOTIKNG OPYITEKTOVIKNG TOL TPEMEL VOl
Aoppdvovtor v’ OYV Kot Vo LEAETMVTOL TPOCEKTIKA TTPLV TNV VAOTOINGT TOL KTNPiov, £T0L MGTE
avto va Oewpnbel oworoyikd, elvar ot €ENG:

1) O meplopiopdc g KaTavaimong evépyelag mov dgv topdystot and AIIE
2) H g&€owkovounon vepov
3) H amopuyn g vrepBéppavong tov Ktnpiov
4) BroxAipotikog oyedacpog mepiParroviog ktnpiov, mov teptlapupavet:
0. T1 SIUOPP®CT TWV OKAAVTTOV YDOPWOV
B. v a&lomoinom g pong ToL aVEHOL
Y. TNV KOTAAANAN 0EVOPOPVTEVCT] GLVOPTIGEL TOV TPOCAVATOMGHOD TOV KTNPiov
3. TNV EMAOYT TOV OIKOSOUIKOV DAIKAOV Kot 1efddwv e Baon otkoroyikd kptripia [26].

2.3.1 BrokApatiki] Mop@oioyio Tov ktnpiov

Onwog €xel avapepbel, ta Ktpla mpénel va oyedtdloviar facel TOV PLOKAMUATIKOD GXEOACHOD Kol
TOV 0pYOV TG TadnTikng oxediaone, pe v tavtdypovn aflomoinom towv AlIE, dote agpevog va
€EOKOVOOVV EVEPYELD. KOTA TNV EVEPYEWNKY] TOLG LIOGTNPIEN £TCL MOTE VO EMTVYYAVETOL N
pkpoTEPN duvat ETPAPLVGT TOL TEPPAAALOVTOG OO TAEVPAS POTTWV.

O 06poc <evepyeloKog oyedlaopnos™> N <PLOKMPOTIKOS OYEOOONOS> | <NALOKY] OPYLTEKTOVIKI>
AVOPEPETOL GTO OYEOAGIO TOL AoUPAveL LTOYN TOV TO UIKPOKAILO TG TTEPLOYNG LE TPOTO MOTE M
KTNPLOKN OoUn Vo TG a&lomotel Kot vor TG ovTILETOTILEL Yo vaL TopEYEL e TN HKPOTEPT duvaTh
KATOVAA®ON &VEPYELNG Yo BEpuavorn, Yoin kol eoTIopo TiG PEATIoTEG cLvOnKeg Bepuikng Kot
OTTIKNG GVESTG Y10 TOLG AVOPDOTOLG.
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2t xeyepwn mepiodo, 0 EVEPYEINKOG GYEOIACUOG OTOGKOTEL GTNV EAAYIOTOTOINGY] TOV BEPLIKDV
ATOAELOV omd ay@YoTTe, aePIopoy Kot EATUIONG, EMTPEMOVTAG LOVOV TOV OmOPAiTNTO Yo
AOYOLG vYlEWVNG agpopd, Kol otV péylotn aglomoinon ¢ Oepuikng mpocoddov amd TV MAMoKn
axtwvoPoAia. Kotd v Bepivi mepiodo o evepyelakds oyedlacidg GTOXEVEL GTIV EAYIOTOTOINON
G Oepukng Tpocdoov €& autiog TS NAMaKNS aktivoBoriag kot otn PeATioTonoinon TV dopopmV
HeBOd®V PLOIKOL OPOCIGHOD, DOCTE Vo gAoyloTomomBel 1 akdUN Kol Vo amoTpamel 1 ypnon
niextpounyavoroykov e£omhopo yio Tov KApatiopd tov knpiov [27].

SUNRISE >
<

Sun movement dunng winléer Sun movement dunng summer

SUNRISE

Eicova 2.2 Awapopd otnv tpoyia tov ‘Hiiov kota v mepiodo tov Xeyuwvo kot tov Kalokaipiod

[52]

IMa va emtevyBodv evkorodTEPA 01 TAPATAV® GTOYOL Eivol TOAD CMNUAVTIKO VO YIVETOL OOX®PICUOG
TV Kmplov og OBeppkéc (odveg. Baowkd pog péinua yuoo v op01 toroBétnon evoc kmmpiov 6to
0KOTEDO, glvar 1 eEAGPAMOT EMOPKOVG NAMAGHOV ToL KTnpiov amd 11 09.00 £mg 15.00 kabnuepva
KATA TN OlpKeE TOv Yelpmva. To xtplo tomobeteitar cuvnBwg mpog ™ Popetvi) TAevpd €vOg
OWOmESOV OAAG Yy TV akpn Tov Béom alomorohvtar ot nhakol 1 evepyslokol yapteg M
SLYPALLOTO TTOV AeOVICOVV TIG TPOYLES TOV NALOV KOTA TN S1dpKELD TOVL £TOVG Kol Tpocdlopilovv
EMAPKADS TN SLAPKELD TOL NAMAGHOV Kot TV Evtacn g Oepuikng axtvoPoriog (swdva 2.2 ). Me
YPNON TOV MAOKOV YopTtdVv aviiAapPovopacte yuoo €vo owkomedo mov PpiokeTon o po
OLYKEKPILEVN TTEPLOYN], TMOG EMNPEALETOL O OKIACUOG TOL A0 TO OEVTIPA, TOVG AOPOVG KO TO, YOPW
kmpa kKot €161 kabopiletar molog eivar o elevBepoc ydPOS Tov, 6oL 0 NACUOS TOV KTnpiov Ha
elval avepmoolotog. Ot voaTieg mpoodyelg ivar WavVIKEG Yoo T GLAAOYN Kot TV a&lomoinomn g
nAokng evépyelag (swcova 2.3).

To oypa evog ktnpiov, oy TePinT®ON TOV PLOKAPOTIKOD GYESIACLOV, EIVOL GLVAPTNOT KOL TOV
YEWYPAPIKOV TAATOVG TNG TEPLOYNS.
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North- Minimal Sun

Eixova 2.3: [Ipooavarorioudg tov ktnpiov yio. v uéyioty aclomoinon e niaxng evépyeiog [17]

Yoppova pe €pgvveg, éva KTMplo emiunkes otov d&ova AvoToAng - AVONG HE OPOPETIKEG
avaA0Yieg OTIS SUGTAGELS TOL TPOGPEPEL LEYAAVTEPT EMPAVELR TTPOG TO NOTO Yiat T GLAAOYN TNG
NAlaKNG aktvoPfolriog to yemva kol amotedel cuvnBmg T BéATiom Aoon. o va dacporotel o
NAGUOG OAOVL TOV ECMTEPIKOD YDPOL otd T avolypata TG vOTIaG TAEVPAs, Oa mpémetl To PdBog
Tov KTNpiov va unv eivor peyodvtepo amd 2.5 @opég 10 Vyog tov mapabdpov pe agetnpio TO
damedo, yeyovog mov eEacAAEL TOVTOYPOVA KOl TOV ETAPKT] PLOIKO POTIGUO GTO YMDPO.

"‘Eva kmpro yapaxtnpiletor og <kA16T6>, 6TAV 1| EMPAVELL TNG EEMTEPIKNG TOLYOTOLING TOV £ivat
dvcavaroyo peydAn oe oyéon pe TN ow@avh (avoryOpevn M un), VA, OTOV Ol EMPAVEIEG OVTEG
elval ovykpioeg, yapokmmpileton wg <avoytoé>. H avoyyty popeoAroyia emidéyetonr OTOV O
TPOGOUVOTOAGHOG TOL KTpiov gival vOTIOG 1] VOTIOOVATOAMKOG KOl 01 GLVOT|KES SOUNOTG EMTPETOVY
TOV NAMOGHO Tov, €161 doTe va aglomotovvtal Ta Beppikd nAlakd képon. H emdoyn g kAeiotng
popeoAoyiag amortel KaAn Oeppopdvmon tov adtpavav ototyeiomv, yuoti n peioon tov Beppikov
ATOAELDOV PUTOPEL VoL AVTICTOOUIGEL TO TEPLOPIGUEVO NALOKA KEPOT).

Ta kmpla mov eivor teleiwg eledBepa amd OAeg TIg TAELPEG TOVG M Ppickovtal 6To TEAOS LLOG
oelpdg Kpiov, €rovv peyohdTtepeg BepUIKE OMMAEIEG GE GYECT KE OLTO OV £XOLV HKPOTEPT
emedvela 6° emaen He To eEmTepko mepiBdiiov. Emiong, ta ktpla mov Ppickoviol 6° eman Le TO
£00pOG £YOVV KAAVTEPT) BEPUIKT] CLUTEPLPOPA KO KOTOVOADVOLV ATYOTEPT EVEPYELX OO TOL KTNPLOL
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ov  0100éToVV  TLAMTY, TAPOLSLALOVY OUMG GLYVO TPOPANUATO VYPOUOVMOONG. ZVVETMG TO
Bértioto eivon puo evolaueon Aoon! [28].

2.3.2 Emdpaceis Tov tepfailovIiK@V cuVONKOV 6TV TEPLOYI TOV KTNPiov (LKpoKAipa)

To kéBe ktplo amotedel (o EEXMPLIOTH KOTAGKELY, TO O0moio pe TV €viaén o€ &va gupvTEPO
aoTikd M un mePPAAlov aAANAETIOPE cuVEXDS He ovTO <KaBopilovidc™ €101 Kol TIG EVEPYELNKES
TOL OVAYKEG.

H xotd ta tehevtaia gpdévia adénon g Oeprokpaciog Kol TG ATUOGPAIPIKNG POTAVONGS, 0TS
EMIONC KOt 1 YPNON VAIKOV KOl GUCKEVADV PN GIAIK®OV TPOS TO TEPPAAAOV EXOVV GUVTEAECEL TNV
EUPAVIOT CNUAVTIKAOV, OO TOLOTIKNG KOl TOGOTIKNG TAEVPAS, TEPIPAALOVTIIKDV KOl EVEPYELOKDV
npofAnudtov ot kmple. H Proioykn kot yoyoloywkn soppomion Tov avlpdmov eEacpariletan
Ao TNV EMTVYN TPOGAPUOYN TOV 6TO PLGIKO TEPPAAIoV. AapPdvovtag vt Oyv To YEYovog OTL O
KATOIKOG TV aoTIKOV kEvipov Piovel to 80% g {ong Tov 610 £0MTEPIKO TOV KINpilmv, givol
TPOQAVNC 1 EMOPACT, TNG TOWOTNTOC TOL E0MTEPIKOV KAHOTOC TOGO otV LYeln, Youyng Kot
oOUATOG, OGO KOl GTNV Topay®ytKotTa Tov [27], [28].

Eixova 2.4 Emidpaoeic o1 omoicg ovufidlovy atnv dveon twv avlparwv [82]

‘Eva ecmtepikd pukpokAiplo Tov devV IKOVOTOLEL TIG GVVONKES AveonS, £XEl ONUAVTIKEG EMOPAGELS,
GLVOPTNGEL TOV XPOVOV, GTNV GOUATIKY KoL YUK vyeia Tov avOpdnov, 6mwg:
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Mnopel va mepiéyet un @uMkéc vy Tov dvBpomo ovcieg mov Vo €VVOOVV  TOV
TOAMOTAQGLOGHO, 1 OKOUN Kol TN UETOQOPE 0acbeveldv, HECH TOV AEPUYOYDV TOL
KMUOTIGHOY

Mmropei va etvar 6Tpecoyovo, my 6tov 0 AvOpwmog dev alcOAVETAL AGPOUANG

Mmnopet va dnuovpyel otov GvOpmIO, GLUVOPTNCEL TOL PEMOTIGUOV, GLVONKES gvEOopiag,
dvucpopiog 1 KoTaOANYNG

Ta otoryeia ekelva TOL KAVOLV £vav YOPO AVETO Kot EvYAPIoTA PLdoto ivat:

N Bepukn dveon
N OTTIKN AVEGT
1 E0COTEPIKT TOLOTNTO TOL AEPA

1 0KOVGTIKN TOWTNTO TOV XWPOoV [26].

2.3.2.1 Ogppuxn] dveon

Me tov 0po Bepuikn| dveomn, ekppdletal to OGO dvero acBavetor o dvBpwmog oe €va YOPO

ocvvaptnoel ¢ Beppokpaciag, g vypaciag Tov ydpov kol g Bepuokpaciag tov. H Oepuukn

dveon etvat £vag cuVOLAGHOG TNS YVLYOAOYIKNG KOl TG OPYOVIKNG KATAGTOGNG TOV ATOUOV, OTMG:

TNV TPOCHOTIKN TOL d1dbeon

™ SoppvBen Tov Ydpov ctov onoio PpiokeTon

ToV petafoMopd tov

TOV POVYIGLLO TOV

Vv OepLOoKpPaGio TOV COUATOG TOV

v Oeppokpacio tov aépa

™V ToTIKN Beppukn dvspopia

TNV GYETIKY| VYPACia

™V péom akTvoBorovpevn BepoKpacio TV ETUPOVELDV
TNV TOYVTNTO TOV POl

TNV KATOKOPLEN OCLUUETPiO TG Beppokpaciog TOV agpa

KdaBe petaforn tov avotépm, dnpovpysl kot pio dueco ovtiAnmt| HeTafoA] 610 OEIKTN TNg
Oepukic aveonc. Katd mv ASHRAE ( American Society of Heating Refrigerating and Air -
conditioning Engineers) to 80% tov atopov acddvetol Oeppukd aveta, 6tav 1 Oepuokpacio tov

agpa xopaiveror petald 21.5 °C kar 25 °C (ue oxetky vypacia 50%). H mo evydprom

Oeppokpacio sivor and 18 °C émc 20 °C yia tov avOpomo 6tav avamodstar kor 15 °C o 18 °C

otav epydletal, avdioya pe To €idog g epyaciag [26], [27].
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g évo KaAd BeprotvopeEVo YMPO, ot BEPLOKPACLOKEG OLOPOPES LETAED TOL ECMTEPIKOD OEPOL KoL
TOV TolywVv givol ToAD HKpéG. AVTO onuaivel TOAD kPN Kot YOUNMANG ToyVTNTOS KuKAo@opia
KpYoVv aegpiov palov, 6Tov avtd cvvendyetol Tn onuovpyio Bepuikng aveons. I'ia to AdYo avtd
elval onuUovTIKO 1 e£®MTEPIKN TOLYOMOLid, LE TNV LIOCTNPIEN TNG OEpLOUOVOONG, VO TAPAUEVEL OTO,
emBountd emineda Oepun, 016TL 660 VYNAOTEPN eivar M empavelnkn Oeppokpacio g TOGO
KOADTEPO TO ECAOTEPIKO UIKPOKAILLO TOV KTNPIOV KOTA TNV YEWWEPIVT TEPTODO.

To kéAveog Tov kplov amotehel Evav onUOVTIKO PLOUIGTIKO TOPAYOVTO Yo TN ONovpyio TV
ouvOnkov ™g Bepuikng dveong, pe to va aSlomotet ta BeTiKd, Katd Tepintwon, KAUATIKE oTotyeio
kol va amotpénel Ta emlnua [27]. Onog £xovpe mpoavagépet, To aicnua g Oeppikng aveongc,
ONUovPYEiTaL OTOV KOTOVOADVETOL 1) EAAYLOTN EVEPYELX OO TOV OPYOVIGUO Yo TNV €E0CQAAION
TV OeploppLOGTIKOV AglTovpYIdV 6TO0 OovOpdTIvo chpa, ®ote va dwnpnbel to Oeppkod

160{0Y10 TOL AVOPOTIVOV OPYAVIGLOV.

Otav ot xMpatikés ocvvOnkeg tov mepaiiovtoc sivar €uvoikég, T0 copo amoPdiier v
mieovalovoa Beppdtnta pe v aktvoPoAio, TV ay®YUOTNTA, TNV KLKAOQOPIO TOL O€PQ, TNV
e€atuion Tov WPAOTU Kot TNV avorvon. To Beppoppuduiotikd cOoTo AEITOVPYEL He TO EAGYIGTO
épyo kat to dropo arcBdverar <Beppikd dveto>. Xe dvopevelg dpmg cuvinkeg kpvov 1 (Eotng, To
ocOpo <yaver>, mOAD meplocOTEPN Oepudmra amd 6omn Oa €mpeme, N aviictoyo odvvatel va
amofaAetl To mAedvaca TG Tapayouevng Bepuotntog, kot tdte madel va 1oYVEL Yo TOV AvOpwmo o
opopog g OBepuikng dveonc. H katdotoon emOSVOVETOL CTUOVTIKA OTOV TOVTOXPOVO UE TIC
dvopevelc amd mhevpdg Kpvov 1 (Eotng cvvOnKkeg, LVIAPYXEL Kot avENUEVN vypocio, TOGO GTO
€0MTEPIKO OGO KOl 0TO ££MTEPIKO TTEPPAAAOV, YO TOL YPOVIKA OlCTHHATA TOV O AvOpwTog gival

EKTOG TOV KTNpilov.

Ymv mepintoon tov  ProkApotikod oyedlocpod PG KOTOWKING, OolTeitonl o TPOGEYTIKY
wwoppomio. PETOED NG YEMUETPIOS, TOV TPOCAVATOACUOD Kol TV OepUik®V 1O0TATOV NG
eEotepukng Beppopdvoonc. To embBountd amotédecpo, Katd v yewpwepv mepiodo, elvar va
OYEOOOTEL KOl VO KOTAGKEVAOTEL £VaL KTNPLO GTO 0010 1 010popd LETAED OEPUIKOV ATOAELDV Ko
Oepuikadv kepdmv, va givar oyetika pikpn. H Bepuikn daveon amoktd peyoivtepn Poapvtnta oto
NAOKA KTiplo, To omoia v pEPeL | E0AOKANPOL e&apTdVTOL OmTd TNV NAOKT oKTIVOBOAlD Yol TV
KGALYM TOV evepyslokdv Tovg avaykav. O Tpoémog mov 1 MAKN evEPYEl GULAAEYETOL,
amofnkeveTal Kot OOVEUETOL OTO KTNPLo, emMMPedlel ONUAVTIKA TNV GVECT T®V YPNOTOV TOL
Kmnpiov, yoti To avBpdmivo copa eivar meptocodTePo gvaichnto ot pon g Bepudtrag and ot
o Beppokpaocia [27].
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YVVETMG, 01 GTOYOL, AVAPOPIKA [e TN Bepukn Gveon, giva:

M opO1n tomobénomn (TPoGUVATOAMGIAG) TOV KTNPIOL EVTOG TOV OIKOTESOV

N QLGIKT KoL 1) TEYVIKN oKioom

N AEITOVPYIKOTNTO TOV YOP®OV

N HOPPT TOV KTNPILov, GLVOPTNGEL TOV YEMYPUPIKOV TAATOVG

N €MAOYN TOV KOTOIAANA®V HOVOTIKOV VAKOV CLUVOPTNOEL TOV €EOTEPIKMYV SOUIKAOV
oTolyElmV

1N KatdAANAN ETAOYN T®V SOUIKAOV GTOXEI®V Yo TNV a&lomoinomn g OeproympnTikdTNTOG
N €QAPLOYN TAONTIKAOV NAOKOV GLUGTNUATOV Yia T BEppovon

2.3.2.1.1 To kAipo Kol 1| EXOPAGT] TOV GTO GYEOLUGUO TOV KTIPiov

To kMpa (yevikdtepa Kot €0KOTEPA) GTA OldPopa HEPN TOL TAAVNTY, Hmopel vo tagvoundel

ocupemva pe tn Beppokpacio wov opileTon  Beppikn| aveon, og e&ng:

Kpva kiipata: katd m xepepvn nepiodo, n péom eEmtepikn Beppokpacio eivar pikpdtepn
N onuovtikd pkpdtepn amd 10 YopnAOTEPO eminedo G BepKNG AVESTG, VO KOTE TN
Bepwvn mepiodo, N péom emtepikn| Beppokpacia givar pkpdtepn amd ™ OBeppokpascio Tov
eMmESOL TG LYNANG BEpOKPAGIOKNG veoNC.

Zeotd whpoto: katd N xewepwn mepiodo, m péon emtepikn Oepuoxpacio elvan
peyoAvtepn amd v Beppokpacio Tov eMTESOV TG XOUNANG dveons, evd Kot T Bepvi
nepiodo, M péon eEmtepikn Oeppokpacio eivor peyoaAdtepn amd v Ogppokpocio Tov
eMIESOL TG VYNNG Oepukng dveong.

Evowdpeoa whipoto: xotd T yewwepivp mepiodo, €MKPATOVV GLUVONKES avVTIOTOU(ES e
ekelveg TOV Yuxpodv KMUATOV, v Kotd T Oepvy mepiodo, EMKPUTOVV GUVONKES
avTioToryeg pe ekelveg TV (eoT®V KMUATOV.

YUVENMG, Ol GYEONOTIKEG OMOLTIOEL TOV KINPIOL CUVAPTNCEL TOV AVOTEP®Y TOTOV KAMUOTOG,

sivo:

Ye KAlpo ovvexovg péomg eEmTepIKNg Gveong, 0ev elvar aveytn n emiPoAn kavevdg €idovg
0épuavong 1 KAMpoTiopo kot o oyedlacpdg tov kmpiov, Bo mpémel amd pudvog Tov va
eEaopolilel T PéATIOTN Oeppukn dveon kab” OAn ™ didpkela Tov £Tovg (ite KaTd TN EAoM
™ 0€ppavong gite KoTd T @domn ™G YHENG Y10 TIG OVTIGTOYES ETOYES TOV £TOVC).
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o Y& yuypd kApoto pog evOlpépPeEl TPOTIOTOS 1 emiTeLEN TOV cLVONKOV TG Bepprikng
Adveong Katd TNV SIIPKEWL TOV YLYpOV HUNVOV, GLVOPTNCEL NG MAloQavelns. Xe (eotd
KAMpato ot 6tdyol givol cLUVAPTNOT KOl TNG TOYVTNTOS TOV EMIKPUTOVVIMV GTHV TEPLOYN
AVELLQV.

o Y& evolgueca KAIHOTO, OOV OmOoUTEITOL WO0ATEPT TPOGOYN GTOV GYEOACUO TOL KINpiov,
epapuolovionl cuoTiUato QULGIKNG Bépuovonc kot yoéne. EmmAéov, o yapoakmmpiopog g
TEPLOYNG MG OPEWNG, TMopaboAdooiag, aoTikng N un, mailovv kaboplotikd poAO GTO
HIKPOKALLLOL KOL GUVETMG KOl GTOV GYESCUO TOL KTNPIoL Kot TOV TEPLPAALOVTOG YDPOL
TOV.

v vmabpo kvplapyo poio Sadpoapatilovy To VYOUETPO TNG TEPLOYNG, TO TOTMOYPUPIKA
YOPOKTINPLOTIKA, TO PUGIKO TEPPAAAOV e onpaivovca v mapovsic 1 TV arovcio PAAGTNONG.
AvtiBétwg, oty moAn Pacikd poro mailel To dounuévo mepPaAiov, ol Aettovpyieg Tng TOANG Kot ot
YPNOES NG YNG. XtV mOAN, o€ avtifeon pe v Vmobpo, 10 piKpokAipo amotedel €vov
TOALTTOPOYOVTIKO Kol dSVoKOAO cuvdvacpd. Ot Bepuokpaciec e mOANG emnpedlovial amd TNV
napayopevn Beppotto and Tic mowkileg dpdoelg Kot Aettovpyieg (0épuavon ktipiov, puéyebog twv
Kpiov, KukAogopia oynmudtov, eykAoPBopog kol amoppdONoT TG MAOKNG okTvoPoAiog
CLVOPTNGEL TNG BEPLOYOPNTIKOTNTAS TOV VAIKOV KATAGKELNG TNG AOTIKNG TEPLOYNGS, LE GUVETELD 1|
napayOuevn kot 1 amodnkevpévn Bepudmra vo unv umopet dtapvyel Aoy ¢ Vmopéng evog
OTPOUOTOC TO 0moio OMpovpyeitar amd TOLG TOPAYOUEVOVLS PUTOLG TNG TOANG GTO AVAOTEPO
otpopoTa ™G atudoseapog (eawvopevo Bepuukng vnoidoc). 'Etor, oto kévipo g mOANG
ONUEIDVOVTAL EAOPPAOS VYNAOTEPEG Beppokpacies amd 6Tt oto mpodotwa. Emiong, m d6unon
emmpedlel v mopeia TV avépmvy. Yynid kmmplo pmopet va Ae1tovpyohv w¢ oVELOPPAKTEG GE Lol
mePLoyn, OTavV ovoarTOGGoVTOL KAOETO 6T d1evhuvor Tov avEROoL 1 vo Emtteivouy TNV TaOTNTA TOV,
OTOV avOTTOGGOVTOL TPOog TV 01evBuvon mvong tov. Emiong, ta xtpla pe tov dyko tovg Kot tnv
petald Toug amdoTacT), ONUIOVPYOLV GLVONKES OKIOONG GTO YEITOVIKA TOVg KTipla. To chvoro
ALTAOV TOV TAPUYOVTIOV GUVIHOWOS OPOVV TEPLOPICTIKA Kol SVGYEPAIVOLY TNV EPAPLOYN TOV OPYDV
10V BrokAMpatikod oyedtaciov [28].

2.3.2.1.2 Ogppiké 160lvyro TV KT piev

IMa va emtevyBet kKou va dtotnpnOei 1 emBount Beppoxpacio, TapEYETOL GTO KTNPLO EVEPYELD YO
mv 0épuavon 1 v Yo&n tov, Tov KaAOTTEL TNV BEPULOKPAGLOKT dapopd and TV Beppokpacio
7oV Ba EMKPATOVGE GTO KINPLO YWPIg TNV TOPEYOUEVN 0T EVEPYELD, LEXPL TNV EMBLUNTY] Yo TOV
Kd@0e avOpwmo Bepuokpacio. Oco pikpodTepn etvar 1 cupPoAn g evépyelag yio v BEppaven 1 v
Yoén, v v e€lsoppomnon tov Beppikov 1ooluyiov Kot TV emiteLEN TOV GLVONKAOV TNG BEpUIKNG
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dveong, 1660 OKOVOIKOTEPT €lvar 1 Aertovpyia Tov KTNPiov AOY® TOV YOUNADV OTOITHCEOV NG
evépyeog [27].

Me 10V 0po Oepuikd 160L0Y1I0 TOV KTNPi®V evvoovpe T0 GAOPOIGHA OA®V TOV BepUIKOV pOomdV
BetiKo Kot apvnTikov Tpoonuov. Ot Oepukéc avtég poég avapépovtol o€ kEPOM (BeTikd mpdonuo,
Oepuikég mpdoodot 1 Bepuikd kEpON) Kot o andAeleg (apvnTikd TPOSNUO, OEPUIKEG ATMAEIEG) TOV
KNpiov kot o@eiloviol oTn JlPopd TV OepUOKPUCIOV HETOEDL TOL EEMTEPIKOV KOl TOV
ecmTePKOD  mepPdAloviog kol eivar ocuvdptmon g Oeppopdvmong Tov  Knpiov, TGV
OepLoyEPLPOV, TNG TOLOTNTOS TOV KOVPOUAT®V, TOV €100G TOV VUAOTIVAK®OV Kol TPOTAVI®V NG
0pBOLOYIKNG YPONG TV SOUDV KOl TOV EYKATUCTAGE®DY TOL KTNPIlov.

A&ilel va onuewmbel, 60Tt oTov VITOAOYIGHO TOL Beppkod 1ooluyiov dev AauPdvetor v’ dym 1
dwbéoiun otov Beppovopevo ywpo Oeppikn pala, n omoia emnpedlel Oyl LOVOV TN YPOVIKY Kot
oTOV YOPO Katavoun g Oeppokpaciog (aicOnua Oeppikng dveonc), aAld Upesa Kot TV TEAKN
KatavdAwon evépyelog yww v dwthpnomn g embounmge Oepuoxpaciog, M Oeppokpaciog
oxedopov. To Bepuikd 10olhyo tov KTnpiov pmopel vor EKPPACTEL PE TN HOPPN OGS OTANG
poOnpatikng oxéong g HOPPNG:

Ql +QS+QC + QV QM - QE =0 (2.1)

Onov:

* QI (Internal): Ta somTepkd KEPON and ™ Asttovpyia Tov krnpiov. IIpokerton Yo OeppoTnra
OV dNUOLPYELTAL KATA TN ¥PNON TOL KTNPiov Kot £yl T Lopen gite arcOntmg, gite AavBdavovsog
OepuomTog, n omoia KaTd TN YeWepvr mepiodo eivan emBountn, a@ov GLUPAAEL 6T pEl®ON TOV
amoutNoe®v Yoo ™ Bépuavon tov yopov, v Katd T didpkel Tov BEpovg ivar avemBountn,
POV OVEAVEL TIG AVAYKES Y10 TNV YHEN TOV YOP®V.

* QS (Solar): Eivar to nMoké kEpdog, Tov 0QEileTaL GTNV TPOOTITTOVGO NALOKT 0KTIVOBOALN, TO
omoio &ival cLUVAPTNGON TOL TPOGUVOTOAGHOD TOL KINPIOV, TNG EMPAVELNG KOl TOV €00VE TV
aVOlYHAT®V TOV.

* QC (Conduction) : Eivar ot awr®Aereg | To KEPON SLIPEGOV TG AYOYIUOTNTOS, TOV SOLUKOV
oTolyElmV Tov TEPIPANUOTOC Kol eivon oyeTKd aveSdptnto amd ™ xpnon Tov ktnpiov, eEaptovtol
d€ amd T Y@PoHETN O, TN LOPET| KOl TOV TPOTO KATOGKELNG TOL TEPPANLOTOG TOV KTNPIov.

* QV (Qvent): Eivar o antdAreieg €€ autiog Tov agpiopod tov KTnpiov, embountov 1 un.

* QM : Eivon 10 Ogppik6 1 YokTiKé @optio Tov KTNpiov T0 0m0i0 KOADTTETAL UE TNV TPOCSPOPA
evépyelog yuo ) 0éppavon 1 v yoén. Fevikd, n emioyn Tov datdéemv Yo TRV VITOSTHPIEN TNG
Oépuavone M ™G YoENG, amotedel o 10100TEPNG TPOGOYNG OLKOVOUOTEYVIKN UEAETN TOv eivat,
petalld dAL®V oToyEiwV, CLVAPTNOT TNG TEPLOYNG, TOV ATUITNCEWMYV, TOL E100VG TOV KTNPIOVL KAT.

* QE(Evaporation) : ov an®Aieleg omd TNV £ATHMION OTIC E0MTEPIKEC M| TIG EEMTEPIKES EMPAVELEG
TOL KTNpiov (S1oTd&els yio Tov uoikd dpoctoud Tov Ktnpiov) [27].
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2.3.2.2 Onttwi] Gveon

O pwtiopdg evOg YDHPOL OMOTEAEL CNUAVTIKY] TAPAUETPO TNG AVESNG TOL avBpdTov. O PVOIKAC
QOTICUOG TOV KTNPIOV, HEGH OVOIYLATOV N POTAYOY®V, €lval amapoitnTog Yo floloyikols Kot
YUYOAOYIKOUG AOYOUS KO TOVTOYPOVO TOPEXEL VYNAL EVEPYELOKE OPEAN TOL OTTOT LE TN GELPA TOVG

ocvuParovy otV e£otkovoun ot EVEPYELNG Kot TV TPOoTacio Tov meptBaiiovtoc (dtdypappo 2.1).
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Aidypopua 2.1 Tlpoeil pwtionod oty oe o KOTOIKIA, GOVOPTHOEL TWV EXOYMV TV £Tovg [42]

H aicOnon tov mpaypatikod ypdvov (Kipkadog puOpdc) kot n <emoen™> Ue TIG TEPPUAAOVTIKEG
ouvOnkeg dStacparilovtat LOVo 1 oxedOV LOVO LE TV TOPOVGIa TOV PLVOIKOL PTdC. H amovsia tov
(QLOIKOV POTICUOV UTOPEL VO TPOKAAEGEL KATAOAYN, OPLLOVOAOYIKES SLOTAPAYES, OLUTOPOYES GTOV
Ovo kot TN ovykéEvipwon. ‘Epguveg éxouv deilet 0TL 0 opyavioudg ypnoylomotel ™ OBeppokpacio
TOV TTEPPAAAOVTOG KOt KUPIWG TO POTIGUO Y10 VO ETOVOPLOUIGEL TOVG KHKAOVG TV TEPLOSIKDV TOV
AELITOVPYIOV DOGTE AVTOl va Exouv 24mpn dtdpkelo OTMS Kot N nuépa (Kipkddtog pubudc). H éxbeon
o€ VYNAEC TYES PLGIKOD POTIGHOV KaTA TN SldpKewn NG NUEPAS PeATidvel ) ddpKelo Ko TV
TO10TNTO TOV VIIVOL, EVED TUPAAANAQ LEUDVEL TOL GUUTTMOUOTO, TNG ETOYLOKNG KoTdOAynNG [26].

2.3.2.3 EcoTepikn) mo10tNTa T0V 0£p0,

Onmc kot Yo ToV QUGIKO POTIGHO, 1] OVAYKT) Yo QUGTKO 0EPIGHO, EIVOL GLVAPTNGT TNG (PN ONG TOV
KTNpiov, Tov TEPPAALOVTOC TOV KOl TG SPACTNPLOTNTIS TV OVOPOTWV.

H moidtta tov ecmteptkon aépa dev oyeTileTon LOVO HE TNV LYLEWN, dAAd Ko pe T Bepuikn| aveon
TOV avlpdTOV Kot givorl cuvaptnomn SPOp®V TOPUUETP®Y, OT®G TNG TOLOTNTS TOV EEMTEPIKOV
aépa, TG YEWUETPIOG TOV KTnpiov, TG dpacTnploTNTag TV avlporwv. Ot Kipleg e0OTEPIKEG
YEG POTTV €Ivol TOL SOUKA VAIKE, T YPOUATO, TO ETUTAC KO 01 OPAGTNPIOTNTES TOV AvOpOTW®V.
To obvdpopo 0L dppwoToL KINPiov OmOTEAEl TAEOV GLYVO QOIVOUEVO KOl GUVOVTATOL GTO
ovyypova Ktpo. To avemruyés ecotepkd meptPdirov, and dmoyrn mowdtnTag aépa, eival n otia
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OV TPOKAAEL ducopia, EVOYANON Kot xpovieg Nmieg acbéveleg. MaMota ota cuyYpova KTNplo,
O6mov 10 KEALPOG eival oe TOAD HEYAAO TOCOGTO OEPOCTEYEG LE OMOTELECUO VO PNV VTAPYEL
EMOPKNG OEPIOUOG KOl EVOAAOYT TOV aépa, TO TPOPANUa YiveTor €vtovo. ZVVeEn®C, emPBAAAeTOl O
OEPICUOC TOV ECOTEPIKOV YOPWV, HE QLOIKO 1 UNYOVIKE vrooTnPopevo TPOTO Yoo TNV
OTOLAKPLVON TOV POV, KAOMG Kot 1 KOTé TO OLuvaTOV WHEIMON NG MOPUY®YNG ECMTEPIKMV
pomv. Ag punv Egxvdape amd ™ Ploroyia, 0TL 0 £ykéPAAOG Yo vo Aertovpyel cmotd ypetdletan
o&uyoévo kot cdicyopa [28].

2.3.2.4 AkovoTikn TodTnTO

210 KTPLoL EKTOC amd T BepUIKN Kot TNV OTTIKN GVEST] Kol TIG KATAAANAEG GLVONKEG aeplopoD Kot
dpociopov, Bo mpémer va e£oc@aMIETOL KAl 1 OKOVGTIKY (veom, 1M omoia &ivar amapoaitnto va
Aoppévetor vwoOYN KOTA TOV GYESIAGUO TOV TOGO TOV PLOKALATIKOV OGO KOl TOV KAOCCIKOV
kmpiov. H akovotwkn dveorn pmopet vo eEac@aiotel pe ) ¥pNon NYOLOVOTIK®OV GTOLXEI®V TPOG
amoPLYN TOL EVOoYANTKoL BopvPov, eite and to mePPdAlov TPog TO KTNPLo €iTE Amd TN Asttovpyia
oV KTnpiov. Mg TOV 0pO OKOVGTIKY] GVEGT] EVVOOVUE TNV KAVOTITO TOL KTNPIOV VO, TPOGTATEVEL
TOVG €VOIKOLG TOV amd BopHPove Kot va Tapéyel akoVoTIKO TEPIPAAAOV KATAAANAO Yo TN Sl0pov
Kot Yo TG Aowég opactnpotntes. BéPara  kokr mordtnTa Myov Kot o B6pvPog ekTdC amd TNV
aKon) emnpedlovv Kot OLOKANPO TOV OPYOVIGUO.
Ot mopduetpol akovoTiKnG Gveong &vog Ktnpiov oyetilovtol pe v MYOUOVOON Kot TNV
NYOTPOCTAGIA AmO TOV AEPOPEPTO KOl KTLTOYEVH NXO TOL TOPAYETOL GE YELTOVIKOVG YMDPOLG, TOV
aEPOPEPTO MNYO TOL TOPAYETAL OO 1OMTIKEG 1] KOWOYPNOTES EYKOTACTAGELS TOV 10100 KTInpiov
KaBmG Kot amd ToV aepOPEPTO MO TOV TOPAYETOL OO EEMTEPIKES TNYEG.
H axovotikn dveon yopiletor og tpelg Katnyopiec:

e oV KOt yopia A, VYNANG KOVOTIKNG AVEGTG

e otV katnyopia B, kavoviknc akovstikng dveong

e otV kotyopia I', yapumAng aKovsTiKng dveong

Ta kpurnplo NYOUOVOONG Kol NXOTPOCTAGIOS EIVOL OL OPLOKES TIUEG TOV TOPAUETPMOV OKOVGTIKNG
dveong v kabe €idog Nyopdvoons kol nyorpoctaciog kabmg Ko kdbe Katnyopiog oKOVGTIKNG
dveong. ['evikd o1 eAdy1oTEC AmALTOELG EVOC KTNPIOV GE OKOVGTIKT AVEGT TPEMEL VO KOADTTOUV TIG
OTOLTIOELG TNG KT yopiog akovoTikng dveong B [28].
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3ZEB

3.1 Ewoayoyn ota ZEB

210 TAOIo10L TG OVAYKNG Y10l TN HEI®MOT TNG EVEPYELNKNG KATAVAAMONG 0TO HEPIOI0 TOV apopd TOV
KINPWOKO Touéd, TPOEKLYE M 10€0. TNG ONUIOLPYIOG KTNPlOV LYMANG evepyelokng KAAoNg He
UNOEVIKY] KOTOVAA®GON EVEPYELNG atO GLUPATIKA Koo, Oniadn ta ZEB 1 ta nZEB.

Tov Anpidio tov 2010 1 Evponaiky Ertponn e&édwaoe v avabempnon g Odnyiog Tng oyxetikd
pe v evepyelokn anddoon tov kmpiwv (EPBD), couemva pe v onoio 6Aa ta véa kTpla. amd
T1g 31 Aekepppiov 2020 mpémer va eivar NZEB, evo ta véa ktpla mov oteydlovv Anpdcieg
Ymnpeoieg 1 eivan 1d0koiog tov Anpociov mpémel va mAnpovv ta 10w kprtnpo amd Tic 31
Aekepppiov 2018 (Adypoppa 3.1).

EC reports on
the progress of

o N Usea of minimum levels of All new

:':i ':Z'E;;E‘“'"g RES in buildings buildings
({Diirective 2009/28/EC) are nZEBs

(every 3 years) 01/01/2015 31/12/2020
31122012

M5 1% report to ) _

the EC on cost- Intermediate targets for All new public

optimality improving the energy - buildings are

(every 5 years) performance of new buildings nZEBs

21/03,2013 01/06/2015 31122018

| 2015 1 2016 | 2017 | 2018 I 2019 | 2020

Adypopa 3.1: Xpovikoi orabuoi ovagpopdg yio. ta. ZEB [38]
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Aidypopua 3.2: H évvoia tov Net ZEB [20]
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H evépyela mov amarteitat yro Ty Agttovpyikn vrootpién towv ZEB mpénetl va mapdyston Kot ovt
a6 AIIE (kaBapn evépyela) ot omoieg pmopovv vo, Bpickovtal EYKaTESTNUEVEG GTO KTHPLO, VA ival
eni Tov Ktnpiov, otov TEPPAALOVTIA 1O1OKTNTO YDPO TOL 1) TNV ELPVTEPT TEPLOYT], drdypappa 3.2
ko 3.3, ewova 3.1 [15], [18].

H évvota evog ktnpiov unodevikng KatavAaAmong eVEPYELOG 1] UNOEVIKOV EKTOUTAOV pOT®V dgV gival
Kowvovpla. Xpnogomoteitar Mo ond 10 1970, ®wotdéco Opmg, petd to 2000 10 TOYKOGULO
evolapépov otpaenke oto ZEB g g akdun eAmidoa yioo TV amoeuyn e KOTAGTPOENS TOV
[Movi I'm, kobohg amotelel Evav epiktd mapdyovia yio T peiwon tov ekroun®mv tov CO; katd
™ Jbpkela ¢ {ong Tov AOY® TG HElMOoNG TOV EVEPYEWNKAOV OMALTCEMY TOVS, KOl Yol TNV
VROGTNPLEN VTG TS WENS avamTOyOnKay moAAG eBvikd Kot o1eBv| mpoypdupata yio T peAétn
Kat v viAomoinon tovg [15]. Ta ZEB mBovaog va anoteAécovv v peAlovTiky] katevbuvenplo
YPOLLUY Y10 TO KTTPLOL.

Me tov 6po ktpro pe oxeddv Mndevikn Evepyeiaxn Katavdiwon Evépysioc, yapakmmpilovrot ta
KTHPLO LLE DYNAT EVEPYELOKT KAAGT OTtmg antd opiletar amd v Evporaikr Odnyia 2010/31[18].

GOING IT ALONE
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Ewcovo 3.1 A&iomoinon twv teyvoloyiwv AIIE mopdlinlo pe t abdvoeon 1 un tov Ktypiov oto
OIKTDO, YLO TNV QUPLOPOUT] GYEGH TOVS WS TPOS TV NAEKTPIKI evépyeio. [45]
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Eixovo 3.2a: Avarmapaotaon (block diagram) xtypiov Mnydevikic Evepyeraxic Katavalwong [95]

H évvowr tov ZEB, gumepiéyer mv epunveia tov kmmpiov mov amoppodd <kabopn™> evépyeio
(ewova 3.20. gwcova 3.2p kot didypappa 3.4) kat £xet, oe etnota Baon, undevikég ekmounég CO,.
[Mapdiinio ypnowonoleitar kot o Opog Zero Emission Building, émov emikevipdvetar To
EVOLLPEPOV GTO YEYOVOS OTL 1] OVTICTAOLOT EVEPYELAG OO TN YPNON OVAVEDCIU®V TNY®OV, GUVTEAEL
ot peimon tov eknounmdv CO, [13].

3.2 Xapaxktnpropoi tov ktpiov Zero Energy Building (ZEB), nearly Zero
Energy Building (nZEB), Net Zero Energy Building (NZEB)

Yrdpyovv d1Gpopotl optopol yio to KTNPlo UNOEVIKNG Katavaiwmong evépyelag. Ot meplocotepol
opwopol glval ouvapTNoN UHOVO TNG EVEPYEWNS TOL KOTOVOADVETOL KATO TNV VIOGTNPEN TG
Aertovpyiog Tov KTNpiov, TapaPAETOVTOG TO TOGOGTO TNG EVEPYELNG TTOV OITOLTEITOL Y10 OTTOL0ONTOTE
GAAN depyacia péxpt to TEMKO OTAO0 NG LAomoinong tov. Ouwg, n évvola ™G UNOEVIKNG
EVEPYELOG, OMMG OVTN  XPNOLOmOolEital 6Tovg Topelg mov oyetiloviol pe TV evEPYELD KOl TO
nepPaAlov, Omov AauPdvetar LVEOYN 1 EVEPYEWD TOL KOTOAVOADVETOL KOTA TN OldpKew g
TOPAYOYIKNG SOIKAGIOG TOV TPATOV VADV KOl TOV TOPAYDY®V OVTOV, TNG LETAPOPAS TOVS Kol
¢ VAomoinong Tov Ktnpiov, &ivar gvpéwg oOwdedopévn oe topeic OmmG M a&oAdynom g
OVOVEDGUNG EVEPYELXG.

210V TOpEN TOL doUNEVOL TTEPPAAAOVTOC M £vvola Kot 1) ovaAvon ¢ Kabapng evEpyelag Oev elye
eloayfel ot1g Pacucéc peddO0VE VTOAOYIGHOV Ko TioToToiNoNG. Zuvinbwe, N avdivon g <kaboapng
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evépyelac> (Stdypappo 3.3) Aaupavel upeca vwoyN TG TIG TOPAUETPOVS TOV TPOAVOPEPONKAY
KaOdG emiong koL TV evéPYELD omd TNV ETOVOYPNGULOTOINCT] KOl TNV OVOKVKA®GT TOV OOUIK®OV
VAKGOV TOV KTNpiov, HeTd téhog g (NG Tovg (OmoITovUEVn EVEPYELD Y10 TNV KOTOGKELT TNG
TPOTG VANG — amobnkevpuévn evépyeia) [20].

Ervelopes .
e Active solar heat
[wralls, ceiling, [water and
ThoOrs, windows, space heating)
doors)

Surpulus salar E“E"E‘:I'

. Salar
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exporped To grid th hﬂuEE‘

Elericrly used Enengy from the
oursice hame enid

Heat lasses from
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wisred walrer

also through the

envelnpe

Exova 3.2f: Evepyeroxo 160{oyio krnpiov [29]

Aoppavoviag voym TNV EVOOUATOUEVT] - AToONKELUEVN EVEPYELD TOV VAIK®V TOL KTNpiov, 1M
omoio. OTMS TPoNYOLUEVMDS avapEpOnke £xel mpoopepBel oe OAEC TIG PACELS TNG VAOTTOINGNG TOV,
umopovue va TNV a&lomooovue ®¢ Evav deiktn mocootoh g Kobapnc evépyslag. Xta ONn Site
ZEB, 10 10600716 NG Tapayopevng evépyelag, evépyetla and AIIE, kot mpocpépetal 610 61KTLO TNG
NAEKTPIKNG EVEPYELOG TTOV Elval cLVOEdEUEVO TO KTHPLO (0N Site KoTdoTaon) 1600TuL UE TO TOGOGTO
NG NAEKTPIKNG EVEPYELONS TTOL ATOPPOPATAL OO OLTO Yo TNV VTOCTNPLEN TOL KTNPIoV. LVVETMG
dnpovpyovvtal 6VO OPLoHOL:
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®  KTNPLO PNOEVIKNG EVEPYELUG
o KTNPLo KaOaPg PNOEVIKIG EVEPYELOG

H Aoy g pnoeviknig evépyerog Paciletor Kupiog otnv €TMOL0 KOTAVAAMGCN EVEPYELNG YO TNV
vrooTNPIEN NG AELTOLPYiOG TOV, EVMO TO KOOOPN HUNOEVIKN EVEPYELD, YPNGILOTOLEITOL Yo Vo
TOPOVCIACEL TO ETNOL0 EVEPYELOKO 1600VY1I0 €VOG KTNPIov OV GLVOEETAL PE TO OIKTLO diymG Vo
e€etdlel TV EVOOUUTOUEVT GE AVTO EVEPYELD. ZVVETMC, 0EV GLOYETILETON GUESH LE TN YPNOT TOV
Opov kabapn evéPyELd 0ALL GUVOEETAL UE TOV VITOAOYICUO TOVL EVEPYELNKOD KUKAOL TOL KTnpiov,
7oV GLVNO®G Etvat ETNG1OG.
H ocvwnBéotepn mpocéyyion tov ZEB givar va ygpnoiponoteitor 1o niextpikd diktvo, tavtdypova,
1660 Y10 TV €16po1N OGO Kol TNV €KPOTN TNG NAEKTPIKNG EVEPYELNS, ATOPELYOVTOS KOT' aVTO TOV
TpOTO Ta TPOPANHATA TOV dNpoVPYoVvVTAL Yo TV amobnkevong g O opiopdg <kabapn> (net)
YPNOWOTOIEITOL GE KTNPLO. TOL GLVOEOVTOL e TO OlKTLO Yoo TNV €miTELEN TOL EVEPYELOKOD
oolvyiov (6TdX0V) HETAED TG OTOPPOPOVUEVTC KOl TNG TTPOGPEPOUEVIG GE OVTO EVEPYELNG KL O
oplopog Exel vomuo 6tav to 16olvyto givar pndeviko.
Av Kot oaKOpO 0V VTTAPYEL GOPNG 0pIGdC, N évvola Tov NZEB cuvoyiletal ota eng onueia:

* TN younAn evepyelokn Cnnon

® TNV LYNAN TN TOV JEIKTN TNG EVEPYELNKNG ATOSOTIKOTNTOG

® TNV UEPIKN N TNV OAKN KAALYN, AKOUT KOL TNV DIEPKAALYY, TOV EVEPYELOKDV TOL OVOYKOV

and AIIE

Energy
consumption

Energy consumption

Renewable energy
Renewable source sufficient to meet
energy building energy demand

>
>

time

Awcypopua 3.3: H évvoira tov kaBapod Ktnpiov unoevikng evepyelas, GOUPMVO UE UE THV OTOLo N
KOTOVOAWGY EVEPYEIOS UEIWOVETOL LUE THV TAPOOO TOV XPOVOD KOl TEAKG. GOVOOEDETAL OO 1600DVOUN

wapoyn evépyelog amo avavemoyes tnyés [71]
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Eivar amopaitnto vo SEVKPVIGTEL KoL VO TOVIGTEL OTL 0 OPLopPOg <KTNPLO UNOEVIKNG
EVEPYELNG>, OEV TTPOGOOPILeL £va KTIPLO 0TO 0TTOL0 N KATUVAAMGT EVEPYELOG Eivar PNoEVIKI 1
oY€06vV unoeviK. Oa pumopovoe va Aeybel, 0Tt 0 oplopdg NZEB avapépeton 67 éva KTNplo pe Tig
KOTA TO OLVOTOV EAAYIGTOTOMNUEVEG EVEPYEIOKES OTOTIGELS, KOl Ol OTOIEG LITOPOVV Vo KAAVPOOoHV
o€ mOAD peyaro Pabud, £mg kat va vepkaAveOovy (BAéne mapdptnua Kotackev®v Kot wivaka 5.1

), a6 v a&lonoinon tov teyvoroyidv Tov AITE (swova 3.3a).

L

l
L i

2015 2020 2035 - 50 Time

Ewova 3.30: EmBountd, (otdyo1) mocoota KGADYWHS TV evepyelok@y ovoykwv orxo AIIE ue faon

xpovika opoonua [31]

Méypt onpepa, BAcEL TOL TOGOGTOD KAALYNG TOV EVEPYELONKADV TOVG avaykav, To ZEB kot ta nZEB

dwympifovtor oe dVo KaTNyOopiec:

e Zero energy building: Eivar to xmpro 1o omoio &ysl oyediaotel aflomoidvtag Thv
BLOKAILATIKY] OpYLTEKTOVIKY], £TCL MGTE VO, OTOLTEITOL YOUNAO TOGOGTO EVEPYELNG YL TNV
VTOoTNPIEN TG AELTovPYiOg TOL KOl 1) €16EPXOUEVY], amd TO OIKTLO &evEPYeEln, HE TNV
e€epydpevn, Tpog 1o dikTvo evépyela, va givar ioeg avd £Tog Aettovpyiag TovGs.

e Nearly Zero energy building: Eivotr to xtplo 10 0moio katd T0 GYESAGUO TOV EXEL
npoPrepBel va mapovotdlel eEapeTikd VYNAY evepyelakn KAAGN Kot TO €MTAEOV, WKPO,
TOGOGTO Y10, TNV KAALYT] TOL GLVOAOL TMOV EVEPYELONKADV TOV OVAYKMV TPETEL VO KAADTTETOL
oe peydro Boaduo amod tig AITE mov vdpyovv 610 KTNpLo, otov mepPdArlovia ydPo Tov 1 6
KovTwvy andotach and avtd (wy wkpng oxvog YHE, ewova 4.39 ) [15], [20].
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[Mopd T TpoomdBeleg kot v vrooPEn Yo v emkpdrnon tov NZEB, o opiopndc ZEB kot
NZEB mopopével 6Tig TEPIGGATEPEG MEPMTMGELS, OKOUN KO CHUEPQ, YEVIKOG KOl AOIEVKPIVIGTOC.
"Evag oyetikd véog opioudg, o omoiog ypnoonoteiton oto Hvopévo Baciielo eivar avtdg twv zero
carbon homes [20].

I'o 10 YopakINPIoUd, GLYKEKPIUEVOL KGO @opd ktnpiov (o€ Tolo amd TIG TOPOKAT® KOTNYOPieEs
EUMIMTEL 1] CLYKEKPIUEVT] KTNPLOKT] Kotaokevn), g NZEB, éyovv Oeomiotel o1 Topokatom TE66EPIC
OpIoUOl KO O YOPOKTNPIOUOG €lval GUVAPTNON TOV GTOY®V oL TEOMKAV KOTA TN @Aon TNG
SUAANYNG TNG WOE0G KOt TG OIKOVOUOTEXVIKNG HEAETNG.

@ Net Zero Site Energy Building
[

e ZUVOMKN UNOEVIKY] KATAVAA®OGT EVEPYELNGS GTO YMDPO EYKATAGTACS TOV KTNPiov

v komnyopio auT EUMIMTOVV KATOOKEVLEG Omov amd T Owbéoyeg AIIE oto yodpo
EYKATACTOONG TOVG, TOPAYETAL TOVANYIGTOV TOOT EVEPYELD 00T YPELGLETOL Y10 TNV VROGTNPIEY] TOVG
ot ddpkela evoc £tovg [20], [34].

7 Net Zero Source Energy Building
e XUVOMKN PNOEVIK] EVEPYELD OTO YDPO TUPAYMYNS

To kmplo mapdyel | amoppoPd TovAdyIGTOV TOGN evépyeld, N omoia poépyeton and AIIE, don
KOTOVOADVEL 0T OlApKeELDL €VOG €TOVG, M OTolo. OUMG OVAYETOL CE TPMOTOYEVN] EVEPYELD OV
KOTOVOADVETOL Yoo TV €€aymyn| Kot TV emeepyacio EVEPYELNKADY PLGIKOV TOP®V TOGO Yl TNV
Topay®yn 0G0 Kot yio TN dwovoun evépyelng 6to ktplo. ['a tov vmwoloyioud g avayouevng
TPMTOYEVOVS EVEPYELNG (ATOPPOPOVLEVT] OO TO HIKTLO KO 1) TPOGPEPOUEVT OO TO KTNPLO TPOG TO
diKTLO EVEpPYELD), YPMOWOTOOVVTOL ELOIKOL GUVIEAESTEG OULVAPTNGEL TOV  EYKOTEGTIUEVOV
teyvoloyidv tov AITE [20], [34].

Net Zero Energy Cost Building

e YUVOMKO UNOEVIKO EVEPYELOKO KOGTOG
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g éva KTAPLO UNOEVIKNG EVEPYELNS, UE CUVOAMKEO PUNOEVIKO EVEPYEINKO KOGTOC, T YPNLOATO TOL O
TAPOYOC TNG EVEPYELNS KATOPAAEL 1] TIOTMVEL GTOV AOYAPLOGUO TOV KTNPIOL Yol TNV TopayOUEVT] KO
npocpepdpevn amod T AILE gvépyeia mpog to diktvo, Tpémet va givat TovAdyloToVv ica Le aVTd oV

YPEDVETAL O WOLOKTNTNG TOV KTNPIoL 611 d1dpKeLa VOGS ETOVC, Yo TNV OMOPPOPOVLLEVT] EVEPYELD OTTO
avto [20], [34].

m Net Zero Energy Emissions Building

o XUVOMKEG UNOEVIKEG EVEPYELUKEG EKTOUTTEG
Avtd ta KTpla, mapdyovv 1 aroppoeovv, toon kabapn evépyeto and AIIE don yperaleton yo vo
avTIGTOOGTOOV 01 EKTOUTEG TOV POTOV amd TN ¥pNon Un Kabapng evépyelag otn oldpkelo evog
£tovc. O VTOAOYIoUOG TOV GLUVOMKAOV EKTOUTMV, TNG EIGAYOUEVNG A0 TO JIKTVLO TPOS TO KTNPLO
Kot TG €E0yYOUEVIG OO TO KTNPLO PO TO SIKTLO EVEPYELNG, €Vl GUVAPTNGOT TOV EKAVOUEVOV
pOTTOV pe Pdon ta €idn TV cvuPatikdv Toépwv 1 TIg TeYvoroyiec Twv AITE mov ypnoiponotodvon
yo. v vroothpiEN tov (ewdva 3.3B) [20], [34].

Materials Construction Use End of life

Generate renewable
energy. Payback CO ,

Energy use
Emissions CO,

Ewova 3.3B: Tuvolkéc undevikég evepyetokes ekmouméc [83]

3.2.1 Xapaxktnpiopdg evog ZEB cvpgova pe 1o Noppnywkoé Kévrpo ywo ta ZEB

e O opopog tov Noppnywkov kévipov ZEB
O opiouodg, tov NopPnywod Kévrpov yia ta ZEB, givar ihddoEog kabag emkevipmveTol Oyl Lovo
OTNV EVEPYELNL TOV KOTAVOAMVETOL YO TNV LIOCTNPIEN TOL OAAG CLUTEPIAAUBAVOVTOC KOl TIC
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exknmounég CO, mov oyetilovtan pe TV Kataokevn kot T ddpketa tng {ong Tov. Avtd onpaivel 0Tt
Ol EKTOUTEG amd TIG PAGELS TNG TOPAYWOYNG, TNG AELITOVPYING KOl TG OVOKVKAMONG TOL TPEMEL VL
avtiotofpilovion pe TNV mopayyn avave®otuns (kabapng) evépyelog ent tomov. Q¢ ek TOVTOV, TO
KTNPLO TPEMEL VO TOPAYEL TEPIGCOTEPT EVEPYELD OO TNV TOGOTNTO MOV OmOLTEITOL Yoo TNV

Voo TNPIEN TOV.

ZOUQOVO [LE TO AVOTEP®, ONOVPYOVVTOL Ol TOPUKAT® KATNYOplEs:

ZEB-COME
(A1-A5,84,86,C1-C4)

ZEB-COM
(A1-A5,B4***86)

ZEB-OM
(A1-A3,84%* B6)

kg CO, . /m’

' ZEB-O
(B6)
ZEB-OEQ
(B6*)

- Ee
I Construction process

Bl embodied material emissions
Bl Energy use equipment

I Energy use excluding equipment

Aicypopua 3.4: Tédog s {wng tov Ktnpiov / 01001KaGI0. KOTAOKEVNS / EVOWUATWUEVES EKTOUTES
DAIKOV KATOOKEVNS / €COTALOUOS XpHoNG THS EVEPYELOS / YpHon eVEPYELOS EKTOS TV eéomAiouod [83]

e ZEB -O + EQ: Exmounéc pumwv, ot omoiot oyetiCovtan pe OAn ) ypnon evépyelag extdg
00 TO TOGOGTO Y10, TNV VROGTHPIEN TOV GLGKEVAOV, Ba mpémet elvan undevikoi, swdva 3.4.
H ypfion nAeKTpIKng EVEPYELOS Y10l TOV U LOVIILO GUVOESEUEVO EEOTMGO TOV (CLOKEVECS),
givon dvokolo va TpoPrepBel pog kot Tpokertan (GuvnBC) Yo SraTdEelc kPG 1oyXv0og
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Materials Construction Use End of life

Generate renewable
energy. Payback CO ,

Energy use
Emissions CO,

Eixovo 3.4: Exmounés pomwmv, o1 omoiol ayetiCoviol e OAN ) ypHon eVEPYELOS EKTOS QMO TO

7000070 YLa. TV vVIooTHPILN TV ovokevwV [83]

ZEB-O: Ot exmounég pomwv, ot omoiot oyetiCovior e TO GOVOAO TNG EVEPYEWS OV
amoteital, yioo TV VIooTNPEN NG AETovPYiRG TOL KINPIOL Kol TNV KOTOGKELY TOL
eEomMopov Tov, Ba mpémel va givar undevikot, ewova 3.5.

Materials Construction Use End of life

Generate renewable
energy. Payback CO ,

Energy use
Emissions CO,

Ewcovo 3.5: O1 ekmounés pomwv, oovaptioel 100 GOVOL0D THS EVEPYELAS TOD OTOITEITAL, VIO

™MV VIOCTHPIEN THE AEITOVPYIOS TOV KTHPIOV KOl TV KOTAGKEDH TV eComAiouot tov [83]
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e ZEB-OM: Exmounéc pbnwv ot omoiotl Tov oyetilovtot Le TNV EVEPYELD TOV OTTOLTEITOL Y10

TV Agttovpyia TOL, TNG EVOMUATOUEVTG EVEPYELNS GE OVTO KOOMG Kot TG dnpovpyiog Tov
eEomlopov Tov, vo gtvar unoevikol.

Materials Construction End of life

Generate renewable
energy. Payback CO,

Energy use
Emissions CO,

Eixovo 3.6: Exmoumés pomwv covoptioel TS EVEPYELOS TOD OTGITEITAL VIO, TV AEITOVPYIO, TOD,

TG EVOWUOTWUEVHS EVEPYELAS 0E aDTO KaOMS Kai THS onuiovpyiag Tov eComliouod tov [83]

e ZEB-COM: Onwg kot to ZEB-OM, gmmAéov dpmg, Aapfdvovtol v’ Oyn Kot ol EKTOUTES
pOTOV OV oyeTilovTot e TNV O1adIKAGT0 KOTAGKELNS TOV KTNpiov.

~ A
Q
% 8 Materials Construction Use End of life
vy
5%
5 <
(o]
Lo
B
2 o
So
0%
g o
o
Ly
>0
S %
& 5
A 4

Eikovo 3.7: Ekmoumés pomwv coveptioet kol ts OLadikooio. kataokevng tov ktnpiov [83]
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e ZEB-COME: Aviupoconedel 10 vynAdtepo emimedo @rAodo&idv Aapfdvovtog emiong
VEOYN TIC EKTOUTEC TOV GYETICOVTOL OKOUN KOl KATA TN (ACT OVOKUKAMGNG TOL KTNnpiov

[83].

3.2.2 ITAEOVEKTINHOTO KOl HELOVEKTI|NOTA KAOE 0pLopnov

. Net Zero Site Energy: To ktipto mapdyst 6on evépyeto ypelaletar Katd ™
duapkewn evog étovg. Ta €idn tov AIIE mov aflomolodvtal ylo TV mOPAy®Yn oLTHG NG
evépyelag, etvar: Aok evépyela, LKPNG 100G AVELOYEVVITPLES, LIKPNG 1oyV0og YHE KA.
‘Eva, onuavtikd PEOVEKTNIO VTOV TOV OPIoHoD gival 0Tl dev AapPAvEL VITOYTN TOVL, TOLG
OULVTEAEGTEG LETOTPOTNG TNG KOTAVUAMGKOUEVNG EVEPYELOG GE TTPp@TOYEVT. [ mapddetypa, N
NAEKTPIKY TOPOAYOUEVT] EVEPYELDL KO 1 EVEPYELL OO QUOIKO AEPLO TTOV YPNOUOTOIEL TO
KTNpo Bewpodvior 10000OVOUEG, OUMG 1 MAEKTPIKY €VEPYEL €YEl TPTAAGLO KOGTOG

nopoyoyng [15], [34].

Net Zero Source Energy: H katnyopia avtn épyetot va kaAOYEL To. KEVEL TOV
nponyoduevov povtélov. H swoepydpevn kot 1 e€epyopevn evépyeto (neta&d ktnpiov ko
SKTHOV) TOAOTAAGIALETOL [LE TOVC OVTIOTOLYOVG GUVTEAEGTEC LETOTPONNG OE TPMTOYEVT|
EVEPYELD KO LE LTOV TOV TPOTO eKUETAAAEVETOL TNV a&la TNG NAEKTPIKNG evEpyelas. 'Etot
o€ aVTY TNV Katnyopio pumopel vo yiveTon EKTETANEVT YPNOT PLVOIKOV aepPiov, YEYOVOS TOV
{om¢ T0 amopaKpOVEL amd ToV apykd 6TOYO OV €lval OAN M EVEPYELD TOV YPNGUYLOTOLEL TO
Kthpto vo mopayetor and AIIE [15], [34].

. Net Zero Energy Costs: Xtnv katnyopia avtod tov ktnpiov, to écoda (Oetikd
TPOGNUO) amd TNV TPOSPEPOLEVT] TTPOG TO OIKTVO EVEPYELN, TPEMEL VO, KAADTTOLV TO.
Aertovpyikd £€oda (opvnTikd TPOGNUO) TNG ATOPPOPOVUEVNC OO TO SIKTLO EVEPYELNG,
oniaodn, mpokertan yu Evo povtédo ZEB g0kodlo oty £Qappoyn Kot 6ToV VTOAOYIGUO TNG
GUVOAIKNG TOGOTNTOGC TNG OOPPOPOVUEVNG EVEPYELNG, HECH TMOV EWOIKOV Yo TNV XPNoN
avt (SuThdv) petpntdv nAekTpikng evépyetag [15], [34].
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Net Zero Energy Emission: v mepintwon avtn, 1 evépyela TOv TapdyeToL
and T1g eykateotnuéveg ototdéelg twv AIIE o610 ktpro mpémet va eivar TovAdyiotov ion e
TV EVEPYEWD TTOV TOPAyeTal amd TN YPNON SLUPATIKOV KOVGIH®Y, £T61 OCTE TO TEAIKO
16olvylo pomwv va givarl unodév. To amotédespa Y1 oTd TOV YOPAKTNPICUO GUVIEETUL AUECH
LE TNV TPOTN VAT 1) OTO10 XPCUOTOLEITOL Y10 TNV TAPOUYWYN TNG NAEKTPIKNG EVEPYELNG KOl
TO TEAMKO OOTELEGULO EIVOL GUVAPTNGT TOV CUVTEAEGTMV EKTOUTNG TV pomav [15], [34].

3.3 Katatatn Tov KT piov 6UVOMKNG PNOEVIKIG EVEPYELDG

AveEdptra amd Tov optopd otov omoio gumintel, éva NZEB pmopel va yapoktnpiobet kot pe faon
1g AIIE mov oomoovviar Yy v KAALYN TOV EVEPYEWNKAV TOL avVOyKAV. AVLTOC 0
YOPOKTNPIGUOC omotehel €vav onpOvTKO oTOY0 KOTA TN oyedioon Tov KInpiov o©to Vo
EMKEVTPMOOVV TPATO GTNV EKUETAALELGT) TOV AUECH SHOEGIU®V - TOTIKAOV TNYDOV EVEPYELNS, KoL
ot ovvéxeln vo. avalntnBohv SVOKOAOTEPES KOl TO OTOUOKPVUGUEVES EVEPYEIOKEG EMAOYEG.
opemva pe avto to cvomuo ta NZEB dwakpivovtal og téocepig katnyopies, 1ig A, B, C xou D. O
opopog N M katnyopio mov Oa emieyel eaptdrar omd ToVg 6TOYOVS oL TifEVTON Katd T GAcT NG
oxedlaoNg KOl QPOPOVV TNV OLKOVOUOTEYVIKN UEAETN, OMOVL GE OLTN gUmimTEL KOt 0 YPOHVOG
AmOGPECN S TOV KOGTOLG KATUCKEVTG Kot TNG Asttovpyiag pe Pdon tn didpketo Lmng Tov ktnpiov. Ot
oTO)0L, ovaAoya TN oKomid Tov kdbe avOpmdmov eivor cuviBw¢ dlapopeTikol, Yo TapddeLypLa, ot
O0KTATEG EVOLOPEPOVTOL KVPIWG Yo TV cOvToun omdGPeEcn Tov KOGTOVG, EVM Ol TEPICCOTEPO
evacOnronomuévol amd mePPAALOVTIKNG TAELPAS, Yol TNV HEl®on 1 akOUN KOADTEPO Yo TNV
amo@uyn £éKAvong pOmwv 6To TEPPEALOV.

Metalh Opmg TOV aveTEP® TPOPANUATIGULAOV Kol EVOICONTOTOMCEMV Yo TV KOTIYOPlomToinom
tov NZEB emkpatei (0éhovtag kot pn) pio apyn: Kotd ) @don tng oyedioong, apodta Oo
ELaYLETOTO 000V 01 EVEPYELOKES UTOLTI|GELS TOV KTNPLOV KOl OV YPELOCTEL TO VTOLOLTO TOV
EVEPYEWOKAV amarTiioe®v 0o vmootnpiytel and Tic TEYvoAoyieg Twv AIIE ocuvapticer g
OVOPEVONEVIS OLapKELNG LmNG TOV, £TOL DGTE VO EAYLoTOTTOM0El TO KOGTOG TG TOPAYOYIS
K01 TNG HETOQPOPAS EVEPYELNS OE OVTO.

Aappavovtog vroyn v aAnAenidopaon petald ktnpiov Kot diktvwv, to kKabe Kpdrtog kaeitot va
OVTILETOTIGEL OUPOPETIKEG TPOKANGELS Ol omoieg oyetilovtal [LE TNV EVEPYELNKT VTOOOUN TOV,
OMWG TG TOMIKEG KAUATOAOYIKEG OULVONKEG KOl TOLG KOVOVIGHOUG OOunomg ot omoiot
dtapopomoroHvtar PeTaEL TV Kpatdv Kot ToV ToTK®V KAMUOTOAOYIKOV GUVONKOV, £T161 OCTE, Vi
KOTOPEPEL VO, TPOGOPUOGEL TOV OpopHd mov apopd ta NZEB ot katd tOmovg cuvonkec,
kaBopiloviag TavTOYPOVO TOVG GCULVTEAESTEG UETOTPOTNG TNG TPMOTOYEVOLS EVEPYELNG, TOVG
ovvteleotég exkmounmv CO; kot Oeomilovtag TIg amatoel yio. TV EvepYEloKT Tovg KAdon [20].
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Ot xamnyopieg A, B apopovv 11 mepurtmacelg 6mov ta cvothpata tov AIIE Bpickovral evidg tov
YDPOL KOTAGKELTG TOV KTNpiov, evd ot katnyopieg C, D apopodv v mepintmon émov ot datdEelg
tov AIIE propodv vo Bpickovioat evidg Kot EKTOG TOV YHPOL TNG KATAGKEVNG, £TGL EYOVLLE:

Ot datdéerg tov AITE Bpiokovtat 6to Ktip1o.

Ot dwatdéerg tov AIIE Bpiockovtat 6To KTNplo 1 6Ty €upvTePN TEPLOYN ATO OVTO.

Ot gumepiéyovv o1 katnyopieg A, B emmpocsBétmwg 1 duvatdtnta g oyopds NAEKTPIKNG
evépyelog amd ATIE d1apopwv TeXvorOYLDV.

Ot gumepiéyeton ot C ko emmpdsbeta TG SLVATOTNTAG AYOPAS NAEKTPIKNG EVEPYELNG OO

OTOLOONTOTE TGTOTOMUEVT <TPACIYI> EVEPYELD, LEGM TOL SMart grid wov aviket To KTPLo
[20], [34].
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3.4 Avuyopropdg cvuvapticel TV 0n-site ko off-site katactacemv

e Emioyn 0: To Poacwodtepo PApa yioo v emitevén tov ZEB egivoar m peiwon g
OTOITOVUEVIC  EVEPYEWNG YO0 TO KTAPLO, KOOMG €lval TPOQOVAOG TPOTHOTEPO VO
eCokovopeital evépyelo mopd vo ToPAYETOL EMTAEOV. L& OLT TNV KOATIYopio ovijkovv
TEYVIKEG TOL GTOYELOLV GTNV A&lOTMOINGN TOV ApY®V TOV PBOKAMUATIKOD CYESINGLOV
OCUVOPTNOEL TNG TOTOYPOPIOG TNG TEPLOYNG KOl EOIKOTEPA TOV <TPOCOVOTOAICUOV> TOV
OIKOTEOOV, £TGL MOTE VO EMTLYYXAVOVTOL Ol cLVONKEG AveoNg UE TO WKPOTEPO SLVATO
Aertovpykd KOGTOG.

e Emioyn 1: Ze avt) v xatnyopio avikovv ta. ZEB mov éyouv eykateotnuéveg dopég
AIIE gite oty emdvela toug gite 61N KInplokn dopr| tove. [Ipodxetton ya ™ cvvnbéostepn
AOom xotd v omoio dev <OmOUTEITOL> 1) PETAPOPA KOt 1] SLOVOUN TNG EVEPYELNS KO KOTA
OLVETELD, AOY® TNG AMOCTAGEWS, Umopel va AeyBel Ot ot ammAeieg etvor oxeddv avOmapKTEC.

e Emdloyn 2: Zmv koatnyopia avt avikovv ta ZEB to omoia kaAdmTouv TiG evepyEloKkEg
Tovg avaykes amd dwataéelg AIIE pe ™ onuavtikn slapopd 0Tt ot dtatdéelg avtég dev glvat
eni Tov kTnNpiov N 6N doun Tov, AALA GTOV TEPPAAAOVTA WOOKTNTO XDPO TOL.

e Emioyn 3: Edo avikovv dwataéeig AIIE mov givan dabéoipeg éEm amd to ktrplo, Propdla,
Blokavotiua KAT Kol M TOpayOpeVn evépYEl Oomd TIG OTAEElS OVTEG omouteital vo
petapepbel oto kTpo yu va vrootnpiel cvvnbwg T avdykes yoo ) 0épupavon tov.
XapaktnpiCovrar de wg off-site AITE yioti amatteiton vo peta@epBodv 610 KTHP10, Kot T0
omoio cuvodevETAL OO TPOGHETN CTUTAAN EVEPYELONG.

o Emdloyn 4: Téhog, 0Tav dev KOADTTOVTOL Ol EVEPYEWNKES OVAYKEG TOL KINpiov omd Tig
napandve dopég tav AIIE, 1ote, pmopet va armoppoendel evépyeia n omoio OGS amonteiton
va €xel mapayBel kKt avtr and dopég AITE 6mmg potofoltaikd , avepoyevvitpileg KAm. [15].

3.5 Awgympiopdg Tov ktnpiov avaioyo TN 6OVOESN TOV 6TO OiIKTVO

Off - grid ZEB: Eivor 1o ZEB 710 0moio dgv gival cUVOEdEUEVO GE SIKTVO NAEKTPIKNG EVEPYELAG,
omov Bo pmopovoe va avtaAAAlel NAekTpikn evépyelo pe avtd. ‘Eva tétoto ktnplo, amatteitatl vo
elval gvepyslokd oavTOVOUO Kol KATA cvveEmeld Ba mpémel vo dtobétel datdéelg amodnkevong g
NAEKTPIKNG EVEPYEWNG, KATO TNV YPOVIKY TEPiod0 OOV avT UTOPEl Vo TOPAYETOL, KOl Y10 TIC
ePLOOOVG OTOL dev Pmopet va mopaydel, va vapyel n duvatdTTO 1) ATOONKELUEVT QLT EVEPYELD
va vrootnpilel TIg amapaitnTeG TOLVANYIOTOV Agttovpyieg Tov Ktnpiov (Stdypappa 3.5). Onwg givar
QLO1KO, TO KOGTOG NG emitevéng evog off - grid ZEB eivar e€aipetikd vymio kot 606Ko o AOY®
OV VYNAOD KOGTOVG TV HEG®V amobnKevons, 1 0 LAOTOINGY TOv, emmALOV, OGOV APOPd TIG
dwtdéelg amodnkevong g evépyelog, emiong eEMPETIKA domavnpn Kot TOAAES Qopég dVGKOAN
viomomowun. Emiong éva dAlo pelovéktnuo eivor 0tL M mepiooela evépysln Y. G€ TMEPLOOOVE
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HEYOANG MAOQAVELNG, YL TNV TEPIMTOON TOV QOTOROATAIKOV oTolyeiwv, dgv pmopel va
npoopepbel oto dikTvOo, U amotélecpa TV owkovokn nuio kad” O6An ™ Sudpkela {oNG TOV
Ktnpiov, Tov otV TEpinTwon tov on-grid ZEB (ewdva 3.8.0) cupPdarel oty tayvtepn amodcPeon
TOV OPYIKOV KOGTOVG Kataokevng [21].

ZEB cluster
: / === EI
¥ > 5 e Power grid
: (=[]
:

. f £ER)
> Net === Eil ; ;
<ER. » 7EB Y : _— | -
=== T T T ......

Eikova 3.8. : a. NZEB ovvdedeuéva oto diktvo (opiotepd) kor f. NZEB community xaz 1 obvoeon tng
ue 1o dixtvo (9ec1a) [47],[ 48]

On - grid ZEB: Eivaw n mo ovvnOiopévn popeny ZEB, 6mov 10 ktplo givol cuvdedepnévo oto
OlkTVO KO £T61 TAPEXETAL 1] OLVOTOTNTO AVTOAAAYNG TNG EVEPYELNG LETA dIKTVOV Kot KTnpiov. Mo
evolapépovaa popen on - grid ZEB sivar po meployn katowiov (sikovo 3.8.0), 0mov katd T
oyedlaon kot tnv omovpyio e Ba Eyovv TpoPreedel or katdAinAeg yio v mepoyr AIIE étot
wote va empepiletal 10 apykd KOGTOG £YKATAGTAONG KOl TO KOGTOG GLVINPNONG GE OAN TNV
<kowoTnTo> 1 omoio B pmopovoe va @épel 10 yapoktnpwopd e ZEB kowotntag. Xy
Katnyopia avtn, 1 TAEOVALOVGO TOPAYOUEVT] EVEPYELN TOAEITAL GTO JTKTLO (YPNUOTIKO OPEAOC), OE
avtifeon pe to off-grid ZEB [21].

3500

3000 -
s 2500
&
£
£ 2000 wm Battery
g 1500 - m Solar PV
(]
= m External electricity grid
£ 1000 - V8
o e Demiand

500 -

0 2 4 6 81012141618202224

Time

Aidypouua 3.5 : Evepyeraxn kéAvyn oto 24wpo omd mopayouevn kot aroOnkevuévy evépyera [36]
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3.6 Xyedwaopog kan Yromoinon tov ZEB(H), nZEB

O1 téooepig TexvoroYIKEG Kotnyopleg mov aglomotovvtal Katd TNV dnpiovpyio kot Ty Agttovpyio
tov ZEH ka1 ZEB (swova 3.9) eivon [18],[32],[44],[72]:

e H moOntikn teyvoroyia (Passive technology)

e H evepyntikn teyvoroyio (Active technology)

e Oudwrtdéeg tov AITE (Renewable energy integration)

e H evepyelakn dwyeipion Tov ktnpiov (Energy management)

OFour Technology Categories

) Y,
2 Renewable energy integration

~
7N

Passive technology

\\\’i/,

Photovoltaics etc.

Insulation & shading

L Active technology

Insulation of envelopes
Air conditioning
Insulation of windows & shadings
Lighting
Ventilation (Active)

Building design

Ventilation (Passive) Water heating

| management ———

Eixova 3.9: KarevoOovipieg ypopués yia ty aveioon kot tov eVEPYEIOKO GOOTHUO. PEATIOTOD KOGTOVS

o710 opyiKko oyediaoud tov ZEB [72]

ZEB

ZEH

Ewova 3.10 : Ilpoopopa. kou eloikovounon evépyeiag arta Zero Energy Home — ZEH xou ota Zero
Energy Building ue tov oagr diaywpioud e drapopdc petald twv evvoiwv ZEB kor ZEH [72]
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3.6.1 Tpio <mapadocioka> rjpata yro tnv enitevén tov NZEB

Ta otdowe, amd ™ cOAAYN ™S 1WEAC UEXPL TNV OAOKANP®GT] TOV £PYOV Kol OKOUN TOPATEPD, £WG
NV KOTESAPIOT Kot TNV avakOKAwo™n tov (ewdva 3.11) givar:

1° 6tdd10:
e H 18¢a ko o1 tpocdoxkieg amd 1o ZEB
e O oyedlacpds Kot 1 ETA0YN TOL HOVIELOL TPOGOUOIMONG TOV

e H xotaokevn tov

2° otGo10:
e H \etovpyia

e H vmoompiEn Tov HEG® TG TAKTIKTG KO £KTOTNG GUVTIPNONG

3° otGo10:

e H xateddpion

e H avaxdkAwon tov LVAMK®OV TOV, UG KOl GE OUTA VTAPYEL GLUGGMPEVUEVT] EVEPYELL
[13].[32].[44]

Ewova 3.11 : Aigpopeg paoeis oty di10pkeio. {wNS Tov KTNPIOv: o. PAsH GYEIIOTUOD Kol DAOTOINTG,
B. pdon Asitovpyiog Kai vTOGTHPICHS KAl ). AN OIGOEONS VIO THY OVOKTHON DAIKOV KOl EVEPYEINS
oo avto [32]
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4 ATATAZEIX ENEPTHTIKHYE & ITAOHTIKHYX TEXNOAOI'TAX
I'TA THN YIOXTHPIZH TQN ZEB, NZEB

4.1 IadnTkég TE(VvOLOYies ota ZEB (Passive technology on ZEB)

YVVEICQOPA, TOV TAONTIKOV KOl EVEPYNTIKAV TEXVOAOYIDV, Yo TV €Mitevén 10V 6TtdY0L TV ZEB,
NZEB (swo6va 4.1, duaypappo 4.1).

........ >
: . - ¥ Renewablejenergy)(RE,
“Energysavingtechniques)(EST) . - Photovoltaic .,.g.yf.ff g
- Bullding envelope design 7 - Solar thermal system
+ Heat storage system 4 - Geothermal system
- Lighting design - Wind turbine system
PART B
PART A. PASSIVE STRATEGIES AT B. ACTIVE STRATEGIES

*Back:upsystemiforRE!
« Fuel cell system
- Energy storage system

®passivejsustainablejdesign) ™
- Bullding geometry
- Natural lighting
+ Natural ventilation

.
‘e
%ee
-----

Ewcova 4.1: [TaOnriég ko evepyntikés teyvoloyies ora. ZEB, nZEB [32]

MNet Zero

Energy Consumption

v

Passive Strategies Active Strategies Smart Energy

Management Renewable Energy »

Sunlight Shading & e w _
Daylighting Air-conditioning Building Automation

Matural Ventilation ' Smart Building

Plug Load
Management

Dynamic Facade Lighting Technologies

Awaypouua 4.1: Zoveiopopd TV TOONTIKOV KOI EVEPYNTIKWOV TEXVOAOYIOV Yo THV ETITELEN TOV
otoyov [91]
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H mobntucnm teyvoroyio Paciletan ota madntikd ocvotiqporta. Hodntikd cvotiqporta eivar ot
dwtaéelg exeiveg 6mov mov Yoo v aflomoinon ™G MAMOKNAG akTvoPoAlag dev pecoAafodv
NAEKTPOUNYOVIKE LEGA Y10 TN LETOPOPE TNG EVEPYELNG OALA AaUPAVEL YDPO LOVO 1] PUCTKY| TNG PON|
SWUEGOV TOV VAKMOV dOUNOoNG TOL KTnpiov N N amodnkevon ¢ ot Oeppkn pdlo tov ktnpiov
CUVOPTAGEL TOV QUOIKOV 110THTOV TV doutk®v VAK®V [27],[28]. Ot pikpokAipatikég cuvOnkeg
OV EMKPOTOVV OTIC E0MTEPIKES KOl EEMTEPIKES TAEVPEG €VOG KTnpiov, glval emiong KaBoploTikég
vy v opfn Sdtaén tov yopwv tov. H Bopeto mhevpd mopapével 1 o yoypn, S0t dev d€xeTon
dpeco TV NAoKn akTvoPoAin Kot Yot Katd TNV YEWEPVI TEPI0d0, N EMKPATOVGO d1EHOLVGT TOV
avépov eivor amd tov Boptd. H avatodikn kot dutikny mpoécoyn d€xetatl ion mocdTNTe NALUKNG
aKTVOPoAlaG, aAAG M OLTIKY TTapapével mo (ot eEaiTiog TOV GLVOLAGLOV NAMOKNG OKTIVOPBOATNG
Kol VYNAOV peonuppvov Bepuokpacidv Tov aépa. H votia mhevpd elvar 1 potevoTEPT Kot 1) o
Ceot Ko d€yetal nAlokn aktvoBoiio 6t dtdpkel OANG TG NUEPAS. AVTO TO EKUETOALEVOUAGTE
Y. TOV OOO0TIKOTEPO TPOGOAVOUTOMGUO TOV NAMOKOV GLGTNUATOV, @®TOPOATAIKA Kot NAOKO
Oeppocipmvo. Xmpotr 6mov omottovviol younAotepes Oeppokpaciec mpémel vo Ppiokovior ot
Bopwn mAevpd TV KINpioV, OOTE VO OTOTEAOVV OepUikd @PAYLO OTOAEIDV, HECOAAPMOVTOC
avdpecso 6tovg Beprovg ympovg Kot To e&mTepikd mEPIPArioy. AvtiBeTa, ol Ydpol TV KTNpimv
mov Oa KatowovvTor OAN TN HéPO Kol £YOVV  OMOUTNOELS 7YoL LYNAOTEPES Oeppokpacieg
T0100£TOVVTOL GTO VOTIO TPOCAVATOMGHO TOL [27].

4.1.1 Ogppucn) palo TV KTpiov

H Oeppuxn palao tov ktnpiov €ivar cuvaptnomn TV SOUIKOV VAKOV KOl GTOLXEI®Y TOL TOL £YO0LV
mv wovotnta vo amodnkedovv Bepuomnta n onoia alomoiwvrog T apxés e Pvoikng yo v
uetapopd ¢ Oepudtrag (ewodva ), o aflomoleitar, yoo ™ Oépupavon tov kmpiov kot o
oLuPdAel, oty g£otkovounon S evEpyeLag Tov Ba yperalovtay yia TV VTOoTNPEN TOV CLVON KOV
dveons tov avlpOToV £VTOg TOV KTNPLOV .

-
-y

daytime absorption

Ewxova 4.2 © Apyn Aertovpyiag e Oeprurcns ualag tov ktnpiov yio v Oépuavor; toov [63]

evening heating

89



STUDENT FLAT ({south onented )

AN, WD
Curdn

WINTER / DAY
STUDENT INSIDE

i

SOLAR RADIATION
DIRECT GAIN

HALL
ree CATENOUEE)

WINTER/ NIGHT  cumses vocin |
STUDENT INSIDE

ES"

Hall
SPEE CAETIMOLEE )

STUDENT FLAT (soulh orented §

O AR TG PASELE 8

SUMMER /DAY
STUDENT INSIDE

Ew

. RADATI FAMEL S OFF
P A

DAITRON WINDOW OPTH

SUMMER / NIGHT

STUDENT INSIDE

k 24

Ewcovo 4.3: Asitovpyio g Ospuixne nalog tov ktnpiov yio. v yeiuepivyy kot Oepiviy mepiodo kabwmg
yio v nuépo. koa voyra [66], [67]
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Onog avapépOnke mopandvm, M Aettovpyio kot 1 a&lomoinon g Oepuikng palog (ewodvo 4.2)
OCULVEICQEPEL GTI LEIMOT) TOV EVEPYELOKAOV OVAYK®V Yia T B€ppaven, Tnv yOEN Kot Tov KMUATIoUO
tov ktnpiov. Idavikd vAkd ywoo v aglomoinon g Oepuikng palog evog Ktnpiov givol owtd oL
dwbétovv peydAn Beppoyopnrikdétnta. Ta vynAng BeppoympnTIKOTTOC VAKG £XYOVV TNV 1WO10TNTO
VO GLOCOPELOVY LEYALES TOGOTNTEG BEprdTNTOC, YWPIC Vo Yivovtan Ta idw taitepa Oepud ko va
mv anoPdAlovy o6tav 10 mEPPariov yivel yuypotepo omd ovtd (swkdva 4.2). H a&omoinon g
Oeprkng palog towv Knpiov, e£optdrol amd TIC KAMUOTIKEG GUVONKES Kol TIC OVTIGTOLES OVAYKEG
(cvvOnkeg Gveonc) oe Khpatiopd Kot OEpuavon.

H nlwokn evépyeto apod e16éABel oto KThplo, pe aueco (avoiypota) N upeco tpdmo (KTnplokm
doun), eykhmBiletar — amoppoPaTol KOl OTOTOUMEDETOL O To SOUIKA VAKG. Tnv mepiodo tov
YELLDVOL KO KOTO TV SLapKELoL TG NUEPUS, OTav LITApyEl NAloeavela, (eikdva 4.3 avw), N NALOKN
evépyela amofnkedeTon ota dopkd otoryeia Tov ktnpiov. Tn voyta, mov 1 Bepprokpacio peidverat,
N amobnkevuévn avt Oeppodmro ameAevfep®OVETOL GTASIOKG TPOG TOV €0MTEPIKO Ydpo (M
HeTapopd Oepudmrog eivol omd to OepprdTePO TPOG TO AYOTEPO YLYPOTEPO GMWA), LELDVOVTOG TIC
EVEPYEWKES avaykes Yy Oépuavon, €mg tov emmédov g Oeppkng aveons. Emkalvyelg tov
damédmV omd eomTEPIKO KTPlakd eEomhopd (émumho KAT) €E£0VIETEPOVOLY TNV EMPAVELD. TNG
Oepuikng palog Tov ktnpiov, Y1 awtd Kol CLVICTATOL TOL CNUEIN GUESNG TPOCTTMOONG TNG NALKTG
aktvoPoriog va givar youvd (xewepiviy mePiodo) Kol KOTOUOKELOGUEVH OO VAKG UEYAANG
OepLLOY®PNTIKOTNTOC.

Katd ) didpkeia tov 0épovg (ewdva 4.3 kdtw), N Asttovpyia tng Oepuikng palog cuvictoTol 610
vo. kabvotepel ) pory g Oeppotntag (amd v nAokn aktivoBolia, 1 omoia sival Kot vYNANG
EVTOONC) OTO E6MTEPIKO TOV KTNpiov. I'a v amopuyn g avénong g eppokpaciog Tave amd
T0 Gv® 0p1o0 TV cLVONKAOV Aveong, elval amapaitntog 0 KATAAANAOG eEMTEPIKOG OKIUGUOC T®V
aVOLYHAT®V, OOTE VO LELOVETAL OGO lval duvatoOV 1 NAMOKN evépyelo Tov Tpoomintel an’ gvbeiag
Kot HEG® avTavakAAoe®V (00 SITAOVEG KTNPLOKES OOUES) GTO KTHPLOL.

Ye k@0e mepintmwon, N Bepukn pdlo mpémel va cuvovdletar pe opBA VITOAOYIGUEVT] KOl COGTA
tomofetnuévn HOVOOT TOL KTNPKoL KeEAVQovg. Ogpuikny palo mov oev cuvdvdaletor e
OepLopOVOoT, HEIDVEL KATO TOAD To Oeppikd KEPOM KATA TIC MUEPEG LE MAOQAVELD KATO TN
yxewepwv mepiodo. Tlépa amd 1 ypron SOUIKAOV LVAIKOV DYNANG BeproywpnTikdTNTaS, Yoo TV
péylom a&lomoinom g Bepuikng pdlog twv Knpiwv ypnotorotoHvtol S1ipopo GUGTILOTO OTWS
0 NAaxog toiyog (Trombe wall), n nAtaxn Aipvn kix [28].

4.1.2 Kovpodpato — Yoromivokeg

‘Eva. peyddo pépog tov KInplokoh KEADQOLS, ovolypotd, KOADTTETOL OMO YUOAVEG EMUPAVELEG.
Ewwd yo to mabntikd nAlokd GUCTAHOTO YPTCLULOTOOVVTOL UEYAAES YUOAVES EMPAVELEG TTOV
BeAtidvouy kol av&avouy to NAlaKE kEpOM. Avtd givar ohvnbeg ota yoypd Kot Ao KApoto Oyt
opmg kot yu ta Oeppd. Ot ypnon TovV VOAOTIVAK®V TPOKOAEl OpmG Kol TpoPfAnuata dmwg Yo
TOPAOELYHO, OV VTLAPYEL BEPUIKN AVEST] EVAD LTAPYEL OVAYKT] OE GKIOIGUO TOL UE TN GEPE TOL
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empealel 10 eLokd ewTicpd. Ot Avoelg og avtd ta TpoPfAnuotTa gival n ¥pPNon LVOAOTIVAK®V
VYNNG tEXVOrOYinG (EMAEKTIKOV) mopdAAnia pe @LoKO N TeYVNTO oklacud. H ypnon tov
EMAEKTIKOV VOAOTIVAK®V, H10€L TN SLVATOTNTA GTOVG CPYLTEKTOVES Y10 TNV UEYIGTN aSlomoinon Tmv
apy®V Tov POKAUATIKOD GYXEOOGHOD amopevyovTag TpoPAnuota vrepféppovons, Bapupoong KAt

[28].

Argon gas
External pane: Clear float glass

Second pane: Low E glass

Internal pane: Low E glass

Warm edge spacer bars

@-‘— Thermal reinforcing

I Multi chamber profile

Ewcovo 4.4 : Kovpauoto ue tpimlods valomivaxes (opiotepd) kor Otofobuiouevor voAomwivakes

(oecia) [52]

Ot avaxkiaoTtikég TE(VOLOYiES ¢ mpog v UV aktivoPoiia Kot To GLGTHUATA TOV BEPLOSIUKOTMV

YL TNV amoeLYY| Beppoyepupmv

HAiaknh
akuvopodia

-

Eowtepikh
Beppotnta

Opatétnta puwids

Eixévo 4.5. Emilextikoi volomivaxes kot Oepuodlaxontausva kovpouota [59], [60]
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4.1.3 O <nhMoxoc> toiyos TROMBE

O 7toiyog Trombe (swdva 4.6) sivor pia ddraén a&omoinong e NMOKNG EVEPYELNS EUUECOV
KEPOOVG M omoio Aettovpyel Pacel ™ apyng tov Beppoknmiov, onmAadn, n UV-A ¢ nlokng
aKTvoPoAiag dtomepva Tov vaAomivoka Tov PPIicKETOL UTPOOTE Omd TOV TOYO KOl GTN GLVEXELN
vt amoppoedtar amd tov tolyo. O aépag avapueso oTov Tolyo Kot Tov varormivaka Oeppaivetal
puéom aymypommras. Kabog Beppaivetor o aépag, d€pyeTol amd TV KOPLPN TOL 0EPUYWYOD TOV
Oeppaivel To dOUATIO HECH TNG BEPLLOVONC KO TOVTOXPOVA O KPVOG AEPAG EICEPYETAL LEGA OO TOV
aepay®yd otov Tubuéva Tov Bepuaivetor amd Tov Ao kot avePaivetl Eavd, BAcEL TG GVOIKNG PONG,
apov o Oepudtepoc oépag eivar ghoepOtePOc Tov Oeppod — yoypod (ewdva 4.7). H apyn
Aertovpyiog Tov toiyov Trombe givor dropopetiky) TNV yeepvy omd v Oepvi mepiodo (EkoOVeEC
4.8 ka1 4.9).

I v Bédtiot a&lomoinon kébe empdvelag Tov ktnpiov, 1 dtdtaén tov toiyov Trombe mopéyst
™ odvvatdtnta Yoo Tomofétnon eoToPoATaik®v otoeiov (Stdeova M un) Kobdg Kot AAAES
duvortdtnTEG TOL EUminToVy 6To energy harvesting [82].

Glazing ———=
< Upper vent

Non ventilated
air layer

Slorage wall ——1=

Ventilated Anti-reverse thermo-

air layer /Circulatiun system

_ I —Low vent
[nsulating panel * |

Eixkova 4.6 Tour toiyov Trombe [84]
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Roof

Warm Air

7‘ :

Concrete Wall

Cool Air

&

Glazing

Painted black ab-
sorber

Exéva 4.7: Aertovpyio tov toiyov Trombe koza t yeyepivip mepiodo [61]

Trombe Wall
Summer
Sun e
Rt
Winter
"5”714——1:————__
€ T
- d : : - - l
L —'_'_'_F. -

Ewcovo 4.8 A&iomoinon twv okiaotpwv koto ) Ogpivi) TePiodo ET01 WaTe 0 TOLYOS Vo, Uiy

vmepOepuaivetor [62]
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Summer air vent

|
. . i
Folded curtain 1 b (168
Winter air vent ] Shading curtain
PV cell - Blackened
Massi || X
PV glass panel assivewa ,
[
Ambient
Room -Y
Air duct Thermal
o Winter air vent insulation

Summer air vent - _

(a) (b)

Ewxova 4.9: Zoykpion ¢ Aeirovpyiog tov toiyov Trombe: a) xatd v yewepiviy mepiodo, yio
Ocpuovon tov ywpov b) kot ty Oepivip mepiodo, yia tov dpooioud tov ywpov [82]

4.1.4 Hhoxo Ogppociomvo

H nAakn axtivoPolrio a&lomoteitan yevikd pe 600 tpodmovg (sikdva 4.10) o) oe Ogppukéc epoproyes
Kot B) o mTOPOATATKES EQAPUOYES

HEAT LIGHT

Uses light

Electricity
=+

Electrician

Ewcovo 4.10: Aciomoinon s niaxng oxtivofoliog yio v mopoaywyn (eotod vepod Koi yio TV
ropaywyn niektpikng evépyetog [90]
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H Oeppukn a&lomoinomn mepthopfavel cuAroyn g nAakng evépyetog (eucova 4.11) yo va moporyel
a) Beppotnta Kuping yro 0Epuaven vepod ypnong (Staypappa 4.2) kot T dSnuovpyio atpod yo Ty
Kivnon atpootpofilev B) epoappoyn e oto POTOPOATAIKA GUGTAKOTO OTOV UETOTPETOVY GUEGT.
™V NAMOKN aKTVOPBOAic 6€ NAEKTPIKT EVEPYELD LLE TN YPNOT TV Q®TOPOATAUIKGV GTotyeiwv [93].

SHW vs Total DHW Use

350.0

3000 [

2500

200.0

150.0 M Solar Hot Water

100.0 Total Hot Water

Meonthy Energy (kWh)

50.0

0.0
o o 0o o o o o o o o o O
'z o7 o ';'_ T gy oo
_ — — = o
= & 3 & = § =2 T 3L 2 g
- w24 35 = = w»w O =z o

Aidypopa 4.2: Xoykpion mopoywyng niiaxod (gotod vepod oe oyéon ue t0 poptio (e6TOD VEPOD
xprione [39]

=

tains water in

Hot water
Solar panel | Mixing valve [0 Taps

Eniler

Solar|
Solar Contraller, Coil
Furmp U nit
and Drainback bottle

Solar Hot Water Cylinder

al |

Exova 4.11: Boiler dizing evepyeiag [65]
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4.1.5 Ogppopovoon

H 6eppopdvoon evog dopkod otoryeiov amotelel ) ddTaEn Yo TOV TEPOPIGUO TNG PONG TNG
Oepuomrag petald Bepuotepav kot yoypdtepwv vAKav. H Bgppopdvoon aroterel ) Pacikn apym
™G KTnprokng Oeplikng mpootaciog , HeldvVoOvVToS Tig avtaiiayés Oepudtrag peta&d tov ktnpiov
Kot Tov mepPariovtog (ekova 4.12) kar e&acpariloviog Tic cuVOHKeS Gveong e TNV TOLTOYPOVY
eocovounon evépyetag (Swoypappata 4.4, 4.5, 4.6, 4.7).

H avénon g 0epropoveTikng tKavotnTog ToV KTNplokoy KeAHpovg mepthapupdvel Tapeppdoeig pe
™mv tomofétnon HovVOTIKOV VAMKOV (gikova 4.13) otovg e&mteptkods ydPOvG, 6TO dDUE, OTO

JAmESO KOl O€ ECMTEPIKOVG TOYOVS TOV GLVOPEHOLV UE UN Beppavopevovg ymdpoug [28].

Air Velocity

\Dust, Dirt
Rain
Humidity

Outdoors ] Indoors

Large dynamic ranges DEH::> Limiled dynamic ranges
Highly variable over time T Controlled over time -

=

Ewcovo 4.12: H e€wtepixn Oepuouovwon Asitovpyel wg évo, dovouixo piltpo [25]

Movawrikés

v
YAé =

Boopara Aopaliimave pe yapise
enikéMnons 3

aykipwons

YnéBaBpo

Aogarms fepen

Eloppoprosiy je dhio 2

Méypa
evioxuons
Baoiké

enixpiopa Tehikd
Aeukd h éyxpwpo
enixpiopa

Ewxova 4.13 : Ewtepikn povawon toiyov (apiotepa) dauorog (oeia) [54],[55]

H amotedeopatikdtnTo Kol KOTO GUVETELD TO EVEPYELOKO OQEAOG, OeV €lval cuvdptnon HOvVo g
vmapéng Oepropdvoong ota KTnpto aAAd Kot Tov VAKOV TG Kot Tov gidovg e (didypaupa 4.3).
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Walls insulating material of 293 buildings Roofs insulating material of 274 buildings

EFS5; 15% other; 15%

other; 18%
EPS; 30%

XP5; 9%
Cellulosa fiber;
10%

Glass wool; 3%

XFS; 3% Glass wool; 3%

Wood fiber;

Wood fiber; 10% ona wool: 12%
20%

Stone wool; 22%

Aidypopuo 4.3: Mepido TV HOVOTIKOV VAIKOV TOV ¥PNGILOTO0VVIOL GTOVS TOTX0VG (0) Kot OTIG
otéyeg (B) [40]

Catania - Office - Energy Needs for Heating and Cooling [kWh/m2 fyear]
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W EM_Heating_MNotRecowerable M@ EM_Heating_Recoverable WEN_Coaoling

Miaypopua 4.4 = Evepyeroxes avaykes (EN) yio Ospuavon kon wocn xypiov ypapeiov otnv Kotavia,
ovvaptioel 21 e10wv Ospuoudvaong [42]

Catania - SingleHouse - Energy Needs for Heating and Cooling [kWh,/m2 /year]

er- @i- @gl- g- g- &E- B0 B0 EBO B0 B0 B0 B0 &0 E0 B0 E0+ B0 B0+ 204 B OF
WI- 0 WC- WI- WOD- WIO- WIOD- WI- WI- o WH- WOO- WOO- WO O0- W00 W0 WO W0 W0 WD WIDH WO WD
- Co% Ci+ C- CodF O+ C- G C+ C- O C#+ C- o+ C#% - I O+ C- CoH C0#

W EN_Heating_MNotRecoverable M EN_Heating_Recoverable W EN_Cooling
Aicypopa 4.5:Evepyeraxés avayxes (EN) yo Gépuovon wor wocn povokoroixios ovvoptioer 21
e10av Gepuoudvawong [42]
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ZUYKPIOT KAaTaVAAWONG EVEPYEING

3.5
3,5 - 9,9

00 00 00 0O 0O 00 00 00 0 0 OO0 0O

lav @ef Map Anmp Mat louv lovh Auy Zem Okt Noe Agk
Mrjvag

KaravéAwon mpiv Tnv £€. Beppopdvwon  KaravdAwaon perd my €. Beppopdvwon

Aaypopo 4.6: Katavedwan evépyeiag yio, tqyv vmoatipiln e wocng mpiv koi uetd v eCwtepixn

Oepropovawan [14]

ZUYKPIOT] KATaVAAWONG EVEPYEIAG

-
o N

KaxavdAwon kWh/m2

O N & O 2

lav. @ef Map Anmp Mar louv Iloud Avy 2em Okt Noe  Ask
Mijvag

= KaravdaAwan mrpiv v £§. Beppopdvwon ® KatavaAwaon petd myv £§. Beppopdvwon

Mwaypouua 4.7: Kotovoiwaon evépyerog yio v vmootnpiln g Oépuavons mprv kai UETE THV

elwtepixn Oepuouovawon [14]
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4.1.5.1 Oeppoyépupeg

Ot Beppoyépupeg (ewdva 4.14) amotehodv évo coPapd TpdPANUe amoieidv Oeppotntag Kot
oynuatilovror petad dvo onpeinv e doung Tov ktnpiov (Suaypappa 4.8). To aitio mov Tpokorel
avtd t0 owvopevo (swova 4.15) sivar ta kevd ot POVOOT, Ol JAPOPEG OYKVPMOGELG 1| OTNV
mepintmon katookevng ¢ Oeppopudvmong pe mokvd vakd. To mpoPAnpa avtd pmopei va
amo@eLyOel pe TNV S1aTHPNON TNG CLVEXELNG TNG LOVMOOTG KOL TNV ATOPLYT XPHONG TUKVAV DAKAOV
oTIg KOO TEG [28].

. MATERIAL 1
. MATERIAL 2

Q— HEAT FLOW

Eikova 4. 14: Aertovpyia Ospuoyépvpag [46]

EZQ EZQ MEZA

¥
eee
e
e
eee
.o
see
eee
.o e

Qeppopdvwon améd v
TTUPAVA TNG ToIXoToliag EOWTEPIKN HEPIG TOU KTNPiOU ESWTEPIKI PEPIG TOU KTNpioU
(Anuioupyia Oepuoyépupac) (Anuoupyia @sppoyépupac) (Amroguyr) Oeppoyéupag)

Eikova 4.15: Asizovpyio Ospuoyépopog oe epapuoyn [60]
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Roof - Window 1 Roof - Window 2 Safety margin

1%, 0% 9 Floorslab - Load bearing inner
Glazed facada - Roof ] :ﬁ:ja;:

1 Extemal wall - Roof, gable side —

2%
Extemal wall - Roof, long side 2
7%

Floor slab - Extermal load
bearing wall
23%

Extemal wall - Roof, long side 1
3%

Intermeadiate floor -Window
1%

Floor slab - Windows/window
doors

7%

Extarior corner
2%

Recessed steel baam in noof
{Zmall)
0%

Floor slab - Glazed facade
6%

Recessed steel baam in roof
{Large) Intermediate floor - External wall
1% 2%

Awaypouua 4.8: Zyetikn exiopaon twv avoyvopiouévwy Oepuixav yepvpwv [23]
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4.1.6 DvoK6S POTICNOG

NATURAL LIGHT

|
[

|

|

Hl=n ¢

Eikova 4.16: A¢romoinon tov gpootkod pwtiouod yio, 1ov pwtioud twv ktypiov [53]

O emtoyng PLoKog (Kot TeYYNTOg) EWTIGHOG (€kdva 4.16) coufdilel oty Ko Kot EgkovpaoTtn
opaon Tov avlpdnov. O avemTuynS EOTIGHOG LETAED ALY TPOPANUATOV TPoKaAEl aTuyLoTa,
KATAmovel TOVG 0POOALOVGS, dNoVPYEl TOVOKEPAAOLG Kol LELOVEL TNV TapaymywoTnTa. Ot dveteg
oLVONKEG POTIGHOY, KatdotaoT gvpopiog kot Oyt ducpopiog 1 KatddAwyng, eEaptdvIaL Amd TOVg
TOPAYOVTEG O1 0TToi01 Elvat:

e H évtaomn tov poticpod

e H évtaon 1ov poTIGHOL cLVAPTAGEL TG BepLokpaciag Tov YpOUATOS TOV

¢ H mowdmra tov poTicprol (Beppokpascio YpOUATOG, SEIKTNG YPMOUATIKNG ATOS0GNS, XOUNAT

N VYNA AapUTpATNTA KATA TEPIMTOOT, 1| AvTiOEoT KAT
e H cwom xatavou| g @TEWVNS PoTg 6To YDPo (amo@uyn Tov otvouévov g Bapupwong)
[26].
H ontikn dveon emrpémel otoug ypnoteg tov kdbe kmpiov va PAETOLV 1KOVOTOMTIKE Kol
Eexovpaota. H e€acpdiion avtdv Tov cuvinkov eEacealiletar amd v a&lomoinon Tov PLGIKOV
QOTIoHOL (gwoveg 4.17), HECH TV AVOLYHATOV KOl TOV QOTAY®OY®V Tov Ktnpiov. O @uoikdg
QOTIGUOG TOL KTNpiov, Yoo TNV aE0ToiNoN TNG TPOSTIMTOVGOS NALKNG aKTivoPoriag, arattel TV
TPOGEKTIKN EMAOYT TOV KATAAANA®V GYESIAOTIKMOV KATACKEVAGTIKMY Topauétpmv (avoiyuara),
v Tpocoproyn (LEc® QLOIKAOV 1 TEYVNTOV OKIAGTP®YV), TG 6TAOUNC TOV POTIGUOV OVAAOYO. LE
to. emBountd emineda ™G £VTAONG TOV QOTIGUOV GLVOPTNGEL TOL YEWYPOPIKOL TAATOVS, TOL
TPOGOVATOAIGLOD KOl TNV XPOVIKT TEPiodo tov 24mpov [28].
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4.1.6.1 IMievpkég puokos pmtiopog (Side natural lighting)

i &
OVERHANG
o)
r"'!;-lL
I.l 1
| F h
||. | E ”
| |
25 xh
B)

<N

,‘. I _.'- L} |
il &N
I ’

LIGHT SHELF

7)
Ewcovo 4.17: @) Ilevpixog povoikog pwtiouos, p) Pwtiouog oc [aBog tov Yawpov covaptioel twv

0100TAoEWY TOV ovoiyuatog, y) [IAevpikos pwTIGUOS UE TH YPHON OVOKADUEVOV ETIPOVELDV VIO THV

KOADTEPH OUOLOUOPPIO. THS EVTATEWMS TOV pwTiouot [78]
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4.1.6.2 ®vokiég pmTiopog amo Ty opoen) (Top natural lighting)

— AR

v

q
I @
REFLECTED LIGHT

a)

ﬂf.-:.*.:i-i

(‘1

A

|I.i.. 1 e

DIFFUSED LIGHT

B)
Eicovo 4.18: a) Avaxiouevos pwtiouds axo v opoon, B) Aidyvtog pwtiouog amo v opopn [78]

4.1.6.3 Avnifappotikés pueikioc potiopog (Anti—glare natural lighting)

SUMMER VEGETATION, leaves
block summer light
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|

.

[ &\
il )

<
"~

WINTER VEGETATION, bare
branches allow winter light

B)

ﬁ y
\ '/'.
NRE |‘
ll'.' -

SCREEN, diffuses light and views

Y)

LOUVERS, blocks summer light and
allows winter light while maintaining
vViews

6)
Ewcovo 4.19: a) AvtiBoufwtikos pooikos pmtiouos uéam pviiauotos, B) Avtuboufwtikos pooikog
POTIOUOS HEow TETOOUATOV, V) AvTiBoufmtikog QuvoIKOS QOTIOUOS UECH TETATUATOV, O)
AvtilQoufwtikog pvoikos PTIOUOS COVOPTHOEL TWV OKIGTTPWY Yo TH YEUEPIVH Kal TV Ogpivh
wepiodo [78]
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4.1.7 Xxioon

Ot dvvotdtreg yio Vv €E0KOVOUNGCT] €VEPYELDG OTOV TEPIPAALOVIO YMPO TOL KT piov
EMITLYYAVETOL KO UE TNV KATAAANATN 0EVOPOPVTEVOT| £TGL MOTE VO, EUTOSILETOL 1| PO TOV YUYPDOV
YEWEPWVAOV OVELMOV TPOG TO KTNPLO KOl TOVTOYPOVO VO EMTPENETAL VO POACEL 6€ aVTO 1 MALOKT
axtvoPoAia yi T 6épuavon tov. Emiong o okiaouog tov ktnpiov Kot Tov avorypudtomv pmopet va
emtevyOel pe ™ ypNnon eLALOPOA®YV dEVIP@V Kot BAAGTNONG KATA TETOLO TPOTO TOV VAL SIOUKOTTETOL
0 NAMaG oG Tov kTnpiov ™ Bepvn Tepiodo, o106t 1 PAdcTnon petpidletl v eEmtepikn Beppoxkpacio
AOY® NG 1010TNTOG TOV PUAAMUOTOG VAL ATOPPOPA BeprdtnTa Kot va ETITPETOVY TNV TTEPI0O0 TOV
Yelmva vo. eOdvel  aueon niokn aktvoforio. Tn eotevon euALOBOL®V dévipwv (gikova 4.20 )
OTIG VOTIEG, TIG VOTIOOVTIKEG KOL TIC VOTIOOVATOMKEG TAEVPEG TOL KINPiov, TNV KATOOKELN
vaifplov okldotpov (swdva 4.21), ™ ypnon otoyEiov vepod TOL GE GLVOVAGUO WHE TNV
KatevBouvon tov avépumv katd v mepiodo Tov  KaAoKoplov cvuBdiilovv ot PBeAtimon Tov
pikpokAipotog yopw and to ktrjpro [28].

Ta nAakd kK€pdn ToL TPOKLATOVY GO TO AVOLYLOTO TG KTNPLOKNG KATAGKELNGS, KATE TO TEPAUCLLOL
™G Beppoyévov MAlokng aktvoPoriog eivor dlaitepa peydio kot ypeldloviol omapoITTOS
nMonpoctacio. H pedétn g nAlompootaciog mpénel vo TeptAhapufavel TV €n0pKn oKioon TV
avorypaTov Katd 1o 8€poc, aAld vo unv meplopilet o nAlakd Beppikd KEPOOG KATH TO YEWUDVA KOt
va Aappdver vroym Tig avaykes oe pLokd eoTicpo. H oxioon eivonl mepiocdtepn amodotiky| Otov
etvan eEmtepikn, mpdypa 1o omoio onpaiver 6t N NAak aktivofolrio epumodileTon vo e16EAOEL Ko
va eykAoPiotel HECO TV VOAOTIVAK®V GTOVG YOPOLS Kot pmopetl va pewwoet katd 80-90% ta
NALOKAE KEPOT).

[MapdAinia, n xpron KVNTOV GKIACTP®V TOPEXEL TN SLVOTOTNTO VO ETITVYYAVETOL OKIOGT TOV
avolypdtomv otav givor avtd amapoaitnto, aveEaptnto amd TNV €m0y TOL £TOVG. LVVETMOC, O O
OMOTEAECLATIKOG TPOTOG GKLOGLOV, £ivat 1) ¥p1|oT EMTEPIKAOV OKIAGTPOV e KvNTEG TEPTioES [28].
Mo v emioyn tov KATEAANAGTEPOV GLGTNUATOG NAOTPOCTAGING TOV AVOLYUAT®V, TO Pactkd
Kpupa Tov Bo Tpémel va AneOovy vdym gival 0 TPOGAVOTOAMGLOG TG OYNG, N ACHNTIKY TOV
KTNPLov Kol 1 LOPPOAOYIO TV OVOLYLLATMOV TOL, 1) XPT O TOV XDPOVL.

Oocov agopd tov mpocovatolond (ewova 4.21 ko 4.22) o perétec deiyvouv OTL Yo TOV VOTIO
TPOGOVOTOAGUO TPOTIUOVTOL To. 0plovTia, otafepd M Kvntd cvothuate okioong Adym g
VYNANG TpoYLdG Tov NAov 1t Bepvr| mepiodo. To kpicio onueio eivarl 10 TAGTOG TPOEEOYNS TV
TEPGIOMV MOTE VO, SLcPaAileTor o Oepvdg oKIOGUOG TOV AVOLYHAT®V KO 1) SIEAEVOT) TOL A0V GTO
YOPO TO YeEWmva. ' Tov avatoAkd Kot OLTIKO TPOGAVATOMGUO, TPOTIHATOL 1) oKioon ToV
AVOLYLATOV HE KOTAKOPLOES TEPGideg KaBdS 0 NAog Ppioketar yaunAd kovid otov opiCovta. H
otabepn| oxioon dev elval amoteAecpaTikn Avon Kabdg eumodiletor 0 NAacUOg TOL YDPOL TO
YEWWava. [0 ToV VOTIOaVATOAIKO 1| TO VOTIOOVTIKO TPOGAVATOMGUO, £val 10aVIKOS, 0 GLVOVAGHOG
1660 TV opovTIoV OGO KOl TOV KATOKOPLE®OV TEPGidwV, N onoia opiletol amd To VYOG Kot TO
alpovBio Tov nAiov Yo Tovg Bepvotg puveg [28].
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4.20: Adiomoinon twv pvAlofolwv JEVipwV Katd. T JIGPKELD, TOV KOLOKAIPLOD (pIloTEPa) Kal

KOTG, TH O10PKELQ, TOV YeUmVo. (0£1G) avvopTHaer THS NAIOKNGS Tpoylas [56]

SUN SHDE SUN Swst

/
{ / JSUN SuDE
/

[ [ o sunt

SECTION THRU SECTION THRU
SOUTH FACADE @ SOQUTH FACADE @
SUMMER SOLSTICE WINTER SOLSTICE

Ewcovo 4.21 :Aeitovpyio teyvntdv okidotpwy ta. omoio fpickovial torobetnuéve, oty votia
TAEVPA. TOV KTHPIOV TOGO KATC, TH JLGPKELQ. TOV KAAOKOIPLOD (0p1oTeEPT] aTiAn) 000 Kal KOTd T

o1apxelo. Tov yeywva. (oeéia otyin) [57]
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3-D View Section Plan Ideal orientation  View restriction
a7 |
South * K K &
Horzontal
single blade -
eoee
South * % % %
Outngger
system
) South * Kk &
Horizontal
multiple blades |
| | East West * % % %
Vertical fin
A
East'West * h k&
Slanted \ \
Vertical fin
1 )] East West * % h &
Eggcrate

Ewcovo, 4.22: Aaraleis kor alloAdynon oKkiGoTpmwv oOVOPTHOEL TOV TPOCAVATOALGUOD THG
TAEVPAS TOV KTNPioL IOV TPOKEITOL Vo TomoBetnBody [58]
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4.1.8 ®voko6g 0.epLopdg Ko opociopnidg

O1 mapdipetpot ov enxnpedlovy TIc GLVONKES PLGIKOL aepiopov (eikdva 4.23) eivar:
o O efoTepikéc KMPOTIKEG oVVONKES
e O mpocavatoiopds, 1 0<on kor To péyedog TOV avorypaTov
o  Dvuown Yi&n Tov kTNpiov péow g €dTRiong VoA TOG
o dutepéva dOMATO 1] TPAOCIVES OTEYES Yo TN MEI®ON TOL Ogppikov @optiov TOV
KT piov

4.1.8.1 Ow e€mtepkég KMpaTIkEG 6VVONKEg

2TIC gVKPATEG TEPLOYEG KOl KATA TN YEWWEPIVI TEPL0d0, OMOV Ol KAMUATOAOYIKEG cuvONKeg gival
YOUNADV BepUoKPACIOV Ko HEGNG £C LVYNANG VYPAGING, 1| GLYVOTNTO TOL OEPICUOD TV YDPWV
TPETEL VO LELMVETOAL ETCL MOTE VAL LEWDVOVTOL Kot 01 OgppuKéc anwAeteg. Avtifeta, kotd ) Oepvn
nepiodo, 0 PLGIKOG OEPIOUOG Elvar GuYVOG Kot omapaitntoc £Ttot ®ote vo. eEacpaAiloviot ot
ouvOnKeg dveong yua Tov dvBpwmo.

4.1.8.2 O wpocavatolcpnis, n 0éon ko to péyedog TV avorypdtmv

O cwoT16c oYedoUOg TOV aVOlYHAT®V, To OTtola £Y0LV TNV SLVATOTNTO VO OVOiyoLV, amoTeAEl
kaBoplotikd mopdyovro oty €£acPAMon EmapPKOVS PLGIKOL aepiopov. [evikd, Ta avolypota
€16000V TOV aépa O TPEMEL VoL EIVaL AVTILETOTO GTV POT| TOV AVELODL Y10, TO PEATIOTO OMOTEAEGHAL.
Oocov agopd ta avoiypota e£600v, Tpénetl va, elval LEYOADTEPA 1] TOLAGYIOTOV 1G0 LE TOL OVOTYHOITOL
€16000V €101 MOTE VO OlEVKOAVVETOL 1) €hevbepn kivnom Tov aépo HECH GTO YMPO KOL VO UM
dnuovpyovvtar eavopeva vromicong [28].

H eEaocpdiion emopkovg @LGIKOD 0EPIGHOD TOPEXEL OPOCICUO OTOUAKPVVOVTIONS TO EMTAEOV
Bepuikd poptio E€m amd TO KNP0 Kot ard TO avOPAOTIVO GAOO YPNOLOTOUDVTOS TN POT) TOV aPOl.
H xivnon tov aépa mpokodeitar gite and ™ @uoikn tov pon (swkdva 4.24) eite PePracpuéva péocw
niextpounyavoroyikav dwatdemv (swkdva 4.27). H dwagopd micong peta&d 6vo mAevpdv TOL
Kmnpiov dnuovpyel pon tov aépa kat ovtiotoyio g opopds dvvapkov. Otav 1 e&mtepikn
Oepuokpacio agpa eivor yapunAotepn amd TV €0MTEPIKY] O OEPIGUOG TOL KTnpiov pmopel va
amoPAaAlel mPpog Tov EEMTEPIKO YDPO T Beppukd 1 NAokd KEPON TOV GLGCOPEVTNKAY KOTA TN
dupkela ™G NuUEPas, €£ac@aAiloviag 6To KTNPLo Opocepd a€po KOTA Tn OLIPKELD TNG VOYTOGC.
Sopupairel emopévmg oty eEaceAAlon g Bepuikng aveone Kot otnv gvuelia Tov avlpOT®Y TOV
Bpiokovtol o€ éva ympo [28].
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Shapa mamory alloy
Open

£ Shape memory alloy
Close

Ewcovo, 4.23: Acitovpyio to0 @uoikod aEpiopod — dpooioiod evog KTnpiov kata v Oepiviy kot v
xeepvn wepiodo [24]

Ecovo, 4.24: Zynuotixés etkoves pooikod agpiouod yio ve, ktipio [24]
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H mo dwdedopévn pnébodoc, 1daitepa amodoTIKy Kot TOLTOXPOVA XWOPIG TNV GUECT KOTAVAA®GN
evépyelog, etvar 1 aglomoinon Tov QLGIKOD OAEPICUOD KATO Tn OLGpPKEWD TNG VOXTOS OOV 1
Oepuoxpacio eivor YouUNAn Kol 0 EEMTEPIKOC AEPOC EICEPYETOL GTO YDPO KOt AmAyel TV Oeppotra
mov &yel amodnkevtel ota doukd otoryeion kotd TN ddpkew ™S Nuépag. Me tov TpoOmo avtd
OTOUOTA 1 ETEPOYPOVIGUEVT ekmopum Beppotntog amd ™ pdlo Tov KINpiov TPOG TOV EGMTEPIKO
YOPO Kol EMIALOV pelwveral 1 Beppokpocio ™e. Tnv exduevn pépa n Bepuokpacio TV yOPWV
etvar yapnAoTepn Kot o k€ALPOg Eekvd va amofnkevel Beppdtra amd yapnAdtepn Bepuoxpacio
Y10l VOL GUVEYLOTEL 0 TPOAVOPEPOIEVOG KOKAOG TOV PUGIKOV 0EPIGHOD - dPOGIGUOV.

O voytepvog aeptopdg eivarl moAD amodoTIKOG OTIG TEPOYES UE HEYAAN dtapopd Beppokpaciog
HETOED MUEPOG KOl VOYTOGS, OAAG TKAVOTTOUNTIKG £IVOL TOL ATOTEAEGLLOTO, KOl GE TEPLOYEG LE EDKPOTO
KMpa, 0mwc 1 EALGSa. O £101k6g GYESIOGOC TV OVOLYHAT®V UTOPEL VoL dWENGEL TV TOVTNTO TOV

e1oepXOLEVOL aEpa, OLEAVOVTOS £TGL TNV OIOJ0TIKOTNTA, KOl v puBuicel tnv mapoyr tov [28].

4.1.8.3 ®voikn yoén tov ktnpiov péom g eEGTHIONG VOUTOG

Emtoyybveton pe ) pon tov aépa mAvVe 1 SWUEGOL VYPAV ETLPOVEIDV TPOKOADVTAG £TGL TNV
e€atuion Tov vepov Kol v peimon g Oepuokpacioc. EEdtion ocvuPaivel 6tav n migon atpmv
0V vepol glvarl LYMAGTEPT amd TN UEPIKN TIECT VOPUTUAOV TNV TOPUKEipevn atpoceopo. H
oAlayn Tov vepoL amd VYPO o aTd GLVOdELETAL amd TNV ATOPPOENCN UEYAANG TOCOTNTOGC
Bepuorag and tov aépa mov Katefalel ™ OBepuokpacio Tov aépa Kol TOVTOYPOVA OLEAVEL TNV
neplexopevn vypaocia tov. H dmapén okiaong kot n mapoyn dpocepov vypol aépa PeATidVOLY TNV
dwdwasio Tov atvopévou g e€dtuong. Otav o aépag sioépyetor an’ evbeiag 6To KTPLO £YOVUE
Gueco dpoctopd (AMOY® Tov avopévoy TG eEATUIONG), EVD OTAV YOYEL TO KEADPOG TOTE EYOVUE
EULECO BPOOIoUO, AOY® TOV TOPOTAV® Qovopuévov [28].

4.1.8.4 ®vutepéva d0OPATA 1] TPAGLVEG GTEYES Y10, TN NEi®OTN TOV Ogppikod @opTiov TOV
KTNpilov

H ocvppoin g PAdotnong oty mpoctacio g Katotkiog to kalokaipt, Tpénet vo GuUPEALel GTOV
EMOPKT 0EPICUO Kot GTNV EnapKN NAonpootacio. H emapkng okiaon emtuyydvetot pe tn OTELON
O&VTp@V 01N SLTIKN GYn TOL KTNPioL AAAL Kot pe TV Kataokeun mépykoias. Etvar onuavtikd va
YIVEL TPOGEKTIKOC VITOAOYICUOG TNG OTOGTOGNG TOV TPEMEL VO, VITAPYEL LETOED OEVTPOL KO KTNpiov,
(MOOTE VO EMTPEMETAL O EMOPKNG AEPIOUOG TOVL. To KOVIA KOl TAATIAL OEVIPO. TPOGPEPOLY KOAM
nAlompoctacio Kad’ OAn tn ddpkela Tov £T0VG. Avtd pmopet va emtevybel pe 10 cuvdLACUO TV
TOPOKATO TEYVIKOV:

e TNV tomoBETNo” PAAGTNONG GE TEPYKOAN GTO DA 1] O€ TEPYKOAN TPOCKEIEVT O piol amd
TIC TAEVPEG TOL KTNpiov,
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e 1 ypnomn g PAAGTNONG KATA TETOLO TPOTO TOL VO dNOVPYEL Eva KAEIGTO TPOGTAUTEVUEVO
Y®po mov Ppioketar oe GpeSN EMOEN LE TO KTNPLO, 1| VAL EPYETAL GE EMAPN LE TN OTEYAON
TOV KTNPIOV KOl TO PUTEUEVO ODL,

e v T0m00€TNON TOL TPAGIVOL KOTA TETO0 TPOTO OV VO EPYETOL GE EMAPT LE TO KTINPLUKO
KEALPOG, G KATAKOPLPO TOLYO0, GAAL KO [LE TNV KATAGKELY] QPAKTAOV TPAGIVOL GE KOVTIVY|

amdGTACT OO TO KTNP10.

Eicovo 4.25: Doteuévo ooua [49]

Ocov apopd 10 putepévo dopa (sikova 4.25) 1o omoio anotelel Eva ToAdTAOKO Oepikd cvoTHIA
HE oNUovVTIKEG BepuopovatiKég 1010t Teg ko’ OAN T Sdpketa Tov £tove. To kadokaipt Aettovpyet
oav QPAyHa Yo TNV nAMokn axtivofoAic Tov @Tdvel 6To ddpa KaOMG omd TNV TPOCTITTOLGQ
axtvoPoAio avtavakidral évo Tocootd TS Tédéns Tov 20% pe 30% evd 10 VIOAOITO ATOPPOPATIL
amo to eOAApa. H @dtevom otig 01é€yeg Tov KTnpiov ivol po SNUAVTIKY TEXVIKT Tov eReavilel
OPKETE OPEAT], KAOMG Ol GTEYEC AMOTEAOVV UEYAAOVG OKAAVTITOVS YMPOLS KAt 1) GVTEVLGT| Tovg Oa
dAlale Vv oYM TOV OCTIKOV KEVIP®V, TO HKPOKAiLe tovg, Ba mpdopepe Bepuopdvaon kot Oa
dnuovpyovse ydpovg avayvyng (mépyoreg). Tlapdiinia, n néB0d0g o, TPOGPEPEL NYOUOVOGT,
DEPLOUOVOOT KOl O TPOGEKTIKEG KOTACKEVES Kol TNV TPOcTacio and tnv vypoocia (swova 4.26).
Olo o aveTépm TAEOVEKTAUATO CLUPAAOVY KO 0TI HEON TN NAEKTPIKNG EVEPYELS, TOL ayYilet
70 30 % Yo TV enitevén tov cvvinkov dveong. Emmiéov, mpootatevel Tig EMOAVELEG TAV®D OTIG
omoieg epappoletal and tm eOopd Tov YPOHVOL AAAG Kot amd eEMTEPIKOVS TAPAYOVTES, PIATPAPEL TN
OKOVI] KOl TO QLOPOVUEVO COUATION dPDOVTOS EVAVTIOL GTNV TPOKANGT OTUOGPAPIKNG POTOVONG.
ENUOVTIKOTOTN TOpATPNon OTL TPENEL VO AAUPAVETOL VITOYT KOTA TN GYEJOOT TNG KOTOCKELNG
KOl TO PUNYOVIKO OPTIO amd 0VTEG TIG KATOGKEVEC.
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Vegetatoon Dripping System

Cross section Growing
medium*

Filter membrane

Drainage

Waterproof/root
repellant

PVC Waterproof Membrane

Maltiple Layers of Non Weven Geotextile
Thermal

insulation

_|
Vapor
control—l

Support panel —‘

Mech Reinforcement

*Consists of a lightweight
engineered material made
of organic matter

jource: MCT Graphic

Ewcovo, 4.26: Toun g daralng twv vlik@v yio ) ONuiovpyio. QLTEUEVOD OMUATOS (OPLOTEPH

EIKOVA) KO KOTAKOPLYOU KHTov uoli (e 1o obotnuo. motiouotog tov (0eid eikova) [50],[51]

O KoTaKOPLPOG KNTOG ATOITEL CLTOUNTO GUGTNUA TOTICUATOG EOIKNG dtaTaéemc. To anotélespa
etvar 1000 TPoKTIKO 660 Kol SakoounTikd. To €101Kd vdoTp®UA, YPNoLOTOLEiTAL HOVO Yo TN
ompEn tov pridv, VO To LT KOAALEPYOVVTOL VOPOTOVIKAL.

4.2 Evepyntikn teyvoroyia ota ZEB (Active technology on ZEB)

H gvepyntkn teyvoloyia PBoaciletal oto EVEPYNTIKA GVGTHRATA, TOV GE AvTiOEoN e To TUONTIKG,
QTOLTOVV TN XPNOT NAEKTPOUNYOVIKOV HECHV Y10 TN GLAAOYT, TN KETAPOPA Kot TNV amobnkevon
™mg Oepuikng nAakng evépyesiag [27], [28]. v evepyntiky| teyvoloyio, VIGYOVTOL Ol TOPAKATM
TEYVOLOYiES:

4.2.1 O pnyovikog KApatiopog

H BePracpévn kivinon tov aépa yio tov aepiopd, tov 0pocicpd katl ) H€puavon tov Ktnpiov,
amoutel MAEKTPOUNYOVOAOYIKEG OTAEES TOGO Yoo TNV KLKAOQOpPio. TOL HECH TOV EWIKOV
aepay®y®v 060 Kot yo. v poouen g Beppokpaciag tov Kot tng vypaciog tov (swkova 4.27). H
POOLION TOV AVOTEP® TAPUUETPOV KOADTTETOL LE Evay Kot LOVOV Opo, ALTOHV TOV KALOTIGHOV.
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Re-circulated Air

Typical Conventional System

M CcC W

Fresh Air F: Filter
C: Coil
V: Fan

M: Mixing Box

Re-cirouated
Air

Supply Kir

Single Coil Twin Fan System

Eixova 4.27: Aicgraén yio tov kAyotiouo twv ktnpiov [64]
Ot KMpotiotikég povadeg (avthieg Oeppotntag — heat pumps ), tomikég 1 kevipikée, a&lomolody Ty

OVOGTPOPN TOL YUKTIKOU KOKAOL GULVOPTNGEL TOV TOMIKAOV KAUOTOAOYIKAOV GLVONKOV Yoo TV
Aertovpyia Tovg, TOG0 KOTA TN YEWePV 660 Ko Katd ) Bepivn mepiodo (eucdva 4.28 ko 4.29).

Heat In Heat Out

Compressor

/’ 2. Compression —\

1. Evaporation 3. Condensation
L 4. Expansion 4-}

Expansion Valve

Condenser

Eixova 4.28: Poktikog kdrlog katd, t Asitovpyia e Oépuovons kou e wicne [24]
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Cooling Cooling Regenerator Heating

tower
Condense Sepgrato r]
Qz Abgol Q/
¥ Wil [=EE] =
Indoor i Indoor - ﬁ]‘
unit unit =} li=
E t E t s
vaporato Heat exchanger vaporator o) F e ebrat|°r)
aci as boiler
absorbent absorbent absorbent
B concentrated Ml medium ] Gituted (] cold water
refrigerant refrigerant
[ hot water = liquid IZ]W,.,or [ cooling water

Ewcovo, 4.29: Zynuotixo o16ypouia aviiompopis tov WokTIKoD KOKAOD KaTd T AEITovpyio TS WochS
(opiotepy g1kova,) kot kata ) Agrtovpyio ¢ Oépuavong (oeéia sixova) [24]

H oa&omoinon tov aviMdv Bepuotrog cupPdier onpavtikd otny €£0KOVOUNGT TG NAEKTPIKNG
evépyetag (S1aypappa 4.9) Kot xpNGILOTOIOVVTOL OAO KO TTEPIGGOTEPO TOGO OO TAEVPAG ATOSOYNG

0G0 Kol OO TAELPAG OALUYDV TOV KAUOTOAOYIKOV GLUVONKAOV, OKOUN Kol GE U1 00TIKG KEVTPQ
[24], [27], [28].

8000
7000
6000
5000
4000
2000
2000

1000

0
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

| Airfair B Airlwater M Brine/water
= Ventilation air ®mVRV/VRF

Aicgypoua 4.9 @ ECotcovounon evépyeiag amo aviiies Oepuotnras [GWh] yio tyv wepiooo 2006-2016
[83]
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4.2.2 Energy harvesting (svAloyn evépysrac)

Y7o state of the art tov teyvoloyidv, TOV YPNOLOTOOVVTAL Y10 TV TOPAYMYT, TV GLAAOYN KoL TNV
amobfkevorn ¢ evépyelog (swoveg 1.3), eivor to energy harvesting (cvykopdn evépyelag). Ze
VTN TV TEYVOLOYiD, GUUBAAOLY 1 LIKPONAEKTPOVIKT Kot 1 vavoteyvoroyia pe ta Micro Electro
Mechanical Systems (MEMS) kot ta Nano Electro Mechanical Systems (NEMS).

O dwokamg md0o¢ g vAOTOINoNG TOV GTOHYOL Yo TO <KaBaPO UNdEV>, dGov apopd to 160 HY10 TG
evépyelag, o omoiog givar dppnrta cvuvoedepévog pe to ZEB ko amattel mévto v aglomoinon tov
state of the art ¢ teyvoroyiag [22].

Piezoelectric Magnet
_ Holder

Mass goam
Holder

LA

T =

Driving Magnet

Rotatihg Host ¢
@ » Magnet Poling
Direction

Energy harvester

Ewcovo 4.30: Xpnon ovyning teyvoloyias mov oe ovvOLAGUO HE GOYYPOVOLS TPOTOVS
amoOikevong evépyelag ovuPfadilovy Oetika otnv Tpootacio tov wepifdilovrog [5],[6]

4.2.2.1 A&omoinon tevoroyidv kot dwata&ewv oto Energy Harvesting

H ocvykopdn M n omopdkpuven g UNYOViKnG evépyswg amd To mePPOAiov 1 amd Tov
nePPAALOVTO KPOYDPO TNG KAOE €QapUOoyNG, amoteAel Hi SUVOLIKE OTPATNYIKY Yo TNV
avantuén ovtévopmV onueiov oodnTpoV Kol MAEKTPOVIKOV cuokevdv. Ot punyaviepol ( apyn
Aertovpyiog ko drata&elc) yio energy harvesting, sivou:
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* meCoNAEKTPIKY EVEPYELLL

* NAEKTPOLLOYVITIKT EVEPYELDL

* NAEKTPOGTATIKY EVEPYELD

* TpIBONAEKTPIKNC EVEPYELNG (VOVOYEVVITPLO)

* 1Y OPIOUOD ETAPDOV

* Bropumyoviopot
* QLOAIKNG EVEPYELOG
* 0O0TOG

* acVpuatn cvAloyN [22]

4.2.3 Kvyéheg kavoipov — Fuel cells

o v Aettovpyio Tov Koyweldv Kovoipov (swdva 4.31) givar omopaitntn 1 mopovoio, Koo

ovvémela kat 1 anobnkevon tov (skdveg 4.32 kat 4.33), YOpoydvov Kot YEVIKOTEPE. TOV EI60VG TOV

KOWGIHoV Aertovpyiag TouG.

Ot Koyéleg KAVGIHOL €ival GLOKEVEG O1 OTTOIEC HEGM NAEKTPOYNUKADV OVTIOPAGEDV UETUTPETOVY

amevbeiog TV E0MTEPIKN EVEPYELD EVOG KOVGILOL G MAEKTPIKT XOPIG Vo amatteitol kaHon ovte

Kivnon kamowwv unyovik®@v pepdv. Ot KOWEAEG KOVGIOV HTOopovV Vo YOPAKTNPIGTOLY oV KEVTPO.

€VOC OLOTNUOTOG TO Omoio ypNolonolel To VOpoydvo ®¢ Kavowo. Eivar avtéc ov omoieg

AVOAQUPAVOLV TN LETATPOTY| TOL KOVGIHOV G€ ypNoun NAekTpikn evépyeta. Ot KuyéLeg Kovaoipov

TPOPOOOTOVVTUL EEMTEPIKA OO KAVGLLO, SLVIOMG aEPlo VOPOYOVO, TapdyovTag £TGL evépyeld OGO

SapKel 1 TPOPOSOGia TOL KAVGipov Kot £Tot dgv ypeldlovtat ToTé NAEKTPIKY eTavapoption [24].

Hydrogen in

Surplus
Hydrogen
return

Load current \
Anode

—

Hy —

I

Gas Diffusion Catalyst

Layer Layer

Proton Exchange
Membrane
(Electrolyte)

Cathode

)« Oxygen(Air)in

H20 -

-0,

L 0—

» Heat

Oxygen (Air) and
Water out

Fig.1 PEM Fuel Cell Operation

Ewcovo 4.31: Apyn Aertovpyiog kowéing kavoiuov [68]
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Solar panel module

“Ene Farm”™ home-use fuel cell
MU .

Eixovo 4.32: Awobnxevon tov vopoyovov otov wepifidiiovia ywpo karoikiog [69]

Wind generators

Solar cells

l"?"*{' Rl It I8 il L
AN = | =1

A Wiy i )~
% ' =
Buiding rid I |
Inverter/controller 1
Electrolyser e
Fuel cells ; ""“'!“’""‘ storage
> _-i-ivdrogen flow controller

Eikova 4.33: AwoOnkevon tov vdpoyévov otov mepifdriovia yawpo frounyavikdv ktnpiov [70]
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4.2.4 Apuypavtipeg

H vypoacia eivor n mopovsio Tov vepod oTOV 0€pa VIO TN HOPPT VOPOTUOV KOl OTOTEAEL
AVATOPEVKTO GLGTATIKO TOV, 0Tav Kupaivetar ard 40% £wg 50% Ppioketarl ota Kavovikd enimeda

Y10 TN AELITOVPYIO TOV OPYAVIGHOD KOl KOTO GUVETELN TV EMTEOWV AVECTC.

compressor type desiccant type

dry air dry air

_ heater TN

: L adsorption
condensation | humid air =|¢:|=||§|=

humid air.

Yl
~— cooling coil : j — heater
01 4 ]
L]

— desiccant rotor

\condenser

compressor

Ewcovo 4.34: Zynuotika O10pauuoto AEITovpyiog v opoypovIip@y, TOTOD GOUTIECHS
(op1oTEpa) Ko TOTOL GLUTVKVWONS (0eid) [24]

O apuypavtipog vl pio GLGKELT LE YUKTIKO KOKAMUO OVTIGTOLYO TOV KAMUOTICTIKAOV LOVAI®V,
pe ™ Sopopd OTL £YEL OMOKAEIGTIKN Agrtovpyia T pLOUIGN TG VYpasiag ota extBuuntd yo Tov
avBpomo M Tov xopo (avtikeipeva, mpoidvta) emninedo. H apyn Asrtovpyiog tov Paciletor oe 600
TOmovg, cvumieong (ue T ypNon cvumieot) kol cvpndkvoons (yopic cvoumeotn) (swodva 4.34)
[24].

4.2.5 Evépyera yio Tnv vmosti)pién g AELToupyiag Tov TE(VNTOV GOTIGHOY

Y& omoldNToTE TEPIMTOON HOG EVOLNPEPEL M €EOKOVOUNON EVEPYELNG, HOG OTACYOAEl Kol M
TEPIMTOGN TOV TEYVNTOL POTICUOV GLVAPTNGEL TOV PLVOIKOD POTIGUOV. OTtwg £xel Tpoavapepel N
GLUPBOAT TOL PLGIKOD POTIGHOV givorl EEAPETIKA GNUOVTIKY TOGO amd TAEVPAS TNG AELITOVPYIKNG
wwoppomiag Tov AvOPOTIVOL OpYaVIGHOV OGO Kot amd TAELPAS WHEIMONG TOV ATOLTOVUEVOV
EVEPYELNKAOV TOGOGTAOV.

Yuvendg, oamopoitntn mpoimdOeon Yo TN UEI®ON TOV  EVEPYEWKMOV OVOYK®DOV givol  va
YPNOUOTOOVVTOL GUOTHLOTO TEYVITOD QMOTICUOD HE EENPETIKA PEYAAN (QOTICTIKN OmOO00N GE
Im/W. ZOpemva pe tv mTponNyovUEVT] AmaiTnoT XPNOLULOTOIOVUE GVYYPOVOLS TOTOVS AOUTTHPOV
(Baoer g teyvoroyiog Topaywyng Tov emtog) omwg Light Emitting Diode (LED), Organic Light
Emitting Diode (OLED) kot Polymer Light Emitting Diode (PLED) [24], [27], [28].
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Interior
lighting
92%

Lighting
19%

Aaypopo. 4.8: T1ogoato TS GOVOAMKNG KOTOVOAGKOUEVNS EVEPYELAS VIO TO PWTIOUO KOl KOTAVOUL]

70V TOGOGTOD OVTOD VIO, TNV DTOCTHPILN TOD EGWTEPIKOD 1] GALOV EIOOVS PTIoNO Kot TO £T0¢ 2005

[85]

Lighting
14%

Awaypoyo 4.9 Ilocooto TS KOTAVOLIGKOUEVIS NAEKTPIKNG EVEPYELOS VIO TIC OVOYKES TOV POTIOUOD
oto. gumopikd. kripio. ¢ Evpwraikns Evwong [85]

120



100%

90%

80%

70%

60%

50%
50% -
40%
30%
30%
20% 15% 15%
10%

Offices Healthcare  Industry Schools Residential

Aidypoppa 4.10: Exorootioio avaloyio tng KaToVOLIGKOUEVIS NAEKTPIKNG EVEPYELOS YIO. TOV POTIOUO

otnv Evpann cvovaptiioer tov tomov Aeitovpyiog tov ktnpiov [85]
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02
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@8 LeED @ crL W Incandescent

Micypopuo 4.11: Tpotiunon atnv ypnon véwv tOT@V AOUTTHPOV Y10, TOV OIKIOKO TOUER TOVOPTHOEL

0V YPEVOV Kau THS AoYIKIC yio. TV TpooTaaiag Tov mepiPéiiovroc (10° teudyia) [89]
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Onwg mapatnpovpe and ta dayphppata 4.8 g kot 4.11, amodeikvoetar 0Tt 0 POTIGUOG elvar £vag
TOUENG IOV TIPETEL VO TUYYAVEL 10104TEPNC TPOGOYNG Kot Ot givar €vag Topéng mTov GuUPAAEL pe
ONUOVTIKO TOGOOTO GTA EVEPYELKA BENOTA, GTNV TPOGTAGiA TOV TEPPAALOVTOC, 6TV avaPddiion
TOV OKOVOUKADV TOL KAOE VOIKoKLp1ov kaBmg emiong Kot TOV EMAYYEAULATIKOV KTNpiwmv.

4.2.6 ®otoforraika otoryeia

H a&onoinon tov ¢otoPoitaik®v otoyeiov PETEXEL He eEAPETIKA TOCOGTH GTNV TPOGTAGIO TOV
TAavITN KoOmG emiong Ko otnv evepyslokt vroompién tov ZEB, nZEB. 'Exovv v duvatdtmra
VO EVGOUATMOVOVTOL 1] VO, TOTOOETOVVTOL ETTL TOV KTNPLOKOV EYKATACTAGE®V, diYmG VoL 0ALOIDOVOLY
TNV OPYLITEKTOVIKN TOV KINPIoL Kol Vo oG TOpEYOLY TNV TOAVTIUN MAEKTPIKN EVEPYELD Yo TNV
nepintowon tov off grid ZEB, nZEB bwitepa yio v mepintmon mov vadpyet dmvoia. YTapyovv
Lpopot TOHTTOL PMTOROATAIKMOV GTOLYEIMV OKOUN Kot Sdpava, To 0Toie TapEYOLV TN dVVATOTNTA
v v a&lomoinon Tovg o€ akoun peyorvtepo Pabud. dvoikd, mpémer vo cuvepyalovtal pe
JTAEELG OmOONKEVONG TNG TOPAYOUEVIG NAEKTPIKNG EVEPYELAG Yol TNV TEPI000 TTOV dEV UTOPOLV
VoL TAPAYOVV NAEKTPIKT] EVEPYELX, TTY KOTA TN SLAPKELD TNG VOKTAG KO OTAV OEV VILAPYEL NAOPAVELL.

Limeil Brevannes N 3 "Le Charpak".
School I j IESC Cargese }

ZEB@BCA
Academy

Eixova 4.35: Avvarotnreg tomobétnons pwtofoitaixamv eni twv ktypiwv [41]
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Solar PV
modules
communications

Inverter

AC DB

Meter

S Substation

Supply from
power grid

Eixéva 4.36: Acitovpyixo oaypouuo pwtoforraikng eykatdotaong yie on — grid ZEB [37]

Charging I EL L)
Flywheel

. — Generator
Sources: NOVA; Amber Kinetics

Ewova 4.37: Maraceis yia v mopaywyn koa v amobnkevon s niektpikns omo AITE ko

™MV 016001 ¢ Katd, Ti¢ VOKTEPIVES wpes [ T3]
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Electricity Use vs PV Production
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Aidypoppa 4.12: Ilocootd ™S amoitodUeVns NAEKTPIKNG €EVEPYEIOS OV ECOTNPETEITOL OTO 10,
pwTofoltoiKa OTOLYEIO COVAPTHOEL TWV UVAY TOD HUEPOLOYIOKOD ETovs. Elvar eupavig n dtapopa
¢ aOENONS TOV TOC0GTOD TOVS GVVOPTHOEL TS nAlopavelag [39]

4.2.7 AroMkn evépyera

O dvepog givar pia myn evépyelog N omoia Tpoépyetat amd TV dvior BEpuavon g EmPAveLNg TG
¢S and tov fA10. H atodikn evépyeta etvar Eppecn popoen g nAakng evépyetag Kot mepinov 1-2%
NG NAMOKNG aKTVOBOALOG TTOV TPOGTIMTEL GTNV EMPAVELD THG YNG LETOTPETETOL 6€ Gvepo [93].
Extoc amd tig peydrov peyéBovg kot pEYAANG 10(0OGC OVELOYEVVITPLEG VLIAPYOLV KOl HKPEG
StdEelg avtov Yo TV TortofETnon Tovg enl TV KTnpiwv 1 6Tov TEPPAALOVTIA YDPO TOVL.

H tomofBéton tovg ota ktpla 1) otov epiPdAiovia ydpo Toug dgv gival T060 0koAN vOBeoT
omwg M a&omoinon TV EOTOPOATAIKOV Stotdlemv, S10TL €KTOG Omd TNV OLGKOADTEPT, TIC
TEPLOCOTEPEG POPES TOMODETNONG TOVG, TPEMEL VO, OVTILETOTIOTEL Kot 0 B6pvPog mov mapdysTan
KT TN AELTOVPYing TOVS, TOGO LE TNV UETAPOPE TOV d10 LEGOV TOL aépa OGO Kol 010 LEGOV TMV
SOHIK®V GTOLYEI®V Kot TOV OTAGHOD TV KTNpilov, avaioyao Le To onpeio g tomofEéTnong Toug.
Onwc mopatnpodpe oty ewoéva 4.38 yopilovior o€ dvO HEYAAEG KOTNYOPIEC OVAAOYO HE TN
TomoHETnom Tov AEova TG TEPIGTPOPNC TOVS, 0PLLOVTIO 1| KATOKOPLPO.
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horizontal axis
wind turbine (HAWT)

vertical axis wind turbines (VAWT)

Eicovo 4.38: Aidpopor tomor aveuoyevwnpimv koi o yeVIKOS O10mpiopos Tous Ue foan ) 016Toln

tov alova ¢ meprotpoec tovg [90]

4.2.8 Ta pkpd vopoNreKTPIKE GTNV £0PUTEPT TEPLOYT]

H a&romoinon tov pikpdv vdponAekTpik®dv épywv amoitel TV Vmapén WKP®OV TOTIKOV TOTOUMV
OTNV EVPVTEPT TTEPLOYN TOV KTNPiov ) ToL oGOV (ekdva 4.39).

[Ipdkettan Yoo GLGTAUOTA TOPAYMYNG TNG NAEKTPIKNG EVEPYELQG IOV OEV EXEL WOIOUTEPES EMMTMOGELS
010 mepPariov, og kdbe mepintmon ot YHE dev mapdyovv Kavoaépia katd T AErTovpyio TouG.

HOW T NSTALL AN HYDKO “BTEKNATOR

f’yﬁﬁrﬁ%ﬁﬂ wrTi T 2L WX PN
53 PROPORTIONAL. oA A
& m&x krmmz -

"ﬁ B 6D M

Eixova 4.39: Apyn Jertovpyiag véponiextpikov otaluov [74]
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4.2.9 Buopaloa

Eivor T mpoidvta Kot ta KotdAoura TS UTIKNG, CmKNG Kol dOGIKNG TaPAy®YNS, TO TAPOUTPOIOVTaL
oV TPoEpyovTarl amd TN Propunyavikn emeEepyacio aLT®OV, TO OCTIKA ADUOTO KOl TO CKOLTIOW
(ewova 4.40) [93].

Biopcigon
+

\ EI I owaiTpi

A£pioTToinon

Mnxowi kodong
Kolopiopic ﬂmx’mpmu?g .4
Dj[l]iuu . CEPIOV OO YEpD |

Irdixm

Eixova 4.40: Asitovpyixo oiaypoua mopaymyns nAeKtpikig evépyetog omd tn froualo [75]

4.2.10 T'ewBeppia

Q¢ yewBepuikn evépyela yopaktnpiletar n evEPYELD TOL TPOEPYETOL OO TO EGMOTEPKO NG I'MG.
Mertapépetar oty emedvela g I'mg pe ayoyn g Bepudtrog kot pe v €16060 610 PAOLO TNG
I'mg mypévou paypartog amod to fabitepa otpdpatd Tng kot yivetar avtiAnmtn pe ™ popen 6eppov
vepoy 1N atpov. To yewBepuikd dvvapikd g Kabe meployng oxetiletar pe T YEMAOYIKES KOl TIG
YEMTEKTOVIKEG cLVONKEG TNG. ATOTEAEL N0 KOl OYETIKGL OVOVEDGIUY EVEPYELOKN TTNYN TOV UE TO
OTUEPIVA TEXVOLOYIKA SESOUEVE, UTOPEL VO KAADWEL GNUAVTIKEG EVEPYELOKES OvayKeS [a].

Koatd v a&lomoinon g yewBeppiog yiveror avtiotpo@n Tov KOKAOL KOTA TN SLAPKELN TOV ETOYDV
Kot loitepo petalh g XEWepPVNg Kot TG Beptving meptodov €161 MGTE Ol STAEES OVTEG VoL
vrootnpilovv v yoén kot v Béppavon tov ktnpiov (ewovae 4.41).

Avdloyo pe to dedopéva ypnotlpomoteitor n oploviie | N kABeTN SATOEN TOV COANVAOCEDV
(ewova 4.42).
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Kotd kdmoo tpoémo 1 yewbeppioo v aflomoodcav oTIg KOTOKieG TV YOPLdV, Omov Yo
TOPASEIYLO TO KAT® HEPOG TOV GMITIOL TTOV NTOV dpOcePD, PrAo&evovoe To KeAdPL Kot lxe v
évvola Tov onpeptvol yuyeiov.

Cooling Mode Heating Mode

Supply Return Supply Return
, Air

¥
¥

Eiovo. 4.41: Aertovpyio twv datdlewv yewbBepuiog yio tnyv widln kor v Oépuaven twv ktnpiwv

[76]

Eikova 4.41: Opi{ovrio kot katoxopoen oidraln aliomoinong ¢ yewbepuiog [90]
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4.2.11 opmapayoyn Hiektpuig Evépyerog & Oeppotnrog

Koatd ) mapaymyn tg nAEKTpIKNG evépyelag, €0k amd tovg AHE pmopel vo aglomombel n
TopayOpevn, omd TG ammAeleg OepudtTnTo pe TV UETAPOPAE TNG OTO CLOTNUA YOEEMG TMV
datdéemv Kot 1dtaitepa g yevwiTplag yio v tAedépuavon (sikova 4.42).

H Zoundia, o¢ yvootov, sodyel and dAla Kpdtn omoppipatoate to omoio pe v Koo TOLG
ompilouv dueca tn Aettovpyia Tov Tomkdv AHY kot éppeca vrmootnpilovv ) Béppavon tov
TOTIKMV KOWVOVIDV.

boiler )

electricity

fuels
OO0Ocmm heating

cooling water
heat exchanger absorption chiller » -

Ewcovo, 4.42: Aertovpyixo 016ypopua yLo. Ty GoUmopaymyn NAEKTPIKNG Kol EVEPYELas, Oépuovaen Kol
ywicne [24]

4.2.12 Teyvoroyieg AmoOnkevong Hiektpuaic Evépyerog

Onwg mpooavapépbnke, €dikotepa ota Off — grid ZEB, nZEB, sivor amopoitmm 1 Ymapén
dwtdEemv g Tapayopevng NAeKTpIKNg evépyetac. H niextpikn evépyeta umopel va amodnkevtel pe
™ XPNOT SPOPOV EWVOV TEXVOLOYIDV (g1KOvVa 4.43) mov M kdBe pio vIAyeTOL OTIS 5 TOPAKAT®
Katnyopieg pe Pdon v evépyela amobnKevong, £Tct EYOVLE:

® TNV UNYOVIKA

e TNV Bepuikn|

* TNV YXNMIKY

® TNV NAEKTPOYNUIKY|
® TNV NAEKTPIKN

Yuvnlmg, mpoketal yuo. eEapeTikd domavnpég datdelc, ot omoieg Ommg yvmpilovpe avEdvovy
TPAYIKE KoL TO KOGTOG TV NAEKTPIKAV KOl TV VEpdkdV avtokivitev [86].
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Pumped- Thermo-

Hydrogen thhlum-lon Super-
Storage gl Battery capacitors
Lead Acid

ml Battery
Latent
ad thermal S NaS Battery
Redox flow
ml Flywheels o Battery

CAES = Compressed Air Energy Storage; LAES = Liquid Air Energy Storage; SNG = Synthetic Natural Gas.

Hydro g chemical
Storage

Sensible
m thermal

S

Eikova 4.43: Teyvoloyies amoOnkevons niektpiknc evépyetas [86]

4.3 YPprown teyvoroyio,

Amo T piEn g TaBNTIKNG Kot TNG EVEPYNTIKNG TEYVOAOYiag dnuovpyeitar 1 vPpLOKN TEXVOAOYia
KOl €ival GLOTAROTO TA. 071010, GLVOVALOVY TN PLGIKY Kot TN unxavikn Oeppukn por| [27], [28].

4.4 Awayeipron evépyerog ktnpiov (Buildings Energy Management)

H emomteio kot dayeipion g eVEPYELNG GYETIKA LE TNV TAPOYWYN, TNV OToppoenon, T d1dbeon,
™V amofNKeLoT KoL TNV VIOGTHPIEN TOV EVEPYEIOKMV avaykav evog ZEB, NZEB kaboc emiong
Kot TNG PEATIOTNG EVEPYELOKTG ¥PNONS TOV KTNPIOL, GLVAPTHGEL TNG AVOPOTIVIG TAPOVGIOG KOl TV
TEPPOALOVTIIKOV GUVONKOV, emTVYYXAvETAL He Ta GLOTAHOTA Olayeipiong Tov kmplov (gKova
4.44) 1o omoion GLVEX®DG TPOTOTOOVY TNV VIOSTHPIEN TOVL KTNPiov TOGO Yio TNV OIKOVOUIKN
Aertovpyio TOL OGO KOl Y10, TNV AVEST] TOV OVOPOTOV EVTOG 1] EKTOG AVTAOV.

[Ma mopddetypo pmopovpe vo ava@EéPove Tn dlaTnpnomn g embountig £viaong Tov eOTIGHOD
eVOG Y®POL TOL KTNPiov, OEOTOIBVING TOV QUOIKO KOl UETARAAAOVIOG TN (QOTEWN PON TOV
AQUTTAP®V GLVOPTNHCEL TNG GVUPOATC TOV OPUTOV PAGLATOG TNG NALUKNG AKTIVOBOATMG.
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Special Heat - Zone |
loads pump I loads
Transformer | Transformer
Power and
communication bus
Air DC/AC DC/AC
Zone 3 handling Water Zone 2
loads and pump loads
ventilation
Eixovo 4.44: Elorvo ukpodixrvo (smart micro grid) evog nZEB [35]
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5 ITAEOVEKTNHOTO NELOVEKTINATO KOl TPOPANNATICNOL GYETIKA NE TO,
ZEB, nZEB

5.1 MAeovekmpoto tov ZEB, NZEB

e A&womoinon tov €EEIOIKELUEVOD EMIGTNUOVIKOD TPOGOTIKOD GTNV EQUPUOYN GOYYXPOVING
TEYVOLOYIOG.

¢ H xatackeun tov ZEB coufdiel oty tpoctacia Tov meptPAAAoVTOq AOY® TV UEIOUEV®V
portov (CO,).

e To owovouikd k66t0C Yo TN Onovpyio towv ZEB kabBdg xot yio v evepyslokn
avafadon ToV VEIOTANEVOV KINPLOKOV JoUdV, €ivorl owkovopkd kot mepBoilovtikd
GLUPEPOTEPO OO TNV KOTACKELT Kot TNV Agrtovpyio VE@V oTabUdV Tapaymyns NAEKTPIKNG
EVEPYELOG.

e 'Eva xkmpro ZEB 1} nZEB, Eivot owovopkdtepo otn Aettovpyia Tov, Yo va emtuyydvovton
o1 cLVONKEG AveEOT G Y10 TOVG AVOPOTOVS KOl 01 KaTtdAANAeg cuvOnKkeg Yo Tov e£omAlopd,
exfépoTo Kot KOTA GUVETELD TO QVENUEVO KOOTOG HEAETNG Kol Kataokewns Oa amocPeotel
YPNYOPOTEPQ EVOVTL HLOG CLUPOTIKNG KoTtaokevn|g [18].

e  Adym ™G vroypemtikng ypnong tov AIIE ta xtfpla ovtd GUPPIAAOVY GTNV EVEPYELNKN
aneEaptnon g kabe Xdpog Kot e Helmong ToV avayKodv Yo cupPotikd kovotpa [18].

e Adyo ¢ afomoinong g PLOKAUATIKNG OPYLITEKTOVIKTG, PeATi®OVOVTOL Ol cLVONKESG
dwPioong tov aviporov [18].

e  Adym tov Betik®dv amotelecpdtov, tapotpiveror 1 Emotnpovikn Kowomta otn cuvéyion
™G £PELVOG TAV® GE VEN VAIKA KOl GTIV EQUPLOYN AVTAOV.

e Ot oVyypoves aTEG VTOJOUES, €lval €VKOAOTEPO VO LROGTNPIEOLY TIC OAAAYEC NG
Kanuepvotnrog pag, my xdpovg otabusgvong mov a&omoovv AIIE ywa va goptilovv ta
niektpikd avtokivnta [20].

e H Broxhpatikn apyrtektovikn eivat mepiocOtePo cuuPartn pe To TEPPAALOV.

o Aby® ™G evepyelokng dloyeiptong tov kmnpiov omd oo smart micro grid pmopel va
avtopotonomBel 1 vrooTPIEN Kot 1 Asttovpyio TOV KINPIOV aVToOV.

e To ZEB 0a amotehécovv €va vEO YPOVOAOYIKO KATMOOAL Yo LEYAAEG OAAAYEC GTO YDPO TOV
KOTOAGKELOV.

e To onuoavtikdtepo 6Awv, 6TL Ba 600el mapdtaon ot ddpkela (mng Tov ITAaviytn .
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5.2 Mewvektpoto tov ZEB, nZEB

MEeovekTUaTo avVOQOPIKA LE OLTH TNV TEXVOAOYIDL TMOV KINPLOK®OV KATUCKEL®V, &ivol Alyo
d0OKOAO Vo gvtomiotovv. Oa mpémel va o€l Kavelc pepovouéva to Kabe onueio mov Béher va
€oTiaoel Yo va Bpet avoeepbet oe kamowa petovektnuoto. H Aoyikn opme evog Epyov, amd v 10€a
HEYPL KO TNV VAOTOINGN TOL &ivowl éva TOALGVUVOETO OIKOVOUOTEXVIKO TPOPANUa TOo omoio
AVTILETOTICETOL GTO GUVOAD TOV Kol Ol TUNLLOTIKL.
®a propovce kaveic va avaeepbel g £va peydlo KOGTOG KOTAGKEVNG, TO 0010 OLEAVEL CIUAVTIKA
Otav pihape yo off grid kotaoctdoelg, Ady® TOV OmOTNOE®Y Y10, TO KOGTOG TNG amofnKevLong TG
NAEKTPIKNG eVEPYELNS. B TPEMEL OUMOS Kol 0VTO HOKPOYXPOVIA Vo eEETAGTEL TOGO OO TO UNOEVIKO
KOGTOG MG TPOC EVOV TTAPOYO MAEKTPIKNG EVEPYELNS OGO Kol TO OTL Ol OUTAEEIS TOPAYMYNG Kol
amofNKeVONG TNG NAEKTPIKNG EVEPYELAG EYOVV EvaV YPOVIKO KOKAO AelTovpYiag.
‘Eva dALo petovéxtnpa mov Ba pmopovoe va emwbet, elvar to yeyovdg 01t yio va a&lomotovv 6To
péytoto Babud ta meptParloviikd o@éAn, cuVIBMC, 1 KTNPLOKY| TOLG doUn EEPEVYEL GTNV OYT| OO
TIG VLAPYOVGES OOUES TTOL £YOVE cuvNBicEL.
Kamowo onueia ta omoia Oo pmopovoay va yopoKInpioTovV Mg LELOVEKTNHOTA, EIVOL TO TOPAKATO:
e H éewyn exkmodevpévov oxedastdv Mnyovikdv Kot KOTUGKELUGTOV
o H &\ewyn evuépwong oxeTIKA LE TO KATA OGO £VaG O10KTNTNG UITOPEL VO EKUETAALEVTEL
T1G TOMKEG KAMPaToAoyikeg Kot meptfariloviicéc cvuvOnkeg ko AITE yuo tnv vAomoinon evog
ZEB
¢ H Oeopofénon avdtatov EMTPENOUEVOV OPiOV KOTAVUAMGKOUEVNG EVEPYELNG
e IlpoomdBeieg yio v HETPMNON KO TNV AVAPOPE TNG EVEPYELNKNG OTOS00NG TOV KTNPimv
kB OAn ™ ddpketa g LonMg, ®ote va emPefardvetor 1} Un 0 ap ko 6TdyoG.
e  Owovoukd kot vouikd kivnrpa yuo v vAomoinon evoc ZEB
e Evnuépmon tov kowod oyetikd pHe To TEPPOAAOVTIKA KOL TO. OIKOVOUIKE OQEAN TOL
TPocPEPEL ) Tevoroyia twv ZEB [21].
e H népav g Aoyikng eykatestnévn 1oy TOV STAEEOV AOY® NG EAAEWYMG Yvdoemy [19].
e Ta Mom vewotauevo Krtiplo eivor vredBova Yoo ™V TOPOVCH ALENUEV EVEPYELONKT|
KOTOVOAMGT TOL KINPWIKOD TOMEN KOl KOTO OCULVEMEW TPOCOEPOLV TO UEYOADTEPO
neplopla yoo Bertioon tovg. H Pedtioon kot n évraén avtov tov Ktpiov og NZEB
amotedel peyalvtepn mpdkAnon omd v B TNV KATOOKELY] €VOG VEOL, EOIKOL GE
TUKVOKOTOIKNUEVES OOTIKEG TEPLOYEG 1| GE TOALMPOPO. KTiple, 6TO 0moia dev pmopovv va
EPAPLOCTOVV EVKOAN OAEC O1 OLVOTOTNTEG EVEPYELOKOD GYEIOCHOD KOl TOPOYNS EVEPYELNG
a6 AIIE [19], [20].
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5.3 lpopinpaticpoi oyetikd pe to. ZEB xon ta NZEB

5.3.1 I 006 KATOWKLAV TOV £Y0VV KATUCKEVAGTEL PEYPL GNUEPT.

Onwg mapatnpodpe omd to duypoppa 5.1 péxpt kou to £rog 2017 1o mAnboc twv NZEB mov €yet

PL UK
23 17

kataokevaotel oty EE elvon pikpo!

AT
8 i

Maypopa 5.1: ITinBog NZEB mov éyrovv karaokevaotel ota woparxatw Méin s E.E éwg kat to
2017 [40], [94]

Amd 10 Suwypappo 5.2 mopatnpodue OTL OGOV 0@Opd TN GUYKPIoN HETOED KOTOKIOV Kot
EMOYYEALATIKOV KTNPI®OV VIAPYEL LEYAAN S0QOPE LETOED TOV VEMV KATACKELAOV, mepimov 45%
EVO 1M O10popd HeTaED TV evepyetaxd avapaduicpévay ktmpiov ivor mepimov oto 25%.

Residential Non-Residential Total
mNew buildings = Renovation

400

350

300

250

200

120

100

50

Midypopuo. 5.2: Karavoun minbovg NZEB uetald korowkiav kou exayyeiuotinav krypiowv [94]
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Amo 1o dypappa 5.3 moapatnpodpe 6Tt and 1o 2010 €wg kot to 2014 vApPxE WO GNUOVTIKY
ahENOT OTIG KOTAGKEVEG KOl 0TI OVAKOTAOKEVEG TOV KTNpiov, aAld to 2015 mapovsidleton pio
avakolovBio avtdv dnuovpydvTag £vo cofapd epdTUa Yoo To 0Tt N avakolovBio avtn eivat
TANGIEGTEPT TOL YPOVIKOD opdonov tov 2020!

a0
80
& 70
@ 60
i 50
F 40
3 30
E 20
18 H = = == . .
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
ERenovation 0 1 1 3 2 2 14 14 11 17 1 2
mNew 6 4 4 1 6 12 5 58 75 50 49 13

ENew B Renovation

Adypopa 5.3: I1270o¢ véwv kataokevwv kot ovakotackevwv oty E.E. ova étog [94]

Ao to adypappa 5.4 ko e€etdlovtag povo v mOAn tov Bpuéelhdv, mapatnpode 6Tt and 1o
2007 mov Eexivnoav vo katackevdlovtot To TadnTiKd KIplo LIdpyEL oTadoKn avEnon 6mov and
10 2011 kou petd umopet vo yopaxtnpiotel paydaio, eved to £€rog 2015 KatackevdaoTnKoy UOVO
mafnTikd. ASloonueioto eivar 6Tl To OvTioToyo €T0C, dtdypappte 5.3 T0 GLVOAKSO TOCOGTO TMOV
NZEB peioOnke!

4.000

3.500

3000

2.500

2,000

1.500

1.000

SO0

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Miaypopuo 5.47 Ilocooro twv koaroikiov NZEB oty ovvolikny kataokevn katoikiov otig Bpvééiles

[38]
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Amo to dtdypappa 5.5 topatnpode 6T LLAPYEL o TPOTIUN O HETAED TV THTWV TOL KALOTOS Yo
mv Kataokev] tov NZEB. Zta kpva wAipoto avrtiotorel to peyoAddtepo mocootd 57%,
axolovBovv ta pecaio Beppoxpaciog pe mocootd 39 % kot akolovbel oe eEapeTikd yopnAo
TOGOGTO, TNG TAENS TOL 4 %, TO TOGOOTO TOV KATACKELOV Yl To. Oepud KAiparta. [TiBavodv avt n
KOTOVOUT VO GUVOEETOL LE TO YEYOVOS OTL 0TO KPVOL Kot HEGH KAMpoTo XpelalONaoTE LEYUAVTEPES
EVEPYELOKESG OOTAVES Yo Vo dtotnpnBov o1 cuvOnKeg dveong Katd Tn SIIPKELD TOL YEUMVO Kot OTL
emiong, 6Omwg £yl mpoavaeepbel, 0 frokApatikdc oyedtacodg Tv knpiov, fondd to froroykd pog
poAOL va dtatnpel To puOUO TOL, TPAYpO TO 0Tolo Eival amapaitnTo Y1oL GAOVS Kol 1O10ATEPO Y10 TOVG
Aaovg tov Bopeiov Xopov.

Warm climate
(17 buildings)
49

Mild climate
Cold dlisate (160 buildings)
(234 buildings) 39%
57%

Aidypoppa 5.5: Karavoun NZEB aovaptioer tov yopoxtnpiouod tov tomixod kliuarog, kpbo, (eato 1
evoraueoo [40]

5.3.2 Mgpidro mo60o6to0 0Eppaveng, {6100 vepoi Kol QMOTOPOATAIKOV GUVAPTIGEL TOVL THTOV
TOL KAIpOTOG

Me Baon v xotnyopio Tov KAILATOG EMAEYOVTOL TO. GLGTHATO Yo TN BEpuavon kot to (eoTd
vepd ypnong dudypappa 5.6. Ao mapatipnong eivor moto Texvoroyio eTAEYETAL Yo TOL Tpia €10
KAlpatog, 66ov apopd Tig avtiieg Oeppotnrag, to boiler ko v ieBépuavon. Mopampeiton 611
0G0 YuypOTEPO lvar TO KM LEWOVETOL TO TOGOGTO TV AVTAIMV BeppuoTnTag, 616tL dev fonda v
amod0C| TOVG 1 TOAD YounAn Oeppoxpacio, 0TI amd T0 mMEPPAALOV TV OVTIAEL Y00 Vo TNV
a&lomooet v TNV oz gvbeiag OEppovorn Tov yodpov N pécm g BEpuaveng tov vepol twv boiler
KOl OTI GUVEYXELN LE TN YVOOTY| EYKATACTOON T®V KOAOPIPEP, 6To Y®po. Eniong mapatnpeite 6t n
mAebépuavon aglomoteiton TEPIGGATEPO GTOL KPVA KAILATOL.
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Cold dimate

, - 31% i b 150, 4% 3% 4%
(23 buildings) :
Mild climate 4% 3% 6% Y% 4% ™
(160 buildings) ‘
Warm chmat
o A 53% L &% &% 69 249,
{17 buidingz)
%5 % 40%. &l 2% 1003

Heat pump (148 buildings)
Doiler (101 buildingz)
Chstnc heatng (89 buil ding 3)
Stove (26 buldings)

Other (19 buildings)

Unlenomen (48 baildings)

Aidypopa 5.6: Ilocoatd twv cvoTnudTV GEpravens aovopTHael TO0 TOTOD TOV KAIUOTOS UEXPL TO

2017 [40]

Amo 10 dudypappo 5.7 mopatnpovue 0Tl ota Bepud KAIHOTO EMAEYETOL HUE ONUAVIIKO TOGOCTO
dwpopdc M alomoinon g MAMokng aktivoBoAMag Ocov agopd T 0épuovoemn tov Vvepov.
[Tapatnpodpe eniong 6Tt peta&d KpLOV Kot OEpUOY KAUATOV SV VTTAPYEL S10POPE OGOV apopd TNV
alomoinon ™G MAOKNG okTvoPoAlag Yy TV TOPAY®YN MAEKTPIKNG EVEPYEWS HECHD TV
eoToRoltaik®dVv dutdéemv, evd vrdpyetl o aéo Adyov dapopd ota pecaio. Emiong onuoavtikg
napatnpnon eivor 0Tt kol ota Tpio €idn KMPOTOg LIAPYEL CNUAVTIKOTATO TOCOGTO TOL OEV
a&lomotel TV NAakn axtivoBoAia.
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0% 10% 20% 0% 40% 50% 60% W% 80% N0% 100%

¥ Photovoltaic ¥ Solar thermal
® Photovoltaic and Solar Thermal © No PV and Solar thermal systems
¥ Unknown

Amo6 mave wpog o kato: Cold climate, Mild climate, Warm climate

Maypoppa 5.7: 11o6ooto T0v 9ToLOATAIKDV KoL NAIOKOV COGTHUATWV OEPUOVENS GOVOPTHGEL TOD
0oV T0V KAlUoToS [40]

Micypouua 5.8: Karovoun eykoteotnuévoyv pwtofoltaikwv ko nlaxng Oépuavons uépt to 2017
[40]
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Amo 1o dtbrypappa 5.8, 1o omoio dgv givol GLVOPTNGEL TOV TOTOL TOV KAILOTOS, TAPUTNPOVLE HEYPL
Kot 10 £€10¢ 2017 611 10 T0c06Td MoV aflomotel TV Nk axtvoPoria ayyilet to 81% mpdyua to
omoio elval eEapetikd KaAd omd Kabe dmoym kot wiaitepa yuoo v kKoAvtepn a&lomoinon Tov
Owoyevelokol €1600MUaToG Kabdg emione kol yioo TV TPOootacio. Tov TEPPAAAOVTOS Aoy Ot
texvohoyiec avtég avrkovy otig AIIE.

23%

Z1%
14%

&% : 10 1%

Heat pump Bodler Dristrict heating Stonwe Dhrect electnc Solar thegmal Cogeneration Unknosm
(6% condensing system system
boiler + other)

Adypopa 5.9 Ilooootd emi twv teyvoloyiadv yio. ) Gépuoven koi v mopoywyn (eoTod VEPOD
xprions ota. nZEB [40]

Amd to dibypoppa 5.9 10 onoio dev eivarl GLVEPTIGEL TOL TOTOL TOV KAILATOG, TapOTNPEiTAL OTL TOL
cvoTHHoTe oL EMAEYovTaL, YeVIKA yio tao NZEB yia ™ 0éppavon tov ydpwv kot v mopaymyn
Ceotol vepov ypnong, elvarl kotd cepd PeEI®ONG TOL TOGOGTOV TNG GLUUETOYNG TOV Ol OVTALEG
Bepuotnrag, to boiler ko n tAebéppovon.

5.3.3 1060676 TOV TOONTIKOV KOl TOV EVEPYNTIKOV TELVOLOYIAOV oto. ZEB, nZEB

Amd 10 ddypappa 5.9 mapotnpeitor 6t ent 411 nZEB povo 1o 36% avtdv fTov yvooTES ot
TaONTIKEG TEXVOAOYIEG TTOV YPNOLOTOOVVTOL KOl OO aTEG PAEmEOVE OTL CNUAVTIKA TOGOGTA
KatoAapPavouy poévo ot téocepig: M Bepuik] pala, n MAMompocotacion LE OKIOGTPO, 1 VUXTEPIVI
YOEN Kot 0 PUOIKOG AEPIGHOC.

139



150 nZEDBs with passive solutions declared

100%

greenroof |
e thermal mass [/
sunspaces |
60%
sunshade [
0%
night cooling Iy
natural ventilation [
20%
evaporative cooling |
0%
- 0% 20% 4085 a0 B0% 100%

411 nZEBs

Aigypopua 5.9: IHocooto mobntikawv diotalewv mov ypnoiomorovvror ato NZEBS uéypt ko 7o érog
2017 [40]

0% 20% 40% 60% 80% 100%
HeatPump SSRGS
C———
Combined Heat and Power - | SIS S
Distict Heating IS S
Condensing Boiler SN

m Often m Sometimes m Never

Aicypopa 5.10: Tlocoard evepywv teyvoloyicwv mov ypnoiporoiovvior ato. NZEB uéypr ko 1o érog
2017 [40]
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Ao 10 Sdypappa 5.10 pmopovpe va dtakpivovpe o TOG0 cuyvh epeovilovtot ot SoTaEES AVTEG
oto NZEB kot mov apopovv Tig TEXVOAOYiEG Yo TIG avTAleg Beppotnrag, ™ 0Eppaven tov vepol
pésm g aSomoinong g Propdlag, ™ copmapoywyn BepuoTTag Kot NAEKTPIKNG EVEPYELOS, TNV
mAeBéppovon kKot Tov AEPnTo cuUTOKVOONG Yo T B€éppaven tev xdp®v Kot Tov (EoTod vePoD
xprons. Ta onuovtikdtepa mocooTd UPAVIoNS apopovv TG aviAieg Bepuotntog kot tov AéPnta
GLUTOKVOGNG.

5.3.4 I10606TG OIKLOKYG KATAVAALMONG EVEPYELNGS

Amo to ddypappa 5.11 mopatnpodpe 6Tt d0e6mOlEL TO TOCOGTO TNG NAEKTPIKNG EVEPYELNS OGOV
aopd N BEpavon TV yOP®V TOV KOToKIOV pe e€aipeon v lonwvia!

® Space heating m Cooling m Water heating m Cooking
m Lighting m Appliances = Lighting & Others = Others

United States('9)
Canada('10)
France('10)
German('10)
U.K.('10)

Japan('12)

Hokkaido('12)

120

Energy consumption[GJ/household - year]

Aaypouuo 5.11: Karoikies kou kotaviiwon evépyeiag oe kamoio, kopia Kpdrn tov Koouov [80]

141



5.3.5 A&orhoynon 1oV KUKAOL (NS TOV VAMK®OV KOTAGKELNS £vOg KTnpiov NZEB

Concrete

Steel

CGypsum

Insulation

Doors

Interiors
Concrete
Rebar
Exterior Lumber
Wall Glazing
Doars
Windows
Steel Ducts
Aluminum Ducts
VAL | Plastic Ducts
e
Geothermal Wells
Electrical | PV Panels
Inverter

Eixova 5.1: Yikd, mov ypnowomroiodvior oe kdbe mepintwon evog NZEB [87]

In

o

o O
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Yhkd Kot S1oTaEELG TOV ¥pnoIponoovvTal ota dtdpopa onueio / emedveleg twv ZEB, nZEB Bdoet

g ewkovog 5.1 elvau:

Exterior Wall / EE@tepikog Toiyog
e Concrete / Zxvpddepa
e Rebar / Onhoudg
e Lumber/Evieia
e Glazing / YaAomivakeg
e Doors / I16pteg
e Windows / ITapabvpa

Interiors / Ecotepikoi ydpor
e Concrete / Zxvpddepa
e Steel / Atod
e  Gypsum / T"byog
e Insulation / Movotikd
e Doors / [16pteg

Roofing & Waterproofing / Xtéyec & Xreydvoon

e Concrete Block / TTpokatackevacuévo Zkopddepa,

e Rebar / Onopdc

e Plywood / Kovtpa mhaké (Evleio)
e Lumber/ Zvieia

e Insulation / Movotikd

e Plastics / IThaotikod

Structure / Aopn
e Concrete / Zxvpddepa
e Rebar / Onhoudg
e Mesh/IT\éypata
e Steel / Atodm
e Insulation / Movotikd
e Poles/ Bépyec
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Excavation & Foundations / Ekoko@n & Ogpgrioon

Concrete / Zxvpodepo

Rebar / Orthopog

Gravel / Xaikt

Waterproofing / Zteyavonomtika
Insulation / Movotikd

Electrical / Hhektpoloyika,

HVAC (Heating, Ventilation and Air Conditioning) / YOK (WY0&n, O@épuavon, KMpotiopog)

PV Panels / dotofoitaikég Atataéelg
Inverter / Avtiotpogeig

Steel Ducts / Bépyeg Xdalvpa
Aluminum Ducts / Bépyec Alovuviov
Plastic Ducts / IThaotikég Bépyeg
Geothermal Wells / T'ewbeppukd ®péata

Plumbing / Yépavika

Gravel / Xaixt

Plastic Piping / IThaotikol ZmAnveg
Copper Piping / XaAkoco®ANVEG

Cast Iron Piping / Mavtepéviot ZoAnveg
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5.3.5.1 Ematooceig Tov vMKAOV
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Adypopa 5.12: Koklog {wne tmv vAik@v kKaTaokevis kol 01 ematmoels tovs atov Avhpwro koi oto Ilepifallov (HH - Human Health) [87]
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Awaypopua 5.13: Hepifolloviikés emmrmaels Tov KOKAOD {WNS TWV DAIKDV KOTOOKEVHS KOl TOV ELOOVS TOD DAIKOD TODG OV YPHOYWOTOLODVTOL
oto. NZEB (PV - Photovoltaic) [87]
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5.3.6 Iowwteg VS Emtayyelpatieg

LHopatiBsvror o1 000 aTHAES 01 OTOIES TVYKPIVOVY TIG ATOWELS TV 1010KTNTOV Kal TV Muiyovikav o

OYETN LUE TO EPATNUA TOV OPOPC, TNV GHUOVTIKOTHTO, TV TOPOUETPMOV TOV OPOPOVY THV EVEPYELOKN

avofdaduion evog ktnpiov (apiotepn otiin Iooktites kau decia otiin Mnyyovikoi) [88].
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5.3.7 AIIE & ZEB, nZEB

Iivaxog 5.1: ITo6006T06 TS KATAVAMOKOUEVIG EVEPYELNG TTOV avTIoTOLYEL 0TI ATTE

(Bdoet v mapadetyldTtmv KataoKevng Tov mapaptiuotog [43])
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5.4 Zoprepdoparta [33], [86]
Mo v enitevén tov emBovunTod 6TdHYOV, dTMOC Kot 68 KAOE TEpinTOOT, amattovviot Bucieg OT®GS.

e  a mPEMEL VO EMIKPATNGEL 1] AOYIKY| GTN XPNON TNG EVEPYELOG.

e Eivol amopaitnto va Eepuyovpe amd ™ Aoykn 6t 6 Kabe Evag umopet va £yl dmoyn yio. To
KO TL.

o IIpémer ot Mnyavikoi vo epapprolovy Tig apy€g oxEOGHOV He BAomn Oyt LOVO TIG GOYYPOVESG
OTOLTOELS OTIG KATAGKEVES OAAG e BAon TV nAkia TV avOpOTOV Kot TNV
OLKOVOLLOTEYVIKT] TPOGEYYION).

o O ypdvog, ®C OOAYEVGTOG KPLTHG TV TAVIMV, VO, ATOdEIEEL OTL HVTMOC Ol KOTAOKEVEG LE
VYNAN eVEPYELOKN ATOS00T) AmOGPEVOVY GE AOYIKO XPOVIKO SIAGTNE TO VYNAOTEPO KOGTOG
NG KOTOGKELNC.

o Y& UeYGAEG KATOOKEVES KOTOIKUMDY T, TOAVKATOIKIES 1| OPYOVOUEVEG EKTACELS
LOVOKOTOIKIOV, 0o VTAPEEL N OVAYKT) KEVIPIKOV GUGTHHOTOC SloyElplong TG EVEPYELOG,
TOPOYOUEVNG KO SOTAVAOUEVG.

e H Broxhpotiky apyltektovikn Tpémnet va £xel factkn ¥pNnon, otoTL xopig avtiv dev eivat
€0KoA0 va vTdpEovy o1 GVVONKEG GveoT.

e H ypron tov AIIE ka1 diaitepo TV oToPoAtaikdv ctotyeimv, tailel onuavtikd poro
TNV OPYITEKTOVIKT TNG KOTAGKELTG.

e H véa oyediloon pali pe 116 eykataotdoels amottovv Eva emmAéov ££000 Y10, TV GLVTIPNON
TOVG £TGL DGTE VO TOPAUEVOVV OTTOSOTIKEG.

e Bdoettov ZEB 6o aAAdEOVY akdOUN Kot TO TPOYPAULOTO CTOVOMV TMV GYOAEI®V Kol TOV
[Movemomuiov €161 OCTE Vo 0moPOITovY AvOP®MTOL £101K01 GTIG VEES AVTEC ATALTI|GELC.

e Axéun kot o€ po povokoartokio O vTapyovv ot dSTdEeLg Yo TNV TAPAY®YT, TNV
amofnKevo Kot TNV dlaElplomn TG EVEPYELOC.

e Amouteiton Vo EUMIGTEVTOVUE TNV TEXVOAOYIL TV VEMV LAIKAOV Y1oTl Ypig ovtd dgv
UTOPOVV VO, LAOTONOOVV 01 KATUGKELES OVTES.

o Y& KGOe mepintwon, o1 véeg avTég amantnoelg eival yio o kohd tov [TAavitn pog kot Katd
GUVETELD Y10 TO O1KO HOGC.
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Exiloyog

Avoeéptnke Kot oty glcaymyn Kot Bo KAeicovupe pe TO ONUOVTIKOTOTO 0TO oNelo, TO omoio
amotelel ToV akpoymviaio Ao yia tn cwtnpio Tov [TAovitn Hag, TV OIKOVOIKNY Hog GVEST] Ko TO
KLPLOTEPO Y10 VO BPLOKOUACTE GE KATAOTOON EVPOPiag og OAN TN (o1 Hog:

“There is a big difference between what | want and what | need!”

Kallistos Ware

Bishop of Diokleia
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Austria

4.1.1 Passive House Ebner

Author(s):

Wolfgang Jilek, Energy Commissioner of Styria

Illustration:

—

Project aim:

The house is built to meet the passive house standard, using solar thermal panels.
The main focus was on the use of environmental building materials like straw, wood
and loam rendering and a high contribution by the owner to the construction of the
building.

Building address:

Am Eichengrund 16, 8111 Judendorf-StraBiengel

Building type:

Residential Non-residential | Public New Renovated

X X

Single-family house with a small integrated office

Building size:

160 m* net floor area, 216 m? gross floor area

Building envelope
construction:

The walls and the roof are made of 70 cm straw bales between wood frame
construction, the windows have triple glazing and the floor consists of 50 cm foam-
glass gravel fill under a concrete base plate.

Building envelope
U-values:

Wall 0.065 W/m>.K

Window 0.86 W/m=.K

Roof /ceiling to the attic 0.065 W/m=.K

Cellar ceiling/ground slab | 0.11 W/m2.K

Building service
systems:

The house is heated by a wood-pellet stove. It has a mechanical ventilation system
with 86% heat recovery. The demand of hot water is mostly covered by solar panels.

Included
renewable energy
technologies:

Heating system with wood pellets and solar thermal panels (8 m?) for DHW
production.
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Final energy use:

Calculated | X Calculation method: | OIB 2011
Measured Monitored in year: Hot yet monitored. Finished in 2014,
Heating 16.0 KWh/m?.year
Hot water 7.3 KWhi/m?.year
Cooling 0.0 kWh/m?.year ﬂ._,lc_t,.u. Heating
Ventilation incl. in electrical T 40%
appliances
Lighting incl. in electrical
appliances

Electrical appli-
ances (household
electricity)

16.4 KWh/m?.year

Total

39.7 kWh/m?.year

Hot water
18%

Primary energy
use/Co,
emissions:

Total primary
energy

85.9 kWh/m?.year

Total CO,
emissions

10.4 kg/m?_year

Renewable energy
contribution ratio:

About 48% of the total final energy

Improvement About 42% Compared to: | Maximum final energy demand according to
compared to OIB 2011

national

requirements:

Experiences/ The challenge with this house was using straw in the building construction. The

lessons learned:

owner wanted to significantly contribute to the construction of the building. Thus,
at the end, his degree of satisfaction and personal fulfilment satisfaction with the
house is very high.

Costs: The building costs were about 300,000 € (1,875 €/m? net floor area) but this does
not include the work of the house owner.

Funding: Subsidies of the Styrian government including a bonus for building a passive house
and for the klima:aktiv declaration.

Marketing efforts: | klima:aktiv declaration

Links to further http:/ /strohundlehm.at

information:
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4.1.2 Messequartier

Author(s): Wolfgang Jilek, Energy Commissioner of Styria

Illustration:

Project aim: The complex is built to meet the passive house standard. The main focus was to
offer a mix of various common spaces (like service areas, a nursery, and student and
senior dwellings) in a central location and a lot of open areas. This report only
describes the multi-family section of the complex.

Building address: Klosterwiesgasse 101-103 and Minzgrabenstr. 84, 8010 Graz

Building type: Residential Non-residential | Public New Renovated

X X

Multi-family apartment building

Building size:

21,000 m? net floor area

Building envelope
construction:

The house has a massive construction with insulated brick walls. The roof and the
cellar ceiling consist of reinforced concrete, the windows have triple glazing.

Building envelope
U-values:

Wall 0.18 W/m=.K

Window 0.8 W/m2.K

Roof/ceiling to the attic 0.11 W/m2.K

Cellar ceiling/ground slab | 0.11 W/m2.K

Building service
systems:

The house is heated by district heating. It has a mechanical ventilation system with
75% heat recovery. The demand of hot water is partially covered by 700 m? solar
thermal panels on the roof.

Included
renewable energy
technologies:

Solar thermal panels (700 m?) are used for heating the hot water and as support for
heating. A heat pump is used as preheating of the incoming air of the mechanical
ventilation system.
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Final energy use:

Calculated | X Calculation method: | OIB 2007

Measured Monitored in year: -

Heating 14.4 KWh/m?.year

Hot water 15.7 kKWh/m?.year

Cooling 0.0 kWh/m?.year

Ventilation incl. in heating Heating
Lighting Unknown Hu;;'-:m 48

Electrical appli-
ances (household

electricity)

Total 30.1 kWh/m?.year
Primary energy Total: 45.8 KWh/m*.year Primary energy factor of district
use: heating: 1.52

Renewable energy
contribution ratio:

About 52% of the total final energy

lessons learned:

Improvement About 43% Compared to: | Maximum final energy demand according to
compared to OIB 2007

national

requirements:

Experiences/ The satisfaction of the residents is very high. The infrastructure and the equipment

are good and the mix of use is well accepted. The swirmming pool with wellness area
on the top floor, which is free to use for all residents, is a large plus.

Costs: The building costs were about 57 million € for the entire estate.

Funding: Subsidies of the Styrian government including a bonus for building a passive house
and for the klima:aktiv declaration.

Marketing efforts: | klima:aktiv declaration

Awards: Award for Architecture and Sustainability

Links to further http:/ Swww klimaaktiv.at/baven-sanieren/staatspreis/staatspreis2012

information: http: / fwww.zement.at/ Service/literatur/fileupl/05_12_wohnanlage messequartier

graz.pdf

2.6.2 Belgium Flemish Region
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4.2.1 De Duurzame Wijk, Waregem

Author(s): Maarten de Groote, Flemish Energy Agency (VEA)
Involved organisations: Wienerberger, 3E nv

Illustration:

Project aim: Research about the affordability of NZEB-dwellings: Passive building envelope, 100%
renewable energy coverage of the primary energy use for heating, DHW and
electrical auxiliary use.

Building address: | Zultseweg 7, 8790 Waregem, Flanders, Belgium

Building type: Residential Non-residential | Public New Renovated

X X

7 individual dwellings with a small private garden and a large communal garden.

Building size:

Total dwelling size (gross): 194 m? for the corner houses and 188 m? for the central
houses.
Heated floor area: ca. 150 m?

Building envelope
construction:

The building consists of brick walls and concrete floor slabs. All walls have a
thickness of 14 cm, plus 24 cm of mineral wool for the outer walls. The roof is a
wooden construction with 36 cm of mineral wool. The target for air tightness is
1.5 vol/h or 2.5 m*/hm? at 50 Pa pressure difference. The windows have a wooden
frame and triple glazing.

Building envelope
U-values:

Wall 0.12 - 0.13 W/m2.K

Window 0.78 W/m?.K (Ugiazing = 0.6 W/mZ.K)

Roof/ceiling to the attic 0.13 W/m2.K

Cellar ceiling/ground slab | 0.10 W/m3.K

Wall between 2 dwellings | 0.35 W/m2.K
Roof window 1.01 W/m2.K (Ugazing = 0.5 W/mZ.K)
Building service Heating: gas boiler (12 kW) with floor heating in the kitchen and living area. The

systems:

bedrooms are not equipped with a separate heating. In the bathroom, an
electric towel dryer with thermostat will be installed.

DHW: gas boiler (same as above) with 200 liter buffer storage.

Ventilation: mechanical, supply of fresh air in dry rooms, exhaust in wet rooms,
with heat recovery (min. 85%)

Cooling:  a number of measures were part of the design to make active cooling
unnecessary, including a big structural louvre on the south fagade.
Lighting: up to buyers/tenants. All communal lighting will be according to BREEAM

standards.
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Included
renewable energy
technologies:

All possible renewable energy technologies where studied (heat pumps, biomass
boilers, PV panels, solar thermal panels and collective installations of all these
technologies for the 7 dwellings. A Life Cycle Cost Analysis study led to 3 possible

and more or less equal choices in renewable energy systems:

1. a collective biomass boiler for the 7 dwellings

2. an optimally insulated dwelling with participation in renewable energy systems
in the region (no production on site).

3. gas boiler + PV system (3.8 kW_): for a number of practical reasons mainly linked
to the preference of the real estate developer, this was the implemented

solution.
Final energy use: | Calculated | X Calculation method: | VE (Virtual Environment)
Measured Monitored in year: Monitoring over 3 years will start when
construction is finished

Heating 8.5 kWh/m?2.year Heating

Hot water 22.0 kWh/m?.year ) 16%
Electrical

Cooling 0.0 kwhi/m?. year appliances

Ventilation + 7.0 kWhi/m?.year

pumps

Lighting incl. in electrical

appliances

Electrical appli- (18.0 KWh/m?.year) Hot water

ances (household | -> not taken into 0%

electricity) incl. | account in calcula- vf'::,':::i"

lighting tion of NZEB energy 13%

PV production

-22.0 KWh/m?.year

Total gas

30.5 KWh/m?.year

Total electricity

-15.0 kWh/m?.year

Total final energy

15.5 kWh/m?2.year

Primary energy Gas 31 kwWh/mz.year Primary energy factor: 1

use: Grid electricity 18 kWh/m®.year | Primary energy factor: 2.5
PV production -55 kWh/m?.year | Primary energy factor: -2.5
Total -6 kWh/m?*.year

Renewable energy | 59% of the total final energy

contribution ratio:

(112% of primary energy)

Improvement com-
pared to national
reqguirements:

78%

Compared to:

Current requiremeant is E60 + PV production of
7 kWhi/m?.year habitable space: this building
is E13 + PV production of 22 kWh/m?.year

Costs:

Difference in initial investment cost (CAPEX) compared to current legislation

(E6D + RE):

+ Reference building = 242,000 €
« NZEB (with collective biomass heating) = reference + 6% (14,500 £)
« NZEB (with participation and condensing boiler) = reference + 6% (14,300 €)
# NZEB (with PV and condensing boiler) = reference + 8% (18,900 £)
Difference in net present value (NPV) over 30 years according to current legislation:
« NZEB (with collective biomass heating) = reference - 7,100 €
» NZEB (with participation and condensing boiler) = reference - 7,300 £
« NZEB (with PV and condensing boiler) = reference - 11,000 £

Marketing efforts:

» BREEAM Excellent certificate will be obtained for the design and the post
construction phase

« The project is widely known in the Belgian press
« Series of lectures about the project and lessons learned for architects, developers,
constructors, etc.

Awards:

A BREEAM Excellent for both the design and post-construction phases.

Links to further
information:

www.deduurzamewijk.be (ML/FR)
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4.2.2 KBC Gooik Zero Energy Office

Author(s):

Maarten de Groote, Flemish Energy Agency (VEA)
Involved organisations: Ingenium, KBC

Illustration:

Project aim:

The initial aim for the project was a low-energy bank office, whose concept could
be used as an example for other KBC bank offices. During the building process, the
aim became to build a (Nearly) Zero Energy bank office.

Building address: Edingsesteenweg, 1755 Gooik
Building type: Residential Non-residential | Public New Renovated
X X
Office building

Building size:

265 m? net floor area

Building envelope
construction:

The building has high insulation and triple-glazed windows. The natural stone facade
has 23 cm of extruded polystyrene (XPS), the green roof 20 cm of polyurethane
(PUR) and the floor is on ground with 20 cm of XPS.

Building envelope
U-values:

Wwall 0.20 W/m2.K

Window 0.87 W/m2.K

Roof/ceiling to the attic 0.13 W/m2.K

Cellar ceiling/ground slab | 0.18 W/m=.K

Building service
systems:

The same philosophy of sustainable construction has been extended to the technical
installations of the building. Therefore, concrete core activation, among others, is
applied as the most important delivery system for heating and cooling. The lighting
is completely operated by presence detection and daylight-based control.

Included
renewable energy
technologies:

The necessary cold and heat is integrally generated by borehole thermal energy
storage (BTES) in combination with a heat pump. A photovoltaic installation on the
roof ensures the production of the necessary electricity.
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Final energy use: | Calculated Calculation method:
Measured b Monitored in year: 2013
Heating 14.9 KWh/m?.year Heating +
Hot water incl. in electrical ventiiation
* |
appliances AThis 26% o
Cooling incl. in heating
Ventilation incl. in heating
Lighting 33.2 kWh/m?.year
Electl.ncal 41.1 KWh/m?.year Lighting
appliances 7
Cash dispensers 27.2 KWh/m?.year
Total 116.4 KWh/m?.year Electrical
appliances
3%
PV generated -89.7 kwWh/m?.year
electricity
Primary energy Grid electricity 291.0 kWh/m?.year | Primary energy factor: 2.5
e PV electricity -224.3 kWh/m.year | Primary energy factor: -2.5
Total 66.7 kWhi/m?.year
Renewable energy | 77% of the total final energy
contribution ratio:
Improvement 99% Compared to: | Maximum primary energy use (maximum
compared to energy level 100).
national This building is energy level 1.
requirements:
Experiences/ This is clearly a success story. The overall consumption of the building is almost fully

lessons learned:

covered by photovoltaic panels and the users are very pleased with the indoor
climate.

The originally installed fixed sun blinds did not prevent reflections on the computer
screens. Mew sun blinds have been installed, which together with the good
orientation of the building solved the problem.

Costs: Total cost: 1,411,903 € (5,328 €/m?), which includes construction, technical
installation, furniture, cleaning, ete.

Marketing efforts: | Internal communication via Intranet (about 14,000 employees)
Big posters on the windows of the new building
Hewspaper article "Het Laatste Nieuws™ concerning the opening (published on
13 December 2012)

Awards: 2020 Challenge 2013

Links to further http:/ /ingenium.be/benl/site/references-detail. aspx?vPK=339Gk=Gpage=33

information: http: / fwww.2020challenge. be/project.asplid=66
http:/ f'www.architectura. be/nl/ newsdetail.aspfid_tekst=4337&content=Publiekswin
naark202020%20Challenge%20-%20KBC%20Nulenergiekantoor

2.6.3 Bulgaria
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4.3.1 Technical University - Sofia, University Research Centre

Author(s):

Prof. Nikola Kaloyanov, Technical University - Sofia
Prof. Merima Zlateva, Technical University - Sofia

Illustration:

Project aim:

Improving the university infrastructure, improving the building energy performancé
by no less than 45% when compared to the current norms.

Building address:

8 Climent Ohridski blvd., blok 8, Sofia 1000

Building type:

Residential Non-residential | Public New Renovated

X X

University research centre building

Building size:

1,630 m? built-up area (total gross floor area)

Building envelope | Walls: concrete and brick with thermal insulation

construction: Roof: flat, unheated space, thermal insulation of 100 mm of mineral wool
Windows: PVC frames with double glazing

Building envelope | Wall 0.35 W/m2.K (717 m?)

U-values: Window 1.7 W/m=.K (432 m?)

Roof /ceiling to the attic 0.26 W/m2.K (425 m?)

Cellar ceiling/ground slab | 0.56 W/m=.K (425 m?)

Building service
systems:

Heating: ambient-based variable refrigerant flow (VRF) heat pump

Cooling: VRF based system

Ventilation: ambient air-based heat pump and heat recovery unit, including heating
and cooling

Hot water: local electrical heaters

Low-energy lighting system

Included
renewable energy
technologies:

Heating: ambient-based VRF heat pump with seasonal COP = 4
Ventilation: ambient-based heat pump with seasonal COP = 4 (in cooling mode 4.5)
and heat recovery unit, with seasonal efficiency of 75% (heating mode)
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Final energy use:

Calculated | X | Calculation method: Hational standard BDS EW I1SO 13790 -
national simulation tool
Measured Monitored in year: -
Heating 5.40 kKWh/m?2.year
(+RES i
16.2 KWh/m?.year = ik
21.60 kWh/m?_year) appliances
19%
Hot water 1.90 kWh/m?.year B
Cooling 3.65 KWh/m2.year ™
Ventilation 2.23 kWh/m?.year
(+RES Cooling
11.2 KWh/m?.year = 4%
13.43 kWh/m?.year) Lighting Ventilation

including heating and
cooling

%

%

Lighting 2.80 k'Wh/m?2.year
Electrical 10,00 KWh/m?.year
appliances
Total 15.98 kWh/m?.year
(+RES
27.40 kWh/m?.year +
appliances
10,00 kWh/m?.year)
Primary energy Electricity 47.94 kWh/m?.year Primary energy factor: 3
use. Total 47.94 kWh/m2.year

Renewable energy
contribution ratio:

63.2% of the total

(51.3% of the total final energy including appliances)

final energy

Improvement T7.6% Compared to: Annual final energy consumption (with district

compared to heating), according to the national require-

national ments defined by the Ordinance for heat

requirements: retention and energy efficiency in buildings

(updated in 2009)

Costs: Taotal costs for the building retrofit: 62,000 € for the building envelope + 150,000 €
for the HVAC systems, lighting and DHW

Funding: Operative program "Regional development”, Hational Research Found

Links to further Report for the Operative program "Regional development”, 2012

information: Report for the Hational Research Found, 2013

(Contact: Prof. M. Kaloyanov, Technical University of Sofia)
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Final energy use:

Calculated | X | Calculation method: Hational standard BDS EW I1SO 13790 -
national simulation tool
Measured Monitored in year: -
Heating 5.40 kKWh/m?2.year
(+RES i
16.2 KWh/m?.year = ik
21.60 kWh/m?_year) appliances
19%
Hot water 1.90 kWh/m?.year B
Cooling 3.65 KWh/m2.year ™
Ventilation 2.23 kWh/m?.year
(+RES Cooling
11.2 KWh/m?.year = 4%
13.43 kWh/m?.year) Lighting Ventilation
including heating and L 9%

cooling

Lighting 2.80 k'Wh/m?2.year
Electrical 10,00 KWh/m?.year
appliances
Total 15.98 kWh/m?.year
(+RES
27.40 kWh/m?.year +
appliances
10,00 kWh/m?.year)
Primary energy Electricity 47.94 kWh/m?.year Primary energy factor: 3
use. Total 47.94 kWh/m2.year

Renewable energy
contribution ratio:

63.2% of the total

(51.3% of the total final energy including appliances)

final energy

Improvement T7.6% Compared to: Annual final energy consumption (with district
compared to heating), according to the national require-
national ments defined by the Ordinance for heat
requirements: retention and energy efficiency in buildings
(updated in 2009)
Costs: Taotal costs for the building retrofit: 62,000 € for the building envelope + 150,000 €
for the HVAC systems, lighting and DHW
Funding: Operative program "Regional development”, Hational Research Found
Links to further Report for the Operative program "Regional development”, 2012
information: Report for the Hational Research Found, 2013
(Contact: Prof. M. Kaloyanov, Technical University of Sofia)
2.6.4 Croatia
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4.4.1 Multifamily building Lenice East; “Sparna hiZfa”

Author(s): Mada Mardetko Skoro, Croatian Ministry of Construction and Physical Planning
Ivana Banjad Pecur, University of Zagreb, Faculty of Engineering
Investor: Agencija za drustveno poticanu stanogradnju grada Koprivnice, Koprivnica
Designer: Tehnika projektiranje d.o.o.
Contractor: Tehnika d.d.

Illustration:

Project aim: The building was planned and constructed to meet the requirements for energy
performance class A with less than 15 kWh/m?®.year for heating.

Building address: Zvonimira Goloba 1,48 000 Koprivnica

Building type: Residential Hon-residential | Public Hew Renovated
X X
Multi-family house

Building size: 1,539 m? net usable floor area (28 apartments, basement, ground floor and three

floors with a ground area of 612 m?)

Building envelope
construction:

The structural walls are reinforced concrete, 20 cm thick, or brick masonry block
25 cm thick. The building envelope is thermally insulated with stone wool of 20 cm
thickness for concrete walls and 15 cm for brick walls. The roof is flat, made out of
20 cm concrete and thermally insulated with 30 cm of XPS. The PVC windows are
made with triple low e-coated glazing filled with argon, mounted according to RAL
installation. (RAL is a German quality assurance association of windows and front
door producers, which publish guidelines for correct window installations. )

Building envelope
U-values:

Wall 0.19 W/m*.K (concrete wall) - 0.22 W/m*.K (brick
wall); allowed U, = 0.45 W/m2.K
Window 0.99 W/mz.K; allowed U, = 1.80 W./m?3.

Roof /ceiling to the attic 0.10 W/me.K; allowed U, = 0.30 W/m2.

R

Cellar ceiling 0.21 W/m2K; allowed U, = 0.50 W/m?=.

Ground slab 0.13 W/mK; allowed U, =0.50 W/m>.K

Building service
systems:

Heating and cooling are provided by an underfloor system using the same pipes for
both heating and cooling. Heating is generated by a compact heat pump with COP =
2.8 (90%) or by boilers using natural gas (10%). Each apartment has its own energy
meters. The ventilation system runs constantly to supply 0.5 air changes per hour of
the entire volume of the apartment. The waste air heat is taken through a high
performance energy recuperation system. Hot water is primarily generated by solar
thermal collectors, and, if necessary, complemented by gas boilers.
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Included
renewable energy
technologies:

Solar energy for centralised DHW preparation: solar thermal collectors on the roof
of the building, connected to the DHW storage tank with a volume of 4,000 liter,
The system is designed to use primarily solar energy for hot water generation, with
gas boilers as support.

lessons learned:

Final energy use: Calculated | X Calculation method: | HRH EN 150 13790/PHPP 2009
Measured Monitored in year:
Heating 14.95 _kwhfmll.yrear s Hosting
(~ 10% gas boiler, appliances 7%
90% el. heat pump) %
Hot water 29.10 kWh/m?.year
(50% solar energy)
Coaling 15.65 KWh/m?.year Lm;:ng
Ventilation 4,17 kWh/m?.year Ventilation
Lighting 1.69 KWh/m?.year " Ho;;rihr
]
Total 65.56 KWh/m?.year coaling
Electrical appli- 21.54 kKWh/m?.year 18%
ances (household
electricity)
Primary energy Electricity 78.95 KWh/m?.year | Primary energy factor: 3
use. Hatural gas 17.65 kWh/m2.year | Primary energy factor: 1.1
Total 96.30 KWh/m?.year
Renewable energy | 22% (solar thermal energy) of the total final energy
contribution ratio:
Improvement Ta% Compared to: | Maximum heating energy demand allowed for
compared to new buildings
national
requirements:
Experiences/ Positive: 4 higher quality than prescribed by the national legislation with the aim of

improving quality of life, including renewable energy, and considering
environmental protection is possible at an affordable price for the users.
Problematic: The project showed insufficient experience of the workforce regarding
the application of new technology (e.g. RAL installation of windows), quality of
works (e.g., airtightness of the envelope) and a lack of information on how the
building service system works under real conditions. The users showed insufficient
awareness and a lack of knowledge of using such systems.

Costs:

Costs of land, design, construction and supervision amount to 11,485,000.00 HRK
(~ 1,500,000.00 £€) for 1,644,00 m?® (28 apartments). There were no additional costs
for the A" energy class type of building compared to a standard quality building.

Funding:

The City of Koprivnica, the investor of the project, has also spent funds in a public
awareness campaign, yet the money spent was relatively modest compared to the
media attention that followed the construction and promotion.

Marketing efforts:

The two multifamily buildings Sparne hiZe', energy class A%, are unigue in Croatia.
Marketing efforts were aimed at informing the public of the advantages of low-
energy buildings through public lectures, debates, articles in print media and
broadcasts on TV.

dwards:

* Managknergy award winner, “The bold new face of Koprivnica' (European
Commission, EACI, Sustainable energy week 24.-28. June 2013.);

* Recognition for best practice in local government in the energy efficiency
category (IM PLUS, Association of Croatian cities)

Links to further
information:

www.apos-koprivmica.hr

2.6.5 Denmark

182




4.5.1 Sems Have, Roskilde, Denmark

Author(s):

Illustration:

Kirsten Engelund Thomsen, SBi, AAU Copenhagen

L=

. 2

Project aim:

| ! Y
Renovation and transformation of a dormitory/day-care centre into 30 low-energy
apartments: Improved thermal envelope, balanced mechanical ventilation system
with heat recovery, improved architecture and PV. Danish Building class 2020 (NZEB)

Building address:

Parkvej 3-5, 4000 Roskilde

Building type:

Residential Non-residential | Public New Renovated

X X

Renovation and transformation of a dormitory/day-care centre into 30 low-energy
apartments. The renovation was completed in December 2013.

Building size:

3,388 m? gross floor area after renovation

Building envelope
construction:

Walls: pre-fabricated, light weight, with up to 480 mm insulation

Roof: 400 mm insulation

Windows: three-layer low-energy glazing

Basement floor: insulated with 100 mm expanded clay clinkers under the concrete

Building envelope
U-values:

Wall 0.2 W/m2.K (87% of the wall area) - 0.3 W/m2.K (13%)
Window 1.0 W/m2.K

Roof /ceiling to the attic 0.09 W/m2.K

Cellar ceiling/ground slab | 1.1 W/m3.K

Building service
systems:

Heating: The building is connected to a district heating network
Ventilation: Balanced mechanical ventilation system with a Specific Fan Power (SFP)
factor of 2 J/m? and a heat recovery efficiency of 84%.

Included
renewable energy
technologies:

Total photovoltaic (placed on both roofs): 115 m?, 17.3 kW,
¢ PV on building A: 55 m? with 8.16 kW,/6,613 kWh per year.
¢ PV on building B: 60 m* with 9.12 kW,/7,282 kWh per year.
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Final energy
use/ production:

Calculated | X Calculation method: | Mational tool Be10
Measured Monitored in year: -
Heating 4,30 kWh/m?.year
Pumps
Hot water 14.20 KWh/m?.year 1% Heati
eatin
Cooling 0.00 kWh/m?2.year Ventilation ?
Ventilation 5.90 kWh/m2.year e
(electricity)
Lighting unknown
Pumps 0.14 kWh/m?.year
(electricity)

Electrical appli-
ances (household

unknown

electricity)
Total 24.54 kWh/m2.year Hot water
Electricity 3.85 kWh/m2.year 58%

production by PV

The figures are the mean for the two

buildings.

Primary energy
use/production:

District heating

11.10 kWh/m?.year

Primary energy factor: 0.6

Electricity 11.00 kWh/m.year | Primary energy factor: 1.8
Electricity - 6.93 KWh/m?*.year | Primary energy factor: 1.8
production by PV

Owverheating 1.00 KWh/m?.year

surcharge

Total 16.17 kKWh/m?.year

Renewable energy
contribution ratio:

16% of the total final energy (PV/total final energy). There is also renewable energy
included in the district heating system.

Improvement T05% Compared to: | Renovated buildings in Denmark must fulfil
compared to component U-values, therefore it is not easy
national to derive one single value of improvement.
requirements: As a new building, it would have to fulfil
53 kWh/m?.year primary energy. This is used
as basis for the comparison.
Danish NZEB-class is 20 kKWh/m?.year primary
ENergy.
A similar non-renovated residential building
would have a net space heating demand of
around 150 kWh/m?=.year (gross area).
Experiences/ The tenants like the buildings very much.

lessons learned:

It was challenging to change the building use.

It was more cost-efficient to renovate the old building than to build a new one, and
also more CO, efficient.

It was challenging to fulfil the requirements for noise, PCB, lead and asbestos.

Costs: The rent is comparable to other apartments owned by the building association. It is
not possible to compare rent before and after due to change in use.

Funding: The renovation was in the traditional way via loans and funding from the building
association.

Marketing efforts: | It is easy to rent out these flats: good design and size, and located near Roskilde
centre.

Awards: S5ems Have is nominated for the RenoverPrisen 2014

Links to further http:/ /renover.dk/projekt/sems-have/ (in Danish)

information: Sems Have will soon be one of the examples in the IEA Annex 56 project list:

http:/ /'www.iea-annexbé.org/index.aspx
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2.6.6 Estonia

4.6.1 Rakvere Smart Building

Author(s):

Mikk Maivel, KredEx
The building was designed by Oliver Alver.

Ilustration:

Project aim:

The first Estonian WZEB, primary energy consumption is 60% better than the
established current national requirement, and smart building automation systems
are in use also.

Building address:

Turu plats 2, Rakvere, Estonia

Building type: Residential Hon-residential | Public Hew Renovated
X X
Office building
Building size: 2,170 m? gross floor area

Building envelope
construction:

Double facade, load-bearing structure of prefabricated concrete elements with
polyurethane insulation. Typical roof construction with hollow-core slab and 500 mm
insulation. Windows are made with wooden-aluminium frames and triple glazing.

Building envelope
U-values:

Wall 0LO07 W/imt.K
Window 0.8 W/im. K

Roof /ceiling to the attic 0,08 W/m*.K
Cellar ceiling/ground slab | 0,14 W/m2.K

Building service
systems:

Heating is generated by the local district heating system and delivered by low-
temperature radiators. The building has mechanical supply-extract wventilation
systems with heat recovery (Variable Air Volume (VAV) and Constant Air Volume
(CAV) systems). Hot water is also generated by the district heating.

To prevent overheating, the building uses a high-temperature passive cooling system
based on open energy piles connected to the ground water. The cooling delivery
system consists of chilled beams in rooms.

Included
renewable energy
technologies:

Energy piles are connected to the ground water for passive cooling and a 33.8 kW
photovoltaic system.
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Final energy use:

Calculated | X Calculation method: | Hational standard and dynamic simu-
lation tool

Measured Monitored in year: -

Heating 39.4 KWh/m?.year Electrical

Hot water 6.9 kWh/m2.year B

Cooling & kWhi/m?.year

Ventilation 9.8 kWh/m?.year

Lighting 10.5 kWh/m?.year I

Electrical 19.1 KWh/m?.year Lighting

appliances 2%

Total 86.3 KWh/m?.year

PV generated -13.3 kWh/m?2.year Ventilation

electricity L ¢W"W Hot watar

Primary energy
use:

District heating 4.7 kWh/m?*.year Primary energy factor: 0.9

Electricity 56.2 KWh/m?.year Primary energy factor: 2

Total 97.9 kWh/m?®.year

Renewable energy
contribution ratio:

23% of the total final energy

lessons learned:

Improvement 60% Compared to: | Minimum requirement for energy performance

compared to is 160 KWh/m?.year

national (defined in the Estonian energy act "Minimum

requirements: requirements for energy performance of
August 2012")

Experiences/ Due to the financial constraints, several conceptual changes were made during the

planning process in order to remain within budget, and initial expectations had to
be lowerad. This meant that some of the technical solutions were replaced with
cheaper and less effective ones.

Costs: Costs include planning and construction. Additional equipment and monitoring
appliances are also included. The additional costs compared to a regular building
are estimated to be around 5-10%.

Funding: The funding is provided by EU regional funds for the development of regional
competence centres in Estonia. The main co-funder of the project is the Rakvere
Municipality. Additional contributions are expected from private sector.

Marketing efforts: | The building will be used as a test and demonstration building for intelligent and
automated building systems and is expected to serve as a test base for regional and
national research institutions.

Links to further http:/ f'www.rakveretarkmaja.ee/

information:

2.6.7 Finland
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4.7.1 Jarvenpdd Zero Energy House

Author(s): Riikka Holopainen, Miimu Airaksinen, VTT
Illustration:
Project aim:
Building address: Jampankaari 4 ED, Jarvenpad
Building type: Residential Hon-residential | Public Hew Renovated
X X
A home for elderly people
Building size: 2,124 m? gross floor area
Building envelope | Sandwich structure concrete walls with 300 mm SPU (polyuerthane) insulation
construction:
Building envelope | Wall 0.08 W/mK
U-values: Window 0.76 W/mK
Roof /ceiling to the attic 0.07 W/m?K
Cellar ceiling/ground slab | 0.10 W/m2K
Building service Water-based heating system, low-energy lighting, mechanical supply and exhaust
systems: ventilation system with heat recovery.
Included Solar thermal collectors, solar electricity (PV) and geothermal heating.

renewable energy
technologies:

Final energy use:

Calculated | X Calculation method: | VTT House simulation tool
Measured Monitored in year:
Heating 12 kWh/m?.year Ausifiary +
2 outdaor
Hot water 25 kWh/m?_year slecaricity
1 2
Emh.ng . 0 kWh/m?2.year Ventilation Heating
Ventilation 3 kWh/m?.year i) ey
Lighting Unknown
Electrical appli- Unknown
ances (household
electricity)
Auxiliary + 4 KWh/m?.year
outdoor
electricity
Total 44 kWh/m?.year TRre—
67%
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Primary energy Total Mo data available Primary energy reguirements were
use; introduced after the building permit was
given,

Renewable energy | 100% of the total final energy (the excess energy during summer is sold to nearby
contribution ratio: | house compensating the district heating consumption during winter)

Improvement ~ B0% Compared to: | Requirements in Mational Building Code of
compared to Finland, part D3

national

reguirements:

Experiences/ Ground source heating was originally used without heat pump for pre-heating of the
lessons learned: warm service water. A heat pump was later installed. It is important to sufficiently

cool the inverter room of the solar system, as hot temperatures decrease the solar
electricity supply rate.

Costs: Additional costs due to energy efficiency and renewable energy systems were
roughly 400 €/m?* or 15% higher than typical new elderly homes, according to the
Finnish energy requirements for new buildings. Re-use of the concept is expected to
reduce the extra costs down to 10% when compared to typical elderly homes with
the same level of services.

Funding: A long-term interest-subsidised loan

Awards: Most environmentally conscious apartment house 2013
Climate award of Helsinki region 2013

Jdrvenpidd award for sustainable building 2011
Constructor of the year 2011

Most influential residential actor 2010

Links to further http: / fwww.nollaenereia. fi/ jarvenpaantalo.php
information:
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4.7.2 Villa ISOVER

Author(s): Teemu Vesanen, Miimu Airaksinen, Jari Shemeikka, VTT
Illustration: — e
o
Architects Tiina Antinoja and Olli Metso, Muuan Studio http://www.muuan. fi/
Project aim: The building was designed based on an architectural competition for zero-energy

buildings organised by S5aint-Gobain ISOVER in co-operation with the architect
association SAFA, Rakennuslehti magazine, VTT and WWF.

Building address:

Housing fair (2013) area in Hyvinkaa, Finland

Building type: Residential Hon-residential | Public Hew Renovated
X X
A two-storey single-family house

Building size: Floor area: 195.5 m? + 21 m?* storage space

Building envelope
construction:

Wall insulation with Saint-Gobain lsover Vacupad wvacuum insulation product
(0.007 W/m.K). The roof includes 700 mm of mineral wool and the floor is insulated
with 400 mm of Styrofoam XPS on a concrete slab based construction. The windows
are triple glazed.

Building envelope
U-values:

Wall 0.09 W/m*.K
Window 0.75 W/m.K
Roof/ceiling to the attic 0.06 W/m.K
Cellar ceiling/ground slab | 0.09 W/m=.K
Doors 0.6 - 0.75 Wim2.K

Building service
systems:

Mechanical ventilation system with heat recovery unit with 0% efficiency. Since the
set-point temperature against freezing of the heat exchanger was -10°C, the yearly
heat recovery efficiency rate resulted in 76% for the ventilation system.

Heating energy is generated by a ground source heat pump and distributed by a low-
exergy floor-heating system with clinker surfaces and a maximum surface
temperature of 26°C.

Lighting is designed to be LED and all household equipment is designed to have the
best energy label classification A™.

Included
renewable energy
technologies:

The main heating source is the ground source heat pump, but solar heat can also
provide a share of the heating. In addition, the building has a fire place capable of
storing heat in its thermal mass.

The ground source heat pump’s Seasonal Performance Factor (SPF) is 3.5 for space
heating and 2.5 for DHW generation. The solar thermal collector system (6 m?) is
faced southerly with an angle of 15-30 degrees.

The surface area of the photovoltaic system is 80 m? on the southern facade of the
roof and at the same angle as the solar thermal collectors. The PV system consists of
72 Copper Indium Selenide (CIS)-type thin-film modules. The system has 3 inverters,
each rated for 3 kW power.
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Final energy use: | Calculated | X Calculation method: | IDA.  Indoor Climate and Energy
according the Finnish Building Code
Measured Monitored in year: -
Heating 11.3 kWh/m?.year
Hot water 4.6 KWh/m?.year s i
Cooling 0.2 KWh/m?.year ippzlgzﬂaﬂ
Ventilation 4.8 KWh/m?.year
Lighting 4.0 KWh/m?.year
Electrical appli- 13.2 kWh/m?.year
ances (incl. out-
door lighting and Coaling Hot water
i 1%
car heating) Lighting 12%
Total 40.4 kWh/m?.year 1 Ventilation
13%
Primary energy Electricity 68.7 kWh/m?.year
use. Total 68.7 kWh/m2.year Primary energy factor: 1.7

Renewable energy
contribution ratio:

100% of the total fi

nal energy (annual balance)

lessons learned:

Improvement 66% Compared to: | Maximum primary energy value of the Finnish
compared to building regulation: 160 kwWhsmz.year. This
national does not include the 13.2"1.7 KWh/m?.year
reguirements: primary energy for electrical appliances.

Experiences/ The building performance is monitored in detail. The first preliminary results show

promising results and further analysis shall be carried out to evaluate the holistic
picture about the building performance in real use.

Funding: Saint Gobain lsover Rakennustuotteet funded the project.

Marketing efforts: | The building is part of the Hyvinkdd housing exhibition area.

Awards: The building won the architectural competition organised by Saint-Gobain ISOVER in
co-operation with the architect association SAFA, Rakennuslehti magazine, VTT and
WWF. There were 81 contestants in total.

Links to further http: / /www.isover. fi/ passiivitalo/seurantakohteet/villa-isover-asuntomessut-2013-

information: hyvinkaa/villa-isoverin-esittely (in Finnish)

2.6.8 France
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4.8.1 Maison DOISY

Author(s): Marie-Christine Roger, Loic Chery, Fabien Auriat, Ministére de |'Ecologie, du
Développement Durable et de I'Energie
Involved organisations: Villa Tradition, Promotelec

lustration:

Project aim: To produce a French HZEB.

Building address: 143 avenue de la Rochelle - 79000 Hiort

Building type: Residential Hon-residential | Public Hew Renovated
X X
Single-family house

Building size: 158 m? net floor area

Building envelope | The building has brick walls insulated with mineral wool on the inside. The ceiling,

construction: made of reinforced concrete, has a mineral-wool insulation.

Building envelope
U-values:

Wall 0,205 W/m2.K

Window 1.45 WimsK

Roof /ceiling to the attic 0,138 W/im2 K

Cellar ceiling/ground slab | 0,138 W/m2.K

Building service
systems:

Heating is provided by a gas-condensing boiler and delivered by a floor-heating
system. DHW is generated by solar thermal collectors and supported by the boiler, A
single-flow ventilation system with humidity sensors was installed to maintain the
quality of the indoor air.

Included
renewable energy
technologies:

Mearly 4 m? of solar thermal collectors were installed on the roof to cover part of
the DHW consumption.

Final energy use:

Calculated | X Calculation method: | Hational standard {méthode Th-BCE)
Measured Monitored in year: -
Heating 20.80 KWh/m?.year Lighting Auxiliary
Ventilation 5% 0%
Hot water 9.50 k'Wh/m?2.year o
Cooling 0,00 kWh/m?.year
Ventilation 0.65 kWh/m?.year
3 . Hot water
Lighting 1.70 kWh/m?.year 29%
Electrical appli- unknown
ances (household "
. eating
electricity) e
Auxiliary energy 0.15 kWh/m?.year
Total 32.80 KWh/m?.year
Solar thermal 7.70 kKWh/m?2.year
energy
contribution
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Primary energy Electricity 6.50 kWh/m?.year | Primary energy factor: 2.58
use: Gas 30.30 kWh/m2.year | Primary energy factor: 1
Total 36.80 KWh/m?2.year
Renewable energy | 21% of the total final energy
contribution ratio:
Improvement 21% Compared to: | Maximum primary energy use according to
compared to RT2012 (46.90 kKWh/m?.year).
national
requirements:
Links to further http:/ /www.observatoirebbe.org/site/construction/ fichepedagogigue?building=BG.J
information: G3H#Feconomigues
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4.8.2 Maison HANAU

Author(s): Marie-Christine Roger, Loic Chery, Fabien Auriat, Ministére de [’Ecologie, du
Développement Durable et de ’Energie
Involved organisations: Villa Tradition, AET Loriot

Illustration:

Project aim: It is the second house in France to obtain BEPOS Effinergie certification. BEPOS is
the certification for houses that generate more electricity than they use (plus-
energy houses).

Building address: | 67600 Selestat, France

Building type: Residential Non-residential | Public New Renovated

X X

Single-family house

Building size:

178 m? net floor area

Building envelope
construction:

This house has a structure of cellular concrete insulated with polystyrene, a high-
performance insulation in the roofs and floors made of interjoist polystyrene and
additional insulation of 8 cm of polyurethane. The windows are double glazed.

Building envelope
U-values:

Wall 0.160 - 0.166 W/m.K

Window 1.28 W/m2.K

Roof/ceiling to the attic 0.108 - 0.127 W/m2.K

Cellar ceiling/ground slab | 0.112 W/m2.K

Building service
systems:

Heating is provided by a gas-condensing boiler and delivered by a floor-heating
system. The boiler also provides support to the solar thermal collectors that are the
main source of DHW. A single-flow ventilation system with humidity sensors was
installed to maintain the quality of the indoor air

Included
renewable energy
technologies:

Nearly 4 m?* of solar thermal collectors were installed on the roof to cover part of
the DHW consumption. 51 m? photovoltaic panels have been installed on the roof,
providing 8 kW,.
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Final energy use:

Calculated | X Calculation method: Hational standard (méthode Th-BCE)
Measured Monitored in year: -

Heating 28.40 kWh/m?.year Lighting Auxiliary

Hot water 10,00 kWh/m?. year “"'.il:m" o o

Cooling 0.00 KWh/m?.year

Ventilation 1.55 kWh/m?.year ““;:’;“'

Lighting 1.45 kKWh/m?.year

Auxiliary energy

0.15 KWh/m?.year

Electrical appli-
ances (household

unknown

Heating
electricity) 5%
Total 41.55 kWh/m2.year
Solar thermal 7.20 KWh/m?.year
energy
contribution
PV electricity 40,85 KWh/m2.year
Primary energy Electricity 7.70 kWhi/m*.year | Primary energy factor: 2.58
use: Gas 38.40 kwh/m2.year | Primary energy factor: 1
P\ energy -105.40 kWhrm?.year | Primary energy factor: 2.58
Total -59.30 kWhsm? . year
Renewable energy | 100% of the total final energy
contribution ratio:
Improvement 202% Compared to: | Maximum primary energy use according to
compared to RT2012 (58.20 kWh/m?.year)
national
reguirements:
Links to further http: / /www.observatoirebbe.org/site/construction/ fichepedasogique?building=B19
information: KFE#descriptif
2.6.9 Germany
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4.9.1 Efficiency House Plus with E-mobility in Berlin

Author(s):

Heike Erhorn-Kluttig, Hans Erhorn, Antje Bergmann, Fraunhofer Institute for Building
Physics

lustration:

© Schwarz (BMVBS)

Project aim:

This pilot building generates its own energy and makes it available to the users and
the electric vehicles. Excess energy is fed back into the grid or stored in a battery.
An annual positive energy balance is required for primary and final energy use.

Building address:

FasanenstraBe 87a, 10623 Berlin

Building type:

Residential Non-residential | Public New Renovated

X X

Single-family house with 2 floors

Building size:

203 m? useful floor area (Ay’, with Ay=0.32"V,,,..), 138 m? living area

Building envelope
construction:

The floor, the walls and the roof are made of timber panels filled with up to 52 cm
of cellulose insulation. The windows have triple glazing. Thermal bridges have been
minimised. Photovoltaic modules cover the roof and the facade. All house elements
can be separated and moved to another location or be disposed of once the lifetime
of the building has expired.

Building envelope
U-values:

Wall 0.11 W/m=.K

Window 0.70 W/m2.K

Roof /ceiling to the attic 0.11 W/m2.K

Cellar ceiling/ground slab | 0.11 W/m2.K

Building service
systems:

The house is heated by a central heating system with an air-to-water heat pump and
floor heating. A balanced mechanical ventilation system with 80% heat recovery and
a building energy management system with touch pads are installed. The PV systems
on the roof and facades generate electricity that is used by the building, fed into
the grid or stored in a battery. The battery, with a capacity of 40 kWh, is made of
7,250 single second-hand battery cells formerly used in electric cars.

Included
renewable energy
technologies:

The air-to-water heat pump uses ambient energy from the outside air. Two large
photovoltaic fields are installed: 98 m* monochrystalline PV modules on the roof and
73 m? thin-film modules on the facade.

Final energy use:

Calculated Calculation method: | DIN V 18599, Effizienzhaus Plus-Rechner

[Efficiency house plus calculator]

Measured X Monitored in year: 2012/2013
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Final energy use
(cont.):

Primary energy
use:

Heating 20.8 kWh/m?2.year
Hot water 8.1 kWh/m?.year Electrical

- appliances
Cooling 0.0 kWh/m?.year 23%
Ventilation incl. 15.3 kWh/mz.year e
pumps and
automatisation u

ighting
Lighting 2.6 kWh/m?.year 4%
Electrical appli- 14.3 kWh/m?.year
ances (household
electricity) Ventilation Hot water
Total 61.1 kWh/m2.year + pumps + 13%
automa-
E-mobility 19.6 kWh/m?.year tisation
25%

PV energy gener. | - 65.6 kWh/m?.year
thereof self-used | - 32.3 KWh/m?*.year
thereof fed-in - 33.3 kWh/m?.year
Electr. from grid 28.8 kWh/m?.year
Electricity surplus | - 4.5 kKWh/m?.year
Electr. from grid 69.1 kWh/m2.year | Primary energy factor: 2.4 (PEF 2014)
Electr. fed-in -93.2 kWh/m*.year | Primary energy factor: 2.8 (PEF 2014)
Total - 24.1 KWh/m?.year

Renewable energy
contribution ratio:

107% of the total final energy

Improvement T8% Compared to: | Maximum primary energy use according to
compared to EnEV 2009. (Household equipment, e-mobility
national not taken into account. PV generated electri-
requirements: city accounted up to monthly electricity use).

Experiences/ The test family enjoyed living in the house without having a bad conscience because

lessons learned:

of using conventional energy. As the ventilation system was not manually controlled,
it introduced warm external air into the rooms in summer, which became a
problem. The measurements show that the goal of the efficiency house plus has
been achieved, but only 25% of the electricity used for e-mobility could be covered.

Costs:

The costs of the house are rather high, with 1,080,000 € for construction and
566,000 € for the building service systems. This is partly due to the high ambition
(plus energy) and the ability to divide the house into different matenals in the
event of deconstruction. There is a network of efficiency houses plus with more
than 20 buildings of the same energy performance level. These houses show that the
additional costs compared to a regular new building can be decreased by about
50,000 €,

Funding:

Research program "Efficiency house plus". The Federal Building Ministry (BMUB)
supports the construction of buildings which produce significantly more energy than
required for their operation. The pilot projects are assessed by a scientific support
program. The goals are to improve energy management in modern structures and
further develop necessary building envelope and renewable energy components.

Marketing efforts:

- Metwork of more than 20 efficiency house plus pilot projects

- The house can be visited and is used for events

- BMUB website includes videos, a blog by the users, actual monitoring results, etc.
- Official opening by Chancellor Angela Merkel

Awards:

The design by architect Wemner Sobek won the architectural competition for the
BMUE pilot project. Case highlighted in February 2014 on EU's BUILD UP portal.

Links to further
information:

- website: http:/ Sweew. bmvi.de/DE/EffizienzhausPlus/ effizienzhaus-plus_node.html
- case on BUILD UP: http:/ /www. buildup.eu/ cases/ 40001

- monitoring report of Fraunhofer Institute for Building Physics: link

- videos: http:/ Hwww youtube. comfwatchiv=mHCZxovLHRD;

http:/ fwww . youtube. com/watch?v=LaLVuFWhigM




4.9.2 Hauptschule Schrobenhausen, pilot project of DENA Efficient
Schools Project

Author(s):

Illustration:

Project aim:

The requirements of DENA’s efficient house pilot project (2009) intended to
undershoot the national energy saving ordinance EnEV by at least 15% (primary
energy use). The resulting quality shows an undercut of 44%, including a very
efficient ventilation system. Generated electricity is not taken into account in the
calculation, but it would enhance the result further.

Building address: Georg-Leinfelder-Strafe 16, 86529 Schrobenhausen, Germany
Building type: Residential Non-residential | Public New Renovated
X X X
School

Year of construction: 1975 / Renovation: 2010-2012

Building size:

7,080 m? net floor area

Building envelope
construction:

The existing facade of a 1970s concrete structure with internal brickwork was
insulated with 24 cm expanded polystyrene. The roof received 40 cm cellulose
insulation. The new windows have triple glazing (air-tight fitting).

Building envelope
U-values:

Wall 0.17 W/m2.K
Window 0.96 W/m2.K
Roof/ceiling to the attic 0.11 W/m2.K
Cellar ceiling 0.16 W/m2.K

Building service
systems:

The school is supplied by a district heating system, based on renewable energy.
The central ventilating system is equipped with a heat recovery system.

Included
renewable energy
technologies:

Electricity: The roof-installed photovoltaic modules supply part of the electricity
use. The amount of electricity that is fed into the grid is unknown unfortunately.
Heating: The district heating system is based on renewable energy with a primary
energy factor of zero.
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Final energy use:

Calculated | X Calculation method: | DIN V 18599
Measured Monitored in year: 2013: final heating energy:
~30 kWh/m?.year
2009: final heating energy:
~80 kWh/m?*.year
Heating 29.4 kWh/m?.year Lighting
Hot water 16.3 kWh/m2.year R
Cooling 0.0 KWh/m?*.year
‘-.flenullatmn 15.3 kWh/m?.year Ventitation Heating
Lighting 7.5 kWh/m2.year 22% 3%
Electrical unknown
appliances
Total 68.5 kKWh/m?*.year
Hot water
4%

Primary energy
use:

District heating

0.0 kKWh/m?.year

Primary energy factor: 0

Electricity (total)

104.5 KWh/m?.year

thereof heating
auxiliary

3.0 kWh/m2.year

thereof hot
water

42.3 kWh/m?.year

thereof ventilat.

39.7 kWh/m?.year

thereof lighting

19.5 kWh/m?.year

Primary energy factor: 2.6 (PEF 2013)

Total 104.5 KWh/m?.year

Renewable energy
contribution ratio:

43% of the total final energy (heating energy based on the district heating). The
renewable energy contribution of the PV system is not known.

Improvement 4% Compared to: | Maximum primary energy use according to
compared to EnEV 2009. PV-generated electricity is not
national taken into account in the calculation.
reguirements:

Experiences/ Possibility to reach a very good energy reduction in schools. Widespread type of

lessons learned:

building of the 1970s in West Germany, so very good reproducibility for other
schools. Low cost to enhance thermal comfort and air gquality in the classrooms.

Costs: Based on cost groups, the cost estimate contains for
construction: 5.1 million €
building services: 2.9 million €
additional expenses, incl. planning etc.: 3.1 million €
Total: 11.1 million € (all costs incl. VAT)

Funding: The renovation was part of the efficient house pilot projects 2009. It was co-
financed by the KfW Group and the Federal Ministry for the Environment, Mature
Conservation, Building and Huclear Safety (BMVBS)

Marketing efforts: | Press releases about DEMA’s efficient house pilot project

Links to further www.zukunft-haus.info - “Bauen & Sanieren™

information: woww. Zukunft-haus. info/effizienzhaus: Building-Database

www.dena.de
www.schrobenhausen.de 3 “Bauen & Wirtschaft™

2.6.10 Ireland
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4.10.1Urban semi-detached house

Author(s):

llustration:

Chris Hughes, Sustainable Energy Authority of Ireland (SEAI)

Y

£

—_—

Project aim:

Deep retrofit and extension of a 1950s 3 bedroom solid block house to provide a 160
m? two-storey, four-bedroom house. Calculated energy consumption reduced by over
90% to achieve an A2 energy rating.

Building address:

58 Cedarmount Avenue, Mount Merrion, Co. Dublin

Building type:

Residential Non-residential | Public New Renovated

X X

Single-family house

Building size:

160 m? living area

Building envelope
construction:

Walls: 150 mm Platinum EPS insulation and mineral render finish externally, on 1)
solid original 230 mm concrete block or 2) solid 215 mm QUINN-lite aerated block
(mortar joint), and gypsum hard-rock plaster.

Roof: attic floor for storage made airtight and insulated with 110 mm bio-based
spray foam insulation, overlaid with 250 mm blown cellulose

Floor: concrete floor/Supergrund-insulated foundation system with 300 mm
Aeroboard Platinum EPS insulation.

New tripled-glazed windows and doors

Airtightness: 1.23 air changes per hour at 50 Pa.

Building envelope
U-values:

Wall 0.145 - 0.19 W/mz.K

Window 0.9 W/m2.K

Roof /ceiling to the attic 0.13 W/m2.K

Cellar ceiling/ground slab | 0.11 - 0.14 W/m3.K

Building service
systems:

25 KW modulating condensing, weather-compensated gas boiler with floor heating
throughout ground floor at 150 mm centres with 2 towel radiators in bathrooms
upstairs. Five-zone temperature control and timer. Ventilation system with 91% heat
recovery.

Included
renewable energy
technologies:

Evacuated tubes solar thermal collector: 2 x 20 tubes (58 mm vacuum tube) with
300 liter dedicated solar storage volume.
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Final energy use:

Calculated | X

Calculation method:

Dwelling Energy Assessment Procedure
(DEAP)

Measured Monitored in year: -
Heating 10.7 kWh/m?.year Lighting
Hot water 12.2 kWh/m?.year i
Cooling 0.0 kWhi/m?.year H;aln::g
L 4
Ventilation 4.0 kWh/m?.year ‘-’9"111;;110'1
Lighting 4.5 kWh/m?.year
Electrical appli- unknown
ances (household
electricity)
Total 31.4 kWh/m?.year
Hot water
399,
Primary energy Hatural gas 25.2 kWh/m?*.year Primary energy factor: 1.1
use: Electricity 21.9 kwh/m2.year Primary energy factor: 2.58
Total 47.1 kWh/m?®.year

Renewable energy
contribution ratio:

30% of the total fin

al energy

Solar hot water heating system contribution is included in total final energy

Improvement 56% Compared to: | Overall primary energy calculation using the
compared to maximum permissible U-values

national

requirements:

Experiences/ Significant improvements in building fabric U-values and a mechanical ventilation

lessons learned:

heat recovery system were used to achieve the low space-heating goal. Old
suspended timber floors on the ground floor were removed and replaced with
concrete flooring and 200 mm EPS insulation for improved thermal performance and

air tightness.

Costs: Budget: 170,000 £ (1,063 €£/m?)
Funding: Client funds with support from SEAI
Marketing efforts: | www.nzeb-opendoors. ie

http: / /www.ereenextension.eu/ pdf/EnerPHit%2 OProject. pdf
dwards: Isover Energy Efficiency award winner in 2013
Links to further http: / /www.greenextension.eu/ pdf/EnerPHit%2 0Project . pdf
information:
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4.10.2 Post Primary School Research Project

Author(s): Chris Hughes, Sustainable Energy Authority of Ireland (SEAI)
Illustration: =
‘:‘—A.. —
Project aim: First A2 rated post primary school
Building address: | Colaiste Choilm, O’Moore Street, Tullamore, Co. Offaly
Building type: Residential Non-residential | Public New Renovated
X X

Post primary school completed in 2011

Building size:

4,681 m? useful floor area

Building envelope
construction:

Overall U-value is 0.36 W/m?2.K - 50% better than the current building regulations
Air tightness of 3 m*/h per m? at 50 Pa

Building envelope
U-values:

Wall 0.09 W/m2.K

Window 1.5 W/m2.K

Roof/ceiling to the attic 0.18 W/m2.K

Cellar ceiling/ground slab | 0.19 W/m2.K

Doors 2.19 W/m2.K

Building service
systems:

Biomass boiler and combined heat and power system based on natural gas with low-
temperature hot water radiators for heating

Automatic ventilation openings fitted with airtight automatic shut-off and linked to
CO; sensors

Building control strategies designed to minimise energy use

Improved energy monitoring and management awareness

Use of LED-based external lights with improved controls

Improved water conservation measures

Included
renewable energy
technologies:

Biomass heating
Combined heat and power system based on natural gas
Photovoltaic electricity production.
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lessons learned:

Final energy use: Calculated Calculation method: | Hon  Domestic  Energy  Assessment
Procedure (HEAP)

Measured Monitored in year: 2011

Heating 32.89 kWh/m?.year Lighting

Hot water 1.00 KWh/m?.year T

Cooling 0.00 kWh/m?2.year

Ventilation 3.10 kWh/m?2.year

: - “Venfilation Heating

Lighting 15.55 kWh/m?.year 2% 43%

Electrical Unknown

appliances

Total 52.54 kWh/m?.year

Hot water
28%

Primary energy Matural gas 31.36 kWh/m2.year | Primary energy factor: 1.1
use: Biomass 33.90 kWh/m2.year | Primary energy factor: 1.1

Electricity 18.65 kWh/m?.year | Primary energy factor: 2.7

Total 81.91 kWh/m?_year
Renewable energy | ~ 40% of the total final energy
contribution ratio:
Improvement B0 Compared to: | Improved insulation levels. U-value for the
compared to building is 0.36 W/m?K which is 50% better
national than the current building regulations.
requirements:
Experiences/ The school is a research and demonstration project to improve the gquality of

teaching spaces and notably reduce the school’s environmental impact. Owver 21
sustainable design aspects were reviewed. Extensive automated monitoring systems
establish energy consumption profiles and user patterns. The design incorporates
passive, active, and renewable technigues.

Costs: Total project: 5.3 million €
255,000 £ for additional energy efficiency measures

Funding: Department of Education and Skills

Marketing efforts: | All new primary schools are built to Building Energy Rating (BER) A3 or better.
Building is featured in SEAI Energy USE in Public Sector publication.

Awards: The Department of Education and Skills energy programme commenced in 1997 and
is recognised at national and international levels for excellence in design and
specifications. Top prize at 2012 Green Awards.

Links to further http:/ fwww.education.ie/ en/ Press-Events/ Press- Releases /2012 -Press-

information: Releases/ 20%204pril,%202012%20-
R20Departmenti200f%20Education®20ands205kills%20wins%20top%k2Oprizef20at%202
012%20Greenk204wards. html

2.6.11 Italy
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4.11.1 ECOsil

Author(s): Gian Mario Varalda, Agenzia Provinciale per [’Energia del Vercellese e della Valsesia
Architect: Gianni Carlo La Loggia
Building contractor: Impresa La Loggia Giuseppe
Illustration:
— - .; 4: LWL . . :
Project aim: The building minimises energy requirements and the remaining energy needs are
covered by an innovative and efficient system, integrated with renewable sources.
Building address: P. Isacco 50, 13039 Trino (VC) Italy
Building type: Residential Non-residential | Public New Renovated
X X
Single-family house with 2 storeys
Building size: 185 m? heated floor area
Building envelope | External walls are made of autoclaved aerated concrete blocks with external
construction: thermal insulation (EPS and cellulose fibre). The ground slab is created with
disposable formwork for ventilated underfloor cavities; the roof has a wooden
structure and is insulated with wood fibre.
The windows have triple glazing and wooden frames with aluminium-clad exterior.
Thermal bridges have been minimised. Solar thermal collectors and photovoltaic
panels cover the roof.
Building envelope | Wall 0.18 W/mz.K
U-values: Window 1.00 W/m=.K
Roof /ceiling to the attic 0.18 W/m2.K
Cellar ceiling/ground slab | 0.21 W/m2.K

Building service
systems:

The heating system is based on a condensing boiler {modulating between 5 and
25 kW) fuelled by natural gas, and it provides support to the DHW also. Radiant wall
panels supply heat to the rooms. The heating system includes renewable energy,
with 4 solar thermal collectors and a 500 liter storage. To provide good indoor air
quality, a mechanical ventilation system with heat recovery was installed.
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Included
renewable energy
technologies:

The solar thermal system (flat-plate solar collectors) has 9.32 m? and covers 96% of
the needs for DHW. In addition, there are PV panels (monocrystalline) with a peak
power of 2.94 KW..

Final energy use: | Calculated Calculation method: | According to EU Directive 2002/91/CE,
16/12/2002.
According to the Decree n. 34,
29/09/2004 of the President of the
Autonomous Province of Bolzano.
Measured b Monitored in year: 2012/2013
Heating 25.81 kKWh/m?.year
Hot water 2.05 kWh/m?.year
Coaling 0.00 kWh/m?2.year '-ig:i“‘-‘
Ventilation in use but not
measured
Lighting 14.88 kKWh/m?.year
- : Heating
Electrical appli- unknown B0%
ances (household
electricity) Hot water
5
Total 42.74 KWh/m®.year *
PV generated ~ 3,200 kWh/year
electricity 17.32 kWh/m?.year
Primary energy Total 23 kWh/m?.year
use:
Renewable energy | 67% of the total final energy
contribution ratio:
Improvement BO% Compared to: | Heating energy consumed by traditional
compared to building, according to the CASACLIMA
national certification.
requirements:
Experiences/ The family living in the house is very satisfied with the energy performance of their

lessons learned:

dwelling. The energy bill has been very low, so it demonstrates that the goal has
been achieved.

Costs: The final cost of these buildings was 350,000 € each, which represents a 25% cost
increase compared to a similar building using traditional solutions.

Funding: As this project was partially financed by the Piedmont Regional Administration with
a 50% refund of the additional costs, the impact of such costs was significantly
reduced.

Marketing efforts: | These low-energy buildings were designed and built according to the Bolzano
CASACLIMA protocol and they obtained the official CASACLIMA golden certification
for the first time in the territory of the Province of Vercelli.

Since 2010, the buildings have been visited by architecture students.

Awards: The house received CASACLIMA A classification, which refers to buildings with a heat
consumption of less than 30 kWh/m2.year. The project was illustrated in the
KlimaHause n. 2 April 2011 magazine, and it has won first prize in the 2013 Best
Practice 5.A.E.E. contest organised by ValoreClima of the Province of Vercelli.

Links to further http: / fwww. architettolaloogia. it/

information: http: / feuropaconcorsi.com/ projects/ 242014-Glanni-Carlo-L a-Loggia-ECOsil

http: / f'www.asenziacasaclima. it/ it/ rete-casaclima/la-rete-casaclima/casa-eco-sil-
2/111-11045.html
http: / fwww.consorziouniver. it/ it-IT /news-eventi/i-vincitori-del-concorso-best-

practice/
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4.11.2 ENERGY BOX

Author(s): Gian Mario Varalda, Agenzia Provinciale per [’Energia del Vercellese e della Valsesia
Architect: Ing. Pierluigi Bonomo

Illustration: ' TS / 4
_ = W

Project aim: Best Current Practice according to ITACA protocol, certification in Italian national
class A° (21.3 kWh/m?.year); emissions reduced by 15 times compared to the
required limits.

Building address: | Via S. Demetrior ss 216, Localita S. Gregorio - L’Aquila

Building type: Residential Non-residential | Public New Renovated

X X

Single-family house with 3 storeys

Building size:

173 m? net floor area

Building envelope
construction:

Wood and wood-fibre walls with chalk lining, reinforced (1% steel) concrete lower
walls, insulation of linen fibre. The windows have triple glazing.

Building envelope
U-values:

Wwall Upper: 0.120 W/m?3.K; lower: 0.126 W/m?.K
Window 0.89 W/m2.K
Roof /ceiling to the attic 0.09 W/m3.K
Cellar ceiling/ground slab | 0.12 w/m2.K

Building service
systems:

Systems include a 10 kW reversible geothermal heat pump for heating and cooling,
solar thermal panels, a ventilation system with heat recovery and integrated
electrical heaters, PV panels with 8.5 kW, and fixed and adjustable shades.

Included
renewable energy
technologies:

Solar thermal panels, PV panels (thin-film), geothermal heat pump
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Final energy use: Calculated | X Calculation method: | According to EU Directive 2002/91/CE,

16/12/2002, UMNI/TS 11300;2008 and
CASACLIMA protocol

Measured Monitored in year: 2013 {data not yet available)

Heating 4.60 kWh/m?.year Heating

Hot water 16.68 kWh/m2.year 1¥%

Cooling 14.00 kKWh/m?.year

Ventilation in use but not Couoling

measured 40%

Lighting Unknown

Electrical appli- Unknown

ances (household

electricity)

Hot water

Total 35.28 kWh/m>year 47%

PV generated Unknown

electricity

Costs: Total costs were 1,465 €/m?* gross floor area including demolitions.

Marketing efforts: | This very low-energy building was designed and built according to the Bolzano
CASACLIMA protocol and the official CASACLIMA golden certification was obtained
for the first time in the territory of Region Abrnuzzo.

Awards: Golden CASACLIMA certificate

Special mention of "Premio SOSTEWIBILITA' 2013" of Modena Sustainable Energy

Agency AESS

2.6.12 Lithuania
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4.12.1 Single-family houses in Moletai with district heating

Author(s): Tomas Baranauskas, Ministry of the Environment of the Republic of Lithuania

Illustration:

Project aim: Presenting a simple way to achieve NZEB

Building address: Mot yet available (building project for a private builder)

Building type: Residential Hon-residential | Public Hew Renovated
X X
Double house

Building size: 394,42 m?* heated net floor area for both building halves, 197.21 m? for one

residential unit.

Building envelope
construction:

Mot defined at this stage. The calculation is based on the required U-values.

Building envelope
U-values:

Wall 0.1 W/im*.K
Window 0.7 WimK
Roof /ceiling to the attic 0.08 W/m.K
Cellar ceiling/ground slab | 0.1 W/m.K
Doors, gates 0.7 Wim2. K

Building service
systems:

Heating and hot water: District heating system (‘Moletu siluma’)

Ventilation: Mechanical ventilation system with 85% heat recovery and electricity
consumption for the ventilation of 0.4 Wh/m?

Lighting: 50 lmJ/W

Mo cooling equipment

Included
renewable energy
technologies:

Parameters of district heating system given by the thermal energy supplier ‘Moletu
siluma’: non-renewable primary energy factor fp, = 0.22, renewable primary energy
factor fpp = 1.42. This means a renewable energy ratio of the district heating system
of 87%.
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Primary energy
use:

-» Non-renewable
primary energy
use

District heating
(heating + DHW)

8.12 kWh/m?.year

(Hon-renewable) primary energy factor:
0.22

Electricity
{ventilation +
lighting +
household
electricity +
outdoor lighting)

34.65 kWh/m?.year

(Hon-renewable) primary energy factor:
not available

Total

42.77 KWh/m?.year

Renewable energy
contribution ratio:

60% of the total primary energy

In Lithuania, the renewable energy contribution ratio is calculated by renewable
primary energy divided by non-renewable energy and has to be > 1 for NZEBs. The

value for this house is 1.53.

Improvement
compared to
national
requirements:

82%

Compared to:

Hormal non-renewable primary energy use for
heating, cooling, hot water and electricity:
236.02 KWh/m?.year
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4.12.2 Single-family houses in Moletai with wood boiler

duthor(s): Tomas Baranauskas, Ministry of the Environment of the Republic of Lithuania
Wustration:
— N T TRt T N —
Nl IE pi 1n
=,

Project aim: Presenting a;n-wpl.e way to achieve NZEB
Building address: Hot yet available (building project for a private builder)
Building type: Residential Hon-residential | Public Hew Renovated

X X

Double house
Building size: 394,42 m* heated net floor area for both building halves, 197.21 m* for one

residential unit.

Building envelope
construction:

Hot defined at this stage. The calculation is based on the required U-values.

Building envelope
U-values:

Wall 0.1 W/im*.K
Window 0.7 WimK
Roof /ceiling to the attic 0,08 W/m.K
Cellar ceiling/ground slab | 0.1 W/m*.K
Doors, gates 0.7 Wim2.K

Building service
systems:

Space heating: stand-alone wood boiler with an efficiency of 85%

Hot water: wood boiler + solar thermal collectors + 1,500 m? storage including a
composite electrical heater

Ventilation: Mechanical ventilation system with 85% heat recovery and electricity
consumption for the ventilation of 0.4 Whym?

Lighting: 15 lm/W

Ho cooling equipment

Included
renewable energy
technologies:

Solar thermal collectors for hot water of 24 m?

Photovoltaic panels of 10 m?

Wind power station for electricity: wing diameter 4 m, axle height over ground level
10 m, location: Vilnius region.
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Primary energy Wood not available Hon-renewable primary energy factor:
use: not available
-> Non-renewable  MFlactricity not available Mon-renewable primary energy factor:
primary energy (ventilation + not available
use lighting +

household

electricity +

outdoor lighting)

Total 44,25 kWh/m?.year

Renewable energy | 51% of the total primary energy

contribution ratio: | In Lithuania, the renewable energy contribution ratio is calculated by renewable
primary energy divided by non-renewable energy and has to be > 1 for NZEBs. The
value for this house is 1.03.

Improvement B1% Comparad to: | MHormal non-renewable primary energy use for
compared to heating, cooling, hot water and electricity:
national 236.02 kWh/m2.year

requirements:

2.6.13 Luxembourg
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4.13.1 EcoHouse in Ayl

Author(s):

Markus Lichtmel, Goblet Lavandier & Associés S.A,

Illustration:

Project aim:

HZEB and Class A-certification according to the energy ordinance of Luxembourg

Building address:

Markus Lichtmel, 54441 Ayl, Germany. (Situated in Germany on the border to
Luxembourg, built according to Luxembourgs MZEB-Standard)

Building type: Residential Hon-residential | Public Hew Renovated
X X
Single-family house

Building size: 212 m? net floor area

Building envelope
construction:

Massive wood structure; ~40 cm sustainable external building insulation (cellulose,
wood fibre and foam-glass gravel) with opague building components. Windows have
triple glazing.

Building envelope
U-values:

Wall 011 Wimt.K

Window 0.64 W/m?.K

Roof /ceiling to the attic 0,10 W/m*.K

Cellar ceiling/ground slab | 0.12 W/m2.K

Others Doors: 0.78 W/mbK, optimised thermal bridges
= 0 W/mPK

Building service
systems:

Air-to-air heat pump with additional use of exhaust air (custom buwilt), ventilation
system with heat recovery, ground heat exchanger for ventilation.

Included
renewable energy
technologies:

6 m* solar thermal plant (vacuum collector) for heating and DHW
PV on roof 5.28 kW, to cover the bulk of the building energy consumption.

Final energy use:

Calculation
method:

Calculated X Reglement grand-ducal du 5 mai 2012

madifiant.

Measured Monitored in year: | 2013-2014
Heating 3.7 kWh/m.year
Auili
Hot water 2.6 KWh/m?.year ;;';%w
Coaoling 0.0 kWh/m?.year He:::g
Ventilation 1.3 kWh/m2.year
Lighting unknown
Electrical appli- unknown _
ances (household Ventiation
electricity)
Audliary 2.6 KWh/m?*.year Mot wate
ol waler
Total (building 10.2 kWh/m?.year 28%
services)
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Primary energy
use:

Electricity
(building services)

27.1 kWh/mz.year | Primary energy factor: 2.66

Electricity (lighting
+ househaold)

20.1 kWh/m?.year | Primary energy factor: 2.66

PV accountable
(~30% directly used

19.9 kWh/m?.year | Primary energy factor: 2.66

by building)

PV totalincl. feed- | 66.2 kWh/m?.year
in

Total (PV 27.3 KWh/m?.year
accountable)

Total (PV total) -19.0 kWh/m?.year

Renewable energy
contribution ratio:

~ 30% of the final energy for heating and DHW (thermal solar plant)
~ 30% of the total electric energy use (services and household) (PV 5.28 kKW,)
If total PV is accounted: 140% renewable energy contribution ratio

Improvement B0 Compared to: | Réglement grand-ducal du 5 mal 2012 modifiant
compared to (version of 2010, Class D)

national Primary energy compared to reference building of
requirements: national calculation method (at present without PV).
Experiences/ The measured final energy consumption for heating and hot water in 2013 was

lessons learned:

6.2 kWhy/m?.year; the total electric energy consumption 17.8 kWho/m®. year

(services + household). The PV delivers 24.9 kWhg/m.year and the yearly load-

match of the PV is approximately 30%.

It is fundamental that all buildings and systems are correctly designed and installed

on the construction site:

o take special care on the hydraulics of the heat storage tank (connections of

pipes and tank, thermosiphon);

avoid low frequency noise < 150 Hz, especially for compressors in heat pumps;

the delivered temperature of the heat pump must be as low as possible;

careful sizing of the heat delivery systems to work at these temperatures;

execution of building construction details according to drawings (insulation of

window frames, thermal bridges, etc.);

e keep the ventilation duct system as short as possible and reduce the air flow
spead to a minimum (energy consumption + noise);

¢ choose ventilation systems with low-energy consumption (also in standby mode);

* Venetians blinds should be automatically controlled to prevent overheating (at
least according to the radiation and extemnal temperature);

« prevent condensation problems (e.g., pipes with cold air through insulated
walls).

Main conclusion: in high efficient buildings, the design and execution of technical

details (building and systems) carry a high proportion of the energy losses of the

building, which underlines the importance of careful planning of these details.

Costs:

Additional costs for the energy standard were ca. +14.4% (based on total costs for a
ready to use house):

thermal solar plant +1.4%;

rain water collection system +0.5%;

PV-System (dated 2010) +3.7%;

insulation of walls, roof and ground +5.1%;

high energy efficient windows +1.2%;

energy efficient lighting (LED) +0.1%;

ventilation system with heat recovery +1.7% (integrated in heat pump);

ground heat exchanger +0.6%.

Funding:

Mo request of external funding

Links to further
information:

Presentation about monitoring (period 2011 - 03/2013):
https: / /dl.dropboxusercontent.com/u/ 16134639/ Vortrag%20Evaluierung®% 20PH% 2007

.03.2013. pdf
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4.13.2 Horizont-Building Strassen

Author(s):

Markus LichtmeB, Goblet Lavandier & Associés S.A.
Project developer: Groupe Schuler

Illustration:

Project aim:

NZEB and HQE (“Haute Qualité Environnementale - Certivéa”) certification.

Building address: 163 rue de Kiem - L-8030 Strassen Luxembourg
Building type: Residential Non-residential | Public New Renovated
X X
Office building
Building size: 3,200 m? net floor area
Building envelope | Concrete structure. External insulation of the building with a minimum 24 cm
construction: mineral wool for external walls. The windows have triple glazing.

Building envelope
U-values:

Wall 0.13 W/m2.K
Window 0.82 W/m=.K
Roof/ceiling to the attic 0.11 W/m2.K to the outside

0.18 W/m=.K to unheated zone

Cellar ceiling/ground slab | 0.19 W/m2.K to unheated zone

Building service
systems:

Heating is based on a biomass (pellet) boiler. Heating and cooling distribution
through concrete core activation. Cooling is generated by a scroll compressor with a
hybrid water chiller combined with free chilling during the night. All zones are
equipped with CO,-sensors to regulate the hygienic air stream.

Included
renewable energy
technologies:

Pellet boiler included.
The roof is fully covered with PV (938 m? and 138 kW,).
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Final energy use: | Calculated | X Calculation method: | Réglement grand-ducal du 5 mai 2012
modifiant
Measured Monitored in year: -
Heating 31.8 KWh/m?.year Auxiliary
Hot water 3.9 kWh/mz.year i
Coaoling 4.5 kWh/m?.year
Ventilation 5.3 kWh/m?.year Heating
Lighting 23.4 KWh/m.year Lighting -
Electrical unknown %
appliances
Auxiliary 6.7 KWh/m?.year
Total 75.6 KWh/m2.year
PV production 37.6 kWh/mz.year . togiag POTSN
6% L

Primary energy Pellets {wood) 1.8 kWh/m?.year | Primary energy factor: 0.07

uses Gas 10,7 kwh/m2.year | Primary energy factor: 1.12
Electricity 105.9 kWh/m?.year | Primary energy factor: 2.66
Total 118.5 kWh/m?.year | (PV production not deducted)

Renewable energy | 84% of the total final energy

contribution ratio: | (94% of the total electricity)

Improvement 62% Compared to: | Réglement grand-ducal du 5 mai 2012

compared to modifiant (version of 2010, Class D)

national Primary energy compared to reference

requirements: building national calculation method (without

PV).

Costs: 9 million € (2,813 €/m?) incl. VAT for construction, without costs for consultancies,
land and auxiliaries.

Funding: Equity and bank loans.

Marketing efforts: | Awards and participations (Fiabci International Award, Green Awards, Bauhdreprdis
0OAl), press articles as NZEB, visited by the Minister of Economy, Luxembourg, for
the inauguration of the building.

Awards: “Prix d'excellence Fédération internationale des professions immobiliéres FIABCI
Luxembourg” in Sustainable Building category

Links to further http:/ /www.groupe-schuler.lu

information:

2.6.14 Malta
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4.14.1 Mosta House of Character

Author(s): Matthew Degiorgio, Building Regulation Office

Illustration: _—

Project aim: The project was undertaken as a private initiative by the building owners to reduce
the energy use of the building.

Building address: 9, Trig Salvu Dimech, Mosta, Malta

Building type: Residential Non-residential | Public New Renovated
X X
Single-family house

Building size: 209 m? total floor area (all internal areas which might be heated or cooled)

Building envelope | The walls are made of stone masonry with a total thickness of 0.5 m (2 limestone

construction: walls of 0.225 m and a 0.05 m air cavity in between). The roof is constructed with

reinforced concrete slabs with an average of thickness 125 mm expanded
polystyrene insulation under 100 mm stone chippings laid to slope and a 100 mm
concrete screed above. The windows are double glazed (not low emissivity) with an
argon-filled gap.

Building envelope
U-values:

Wall 1.57 W/m=.K
Window 3.00 W/m2.K
Roof /ceiling to the attic 0.25 W/m2.K
Cellar ceiling/ground slab | 1.97 W/m3.K

Building service Heating and cooling are provided through inverter split-type air-conditioning

systems: systems. Due to the high thermal mass of the building, the heating and cooling loads
are limited. Hot water is provided through a flat-plate solar water collector with an
aperture area of 4 m? and a storage capacity of 250 liters.

Included The house was fitted with a south-facing flat-plate solar water heater. The collector

renewable energy | is capable of providing all hot water requirements throughout the whole year.

technologies:
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Final energy use: | Calculated | X Calculation method: | EPRDM (Standard energy performance
certification software)
Measured Monitored in year:
Heating 3.25 kWh/m?.year
Hot wat 0,00 kKWh/m? Hohing
ot water . m?.year 230, Heating
(100% renewable) 28%
Cooling 5.62 KWh/m?.year
Ventilation 0.00 kWh/m?.year
Lighting 2.57 kWh/m?.year
Electrical appli- unknown
ances (household
electricity)
Total 11.44 KWh/m?.year
Cooling
49%
Primary energy Electricity 39.47 kWh/m2.year | Primary energy factor: 3.45
use. Total 39.47 kWh/m?.year
Renewable energy | 49% of the total final energy
contribution ratio:
Improvement B0 Compared to: | Current  minimum  requirements stipulate
compared to maximum conductivity of elements and do not
national reguire  minimum  contrbutions  from
requirements: renewable sources. A building with similar
geometry built to minimurm requirements and
with no renewable energy sources installed
would have a primary energy rating of
110 kWh/m2.year (as per the national EPC
rating system).

Experiences/
lessons learned:

Given the mild climate and good solar potential of most buildings in Malta, HZEB
levels may be achieved through minimisation of heat transfer through the roof, high
thermal mass and some use of renewable sources (in this case solar water heating).
Conservation of energy through the building envelope is particularly critical for the
roof, but NZEB levels may still be achieved with only low insulation levels in the
walls.

Costs: Cost data was not provided (private project).

Funding: Funding for the project was private. The renovation was eligible to benefit from
schemes available such as those for double glazing, roof insulation and solar water
heaters. These are available to the public in general and not dependent on the
building achieving the overall HZEB levels.

Marketing efforts: | The building is owned and occupied by the owner; therefore, no marketing efforts
took place.

dwards: The building is classified as NZEB.

2.6.15 The Netherlands
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4.15.1Brabantwoningen

Author(s): Daniél van Rijn, Jacquehne Hooijschuur, R"u’D nl
Illustration: R :ﬁﬁ} s i
it ..-J"
1...

Project aim: Focusing on ecological and biological building téchniquea, these single-family houses
are positive energy buildings (thus have a negative Energy Performance Coefficient)
and have low investment costs.

Building address: Kruizemuntstraat, St.Oedenrode, Metherlands (province: Brabant)

Building type: Residential Hon-residential | Public Hew Renovated
X X
27 single-family houses

Building size: 98.35 m? living area each ('gebruiksopperviak’ according to MEN 2025)

Building envelope | The 'Brabantwoning' development has a high-level insulated building envelope and

construction: triple glazing. The separation wall between the dwellings is insulated also. To avoid
high indoor temperatures in the summer, the roof is partly covered with sedum
plants and the construction has a high thermal mass. Burglar-proof features have
been added (with a rain sensor in the roof) to make high ventilation rates possible
during the night and during periods of the absence of inhabitants.

Building envelope | Wall Rc =8 m*.K/W

U-values/R-values: [window U=0.8W/m.K
Roof /ceiling to the attic Rc =8 m2.K/W
Cellar ceiling/ground slab | Re =5 m2.K/W

Building service Exhaust air from the ventilation system is used by a heat pump for heating the house
systems: and providing hot water in combination with solar thermal panels.
Included A large number of photovoltaic panels are placed on the roof to compensate the

renewable energy
technologies:

electricity required for the building service systems and other equipment in the
house, This way a MZEB is realised. The building service systems include a heat pump
and solar thermal panels.
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Primary energy
use:

Calculated | X

Calculation method:

Energy performance of buildings -
determination method MEN 7120

Measured Monitored in year: -
Heating 22.8 KWh/m?2.year
Lighiti
Hot water 7.1 kWh/m?.year %
Coaling 0.0 kWh/m?.year
Ventilation 1.5 kWh/m?=.year
- - Heating
Lighting 12.8 kWh/m?.year 5%
Electrical appli- | unknown b~
ances (household
electricity) Hot water
PV panels -95.3 kWh/m2.year 18%
Total -51.1 kWh/m?.year

Primary energy
factors:

Electricity building related

Primary energy factor: 2.54

Electricity household equipment

Primary energy factor: 2.00

Hatural gas

Primary energy factor: 1.00

Renewable energy
contribution ratio:

216% PV contribution of the total primary energy

Improvement
compared to
national
requirements:

148% Compared to:

Dutch Energy Performance Coefficient
(Energieprestatiecoefficient) requirement.
Required Energy Performance Coefficient is
0.6.

Calculated Energy Performance Coefficient is
-0.29

Links to further
information:

http: / fwww. kennishuiseo. nl/ voorbeeldprojecten/ ProjectPape. aspx?id=955

http:/ f'www.archiservice.nl/fcat=7

http:/ fwww.brabant.nl/dossiers/ dossiers-op-themasbouwen-en-wonen/ duurzaam-

bouwwen /de-brabantwoning. aspx
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4.15.2 Down 2-000

Author(s):

Daniél van Rijn, Jacqueline Hooijschuur, RVO.nl

Illustration:

Project aim:

These 21 low-energy houses on the Rijsdijk in Etten-Leur are built with a Dutch
Energy Performance Coefficient below zero. The project is a part of a larger group of
43 houses. They are a part of the newly developed district 'de Keen' where more
zero-energy houses are built. The intention of this district is to help reducing CO,
emissions.

Building address: | Rijsdijk, Etten-Leur
Building type: Residential Non-residential | Public New Renovated
X X

21 single-family houses

Building size:

160 m? living area each (‘'gebruiksopperviak’ according to NEN 2025)

Building envelope
construction:

The construction of the roof of these houses, with approximately 50 m? photovoltaic
solar panels, is special. The separate construction is mounted on the flat roof. This
makes the construction easy to reach for maintenance and, if necessary, for
expansion. The structure also provides shade to prevent overheating in the summer.
The separate structure makes it possible to optimise the ventilation of the solar
panels to improve their performance. It also makes the solar panel system
independent from the orientation of the houses and gives possibilities for further
optimisation in the future.

Building envelope

U-values/R-values:

Wall Rc = 5 m2.K/W (ground floor), 8.1 m2.K/W (13t + 27d
floor)

Window U=1.65W/m>.K

Roof /ceiling to the attic | Rc =5 m2.K/W

Cellar ceiling/ground slab | Rc = 4 m2.K/W

Building service
systems:

The Energy Performance Coefficient below zero is realised by the use of a ground
source heat pump, heat recovery from the exhaust air, solar thermal collectors, PV
panels and an optimised orientation of the houses. The summer heat is stored in the
ground and used in winter time.

Included
renewable energy
technologies:

Photovoltaic panels, solar thermal collectors for DHW, ground source heat pump
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Primary energy
use:

Calculated | X Calculation method:

Energy performance of buildings -
determination method MEN 7120

Measured Monitored in year: -

Heating 32.4 kWh/m?.year Lighting

Hot water 17.7 kWh/m?2.year 16%

Cooling 4.3 KWhi/m?.year

Ventilation 10.8 KWh/m?.year Heating
— Ventilation 424,

Lighting 12.8 kWh/m?2.year 14%

Electrical appli- unknown

ances (household Cooling

electricity) %

PV panels -111.4 KWh/m?.year

Total -33.4 kWh/m2.year i -u

Primary energy
factors:

Electricity building related

Primary energy factor: 2.54

Electricity household equipment

Primary energy factor: 2.00

Matural gas

Primary energy factor: 1.00

Renewable energy
contribution ratio:

143% PV contribution of the total primary energy

lessons learned:

Improvement 106% Compared to: | Dutch energy performance coefficient
compared to (“Energieprestatiecoefficient”) requirement.
national Required Energy Performance Coefficient is
requirements: 0.6.
Calculated Energy Performance Coefficient is
-0.04
Experiences/ Ventilation and solar blinds are positively valued by the inhabitants, but the

production of electricity by the PV panels is below expectation. There have been
problems with the heat pump system due to bad maintenance. The collective heat
source (ground) for the heat pump is relatively expensive for a small project like
this. Individual heat pumps might have been more cost effective. In the design stage,
sufficient attention should be paid to the position and the space needed for
technical equipment and maintenance of these, to avoid inconvenience for the

inhabitants.

Links to further
information:

http: / fwww. kennishuisgo.nl/voorbeeldprojecten/ ProjectPape. aspx?id=959

2.6.16 Norway
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4.16.1 Powerhouse Kjorbo

Author(s):

Martin Strand, Horwegian Building Authority

Hlustration:

Demnnstrate the p0551blllt1,f of transformlng a typical 1980s office building into a

Project aim:
plus-energy office building, generating more energy during its lifetime than what
was used during the production of materials, construction, operation and
demolition. The project is aiming for a BREEAM-NOR 'Outstanding’ classification, the
highest classification in BREEAM-MOR. It will also fulfil all requirements in the
Morwegian passive house standard for non-residential buildings, NS 3701.

Building address: Kjerboveien 18 - 20, 1337 Sandvika, Morway

Building type: Residential Hon-residential | Public MHew Renovated

X X

Office building

Building size: 5,200 m? net floor area

Building envelope
construction:

Old structural elements in concrete were kept, highly insulated timber frame walls
and charred wood cladding added to maintain the aesthetics of the old black glass
facade. Use of tailor-made aluminium-framed openable windows with triple glazing.
The design airtightness of the building envelope is 0.50 air changas per hour at 50 Pa
(tests have shown actual results of 0.3 air changes per hour).

Exposed concrete for high internal inertia is used. Low emitting materials reduce
ventilation demand for indoor air quality control.

Building envelope
U-values:

Wall 0.13 Wimz.K
Window 0.80 W/m2.K
Roof /ceiling to the attic 0.08 W/m2.K
Cellar ceiling/ground slab | 0,14 W/m?.K
Thermal bridee value 0.02 W/im=.K
(‘'mnormalised’)

Building service
systems:

Electricity is covered by solar panels on roof. Geothermal heat pumps, for heating,
cooling and hot water. Own heat pump to re-use heat from the cooling of server
parks as heating. Exterior sunscreen automated system. Innovative ventilation
system with extremely low pressure drop over the components and in the ventilation
ducts. Components with high pressure drop, such as the heat recovery unit, are
bypassed when not in use. The system utilises displacement ventilation, demand-
controlled lighting and better use of daylight.
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Included
renewable energy
technologies:

Solar cell park (1,400 m?) on flat roof, delivering more than 200,000 kWh/m?.year,
or 41 kWh/m?.year. Geothermal heat pump with 10 wells. Connected to district
heating as a back-up solution.

Final energy use: Calculated | X Calculation method: | HS 3031
Measured Monitored in year: -
Heating 5.9 KWh/m?.year Others
Hot water 1.4 KWh/m?.year o
Cooling 1.3 kWh/m?®.year Heating
Ventilation 2.3 kwh/m?.year 0
1 1 L 2
Lighting 7.7 KWh/m?.year Lighting
Electrical unknown 0%
appliances
Others 0.8 kWh/m?.year Hot watar
Total 19.4 kWh/m®.year T
Cooling
Ventilation %
12%
Primary energy Electricity 28.3 kWh/m*.year There are no official national primary
use: energy factors available yet.
However, the project has calculated a
life-cycle-based primary energy factor
for the electricity by balancing the grid
electricity and the PV produced
electricity as an average over 60 years
at 1.46.
Total 28.3 kWh/m*.year

Renewable energy
contribution ratio:

100% of the total final energy.

The building has been designed to generate a surplus of 18.4 kKWh/m2.year, with
operational energy (excluding equipment computers, servers, etc.) and embodied
energy in materials being taken into account.

Improvement 80% Compared to: | Mational minimum requirements for net energy

compared to use defined in TEK10: “Regulations on

national technical requirements for building works”.

requirements: http:/ fwww.dibk. no/elobalassets/byeoeresler
/regulations on technical requirements for b
uilding works.pdf

Experiences/ High focus on integrating architecture and technical systems, embodied energy,

lessons learned:

options for the re-use of materials and construction elements, high level of energy
efficiency (building envelope and innovative ventilation solutions). Effort was put
into designing an optimised energy supply system for on-site production of thermal
energy and electricity. The project is expected to be an important demonstration
project for plus-energy buildings worldwide. The building has been occupied since
2014; therefore, measured values are not yet available.

Costs: Construction costs were 114 million MOK (13.86 million €, or 2,665 £/m?). The
project was developed in cooperation between the Powerhouse-Alliance and the
Ressarch Centre on Zero Emission Buildings (ZEB).

Funding: 14.9 million HOK (1.81 million €) in funding from the national support program for
upgrade of existing buildings (ENOVA).

Marketing efforts: | Mew tenant was part of the design team.

Awards: BREEAM-HOR *Outstanding’

Links to further www. powerhouse. no

information: www.zeb.no
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4.16.2 Miljohuset GK

Author(s):

Martin Strand, Norwegian Building Authority

Ilustration:

Project aim: Passive house office building according to the Norwegian passive house standard NS
3701, EPC Classification A, good architectural qualities, low total environmental
impact, space efficient, economical in construction and operational phase. The
extra cost of constructing at passive house level should be profitable.

Building address: Ryenstubben 12, 0679 Oslo, Norway

Building type: Residential Non-residential | Public New Renovated

X X

Office Building

Building size:

13,619 m* heated (net) floor area

Building envelope
construction:

Use of insulated timber studs and sills for wall construction, reducing the wall
thickness from 35 cm to 29 cm. Thirty-five cm EPS insulation for slab on ground.
Thirty cm standard mineral wool in walls and 40 cm standard mineral wool in roof.
Triple-paned windows. Achieved airtightness is 0.23 air changes per hour at 50 Pa.

Building envelope
U-values:

Wall 0.14 W/m2.K

Window 0.78 W/m2.K

Roof /ceiling to the attic 0.10 W/m2.K

Cellar ceiling/ground slab | 0.07 W/m3.K

Thermal bridge value 0.03 W/m2.K
(‘normalised’)

Building service
systems:

Air-to-water reversible heat pumps with the same distribution system for heating
and cooling. The building uses heat recovery from cooling, especially from server
rooms. Well-insulated pipes, valves and flanges. Automatic solar shading system on
the eastern, southern and western facades. Electric heat system integrated in office
power poles, estimated to be used less than 2% of the year (when outside
temperature is below -15°C).

Detector-controlled (presence, CO,, and temperature) ventilation and lighting
systems. Eighty-eight per cent heat recovery in the ventilation system. Six oversized
ventilation generators ensure low pressure fall and SFP < 1.2 kW/(m?3/s).
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Included
renewable energy
technologies:

Air-to-water heat/cooling pump (glycol).

Net energy use: Calculated | X Calculation method: | HS 3031

Measured Monitored in year: -

Heating 10.5 kWh/m?.year Heating

Hot water 5.0 KWh/m?.year Electrical

Cooling 9.2 kWh/m?.year mp::-;m

Ventilation 7.2 kWh/m?.year -

Lighting 12.5 kWh/m?.year

Electrical 19.8 KWh/m?.year

appliances ':*:1":[:15'

Total 64.2 KWh/m?*.year

Lighting Ventilati
19% "'ﬁlﬂl'l
Final energy use: | Total 49 kWh/m?.year Calculated based on the efficiency of
the heat pumps.

Primary energy Electricity Mot available There are no official national primary
use: energy factors available yet.

Total Mot available
Renewable energy | 24% of the total final energy
contribution ratio: | (76% of the total net energy need of building covered by electricity)
Improvement &60% Compared to: | Mational minimum requirements for net energy
compared to use defined in TEK10: “Regulations on
national technical requirements for building works”.
requirements: http:/ /www.dibk.no/globalassets /byegeregler

/regulations on technical reguirements for b
uilding works. pdf

Experiences/ Design phase showed that few measures with very little extra cost would make the

lessons learned:

building go from the minimum requirements for new buildings (EPC rating C)toa B
rating. The developer and future tenant is an important provider of technical
building systems, especially ventilation, and thus wanted the building to be an
example of their best solutions. Decision was then made to build according to the
Morwegian passive house standard or even better. After one year in use it is clear
that optimising pumps and having a more efficient and better controlled lighting
system would improve the measured energy use, which is somewhat above the
calculated amount. The roof is prepared for installation of solar collectors and/or
PV and these might be installed in the future. A contractor responsible for all
maintenance and optimisation of the technical system gives good results.

Costs: Construction cost: 225 million MOK (27.5 million €).
Calculated to be 8 million NOK (977,000 €, 72 €/m?) more expensive than the
minimum reguirements. The extra investment will be paid back within 5 years of
operation.

Funding: 4 million HOK (489,000 €) in support from the national support scheme for very
energy efficient new buildings (EMOVA).

Marketing efforts: | Developer is now tenant.

Awards: BREEAM-HOR "Very good'

Links to further http: / /miljohuset-gk.no

information:

2.6.17 Poland
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4.17.1 House in Oraczewice

Author(s): Krzysztof Kasperkiewicz, Building Research Institute (ITB)
Design Office - ap15 architektura pasywna
Architects: Aleksandra Pozniak-Wotodzko, Marcin Sienkowski

Illustration: s o YN

Project aim: Cheap for investments, environmentally friendly and energy-efficient single-family
building.

Building address: | Oraczewice 73-200, community Choszczno, West Pomerania Voivodship

Building type: Residential Non-residential | Public New Renovated

X X

Single-family house

Building size:

84 m? net floor area

Building envelope
construction:

Wooden roof with 30 cm of rock wool, lime sandstone wall with 15 cm of graphite
embedded Styrofoam, typical windows with double glazing, ground slab with 15 cm
of XPS

Building envelope
U-values:

Wall 0.205 W/m3.K

Window 1.3 W/m2.K

Roof /ceiling to the attic 0.151 W/m3.K

Cellar ceiling/ground slab | 0.213 W/m2.K

Building service
systems:

Wood fireplace with closed combustion chamber.

DHW: Large, highly insulated hot water tank heated in winter by a water jacket in
the fireplace, in the summer by solar collectors.

Ventilation system with highly efficient heat recovery 95% - Individual design.

Included
renewable energy
technologies:

Solar thermal collectors and wood fireplace.
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Final energy use:

Calculated | X Calculation method: | Hational monthly method
Measured Monitored in year: -
Heating 46.60 KWh/m?_year
Dthers 5%
Hot water 39.49 KWh/m?.year
Cooling 0.00 kWh/m?2.year

Ventilation

incl. in heating

Electrical appli-

unknown

Hot water Heating +

ances (household 43% ventilation
electricity) 51%
Others 4,77 KWh/m?.year
Total 90.86 KWh/m?.year

Primary energy Biomass 17.22 kWh/m?.year | Primary energy factor: 0.2

use: Electricity 14.32 kWh/m2.year | Primary energy factor: 3
Total 31.54 kWh/m?.year

Renewable energy
contribution ratio:

27% (solar thermal

collectors as part of the total final energy)

lessons learned:

Improvement T78% Compared to: | Polish Building Regulations WT 2008
compared to {Maximum primary energy use:
national 146.13 kWh/m?.year).
requirements:

Experiences/ The building has not yet been finished.

Awards:

The winning project in a competition for Model Polish Ecological House organised by

Polish Technical Publishing MURATOR. SA in 2011,

Links to further
information:

www.ap15.pl

2.6.18 Portugal
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4.18.1 SOLAR XXI

Author(s): Helder Gongalves, Laura Aelenei, Susana Camelo, LNEG (UEE-Energy Efficiency Unit)

Illustration:

Project aim: Solar XXI building aimed at an energy performance that is 10 times better than a
standard Portuguese office building. From the NZEB goal perspective, the building
may be currently considered a ‘plus (electric) energy building’ and a NZEB in terms
of the overall building energy consumption.

Building address: Paco do Lumiar 22, 1648-038, Lisbon, Portugal

Building type: Residential Non-residential | Public New Renovated

X X
Office building

Building size: 1,200 m?, heated area/net floor area

Building envelope | The whole building has external insulation, so that the influence of the thermal

construction: bridges was reduced significantly while the building thermal inertia was preserved.

The building has external walls made of 22 cm brick and an external thermal
insulation composite system (ETICS) of 6 cm, a concrete roof with 10 cm insulation
on top, a ground slab with 10 cm expanded polystyrene insulation and transparent
double glazing.

Building envelope
U-values:

Wall 0.54 W/m2.K

Window 4.5 W/m?.K

Roof /ceiling to the attic 0.26 W/m2.K

Cellar ceiling/ground slab | 0.80 W/m3.K

Thermal bridges 0.55 W/m2.K (related to area of columns and beams)

Building service
systems:

Solar XXI building’s main fagade (south oriented) is covered by windows and PV
modules in equivalent proportions. The glazed area (~ 46% of the south facade and
12% of the conditioned floor area) interacts directly with the permanently occupied
office rooms by collecting direct solar energy and providing heat and natural light.
The building has no active cooling system. A set of efficient measures and strategies
contributes to diminishing the building cooling loads. Adjustable Venetian blinds
have been placed outside the glazing to limit direct solar gains, a ground cooling
system provides incoming pre-cooled air into the building using the earth as a
cooling source. Natural ventilation is provided due to cross winds and stack effect
via openings in the facade and roof level. A solar thermal collector system on the
roof of the building is used for space heating with a storage system in the basement.
This system is assisted by a natural gas boiler in periods without sun.
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Included
renewable energy
technologies:

The building integrated combined PV and solar thermal (PV-T) system on the south
facade contributes to the improvement of the indoor climate during the heating
season during daytime hours, when the heat released in the process of converting
solar radiation into power is successfully recovered. Two other PV systems are
installed in the car park near the building. A solar thermal collector system is
installed on the roof of the building for space heating purposes. The supply air is
pre-cooled by the use of buried pipes.

Final energy use: | Calculated Calculation method: Dynamic simulation: EnergyPlus
Measured X Monitored in year: 2011
Heating (gas) 12 kWh/m?.year (calc.)
Hot water incl. in heating
Solar thermal -5 kWhi/m?2.year (calc.)
system
Cooling 0 kWh/m?.year
Ventilation included in electrical
Lighting appliances
Electrical 30 kWh/m?.year Electrical
appliances (total e
orid electricity)
PV generation -32 KWh/m?®.year
(fed-in)
Total 5 kWh/m?2.year
Electricity surplus | -2 kWh/m?2.year
Primary energy Gas 12 kWh/m?.year (calc.) | Primary energy factor: 1
use: Solar thermal -5 kWh/m2.year (calc.) | Primary energy factor: 1
system
Total electricity 75 kWh/m?.year Primary energy factor: 2.5
(from the grid)
PV generation -80 KWh/m?®.year Primary energy factor: 2.5
(fed-in)
Total 2 kWh/m?.year
Electricity surplus | -5 kWh/m?2.year
Renewable energy | 88% of the total final energy
contribution ratio: | (106% of the electricity use)
Improvement 90% Compared to: | Primary energy coefficient of the reference
compared to office building: 30 kg,./m?.year
national This building has 2.8 kg,./m?.year
requirements: (kg..: ke oil equivalent)

Experiences/
lessons learned:

Solar Building X1 has been fulfilling its mission through pedagogy, demonstration
and dissemination, focused on the performance of thermal and energy efficiency
using passive systems and renewable energy systems integration, its operation and
results. There was always the underlying intention of constructing an office building
for the laboratory with demonstration activities related to energy efficiency and
renewable energy integration, and research in these areas.

Costs: Total cost (including taxes) 800 €/m?*

Funding: Design and construction of the building with the support of: EU/FEDER, PRIME
programme.

Awards: EDP Award: Electricity and Environment. The Solar X¥| building is the absolute
winner in the category of service buildings.
European Award: Building-Integrated Solar Technology 2008. Solar XX is within the
first 5, among 40 projects in & countries, having been awarded third place.

Links to further http:/ fwww. Ines. pt/ download /4079 /BrochuraSolark¥l MaioZ2010. pdf

information: http: / fwww.rehva.eu/ publications-and-resources/ hvac-journal/ 20127032012 / solar-

wi-a-portusuese-office-buildine-towards-net-zero-enerey-building / 7L=0
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2.6.19 Sweden
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4.19.1 Védla Gard

Author(s): Ase Togerd, Skanska Sverige AB, ase.togero@skanska.se

Per Kempe, Projektengagemang AB / Skanska Installation AB
Illustration:

e S
_ A\ TR byt S - "t i ™ 1"-' 5 . ’

Project aim: Net Zero Energy balance excluding tenant load (operational electricity).

No hazardous substances in building materials. No construction waste to landfill.

LEED: Platina (highest level)
Building address: Kanongatan 100A, 254 67 Helsingborg
Building type: Residential Non-residential | Public New Renovated

X X
Office building

Building size:

1,750 m? heated indoor area

Building envelope
construction:

Walls: 120 mm concrete, 200 mm Graphite EPS + 95 mm mineral wool and wooden
panels as cladding. Roof: double pitched with glued laminated timber beam
constructions, 520 mm mineral wool. Ground slab: concrete with 350 mm EPS.
Windows: triple glazed lowE with argon filling. The gables have solar shading made
of perforated weathering steel with a pattern of trees.

Building envelope
U-values:

Wall 0.11 W/m2.K
Window 0.90 W/m2.K
Roof /ceiling to the attic 0.08 - 0.10 W/m2.K
Cellar ceiling/ground slab | 0.08 W/m3.K
Glazed entrance 1.00 W/m2.K

Building service
systems:

The office building has a Demand-Controlled Ventilation (DCV) system, which is
controlled by the presence, temperature and CO, in the conference rooms.
The building has a radiator system with a ground source heat pump and free cooling
from the ground source system to the cooling coils in the air handling units.
The lighting system consists of energy-efficient light fixtures, which can be dimmed
and controlled by presence and daylight. To minimise operational electricity, the
main part of the electrical outlets are turned off when the alarm is switched on.
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Included
renewable energy
technologies:

450 m* of PV panels mounted on the southwest slope of the pitched roofs. Peak
power of the PV panels is 71 kW, and the power generation is 66,678 l\Wh/year.
Heating and DHW are produced by an oversized ground source heat pump system

with 22 bore holes that are 180 m deep that also provide cooling.

Final energy use:

Calculated Calculation method: | IDAICE 4

Measured X Monitored in year: 2013/2014

Heating 13.7 kWh/m?=.year

Hot water 0.2 kwh/m?.year ——
Cooling 0.4 kwhs/mz.year %

Ventilation (fans)

2.4 kwh/m?.year

Lighting

incl. in electrical

appliances Etectrical —
Electrical 25.4 kWh/mz.year Paon Scolig
appliance&i 'I.I'EHHIIH::
Total 42.1 kwh/m=.year B%
PV power gener. | 38.1 KWh/m®.year

thereof self-used

15.6 kWh/m*.year

thereof fed-in

22.5 kWh/m®.year

Electricity from
erid

26.5 kWh/m*.year

Primary energy
use:

Electricity from
erid

66.3 KWh/m®.year

Primary energy factor: 2.5

Electricity fed-in

56.3 KWh/m?*.year

Primary energy factor: 2.5

Total

10,0 KWh/m?*.year

Renewable energy
contribution ratio:

90% of total final energy

Improvement
compared to
national
requirements:

BO% Compared to: 55 kWh/m?.year (Swedish national
building code for electrically heated
buildings)

Specific energy use = Building energy
(electr.) - PV power generation that can
be used the same hour:

16.7 - 5.7 = 11.0 kWh/m?.year

Experiences/
lessons learned:

Lessons learned are the importance of early involvement from energy experts and
an overall energy plan for implementation, control, follow-up and optimisation.
Meetings with the facility manager to check the energy status are essential for
finding faulty components, etc. From an economic point of view, Vila Gard is good
business for Skanska, resulting in lower rental cost compared to the previous older
office in Helsingborg. It has raised people's awareness of NZEBs, providing
experiences and inspiration to develop and construct other Deep Green buildings.

Costs:

Total cost excluding land: 4,360,000 €, or 2,450 €/m?2.

Extra cost for materials, installations, working hours (consultants, advisors and
builders) and PV-panels: 245 €/m?* (10%). Grants are included for PV-panels and
follow-up measurements. Extra costs without grants: 300 €/m? (12%)

Funding:

State financed grant for PV panels: 79,000 €, funding from Lagan (state-financed
support for very low energy buildings) for follow-up of energy system.

Marketing efforts:

Approximately 150 site wvisits, and 80 external presentations during 2 vyears.
Marketed as a ‘Sustainability Case Study' at Skanska AB that provides many facts for
web visitors. Two papers published in scientific magazines, 78 media articles written
about Vila Gard.

Awards:

Skane Solar Award 2013, The great Solar Energy Award 2013, by the Swedish
Association for Solar Energy, Sweden Green Building Award 2013 in the category
‘Best Green Building' (in total) and 'Best building according to LEED'

Links to further
information:

http:/ f'www.skanska-sustainability-case-studies.com/Vala-Gard-Sweden
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4.19.2 Single-family house in Vallda Heberg passive house
residential area

Author(s):

Elsa Fahlén, NCC Construction
Julia Ostberg, Hakan Jimmefors

Ilustration:

© Elin Bennewitz/Byggindustrin

Project aim:

To build a residential area with different types of premises with focus on energy
efficiency from planning to operation. All buildings will be certified as passive
houses according to the Swedish standard. The goal is that 40% of the energy for
heating and hot water will be supplied by solar energy from a local district-heating
system.

Building address: Guldvingevagen, 434 90 Vallda, Sweden
Building type: Residential Non-residential | Public New Renovated
X X

Single-family house

Building size:

140 m? living area

Building envelope
construction:

The external walls are load-bearing timber stud walls with 195 + 95 mm mineral
wool insulation, facade board, 80 mm glass wool insulation, air gap and timber
facade clothing. The roof structure is a cold attic with timber roof trusses and 600
mm blowing wool. There are triple glass windows filled with argon.

Building envelope
U-values:

Wall 0.106 W/m2.K

Window 0.70 W/mz.K

Roof /ceiling to the attic 0.066 W/m2.K

Cellar ceiling/ground slab | 0.08 W/m=.K

Doors 0.80 W/mz.K

Building service
systems:

All the dwellings in Vallda Heberg are equipped with a supply and exhaust air
ventilation system with a rotating heat exchanger and a heating element. There is a
circulating hot water system inside the building which is used for both hot tap water
and space heating. There is additional comfort heating in the bathroom floor, which
is also connected to the hot water circulation system.

Included
renewable energy
technologies:

The energy for heating and hot water in all the premises in the area consists of 100%
renewable energy from a local district heating system. 40% of the energy of this
system comes from solar thermal collectors located at substations in the area and
the remaining 60% comes from a central pellet boiler. According to the residents’
contract, the residents were offered to buy electricity from wind power according
to their use of electricity.
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Final energy use: | Calculated Calculation method:
Measured X Monitored in year: 2013
Heating 33.0 KWh/m=.year Ventilation
Hot water 17.6 KWh/m?.year
Cooling 0.0 kWh/m?.year
Ventilation 5.1 kWh/m?.year
Lighting unknown Hot wates
Electrical  appli- | unknown %
ances (household Mo ?
electricity)
Total 55.7 KWh/m?.year
Primary energy Solar energy 0.0 KWh/m?.year Primary energy factor: 0
e Biofuel 30.4 kWh/m?.year Primary energy factor: 1
Wind energy 0.0 kKWh/m?.year Primary energy factor: 0
Total 30.4 KWh/m?.year
Renewable energy | 100% of the total final energy
contribution ratio:
Improvement 51% Compared to: | The Mational Board of Housing (BBR)
compared to Maximum specific enargy use is
national 110 kwh/m*.year for this region in Sweden,
requirements: according to BBR18 requirements.
Experiences/ The measured energy performance is very close to and even better than the

lessons learned:

expected energy performance. According to a guestionnaire survey, the residents
are very satisfied with the indoor climate.

Costs: The costs for the passive house design are approximately 10% higher than for the
standard design.

Funding: Subsidies of 21-23% of the investment costs for solar collectors located at
substations in the area. Financial support to evaluate the passive house residential
area within a LAGAN demonstration project (a Swedish programme for building
having very low-energy use). Additional financial support from SBUF (the Swedish
construction industry’s organisation for research and development).

Marketing efforts: | Study visits, presentations at conferences, articles, etc.

Awards: Mominated to the construction project of the year in Sweden, ‘Arets bygge’ 2013.

Links to further http:/ f'www.nce.sel/en/

information: http:/ fwww.eksta.se/ pages.aspxdr_id=39985

http:/ fwww.laganbyes.se/UserFiles/Presentations/ 36._Session_10_E.Fahlen. pdf

2.6.20 United Kingdom
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4.20.1 University of East London, Stratford New Library, London

Author(s): Lionel Delorme, Cornelius Kelleher, AECOM
Illustration:
Project aim: The aim of the project was to provide modern library facilities for the students of
the university. The building has achieved a design stage BREEAM Excellent (Higher
Education 2008).
Building address: | Stratford Library and Learning Centre, University of East London, Romford Road,
London, E15 4LZ
Building type: Residential Non-residential | Public New Renovated
X X
(students
access only)
University library

Building size:

3,847 m? of total useful floor area

Building envelope
construction:

The roof is a well-insulated concrete slab; there are two wall types: insulated brick
cavity wall and an insulated glazed spandrel curtain wall. The air permeability
certificate was received (based on in-situ testing) and the building achieved an air
permeability of 2.9 m*/h per m? at 50 Pa. The building has a high thermal mass. A
combination of windows and roof lights are used to provide daylighting, and there is
also a PV array on the roof.

Building envelope
U-values:

Wall 0.24-1.5 W/ mz.K

Window 1.5-1.88 W/m=.K

Roof/ceiling to the attic 0.17 W/m2.K

Cellar ceiling/ground slab | 0.16 W/m2.K

Building service
systems:

The building is heated at the perimeter by Low Temperature Hot Water (LTHW) via
radiators, trench heaters or finned tubes in the wall, fed from a gas boiler.

Four Air Handling Units (AHUs) supply the ventilation and cooling system for the vast
majority of the building via a Variable Air Volume (VAV) system. The systems include
heat recovery and use demand control via CO, sensors, and provide cooling for the
majority of the year.

Included
renewable energy
technologies:

On the roof of the building, there is a PV array (409.7 m?). It is expected to produce
12.21 kWh/m? (floor area) per year.
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Final energy use:

Calculated | X

Calculation method:

Part L calculation method

Measured

Monitored in year:

Heating (gas) 8.15 kWh/m?.year Heating
l||"
Hot water (gas) 9.50 kK'Wh/m?.year e e % Hm;;fter
Cooling 2.54 kWh/m?.year | appliances
= i : _ 31% Cooling

Ventilation incl. in auxiliary 2%

Auxdliary (fans 23.94 KWh/m?.year

and pumps)

Lighting 30,06 KWh/m2.year ﬂ“;;';:fr

Electrical 33.85 kWh/m2.year

appliances

(unregulated) Lighting

Total 108.04 kWh/m?.year 2%
Primary energy Hatural gas 18 kWh/m2.year Primary energy factor: 1.02 -> Hational
use: Calculation Method {HCM)

Grid electricity

265 kWh/m?2.year

Primary energy factor: 2.92 -> Hational

Calculation Method {HCM)

PV electricity

-36 KWh/m=.year

Primary energy factor: -2.92 -> Hational

Calculation Method {HCM)

Total

247 kWhim? . year

Renewable energy
contribution ratio:

The PV array is expected to produce 12.21 kWh/m?.year, equivalent to 35.65
k'Wh/m?.year of primary energy. This represents 14.4% of the total primary energy
demand of 248 kWh/m?.year.

Compared to the total (regulated) final energy, the ratio is 16.5%.

Improvement 31.3% Compared to: | Target CO; emission rate for the notional
compared to building.

national

requirements:

Experiences/ The library is currently taking part in the Soft Landing programme. This has

lessons learned:

identified a calibration issue with the energy meters which is being rectified.

Costs:

Total project cost was £14 million.,

Funding: Unknown, assumed to be mixed from University and other sources.
Marketing efforts: | Press releases
Awiards: Civic Trust Awards 2014 Hational/ International Finals

The building has achieved a design stage BREEAM Excellent (Higher Education 2008).

Links to further
information:

http: / fwww. uel.ac. uk/ news/ press-releases/2014/03/ stratpctadwards. htm
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OPOAOTITA

. Evépyera: OAeg o1 LOPPEG EVEPYEIOKADV TPOIOVIMV, TAL KAVGULO, 1| OEpuodTNTO, 1 OVOVEDGIUN

EVEPYELD, O NAEKTPIGUOC 1 OTOLOONTOTE GAAY LOPON EVEPYELNG,

. Kotavérhoon npotoyevovg evépyelog: 1 okoBAplotn  €0MTEPIKY  KATAVAA®ON,
eEQPOVUEVOV TOV [N EVEPYELOKADV YPTCEWV.

TeMkn KoTavaA®GN evéPyelac: OAN 1 evépyeld mOL TopEyeTonl ot Propnyavic, Tig
LETAPOPEG, TOL VOIKOKVPLY, TIG VANPESieg kot T yempyio. EEapovvtal ot mapaddcels otov
TONED TNG UETOTPOTNG TNG €VEPYEWG Kol ot dteg ot Propnyovieg evepyelakdv
dpaCTNPIOTNHTOV.

. Evepyswoxi am0d061: 0 L0Y0g TG EKPONG EMOOGEMV, VINPECIDOV, AyoddV 1| EVEPYELNG TPOG
TNV ELGPOT| EVEPYELQG.

. EEowkovopnon evépyerog: mocdtTa £0IKOVOLOVUEVNC EVEPYELAS, 1 omoia Tpoodtopiletal
pe ) pETPMom N/KoL ToV KT  EKTIUNGT VITOAOYIGUO TG KATOVIAMONG TPV Kot UETE TNV
vAomoinom &vog HETPOL BeATiOoNG NG EVEPYELOKNG OO0, LE TAVTOYPOVN EEQCOAAION
NG 6TafePOTNTOG TOV EEMTEPIKMY GLVONKAOV TOV EMNPEALOVV TNV EVEPYELNKT] KATAVAA®GON.

. Bektioon g evepyswokng amédoons: ovénom NG EVEPYENKNG amOO0oNS AOY®
TEYVOLOYIKDOV OAAAYDV, OAALOYDV GTN COUTEPLUPOPE 1/KOL OTKOVOLIK®Y OAALYDV.

. Evepyswoxi] vanpecia: 10 puoikd OQEAOC, 1 XPNOYWOTNTO 1] TO TAEOVEKTIIO TOV TPOKVITTEL
00 TO GLUVOLOCUO EVEPYEWG LE EVEPYELOKE AmOdOTIKN TEXVOAOYiM 1 pe dpdom 1M omoio
pmopetl va mepthapfavel Tig epyacies, v gykatdotoot, Asttovpyio, GuVINPNON Kot EAEYYO
TOV OTOLTOVVTOL Y10 TNV TOPOYN TNG LANPESiag avTthg, Pacel cuppdoemg Kot 1 omoia VLo
KOVOVIKEG ouvOnkeg €xel amodeiEel 0Tt odnyel o€ emaAnBedoyn kot peETpNoUn M
EKTIUOUEVN PeATiOoN TG EVEPYEWKNG amAO00oNG M 0 €EOIKOVOUNCT TPMOTOYEVOLS
EVEPYELOG.

. Anpoocror @opeig: o «avabétovoeg apyés, Ommg opilovral 6to dpbpo 2 tov m.5. 60/2007
(A’64) pe 10 omoio mpooapudotTnKe M eAMNVIK) vopobBesio otig dwtdéelg e Odmyiag
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10.

11.

12.

13.

14.

15.

16.

2004/18/EK tov Evpomaikodv Kowofoviiov kot tov Zvpfoviiov g 31ng Maptiov 2004
(EE L 134 ¢ 30.4.2015), 6mwg tpomtortomOnke pe v Odnyia 2005/51/ EK (EE L 257 g
1.10.2005) kou tnv Odnyia 2005/75/EK (EE L 323 g 9.12.2005).

Kevtpwkn] onpdéoa o10iknon: OLeg ot SOIKNTIKEG VINPEGIEG TOV omoimv 1 apuodidtnTa
EKTEIVETOL GE OAOKAN PN TNV EMKPATELD.

YUVOMKO @@EéMpo gpPadov 6amEdov: to UPadOV TV OamEd®MV KTIPIov 1 HEPOVS KTIPiov
O0TO OMOI0 YPMNOIUOTOLEITOL EVEPYELD Yo TN POOMON TOV KAMUATIKOV GLVONKOV 610

EC0MTEPIKO TOV.

XOoTNNo. EVEPYELOKIG OLayEIipIoNS: TO GUVOLO TV OAANAEVIET®V 1 OAANAETOPOVT®V
oTo iV VO oYediov oL BETEL GTOYO EVEPYELNKTG ATASOOTG Kot YOUPAGGEL TN GTPATN YK

emitevéng Tov v AOY® GTOYOVL.

Evponaiké wpoétvmo: mpotuvmo 10 omoio ekdideton amd v Evpomndaikny Emitponn
Tvnomoinong, v Evpomnaiky Empony HAiektpoteyvikng Tvmomoinong 1 to Evpomaiko
Ivotitovto Tvmomoinong otov topéa tv Tniemuowvovidv kot drotifetar mpog dnpodcla

xprom.

AeBvéc mpoTomo: mpdtumo 10 omoio €xel ekdobel amd o AeBv) Opyaviopd Tvmomoinong

Kot dtatifeTal 6To KOWO.

Ynoypeo pépog: dwovoucag evépyslog M emyeipnon MovVIKNG TOANGONG EVEPYEWNG TTOV
deopevetal and to kofeotdto EMPOANG NG LIOYPEWONG EVEPYEWKNG OMOOOCNG TOV
avagépovtol 6to apbpo 9.

E&ovor000tn0év pépog: voukd mpoécwno oto omoio £xel avaredel amd v Kvpépvnon 1
and dAlo omuoclo  @opéa, efovoia  avamTuéng, Olaxeipiong M Aettovpyiog  €vog
YPNUATOSOTIKOD TTPOYpappotog €& ovopatog g KuBépvnong 1 tov GAlov dnpodciov gopéa.

YOUPETELOV NEPOG: EMLEipNON N ONUOCIOG POPLNG TOV OEGUEVETOL VAL EMLTVYEL OPIGUEVOVG
otoyovg Pdoet ebehovtikng cvppoviag 1 KoAvmtetol amd €Bvikd KOVOVIOTIKO HECO

TOATIKNG.
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17.

18.

19.

20.

21.

22.

23.

Anpocro apynq empoiis: @opéag o omoiog diémetal amd to ONUOGIO dlkowo Kot eival
vrevBuvog Yoo TNV EMPOAN N TNV TOPAKOAOVONGN TS POPOAOYNONG TNG EVEPYELNG N TOV
dvBpaka, TOV YPNUATOOOTIKOV KOOECTOTOV Kol HEC®V, TOV (QPOPOAOYIKAOV KIVATPOV,
TPOTUTMV Kol KAVOVOV, TOV KOOECTOTOV EVEPYELNKNG ONLOVONG, TNG EKTAIOELONG N TNG
KOTAPTIONG,.

M£Tpo TOMTIKIG: KAVOVICTIKO, YPNUOTOO0TIKO, ONLOGIOVOULKO, €0EAOVTIKO 1 EVUEPOTIKO
Héco, 10 omoio Ompovpyel €va LIOGTNPIKTIKO TAOIGLO0, amaitnon M KiviTpo Yio TOvg
TOPAYOVTES TNG AYOPES, MOTE VO TOPEXOVV KOL VO AyOpALOVY EVEPYELNKEG VITNPEGIES Ko vaL
avaAapBavouv dAha PHETPa Yoo T PeATiOoN TG EVEPYELOKNG 0mdO0GTC.

Empépovg dpdon: dpdon n omoia odnyel oe PEATIOOELS TG EVEPYELOKNG OTASOOTG TOL
pumopovv va eraAnfevtovy Kot va petpnfovv 1 va extiunfovv Kot  onoia wpaypotomoleiton
OG ATOTEAEGILO LETPOV TTOATIKY|G.

Alavopéag evEPYELNG: PLGIKO 1 VOUIKO TPOGMOTO, GUUTEPIAAUPOVOLEVOL TOL JLOXEPIOTN
SKTVOV dravopn|g mov givat VIEHOLVO Yo TN HETAPOPA EVEPYELNS, e oKOTO TN d1dbeon Tng
0€ TEMKOVG KATOVOAMTEG Kol OTOOUOVS OlVOUNG MOV TOAOVV EVEPYELL OE TEMKOVG
KOTOVOAWOTES.

ALY EPLOTAS GUOTHNATOS OLEVOUNG: O «OLOYEPLOTNG OIKTVOL dtavoung» Ommg opiletat
omv mepintwon ot ¢ map. 1 tov dpbpov 2 tov v. 4001/2011 (A" 179) pe tov omoio
evoopatodnkav oty ednvikn vopobesio ot dwatdEelg g Oonylag 2009/72/EK tov
Evponaikod KowvofovAiov kot tov ZvpPoviiov g 13ng Ioviiov 2009 (EE L 211 g
14.8.2009) xar g Odnyiog 2009/73/EK 100 Evpomaikov KotwvofovAiov kot tov
Zvupoviiov g 13™ Iovriov 2009 (EE L 211 tng 14.8.2009).

Emysipnon Movikig TOANONS EVEPYEWNS: TO QULGIKO N VOMIKO TPOCHOTO 7OV TMAEL
EVEPYELD OE TEMKOVS KOTAVAAMTEC.

TeMkoc KaTavaloTig: KAOE PUOIKO 1] VOUIKO TPOGMOTO TOL KATOVUAMVEL EVEPYELD Y1 O1KN
TOV TEAKN (PON.
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24,

25.

26.

217.

28.7

29.

I[apoyog evePYELIKAOV VTNPEGLAV: TO PVGIKO 1] VOUIKO TPOCMTTO TOL TOPEYEL EVEPYELNKEG
VINPEGIEC N Kot GAAG PETPO PEATIOONG TNG EVEPYEWONKNG OOO00NG O EYKOTOGTAGELS 1)
KTIPLO TEMKOV KOTOVOADTOV.

Evepyelokog £heyyog: n GUGTNUOTIKY O1UOTKAGIO LLE GKOTO TNV OTOKTNOT) EMOPKOVG YVMOGTG
TOV VPIGTALEVOV GUVOAOD YOPOUKTNPIGTIKOV EVEPYEINKNG KOTAVAAW®GONG EVOS KTIpiov 1 piog
opadog Ktipiov, piog Brounyavikng 1 EUTOPIKNG dpacTnpOTNTOG 1 EYKATAGTOONS, KOOMG
Kol WOTIKOV 1 ONUOCIOV VINPESIOVY, He TNV omoia evtomilovtal kot mpocdiopiloviot
TOGOTIKA Ol OIKOVOUIK®OG OTOOOTIKES SUVATOTNTEG £E0IKOVOUNGONG EVEPYELNG, KOl UE TNV
omoio cuvTaooeToL £KOECT AMOTEAECUATOV.

Mukpéc ko peoaieg emyeipiosig 1 MME: enyeprosg 6mwg opiloviar otov titho I tov
[Mopaptiuatog e ovotaong 2003/361/EK g Emtpomng g 6ng Maiov 2003 oyetikd pe
TOV OPIGHO TOV TOAD HKPAV, TOV UIKP®OV Kol Tov pecaiov emyspnoewv (EE L 124 tng
20.5.2003), cObppmva pe tov omoio 1m KOTyopio TV TOAD HIKPAV, UIKPOV Kol HECAIOV
amoTeAElTOL OO EMYEPNCELS TOL ATAGYKOAOVV AryOTEPOLS amd 250 epyalopévoug Kot TV
omoimV 0 €TNO10¢ KUKAOG £pyaciav dgv vrepPaivel ta 50 eKaToppLPLO EVPAD 1| TO GLVOAO

TOV £T1GLOL IGOAOYIGHOV Ogv vIepPaivet Ta 43 eKaTopUDPLO EVPD.

Xoppaocn evepyswokng amédoons: copPotikn cvpeovio mov KotaptileTor PETOED TOL
OKOLOVYOL KOl TOL TOPOYOV EVEPYEWNKAV VINPECUDY, 1 omoio emaAnBedeton Kot
nopakorovBeitar ko’ OAn 1 Oodpkel 10xvoG TS ovUPacns, 6to TAAICO TNG Omoiog
TPOYLOTOTOOVVTOL TANPOUES Yo €nevOVoels (€pyo, mpounbeto 1 vanpecia) yoo pétpa
BeAtimong g evepyslokng amddoons, o1 omoieg ocvvofovtor pHE Eva CUUPOATIKOG
ocvpuemvNBéy enimedo PeAtimong g evepYELOKNG 0mdGO0oNG 1 LE AALO CLUP®YNBEY KpPLTH PO
EVEPYELONKNG ATOOOGNG, OTTMG 1 EE0TKOVOUNOT XPNLATOV.

E&unvo cvetnpa pétpnong 1 ev@ués Vot PETPNONG: NAEKTPOVIKO GUGTNILO TO OO0
elval wovo var HETpd TNV KOTAVOAMOT EVEPYELNS, TOPEXOVTOS TEPLOGOTEPES TANPOPOPIES
and éva ocvpPotikd petpnT) Kot elvol wkavo vo petadidel kot vo AauPdvel dedopéva
YPNOLUOTOIDVTOS LOPPOTVTTO NAEKTPOVIKTG EMKOVOVING.

ALYEPLOTAS GLOTNNOTOS HETAPOPAS: O «OYXEPIOTNG GLOTNUOTOS EVEPYELNG) OTMG
opiletan otV mepintwon € ¢ mop. 1 Tov apbpov 2 Tov v. 4001/2011.
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30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

TOUTOPay®YN: 1 TOVTOXPOVT TOPAY®Y] OEPUIKNG Kol NAEKTPIKNAG 1| UNYXOVIKNG EVEPYELNG
070 TAaic1o piog pdvo dladtkaciog.

Owovopka dwaroroynpévny Oftnen: n {\non mov dev vepPaivet Tig avaykeg OEppavong
N Yoéng Kot 1 omoia S1opopeTiKa Bo tkavomolobvtay, GOUEMVA LLE TIG GUVONKES TG ayopd,
ne Slodikacieg mopaymyNG EVEPYELNG SLOPOPETIKES OO T CLUTAPAYDY.

Qeéhpn Oeppotnro: Oeppdtro mTov TOPdyETOl 6TO TAAICIO SLUOIKAGING GUUTAPUYMYNG,
TPOKEUEVOD VOl IKOVOTIOINGEL Iio OIKOVOLIKE dukatoroynuévn {nnon yia 6éppaven 1 yosn.

Hlextpuci] evépyero amd copmapay®yn: 1 NAEKTPIKN EVEPYELN TOL TAPAYETOL GTO TAAIGLO
piog 01otKaciog GUVOEOUEVG LE TNV TOPay®Y] OEEAUNG BepprotnTog Kot vroloyiletar,

ocvuewva pe 1 pebodoroyio mov meprypapetar oto [apdaptnpua l.

Toumapoy®yn VYNANS amédoons: 1 CLUTAPOY®Y MOV TANPOL TO KPLTHPLO TOL
[Mopapmpatog 1.
OMkog BaBpog amddoons: o AOYOG NG ETNCLOC TOGOTNTAG TOPOUYOUEVNG NAEKTPIKNG KOl

UNYOVIKNAG  EVEPYELDG KOU TOPAYOUEVNG OQEAUNG OepuOTNTOS TPOG TO  EVEPYELNKO
TEPLEYOUEVO TOV KAVGIL®V OV YPNGIULOTOOVVTAL, Yoo TV Topaywyn Oepudtmrog oto
TAaic10 Sladkaciog coUTaPAY®YNGS, KAOMS Kol Yo TV aKafdploTn Tapaymyn NAEKTPIKNG
KOIL UNYOVIKNG EVEPYELG.

A0Y0g NAeKTPIKNG EVEPYELOS TTPOS OePUOTNTA: O AOYOG TNG MAEKTPIKNG €vEPYELNG Omd
oLUTOPAY®YN TPOS TNV O@EMUN  Oeppotnrta, VWO  TANPN  KATAGTAOT  AEITOLPYIOG
CUUTOPOUYDYNG, LE YPNOT| TOV AEITOVPYIKMV OEOOUEVOV TNG GVYKEKPUEVNG LOVADAGC.

Movédo copmapay®yfns: Lovada Tov UTopel va AEITOVPYEL WG LOVAOX GLUTAPOYMOYTG.

Movéddo copmapaymyng PKPNS KMPOKOS: 1 HOVAOX GUUTAPUY®YNG HE EYKATECTNUEVN
NAEKTPIKN oY1 pikpdTepN amod Eva peyaPar (1 MWe).

Movédo copmapay®yns mTord MKPNG KAIPOKOS: 1| LOVAON GLUTOPOY®YNG HE HEYIOTH
NAEKTPIKN 10Y0 pikpdtePN amd mevivto kihoPfat (50 kWe).
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40.

41.

42,

43.

44,

45,

YUvTEAEOTNG OOUNONS: O AOYOG TNG GUVOMKNG EMQAVELNG OOUNONG TPOG TO EUPadOV
O1KOTEOOV 1) YNTEAOL GE Uil GLYKEKPIULEVT TTEPLOYT).

AT000TIKO ocvoTnne TAEOEppaveng ko TMAEYOENG: ovotuo THAEOEpUavVONS Kot
TNAEYDENG TTOL ypMoLpoTotel TOLAGYIGTOV Teviva To1g ekatd (50%) avavemolun evépyela
elte mevivta toig ekatd (50%) amoppurttdpevn Bepuotra gite efdounvia mévie 101G EKOTO
(75%) ovumopayopevn Beppomnta eite cvvovaotkd mevivta tog ekotd (50%) amd Tig
TOPOTAV® LOPPEG BEPLOTNTOG KOl OVOVEDGIUNG EVEPYELNGS.

AmodoTtikn] Oéppavoen ko Yyoén: n emroyn B€ppovong Kot YyoEng 1 omoia, GLYKPIVOUEVT|
pe éva oevaplo Plong avtimpocORELTIKO NG cLVNOOLS JPACTNPLOTNTOS, LEUDVEL KOTE
TPOTO UETPNGLUO TN XPNOT TPOTOYEVOVG EVEPYELNG TOV GOLTEITOL YlOL TNV TTOPOy®YT| piog
LOVASOC TAPEYOUEVIG EVEPYELNG EVTOG TV 0PIV EVOC GUGTILOTOC KATA TPOTO OIKOVOUIKMG
amod0TIKO, COHP®VO e TNV a&LOAGYNON TNG AVAALGNG KOGTOUG - OPEAOVS TTOL AVOPEPETOL
oto apBpo 15, Aapupavoviag vmoyn v evépyela mov ypewaletor yuo v €€O6pvén, ™
LETATPOTY], TN LETOPOPA KO TI SLOVOuT).

AmodoTiK] atopiky] Oéppavon kol yoén: n emAoyn atopikng Bépuavong kot yoEng n
omoio, CLYKPIVOLEVT LE TNV OmOO0TIKY] TNAEBEPHOVOT Kot TNAEYHEN, HEUDVEL KaTO TPOTO
LETPNOIUO TN YPNON TPMOTOYEVOLS U] OVOVEDGIUNG EVEPYELNS TOL OTTOLTEITOL YlOL TNV
TOPUY®YN oG LOVASAS TaPEYOUEVNG EVEPYELNG EVTOG TV OPimV VOGS GLGTNUOTOC N OTOLTEL
™ ¥pNoM 101G TPMOTOYEVOUG WU OVOVEDGCIUNG EVEPYELNG, OAAL ME HKPOTEPO KOGTOC,
Aoppdvovtag voyn v evépyela mov ypeldletor yuoo v €£0pvEn, TN UETOTPOTM, TN
LLETAPOPE KOL TN dtovoun.

Ovowooetikn) avakaivien: avokoivion tng onoiog 10 k66Tog vIepPaivel T0 TEVIVTO TOIG
ex0t0 (50%) ToV KOGTOVG EMEVOLONG VEAG CLYKPIGIUNG LOVASOLG.

Dopiag CVYKEVTPMONG: TAPOYOG VANPESIOV GTOV Topén TG {NTNomg o omoiog cuvdvdlet
TOALOTAG Ppayeiog OIIPKELNS POPTIO KOTAVOAMTMOV TPOG TAOANCT N EKTAEIGTNPLOCUO GE
OPYOVOUEVEG AYOPEG EVEPYELOG.
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XYNTOMEYXEIX - APKTIKOAEZA — AKPQNYMIA

EE - Evponaiki "Evoon

AIIE - Avaveoowueg IInyéc Evépyetog
ZEB - Zero Energy Building

Nzeb - nearly Zero Energy Building

PF - Power Factor

ERPI - Electric Power Research Institute

NZEB - Net Zero Energy Building
ASHRAE - American Society of Heating Refrigerating and Air - conditioning Engineers

MEMS - Micro Electro Mechanical Systems
NEMS - Nano Electro Mechanical Systems
LED - Light Emitting Diode

OLED - Organic Light Emitting Diode

PLED - Polymer Light Emitting Diode
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