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[TPOAOT'OX

H mapovoa mruyiokn epyacia, £xel g OEpa Metdppaon omo ta ayyrikd aro eEAAnVviKa Kol
ayoiiaouog tov apbpov “Use of Renewable Energies for the Creation of Net Zero Carbon Emission
Residential Buildings in Northern Greece”, «Xpnon avavewoyung evEpyeLag yio. T oNuIovpYia.
OIKIOTIK®V KTIPIWV 0DOETEPOV 100{DYI0D d10ée1diov Tov avlpaka atnv Bopeio EALddoay, mov
onuoaievtyxe aro «Open Journal of Energy Efficiency» kot avadnpocievtnke and tov 16TOTomo

«Scientific Research Publishingy (https://www.scirp.org/journal/OJEE/) ka1 €xe1 cuvtoybei amd tov

kaOnynm lodvvn Bovpdodura. To Open Journal of Energy Efficiency (EEEE) eivat éva dmpedv
TEPLOOIKO TOV OMpoGIEvETOL KAOE TpiUNVOo Kol amoTeELE] ol TAATEOPLLOL Y10, EMLOTUOVES KO

QKOO ILOTKOVG VAL TOV KOGLO Y10, v, TPowO|covV, va. LolpacTovy Kot vo su{ntincoouvy o1dpopa
Bépato Ko eEeAiEelg oe OAOVG TOVG TOUELG GYETIKA LE TN EvePYELOKNG amddoong. Evd, to Scientific
Research Publishing (SCIRP) eivar évag amd Toug pLeyaldTepovg EKOOTEG TEPLOOIKMY OVOLKTNG
npdsPfaonc. Avtr T oTLyUn ONUOGIEVEL O1AOTKTLAKA TEPLoGdTEPA 0md 200 NAEKTPOVIKE TEPLOOKA
pe avolkt mpdsPact, Ta oroio KaAvTTouV Eva evpl dcua akadnuaikov khddwv. To SCIRP
eEumnpeTel TIC TAYKOCULIEG OKAONLLATKEG KOWVOTNTES Kol GUUPBAALEL GTNV TPOOJO KO TV EQAPLLOYY

NG EMOGTNUNG LLE TN ONUOGIELON TNG.
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MepiAnym

H avaykn avtipetdniong g ToyKOOHOG OTENG TNG KALLATIKNG dAAAYTG, £XEL
avENGEL TNV avnovyio LG Yo TG YPNOLLOTOIOVLEVES TNYEG EVEPYELAS, YEYOVOS
mov odnyel ot petdfacn amd to 0pLKTA KAOCUE OTIS QUMKEG TPOG TO
meparlov TNYEG evépyelog avEavovtag T ¥pNon avavedoiung evépyeloc. H
Evponaikn 'Evoon péco dSopdpmv odnyidv otoyedel oty oavénon g
Blroodémrog TV KTIpiov, HEWMVOVTOS TNV KATAVAA®GN EVEPYELNG, TN YPNON
OPLKTMOV KOVGCIH®V Kot TG eKTOUTEG dto&ediov tov AvOpoka. Xe avtd To
TAOIC10, Ylo. TNV KAALYT TOV EVEPYELONKMV OVAYKOV KOl TOV TEPLOPICUO TOV
avOPOKIKOD OTOTUAMUOTOS £XEL EpEVVNOEL 1 XPNOT AVAVEDGIUNG EVEPYELNS GE
Kktiplo  katowiwv ot Popewe. EAAGSa. H ypion tomkd Sabéoyung
OVOVEDGIUNG EVEPYELNG, CULUTEPIAAUBOVOUEVIG TNG MAKNAG EVEPYELNS, TG
otepeng Propalog kot g anwiecbeicog (mAeovalovoag) Oeppdmrag amd
otafUoVG MAEKTPOTOPAY®YNG, €xel mpoTabel Yo v kdAvyn OA®V ToOV
gvePYEIOKAV ovaykdv o€ évo omitt. Ot teyvoAoyieg TOLG Yo TOPAY®YN
OeplOTNTAG KOl MAEKTPIKNG EVEPYELNG €ival OVETTUYUEVEG, OEOMIOTEG KOl
owovopkd amodotikés. Ta amotedéopato £xovv Ogi&el OTL 1 GUVOLAGUEV
XPNON TOV TPOAVAPEPOUEVOV PIOCILOV TNYDOV EVEPYELNG UTOPEL VO, KOADYEL
OAEG TIG EVEPYELNKEG AVAYKEG TOV KTIPIOL, HEIDVOVTAG TIG EKTOUTEG Slo&eidion
TOV AvOpaKo TOV TPOKOAOVVTOL amd Tn ypnon evépyelng. To emevouTikd
K60TOg €vOg omtiov otig 150 m2 kvpoaiverar and 6200 € €wg 10.700 € 1
a6 41.33 éog 71.33 € ovd T.U. TG KOADUUEVNG EMPAVELOG TOV KTpiov, TO
omoio €ival oYeTIKd YOUNAO oe oxéomn He TO KOGTOG KATAOKELNG Tov. g &K
TOVTOV, 1| OMOLPYIC OIKIGTIKOV KTipiov pe undevikég ekmounés CO2, Aoym
EVEPYELOKNG XPNONG, 01N POpeta EALGSa elvat TE(VIKG KoL OLKOVOLKG EQIKTT.

A€EELC KAWL
Exmouméc 610&e1diov Tov dvBpaka, nAeKTpikn

evépyela, EALGDa, avavedoiun evépyeia, KTiplo KATOIKIOV
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1.1. Ewoaywyn
1.1. Xpnon Blopdlag 6Tov olKLaKO TOpEX

Ov Carlini et al. [1] oavagépoov v owovopkn aflohdynon ToOV
gykataotdosv atpoAéfntov fopdlog v 0éppaven TV 1TEAKOV  KTpiov
Kkatowidv. Ot ouyypageic MAwcav 6t N otepen| Propdla, cvpmeptiapnpovopévev
Tov Aefntov Eoiov kor medlet, umopel va mapdoyel Bepudtnra yuoo 8épuavon
Y®pov Kot (eoTd veEPO 0IKLOKNG ¥priong o Eva omitt. Katéin&av oto coumépacua
OTL N eyKoTdoToon evog AéPnta Popdlog gixe G AMOTEAEG|LO. OUKOVOULKG OQEA
ov Ba Nty VYNAOTEPO €AV TPOSPEPOTOV KPOTIKY €MBOTNON. Mia emokdnnon
™mg Béppavong omd Popdlo yo Ppetavikés KaTowieg TOPOVCIACTKE amd TOV
Dwyer [2]. O ovyypagpéag dAmae 6t 1 ypnon Propdlos yro 0éppoavon mpémetl vo
e€etdleTon ota apykd otadio Tov GYESIAGHOD TOL KTipiov. Mo peén yuo v
mopoywyn Oeppudmmrog and Propdlo oe owiotikd krtipio oty lomavia €xet
avapepOel omd tovg Las-Heras-Casas et al. [3] Ot ouyypapeic dniwoav 611 1
yxp1on Propdlog otov owkiaxod Topéa Ba propovoe va fondncel oy enitevén TV
oTOY OV KMUaTIKNG Kot evepyetakng moAltikng ¢ EE yuw to 2020. Ioyvpiotnkav
emiong ot n ypnon Propdlog Bo pmopodoe vo UEWDCEL TNV TPOTOYEVN
KOTOVOAMON UN- OVOVEDCIUNG EVEPYELNG O KTipla Katd 93% Kot Tig eKTOUmES
CO2 xatd 94%.

1.2. Xpnjon otepenC Bropdlag oe cvoTHuaTa THAEOEppuavong

Ot Ericsson et al. [4] £€xovv avagépel 6TV EIGAYOYT KOL TV ETEKTAGT TNG XPNONS
Bopalag ota covndikd cuotpata tnAedéppavong. Ot cvyypaeeic SNA@cay 0TI M
mAebéppavon wkavomnotel Tepimov to 60% g Cnnong Beppodttog oe KTipla g
Youndiag kot povov n Propdlo avimpocsmmedel TEPIMOV TO NGV TNG TAPOYNG
Oeppomrag. O oyedlacpog t@v cvotnuatov tAebéppovong Popdlog Exet
avapepbei omd Tov Vallios et al. [5] Ot cuyypageic mapovsiocav po pebodoroyia
oxedloopoy  cvotnudtev  TAeféppavong mov tpogodotovvtor pe Propdla
YPNOHOTOLDVTOG 10 TOPAUETPIKY AOYKNy 1 omoio. Bondd évoav pn éumeipo
pnyovikd vo oyedidoel tétoln cvotiuata. H tAebéppavon g Popdleg oe
TAOTIKEG  €YKOTAOTAGEL Yoo ONUOolO  KTiplo TOPOLCIACTNKE ONO  TOVG
Xoatlnotovydvvn et al.[6] Ot ovyypageic mpotewvav pio pebodoroyio yio
0éppavon MNUOCIOV KTIpidV He cLCTHHATA THAEBEPLLOVONG TOL TPOPOSOTOVVTAL
pe Popdlo. KoténEav oto cvpmépacpo 0Tl To OPEAN Yl TOVG OYPOTIKOVG
dMpoLG gival GNUAVTIKG OGOV APOPE OTO AELTOLPYIKO KOGTOG KL TNV TPOGTUGIO
tov mepifdrdoviog. Ot Mapyapitngetal. [7] égovv avoeépel v gloaymyn
avavVEDOUNG EVEPYELNG 0TO cvoTnia TAEBEpravong oty EALGSa. Ot cuyypaopeig
Miwoav o6t Spopa  cvotpuata  tAeBéppovong ot Popewn  EArada
ypnowonowdy v  anoiecbeica  (mheovalovoa) Bepudtmra  amd  TOLG
Bepponiektpikod o6TabovE mov YpNOHOTOOVY  Atyvitn. Qo61600, avTol Ot

otofol Tapay®yng NAEKTPIKNG evépyelos Ba Kheioovv ta emdpueva ypOVia.
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Extipnoav 611 ) otepen Propdlo, Stabéoun oe tomkd eminedo, Bo pmopovoe va
ypnoonomBet avti g anwiecsheicas (mheovalovooag) Bepudmrag ota
VILAPYOVTA GLGTHATA TNAEDEPLAVONG KAt TL 1] OVTIKATAGTAOT TOL KOVGILOV
€lval OIKOVOLUK( 0TOd0TIK.

1.3. Xpnjon anwiecOcicag (mAcovalovoag) OspuotnTag oe
cvoTNuata ThHAeOEppavong

Ot Dorasic et al. [8] kévovv avaeopd otnv vrepPoiikn xpnon Bepudmrog ota
ocvotiuata  tAeBéppavong. Ot cvyypageic OMAmoOV OTL To  GLOTHHATO
mAebéppavong mpoopépovy oA owkovopkd kot mePBOAAOVTIKG 0QEAN of
oxéon pHe To oTopkG ocvotnuoata  Béppavong. Avagépovv  emiong OTL 1
mielovalovoa Bepudmra pumopel evKoAa va ypnotponombel oe éva AEITOLPYIKO
oboUa BEpHavong AoTIKNG TTEPLOYNG, OvaAoya pe TN dabéoiun mieovalovoa
mapoyn Bepudtmrag Kot v amdcetach g ond To onpeio {nmong Beppdrag. Ot
KopAidmovdog et al. [9] éxouv avaeépet v eumepio TV ocvotnudtOv
mAebéppavong mov  Aertovpyovv ot Popewe EAAGSa  ypnompomoidvtog
anwiecBeica (mheovalovoa) Bepuomta omd T BEpLONAEKTPIKES EYKATAGTACELS
mov Agrtovpyovv pe Ayvit. Ot ovyypoageic avéeepav 0Tt mWOAAL omd T
OLKOVOLIKG Kot TEPIPAALOVTIKG OQEAT TOV TPOEKLYAV TO TEAEVTAiR dEKD XPOVIAL
opeihovtal ot Agttovpyio aVTOV TOV cvotnudtov otn Popeto EAAGSa. Ot Fang
et al. [10] depedvnoav  xpnom g Propnyavikng anmiecbeicag (mieovalovoaq)
Beppotrag yio miebépuavon yauning deppoxpaciog. Ot cuyypaeeic TpdTevoy
H0L OMOTIKY] TPOCEYYIOT GTNV OAOKANPOUEV KOl OTOSOTIKN XPNON YOUNANG
mowdtntag  Popnyavikng  onmiecbeicag  (mheovdlovoag)  Beppotntoc.
AvapépOnkov téooepa onpavtikd mAgovektipata: 1) n BeAtioon g amddoong
g BepLukng evépyelog oTo €PYOCTACLO, 2) OKOVOUKOTEP Bépuavon amd v
Tapadoctak, 3) N Helmon ToV ekmoundv aepiov Beppoknrmiov kot 4) n peioon
™m¢g Oepuukng  pomavong  efoutiog g amopputopevng  Beppdtmroag  omd
Bropmyavicég diepyasiec.

1.4. Xpnon NALaknG OEp KT G EVEPYELAG YIX TAPAYWYT)
{€06T0V VEPOU OLKLAKTG XP1OTG

Ot Greening et al. [11] avagépovtor otnv owiakn 0éppavorn vepod oto Hvopévo
Boaoiieo. Aappdavovtag vmdyn tn yopmAn niwexn oktvofoAio oto Hvepévo
Booikelo, ot ocvyypapelg katéAnéov oto cvpmépacpo 0Tt 1 dvvatdTTe TOV
NAoK®V Bgppikdv cuoTNIaTOV vo cupPBdAAovy o€ To Pidoun eyydple Tapoxn
evépyelag elvar meplopopévn. Mo avaoKOmNon TOV MAWKAOV GLOTNUATOV
Oéppavong vepol mopovcidotnke and tovg Vinubhai et al. [12]. Ot cvyypapeig
Miwoav 6tL 1 NnAokn Béppaven vepod eivar pio amd TG TO OTOTEAECLOTIKES
TEYVOAOYIEG HETATPOTNG TNG MAKNG evépyelng oe Bepuikn evépyelo kot givon
ONUEPO. IOl OVETTLYUEVY], KOl EUTOPEVUOTOTOMUEVY TEYVOAOYia. Q0TOGO,
KatéAn&ov 6TO CUUTEPOCHA OTL VILAPYEL SOLVATOTNTA Y10 TEPALTEP® PeATimON NG
amOO00NG TOV GLOTHNATOG Kol avEnon g a&lomiotiog Kol TG omodoTIKOTNTAG
tov. Ot Aelenei et al. [13] égovv avoeepBel 6T0 GLOTNUOTIKO YOPOKTNPIOUO TOV
NAMOK®OV OEPUIKOY GLOTIUATOV TOL ElVal EYKATEGTNUEVO GE KTipLa.
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Ot ovyypaeeic MA®oaV OTL EKTOG OO TOV YOPUKTNPIOUO TNG EVEPYEWNKNG TOVG
amod00mg, TPOGHETO KPLTNpLa Yo TNV aSloAOYNOT AVTOV TOV GUGTNHATOV TPETEL
va  mepilappdvoov  dapbBpmtikég, Aetovpykés kol aucOntikég mruxég. Ot
Tian et al. [14] enavefétacav TOVG MAMOKOUG GLAAEKTEC KOl GLGCMPEVTES
Beppomrag oe nlaxég Bepuikéc epappoyéc. Ot ovyypageic €yovv efetdoet
S1POPOVG TOTOVS GUYKEVIPMOTIKMY KOl U1 CUYKEVIPOTIKAOV NALOK®OV GUAAEKTOV
pe N xopic cvotypata aviyvevong Tov NAov. ‘Eyovv eniong e€etdoet v nitokm
Beppukn amobrjkevon evépyeslag g acOnt Beppomrta, Aavldvovca Beppotntoa
Kot og VAKG amobnikevong ynpkng Bepuodmmrag. Ot cvyypageic katéinéav oto
oupumépacp OTL HETAED TOV [1] GLUYKEVIPOTIKOV GUAAEKT®OV Ol @®TOPOATAIKOI-
Beppukol cvAAékTeg delyvouv TV kaAdTePN cuvoAlkn anddoon. O Karoynpov[15]
£xet avaépet Tig BepikéG eMOOGELS, TV OIKOVOULKN KOt TEPIPAALOVTIKY avaAVGoN
0V KOKAOL (oN¢G TOV MAokov Beppocipdvev mapayoyns Ceotov vepov. O
ovyypaeéag £xel peretiost £va amko Beproctpmvikd chotnpa mov tapdyet {eotd
vepd Yo poe otkoyévelo tecodpwv atopmv. Ta amoteléopatd tov £det&av OTL
pmopel va kaAdyel €mg kKot t0 79% TtV €tHoOV avoyk®v (EGTOV vEPOL
owtakng xpnone. H mepiodog andoPfeong g enévdvong kopaivetar ond 2,7 - 4,5
£, ovéAoya pHE TO GOUOTHUO VTOGTNPENG TOL  YPNOOTOLElTAl, EVD
EMTVYYOVETOL PEIMON TOV EKTOUTOV 0gpicv Tov Beppoknmiov Kotd 70%.

1.5. Xp1on NALaK®V @O TOBOATAIK®WV GUGTNUAT®V

Ot Salem et al. [16] ava@épovtatl 6TV KATAGKELT POTOPOATAIKOV EVOOUATOUEVO,
oe KTiplo o€ pecoyelokés ympes. Ot ovyypoeeic dMNiwoav OTL M AeKdvn g
Meooyeiov yapoxtnpiletar amd vynAn niokn oktwvofoirio, ota 7.5 - 8§ KWh
/t.u. emoiog, kot vymAég Bepuokpaciec mov pewdvovv TV amddoon TOV
ootofortaikdv otoyeiov. Katéinov oto ocvumépocpa 0Tt TO MALOKG
OMOTOPOATAIKG GLOTNUOTO 7OV TOMOOETOVVTIOL GE ETOUPIKA KTiplo, TO Omoia
Agrtovpyodv Kuplwg KoTd TN OGpKEL TNG MUEPOS, UTOPOVV VO KAADWOLV TO
HEYOADTEPO TOCOOTO TV EVEPYEWONKAOV TOLG avaykdv. Ot Hayter etal. [17]
AVOPEPOVTUL OTIS EPAPHOYEG NAMOKOY mTOPoATAiKOV o€ Ktipta. Ot cuyypapeig
£€Yovv dlEPELVNGEL TNV aTOS0GT TPV NALIKOV QOTOPOATUIKOV GLGTNUATOV, GTO
7 KWp émog 60 KWp, eykateotuéva oe tpia etanpikd ktipe. Katéingav oto
CUUTTEPACHE OTL OVTEL TOL GLUOTNUOTO £XOVV LEWDCEL TO MAEKTPIKG (opTio 61O
KTipla, YEYOVOS OV VTOONAMVEL OTL EMPENE VO EXOLV EVOOUAT®MOEL 6TO KTiplo
KOTO TNV 0pYIK) Tov @daon oyedtacpov. Ot Biyik et al. [18] avagépovior oty
KOTOOKEDT],  EVOOUATOUEVOV POTOPOATAIKOY  cvotnudteov. Ot  cuyypoeeig
MAooav OTL To EVEOUATOUEVE, QOTOBOATUIKA CLGTIUATO EXOVV TPOGEAKVGEL TNV
terevtaio  dekoetion  éva av&avopevo  evdlapépov kol Bsmpovvon
SuVNTIKT TEYVOAOYID Y10 TNV KAALYT LEPOVG TOV NAEKTPIKOD (POPTIOL GTO KTipLa.
E&étacav emiong tn duvototnto e£0epiopod Tov EMTOPOATAIKOD GLGTHLOTOG
TPOKEWEVOL Vo pewwbel 1 Oeppokpacio Tov mhveh kor va  avénbel m
arodotikdttd tovg. O Toeghemng [19] avaeépetar otig e€ehifelg omv ayopd
ootoPortaikdv oty EAALGSG og oyfomn pE TIS MEPIMTOCIOAOYIKEG UEAETEG OV
aeopovv otV katapétpnon kabapng evépyewng. O ocvyypapéag dMAmce OTL Ot
Kavovicpoi katapétpnong kabapng evépyetag etonydncav oty EALGda oto Téhog
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tov 2014. Ot 600 TEPMTOCIOMOYIKEG WEAETEG OV TAPOVGIACTNKOY Yo Vel
VOIKOKLPLO KOl Lo EUMOPIKN emyeipnon €06ei&ov TNV €AKLOTIKOTNTA Kol TN
Buoodtra Tov TPoypaLLaTog KaTapeTpnons kabapng evépyetog oty EALGSa.

1.6. Ktipla pndevikov evepyelakov kat undevikov avpakikov
woolvyiov

Ou Ferrante et al. [20] depgvvnoov Vv emitevén Undevikoh EvePYELOKOD
woluyiov Kot UNdeVIKOV ekmoummv Olo&ediov Tov dvBpaxke oe  omitia 6T
pecoyelokd KAMpo. Avoagopwkd pe pon mOAn ot votwo Itaria, ot cvyypageic
Miwoav oOtL M dnuiovpyio omtidvy pe UNdevikd gvepyelokd 1oolhylo Kot
pundevikég exmopmés CO2 etvar gkt ot Aekdvn g Mecoyeiov. Mropodv va
eMTELYOOVV YPNCILOTOLDVTOG EVEPYELOKE OTOSOTIKEG TEYVOLOYIES, TOMUKA VALKE
Kot TapadoclakEg KATAokeLaoTikES dtadikacies. O Bovpdovumds [21] avapépetot
ot dnuovpyia ktipiov pe undevikég ekmopnés CO2 oty Kpntn. O ocvyypagéog
Miwoe OTLpe TO CLVILOCUO JPOPOV TEYVOAOYIDV OVAVEDGLUNG EVEPYELNS
UITOpovV va dMpovpynfovv KTipla pe UNoeVIKEG eKToUnég avOpaia. Avaeépetl Ot
N Nhokn Beppukn evépyeta, o potofoAtaikd, n otepen Propdlo kKot ot ovTAiieg
BeppotTag £849ovg o€ GLVILOCHO, HTOPOHY VO TaPdyoLY OAN TN BepudTTa KoL
TNV MAEKTPIKN €VEPYEW TOL amotovvtal omd  éva ktiplo, undevifovrog
70 avOpaxikd Tov amotvmopa efoutiog g xpnong evépyelwnc. H  dnpuovpyia
KTplov katowidv pe pndevikég exmopmés CO2 péom g Asttovpyiog Kot
EVOMUOTOWIEVNG XPNONG EVEPYELNG €xel ovapepbel amd tov Bovpdovuna[22]. O
OLYYPOPLAS ONAMOE OTL O GLVOVAGHOG FLAPOPOV AVOVEDCLLMOV LOPPDV EVEPYELNG
B0 pmopovoe va pndevicer TG ekmopnés CO2 mov TPokaAOLVTOL OO TNV
EVEPYELOKT KATAVAIA®ON. Avépepe emiong 0TI, TPOKEWEVOL Vo Undeviotel 1
EVOMUOTOWUEVT YPNON EVEPYELNG OTO KTIPLO, OMOLTEITOL 1) TOPOY®OYT| EMTAEOV
nMokod MAEKTPIGHOL TOL  glodyeton oto  diktvo. Ov Nielsen et al. [23]
avapEpPovTaL otV TAgovalovco mapaymyn 0epudmrag Tov HEALOVTIKGV KTipinV
pndevikod evepyetaxov woolvyiov (NZEB) otig meproyéc tAiebépuovong ot
Aavia. Ot cuyypageic avépepay OTL To TEPLOGOTEPO. KTipta 6Tn Aavia cuvdéovtat
pe nAekTpikd SikTvo KOt TEPIMOL T LGA Pe cvoTnpate ThAeEppuavong yeyovog
OV EMTPEMEL TNV AVTOAAAYN OepUOTNTOG KOl NAEKTPIKNG evEPYELag HETAED TV
KTpiov Kot Tov diktdmv. Awmictocov 6tt 1 mieovalovoa Oepudtnrto, mOL
ToPAyETOL 0O TO NALOKE BEPUIKG GUGTHLOTO TOV EIVOL EYKOTECTNUEVO G KTiplo
pundevikol gvepyetaxol woluyiov, pmopel vo otarel 610 cuoTnua TAEBEpLAVONS
HEWDVOVTAG TN YPNOT KAVGIL®VY Yio. TV Tapaymyn Oeppomrog.

[apoio mov moAAéC peléteg €xovv emikevipmbBel ot ypnon SwedpOv
OVAVEDCIL®OV HOPPOV EVEPYELNS O KTipla, Oev €xel dwbel uéxpt oTiyung Kopio
TPocoy  otn dvvatdTTe  dNHIOLPYING  KTpI@V  UNdEVIKOD  EVEPYELOKOD
tooluyiov Tov aVTIKAOIGTOUV TO OPLKTE KOVGILO He OEOMIOTEG KOl OLKOVOLLKA
OTOOOTIKEG TEYVOAOYIEG aVAVEDGIING eVEPYELNG. Q0TOGO, GTNV TPEXOVGO EMOYN
™G PLdcNg avamtuéng Kot TG KALATIKNG aAlayng, etval vyiotng onuaciog n
glaylotonoinon TV ekmopn®dv d10&ediov Tov GvBpaka oe didpopovg topeis. H
TopovGO LEAETT OElyVEL TOV TPOTO [LE TOV OTTO10 1 YPNON KOAL amodederypévav
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TEYVOLOYIDV  OVOVEDOCIUNG  evépyewng Bo  pmopovce va  0dnNyNnoeL ot
dNUoLPYIO OKIGTIK®V KTpimv Pndevikod avOpakikov wolvyiov otnv EAAGSa.

O1 67601 THS TAPOVGAS EpYyaciag eival:

1) H mapovcioon dapopov TEXVOLOYIOV GEWPOPOV EVEPYELNG TOV UTOPOVV V.
ypnoonomBolv og ktipla Katowkidv ot fopeta EALGSa Yo ToV meplopiopd tmv
exkmounmv Sto&ediov Tov avOpaka,

2) mPOKOTOPKTIKY)  HETPNON  TOV  TEXVOLOYLDV OELPOPOL EVEPYELDS — TTOV
YPNOWOTTOOVVTAL € €va TLUMKO KTiPlo KOTOWKIDV Yoo TN UEI®ON  TOL
ATOTVAOLLOTOG AvOpaKa Kot

3) A&oroynomn ™G oKOTUOTNTAG SNULOVPYING KTIPIOV KOTOKIDOV UE PNOEVIKES

exkmounég avOpoaxa otn Bopera EAAGSa.

2. Xp11o1 EVEPYELNG OE OLKLOTIKA KTipLX

Ta 0KIoTIKA KTip1oL KATAVOADYVOLV EVEPYELX GE OLAPOPOVG TOLELS, LETAED TV
omoimv:

1) @éppavon ydpov,

2) Yo&n ydpov,

3) Mapaywyn {eoTov vEPOD OIKIOKNG YPTONG,

4) doTIGUOG, Kol

5) Agrtovpyia S1a@OpOV NAEKTPIKOV GUGKEVAOV.

H xotavdAiwmon evépyelag g d10popovg TOLEIG GE KTipla KATOKIOV e£apTaTOL
amd S1AQOoPES TAPAUETPOVS, OTMOG:

1) To tomkd kAipa,

2) H moidtmta KoTaoKeug Tov KTipiov, mov yopoktnpilet tnv

EVEPYELOKT] TOL OTOS0GT), KO
3) H cvumepupopd Tov Katoikmv

H tomucn evepyetaxn gprion o€ d18.9popovg Topelg € KTIPLO KATOIKIDV 6TV
Kpft mapovsialeton otov Mivaka 1.

Touéog

0 X Rﬁ o1 K(:'ttava)\;coon
evepyewn i . e
(KWh/ 1< ypévo)

O&puovon yopov 63% 107.1
[Mapaymyn Zectov vepoo 9% 15.3
HAextptopog 12% 204

i Aragpopeg ypnoeie, Onmg

m  YOEN xGpov 16% 27.2
Zovoro 100% 170
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3. [Ipoamattovpueva ywx Th Snpovpyla ktipiowv
UNSEVIK@WV EKTIOUTIOV GvOpaKa HEGW X P16
EVEpYELQG

"Eva owciotikd ktiplo ocvvdedevo og diktvo Ba undévile tig exmoumés dvOpaxo

OV TPOKVITOLV OO TN XPNOT| EVEPYELNS, £AV TANPOVVTOL O1 akOAOLOES
npoimobécelc.

1) Okeg o1 avaykeg 8éppavong ydpmv Kot Topaywyng (eotod vepol va
KOADTTOVTOL OO OVOVEDGILT EVEPYELD 1) GAAOVG EVEPYELOKOVG TTOPOVG GO LT
avOpoKIKES TNYEG EVEPYELAS, OVTL VIO OPLKTH KOOI, KOt

2) H xotovdAimon nAekTpikng evépyetag and To diktvo va avtiotadpiletot
£TNo1lMG 1e TPAGIVI NAEKTPIKN EVEPYELL, OTOG 1| NAMOKT @®TOPOATAIKT EVEPYELD
7oV apdyetol and emtoPortaikd ndvel Tov Ba fpickoviol 6TV 0poPT| TOL
KTpiov.

Edv minpovvtat autég ot 600 mpotimobécels, To 16olvyto Tov avipakiKmv
EKTOUTMV TOV TPOKVITOLV OTTO TN XPTON EVEPYELAS TOV KTPlov KaToKidV Hal
glvar undevikd. Bempeitar Tog OAN 1) NAEKTPIKT] EVEPYELL TOV SIKTVOL TOPAYETUL
amd opukTd Kovoa wov eknépmovv CO2 oty atpdseapa. Qotd6G60, HEPOS TG
EVEPYELAG TOV S1KTVOV 6TV EALGSQ TapdyeTol and avavedoes TyEg EVEPYELOG,
GUUTEPTAAUPAVOLEVOV VOPONAEKTPIKMV, ALOMK®DV KOl QOTOROATUIKOV
gykataotdoswv. Ektog amd v evépyelo mov KOTUVOADVETAL KATA TN Agltovpyia
TOV KTIPIoV, KOTAVOADVETOL EXTAEOV EVEPYELN KATA TNV KOTOCKELT, TNV
avakaivion kot Ty Kateddeion tov. O Bovpdovundg, to 2017, enave&etalovtog
T0 OTOTEAEGHLOTO OO SLAPOopeg HEAETES, £D€1EE OTL 1) AELTOLPYIKT YPNOT EVEPYELNG
evog Ktipiov avtiotoryel mepimov oto 85% TG GLVOMKNG KOTOVAAW®ONG EVEPYELOG
oV KOKAOL NG Tov Kal To Voo 15% gival n evoopatopévn evépyeta. Ta
va UNdevIoTOOV 01 EKTOUTES S10EELO10V TOV AvBpaKa TOV TPOKVTTOVV ATd TNV
KATAVAA®OT eVEPYELNG KOTA TN StdpKeLa Tov kKOKAov (NG Tov KTipiov, amatteitol
Kot propel va eykatactabei éva potofoltaikd chotnua peyarvtepov peyédoug.
Qo61000, 01 VELETANEVOL Kavoviopol oty EALGda yio v katapétpnon kabopng
gvépyelag avTiotaduilovy Lovo TV TapayOreV) NAEKTPIKY EVEPYELL TOV
OVTIOTOLYEL 0TIV ETHGLO KOTOVAA®ST Tov KTipiov. H mheovalovoa mapayopevn
NAEKTPIKN EVEPYELO ATOCTEALETAL GTO HIKTVO EVD O TOPAYOYOC-KATAVAAWTNG dEV

Aappavet kapio otkovopkn amolnpioon yi 'ovtd.

4. AlaBeo IO TN TA NALAKTG EVEPYELAG, OTEPENC

Bopalag kot anwieoBeioag (TAcovalovoag)

Oeppotntag otn Bopewa EAAada
H nhoxn evépyeta etvar apBovn ot Bopeia EALGSa Kot ypnoiomoteitatl 1o ya
mopaymyn OeppoTnTog Kot NAEKTPIKNAG evEPYELNG pe MAtoBeppikd Kot MAtokd
ootofoltaikd cvotiuata. Kot ta 600 ypnoiporotovvror cipepa oe Ktipa yo
™V KOADYN  TOV  EVEPYENKAOV  Tovg oavayk®@v. To ovotipoto  mTov
APNOLOTOLOVVTOL Elval AVETTUYUEVA, OEOMIOTO KOU OKOVOUIKG oamodotikd. H

LPNON POTOPOATUIKMOV GLGTNULATMV Y10 TNV TOPAYDYT NAEKTPIKNG EVEPYELNS GTA
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KTiplo. OV OLVOEOVTIOL GE OIKTLO EMITPEMETAL COUPOVO HE TNV EAANVIKN
vopoBecion GYETIKA [e TOVG KavOVIGHOUG Katapétpnong kobapng evépyelas. Ta
nMokd Oepuikd cuoTAUATO YPNOOTOOVVTOL gvpémg otV EAAGSa yuoo nv
napayoyn (eotod vepod. QoT10G0, M XPHoN Tovg Yo Bépupavon Kot YoEn xdpov
glvan paAlov meplopicpévn. Xt Bopeto EALGS, vadpyel peydin dwbecipdtnta
oe otépen  Popdla, ocopmeplopPovopuiveoy  YEOPYIKOV KOl JUGIKOV
VROTPOIOVTOV, VIOAEWUUATOV Kol AmOPANT®V. XPNOLHOTOlElTaL EVPEDS Yo TNV
mapaymyn Oeppotntog, copmepilapfavopévng g 0éppavong xodpmv Kol NG
mapaymyns {eotod vepol OKlaKNG ¥pNoNg, o€ KTipta KOToKidv. Atdpopotl Tomot
otepeng  Poopdlog  xPNOWOTOOLVIOL Yl TNV TOPUY®OYN  EVEPYELNG,
SLUTEPIAOUPOVOLLEVOV KOVGOELA®V, TEAAETMV Kot EOAMvVeV TAIVB@V (umpikétec),
oV  TPoPodotolv EvAdoopumeg, TLAKIO KOL GUGTAUOTO KEVIPIKNG Oéppaveong.
Ioporo mov M yprion otepeng Popdlag oe Ktipa katowidv ot Bopera EALGSa
glvar KOAG ovemTuypévn, M YPNON TNG OTNV TPOPOJOTNGCT TV GLOTNUATOV
mAebéppavong eivar edmng.  Aappdvovtag vmdyn T onuepwvr]  coPopn
owovopkn kpion oty EAAGSa, M Oéppovon owioTiKd®V KTipiov pHE OTEPEN
Bopdala, avti copPatikdv Kavoipwv, Bewpeitor po eOnvn kot Tpootty] péBodog
0éppavong moAlmv ovlponev. H dabecipdmra anwiesdeicag (mheovalovoag)
Oeppotmrag ot Popsia EALGSa givar vymAn oe meployés pe Bepponiektpikog
oTOOOVG TTOV AELTOVPYOHV HE Alyvitr. AVTEG Ol HOVADES TOPOY@YNG NAEKTPIKIG
gvépyelog mopdayovv peydieg moocdtnteg Ceotov vepod mov o pmopovcov vo
avaKVKA®BOOV Kal va emavaypnoyomombodv e GUGTHLOTO THAEDEPLLOVOTG TOV
mapéyovv Bepuotta oe Kriplo Ko oe GAAEG dpactnpdtnTec. Av Kot M
anwAecBeica (mheovalovoa) OepudtnTa Oomd OLTEG TG HOVOAOEG TOPOYOYNS
NAEKTPIKNG evépyelag dev umopel vo Bewpnbel mnyn avovedoung evépyeta, m
gmavaypNoomoinoy] g etval embountr, TpowbmdvTag TV KLKAMKY owovopia,
avEAVOVTOG TN GLVOAMKT amdd00oT TOV NAEKTPIKGOV GTOOU®V, ATOPELYOVTAG TN
Bepukn pOmavon tev deEapevdv vepoo kat eEareipovtag Tig ekmounés dto&ediov
TOV GvOPOKO TOV TPOKLATOLY Amd TN YPNON OPVKTAOV Kavcipmy. IIpog to mapov,
To. cuoThHaTo TAeBEpravong mov ypnoiponoovy anwiecheica (mTicovdlovoa)
Oeppomra omd otadfpods TaPAy®YNG NAEKTPIKNG EVEPYELNG TapEyovy BEpuaveon
oe Myeg morelg g Bopeiag EAMGSoc, ocvumepropfavopéveov  Koldavn
kot [Trodepoido mov Ppickovrar kovid otovg otofuovg. H niakn evépyewn, m
otepen Propdla kol n anwiecsbeica (mheovalovoa) BeppotnTo, av cuvdvacsToHY,
UTOpOUV VO KOADWOUV OAEG TIG EVEPYEWNKEG OVAYKEG OE KTIPWO KOTOIKIOV
pndeviCovtag ekmoumés  Swo&ewdiov  tov AvBpoka OV  TPOKVTTOLV  ATO
™ Aertovpyiky xpnon ¢ evépyeslag. H ypnon mloxng evépyeslag, otepedq
Bopdalag xar anwiecheicag (mheovalovoag) Beppudmtog yioo v KOALYN TOV

EVEPYELOKADV OVUYKDV GE KTipLo KOTOKIMV Ttopovstiletal otov Iivaka 2.
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5. Xpnon ¢ Etepeag Bopalag kot tn¢ HAtakng Evépysiag
YW TNV KGAVYIT OAWV TWV EVEPYELXKWOV AVAYKWDV OFE
OLKLOTIKA KTipLa

Oleg ot avaykeg Béppavons o€ OKIoTIKG KTiplo UTopodV va KaALeOobV e
YLPNON AVAVEDGING EVEPYELIS, EVD POTOPOATUIKES EYKATAGTAGELS TOTOOETNLEVES
GTNV 0pOPN UTOopodV va Tapdyovv NAEKTPIKN eVEPYELR {oT LE TNV TOGOHTNTO OV
Katavol®veTolr  etnoimg and to  ktipto. H  otepeny Popdlo  pmopel  va
ypnoonomBel o pepovopéva cuoTipaTe OEPUOVOTG YOPOV KOl TOPAYWYNS
Ceotol vepod, evd To nAoKd Beppikd cLOTAHOTO He GUAAEKTES EMimedNG TAAKOG
pmopovv emiong vo ypnoiporonbodv yuo mopayoyn {eotov vepod. Kot ot dvo
TeyvoAoYieg €lvar 0&LOMIOTEG, OVEMTUYUEVEG KAL OIKOVOMIKG OTOS0TIKEG KoL
ypnoonotovvor 10N oe Ktipla Katotkudv ot Popeta EALGda. Ta potofoltaikd
GLGTHLATA GPYIOOV VO XPNCLLOTOLOVVTOL TPOCPATE GE KTIPLOL GLVOESEUEVO GE
SiKkTLO Y10 TNV TOpAYOYN NAEKTPIKNG evEpyelag avtioTaduilovtag Tov NAEKTPIGUO
TOV JKTOOV TOV  KOTAVOAMVETOL ONO TO KTIPLo £TNGIMG, GOUPOVE LE TOVG
Kavoviopovg Koatapétpnong kabapng evépyetag. H yprion tovg €xet mpowbnOel ta
TehevTaio Ypovia, YApn GTO YEYOVOG TMG Ol TYEG TOVG £X0VV HEI®BOEL oNpOVTIKA
Kot 1 XpHomN TOVg Eival OWKOVOUIKG 0modotTiky. EvoAroktikd, To GLoTApOTO
mAebéppavong mov tpogodotovvtal pe oteped Popdlo pmopovv va mapicyovV

OAN TV amattovpevn Beppdtra ota KTipla.

MMivakag 2.Xpnon nhokng evépyetag, otepeng Propdlag ko anmiecdeicag (tAeovalovoag)
Oeppoémmrog ywoo TNV KOALYN TOV  EVEPYEIONKMDV OVOYKAOV OE KTiplo. KOTOKIADV.
S - 3 ITapay®yT| LEGTOV [Tapavavh
Ty evepyewas  OEPUAVON yepoy ovciaxci nkeﬁctzlgp?oﬁ
£OPOV  yprong
Hhloxn Bspuikn svépyeia +
Hloxn ootofoltoikn svépysia -
Zrépen Propdlo o cuoTHuOTe
OTOLIKG ) THAEOEpLLOVGTG
AmnolscBsica Bepuomta o=
cvomuore MAs0spuavonc

Avotuydg ta cvotipata TAeBEpLAvVeNS Tov ypnoionoody oteped Popdla dev
ypnoonoovvtol onpepa oty EALGda. Q¢ ek tobTOL, 11 GUVOLAGUEVT YPNoN
otepeng Popdlog, nAoBepuikng evépyelng kot QOTOROATUIKOV GLOTNUATOV
Umopel vo. KOAOWEL OAEG TIC EVEPYEWNKEG OVAYKEG GE OIKIOTIKA KTiplo. 7oL
ovvdéovtat 6 JiKTLO, 0OMNYDVTAS GE 0VOETEPO 160LVYO d10&gtdiov Tov GvBpaxa
amo TN AEIToLvpYIKn xpNon evépyelng. To yapaKINPIoTIKG TOV TPOUVIUPEPOUEVOV
TEYVOAOYIDV AVOVEDSIUNG eVEPYELNG Tapovatdlovtat otov Ilivaka 3.

To péyeBoc TV cLOTNUATOV OVOVEDCIUNG EVEPYELDS YO TNV TOPOYN TNG
amoTOOHEVNG EVEPYELOG OE Vol KTIplo katowkidv otn Popein EAAGSa mov Oa
odnyovoe oe ovdétepo 1o0lVyo ekmopmdV dlo&ediov Tov GvBpoko  Exet

VROAOYIGTEL COUPOVA [LE TIG AKOAOVOES TAPASOYES.
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1) H xaAvppévn empdveto tov omitio givar 150t.p.,

2) H xatovéAiomon evépyelag oe S1dpopovg TOpElG TOL OmLTon lvat Tapdoa e
avt mov mapovctaletor otov [ivaka 1. Qg ek T00TOV, 01 EVEPYELNKES OVAYKES Yo
0éppavon yopov eivar 14.175KWhth / €tog, yiwo moapaywyn Ceotod vepov
2025KWhth/ étog kot yio nAextpikn evépyeia 6300KWhel/ étoc, suvolikd 22.500
KWh / €roc,

3) H otepen Popdla ypnoonoleitor o€ HEUOVOUEVO GUOTHUOTO TTOV
KaAOTTOUY OAEG TIG AVAYKEG Yo BEpHaveT Tov Ydpov kat To 50% TV avoykdv
v Ceotd vepd owtakng ypnions. H oteper| Popdlo 6o mpéner va mopéyet
15.187,5KWhth / é10g, vroBétovtag 61t Ba Aertovpynoet 1000 dpeg To xedva.

4) "Eva nhokod Oeppukd cdompo KoAOmTel to vaororo 50% tov avoykdv Tov
vy (eotd vepd owclaxng ypnong mopéxoviog 1012,5KWhth/ érog. ®a mapéyet
Ceoto vepd katd T ddpkela Tov Leotdv NUepdV dTov dev amouteital Oéppoaveon
y®pov. 'Eva cvotnpo pe cvldékteg enimedng mAdkag ota 2 T.|. UTOpEl va TO
KaAdyel. Oempeitarl 6Tt To nhokd Beppikd cvotua o Topdyetl To kaAokaipt 600
KWh avd t.p. Tov cuAlektdv eninedng mAdkag

5) ‘Eva mMokd @OTOPOATOIKO CUGTNHO EYKOTECTNUEVO GTNV OpPOPYT Kol
oLVOEdEUEVO e TO SIKTLO TTOPAYEL ETNGIMG TNV TOCOHTNTA NAEKTPIKOL PEVUATOG
OV KOTAVOADVETOL GTO KTIPLO, GOLLPOVA LE
Table 3. Xopaktnplotikd S10pOp@V TEYVOLOYLDV OVOVEDGLUNG EVEPYELOG KO

anwiecleiong (TAeovalovoag) OepudTNTOG TOV XPNGILOTOLOVVTOL YL TV TOPAYMOYN

EVEPYELOG O KTIPLo KOTOKIDV 6t fopeto. EALGSa.



2 Xpn % < .
TInyn Evépyeiog/ Mapayduevn PN depeyyvémraOucovopuxi H 7pNon

Teyvohoyic Evépyeta o g::‘ teyvoloyiae anddoon e
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" omB.
EX ada
O¢puaven

Zrépen propdla
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) : . Ceoto vepov
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m™mAeBippavone Topayoy s
HitoBeppxot LeoTol vepod
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™V Tpotofoviia katapétpnong kabapng evépyelac, Tapéyovtag 6300 KWhel/
£10G.

Beopeitar 6T £va poToPoATaikd chotnpa otn Pfopeta EAAGSa mapdyet eTnoiog
1400 KWh avd KWp. To péyebog Tov amoitodUevmy GUOTIUATOV AVOVEDGLUNG
EVEPYELOG GTO KTIPLO KATOKLDV glvat:

1) ’Evo obotpa kowong otépeng Propalog pe Oeppkn woxd15 KWth,

2) "Eva nhoko Oeppicd ocdotnia e GLAAEKTES emimedns TAGKOG TAATOVG 2 T.LL.,
Ko

3) dotoPfortaikd cvotnua pe ovouaotikn wybd 4,5KWp.

To K6GT0G KEPAANIOV TMV TPOOVAPEPHEVTOV EVEPYELONKDY GUGTILATMV
EKTILATOL, 0VEAOYQ [LE TO KOGTOG avd povada, 0Tt lvat: Yo To GVOTNUA KOOGS
Bropalag, 300 € ava Kwth, yio 1o nhokd Beppicd cvota, 400 € avd t.p.
NAoKod GLAAEKTN Kat Yot To @oToPoAitaikd cvotnua 1200 € avd KWp. Qg ex
TOVTOV TO KOGTOG Ylo. To cvoTNpa kavong Bropdlas givar 4500 €, yio to nAokd
Beppukd cvotnpa 800 € kot Yo to poTofoArtaikd 5400 €. Xvvoiwed 10.700 €1

71.33 € avd T.1. TG KOADUPEVNG ETPAVELNS TOV KTIPlov.

6. Xpnion anwAecOcicag (TAeovalovoac) OeppuotnTag
KL NALAKTC EVEPYELXG YLX TV KGAVYM 0AwV T®wV
QAVAYK®WV EVEPYELNG GE OLKLOTIKA KTIpLX

H anmAecOeica (mieovalovoa) BeppoTnTal oV and
T1G OepponiexTpikés eykataotdoelg otn Bopeia EALGSa, ypnoylonoteitor onpepa
oe ocvotnuata THAeBEppavong yio v mapoyn BeproTTag 6€ KTipto KOTolKuMV.
Av kot M anoiecBeica (mheovalovoa) Oeppotnto dev pmopel va BswpnOei
QVOVEDOLUN TNy EVEPYELN, Ol EMMTMOCELS TNG €lval TOPOUOIEG UE OVTEG TNG
avaVEDOLUNG evépyelas, kabdg 1 xpron s dev oyetiletonl e ekmoumés aepiov
ToV Beppoknmion, evd amopedyetat 1) Beprukn pomavon oe de&apevés. Emmiéov, n
TipoAoynon g anwiecbeicog (mheovalovoag) Oeppotrog eivot ToAD YoUnAn Kot
10 KO6T0G TG BepUdTNTOC YO T KTIPLOL KATOKIOV Eival yapmAdTepo ce GOYKPIOoN
pe éva ovotuo tAedéppovong mov Tpogodoteital amd oteped Propala. Ta
cvoTiuata THAEBEPUOVONG OV YPNCIULOTOOVY ommAecbeica (mAgovalovoa)
Beppotra propodv eniong va ypnoponoovv oteped Propalo 1 BeppodotnTo mov
mapdysTol oand Ty aroTéPpwon Sedpwv anofAntev. o puropovoav eniong va
¥PNoonoovy T Bepudmra mov mopdyeton amd MAKE BepUIKG CULGTHLOTA.
Avagopikd pe éva omitt 150 T.). TOL AVOQEEPETOL TOPOUTAV®, 1 am®Aecheica
(mheovalovoa) Bepudtnra pmopel va ypnoporomBel yio mopoayoyr epudtmrog
o oLVOLAGUO e €va MAakd cvotnuo Bépuavong. ‘Eva niakd otofoitaixd
oboa propel va mapéyel OLO TOV NAEKTPICUO SIKTOOL TOV KOTAVUAMDVETOL KOTA
T ObpKelo TOv £€TOVG amO VOl OTITL. LTV TWEPIMTOON OLTH, TO OTOLTOVUEVOL
GLGTNLLOTA OVOVEDCLUNG EVEPYELNG GTO KTIPLO KATOKIOV eptiappdvouv pdvo to
NAoKo Beppikd cHOTNUA KoL TO NAKO POTOROATIKO OGN VD 1] BeppotnTa
B0 TapéyeTat Kot amd 1o cvoTnra THAEBEPLAVOTG.
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1) To ocbomua tiedéppovong Ba Tapéyel etnoiong 15.187,5SKWhth/ étoc,
2)'Eva nAoko Oeppukd cOoT LLe GUAAEKTES EMimedNG TAGKOG TOV 2 T.[L.
mov wapéyovv 1012,5KWhth/ €tog, kot
3) Hhuokd paotofoltaikd cvotnpa e ovopaotikn woyd 4,5KWp mov mapéyet
6300KWhel/ étog.
To kepohouokd KOGTOC TOV — EVEPYEWNKAOV  OCLCTNUATOV  exTNOnKeE

molamhactdlovtag to péyeBog Toug e TO KOGTOS avA LOVASO OV OVOPEPETAL
TOPATAVE. XTIV TEPITTOOT TOPOYNS OEppravong and Eva cvuotnuo TNAEBEpLOVOTG
dev ypebletar atopkd cvotnuo BEpRavong ydPOL Kot T0 KOGTOG TV NALK®OV
Bepikdv Ko nAMokodv eotoPoitaikdv cvotuatev etvor 6200 € 1 41,33 €ava
T.IL NG KOALUUEVNG emipdvelng tov Ktipiov. To kepoAoiokd KOGTOC TMV
CLUOTNUATOV AELPOPOV EVEPYELOG OV TOPEXOVLV OAN TNV OTOLTOVUEVY] EVEPYELN
€vO¢ KTiplo Katokidv mapovstdaletat otov Iivaka 4.

IMivokag 4. Kepotatokd KOGTOG TOV GUGTNUATOV GEPOPOV EVEPYELOG TOV KAADTTOVV OAEG
TG €vepYElOKEG OVOYKEG €VvOG omitioh, pe Kodvppévn empdvewe 150 t.p., om
Bopero EAAGSaL.

Kootog ypnong Koctog zpnone custiuatog
) ) CUCTNUOTOS OTEPENC THAEBEpROVONC
Zoomue svépyetag Propalac, niokod  amoiscBeicog Bsppuomrocg,
Bepuikod cuoTHroToc NAoKov Bepuikov

KO1 NAOKOV GUGTNULOTOS KOt NALOKOV
OWTOPOATOIKOV QOWTOLOATAIKGV
ZUFsmpa I((I'U('.".FI]C_ 4500 i
ctépeng Propaleg
Hhoxo Bspuixo cvomua 800 800
H?aat:o owToPfoitoixd 5400 5400
cuoTHUO
Zvomuae mheBépuovone i 0
amoAiecBsicac Bsppomrac
Tévodo 10.700 6200
| SRENOINTR. 71.33 41.33

. KOAVQBEVTOC POV

KOVOVIGLOVG KaTapéTpnong Kobopng evépystag kot to diktvo actikng Béppaveng
ov tpoodoteital pe anmiecHeica (mAsovalovoa) Oepuodomra. H cdvdeon tov
KkTplov pe ta dVo diktva TOL emTpémEl Vo WaPAysEl MAEKTPIKO peduo pe
ootoPoltaikd maved Kol vo To gyyéel oto diktvo. Mmopel emiong vo mapdyet
Beppotra e Aok Bepikd CLGTNUATO EYKATEGTNUEVO GTNV 0POPY| TOL KOl VO
™V eyxéel oto dikTvo TNAEDEPLOVOTG OTOV OEV VOl OmaPAiTNTH Yol TO OTitTL. £
€K TOUTOVL, TO KTipto o PmOpoHoE VO GUUTEPLPEPETAL GOV EVOGC TAPAYMYOS-
KOTOVOAMTHG OV TOPAYEL KOl KOTOVAADVEL NAEKTPIKN Ko Oeppikn evépyea. H
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xpon NAakng Beprknig evépyetag yo mapaymyn {estod vepol OKIOKNG ¥PNoNg
Kot 1 (pNoT TOTKOV Topmv Propdlog yio BEppaven ydpmv ce KTiplo, KOTOKIMY
gtvar moAd cvyvn ot Bopeta EALGda A0ym g dwabeciotntag g avavedsiung
EVEPYELOG KOL TOL YOUNAOD KOGTOUG TOVG G GYEOT| WE TO OPUKTE KAOOLLOL.
H ypnon Propélag eivat mo Tpocodo@dpa 0TS 0ypOTIKEG TEPLOYES GE GVYKPLON UE
TIG AOTIKEG AOY® TOL YOUNAOTEPOV KOGTOVG peTapopds. EmmAéov, ot yewpyoi Oa
propovcav vo ypnotponotovy vroieippoato fropdlog and to dud Tovg KTNHOTO
o€ TOAD YounAo kd6otog. Extog amod tn ypfon otepeds Propdlog Kot anmiecteioog
(mheovalovoag) BeppdTog GE KTipLo KATOKIDV, [0 EVOALAKTIKY ADOT Y ™
Oéppaveon Tov xOpov givatl 1 xpNor avTAMdv BeppotnTag VYNANG anddoons, LG
afl0moTNG Kot OWKOVOMKE OmodoTikng texvoroyiag. Qotdco, ot  avthieg
OeppOTNTAG YPNOLUOTOIOVV NAEKTPIKY EVEPYELD KOL TO APYIKO TOVG KOGTOG &ival
vynio. Eqv mpokertal, wotdco, va ypnoipomotnfodv 1o nAokd ¢oTofoATaikd
oboTNUO oL omotteitol Ba TPEmEL va eival LVYNAOTEPTG YOPNTIKOTNTOS Yol VO
TOPAYEL TNV TPOCHETN MAEKTPIKY] EVEPYELDL OV KOTOVOADVETOL omd ovtég. H
YPNON TEYVIKOV KOl TEYVOAOYIDOV €EOIKOVOUNONG EVEPYELNG Yo TN HeElwon TG
GUVOALKNG KATAVAA®GNG NG, dev £xel e€etaotel puéypt oty Kot 860nke Enpaon
povo otnv ekundEvion Tng ¥PNong OPLKTAOV Kavcinov Kot Tov ekmopndv CO2. H
peiwon ¢ KotovldAmong evépyewdg ©TO Ktiplto Kotowkuov Ba odnynoest o€
HiKpOTEPO  Héyebog TV  OmMATOOUEVOV EVEPYEWNK®OV GCUGTNUAT®OV Kol GE
YOLUNAOTEPO KEPAAOLOKO KOGTOG Y10l TOV UNOEVIGUO T®V EKTOUT®V GvOpaka Ady®
™G XPNoNG evépyelag. Qotd6c0, cOLE®VO. [ Tig 0dnyies ¢ EE kot v 1oydovca
eMnvikn vopobBecia, oyeTikd pe avtéc Tig odnyleg, N pelmon g KaTavaAmong
NAEKTPIKNG Ko Oepuikng  evépyelag eival VYIoTNG mPOTEPAOTNTOS. XTNV
mepintowon mov M Bépuaven xdpov o©To KTiplo mapéyeTol omd TO GVOTNUO
AEOEPLAVOTG, TO KEQOAOLOKO KOGTOG TMV CLUGTNUATOV OVAVEDGIUNG EVEPYELNG
glvar yoaunAdtepo oe oyéon He 10 KOGTOG OTNV TEPIMTMOON YPNONG OTEPENS
Bopalag vy mopaywyn Beppommrac. Ta vrdpyovia cvotiuoto AedEppavong
omv EALGSa ypnolomotobv onuepa Propnyovikn anwiecbeico (mieovalovoa)
Beppomra Adyo youniod koéctovg. Evtovtolg, ov ot paxpodypovor otabpoi
NAEKTPOTAPAYM®YNS TOL AglTOVPYOVV pe Aryvitn mpémel vo kieicovv Ady® g
gVpOTAiKNG vopobesiag, Ta veloTdpueva cuotipate TAedéppovong Ba npémel va
ypnowonowdy  tomkd  Swbéoipovg  moOpovg  Popdlag Yoo mapaymyn
Beppomrac.Qotdéco kol ot dVO TMEPMMTMOGEL, TO KEPAAOOKO KOGTOS TV
EVEPYELOKADV GUGTNUATOV gival YOUNAO GE GVYKPLON UE TO KOGTOG KATAGKEVNG TOV
KkTipiov, 10 omoio vmepPaivel Ta 1000€ avd T.[. TG KOAVUUEVNG EMPAVELOS TOL
KTpiov. Ot TPOOVAPEPOUEVES AVOVEDGCULEG EVEPYEIEG, CUUTEPIAUUBOVOUEVIG TNG
NAMoKNG evépyetag Kot TG otepens Propdlag, Bo pmopovsav va ypnoipomrotnfovv
Kot o€ OWKIoTIKG kTipto ektdg EAMGSog, 10img oe mepoyég pe vymAn miwokn
aktwoPfolic kot vynA SwbecipudmTo moOpwv Propdlog Omwg ce  SAEopES
HeGOYELOKEG YDPES Kol o€ xDpeg ™G Kevrpung Evponng.

8. Zvunépaocpa

H ovvdvaopévn ypnon dpopov ovovedOIL®OV KOl UN- ovOpaKIK®OV Tydv
gvépyelag, o€ KTiplo Katowkiwv ot fopeta EALGSa, Ba propovoe va expndevioet
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TG ekmopumég 610&e1diov Tov dvBpaka. Adym g VYNNG dabecidTrog Stopdpmv
Puooipwv evepyeidv ot Popeie. EAAGSa, 1 dnpovpyio KTipiov KOTOKIOV e
undevikég ekmopnéc dro&ewdion Tov avOpaka givar epctn. H niwokn evépyeia, M
otepen Popdla ko 1 anwiesbeica (mheovalovoa) Bepprotnta OepponiekTpiicong
oToflOoVG TOL AELTOVPYOVV OTNV TEPOYN UTOPOVV va ypnoipomondovv i
avToV ToV 0KoTo. Ol TEXVOLOYIEG TOVG Yo TaPAY®YN BEpUOTNTOG KOl NAEKTPIKTG
EVEPYELOG €IVOL OVETTUYHEVES, OELOTIOTEG KO OKOVOULKY amodoTikés. To vopkd
TAOIo10 EMTPEMEL TN YPNOT TOVG GE OKIOTIKG KTipto yio mapaymyn Oeppotntog
Kot NAEKTPIKNG evEpYeLas. 'Exovv avaivbel 600 dtapopetiég emAoyEs.

Yy npdt, 1 NAoky Oeprukn evépyeta, N NAOKT EOTOPOATAIKY EVEPYELD KaL )
otepen Popdla ypnowomoovval Y TV KOALYN OA®V TOV EVEPYELOKADV
avaykov tov ktipiov. Eved otn debtepn, n nhokn Beppixy evépyeta, 1 nAwoxy
ootoPoltaiky evépysln Kot M Propnyavikr amnolecbeica  (mAgovalovoa)
BeppotTa ypnoiporoovvtal Yo avtév Tov okomd.To kepoioiakd KOGTOG TV
TPOOVOPEPHEVTMV  GUOTNUATOV OVOVEDGIUNG EVEPYEWG Yoo TN pHelwon Tov
avOpOKIKOD OTOTUTIMUOTOG TOV OTITION AOY® TNG XPNONG EVEPYEWNG KULUOIVETOL
and 6200 € éoc 10.700 € | amd 41,33 éwc 71,33 € avd T.[. g KOALPUEVNG
emeavelog tov Ktipiov. Ot Tpéyovoeg epyacieg delyvouv 4Tt 1 dnuovpyio KTipiov
pe undevikég ekmopnég CO2 Ady® NG AELTOVPYIKNG ¥PNONG EVEPYELNG ot POpELa
EALGSa pe xprion PLociumv evepyeudv og Tomkd eminedo etvorl Te(viKd QKT Kot
owovopkd gixvotikn. Ilepartépo epyacieg Bo mpémer va emkevipobodv otnv
vAOTOINGOT €VOG KTPIoL KATOKIOV pEe 0vdETEPO 160L0Y1I0 do&ediov Tov avOpaka
om Popewo  EANGSa  ypnowomoidviog To  mpoovapepBivia  cLuoTHHOTO
AELPOPOL EVEPYELOG Kot va emPePormvel mv VapEn ovdETEPOL
ooluyiov 810&e1di0v TOL VP KATOYPAPOVTAS TO EVEPYELAKO TNG 1olhy10.

ZUYKPOLOT CUUPEPOVTWV

O cvyypapéng SNADVEL TOG SEV VILAPYOLY OVTIKPOVOUEVH GUUPEPOVTO CYETIKGL LLE
T dnpocievon avtov Tov £yypapov.
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Abstract

The necessity to cope with the global threats of climate change has increased our
concern on the energy sources used increasing the share of renewable
energies and shifting from fossil fuels to benign energy sources. European
Union through various directives aims at increasing sustainability in build-
ings reducing their energy consumption, fossil fuels use and carbon emis-
sions. In this context, the use of renewable energies covering all the energy
needs and zeroing the carbon footprint in a residential building located in
northern Greece has been investigated. Use of locally available sustainable
energies including solar energy, solid biomass and waste heat rejected from
power plants has been proposed for covering all the energy needs in a house.
Their technologies for heat and power generation are mature, reliable and
cost effective. Results have indicated that the combined use of the abovemen-
tioned sustainable energies can cover all the energy needs in the building, ze-
roing its carbon emissions due to operating energy use. The investment cost for a
house at 150 m? varies between 6200 € to 10,700 € or 41.33 to 71.33 € per m? of
the building covered surface, which is relatively low compared with its
construction cost. Therefore, the creation of zero CO, emissions residential
buildings due to energy use in northern Greece is technically and economi- cally
feasible.

Keywords

Carbon Emissions, Electricity, Greece, Renewable Energy, Residential
Buildings

1. Introduction

1.1. Biomass Use in the Residential Sector
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Carlini et al. [1] have reported on the economic assessment of biomass boiler
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plants for heating Italian residential buildings. The authors have stated that solid
biomass, including wood and pellet boilers, can provide heat for space heating and
domestic hot water in a house. They concluded that the installation of a
biomass boiler resulted in economic benefits which would be higher if a go-
vernmental subsidy was offered. A review of biomass heating for UK homes has
been presented by Dwyer [2]. The author has stated that the use of biomass for
heating should be considered in the early stages of the building’s design. A study of
biomass boilers heat generation in residential buildings in Spain has been re- ported
by Las-Heras-Casas et al. [3]. The authors have stated that biomass use in
residential sector could assist in the achievement of EU’s 2020 goals for cli-
mate and energy. They also claimed that biomass use could reduce primary
no-renewable energy consumption in buildings by 93% and CO, emissions by
94%.

1.2. Use of Solid Biomass in District Heating Systems

Ericsson et al. [4] have reported on the introduction and expansion of biomass use
in Swedish district heating systems. The authors stated that district heating satisfies
about 60% of the heat demand in Swedish buildings and biomass alone accounts
for about half of the heat supply. Design of biomass district heating systems
has been reported by Vallios et al. [5]. The authors have presented a
methodology for designing biomass fuelled district heating systems using a pa-
rametric logic which assists an inexperienced engineer to be able to design such
systems. Biomass district heating in pilot installations for public buildings has
been presented by Chatzistougianni et al. [6]. The authors have proposed a me-
thodology for heating public buildings with district heating systems fuelled by
biomass. They concluded that the benefits for rural municipalities are important in
terms of operating costs and environmental protection. Margaritis et al. [7] have
reported on the introduction of renewable energies in the district heating system in
Greece. The authors have stated that various district heating systems in northern
Greece are utilizing waste heat rejected from the lignite fuelled thermal power
stations. However, these power stations are going to close down in the coming
years. They have estimated that solid biomass, locally available, could be used
instead of waste heat in the existing district heating systems and that the fuel

replacement is cost effective.

1.3. Use of Waste Heat in District Heating Systems

Dorasic et al. [8] have reported on excess heat utilization in district heating sys-
tems. The authors have stated that district heating systems offer many economic and
environmental benefits compared with individual heating systems. They al- so
reported that excess heat can be easily utilized in an operating district heating
system depending on the available excess heat supply and its distance from the heat
demand. Karlopoulos et al. [9] have reported on the experience of the dis- trict

heating systems operating in northern Greece using waste heat rejected
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from the lignite fired thermal power plants. The authors have stated that many
economic and environmental benefits have resulted, during the last ten years,
due to the operation of these systems in northern Greece. Fang et al. [10] have
investigated the industrial waste heat utilization for low temperature district
heating. The authors have proposed a holistic approach to the integrated and ef-
ficient utilization of low grade industrial waste heat. They mentioned four im-
portant advantages including: 1) The improvement of thermal energy efficiency in
the factories, 2) more cost-efficient heating than the traditional, 3) reduction of
greenhouse gas emissions, and 4) reduction of heat pollution due to industrial waste

heat discharge.

1.4. Use of Solar Thermal Energy for Domestic Hot Water
Production

Greening et al. [11] have reported on domestic solar water heating in United
Kingdom. Taking into account the low solar irradiance in U.K. the authors have
concluded that the potential of solar thermal systems to contribute to a more
sustainable domestic energy supply in U.K. is limited. A review of solar water
heating systems has been presented by Vinubhai et al. [12]. The authors have
stated that solar water heating is one of the most effective technologies to con- vert
solar energy into thermal energy and it is currently a developed and com-
mercialized technology. However, they concluded, there exists opportunities to
further improve the system performance and increase its reliability and efficien- cy.
Aelenei et al. [13] have reported on systematic characterization of solar
thermal systems installed in buildings. The authors have stated that apart from their
energy performance characterization, additional criteria for assessing these systems
should include structural, functional and aesthetical aspects. Tian et al. [14] have
reviewed solar collectors and thermal energy storage in solar thermal applications.
The authors have reviewed various types of concentrated and non-concentrated
solar collectors with or without sun tracking systems. They have also reviewed
solar thermal energy storage as sensible heat, latent heat and in chemical heat
storage materials. The authors concluded that among the non-concentrated
collectors the photovoltaic-thermal collectors show the best overall
performance. Kalogirou [15] has reported on thermal performance, eco- nomic and
environmental life cycle analysis of thermosiphonic solar water hea- ters. The
author has studied a simple thermosiphonic system producing hot wa- ter for a
family of four persons. His results indicated that it can cover up to 79% of the
annual needs in domestic hot water of the family. The payback period of the
investment varies between 2.7 - 4.5 years, depending on the back-up system used,
while greenhouse gas savings obtained are at 70%.

1.5. Use of Solar-PV Systems

Salem et al. [16] have reported on building integrated photovoltaics in Mediter-
ranean countries. The authors have stated that Mediterranean basin is characte-
rized by high solar irradiance, at 7.5 - 8 KWh/m* annually, and high tempera-
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tures which decrease the efficiency of the solar cells. They concluded that
so- lar-PVs placed on commercial buildings, which mainly operate during the day,
can cover the most of their electricity needs. Hayter et al. [17] have reported on
applications of solar-PVs in buildings. The authors have investigated the per-
formance of three solar-PV systems, at 7 KWp to 60 KWp, installed in
three commercial buildings. They concluded that these systems have reduced the
elec- tricity loads in the buildings suggesting that they should be integrated into the
building in its initial design phase. Biyik et al. [18] have reported on building in-
tegrated photovoltaic systems (BIPV). The authors have stated that BIPVs have
attracted the last decade an increasing interest and they are considered as a feas- ible
technology to cover part of the electricity load in buildings. They have also
investigated the possibility of ventilating the solar-PV system in order to de-
crease the temperature of the panels and to increase their efficiency. Tselepis
[19] has reported on the PV market developments in Greece with reference to net-
metering case studies. The author has stated that net metering regulations were
introduced in Greece in the end of 2014. The two case studies presented for a
household and a commercial enterprise indicated their attractiveness and the
viability of the net-metering program in Greece.

1.6. Net Zero Energy and Zero Carbon Emission Buildings

Ferrante et al. [20] have investigated the creation of zero energy balance and ze- ro
on-site CO, emission houses in Mediterranean climate. With reference a town in
southern Italy the authors have stated that houses with zero energy balance and
zero CO, emissions are feasible in Mediterranean basin. They can be
achieved using energy efficient technologies, local materials and traditional con-
struction processes. Vourdoubas [21] has reported on the creation of zero CO,
emission residential buildings in the island of Crete, Greece. The author has
stated that zero carbon emission buildings can be created with the combination of
various renewable energy technologies. He reported that solar thermal energy,
solar-PV, solid biomass and ground source heat pumps combined, can generate all
the heat and electricity required in the building zeroing its carbon footprint due to
energy use. Creation of zero CO, emissions residential buildings due to operating
and embodied energy use has been reported by Vourdoubas [22]. The author has
stated that the combination of various renewable energies could zero its CO,
emissions due to operating energy use. He also stated that in order to zero the
embodied energy use in the building, generation of additional solar electricity
injected into the grid is required. Nielsen et al. [23] have reported on excess heat
production of future net zero energy buildings (NZEBs) within dis- trict heating
areas in Denmark. The authors have stated that most of the build- ings in Denmark
are connected to electricity grids and around half of them with district heating
systems. This fact allows the exchange of heat and electricity among the
buildings and the grids. They found that excess heat produced from solar thermal
systems installed in NZEBs can be sent into the district heating system
reducing the fuel used for heat generation.
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Although many studies have focused on the use of various renewable energies in
buildings the possibility of creating net zero energy buildings replacing fossil fuels
with reliable and cost effective renewable energy technologies has not paid
attention so far. However in the current age of sustainable development and cli-
mate change minimizing carbon emissions in various sectors is of paramount
importance. Current study indicates the way that the use of well proven renewa- ble
energy technologies could result in net zero carbon emission residential
building in Greece.

Aims of the current work are:

1) The presentation of various sustainable energy technologies which can be used
in residential buildings in northern Greece for zeroing their carbon emis- sions,

2) A preliminary sizing of the sustainable energy technologies used in a typical
residential building for zeroing its carbon footprint, and

3) Assessment of the feasibility of creating net zero carbon emission residen- tial
buildings in northern Greece.

2. Energy Use in Residential Buildings

Residential buildings consume energy in various sectors including:

1) Space heating,

2) Space cooling,

3) Domestic hot water production,

4) Lighting, and

5) Operation of various electric appliances.

Energy consumption in various sectors in residential buildings depend on
various parameters including:

1) The local climate,

2) The quality of the building construction which characterizes its energy
performance, and

3) The behavior of the residents.

Typical operating energy use in various sectors in a residential building lo-

cated in Crete, Greece is presented in Table 1.

Table 1. Energy consumption in a residential building located in Crete, Greece'.

Energv consumption
B) i

Sector % Energy used 5
(KWh/m* year)
Space heating 63% 107.1
Hot water production 9% 15.3
Lighting 12% 20.4
. Ope.ratlon .ofvarlous . 16% 27
appliances including space cooling
Total 100% 170

'Source: Vourdoubas, 2016.
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3. Requirements for a Net Zero Carbon Emission Building
Due to Energy Use

A grid connected residential building would zero its carbon emissions due to
operating energy use if the following conditions are fulfilled.

1) All its heating requirements for space heating and hot water production are
covered with renewable energies or other non-carbon emitted energy resources,
instead of fossil fuels, and

2) Its grid electricity consumption is offset annually with green electricity, like
solar-PV electricity generated by solar-PV panels placed on the roof of the
building.

If those two conditions are fulfilled the net carbon emissions due to operating
energy use of the residential building would be zero. It has been assumed though
that all the grid electricity is generated by fossil fuels emitting CO, in the
at- mosphere. However part of grid electricity in Greece is generated by renewable
energies including hydroelectric, wind and solar-PV plants. Apart from the
energy consumed during the operation of the building, additional energy is also
consumed during its construction, its refurbishment and its demolition. Vour-
doubas, 2017, reviewing results from various studies, has indicated that opera-
tional energy use in a building corresponds approximately at 85% of its total life
cycle energy consumption and the rest 15% is its embodied energy. In order to zero
carbon emissions due to life cycle energy consumption in the building a
larger size solar-PV system is required and it can be installed. However the ex-
isting net-metering regulations in Greece compensate only the PV’s electricity
generated which is equal to the annual consumption in the building. Excess
electricity generated is sent into the grid while the producer-consumer does not
receive any financial compensation for that.

4. Availability of Solar Energy, Solid Biomass and Waste
Heat in Northern Greece

Solar energy is abundant in northern Greece and it is already used for heat and
power generation with solar thermal and solar-PV systems. Both of them are
currently used in buildings for covering their energy needs. The systems used are
mature, reliable and cost-effective. The wuse of solar-PV systems for
electricity generation in grid connected buildings is allowed according to the Greek
legisla- tion with the net metering regulations. Solar thermal systems are broadly
used in Greece for domestic hot water production. However their use for space
heating and cooling is rather limited. Availability of solid biomass in northern
Greece is high, including agricultural and forest by-products, residues and
wastes. It is broadly used for heat generation, including space heating and
domestic hot wa- ter production, in residential buildings. Various types of solid
biomass are used for energy generation including fire-woods, pellets and wood
briquettes, feeding wood stoves, fire places and central heating systems. Although
the use of solid biomass in residential buildings in northern Greece is well

developed, its use in
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fuelling district heating systems is lacking. Taking into account the current se- vere
economic crisis in Greece heating residential buildings with solid biomass, instead
of conventional fuels, is considered as a cheap and affordable method of heating
for many people. The availability of waste heat in northern Greece is high
particularly in areas with lignite-fired thermal power stations. These power plants
discharge large quantities of hot water which could be recycled and reused in
district heating systems providing heat in buildings and in other activities.
Although waste heat from these power stations cannot be considered as renewa- ble
energy source, its reuse is desirable, promoting circular economy, increasing the
overall efficiency of the power stations, avoiding thermal pollution of water
reservoirs and eliminating carbon emissions due to fossil fuels use. Currently
district heating systems utilizing waste heat discharged from power stations pro-
vide heating in few cities in northern Greece including Kozani and Ptolemaida
which are located nearby the stations. Solar energy, solid biomass and waste
heat, if combined, can cover all the energy needs in residential buildings result- ing
in zero net carbon emissions due to operational energy use. The use of solar energy,
solid biomass and waste heat for covering the energy needs in residential buildings

is presented in Table 2.

5. Use of Solid Biomass and Solar Energy for Covering All the
Energy Needs in Residential Buildings

Renewable energies can cover all the heating needs in residential buildings while
solar-PVs placed on the roof can generate electricity equal to the amount con-
sumed annually in the building. Solid biomass can be used in individual systems for
space heating and hot water production while solar thermal systems with flat plate
collectors can be also used for hot water production. Both technologies are reliable,
mature and cost-effective and they are currently used in residential buildings
in northern Greece. Solar-PV systems are recently used in grid con- nected
buildings for electricity generation offsetting annually the grid electricity consumed
in the building according to net metering regulations. Their use has been promoted
the last few years due to the fact that their prices have been sharply reduced
and their use is cost effective. Alternatively district heating sys- tems fuelled with

solid biomass can provide all the required heat in the buildings.

Table 2. Use of solar energy, solid biomass and waste heat for covering the energy needs in
residential buildings.

Domestic hot Electricity
Energy source Space heating . .
water production generation
Solar thermal energy +
Solar-PV energy +
Solid biomass in individual
L . + +
or district heating systems
Waste heat in district heating systems + +
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Unfortunately district heating systems utilizing solid biomass are not currently used
in Greece. Therefore the combined use of solid biomass, solar thermal energy
and solar-PV systems can cover all the energy needs in grid connected residential
buildings resulting in net zero carbon emissions due to operational energy use in
them. The characteristics of the abovementioned renewable energy technologies are
presented in Table 3.

The sizing of the required renewable energy systems for providing all the re-
quired energy in a residential building in northern Greece resulting in net zero
carbon emissions has been calculated according to the following assumptions.

1) The covered area of the house is 150 m?,

2) Energy consumption in various sectors in the house is similar with that
presented in Table 1. Therefore, the energy requirements for space heating are
14,175 KWh,/year, for hot water production 2025 KWh,,/year and for electricity
6300 KWh,/year, totally 22,500 KWh/year,

3) Solid biomass is used in individual systems covering all its needs in space
heating and 50% of its needs in domestic hot water. Solid biomass should pro- vide
15,187.5 KWh,/year assuming that it will operate 1000 hours in the winter time.

4) A solar thermal system is covering the rest 50% of its needs in domestic hot
water providing 1012.5 KWh,,/year. It will provide hot water during the warm days
when space heating is not needed. A system with flat plate collectors at 2 m* can
provide it. It is assumed that the solar thermal system will produce in the
summer 600 KWh per m* of the flat plate collectors.

5) A solar-PV system installed on the roof and connected with the grid gene-

rates annually the amount of grid electricity consumed in the building, according

Table 3. Characteristics of various renewable energy technologies and waste heat used for
energy generation in residential buildings in northern Greece.

Current use

Reliability Cost

Brergy o Enerwy o EMmYWE e ppyencssof 1 PUIONGS
source/Technology — generate in the building technology  the technology in northern
Greece
Solid biomass Space heating,
in individual Heat hot water High Satisfactory Yes
systems production
Solid biomass Space heating, No, it has
in district Heat hot water High Satisfactory not been
heating systems production studied
Solar thermal Hot wat
energy-Flat plate Heat © Wa_ °r High Satisfactory Yes
production
collectors
Lighting,
Solar-PV systems  Electricity Operation of High Satisfactory Yes
electric appliances
Waste heat Space heating,
rejected from Heat hot water High Satisfactory Yes
various plants production
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to the net metering initiative, providing 6300 KWh,/year. It is assumed that a solar-
PV system located in northern Greece generates annually 1400 KWh per KW ..

The size of the required renewable energy systems in the residential building
is:

1) A solid biomass burning system with thermal power 15 KW,

2) A solar thermal system with flat plate collectors of 2 m?, and

3) A solar-PV system with nominal power 4.5 KW.

The capital cost of the abovementioned energy systems is estimated assuming
that their unit costs are: for the biomass burning system, 300 € per KW,,, for the
solar thermal system, 400 € per m* of the solar collector and for the solar-PV
system, 1200 € per KW, Therefore the cost of the biomass burning system
is
4500 €, of the solar thermal system 800 € and for the solar-PV 5400 €, totally
10,700 € or 71.33 € per m? of the building covered surface.

6. Use of Waste Heat and Solar Energy for Covering All the
Energy Needs in Residential Buildings

Waste heat rejected from thermal power plants in northern Greece is currently used
in district heating systems for providing heat in residential buildings. Al- though
rejected waste heat cannot be considered as a renewable energy source its impacts
are similar with renewable energies since its use is not related with emissions
of greenhouse gases while thermal pollution to reservoirs is avoided. Additionally
the pricing of the waste heat rejected is very low and the cost of heat for the
residential buildings is lower compared with a district heating sys- tem fuelled with
solid biomass. District heating systems using waste heat can al- so utilize solid
biomass or heat produced from incineration of various wastes. They could also
utilize heat generated by solar thermal systems. With reference to a house at 150 m?
mentioned in the previous section, waste heat can be used for heat production
combined with a solar heating system. A solar-PV system can provide all the grid
electricity consumed over the year in the house. In this case the required renewable
energy systems in the residential building include only the solar thermal system
and the solar-PV system while heat will be also provided by the district heating
system.

1) The district heating system will provide annually 15,187.5 KWh,,/year,

2) A solar thermal system with flat plate collectors at 2 m* providing 1012.5
KWh,/year, and

3) A solar-PV system with nominal power 4.5 KW, providing 6300 KWh,/year.

The capital cost of the energy systems has been estimated multiplying

their
size by their unit costs mentioned in the previous section. In the case of provid- ing
heat by a district heating system an individual space heating system is not needed
and the cost of the solar thermal and solar-PV energy systems is 6200 € or 41.33 €
per m’ of the building covered surface. The capital cost of the sus- tainable
energy systems providing all the required energy in the residential building
are presented in Table 4,
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Table 4. Capital cost of sustainable energy systems covering all the energy needs of
a house, with covered area 150 m?, in northern Greece'.

Yse-of-solid-bi Yoo districtheats

burning system, fuelled with rejected waste heat,
Energy system
solar thermal system solar thermal system
and solar-PV (Costs in €) and solar-PV (Costs in €)
Solid biomass burning system 4500 -
Solar thermal system 800 800
Solar-PV system 5400 5400
Waste heat reuse with 0
district heating system
Total 10,700 6200
Total costs per m*of covered area 71.33 41.33

'Unit costs: Solid biomass burning system: 300 € per KW,,, Solar Thermal system: 400 € per m* of flat plate
collectors, Solar-PV: 1200 € per KW,,.

7. Discussion

Residential buildings in few towns in northern Greece can be connected in two
grids including the electric grid, with the net-metering regulations, and the mu-
nicipal district heating grid fuelled by industrial waste heat. The connection of the
building with the two grids allows it to generate electricity with photovoltaic panels
and to inject it into the grid. It can also generate heat with solar thermal systems
installed on its roof and injected into the district heating network when it is
not needed in the house. Therefore the building could behave like a pro-sumer
producing and consuming electric and thermal energy. Use of solar thermal energy
for domestic hot water production and local biomass resources for space heating in
residential buildings is very common in Northern Greece due to the availability of
renewable energies and to their low cost compared with fossil fuels. Biomass use is
more cost effective in rural areas compared to urban areas due to lower
transportation costs. Additionally farmers could utilize bio- mass residues from their
own farms at a very low cost. Apart from using solid biomass and waste heat in
the residential building another alternative for its space heating is the use of
high efficiency heat pumps, a reliable and cost effec- tive technology. However heat
pumps use electricity and their initial cost is high. If they will be used though the
solar-PV system required would be of higher ca- pacity in order to generate
additional electricity consumed by them. The use of energy saving techniques and
technologies, for reducing its overall energy con- sumption, has not been considered
so far and emphasis has been given only in zeroing fossil fuels use and CO,
emissions. Reducing though the energy con-

sumption in the residential building will result in smaller sizing of the required
energy systems and in lower capital costs for zeroing its carbon emissions due to
energy use. However according to the EU directives and the current Greek legis-
lation, complying with these directives, the reduction of electric and thermal
energy consumption is of high priority. In the case that space heating in the
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building is provided by the district heating system the capital cost of the renewa-
ble energy systems is lower compared with the cost in the case of using
solid biomass for heat production. Existing district heating systems in Greece
cur- rently utilize industrial waste heat due to low cost. However on the long term
lignite fired power plants should be closed down due to European legislation.
Then the existing district heating systems should utilize locally available biomass
resources for heat generation. However in both cases the capital cost of the
energy systems is low compared with the construction cost of the building which
exceeds 1000 € per m? of the building covered surface. The abovementioned re-
newable energies including solar energy and solid biomass could be also used in
residential buildings outside Greece particularly in areas with high solar irra-
diance and high availability of biomass resources like in various Mediterranean

countries and in Central European countries.

8. Conclusion

The combined use of various renewable and non-carbon emitted energy re-
sources could result in zeroing carbon emissions in residential buildings in
northern Greece. Due to high availability of various sustainable energies in
northern Greece, the creation of zero carbon emission residential buildings is
feasible. Solar energy, solid biomass, and waste heat rejected from thermal power
plants, operating in the region, can be used for that. Their technologies for heat and
power generation are mature, reliable and cost-effective. The legal frame-
work allows their use in residential buildings for heat and electricity generation.
Two different options have been analyzed. In the first solar thermal energy, so- lar-
PV energy and solid biomass are used for covering all the energy needs in the
building. In the second, solar thermal energy, solar-PV energy and industrial
waste heat are used for that. The capital cost of the above mentioned renewable
energy systems for zeroing carbon footprint of the house due to energy use va- ries
between 6200 € to 10,700 € or 41.33 to 71.33 € per m? of the building cov- ered
surface. Current work indicates that the creation of zero CO, emission
buildings due to operational energy use in northern Greece using locally availa-

ble sustainable energies is technically feasible and economically attractive. Fur- ther
work should be focused in the realization of a zero net carbon emissions
residential building in northern Greece using the above mentioned sustainable
energy systems and recording its energy balance over time verifying its carbon
neutrality.
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YyoMacuog
Ewcaymyn

H napovca epyacia £xel o¢ BEUL0 TN LETAPPOOT KOl TOV GYOAMAGLO TOL EMGTNHOVIKOV ApBpov «Use of
Renewable Energies for the Creation of Net Zero Carbon Emission Residential Buildings in Northern
Greece» «XpNon ovOvEDGIUNG EVEPYELOG YO T ONLLLOVPYIN OIKIGTIKAOV KTipiv ovdétepov 1colvyiov
droéediov tov dvBpaxa otnv Bopeto EAAGSa». To mpotdtumo keipevo €xel cuvtaybet amd tov Iwovvn
Bovpdoduma omd to tpipa: Mecoystokd Aypovopkd Ivetitovto Xaviov (MAIX), Xavid, Kpnm, EALada .
Anpoctievtnke oto «Open Journal of Energy Efficiency» kot avadnuociedtnke amd tov 1610T0m0 «Scientific
Research Publishing». O ckondg avtig TG £pyociog fTav Vo LETAPPAGTEL TO EXGTNUOVIKO dpBpo kot va
YIVEL GYOMOGHOG KOl EXTIAVGOT TOV 1310UTEPOTITOV KO TOV HETOQPACTIKMOV TPOPANUATOV TOL GLVAVTOVTOL

670 Keipevo.

To petdepacua Kol T0 TPOTOTVTO AVIIKOLYV GTIV KOTNYOPI TOV ETIGTNHOVIK®OV KEWEVOV, KoL TTLO
GUYKEKPLUEVO TAOV EMGTNUAV EVEPYELAS, KOL EVIAGGETOL GTNV KOTNYOPio TV KEWWEVOV CYETIKE LE TNV
TPAGIVY EVEPYELD. AKOUT O GUYKEKPIUEVD, TO ApOPO avapépeTal o £pguveg Tov £yovv die&oyDel yio ™
LEI®OT TOV OVOPAKIKOD OTOTUTOUATOG LEGH SNUIOVPYIOG KTIPI®V TOV YPTCUYLOTOLOVV OVOVEDCTLES LOPPES
EVEPYELOG, TOCO Y10l TNV KATOGKELT TOVG 000 Ko yia T dudpkela {ong Tovg. ATdtelel puia ovapopd og
€peuvec Tov £yovv de&ayBel oTo TPOGPATO TAPEAOOV Yol TN XPTIOT) TEXVOLOYLDY OVOVEDGIUNG EVEPYELOG KoL
e€etdlel TV amodoTIKOTNTA TG XPTONG CVTMV TOV TEXVOAOYIOV Yo TN dnpiovpyia KTipiev pe Pnoevikég
exmounég avOpoka otn Bopeio EALGda. Eivar éva e&gidikevpévo, EMGTNHOVIKO KEIEVO, TO 0010
amevbeiveTon KVPlmG GE EMOTAHOVEG GTOV TOUEN TNG EVEPYELNG. 26TdG0 Ba pmopovce va ypnoyomotndel Kot
OO EMOTNUOVEG KoLl EIOTKOVG GTOV TOUEN TNG OIKOVOUING KOt TNG OVATTUENC , OTTMG KO OO GTOLLO, TTOV
ovVOAQUBAVOLY TOV OYESIOGLO KOl TN onpovpyia vémv kTipimv. To mapdv keipevo, uropet va
yPNoomoBel 1000 G TNy 6€ SINALEELS KOl EMOTNUOVIKES S10TPPEG OGO Kot G VA TANPOPOPLOKO

Keipevo amd €101K0VE GTOV KATAGKEVUGTIKO TOUEN.

Eivon onpovtikd va avoeepdel, Tog Adym tng eAmods PifAloypapiag Opwov GYETIKE [LE TNV EVEPYELN OTIV
EMMVIKY] YAOOGA, 1] LETAPPACT] TETOI®V KEWEVAOV EIVOL 0PKETA SDOKOAT KOl OaLTEITOL TOAD®PT Kol
EVOEALEYT £PEVVO GE EVTVTIEG KO AEKTPOVIKEG TNYEG, TOGO EEVOYAWOGOES, 000 Kot EAMNVIKES. Evad, kpivetan
omapoitnTn 1 oHvTaén YAWCoGOPiov TO OTi0 GUVTIEAAEL GTNV EMIAVGT TOAAMV LETAPPUCTIKAOV TPOPANUATOV

KOl SUOKOMDV, EVH TOPAAANAL, KOTOYLVPDOVEL ETAPKOG TIV EYKLVPOTNTO TOV HETAPPACLUATOC.

Svvnupévo Ppioketol Eexmploto apyeio pe 10 YAOGGApt E0IKOV Op®V TOL GLVAVTIHOTKAY GTO TPM®TOTLTO,
TPOG LETAPPOOT KEILEVO, OTTOV TAPOTIOEVTUL 01 OPOL AVTOVGIOL GTNV AYYALKN, 1] OKPIPNG 0mdS00T TOVG GTNV
EMMVIKY, 1] 0Tol0L TPOEKEIYE PETA OO AETTOUEPT] £PELVO, 1 EVTLT 1] NAEKTPOVIKT TTNYR OV YPTHOTOMmONKE
Y TNV €0PECT TNG KOTAAANAOTEPTC OTOS0GNG TOV OPOL KOl GE OPIGUEVEG TEPITTMGELS, EMMAEOV eme&ynon

TV Op@V 1 YPNOT TOPASELYUAT®V, LE CKOTO TNV GYOANGTIKOTEPT] AVAAVCT] KOl KOAVTEPT] KOTAVONGT TOVG.



& 0UTEG TIC TEPIMTAOOELG M ENEENYNON 1/ KO 1] XPTOT TAPASEYLATOV KpiOnke okompn, gite 10T 0
EKAGTOTE OPOG GUVAVTATOL LLE TEPIGGOTEPES OO io OTOSOGEIC Kot TPEMEL VoL S1kaloA0yN0el 1) EXAOYT| TOV
€yve, YTl 0 CVYKEKPLIEVOS OPOG, YPELAGTNKE TEPETOIP® AVAAVOT Y Vo YiveL KoTtavonTdg amd Tov

ovVayvVOOTI.
Meta@pacTikn EVIOAN

To petdopacpo OTwg Kol T0 TPOTOTLTO EVIAGGOVTHL GTNV KATNYOPio TWV EMGTILOVIKOV KEWEVOV KoL TLO
GUYKEKPIUEVOL GTO. KEIPEVO OYETIKA UE TIG EMIOTNUES EVEPYELNS. AVOQEPETOL GTN dNUIOLPYI OIKIGTIKMY
KTplov pe undevikég ekmopumég owo&ewdiov tov dvBpoka oty Bopeio EAAGda. To kowd oto omoio
oamevBivovtat gival, Katd KOpLo A0Yo, EIONLOVEG KOl ATOLO TOV EVIAGGOVTAL GTOV KAAJO TNG OIKOVOUInG Kol
™G TPASIYNG avATTLENG AdY® T ¥pNoMG €0KoV Aethoyiov mov cuvavidtol oto keipevo. To gv AOyw®

Keipevo, Ba propovoe va dtofactel og d1aAesn 1 oo Kot vo xpnoonombel o pio ETOTNUOVIKY £pgvval

og Y.
Avaivon kelpévou agetnpiog

To keipevo agetnpiag, €xel tov titho «Use of Renewable Energies for the Creation of Net Zero Carbon
Emission Residential Buildings in Northern Greece», ypouuévo and tov kadnynt lodvvn Bovpdovumo. Na
onuewmbel og avtd 10 oNueio, TOC TAPOAO TOV O GLYYPAPENG TOV TOPATAVED ETIGTILOVIKOL ApOHpov eivar
EMnvog, petd amd emkowvavio pali tov emPeParmbnie TG T0 TPOG PETAPPUOT] KEIUEVO YPUPTIKE ©OC
TPOTOTVTO OTO. OyYAKE Ko Ogv €xel yivel HETAPPOCT TOL OT0 EAANVIKG Kotd Tov Taperdov. To keipevo
amotedeitanl amd TNV avagopd epevvav, mov £xovv oelaybel oyeTikd pe TN ypnom, 10 KOGTOC KOl TNV
OTOJOTIKOTNTA YPTOTG UEPOPOV EVEPYELNG Y10, TIV KOTAOKEVEL KTIpI®mV e UNdEVIKES avOPOIKIKEG EKTOUTEC,
KOl Omd TNV YpNon TOV TOPATAVO EPELVAOV Yo, vo oamodewybel 1 owkovopkn Kot mePPUALOVTIKY
amodOTIKOTNTA OVTAOV TOV KTIpiov otnv EALGda kal o cvykekpiyéva otn Bopegio EALGda. To npmtdTumo
Kelpevo glvarl YpopUévo otnv ayyAkn yA®ooad, 1 omoio Ogv gival 1 UNTPIKn Tov cuyypagéa. QoTd00, 1
GLYYPOOPT TOV KEWEVOL OTNV ayyAIKN Umopel vo, amodobel amd 10 yeyovog OTL TO PEYOAVTEPO TOCOGTO
BiBAoypapiag emoTnUOVIK®OV KEWEVWOY, oNUEPa, gival gite ypappéva eite peta@pacuéva otny oyyMKn,
OAAG Kot emedn M Oopoloyiol OV YPNONUOTOLEITOL OTIS OETIKEC EMOTALES KOL O CLYKEKPUEVO OTIG
EMOTNUEG OYETIKEC e TNV eVEPYELD elvar Mo Stadedopévn OAAG Kot o TAODGLO OTNV AYYAIK) YOGGO.
Emmiéov, n ayyhxn elvan pio amd T1g mo d1adedoUEVEG YAMOTES TAYKOOUIWS, £TCL 1] GLYYPAPT TOV GE OVTN,
Kaf1otd T0 ApBpo KATOVONTO GE Eva PEYOADTEPO PAGPO KOWVOD TOCO GTOV EMIGTNUOVIKO Y®Dpo, OGO Kot

€KTOG ALTOV.

210 TPOTOTLTO OV TAPATNPOVVTOL AAON Ko 1) HeYoAvTEPT duoKoMa Tov cuvavtdtol ogv Pploketal ovte
oty ovvialn ovte ot doun oA Kupiog oto AeEAOY0 Kal TV opoioyia. Qotdco mépa amd To
TPOPALLOTA TTOL CLVOVTHONKAY LE TNV OPOAOYIO 1) KATOVOTOT] TOL TPMOTOTOTOL deV NTAV WLiTEPO SVGKOAN
Ko TepimAokn, EpOcoV eixe mponyndel €pevva oe EVTLTEG Kol NAEKTPOVIKEG TTNYES, KUPIME GTNV ayYAIKN Kot
TNV EAMMNVIKY, Y10 TNV HETAPPacT] Tov €dkov Ag&thoyiov. Eve, onuavtikn ftav n coppfoin mopdiiniov

KeWwévov mov Ponbnoav t6G0 otV KOTOVONGCT Kol UETAPPOCT TNG oporoyiog 0G0 Kal, €V YEVEL, OTNV



KATOVONGOT Kol UETAPPOCT) OAOKANPOL TOL KEWWEVOL. AP0V, AOWOV, £YWVE 1 amopaitntn £pEvvo Kot
ouvtaydnke To YAwooaptl Tov anotédece Pactkd fonnua yio TNV EKTOVNOT TNG EPYOCING, GUVEYLIGO LE TN

UETAQPPOOT) TOL ApBpov.
Metagppoaotikd TpofAruaTa

210 TOPOTAVE KEILEVO EVTOTIGTNKAY OPIOHEVES OALTEPOTNTEC KOl YPEIICTNKE VO OVTILETOTIGTOVV LEPIKA
UETOPPOCTIKA TPOPANLATO, TO, OTOl0 AVAPEPOVTAL TOPUKATO YMOPICUEVO OE 5 OUPOPETIKES KOTIYOpPlES:
Ae&\dyo, doun, obvtaln, vVeog kol mivokes. Eyovtag, Aowdv, amévavti pag éva €01KO EMOTNUOVIKO
KEIUEVO, OTMOC TO TAPUTAV®, TOL OTOTEAEL KEILEVO GYETIKO LLE TIG EMICTNES TNG EVEPYELAS, TO AEEIAOYIO KoL
O oLYKEKPEVA 1 opoloyio, mailel évav TOAD onuavtikd poAo, Kot YU ovTtov Tov Adyo Ba eoTidoovpe

apPYIKA 6€ avTo.
Aeg&oyio

Apywcd pémetl va, yivel daywpiopog ot TG LEYEANC Katnyoplog 6 vIoKATYopies, Yoo TNV KAADTEPT
TOPOLCiaoT Kol avAaAVSoT TOV TPORANUAT®OY OAAG KOl TNG OVTILETOTIONG TOL Ol omoiec ywpilovtal otnv
oporoyio, TIg TOAAATAEC ATOSOCELS KOl TEAOG, TO AKPOVOLLY KOl TO OPKTIKOAEEN. ZuVvNUIEVO 6Ty epyocial,
vrdpyel £vo YAwoodpt mov Asttovpyel o¢ Pdon opoloyiag kol pEcw avtol Ba yivel Kol 0 GYOAGUOG TNG

GUYKEKPLUEVIG KOTIYOPLag.

Xto €101kd Keipeva 1 opoAoyia gival éva amd ta facikdtepo pépn g petdppaons. H cwot petdopaon twv
OpmV €ival GNLOVTIKY Y10 T GOOCTN UETAPOPE TOV TANPOPOPLOY amd TN Uio YADGGO TNV GAAN Kot Yid Vol
omo@evyfovv, Tuxo6v AGON. Ocov a@eopd v opoAoyio, GTO MPOG UETAPPOOCT KEIEVO, CLVOVIMVTOL
HELOVOUEVEG AEEEIC KOl AEKTIKG CUVOAN o©TO Omoio, Pdcoet Tov TPTOTOHTOL, Umopel va amodobel pia
ovykekpluévn epunveia. Idwitepa oto Tapoamdve Keipevo mov Bpibel oporoyiag GYETIKN Le TNV EVEPYELD, M)
amodoon KOOV OpOV MTov TOAD  CLYKEKPEVT, KaO®OG £Empeme vo  mpooegybel 1dwitepo M
UETAPPOCT)/UETAYPOPT KATOIOV TOYI®UEVOV OO TNV EMGTNUOVIKT KowotnTto 0pwv. [lapadeiypota 0mmg
«CO2», «KWhy, «<KWn» xabmg kot 6Aot ot tomot tov KW petaypdeoviot animg, apov £XOVUE VO KOVOVLLE
e Opovg Ol OTMOioL YPNOLUOTOIOVVTIOL TOYIOUEVOL EMIGTNHUOVIKY KOWOTNTO. X€ TEPIMTMOOT OAAUYNG 7
UETAYPOPTG TOVG GTO, EMANVIKA TTPOKAAEITAL 100 TPEPA®DGT TG 0OpOAOYING, KATL TO 0010 UTOPEL Vo 0Oy GEL
oe AdBog petapopd Tev mANpogopuwwv. Olo to mopomdve mopadeiypota, €govv dtooctovpwbel oe
10T00EAIDEG €101KNG opoAoyiog Kot Exovv aylmbel mg opiopol, yeyovog To omoio deiyvel TIc SlopopEg TNV
OKEYT KOl TNV EKQPOACT TNG EMGTNIOVIKNG KOWOTNTOG TNG EKAGTOTE YAMOGOS, GTI GUYKEKPLUEVT TEPITTMON

670 (VYOG ayYAIKNG- EAANVIKTC.

Ev ovveyeio ovvavtaue tn katnyopio g moAlomAng anddoong. Xto keipevo cuvavtiinkov AEEElC Kot
GUUOPACELG, Yo TIG omoieg Ppédnrov mapomdved omd i amodOcelS OTOV YPEWICTNKE VO EMAEYEL M
KatoAAnAGTEPT pE Pdomn To ovykeipevo. ITlapoadeiypoto Omwg, «waste heaty mov omodideTon ¢
«ammlecBeico (mAeovalovon) OepudtnTon, «omwiecbeica (mAeovalovoa) Oepudtnron oAlo KOl ®G

«amopputopevn Beppdtron Kabwe kot o 6pog «solar cell» mov amodidetal wg «PwTofoitaikd cToryEioN,



«MAMOKT KOYEA KOl O «NAKO KUTTOPOY» KOt TOAAG GAAQ, omotelovV oporoyia 1 omoio etvor SOk KoL
LE TEEPLGGOTEPOVS A0 EVAV TPOTOVG UETAPPAONS Tovc. H emhoyn twv emikpatéctepmv 0pmv £ywve e Bdon
™V oVYVOTNTA TOVG OTIS PBMOYPAPIKES AVAPOPES. ZNHAVTIKO KOUUATL TG KOTNYOPIog OVTNHE OTOTEAECAY OL
opot-6avela. Opotr 0mmwg «biomass» / «Propdlo» Kol «energy system»/ «oOOTNUO EVEPYELNC). ALTH M
Katnyopio davelopuod ovopaletol AUECOS JOVEICUOG. XTI CULVEXELWD, £YOVUE W10 OKOUO, Kotnyopio Tov
uetappaotikd daveloud. Tétown mepimtmon amotedei o Opog «thermal power planty/ «BepuonAextpikn
gykotaoTtacny, «solid biomassy/ «otepen Propdlon kat «photovoltaic panely/ «pwtoBoitaixd mwhvedy. TELog
£YOVUE TNV UETAPPUCT) OP®V TOV TPOYUATOTOLELTAL E TNV daTPNCT ayYAKoD 0pov dnwg «pellet boilersy/

«\éPpnrag terretn(Kepapioag 2015).

Téhog, 600V a@opd otV VIOKATNYOPio TV AKPOVLUI®V Kol apKTIKOAEEWY, TPEmEL vo. onUeElwOel T®G,
&yovtoc AaPel vmoOYY To €100¢ TOV KEWWEVOL, deV suvavTnOnKay oe peyaio Paduo. [Tépa, Lomdv and 6povg
omwg KW kot 6Aeg TG Katnyopieg TOV OV avapEPOVTAL 6TO KEIEVO deV cuvavTdVTaL AALA TapadEiypoTo
OPKTIKOAEEMVY, EVD TO TOPOTAVED OVOADOVTOL OTO YAMOOAPL OAAN OTO KEILEVO YPNOULOTOLEITOL 1) GUVTIOUN
YPOEY] TOVG KaBDG eival Opot TaylOUEVOL GTNV EMGTNHOVIKT KOWVOTNTO Ko dgv BewpnOnke OtTL ypetdotnke
mepauTéEP® avivon tovg. Ilepropiopéva frav, eniong Kol To AKP@VOLULN TOV GUVAVINONKOY GTO KEIEVO e
nmapodeiypara énwe, «building integrated photovoltaic (BIPV)» kot «CO; ». Xg mepurtdoelg Onwe 10 TpmTOo
TOPAOELY IO, TO AKPOVIULO OVOADONKOY GTO YAWGGAPL OAAG OV LETAPEPONKOY GTO HETAPPAGHLO, OTOL Kot
ypMNoonomdnke o TANPNG Opog JOTL O) 1 YPNON TOL TPMOTOTLTTOL OKPWVVLUIOL GTNV ayyAkn dgv Oa
ebunnpetodoe KavéVoy GOKOTO OTO UETAQpOcpe Kot B) dev cuvavtnOnkov oe mopdAAnio Keipeva
LETAPPAGELG TOV AKPOVUUIDY OVTMV Y10, VoL XPTOLLononBo0v 6To KEILEVO GTOYOG. XE TEPIMTMOOELS, GTOCO,
Omwc M devTEPT, EMELDN Opol TapdLotot e T0 «CO2 » €xovv mayuwhel TayKoopmg Ko ¥PNOLUOTO0UVTL GE
QLT TN LOPOT TOGO GE EMIOTILOVIKA OGO KOl 0€ Kadnpuepiva Keileva g OAEG TIC YAMOGOES, Kpidnke KoM

Vo TOPAPEIVOUY GTNV 1010 LOPPT| L€ QLTI TOV TPMOTOTVITOV, KO GTO HETUPPACLLO.
20vtoaén Kot ooun

H dgbdtepn kotnyopia PETOQPACTIKOV TPOPANUATOV €ivol 1 dopr Tov KeWEVoy kot 1 oovtaén. Zav
EMIOTNUOVIKO TEXVIKO KEIUEVO 1 GVVTOEN €ival awatnpn dixwg va apivel TOAAG TePODPLN Y10 KAAOAOYIKA
oTotyelo aAld divoviag TeplocoTepT EUPOOT otV UeTAdoon TG mAnpoopiag. Edikd d6cov apopd oty
TEPLYPOUP] EPELVOV TOL EYovv Olegoybel kol TNV TOPADEST OIKOVOLUKOVOTOWXEI®Y KOl TATPOPOPLOV
GYETIKA LLE TNV TOCOTNTA EVEPYELOG KOL TN YPTION TNG OV 1) TPOGOYN GTN AETTOUEPELD KaOIoTATOL avaryKaio.
«Therefore, the creation of zero CO, emissions residential buildings due to energy use in northern Greece is
technically and economically feasible», «The authors have stated that biomass use in residential sector could
assist in the achievement of EU’s 2020 goals for climate and energy» oTic GUYKEKPIUEVEG QPAGELC £xEL
ypnoworomBel n petaepacTikny tEXVIK ¢ petatpomiag (VINAY, J.P./ DARBELNET, J.: Stylistique
comparée du frangais et de [’anglais. Méthode de traduction, Paris 1958.) k00®d¢ 010 PETAPPUCHO EYEL
omodofel ®g «¢ ek TOLTOVL, M OMoVPYiD OKIOTIKOV KTipiov pe pundevikég ekmounéc CO2, Aoy
EVEPYELOKNG XPNOTG, ot Popeta EAAGSa givar Texvikd ko otkovopkd epikti» Kot «Ot cuyypoeeic SnAmcay

ot M ypnon Popdlog otov oklakd Topén Ba propovoe va Pondncel otV EMITEVEN TOV CTOXWOV KAYLOTIKNG



ka1 gvepyelakng mtotikng ¢ EE yio 1o 2020» avtiotoya. Xty TpmTn TEPITT®ON TO KEIEVO TTNyn Tnyoivel
oo T0 €101KO GTO YEVIKO, EVM TO KEIUEVO GTOYOG MNYOIVEL OO TO YEVIKO GTO €101KO, EVA OTNV OEVTEPT TO
Kelpevo mnyn wnyaivel amd 1O YEVIKO GTO €101KO, €V TO KEIPEVO oTOYOC Tnyaivel amd 1o €101k GTO

yeviko(avtifetikd Levyog mopdbeonsc-emeENynong).

Emimhéov, 6nwg cvpPaivel cuyva o petappdoelc amd ta pia EEvn YADOCSOH 0T0 EAANVIKG, TOGO LAAAOV OO
TNV OyYAIKT] TOL €ivol otV TAEOVOTNTO TNG YADCOO HE HKPOTEPIOd0 AOYO, M KOTA KOPOV yprom
HoKpoTEPi0O0V AGYOV GTO EAANVIKG dNUIoVPYEl TPOPANUATE KOTA TN LETAPOPE omd T [io YAOGGO GTnV
dAAn,. 'Etol, o petoepaoctng ovyvd Koheitor vo evooel 000 1/KOl TEPICCOTEPEG WKPEG TPOTAGELG
OMNovPY®VTOG pio LEYOADTEPT OOTE VO UTopel va dtatnpnBel 1 Guvoy TOL KEWWEVOL, EXOVTOS OUMG PEPEL

TO HETAPPACHO O KOVTA GTO VPOG, T1 OOUN| KOl TN cVUVTAEN TG YADCGOS GTOYO.

AVOoQopIKd e TO TOPATAVE, GTO TOPAKAT® amoomdopata «The authors have stated that most of the
buildings in Denmark are connected to electricity grids and around half of them with district heating systems.
This fact allows the exchange of heat and electricity among the buildings and the grids» xon «However on
the long term lignite fired power plants should be closed down due to European legislation. Then the existing
district heating systems should utilize locally available biomass resources for heat generation» o
piKpomepiodog ayyAkodg Aoyog €xel evwbel oe pio peyaivtepn meplddo oT10 Keipevo oT1dyog Yoo vo
g&umnpetnBel 0 oKOTOG TNG LETAPPOCTC KOL VO OVTIGTOLYEL 0TIV EAMNVIKT « Ot cuyypageic avépepay OTL T
mePLocdTeEPO KTipto ot Aovio cvvdéovial pe MAEKTPIKA OiKTLO KOl TEPITOL TO LWGE LE CLGTHUOTO
AebEpLaVONG YEYOVOS TTOV EMITPETEL TV AvTOAAOYT BEPUOTNTOC KOl MAEKTPIKNG EVEPYEWNG HETAED TV
KTIpilov Kol Tov 0IkTvovy Kot «Evtoitolg, av ot pokpdypovol 6Tafol NAEKTPOTOPOY®YNG TOL AEITOVPYOHV
He Aryvitn mpémel va KAEIGOLV AOY® TNG EVPOTATKNG VOUOBESTNG, TO VPIGTAUEVH CLGTHUATO TNAEBEPLLOVETG
Oa Tpémel va ¥pNOILOTO10VV TOTIKE S10BEGLOVS TOPOLS Propdloc Yia Tapaywmyn 0eppoTtac» KadioThvTog

TO KEIUEVO TTEPIOCGOTEPO SOKILO Kl PEPVOVTAS TO TLO KOVTA GTA OEOOLEVO TNG EAANVIKT YADGGOG,

Q61000, GLVAVTNONKOY Kol TEPMTMOELS OOV ¥PNGILOTOMONKE 1) aKPP®OG avTifeTn TEYXVIKT. AnAadn, yio va
mopopeivel To petdepacuo dOKIHo Kot yio va €pBst mo Kovtd 6To VeOoC, Tn doun Kot T ouvtaén Tng
YADGGOG 0TOYO, Mo PeydAN TEPIOSOC, GTO UYYAIKA YOPIGTIKE GE OVO HKPOTEPEG KOTA TN HLETAPOPA TOVLG
omv eMnvikn. «Therefore the cost of the biomass burning system is 4500 € of the solar thermal system 800
€ and for the solar-PV 5400 € totally 10,700 € or 71.33 € per m? of the building covered surface»/ «Q¢ ex
TOVTOV TO KOOTOC Y10 TO cuoTNUa kKavong Propalog sivar 4500 €, yia To nAlakod Bepuikd cvotua 800 € kot
Y t0 @poTtoPoltaikd 5400 €. Zvvolwkd 10.700 € 171.33 € avd T.). TG KOADUEVIG EMPAVELNG TOV

KTipiovn.
Yoog

2y tpitn kaTnyopia, oLTA TOL VPOVE, EVIAGGETOL 1| TAEOVOTNTO TOL TPOTOTOTOV KOl KATO GUVETELD KoL
TOV petappdaopatog. To keipevo gival emotipovikd Kot cofopd, pe TAn0og oporoyiag Kol YopaKTNPIoTIKA
Om®MG M YPNoN TaONTIKAG G®VAG, TO 7y eVIKO Kol 1 EAAEWYN TEPITEYVOV EKPPOUCTIKOV UECHV.

Avolutikdtepa, 1 Asttovpyio TG YADGCGCOG Eival ava@opikn/oNAmTikn, dnAady WAGEL Y10 TOV TPAYLUTIKO



KOGHO UE TOPAdElypoTa, Topovcldloviog TANPOPOPIES, OTOTEAEGUOTO £PEVVOG KOl OV VLTAPYEL
cuvoucOnuoTiKG QopTIoUEVOG AGYOG KOl ®C €K TOUTOL 00 UTOPOVCOUE VO TO YOPAKTNPICOVUE ©C
mAnpogoplakd. EmmAéov, AOY® TOv ETIKOVOVIOKOD TANGIOV TOV KEWEVOD, TO KEIUEVO ival akpiPéc kot e

COENVELN Kol aVTAG VAL KOt 0 6TOYOG KOTA TN OMLLIoVPYio TOV HETAPPAGLOTOG.
[Tivaxkec ko Eucoveg

EmmpocBétoe, 1o mapdv mpog petdppoon Keipevo, 01Ebete apketodg mivakec mov Ponbovoav otnv
EVOPYESTEPT KATOVONOT TOV TANPOPOPLOV Kol TV OedoUémdv oL avagépovial oe avutd, Kadmg
AELITOLPYOVGOV GOV TUPUOEIYHOTO EPAPLOYNC TOV TOPATAV® otV Tpaypatikny Con. Ot mivakeg kot ot
gKovec, elvatl otoyeia, To 0Olo GTO CLYKEKPIUEVO KEWEVIKO €100¢ TTailovv £vav TOAD oNUoVTIKO pOLO TOGO
otV eneynon Kol 6TV KOTovOnon TV ETICTNHOVIKOV GTOLYEIDMV TOV avaPEPOVTOL GTO KEIPLEVO 0G0 Kol
otV a&loAdynon TV EVPNUAT®V 0O TOLG EWNLOVEC TOL Bal TO YPTCLOTOUCOVY MG TNYN GTOV TOUEN TOVGE.
H petagpoactiki duokoiio EyKelTol apyIkd oTNV TIOTH UETOPOPE TV TANPOPOPIOV YOPIG Vo aAlotwOel
VONUOTIKA TO LETAPPUGLLA. L€ SEVTEPT PACT, ETPETE VA YIVEL GOCTH LOPPOTOINCT| TV TAPATAVE® GTOLYEI®MV

Yo Vo, peTapepBel TOTA TO TEPLEYOUEVO TOVS OO TO KEIUEVO TNy GTO KEIEVO GTOYO.
A&loldynon g Metdppaong

H petdepaon tov xeévov NTov pio StodtKacsiog cuveyovg Kol GYOAUCTIKNG EPEVVAG TOL PaciocTnke o€
évtomo. kol mAektpovikd Aefikd, Pdoelg opoloyiog Kot mwopdAANAc  Keipeva. Alekmepedbnke pe
OVTIKEYEVIKOTNTO KOl GE GLVAPTNON UE TO TP®TOTLRO. TOo OmOoTéAEoU, 0TO Keipevo- otdyo, €lvar m
KOVTWVOTEPT] TPOGEYYIGN TOL TPMOTOTVTOL OTO EAANVIKA. Xe ovtd Porfnoce 1600 M dnuovpyic TOL
yAwooapiov, 660 Kot 1 310 1 PVUOT TOL TPOTOTLVITOV KEWEVOD, TO ONOI0 MG EMOTNUOVIKO KEIUEVO OgV giye
mepimloko kal mepiteyvo VoG, doun Kot ocHvtaln, ovte KaAoloyukd otoygia, Kabdg arotedel éva Kabapd
TANPOPOPLOKO KEIUEVO LE EMGTNUOVIKO KOl EPELVNTIKO yopaktnpa. Ta petappocTtikd mpoPfAnuate mTov
cuvavthOnkay, avtipetoniotnkay pésa amd PipAoypapikn Epgvva Tov £yive o€ aEIOMIGTO Kot EEEOIKELUEVA
TOPOAANAL KEIPEVA KOl GUYYPAUUNTO GYETIKG UE TNV EMGTNUN TNG HeTappoons. To keijevo otodY0g dev
TOPEKKAIVEL O TPOTOTLTO KOl 1) SO TOV TOPEUEIVE 1010, O1OTL dEV LITAPYEL LEYAAN eAevBepia oe TéTOLN
EMOTNUOVIKA Keipeva kabdg vtdpyel Kivouvog avakpifelog Kot Un 6mOTHG LETAPOPAS TOV VONLLITOG KoL TV

OeLoTIKOV TOL TPMOTOTHTTOV.
EITIAOI'OX

Xvvoyilovtog, Bempd TOC, 1 EKTOVNON TNG EPYNCING OVTNG, LE KOOIGTA 1KOVO VO KATOVONGM KAADTEPO TO
KEIUEVO EMGTNUOVIKNG QUOEMC, KOl O CUYKEKPLEVO KEIUEVA GYETIKA LE TNV €vépyeln, KaBmG Kol vo
omoKTAC® Mo gEoikeimon pe TV opoioyio Tev OBetikdv emotuov. Tao mowila mpoPAnupato mwov
cuvavtnonkay, BprKoy T A0oT TOVE LE T GOOTN JLXEPION TOV TNYDV Kol LE TNV XPNON TG KOTAAANANG
oporoyiog, n omia Ppédnke, KATOMY €VOEAEYOVG KOL GYOANOCTIKNG EPELVOG. XMUOVIIKO KOUUATL GTNV

TOPOTAV® UETAPPUCT] OTOTEAEGE 1| YPNON UETUPPACTIKDY TOV TEYVIKOV OTWOC OTOTLRTOONKAV 0O TOLG



Vinay kot Darbelnet, evo 1 dopn] mov axolovfnbnke, dnAadi 1 KOTNYOPLOMOINGT TOV UETAPPACTIKMV

wpofAnpatwyv, fonfnce ot OOt Kol TaXOTEPT SL0EIPIOT Kal EXIAVGT TOVC.
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