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1. Iepianyn

To avtikeipevo g petdepaong eivar pa ddaktopikn OSatpn pe titho «Evoopdtmon
TEYVOAOYIDV OVOVEDCI®V TNYOV EVEPYENG OE KTiplo oxeddv UNOEVIKNG KATAVAAW®GONG
evépyeloney ¢ ‘EAAng N. Kvptdkrn, OSmAOUOATOOXOL pNYOVOAOYOL HNYOVIKOD  TOL
Apototéreov [lavemommuiov Oeocorovikng. Ilpaypatedetar tov tpOTO pe TOV OMO10
umopoHv vo xpnoipomoinfodv o1 avaveMOES TNYEG EVEPYEWS G KTipla, AapuBavovtag voyn
ToV KOKAO ({mNg Tov KABe GLOTNHOTOG, ONAOON TNV KOTAGKELY, TN XPNON Kol TNV TEAIKN
duafeon, OmMwg €mMioNg TO CLVOMKO EVEPYEWKO OMOTOMOUN, YOPIS Vo TapoAeimeTor o

VTOAOYIGUOG TNG OIKOVOLIKNG TAEVPAG.



2. Exvoayoym

H mopaxdto petdepaon eivor éva omdomacpo ovtng e OaKTOPIKNG  doTpifng,
GLYKEKPEVOL TOV KeQOAaiov 3.2 kot tv vrokepoiaiov 3.2.1 éwog 3.2.5 v TV nAoK
evépyewa. H emioyn 1ou keWévou TpaylotomoOnke e yvoUOova T VEQL OTTTIKY YOVio e TNV
omoio TaPoVGLALETOL TO BN TNG YPNONG EVOALUKTIKDOV TTNYDV EVEPYELNG, LLE OKOTO TN pelwon
NG EVEPYELOKNG KOATOVOAMONG, €VO TAPOAANAQ STNPEITOL 1 EVEPYEINKT OTOJOTIKOTNTOA.
Agdopévov OTL TPOKELTOL Y10 TEXVIKO KEIPEVO e PEYAAN e&edikevon ota €101 TV NALIK®OV
OVAAEKTAV, TOPOVGLALEL SVGKOAIEG OTN LETOPOPE TOV TEXVOAOYIKMV TANPOPOPIDV OO T L
YADOGGO otV GAAN pe axpifela Kot T GOOTH HETAPOPA TOV TEYVIKOV Op®V, d0TNPOVTOG

TOPAAANAQ TN PON KO TH QUGTKOTITO TOV TPOTOTVLITOV.

H dwdkacio ¢ petdopaons tov KEWEVOL anToL TapPoLGLILeL evolapépov, kKabmg dmteTat
evog Bépatog to omoio ypnlel mpocoyng o€ mMOyKOGHO KAIpaKe, 0E00UEVNG TNG KAUOTIKNG
OAAOYTG KOl TOV YEVIKOTEPOL KIVOUVOL GTOV 0Toio Ppicketol 0 mAavATNG. £T0 TANIGLO TNG
TPOGTAOELOG O1AO0CNC TOV OEDV VTAOV, OTMG EMIONG KoL TN EPAPLOYNG GE LEYAAN KATHOK
TOV TEYVOAOYLOV TOV TEPLYPAPOVTOL, 1| LETAPPOOT TETOLOV KEWWEVMOV GUUPAAEL TN LETAOOOT)
™G Yvoong yopw omd to CATNUO TNG EVEPYEWNKNG KOTOVAAMGONG KOl OEVKOADVEL TNV
KATOVONGN OTL 01 KOWMVIEG Ko 01 avAyKeg TOVG AALALOVV O10PKMDS, EWOIKA OLTNV TNV TEPI000
TOL M KAOTIKY oAAayn pog amethel Kot ol ouvnOelég pag Ba mpémel va aAAGEOVY Gueca Kot

p1lKaL.



3. llpoTtéTLRTO KEINEVO

3.2 Hhmoxn evépysra

H yn Bpicketar o€ amdctaon nepimov 150x108 km amd tov ido kan AapPéver mepimov 1,8x101
kW nAakig axtivoPoiriog. Iepimov 10 60% avthg TG mosdTTac, Snhady 1,08x10% eraver
OTNV EMPAVEID TNG YNG EVO 1 LAOAOUTN TOCHTNTA OVTAVOKAGTOL TGO GTO O1ACTNUO Kot
aroppo@dtor and v atpdceopa. H I'm déyeton og éva €1o¢ Aok axtivofoiia mov £av
petoatponel oe gvépyea eival 8.500 popég meP1oodTEPT AMO QTN TOV KOTOVOADVETAL ETNCIWG

o€ 0AOKANPO ToV KOO (Thirugnanasambandam et al., 2010)
H nhoxn axtivoBoiia yopiletar oe tpeig facikés katnyopies:

e Apeon: n axtwvoBora mov AapfPdavetal amd Tov NA0 yopig va Exel okedaoTEl

amd TNV ATHOCPOPO.

e Atbyvtn: n axtivoBoiio Tov Aappdveror amd Tov A0 agov 1 devHBuvon g

Exel OAAEEL AOY® TNG OTULOGPALPOG

e  Olkn: 10 dOpoopa TNG AUECNC KO TNG SLIYLTNG NAKNG aKTvoBoAiag mov

TPOCTINTEL GE L0l EXLPAVELQL

TanAoBepuikd cuotiurota uTopoHV va aSlomocovV TNV NALOKN akTvofoiia mov eOdvel otn
YN €161 AOTE VO AVTIKOTAGTNOOVV GE HEYOAO Pabud tn xpnomn twv opukt®dv kKovcipwy. Eva
NA00epKd cOGTNUO amOTEAEITOL OO TOV NAKO GUAAEKTY, TO doyeio amobnKevoNg ™G
OepuoTag, o Bondntikn mnyn evépyslog KabmG Kot Eva GUVOAD TEPLPEPEIKMDY GTOLYEIWV
mov mepapUPdvovy 1o SIKTLO TV COANVAOCE®V, TOVG EAEYKTEG, TIC OVTAMES, TOLG
KukAopopntég KabMg ko Tig Phveg avauéng. To odvoro twv mapamdve otoyeiov Oo

avaALOel 6TIg EMOUEVES EVOTNTEC.



3.2.1. Hhmokoi Ogppikoi cvAAEKTEG

Ot nlokol Beppikol cvAAéKTeg €ival ovolOTIKE evaAldkteg Oeppdotntag ot omoiot
petatpémovy v nAakn aktvoPoria oe Oepuikn evépyswn. H evépyeia avt) ot cuvéyewa
LETAPEPETOL GE KAmOolo Lop@1| amodnkevong. To Bewpntikd 6plo oty evEPYELD TOV Pmopel va
napayel amd Evav NAAKO GLALEKTH OVGLCTIKA £IVOL 1) TOGOTNTO TNG NALOKNG aKTVOBoA0G
nov pmopel va mapordfel kot ot cvvéxew va amoppoenost (Duffie & Beckman, 2013).

Ymhpyovv moAAoi TUTOL NAIIK®Y GUAAEKTAOV, 01 0TTO101 TAPOVGIALOVTOL OVOAVTIKA GTNV EIKOVA

3.2 ka1 TN GUVEXELD TEPTYPAPOVTAL.

HAwaxn Evépysia

|Hhcxxolosputxoiiu)ﬂcn£( I

Mn guykeEvTpwIIKOL

J

>| EnineboL GUMEKTES pE LYPO Péoo I

—»{ ZUMMEKTEC XWPIE KAAUppa

—rl ZuMAEKTES KEVOU

Lfﬂil JUMEKTEC aépa

~

IUYKEVTPWTLKOL

YBp15ikol ouléxTEg

> | PV/T ue uypd péoo

> I PV/T ue aéplo péco

44 Eninebol ouykevTpwrikoi ]

pl fUvBetoL mapaPolikoi |

> I PV/T QUYKEVTPWTLKOG

;{ Kuhwvbpikoi mapaBolikoi I

—>| HAwootatikol reSiou |

e

Mpapukoi avaxAagtipes

>

CUYKEVTpWILKOL

Ewova 3.2 Tomor nliokawv coilexrwv

AVOAOY®OC PE TNV EQOPUOYN KOL TO ATOLTOVUEVO BEPLOKPACIOKO EVPOC YPNOLOTOIEITON KAOE

QOpAa Kot 0 KATAAANAOG NAMOKOG GUAAEKTNG, O™ paiveTan otov Tivaka 3.1.

Iivaxog 3-1 Epopuoyés kou kataiinio eion ovilextwv

E@appoyi

TYmog nilakod cvAAEKTY

Hlokr @éppavon Z.N.X.

Entinedog pn cuyKevIp®TIKOC

EOAMVOV KEVOD

>HvOetog Topaforikdc

Hlokr 0éppavon kot yoén yodpmv

Eninedog pn cuyKevIp®TIKOGS

ZOAMVOV KEVOD

>HvOetog Topaforikdc




Egappoyn TYmog niakod cvAiékTn

Emtinedog pn cuYKEVIPOTIKOG

ZOAMVOV KEVOD

Oepukn Propunyovikn diepyacio >HvOetog Topaforikoc

["poppkdg cuiréxtng Fresnel

Entinedog un cuykevipotiKog

HAxm apoardtoon ZOAMVOV KEVOD

>0vOeTOC TOPAPOAKOC

Koo pikog mapafBoAoc

HAloototikd medio

>0vOeTOC TOPAPOAIKOC

H\wokn| moporyoyn 1oy00¢ [MopofOAKOC GUYKEVIPOTIKOG

["poppkodg cuAdéxtng Fresnel

Tavtoypovn mapaywyn Oeppotnrog kaPV/T
600G

Y& otafepn KATAGTAOT 1) ®PEAMUN EVEPYELX TOV 0mOdIdEL 0 GLAAEKTNG diveTar omd v e&icmon

(Duffie & Beckman, 2013):
Qc = Ac *[S — Uy * (Tym — Ta) * 3600, W]

omov,

Ac: M GUAAEKTIKN em@bveto, [m?]

UL: 0 cuviereothg OeppomepatdTntoc tov cuAAEkT [W/m?«K]
Tpm: péon Oeppokpacio tov cviriéxt [K]

T m e€mtepucn Oepuokpaoia [K]



S: M oplaio nAakn axtvofoiio oL ATOPPOPATL AVE LOVADN ETIPOVEING TOV OTOPPOPNTH
Uin21

H nhoxn axtvoBolia S divetar amo v e€icwon (Duffie & Beckman, 2013):

S = Ip* Ry * 1)y + Iy * (1) * (HLL) 4 py 1+ (1a)y + (R2E) [/ 1)

onov,

(1+czosﬁ) Ko (1—czosﬁ

) 01 GLVTEAEDTEG B€aoMG OO TO GLAAEKTI TPOS TOV OVPOVO Kol Amtd TO

GLAAEKTN TTPOG TO £J0POG avVTioTOYO.
Rp: 0 Mdyog g nAMok”g akTvoPoAiog Tov TPOOTINMTEL GTNV KEKAIUEVT EMPAVELD TPOG TNV
NAlokn aktvoPoiio mTov Tpoomintel oe 0pllOVTIH EMPAVELQ.

I: wpiaio TpoominTtovcso nAlaky aktvofoiio [] In21]

ra. HEGO YIVOUEVO OmOPPOPNTIKOTNTAG-OLOMEPAUTOTITOS TOV GUAAEKTN
Pg: M OVOKAQGTIKOTITO TNG EMPAVELONS TOL CLAAEKTN

O1 deixktec b, d ko g avimmpoomnedovy TV AUEST], S1dYLTN KOl AVOUKADUEVT OKTVOPOALN

avticTtoya.

Emnpocbeta, n amdd001 100 NA0KOD GUAAEKTN Hmopel va 0plobel ®G 0 AOYOG TOV MPEMULOV
KEPOOVC Yo KABOPIGUEVN XPOVIKT) TEPIOGO TTPOG TNV TPOCTITTOVGO NALOKT oK TIVOBoAa Kot

v 1010 ¥poVIKN TEPi0d0:

__JQcat
T A+ Gy dt

omov,
Gr: mpooninTovoa NAOKN akTvoPolia [W/mz]

Av ot ouvOnkeg BepnBovv 6Tabepés Yo o cuykekpyévn tepiodo (m.y. pio dpa) n anddoon

TOV GLAAEKTN pmopel va oproBet wg:



_ 0
74,

onov,
I m Tpocmintovca aKTVOPOAic GTNV GUYKEKPLEVT XPOVIKN TEPI0SO [] In2 ]
3.2.2. Mn ovYKEVTPOTIKOL NAOKOL GVAAEKTEG

Eminedor nliakoi Ospuixoi 6vlléntes vypov uécov

Ot emimedor nAMoakol CLAAEKTES AmOTEAODV TOVS MO SLOEOOUEVOVG BEPUIKOVG CLAAEKTEC OE
EQUPUOYEG TTOV aUPOPOVV TNV TTapaywyn Beppod vepov. Expetaiievovtol 1060 v queon 66o
Kol TN owyuTn MAk axtivoPoAic. eved dev amoutovv Wwiitepn ovvtipnon. Emiong,
tomoBetovvtal pe otabepr] kKiAion ot PEATIoT Yovio avdroyo pe v tomobecia kot TV
nepiodo Aertovpyiag Tov GLAAEKTY, YOPig va mapakoiovbeitor 1 kivinon tov Aov (Kalogirou,
2004), (Kyriaki et al., 2015). Ta x0ptla onpeia evog eminedov NAOKOD GUAAEKTN LYPODH HEGOV
0T avTd eaivovtal otnv ewova 3.3 gival: pio poopn ETPAVELL IKOVH VO ATOPPOPA TNV
TpooninTtovca MAMoKN okTvoPfoiion (cuvnBme KoTaoKELAGUEVT Omd YOAKO, GAOLUIVIO 1|
YOAvPa), €va dapoaveég KdAvppo voromivako wKovd vo  petadidet axtivoPoAio  oTOVv
ATOPPOPNTN, ECMOTEPIKA KOVAALN TOV TEPIEXOVV TO PEVCTO UETAPOPAS BepudTNTOS, Lo SO
KOVH VoL TPOCTATEVEL T, EEAPTAUATO KOL VAL TOL GVYKPATEL 6T B€0m TOVE Ko uOvon yio
peimwon Tov BepK®V anmAEIdV TOV GLAAEKTY. O amoppoPnTig Uropel va KaAvgbel pe éva
EMAEKTIKO OTPAOLA, MOTE VO LEYIGTOTOMOEL 1| AmOPPOPN O™ TNG NAKNG aKTIVOPoAiaG Kot 6€

0T TNV TEPITTMOOT 0 NALKOS CLAAEKTNG ovopdleTon emlekTikOg eminedog (Goswami et al.,

1999).

Solar radiation

(a) Solar rodiation (b)

reflection / / /

‘ convection

®

casing

— insulation

Transparent screen materia

|

infrared

Absorber plate rodiation

! |
: ; : ; : ; z ; : ; E ; Fluid chanels front gless

pane

o . absorber
Thermal insulation

thermal power output

Eixova 3.3 Towj enimedov nlioxov oviiéxty, (Evangelisti et al., 2019)

10



2viiéxtes Xwpis Kalvuua

Ot nAaxol cLAAEKTEG YOPIG KOAVUUN OTOTEAODY TNV OTAOVCTEPN HOPPY] NAOK®OV
GUAAEKTAOV. ATOTEAOVLVTOL HOVO OItO TNV OOPPOPNTIKY EMUPAVELD TOV GLAAEYEL TNV
NAoK” akTvoBoAio Kot TOVG COAMVES KAT® Ao auTHV, OOV PEELTO PEVGTO LETAOOCNG
OepuotTrag, eved dev vhpyel dpoveG Kaivpupo ovte Bepuikny pdévoon. Adyom g
EMewyng g Oeprikng poOvoong eival KatdAAnAot HOVO Yoo QOPUOYES UEXPL TN
Oepuoxpacio Tov 30 °C. Ot cuAAékteg avtoi eivar cuvnBmg KataokevaouEvol omd
HoOpO TAACTIKO TOV GVIEYEL OTNV LIEPUDON aKTvoPoAin. Agdopévov 61U awtoi ot
OLVAAEKTEG OV €YOVV KOAVUUO VOAOTIVOKA, OTOPPOPATAL £VO LEYAAO TOGOGTO TG
NAlokNG aktivoPoAiag. Qotdco, encdn dev givor Beppopovopévol Eva PeydAo HEPOg
G OMOPPOPOLUEVNC OKTVOPOAOG YAveTal €01KE o€ cuVONKEG 0€pa M YOUNADV
Oepuokpaciov. H cuvoAiikn anddoot Tovg eival yaunAotepn ond autiyv ToV ETITEd®V
OLVAAEKTAOV KOl 1 o cuvNOIGHEVT epapproyn Tovg gival 1 Béppovon KoAvupnTikov

de&opevov (Kalogirou, 2004).
2VIAERTES CWAVOY KEVOD

Ot ovAAékTeG avTol amoteAovvVTaLl amd pio GEWPA d10PAVOY COAV®OV GTOVG 0TOT0VG
EMIKPOATOVV GLVONKESG KEVOL HETAED TOL ATOPPOPNTH KOl TOL SLOPAVOVS KOADLIATOG
(ewova 3.4). O1 GUAAEKTEG COAMVOV KEVOD YPNGLLOTO0VVTAL GLYVE Y10 EQOPHOYES
pecaiov Beppokpaciov, amd 60°C €wg 80°C, ot ouvvdptnomn pe v emtepikn
Oepuoxkpoacio tov aépa. O kdbe colvag mepEyel Eva devTEPEHOVTA OUOKEVTIPO
ocOANVO, 0 0moiog eivorl POUUEVOC LE OKOVPO YPOUN ETAEKTIKO YPOUO, 1KOVO VO

amoppo@d v nAakn axtivoBoAiia (Foster et al., 2010).

@

Eixova 3.4 oviiéxtng owlnvav kevod, (Evangelisti et al., 2019)
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Ta tpia 10N GLAAEKTOV COAMVOV KEVOD TTOV LIAPYOLY LTIV TN GTIYUN GTNV 0yopd

eaivovtol oty eova 3.5.

Cold Hot

side —*=rEe——me——t= side

HORIZONTAL TANK'

HOT WATER

ABSORBER SURFACE

)
VACUUM ENVELOPE

(a)

(b)

Eixova 3.5 Eion ovllextaov kevoo, (Evangelisti et al., 2019)

e XNV mMEPINTMOON a, 0 CLAAEKTNG ATOTEAEITOL OO COANVEG LE VEPO (TTOV £YoVV
éva Lovo elevBepo dKpo) cuvdedenévo oe 0p1lovtia degapevr. Ot GOANVOGELS
yopaxtnpiloviol amd dVO OHOKEVIPOVS YVAMVOULS CMANVES KAEIGUEVOUS GTO
éva, dKpo KoL KEVO 0£POC GTO OOKTVALOELDN YDPO HETAED TOV COANVOGE®MY KoL
L0 ETAEKTIKT ETIPAVELD OTNV EEMTEPIKT] TAELPA TOV E6MTEPIKOV cANva. O
UNavicpog petapopag Beppotntog kabopiletor omd ) UoIKY po1n ToV VEPOL
amd to £va dxpo otnv oplovtia de&opevn. H niokn| aktivoforia Oepuaiverl to
vEPO, TO OTO10 OWEAVETOL TTPOOOEVTIKA KOTE UIKOS TOV VYNAOTEPOV TUNATOG
0V cwAnva. To Bepudtepo vepd avikabiotator amd 10 YoypoOTEPO VEPO TOV

TPOEPYETOL ATO TN Oe&apevn.

e XV mepintwon b, o pevotd petopopds Bepudtntog péel katevbeiov oTov
amoppoeNTy Héco 6to coAnva. H midko avtkobictotal amd peTaAAKOVG
KUAVOPOLG (). KOTOOKEVOGUEVOLS OO YOAKO), EVOEYOUEVOS L TTEPVYIA,
KOTEPYOUOSUEVOVS GTNV EMPAVELD Le pHovpeg emAekTikég Papés. Kabe évag and
0VTOVS TOVG GOANVEG EICAYETAL LE TN GEPA TOL G€ EEMTEPIKO YVAAIVO GOANVAL.
Koatd ™ ocvvoppordynon tov cLAAEKT, 0 aépag petald tv 600 YudAveov

COMVOV avappopatal £T61 MGTE Vo dNUovpyNnBovy ot cuvOTKeg KeVoD.

e XV mePINT®ON C, 01 GLAAEKTEG UmopovV va E0TAMGTOVV e BEpLOCOANVES Yia
™V ovaktnon Beppdmrag amd tov amoppoenty. Méca ce KGbe cwinva, o
01010¢ £ivall KATOOKEVAGUEVOS A0 YVOAL, VILAPYEL EVAG EMTAEOV COANVAG O
YOAKO, YERATOG pe €va 0AkooAMKO dtddvpa Kavo va eatpuotel oe youniég

Oepurokpacies. To ailkooikd didAvpa 6tav Bepuaiveton Kiveitor Kot pKog

12



OV OEpHOCO®AVA. XTN GUVEXELN, GUUTVKVMVETOL LETAPEPOVTAG TN BEpUOTNTA
070 PELOTO PETAPOPAS BepudtnTag MOV péet péoa 610 cLAAEKTN (Evangelisti et
al., 2019).

Hlwaxoi cvliéxtes aépa.

Ot nAlaxol Bepuikoi CLAAEKTECG 0£POL XPNOUOTOOVYV MG HEGO UETAPOPAS TNG
Oepuotrag tov aépa. O mapayduevog Oepuog aépag pmopel va tpogodotndel o o
unyovn M oe évo cvotnuo BEpravong Yopwv e 0epay®yYods 1 o€ Plopmyovikég
eQaPUOYES OTT™G M ENpavon mpoidovtwv. O cLAAEKTNG umopel va oYedGTEL £TGL DOTE
VoL EMTLYYAVETAL pon} aEPO LeTAED TOV O10paVODG KOADLIATOS KOt TOV OTOPPOPNTH N
n pon aépa va cupPaivel kdtm omd Tov amoppoPnty. O amoppoPNTC Umopeic emiong
va, EXEL TTEPVYLN £TGL MOTE VO LEYIOTOTOLEITON 1 LETaPOpd Oeppuonrag. Ot GUAAEKTECG
aépa €ivol KOTOOKELOOTIKG TAPOUOI0L HUE TOVG EMIMEOOVE GLAAEKTEC LYPOV HEGOL
(Hobpn ATOPPOPNTIKY EMPAVELD KO YUAAVO KAAVUUO TO OTTO{0l GLYKPATOVVTAL OO
éva, LETOAAMKO TTAIG10). & avT TNV TEPITTOOT OU®G, OeV YPeLalovion deEUUEVES
amofnKevong N evorrdkteg Beppotntog kot o Bepprdg a€pag mov TOPAYETOL OO TO
oVAAEKTN umopel va  ypnowomomBel amevbeiog péow evOC N TEPICGOTEP®V

avepotnpwv (Goswami et al., 1999).

Warm air

(@)

Duct

Cold air

Eixova 3.6 Zviiéxtnc aépa, (Evangelisti et al., 2019)
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3.2.3. XZuykevtpOTIKOoi XVALEKTES

Mo 1 epappoyég mov amotovv vVYNAOTEPEG Oeppokpocieg amd OoVTEG TOL
TEPLYPAPNKAY TAPAUTAV®, avartOyOnke éva GAAo €idog cviiektdv. H Beppokpacio
umopet va avéndel edv peiwbel n emedvelo 6mov vapyovy Bepprikés andieles. Avtd
umopet va emitevydel pe v mapeUPoAn UOG OTTIKNG GLOKEVNG UETOED NG TNYNG
axTvoBoAiaG KoL TNG ATOPPOPNTIKNG EMPAVELNS. LTOVG CLUYKEVIPMOTIKOVG GUAAEKTEG,
1 TPOCTITTOVGO NAKY OKTIVOPOAID GLYKEVIPAOVETOL GE Uio LUKPOTEPT| TEPIOYN ATO
LTV TNG GVAAEKTIKNG emPavelas. Ot d1dpopotl THTOL TOV GLYKEVIPOTIKMY NAOK®OV

oLAMEKTOV TTapovotlaletar otny ewova 3.7 (Evangelisti et al., 2019).

Transparent screen \
/ { )
¢ "4‘ Angled irradiation

)
\ Wi

Flat-plate collector

Eixéva 3.7 Eion ovykevipwtikaov oviiextav, (Paneles Solares en Monterrey y Celdas Solares
- Dexen Energy, 2020)

Eninedog ovykevipwTiKos cviiEKTNS

Amotelohv v amAoVGTEPT] LOPPT] GUYKEVIPOTIKOL GLAAEKTY KOOMOG mpdrettal yio
évav emMmed0 GLAAEKTN GE GUVOLUGUO LE OVOKAUCTIKEG EMPAVELES TTOL OO YOLV TNV
nAokr oktvoPoMlMa e €va cuykekpyévo onpeio g emedvelng tov cvAAéktn. H
NAMoKY| aKTVOBoAlD TPOGTIMTEL GTIC AVAKAUGTIKEG EMPAVELES TTOV £ivar ToTOBETNUEVES
TEPIUETPIKA TOV GLAAEKTT KOl GUVETMG 0 NAMOKOS GLAAEKTNG Hmopel va a&lomomaet
KoL TNV NALOKT] 0KTVOBOAID TOV GLYKEVTIPMOVETAL OO TOVG AVOKANGTPES KOL AVTHV

7oV amoppoPd 1 amoppoenTiky empdveln (Evangelisti et al., 2019).
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20vOetor mapafolikoi 6vIiEKTES

g auTV TN HOPEN NAKOD CLAAEKTY, KAT® antd KiBe cmAnva Totobeteitat Eva pUALO
amd avaKAACTIKO VAKO Kot Tapofoikd oynua. Avtd to gOALO givol amapaitnto yo
N LETAPOPA TG OVOKADUEVTG aKTIVOBoALG 6T0 ccwAnva. Me autdv Tov Tpdmo, yivetan
EKUETAAAEVOT HEYOADTEPNG TOCOTNTOG MAOKNG OoKTvOPoAlag pe tnv 101 OUMC

ovAlextikn emeaveln (Evangelisti et al., 2019).
Kviwdpixog mapafolikog 6viiéktns

O KVAVOpPIKOG mopafoikOc oLAAEKTNG omoteleiton amd  Evav  mapoafoiikd
OGLYKEVTPMOTN, EVOV KLMVIPIKO 0o ppoPnTY|, 0 011010G ivat TomofeTnévog KaTd UKog
OOV TOVL CLYKEVTPMTN KoL TNV €oTio TG mopafoing. Me avtiv ) dtdTaén, N Aok
aKtvoBoAia avakAdtolr 6To coANVe OEKTN, BepraivovTag €T TO PEVOTO UETOPOPAGS
g OeppotTrog mov péet péca 610 coAnva. O GLYKEVTIPMTNG EIVOL KATOUGKEVUGUEVOG
oo YOOMOUEVO LETAAMKA QUAAN KOTAAANAQ Avyiopéva 1 amd Koihovg kabpépteg. To
Bepuokpaciokd evpog Aettovpyiog ovtoH T0V GLAAEKTN KvpoaiveTon petacy 50 °C ko
300 °C, aArd pmopet emiong va eBdoet tovg 400 °C. T'a T0 Adyo awtod, Ba mpémel va
YPNOOTOOVVTOL TO KATAAANAL PEVOTE PETOPOPAS OeppotTnToc, OTMG UiyHaTo e
Baon 10 vepd, Swbepuikd Ehono M TETNYUEVA GANTO TOV OVIEXOLV GE VYNAEG

Bepuoxpacieg (Cabrera et al., 2013), (Fernandez-Garcia et al., 2010).
2VIAEKTES NA10GTATIKOD TTEATOD

O ovAAékTNG NMAootatikoh mediov omoteleiton amd KaOpEPTeg TOMOOETNUEVOLG
TEPUETPIKE amd £vav KEVIPIKO O0EKTN, 0 omoiog ovopdletor nAokoc mopyoc. Ot
KaOpépteg pmopohv va mopakoAovOncovv TNy mopeion Tov NAOL PEC®  EVOC
ocvotpatog mopakorovnone. To cvotnua petapopds Beppotog yopaxtmpileTot
amod éva KAEWOTO KUKA®UO, UETOEDL TOV GLOTNUATOV ANYNG, amodnkevong Kot
netatpomng woyvog (Paneles Solares en Monterrey y Celdas Solares - Dexen Energy,
2020).

I'popuikog oviiéktng Fresnel

Ta ovomuota ovtod TOL TOMOL OMOTEAOVVIOL OO  YPOUUIKOVG OEKTEG Kot

avakiootipa. [evikd, to Tpuquota tov ovakAiactipo gvbvypappilovior opldvtia,
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aKoAoLOdVTAG TOV NA0, £T61 MGTE 0 OEKTNG Vo AapPAavel Tig akTiveg Tov A0V Ywpig

va ypelaletar kivnoelg (Evangelisti et al., 2019).
Hapafoiikoi 6vyKevTpWTIKOL GVIIEKTES

Avtd To cvotiuoto yopaktnpifovial amd Ho YE®UETPIO KAV VO GUYKEVTPAOVEL TNV
nAok” aktvoPoria Tpog Eva dEKTN TOTOOETEVO GTO £0TIOKO ONUEID TOV GLAAEKTY,

01070101 £Y0VV GO TAPOUOL0 e EKEIVO TV dopveopikmv matwv (Evangelisti et al.,
2019).

3.2.4. YPpuowkoi cvirékTeg Oeppuikov — poTofortaikov otoryciov (PV/T)

[Tpoxertar Yo vPPLOKOVE GLAAEKTES TOV GLVOLALOVY TOL POTOPOATATKA TAVEA KOl TOVG
OepuiKovc cLAAEKTEG o€ pia eviaio GLOKELT, £T61 OOTE VA eEQGPOMIETOL 1 TOVTOYPOVN
mapaymyn Oeppuukng kot mAektpikng evépyewc. Ilo ovykekpyéva, ot vPprowkot
eotoPoAtaikoi/Bepuikol  cLAAEKTEG ocvvovalovy  @®TOPOATOIKE oTOKEl OV
HETOTPEMOVY TNV MNAEKTPOUOYVNTIKY akTivoPoMa o€ MAEKTPIKY €vépyeln, HE &va
Oepuikd NMAMokd GLAAEKTN Tov petaTpémel TV NAMokn aktivoBoAia oe OBepuikr|. To
HEYOADTEPO WEPOG TNG TPOOTImTOLSOS OKTvoPBoMag petatpémeton oe Bepuotnta,
mpokoA®vIag avénon ¢ Oeppokpaciog ToL  eToPoAtaikovy Kvttdpov. Ta
eoToPoAtaikd otoryeio elval arapaitnto va Aeltovpyovv og younAn Beppokpacio yio
va, 1 TNPOVV TNV NAEKTPIKT] TOLG AOA0CT] GE TKOVOTOMTIKE EMITEdD EVED 01 VYNAEC
Oepuoxpacieg pmopet va mpokarécovy PAAPN 010 pwtoPoAtaikd mavel. I'a avTdV TO
Adyo etvan amapaitnn | Tapoyn YHENG oto wtofoitaikd whvel. To péco petapopag
™G OeprOTNTOC TPOG TNV KTIPLOKT| EPOPUOYN UopEl va. efvon eite vepd elte aépag OTmG
&xet avalvbel ota avtictoyo tponyovuevo vrokepdiowe (Hamid et al., 2014). Avtod
TOV TUOV Ol GLAAEKTEG XPNGLOTOOVVTOL KUPIWG GE KTIPLO KOTOKIDV. ZOUP®VOL LLE
HEAET TOV ZovMdTNG K.6., OTOV YpNolpomoovvtal ot LPpwkol GLAAEKTEG M
EVEPYELOKT] OMOS00T TOV NALOKOD GLGTAUOTOG elval avENUEVT GE GYEOT UE TOVG
cuopupatikovg MAakovg Bepuikovg GLAAEKTEG Kot Ta @TofoAtdikd. QoT0CO0,
nopatnpnnke 6Tt svppova e v Avdivon Kdxkrkov Zong, mpokarovv peyardtepn
nePPOALOVTIKY] eMPApPUVOT EOIKA KOTA TN OUPKEW TNG KOTUCKELNG KOl TG

gykataotaons tovg (Souliotis et al., 2018).
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3.2.5. KuotaoKevaoTiKA 6TOLYEl0 TOV NMAMOKAOV GVALEKTOV

Amoppoonrig

Onwg mpoavagépnke, T0 TO GNUAVTIKO TUNHA TOL NAoKoL Oeppikoh GLAAEKTT ivat
o amoppoentic. O amoppoentig kabopilel ™MV mocdTNTA TG NAOKTG oKTvOPoAlog

mov Ba cuAdeyBel kKo Oa petatpanet oe Bepuikn evépyeto.

Ot emdektikol amoppoPNTES elval KATOOKEVOSUEVOL Od UETOAAL (QOAAL YOAKOD M|
OAOVUIVIOV) ETIKOAVDUUEVO UE EOIKA YPDOUATO IKAVE VO OTOPPOPT|COVY TNV NALUKN
aKTwvoBoAia. o amotEAECUOTIKO Omd OTL TO KOwd povpo ypopd. O povpog
armoppoeNg £xel vioBemBel e gpappoyég NAakov Bepuocipova yio mepimov 3
dekaetieg (Asmussen & Vallo, 2018), (Sakhaei & Valipour, 2019). Qot660, pe v
ThPpodo TV YPOHVAOV Kol TNV EVIOVN EPELVNTIKY OPACTNPOTNTA YOP® ONd TOVG
NALOKOVG GLAAEKTEC, T TEAEVLTALO YPOVIOL EY0VV avamtvybel Kavovpyleg TexvoroYies.
Xopaxktnplotikd mopdderypo €ival ot véov TOTOL MAlOKOT GULAAEKTEG, Ol Omoiol
YPNOOTO0VY VOVOSOUOTIOW 6€ £va facikd pevoTd HeTaPopds (VOvopenoTod), OTov
N MAkn oktvofoAa pmopel vo amoppoendel. Xe avtiv v mepintmon To
VOVOGOUOTIOW AEITOVPYOVV KOl ®C OTOPPOPNTIG KOl MG PELOTO UETOPOPAS TNG

OepuodTag (Sarsam et al., 2015).

Eni tov mapdvtog, ot Pacikéc apyés TV EMMEO®V NMMOK®OV GLAAEKT®OV £ivol TOAD
YVOOTEG KO 1] EPELVNTIKY SPACTNPIOTNTA EMIKEVIPMVETOL KUPIMG OTN HEAETN KOl TNV
avamTuln VE®V DMKOV HECH TOV OToimV Umopovv va emttevyfoldv vymAdtepeg
anoddcelg twv oviiektdv (Granqvist & Niklasson, 2018). Ta moAvpepn vAIKA
yopoktnpilovior omd pkpd kdoTog Kot Pépoc kot Y avtdv 10 Adyo Bewpovvton
KATAAANAQ Y10 TNV €QOUPLOYN TOVG GTOVG NALakoVS Bepikong cuAdéktec. [Ipdcparteg
BrOYpaQIKEG avapopég KAVOUY AGYO YO OOPPOPNTEG TOV OMOTEAOVVTOL OO
Bromoivpepn viwd (Evangelisti et al., 2019), euip amd molvpepn vAkd e cuvovacud
ue xpvod (Shang et al., 2017), kabadg kot vavocopatiow (Barrera, 2018). Ta teyvicd
BromoAivpepn VAIKG 0TS TO PromoAvapioto, ToAV-YoAAKTIKO o0&V, 0&IKN KuTTopivn,
ofikn Povtupikr] kvttapivn, TOAV-(TpyieBulevo-tepePBaikd) Exovv  avorvBel
O1eE0dKA Kot peTd amd TOAAATAOVS EAEYXOVS KAT® o S1opopeTIKEG TEPPUAAOVTIKES
ouvOnkeg v Tévo and 1000 dpeg Aettovpyiog, kKpiOnKav KaTdAANAQ Y100 EQAPLOYN OE
nAokovg eminedovg cuirékteg (Evangelisti et al., 2019). [TapdAinia, oe GAAN pedét

oxed1doTnKE £vo O 0md VOVODUAIKO KOV Vo LETATPEYEL TNV MNALOKT EVEPYELD OF
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OepLuKn Kol 6T GUVEXELWD Vo TNV amodnKeveel. AVTd T0 EIAU dnpovpyndnke pe v
eloaymyn vaukov odloyng edong (PCMs) kot vovooouatidiov ypvcod ce pitpa
noAVPBvLAIKNG aAkooAnc. Tlpaypatomoidvtag cOykplon HETOED NG 0mOd00NG TOV
VAVOPIAUL Kot TOV cvuPatikod, mopotnpninke Peitioon otnv amddoon g Oepukng

amoOnkevong katd 201% (Shang et al., 2017).

Emiong, ovpupova pe por kovotopa mapaywyn g etapeiog Viessmann, wopdydnke
évag eminedog MAMOKOG GLAAEKTNG OTOV O AMOPPOPNTNG TOL £XEL TN SLVATOTNTO VO
OTOUOTAEL TNV ATOPPOPN O™ NAIKNG akTvoBoArioag amd o Oeppokpacio Kot ave. H
emucdAoyn oot pe o LAKO Vitosol FM-200, Baciletar otnv apyn Asttovpyiog tmv
evalhacodpevav otpopdtov. H kpuvotadlkn dopr Tov kot cuvendg 1 €£000¢ Tov
OLAAEKTN 0AAGCEL avadoya pe T BeploKpacio TOV, HEWDVOVTAG LE AVTOV TOV TPOTO TO
TPOPANUa ™S oTacdTTaS TOV 00N YEl o€ PBopa. [Tio avarvtikd, Otav n Beppokpacio
OV amoppoenTn £ivor peyardtepn amd 75°C, 1 KPLOGTOAMKY] SOU TOV VAIKOV TNG

emkdAvyng aAralel, avEdvovtag o puiud aktvoPoAiag g BepudtnTog Katd ToAD.

Kobog n Beppokpacio tov avédvetor, 1 Oeplokpaciot GTOCIUOTNTAG HEUDVETOL
ONUOVTIKA Kot eUodilel To oynuatiopd otpov. MoMg pewwbei n Beppoxpacio oto
OVAAEKTN, 1] KPUGTOAAIKT] OOUT EMOTPEPEL OTNV OPYIKN TNG Katdotaon. Me autdv tov
TpOTOo, Umopet va amoppoendet mepiocdTEPO 0md T0 95% NG TPOOTIMTOVGAG NALKNG
aKtvoBoAiag yio va petatpanel o€ Oepuikn eved povo €va pikpd mocootd (Aydtepo
amo 5%) axtwvoPoleitor micm. Avtd €xel oG AMOTEAEG LA 1] ATOOOGT) TOV VEOU GLAAEKTY
va, givor a1gOnTd VYNAOTEPT OO ATV TOL GLAAEKT LE TO GLUPATIKO OTOPPOPNTN,
KaB®OG otV TPAOTN TEPIMTOON O GLAAEKTNG Ogv PpilokeTonl MOTE GE KATAGTOAOM
OTOGILOTNTOG. ZNUEUDVETOL ETLONG OTL OV VILAPYEL OPLO GTOV AP EVAALAYDV GTNV
KPUOTOAAIKY OOUT|, TPAYLLO OV CMPaivel OTL aVTH 1 Agtrtovpyia etvan dtbéoiun oto
oOvoho Tov KOKAOL (ong tov cvAiéktn (ThermProtect temperature-dependent

shutdown for simplifi ed design and high operational reliability, 2020).

Ocov agopd t0vg MAMOKOVS GLAAEKTES aépa, €xel mopatnpndel Ot 1 petdooon
OepudTrog HETOED TOL OMOPPOPNTH KOl TOL PELGTOV pmopel vo PeAtiwbel eite
aLEAVOVTOG TNV EMPAVELD TOV OTOPPOPNTN €iTe PEATIOTOMOIDOVTAG TO GUVIEAECTN
petapopds Bepudtrog pécm g onuovpyiag otpofiicpuadv (Hu & Zhang, 2019). Xe
oXE0N LE TNV KOTOOKEVOOTIKY SOUOPOOOT] AVTOV TOV GUAAEKT®OV, £(0VV TPOTaOE

dupopeg LEB0OO1 PEATIGTOMOINGNS TOL ATOPPOPNTY|, OTMOGS 1| TPAYVTNTO GTIG VEVPDGELS
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(rib roughness) (Tanda, 2011), (Mittal et al., 2007), n av&non g ATOPPOPNTIKNG
emoeavewg (Yang et al, 2012), (M. Yang et al., 2014), n tomoBétnon mtepvyivv
uetatomong (Fakoor Pakdaman et al., 2011), n otepéwon ¢ eykomng v (Liu et al.,
2007), (Karim & Hawlader, 2006) koBmg Kot 1 ¢p1on KVUATOEWB0VS OTOPPOPNTIKNG
emoeavelng (Karim & Hawlader, 2006), (Lin et al., 2006). Mg 10 ¥pnon KOHOTOEWB0VG
AmOPPOPNTIKNG emPavelag Eyel mapatnpndet avénon kotd 14% 1tng amddoong tov
oLAAEKTN KOOMG dmuovpyeitar oTpoflopdg oAAG kot adénon G EMPAVELNS

(Debnath et al., 2018).

2T00G GLAAEKTEG COANVOV KEVOD, 1) TOTOOETNON ATOPPOPNTMOV LE SOPOPETIKO GYNLLOL
OTOC COANVOG HEGOH O €vo. KUKMKO TTEPVYIO, COAVOAG ULE TTEPVYIN, GMOANVOG
oynpotog U ocvykoAnuévog o€ ot mAGKO YOAKOD kol coAnvag oyfuatog U
ovYxwvevpévog péca oe opboyavio aywyo €xet depevvnbel deodwd (Kim & Seo,
2007). Mg Bdon 11 BewpnTikég Kol TEWPAUATIKES peAéTEG, 0 cwAnvag U mov €yet
oLYKOAAMNOel péoa o€ Eva KukAKO TTepOyLo Yapaktnpiletal amd VYNAOTEPES EMOOGELS
Vo WVaVIKEG oLuvONKEG ©€ CLYKPION UE TIS LTOAOIMES KOTAUOKEVAOTIKEG AVCELS
(Evangelisti et al., 2019). Zyetikd pe TOVG GLAAEKTEC KEVOD OV OMOTEAOVVTOL OTO
OepuocwANVEG, UETA OO TEPAUATIKEG HETPNOEIS, TPOEKLYE OTL 1) TOMOOETNON
Oepuikng aomidos e GLAAEKTN KevoD pmopet va avénoet v amddoomn tov katd 31,5%

o€ oyéon ue éva copPoatikd (Zhang et al., 2014).
Epyalouevo uéco
Nepo

Meta&d tov epyaldlevov HEGHOV TOL GLVAVTAOVTOL GTIG EQAPLOYES TMV NAOOEPpLIKOV
cvotpdtov, 10 vepd pmopel va Bewpnbel 10 mo dwdedopévo Ko €xel TO
YOUNAOTEPO KOGTOGC, OeVv etvart To&kd Kot vtapyet o€ apbovia atn evon. Iap' 6w avtd,
N XPNOM TOL VEPOD EYEL KATOLOLS TEPOPIGHOVS oV oyetiCovtor pe 1o onueio méng
Kot 10 onueio Ppacpod Tov KEOMG Kol pe TO O,TL TEPLEYEL LETAAMKA OTOKELD TTOV

0dMnyovv g diPpwon tov eEomhopo¥ (Imtiaz Hussain et al., 2018).
Aidlopa vepod-yAvkoing

‘Eva piypo omd yAvkOAn ko vepd pmopel vo ypnoytonomel e NAOKE cuoToT
KAelotoh TOMOV o8 TEPOYEG e yapnAég Beppokpaciec, 6mov vrdpyel kivdvvog va

nay®oel to vepd. To dhvpa avtd elval KOTAAANAO Y10l GUGTHUATO YOUNADV KoL
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pecaiov Bepuokpacidv kobmg Exer mopatnpndel 6Tt 1 yAvkdAn opyilet va

vroPabuileton o Beppoxpacieg peyorvtepec tov 120°C (Shojaeizadeh et al., 2014).
Edbtnrra dhata

2T0VG GLAAEKTEG COANVOV KEVOV, KAMO 1 VATPLO G LYPN Aom pmopet va vioBetnOel
g epyaldpevo péco N péco amodnkevong g Oepuomrag. Ta edtnrta dAata givor
evkoAa drabéota, Exovv yapnAd KOGTOC Kot eivol IAMKAE Tpog To TEPPAAAOV KOOMDS
kol pun toéwd. Ta dhata pmopovv va AEITOLPYNoOLY Kol 6€ LYNAEG Beppokpacieg
(mvo amd 500°C). ITap' 6Aa avtd, to €0TNKTA GAOTO TOPOVGLALOVY OPIGUEVAL
LELOVEKTILLOTO, TTOL GYETILOVTOL LE TO VYNAO onpeio YOENS TOVG Kol GUVETMG ATOUTOVV
CUUTANPOUATIKY oYV V1o vo dtnpnBovv e vypn edon. EmmAéov, sivon dSafpoticd
OLVETMG TPETEL VoL ANeOoVV Ta avtictolya pétpa og 6Tl apopd tov eEomhopd (Grena

& Tarquini, 2011), (Bradshaw et al., 2009).
Ocprurao, Elaia

Ta Beppika Elona elvar Edata mov gite £xovv G Paon to meTpELaIo Kot AEyovTon Ehona
vopoyovavlpdKmy gite TapAyoVTOL OO E0TEPEG Kol TOAD-0-OAEQiveg Kol Ayoviat
ovvhetikd €hata. Kor otig 000 mepummtdoelg moapovcstalovv peEYEAN KavOTnTo
petapopdc Bepuomtag oe vyNAEG Beppokpaciec Aettovpyiog, AOY®m TV EENPETIKAOV
0epUOPLOIKAOV 1OI0THTOV TOVE. XVYKPIVOVTOG To GLVOETIKA Aol e Ta avTioTouyo
vopoyovavOpdKmV, To TPOTA EIVOL O KATAAANAG KOl AGPOAEGTEPO GTY| YPNOT TOLG
AOY® TOV YOUNADTEPOV EMTEIOV GUVINPNOTNG KoL TNG UN TOEIKOTNTAC TOVG. Xe oyéon
pe to vepo, to Elato vopoyovavOpaka yapaktnpilovrol amd pikpn €01 Beppikn

wovotro kot vymidtepo 1Emodeg (Oyekunle & Susu, 2005).
Nowopevara,

Ta tedevtaio xpovia, Egovv mpayroTonomBel opKeTEG KAVOTOUES EPEVVEG GYETIKA LIE
TNV EIG0YMYT] TOV VOVOPEVGTMOV MG PELGTO LETAPOPAS BeprdTnTOoC, Pe 6TOYO0 ThvTa T
Beitioon g anddoong Tov NAakov cuotuatog. Ta vavopevstd amotedovvtol and
éva piypa otepedv vovooopoTidiov omd HETOAAO 1 0E1010 TOV peTdAAov poli pe kowd
PEVOTA PETOPOPAS BepUOTNTOC, OTMOG TO VEPO, TO £A00 M 1 ABVAEVOYALKOAN. Xg
epeLVNTIKEG HeAETEG Exel amodeyBel OTL M evoopdtmon twv vavopevatov (Al2O3, CuO,
TiO2, MgO, SiC) cg piypo pe anectaypévo vepd 0dnyei oe avénomn g amdd06NG TOV

NAokoV cvuotuatog Kot 5%-25%. To mocootd Peitioong eEaptdtor and to €id0g
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TOV VOVOO®UOTIOI0V OV ¥pNCIHoTOtEiTal Kot TIG BEPHOPVOIKES TOV 1010TNTEG KOOMDG
Kot amd TNV TEPLEKTIKOTNTO KAt Oyko o100 piypa. Ot onuavTiKOTEPEG TPOKANGCELS
OYETIKA [LE TNV VI0OETNON TOV VAVOPELSTOV 6TA NAMOOepIKG GuoTAOTO GYETICOVTOL
KUplog pe 10 VYNAO kO6GTOg, TV 0aotdfeln Kou TV avénon tov 1EDd0Vg TV
VOVOoOUOTIOIOV oL €Yel oG emakdAovBo v avénorn g mTOong mieong TPPNg
(Colangelo et al., 2016), (Bioucas et al., 2018), (Ziyadanogullari et al., 2018), (Hung et
al., 2013), (Dehaj & Mohiabadi, 2019), (Sadeghi et al., 2019), (Sharafeldin & Grdf,
2019), (Daghigh & Zandi, 2019), (Aberoumand et al., 2018).

Koznyopioroinon koui 1010tnTeg vavopevotwv

Ta vavopevotd pmopovv kavovikd va taStvounfovv ce 0Vo Pacikég katnyopies: to
HETOAAIKA KOl TO U1 UETOAMKGO VOVOPELOTA. Q¢ UETOAMKA VOVOPELGTH GLYVA
AVOPEPOVTOL EKEIVA TOV TTEPIEXOVV HETAAAKG Vavoowpatidwa 0ttmg (Cu, Al, Zn, Ni, Si,
Fe, Ti, Au xou Ag), ev®d ®¢ un petaAMkd vovoowpotiow 1o 0o&eidlo tov apyiiiov
(ALO3) kot to KapPidio Tov moprriov (SiC, ZnO, TiO2). Eniong vadpyovv vavocsmANVES
(Nanotubes) avOpaka kot cOVOeTO VAIKA, OTmg 6UVOETA TOALUEPT LE TLPTVOL KOTA®V

vavooopotidiov (Abbas et al., 2019).

Kotd ™ odpkela tov televtainv OEKOETIOV, TOAAOL EMGTAUOVES EPYACTNKAV LE
oTOY0 TNV avATTLEN PEVOTMOV UE PBEATIOUEVT BEPUIKT GLUTEPLPOPA GE GYECN LLE TO
ovpPatikd pevotd petddooong Oeppomrag. Mo omd Tic Tpotevoueveg nebddovg Nrav
N 01el60VEN UBPOVUEVOV UETOAMKOV 1 U1 LETOAAIK®OV GTEPEDV COUATIOIOV GE VYPO
pe okomd v avénomn g Bepuikng tov aywyywomras. H 10éa avt Pacileton otnv
YVOOT] W0TTe TOV 6TePedV (Kot wilaitepa TV HETAAA®V) va &govv aicOntd

LEYOADTEPO GLVTEAESTN BEPLUKNG AYOYLOTNTOG OO TO PELSTA (VYPA, AEPLAL).

2TV GLVEYXEW OVOQEPOVTOL Ol GNUOVTIKOTEPOL TAPAYOVTEG TOV €MNPeAlovvy TV
avEnon g Beppkng aywydTog TV vavopevot®mv (Abbas et al., 2019), (Xie et al.,
2003), (Eastman et al., 2001):

* ZUYKEVTIPOOT COUOTVOIOV @: AVENCT TG GLYKEVIPOONS TV COUATIOIMV GTO
ouveyés HECO emMEEPEL availoyn avénomn ot Oeppikn oy@yOTNTO TOL
VavopeuoToL. 61060, Ba TPEMEL Vo TOVITEL OTL 1] GLGYKETION aVTN deV gival
YPOLLIKT EPOGOV KAODS anvédvetal 0 aptBpdc TV copoTdImV ToL TEPLEYOVTOL

070 pevotd teivouy vo oynuatilovtotl “oykdon” GLCCOUATMUTE, TO 0Toio
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AMOy®m tov peyéBoug tovg emdOPovV apvnTIKA oTr PETAPOAN NG Oeppukng
AYQYYOTNTOC.

Yo copotdiov: To oawpipate HETOAMKOV cOUUTOIOV Tapovstdlovy
avénuévn Bepuikt| ay@yndTTo 6€ oXE0T HE aTE TV 0EEOIMV TOV HETAAAOV.
2V TEPINTOOT TOV HETAAMKOV cOUATOIOV Oa mpénel moT000 va TpoceyDel
N AmoPLYN TG 0EEIBWONG TOVG TOGO KATA TN SLAPKELN TNG TOPAYWOYNG TOLG OGO
Kol KaTd TN opKew ¢ ypnong tovs. Ilapdiinia vavoowopotidw mov
TPOEPYOVTOL OO LMKO pe peyohOtepn Oepuiky] ayoyodtnto omd GAlo
ocuvNO®G EMEEPOLY CNUAVTIKOTEPT aENOT ot Oeplikn ay®YOTNTO TOV
GLVEXOVS HECOL Y®PIC ®OTOGO aVTO va etvan amapaitnto. TELOG Ta cumpnpota

vavoooAMveov avBpako @aivetal vo eueaviouv to VYNAOTEPO TOGOGTA

avénong Beppikng ayoyuodTTaS.

MéyeBoc ocopatwdiov: Meiwon tov peyébovg TV COHATIOIMY  TTOV
dlaokopmilovtal 6To cLVEXEC HEGO EMPEPEL pLeyolbTEPN &N O™ NG Bepikng
Ay@YOTNTOS TOV Vavopeuotol. H 1dvra avty opeileton oty adénon tov
AOYyoL empavewnc- OYKOL TV copatdiov kabmdg Ko ot Asttovpyia
UNYOVICU®MV GE VOVOOKOTIKY] KAIpoKo (copatiotn peyéboug pkpotepov omd
20nm @épovv 10 20% TV ATOU®V TOVG GTNV EMUPAVELN TOVG LLE OTOTEAEGLO, VOL

T KAVOUV dpeca dtabéota yio Oepukn aAlnAieniopaon).

Yuveyéc péoo: Oco eTYodTEPO €lvarl 10 cvveyég HEGo (amd amoyr Bepuikng
AYWYYOTNTOC) OV SLOCTEIPOVTAL TOL VOVOGMUATION TOGO UEYUAVTEPT Elval M)

nocooTwoio avENoT TG BEPLIKNG TOL AYOYOTNTOGC.

Zyuo copatdiov: To oyuoe tov copatwiov ernpedlet ™ petaforn g
Oepukng ayoyywomrag. Emunkn copoatiow (my. kwolvopikd) mpokaiohv
peyoAvtepn avénon oe oxéon pe GAlo dpopeTkod GYNUATOS, 0TS TO

GOOPIKAL.

[IpdcBeteg ovoieg: TIpooHBnkn dweoOpOV OVCIOV OTOG EMPAVEIOIPACTIKA.,
otafepomomtég N ovoieg dSuomopds, Yo TNV mapepnddion g Kabilnong 1 tov
CYNUOTICUOV GLGCOUATOUATOV €MOPOVV BeTikA otV adénom tng Oepkng

AY@YYOTNTOS TOV VOVOPEVGTOV.
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« pH: Meiwon tov pH 10UV Vavopevotol €xel cav amotélecua, UeYoADTEPT

avEnon g BeprIKiG TOV aY®YIHOTNTOG,

* Ogppokpacio: AvEnomn g Oeprokpaciog TV VOVOPELSTOV ETIPEPEL OENON

Kol 6T OepUIKY| TOLG AYOYUOTNTO.
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4. Metagpaon

The earth is approximately 150x10° km from the sun and receives approximately
1,8x10™ kW of solar irradiance. About 60% of this quantity, that is 1,08x10%*, reaches
the surface of the earth, while the remaining irradiance is reflected in space and is
absorbed by the atmosphere. The Earth annually receives solar irradiance which, if
transformed into energy, is 8,500 times more than the annual global energy

consumption (Thirugnanasambandam et al., 2010).
Solar irradiance is divided into three major categories:

e Direct: the irradiance received from the sun without being scattered by the
atmosphere

e Diffuse: the irradiance received from the sun after its direction has changed
due to the atmosphere

e  Total: the direct and diffuse solar irradiance incidents on a surface combined

Heliothermic systems can utilize the solar irradiance that reaches the earth so that they
can largely replace the use of mineral fuels. A heliothermic system consists of a solar
collector, a thermal energy storage unit, an assisting energy source, as well as a total of
peripheral elements including a piping network, monitors, pumps, circulators, and
mixing valves. The elements mentioned above will be presented in the following

sections.
3.2.1. Solar thermal collectors

Solar thermal collectors are essentially heat converters, which convert solar irradiance
into thermal energy. This energy is then transported to a type of storage. The theoretical
limit to the energy that a solar collector can produce is essentially the quantity of solar
irradiance that can be received and then absorbed (Duffie & Beckman, 2013). There are

several types of solar collectors shown in Fig. 3.2 and are described below.
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Figure 3.2 Types of solar collectors

Depending on the usage and the required temperature range, a suitable solar collector
is used, as shown in Table 3.1.

Table 3.1 Usage and suitable types of collectors

Usage Type of solar collector

Flat plate non-condensing solar collector

Solar hot water heating system Vacuum tube solar collector

Parabolic trough solar collector

Flat plate non-condensing solar collector

Solar heating and cooling Vacuum tube solar collector

Parabolic trough solar collector

Flat plate non-condensing solar collector

VVacuum tube solar collector

Industrial heat process Parabolic trough solar collector

Fresnel linear collector

Flat plate non-condensing solar collector

Solar desalination 'Vacuum tube solar collector

Parabolic trough solar collector
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Usage Type of solar collector

Cylindrical parabolic solar collector

Heliostat field

Parabolic trough solar collector

Solar power production Parabolic condensing solar collector

Fresnel linear collector

Simultaneous heat and power production PV/T

In stable conditions, the following equation gives the useful energy output produced
by the collector (Duffie & Beckman, 2013):

Qc = Ac *[S — Uy * (Tym — Ta) * 3600], W]

where,

Ac: the collecting surface [m?]

U.: the thermal conductivity coefficient of the collector [W/m?«K]
Tpm: average collector temperature [K]

T the external temperature [K]

S: the hourly solar irradiance absorbed per surface unit of the absorber [] In2 ]

The following equation gives solar irradiance S (Duffie & Beckman, 2013):

1+cosf

S= Iy * Ry (@), +1g % (1@)g * (BLE) 4 py w1+ (1), + (B2E) [/ ]

where,

(2258 and (#): the solar incidence angle from the collector to the sky and from

the collector to the ground, respectively.
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Rp: the ratio of solar irradiance incident on an inclined surface to the solar irradiance

incident on a horizontal surface.

I: hourly solar irradiance incident [J/m?]

ta. the average product of the absorptivity and permeability of the collector
pg: the collector’s surface reflectivity

The collectors b, d, and g represent the direct, the diffuse, and the recycled irradiance

respectively.

Moreover, the performance of the solar collector can be described as the ratio of the
usable profit for a determined period to the solar irradiance incident during the same

period:

__JQcadt
1 Ay * [ Gp dt

where,
Gr: solar irradiance incident [W/mz]

If the conditions are considered stable for a specific period (e.g. an hour), the collector’s

performance can be described as:

where,

I7: the solar irradiance incident during this specific period []/mz ]
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3.2.2. Non-condensing solar collectors
Flat plate solar collectors with a liquid transport medium

Solar flat plate collectors are the most commonly used thermal collectors for heating
water. They exploit both direct and indirect diffuse solar irradiance, while not requiring
any particular maintenance. Moreover, they are mounted at the best angle for a steady
tilt, depending on the location and the running time of the collector, without tracking
solar movement (Kalogirou, 2004), (Kyriaki et al., 2015). The main parts of a flat plate
solar collector with a liquid transport medium, such as those depicted in Fig. 3.3 are a
black surface capable of absorbing solar irradiance incident (usually made of copper,
aluminum, or steel), a transparent plate glass cover capable of transmitting irradiance
to the absorber, inner channels containing the heat transfer liquid medium, a structure
capable of protecting the parts and holding them in place, and insulation for reducing
the collector's thermal losses. The absorber can be covered by a selective layer, thus
magnifying solar irradiance absorption, and, in this case, the solar collector is called a

flat plate collector with a selective surface (Goswami et al., 1999).

Solar radiation
(a] Solar rodiation 2 (b)
reflection ///

‘ convection

casing

-~ insulation

Transparent screen materia

infrared

Absorber plate rodiation

! |
: ; z ; z ; E ; z ; : ;' ——1 Fluid chanels front glass

pane

. absorber 3
Thermal insulation
thermal power output

Figure 3.3 Side view of a flat plate solar collector (Evangelisti et al., 2019)
Unglazed Solar Collectors

The simplest form of solar collector is the unglazed solar collector. It consists only of
the absorptive surface collecting solar irradiance and the tubes underneath, where the
heat transfer medium flows, while there is no transparent cover nor any thermal
insulation. Due to the lack of thermal insulation, they are suitable only for temperatures
up to 30°C. Those collectors are usually made of black plastic that can withstand
ultraviolet radiation. Considering that these collectors are not covered by a glass plate,
a large portion of solar irradiance is absorbed. However, as they are not thermally

insulated, a large portion of the absorbed irradiance is lost, particularly in wind or low-
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temperature conditions. Their total performance is lower than the performance of flat
plate collectors and their most common usage is heating swimming pools (Kalogirou,
2004).

Vacuum tube solar collectors

These collectors consist of a series of transparent tubes, where vacuum conditions apply
between the absorber and the transparent cover (Fig. 3.4). Vacuum tube solar collectors
are often used for medium temperatures ranging from 60°C to 80°C, combined with
outside air temperature. Each tube contains a secondary concentric tube, which has a

selective dark color coating, capable of absorbing solar irradiance (Foster et al., 2010).

@

Figure 3.4 Vacuum tube solar collector (Evangelisti et al., 2019)

The three types of vacuum tube solar collectors that are currently available are shown
in Fig. 3.5.

Cold Hot
side —*™

HORIZONTAL TANK

HOT WATER

"4/ VACUUM ENVELOPE

@ ®)
Figure 3.5 Vacuum tube solar collector types (Evangelisti et al., 2019)

Nt/ Nt

o In Fig. 3.5(a), the collector consists of a horizontal tank connected to vacuum
tubes (with a single open end). The tubings are characterized by two concentric
glass tubes closed on one end and with a vacuum in the pulse chamber between
the tubings and a selective surface on the external side of the inner tube. The

heat transfer mechanism is determined by natural water flow from one end to
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the horizontal tank. Solar irradiance heats the water, which progressively
increases along the highest part of the tube. Warm water is replaced by cooler
water coming from the tank.

e InFig. 3.5(b), the heat transfer fluid flows directly to the absorber and into the
tube. The plate is replaced by metallic cylinders (e.g. made of copper),
potentially with fins, treated with black selective coatings on the surface. Each
one of those tubes is then inserted into an external glass tube. During the
manufacturing process of the collector, the air between the two glass tubes is
absorbed, thus creating vacuum conditions.

e In Fig. 3.5(c), the collectors can be equipped with heat tubes to recover heat
from the absorber. In every glass tube, there is an extra copper tube, filled with
an alcoholic solution capable of evaporating at low temperatures. When this
alcohol solution is heated, it moves along the heat tube. It is then condensed and
transfers the heat to the heat transfer fluid that flows into the collector
(Evangelisti et al., 2019).

Solar air collectors

Solar thermal air collectors use air as a heat transfer medium. The warm air produced
can feed a machine or a space heating system with air ducts, or be used in industrial
usage, such as drying products. The collector can be designed to achieve airflow either
between the transparent cover and the absorber or under the absorber. The absorber can
also have fins so that it maximizes heat transfer. Air collectors are similar in
manufacturing to flat plate solar collectors with a liquid transport medium (black
absorptive surface and glass cover held by a metallic frame). In this case, however, no
storage tanks or heat exchangers are needed, and one or more fans can use directly the

warm air produced by the collector.
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Figure 3.6 Air collector (Evangelisti et al., 2019)

3.2.3.  Condensing solar collectors

For applications requiring higher temperatures than those described above, a different
type of collector has been developed. The temperature can rise if the surface where
thermal loss occurs is reduced. This can be accomplished by inserting an optical device
between the irradiance source and the absorptive surface. In condensing solar collectors,
solar irradiance incident is condensed on a smaller surface than that of the collecting
surface. The different types of condensing solar collectors are shown in Fig. 3.7

(Evangelisti et al., 2019).
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Solares - Dexen Energy, 2020).
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Flat plate condensing solar collector

Flat plate condensing solar collectors are the simplest form of condensing solar
collectors, as they are flat plate collectors with reflective surfaces guiding solar
irradiance to a specific point on the collector’s surface. Solar irradiance occurs on the
reflective surfaces placed around the collector and, therefore, the solar collector can use
both the solar irradiance condensed by one of the reflectors and the irradiance absorbed

by the absorptive surface (Evangelisti et al., 2019).

Parabolic trough solar collectors

In this type of solar collector, a reflective material sheet with a parabolic shape is placed
below every tube. This sheet is necessary for transferring recycled irradiance into the
tube. In this way, a greater part of solar irradiance is used, but with the same collective

surface (Evangelisti et al., 2019).

Cylindrical parabolic solar collector

The cylindrical parabolic solar collector consists of a parabolic condenser, a cylindrical
absorber placed along the entire condenser, and a parabola focus. With this layout, solar
irradiance is reflected on the receiving tube, thus heating the heat transfer fluid flowing
into the tube. The condenser is made either of polished metallic sheets that are suitably
bent or of concave mirrors. The running temperature range of this collector is between
50°C and 300°C, but it can also reach 400°C. Therefore, suitable heat transfer fluid
mediums should be used, such as water-based mixtures, diathermanous oils, or molten
salts that can withstand high temperatures (Cabrera et al., 2013), (Fernandez-Garcia et
al., 2010).

Heliostat field collectors

A heliostat field collector consists of mirrors placed around a central receiver called a
solar tower. The mirrors can track the sun's course through a monitoring system. A
closed circuit between the power receiving, storage, and conversion systems
characterizes the heat transfer system (Paneles Solares en Monterrey y Celdas Solares
- Dexen Energy, 2020).
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Fresnel linear collector

This type of system consists of linear collectors and a reflector. Generally, the reflector
parts align horizontally following the sun, so that the receptor can receive the sun's rays

without needing to move (Evangelisti et al., 2019).

Parabolic condensing solar collectors

A geometry capable of condensing solar irradiance towards a receptor placed on the
collector’s focus point characterizes these systems. They have a shape similar to that of

satellite dishes (Evangelisti et al., 2019).

3.2.4. Photovoltaic-Thermal Hybrid Solar Collectors (PV/T)

PVIT collectors are hybrid collectors that combine photovoltaic panels and thermal
collectors in a single device, thus ensuring simultaneous thermal and electrical power
production. Specifically, PV/T collectors combine photovoltaic elements that transform
electromagnetic radiation into electric power, with a thermal solar collector that
transforms solar irradiance into thermal. The biggest part of solar irradiance incident is
transformed into heat, causing an increase in the temperature of the photovoltaic cell.
The photovoltaic elements must function at a low temperature, to maintain their
electrical performance at a sufficient level, while high temperatures can cause damage
to the photovoltaic panel. For this reason, it is necessary to have a cooling system on
the photovoltaic panel. The heat transfer medium toward building usage can either be
water or air, as has been presented in the respective previous subchapters (Hamid et al.,
2014). This type of collector is mainly used in residential buildings. According to a
study by Souliotis et. al., when hybrid collectors are used, the energy efficiency of the
solar system is augmented compared to conventional solar thermal collectors and
photovoltaic panels. However, it has been observed that, according to the Life Cycle
Analysis, they cause greater environmental impact, especially during their construction
and installation (Souliotis et al., 2018).
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3.2.5. Solar collector components

Absorber

As mentioned, the most important component of a solar thermal collector is the
absorber. The absorber determines the quantity of solar irradiance collected and

transformed into thermal energy.

Selective absorbers are made of metals (copper or aluminum sheets) coated with special
colors capable of absorbing solar irradiance more effectively than regular black color.
Black absorbers have been used in solar water heaters for approximately 3 decades
(Asmussen & Vallo, 2018), (Sakhaei & Valipour, 2019). However, with time and
intensive research on solar collectors, new technologies have been developed over the
last few years. A typical example is the new type of solar collectors, which use
nanoparticles in a basic transfer fluid (nanofluid), where solar irradiance can be
absorbed. In this case, nanoparticles function both as an absorber and as a heat transfer
fluid (Sarsam et al., 2015).

Presently, the basic principles of flat solar collectors are widely known and research
activities mainly focus on studying and developing new materials, through which a
higher collector efficiency can be achieved (Granqvist & Niklasson, 2018). Polymer
materials are characterized by low cost and weight, thus considered applicable in solar
thermal collectors. Recent bibliographic references report absorbers that consist of
biopolymers (Evangelisti et al., 2019), biopolymer film combined with gold (Shang et
al., 2017), and nanoparticles (Barrera, 2018). Technical biopolymer materials, such as
bio-polyamide, polylactic acid, cellulose acetate, cellulose butyrate, and
polytrimethylene terephthalate, have been extensively analyzed through multiple tests
under different environmental conditions for over 1000 hours of operation and have
been found suitable for application on flat plate solar collectors (Evangelisti et al., 2019).
At the same time, in a different study, a film of nanomaterial was designed capable of
transforming solar energy into thermal and then storing it. This film was created by
inserting phase change materials (PCMs) and gold nanoparticles into a polyvinyl
alcohol matrix. By comparing nanofilm and conventional film efficiency, it was

observed that the thermal storage efficiency improved by 201% (Shang et al., 2017).
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Additionally, according to a cutting-edge production by Viessmann, a flat plate solar
collector was made with an absorber capable of stopping the absorption of solar
irradiance above a certain temperature. This type of coating with Vitosol FM-200 is
based on the switching absorbent layer principle. The crystalline form and,
consequently, the collector's end change according to their temperature, thus reducing
the issue of stagnation that leads to wear. Specifically, when the absorber temperature
is higher than 75°C, the crystalline form of the coating material changes, thus greatly

increasing the heat irradiance rhythm.

As its temperature rises, the stagnation temperature decreases significantly and prevents
vapor from forming. As soon as the collector’s temperature decreases, the crystalline
form returns to its original state. In this way, more than 95% of the solar irradiance
incident can be absorbed and transformed into thermal energy, while only a low
percentage (less than 5%) is deflected. This results in the new collector’s efficiency
being significantly greater than that of the collector with the conventional absorber, as
in the first case the collector is never in stagnation. It is also noted that there is no limit
to the alternation number in the crystalline form, which signifies that this function is
available in the totality of the collector’s cycle of life (ThermProtect temperature-

dependent shutdown for simplified design and high operational reliability, 2020).

Regarding solar air collectors, it has been observed that the heat transfer between the
absorber and the fluid can be improved either by increasing the absorber’s surface or
by improving the heat transfer coefficient by causing vorticity (Hu & Zhang, 2019).
Regarding the manufacture of these collectors, several methods have been suggested
for improving the absorber, such as rib roughness (Tanda, 2011), (Mittal et al., 2007),
increase of the absorptive surface (Yang et al., 2012), (M. Yang et al., 2014), placement
of shift fins (Fakoor Pakdaman et al., 2011), fixing a v-notch (Liu et al., 2007), (Karim
& Hawlader, 2006), and use of a corrugated absorptive surface (Karim & Hawlader,
2006), (Linetal., 2006). With the use of a corrugated absorptive surface, a 14% increase
in the collector's efficiency has been observed, as vorticity and surface increase are
caused (Debnath et al., 2018).

In vacuum tube solar collectors, placing different-shaped absorbers, such as a tube in a
circular fin, a tube with fins, a U-shaped tube sealed on a copper plate, and a U-shaped

tube merged into a rectangular pipe, has been extensively researched (Kim & Seo,
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2007). Based on theoretical and experimental studies, a higher efficiency characterizes
the U-shaped tube that has been sealed into a circular fin under ideal conditions
compared to other manufacturing solutions (Evangelisti et al., 2019). Regarding
vacuum collectors that are equipped with heat tubes, after experimental measurements,
it has been observed that placing a thermal shield on a vacuum collector can increase

its efficiency by 31.5% compared to a conventional one (Zhang et al., 2014).
Work medium
Water

Among the work mediums that are met in heliothermic system applications, water can
be considered the most widespread one, as it is the least expensive, non-toxic, and can
be found in abundance in nature. Nevertheless, the use of water has some restrictions
that are related to its freezing and boiling points, but also to the fact that it contains

minerals that lead to equipment corrosion (Imtiaz Hussain et al., 2018).
Water-glycol solution

A mixture of glycol and water can be used in off-grid solar systems in areas with low
temperatures, where there is a risk of the water freezing. This solution is suitable for
low and medium-temperature systems, as it has been observed that glycol starts to
degrade at temperatures higher than 120°C (Shojaeizadeh et al., 2014).

Eutectic salts

In vacuum tube solar collectors, potassium or sodium in the liquid phase can be used
as a work medium or as a heat storage medium. Eutectic salts are readily available, low
cost, and environmentally friendly, other than non-toxic. Salts can also function at high
temperatures (over 500°C). However, eutectic salts present several disadvantages
relating to their high freezing point and therefore require additional power to be
maintained in liquid form. Moreover, they are corrosive, thus the necessary measures
should be applied regarding the equipment (Grena & Tarquini, 2011), (Bradshaw et al.,
2009).
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Thermal oils

Thermal oils are based on petroleum and are called hydrocarbon oils or are produced
from esters and polyalphaolefins and are called synthetic oils. In both cases, they
present a large heat transfer capacity when operating at high temperatures, due to their
exceptional thermophysical properties. By comparing synthetic to hydrocarbon oils, the
first ones are more suitable and safer in use, due to their lower maintenance level and
non-toxicity. Compared to water, hydrocarbon oils are characterized by a low specific
heat capacity and a higher viscosity (Oyekunle & Susu, 2005).

Nanofluids

In recent years, there have been several groundbreaking pieces of research related to
introducing nanofluids as a heat transfer medium, always targeting the increase of the
solar system's efficiency. Nanofluids consist of a mixture of solid nanoparticles of metal
or metal oxide, along with common heat transfer mediums, such as water, oil, or
ethylene glycol. In research studies, it has been proven that the integration of nanofluids
(Al203, CuO, TiO2, MgO, SiC) in a distilled water mixture leads to an increase in the
solar system's efficiency by 5%-25%. The improvement percentage depends on the kind
of nanoparticle used and its thermophysical properties, but also on its PPMV in the
mixture. The most important challenges relating to the integration of nanofluids in
heliothermic systems mostly concern the high cost, the instability, and the nanoparticle
viscosity increase, which leads to an increase of the friction pressure drop (Colangelo
et al., 2016), (Bioucas et al., 2018), (Ziyadanogullari et al., 2018), (Hung et al., 2013),
(Dehaj & Mohiabadi, 2019), (Sadeghi et al., 2019), (Sharafeldin & Grof, 2019),
(Daghigh & Zandi, 2019), (Aberoumand et al., 2018).

Nanofluid categorization and properties

Nanofluids can usually be grouped into two major categories: metallic and non-metallic
nanofluids. Metallic nanofluids are those that contain metallic nanoparticles, such as
Cu, Al, Zn, Ni, Si, Fe, Ti, Au, and Ag, while non-metallic nanofluids are aluminum
oxide (Al.Oz) and silicon carbide (SiC, ZnO, TiO>). There are also anthrax nanotubes
and composite materials, such as composite polymers with hollow nanoparticle nuclei
(Abbas et al., 2019).
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During the last few decades, many scientists have worked towards the development of
fluids with improved thermal behavior compared to conventional heat transfer mediums.
One of the suggested methods was the penetration of suspended metallic or non-
metallic solid particles into a liquid to increase their thermal conductivity. This idea is
based on the known property of solids (and particularly metals) to have a noticeably

greater thermal conductivity coefficient than fluids (liquids, gas).

The most important factors affecting the increase in thermal conductivity of nanofluids
are listed below (Abbas et al., 2019), (Xie et al., 2003), (Eastman et al., 2001):

e o particle concentration: An increase in the ¢ particle concentration in the
continuum brings about a corresponding increase in the thermal conductivity of
the nanofluid. However, it should be noted that this correlation is not linear, as
while the number of particles in the fluid increases, “voluminous”
conglomerates tend to form, which negatively affects the thermal conductivity
variation due to their size.

e Particle material: Metallic particle suspensions present an increased thermal
conductivity compared to those of metal oxides. In the case of metallic particles,
the avoidance of their oxidization should be handled carefully both during their
production and during their use. At the same time, nanoparticles that originate
from materials with greater thermal conductivity usually bring about a greater
increase in the thermal conductivity of the continuum, without that being
necessary. Lastly, the anthrax nanotube suspensions appear to be showing the
highest percentage of thermal conductivity increase.

e Particle size: Reduction in the particle size that is dispersed in the continuum
brings about a greater increase in the thermal conductivity of the nanofluid. This
property is attributed to the increase in the surface area-to-volume ratio of the
particles, but also to the mechanism function at a nanoscopic scale (particles
smaller than 20nm bring 20% of their atoms to the surface, making them readily
available for thermal interaction).

e Continuum: The poorer the continuum (in terms of thermal conductivity) in
which the nanoparticles are dispersed, the greater the percentage increase in its

thermal conductivity.
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Particle shape: Particle shape affects thermal conductivity variation. Elongated
particles (e.g. cylindric) cause a greater increase compared to others of different
shapes, such as spherical ones.

Additional substances: The addition of different substances, such as surfactants,
stabilizers, or dispersants, to obstruct precipitation or the formation of
conglomerates, positively affects the thermal conductivity increase of the
nanofluid.

pH: A reduction in the nanofluid pH results in a greater increase in its thermal
conductivity.

Temperature: A temperature increase in nanofluids leads to an increase in their

thermal conductivity.
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5. Kewypevikn avaivon

H avélvon tov kepévou avtod meplapfavet 1o keyevikd €idog tov katd t Reiss, 1o
EMIMESO VPOVG, TO KOWO G6TO 0T0{0 ameVOHVETAL, OTMG EMIONG TOV GKOTO TOV KOTA TN

Nord kot Tig 1d1antepdTNTEG OV TO YOpoKTnpilovVy.

Eekvavtag v avaivon, Ba mpénet va avaeepBel n 014Kpion TV KEWEVIKOV EL0DV
am6 ) Reiss og minpoopilakd (informative), Aeitovpywkd (Operative) kot EKQpuoTIKA
(expressive), avaioyo pe Tov TPOTO MOV EMTLYYAVETOL M EMKOW®Vio, uetald Tov
OLYYPOPEN KOL TOL OVOYVAOCTIKOD KOOV, WHE GKOTO T CUGTNUOTIKOTOINGMN TNG
LETOPPACTIKNG O1001Kaciag Kot TN dnuovpyio evog KotvoL dEova Katd Tov omoio Ha
TPEMEL Vo TpAyHaTOTOlEiTOL 1) ekdotote petappoon (Hariyanto, 2015). v
TPOKEWWEVT TepinTtwon, N dwtpPn avt) amoterel Eva TANPOPOPIOKO KEIUEVO, TOV
omoiov M Pacikn Aettovpyio eivor 1 HETASOON TNG TANPOPOPING LE GOPNVELL Kot
akpifela, €Tol MOTE TO OVAYVOOTIKO KOWO Vo EMKEVTIPWOEL OmOKAEIOTIKG GTO
ePLEXOUEVO TOV, TO 0TO10 £)xel cLVTOYOEl GE KEIEVO e YVOHOVO TN AOYIKN Kol Y®pPic
vrepPoréc oy Ekepaon. To BEpa Tov KeWEvov, ONAAON 1 ATOTEAEGUATIKT YPTOT TOV
OVOVEOGUYMOV TNYOV EVEPYEWS OE KTiplo, HE OKOTMO TN UEI®MOT TOL EVEPYELONKOV
OMOTLIIMUATOS GTOV UEYIGTO duvaTo Pabuod, eival 1o Bacikd onpeio oto omoio eoTialel
N ovyypaeéag Kot 1 oution TG oHVTaENG TOV KEWEVOL OVTOV €iVOl OTOKAEIGTIKA M

EMKOWVOVIOL KO 1) LETASOOT] TV TANPOPOPIHV OVTMV.

H Reiss eniong e1odyet kanowo kprrpia pe to onoia 0o a&roloyndei n petdppacn evog
TANPOPOPLOKOV KEYEVOV, KOl GCOUPMVA LLE TO, OTTOT0L EKTOVIONKE 1 LETAPPOCT QLTH.
Ta kpumpla avtd apopovv 1000 0 Bépa TOL KEWEVOL, TO 0moio €xel avapepOet
TOPATAVE®, OGO KOL TOV GLYYPAPEN, TO OVAYVOCTIKO Koo Yo 10 onoio mpoopileta,
TOV YPOVO Kot TOV TOTO oV AapPdvel yopa n Hetdppaoct, Kabmg Kot 1 icodvuvapio o
eninedo yMdooag, ypauuatikng kot nepeyopévon (Munday, 2016). Me Baon avtd to
otolyeie, T0 TpwTOTLTO Kelpevo €xel cvvtaydel and v 'EAAn Kvpibxn, pe untpucn
YADOOO TOL EAANVIKA Ko Ypovoroyia dnpocicvong to 2020, 1o avayvmoTikd Koo tov
elvar M okadnuUoiky KOwodTNTOL OTOVS TOMElG TG pnyovoAoyiog Kot TV
TEPPOAAOVTIKDV EMOTNU®V, Kot Exel petappootel og global English pe nuepopunvia

dnpoacigvong 1o 2023 yio avayvooTikd Koo G€ avTiGTOL0VS TOUEIC.
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¥ ovvéyew, Oa mpémel va gviomiotel 0 okomdg Tov omoio Ba efummpertel To
HETAQPaAGL, KaOdS, copupmva e T Osmpia Tov okomov katd ™ Nord, kébe keipevo-
6TOYOG OV TPOKVTTEL OO TN UETAPPOCT EVOG KEWEVOL-TINYNG Oa Tpémel vo KaAVTTEL
oV oKomd mov Bo eELTNPETEL Kol TIG AVAYKES TOV AVOYVOGTIKOD KooV 6to omoio Oa
amevBovetar (Dudenhodfer, 2012). Zougova pe ™ Nord, vrdpyet o Pacikn didkpion
peTalld TV d00 €MV UETAPPAGUATOV, OTMG EMIONG KOl TOV J1dKAGL®V TovG. To
TPMTO €00G HETAPPUCTIKNG OdKaciog €lvalr 1 TEKUNPLOTIKY  UETAQPOOT
(documentary translation), n onoia meptypdpet o SIOTOMTIGUIKTY EXKOW®OViR LETOED
TOV GLYYPAPEN KO TOV TOPOUANTTN, KOTE TV 07010 ®GTOGO 0 TAPaANTTNG YVopilel 6T
10 Keipevo mov dwfdalel eivor amotéAecpa PETAPPOONS, VO TO O£0TEPO €100G, M
gpyaielokn petaopoon (instrumental translation) agopd éva pufvopa to omoio Oa
EKTANPDOGEL TOV ETKOVMOVIONKO TOV GKOTO YWPIG 0 avayvadoTNng v avTilapupdvetot
ovveldntd 6t amotelel Tpoiov petdppaong (Munday, 2016). Xvvenmg, 1 petdppoon
OVTOV TOV KEWWEVOD OMOTEAEL L0 TEKUNPIOTIKN LETAPPOCT], KAODS 0 mapaAnmng Ha

yvopilel 1660 TV TPOEAEVGT] TOL OGO KO TV KOTAY®YT TNG CLYYPOPEQ.

Téhoc, n Nord mpocbétel emiong oe avtd ta kpithpla to péco (medium) kot o kivtpo
(motive) (Munday, 2016). Xtnv Tpokeévn TEPINT®OT EYOVUE YPOTTO HEGO, KOL IO
OLYKEKPIUEVOL OMMUOGIEVOT] 6TO O100iKTVO, KOl TO KivnTpo €ivor 11 HETAOOCON T®V
TANPOPOPLOV TNG EPELVAG TNG CLYYPOUPEN GE AKOONUAIKO KOO TOCO OTN YAMOOoO-

YN 0G0 Kol 6T YAMCCO-GTOYO.
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6. XyoMaonog

To xeipevo avtd amortel por PETAPPOOT TIOTH GTO TPMOTOTLUTO KEIPUEVO KOl GTIC
TANPOPOPIES TOV 1 GLYYPAPENG EMOVUEL VO LETAPEPEL, SATNPDOVTOS TO AVGTNPO GALA
Mto HPOG TOV, PETAPEPOVTOS LE COPNVELL TO VONUO Kot omodidovtag pe axpifeta tnv
opoioyia, evad mapdAinia yivetal mpoondfeia va mapaydel Eva kelpevo-6tod0g 0G0 T0

dVVATOV TTO PLGIKO GTN YADGGA-GTOYO.

YUVEMMG, OVAPEPOVTOL TOPOUKAT® HEPIKES OVOKOMES TOL TPOEKLYOV KOTE TN
ddkacio NG HETAPPAONS, Ol OTOleg €lval: 1 EKTOVNON YA®WGGOPIoL Kol 0poAOYia

(5.1), ot aAAayég o€ emIMEdO YPOUUUOATIKNG KOl GUVTOKTIKOL (5.2) Kot 1 dat)pnon e

popoomoinong (5.3).

6.1 Exnovnon yAmocapiov Kot oporoyia,

H petagppactikn dwdwocio Eekivnoe pe tnv ekmoOvnon yAwoocopiov, 10 0moio
TEPAAUPAVEL TOV TPOTOTLTO PO, TN UETAPPOON, TIC TNYEG KOl TO CLYKEIUEVO OTO
omoio Ppicketal 0 eKAoTOTE OPOC. XE YEVIKO TAOIG10, 1| OpOAOYiD NTOV OPKETE EVKOAO
va Bpebel, KabBdg vdpyovy 6To SIKTLO TOAVEPIOES TNYEC TOV TEPTYPAPOVY TOL
SLPOPETIKA €101 NAMOAKOV GLAAEKTMOV, TOCO GE EMMEOO EPELVMV OGO KOl O EMMESO
kaBnuepwvng ypnone. To yAwoodpt arotereiton omd 127 dpovg, amd tovg omoiovg Eva
apKeETO peYGAo mocootd Ppébnke pe omAn avolntmon oto iate 1 oe 16T0GEMOES
OYETIKEG UE MMOKOVG CLAAEKTEC Kol MAMOKN EVEPYELD, OMMOC €lvol Ol EUTOPIKEG
otooeAidec tng Solar Octa ko g Premio, evnuepotikd apbpo i mbavoig
ayopaoTéC o€ 16T00eMOEG OTTmg 1 Solartechadvisor, kabdg kot emotnpovikd dpbpa o€
1otooelideg Onmg 1 ScienceDirect, péypt kat otnv otocerida g NASA. Ot celideg

aTéG Topatifevol avaAvTIKG 6T0 TEAOS TNG epyaciag, otnyv evotnta 9.2 Iotoypapia.

Q061660, VINPEAV OPKETEG TEPITTADGELS GTIG OTOLES 1] EDPEST TV APV KOl 1] TPOGON KT
TOUG 010 YAMOOAPL Tapovciocay SvokoAieg, ol omoieg ywpilovror ot €&ng
katnyopieg: akpovopa (5.1.1), 6pot pe moAloamAég anoddoelg ota Ayyld (5.1.2),
EMewym 1woduvapiog og enimedo evvormv (5.1.3) ko EAAeym 16odvvopiog mive amd o

eminedo g AéEng (5.1.4).
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6.1.1 Axpoviopua

To keipevo avtod eixe pdévo éva akpwvoplo, to omoio Ntav 10 Z.N.X., dnradn 1o {eotd
vepO ypnomg, 10 omoio avapepodtav o¢ «Haoaxkn Oépuavon Z.N.X.». To akpovouio
avtd dev ypnoylomoteitol ota Ayyhkd, ondte petoppdotnke amimg g «Solar hot

water heating system».

6.1.2'Opor pe MMorramréc Am0d66ELS 6TO. AYYAIKA

‘Eva Bacikd {fmuo 10 omoio mpoékuye Katd TV EKTOVIOT TOL YAMGCAPIov NTav 1
Hetappacn tov O6pov «nhokn oktwoPorion. Ot mbovég oamoddoelc frav «solar
irradiance», «solar radiation» ot «solar irradiation», ot omoiec @aivetar va
YPNOOTOOVVTOL YWPIC VO LITAPYEL KATOW S1UKPIoN HETAED TOVG OTIS TEPIOCOTEPES
TepWTOOELS Kol Oa umopovcoav va BewpnBovv wg cuvdvupes. QoTd60, LIAPYEL IO
Aemth] dPopd 6TV £Vvola TOL €KAGTOTE Opov. Tuykekpuéva, o 0pog «radiation»
YPNOOTOLEITOL Yoo TNV OKTVOPOAl 1 omolo ekméumeTol amd o myn, o Opog
«irradiance» yio tnv axtivoBolio TOV EKTEUTETAL OO 10, TYT KOl TPOCTIULTEL TAV®
OE U0 EMPAVELD, EVD 0 Opog¢ «irradiationy» yio v axtvofoiia mov ekméuneton amd
L0t TYY KO TPOCTHTEL TAV® GE L0 ETLPAVELD GE £VOL GUYKEKPIUEVO YPOVIKO 1A TN LA
Kobodg o100 keipevo avtd avagépetor m axtivoPoAic m omoio TPOoTINTEL GTOLG

nAokobg cVALEKTEC, ONAadN o€ pa empaveto, enélea Tov Opo «irradiance.

‘Eneita, oiler va avagepbel to emifeto «Bepuikdc», 10 omoio avagépetal o€
CVUPPACELS OmmG «Beppikn povoon» Kot «Oepikn ammAeioy. Mmopel va amodoOel
1000 m¢g «heat» kot g «thermal», ®wotéco AOy® cvyvoTNTag €UPAviong ot dpot
uetappaotnkay og «thermal insulation» kot wg «thermal loss». Mg tov id10 tpdmo, o
OpPOG «OUKTLMOENG YMOPOS», O OMOI0G OVAPEPETOL GE VOV YDOPO UETAED TV
COMVOGEDY TOV GLAAEKTOV KevoD, omodidetar 1060 w¢ «pulse chambery kot wg
«annular chamber», ®otdéc0 AOY® GLYXVOTNTAS EUPAVIONG TPOTUHONKE 1 TPMTN
amod00T. AKOUA, CYETIKA LE TOV OPO «NAEKTPIKN EVEPYEL, KOOMG GTO GNUEID TOV
KEWEVOL OV avaPEPOTOV YVOTAV AOYOS Y10 TOpOy@yn MAEKTPIKNG kol Oepuikng
evépyelog, Tpotnonke o 6pog «electric power» kot oyt «electricity». Téhog, To onueio
méng petaepaletar toco g «freezing point» 6co kot g «solidification point»,
®6THGO YPNOUOTOMONKE N TPOTN 0TAS00T), KAOMS GTNV TEPITTMON QLTH AVOPEPETOL

670 vePO.
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Kieivovtag avtn v evotroa, gival onuaviikd va 600t 1daitepn onuoacio e pio
katnyopia Aéfewv, oTIG oOmoieg EVTACOOVTOL Ol  OpOl  «OUVEXES UECOR,
«otabepomomney Kol «ovcio dwaomopdcy. Ov dpor avtoi petaepdlovior ¢
«continuous medium», «stabilizing agent» kot «dispersing mediumy», ®wotdc0 TO
TeEAeVTOiO YPOVIO VTTAPYEL LI TAGT VO XPTCLOTOIOVVTOL Ol HOVOAEKTIKES OOOOGELS
TOVG, OnAadn «continuumy, «stabilizer» xou «dispersanty. Ot 600 oamoddcelg dev
TapoLGLaLovy KAmola S10popd G€ EMINESO EVVOLDV, ®GTOGO 01 LOVOAEKTIKES ATOJOCELS

tetvouy va KabiepmBoiv.

6.1.3"EAdewyn Ioodvvapiog og Enineoo Evvorv

e KAMO1EG TEPMTMGELS TPOEKLYAY TOAAATAES ATOJOCELS KATO1WV Op®V, 01 0Toiol
®WOTOCO OgV  YPNOLOTMOOVVIOL G€ OA0 TO. OLYKElUEVO pe TOV 1010 TPOTO.
XopaKTnploTikd TopAoELy Lo Eival 0 OPOC «ITTEPVYLON, Y10 TOV OTOT0 OPYIKO GLVAVTINGO
mv amodoon «pillary, n omoia dumg dev ypnolponoleitoal o Keipeva TAPOUOLOC
Oepotikne. Metd and avalmon oe mopdAinAo Keipeva Kol e1KOVES, dmIoT®ONKE
g 0 6pog «finy etvon n petdppacn 1 omoia ypNoUOTOIEITAL OE TETO10V EI60VE KEIHEVAL.
Me v 0w dwdikacioo TPoEKLYE OTL Y10 TOV OPO «EMAEKTIKN Pagn», 0 omoiog
OVOPEPETOL GTT LLOOPT) ETLPAVELN TOV EVTOTILETOL TTAV® GTOVE LETUAAKOVS KUAIVOPOLG
eVOG MAMOKoD GLAAEKTN Kot €vOVVETOL YO0 T GLAAOYN TNG OKTIVOPOAING, M CWOTN
ambddoon Yo TO OLYKEKPWEVO ovuykeipevo eivar «selective coating» kor Oyt

«quenching».

‘Enerta, givor onpavikn n avagopd 6tov 6po «GOANVAG), 0 000G UETAPPALETOL MG
«pipe» kat og «tube». Apyd giya emAéEeL TNV 0mOd0GN «Pipe», ®OTOGO LETE 0o
avolntnon o€ mapdAinia Keipeva topatnpnoo Teg o 6pog «tube» ypnoorotsitol oe
peyoAntepo Pabuod oe kelpeva oxetikd e nAokovs cLAAEKTES. AvTd cupfaivel, KaOMG
0 TPATOG OPOG £XEL TN ONUAGI0 TOV «doYeloVY, EVD 0 deHTEPOG £ival TGO doyeio 0G0
Kol OOMIKO CLOTATIKO MG KOTOOKELNG, YEYOVOG MOV 1GYVEL KOl GTO TAQICIO T®V

NAOKOV GUALEKTOV.

H tehevtaio dwpopd oe enimedo evvoldv mapatnpnonke 6Tov 0po «VOVOPELSTH», O
0m010G G€ d1aPopeTIKG cuyKeipeva el amodobel mg «nanofluids» kot wg «nanoliquids».
H mpdtn anddoon avapépetal o€ peuotd To. 0moio TEPEYOVY VAVOSMUOTIOW, EVA 1|

JeVTEPT OMOKAEICTIKA GE VYPA, KOl e AVTOV TOV TPOTO PAETOVLE OTL GTNV OVGI 1) Hd
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évvoln etvar vrokatnyopio g GAANG, Kol OTL GE AVTAV TNV TEPINTOON TPEMEL VL

ypnoponombei o dpog «nanofluids».
6.1.4"Erdewyn Ioodvvopiog Ilave ané to Erinedo g AéEng

Youpwvo pe v Baker, vmapyovv mepumtdoelg otig omoieg vmhpyel EAAewym
oodvvapiog Tave and to eninedo g AéEng (above word level), ot omoiec avapépovtat
0€ GLVOVAGLOVG PPACE®V, GE EKQPACELS KOl GE WOUDUOTA, TO OO0 OTN YAMGGO-TNYN
elvar dedopévo OtL Ba ypnowomomBovv pali, eved otn YAOGGO-6TOX0 Ol 10101
ovvdvacpoi dev voiotavtar (Baker, 2011). T'o mopddetypo, 6T0 KEILWEVO AVTO, TO.
NAokd cvothuata KAEWToH TOmoL petaepdlovrar o¢ «off-grid solar systems» wou
aVOPEPOVTOL GE MAOKE GUGTILATO TOV TAPAYOLVV NAEKTPIKY EVEPYELD YWPIG Koo
oVVOEST UE TO OMUOGI0 OiKTVLO. EXTOG 0o KAE15TOO TOTOL, GTA EAANVIKA OVOpPEPOVTOL
KOl OG «0VTOVOUOY, WGTOGO Kopio amddoomn dev &gl 1codvvapio Le Tov ayyAkd 6po

«off-grid».
6.1.5 XovOeon

Ye OPKETEG MEPUTTMOOELG NTOV OOPAITNTN 1 ¥PNON TOL AVOAOYIKOD KAVOVA, OTWG
neprypdpeton amd tov Koota Baieovtn, copgova pie Tov omoio n e0pect Kot KaTOTY
N HeETAPpPOcN €VOG Opov, Yoo TOV OTOi0 OEV UTOPOVUE VO EVTOTMIGOLUE OKPPN
avVTIoTOlYl0. OE YVOOTEC WETOQPOOTIKEG Tnyéc, 0o mpémer va mpaypotomomOet
OKOAOVODOVTAG TOV aVAAOYO HNYOVIGUO GYNUATIGLOD TOL POV HE TOV TPMTOTLTO
(Bakeovtng, 2004). Agdouévov OTL 01 TEPICCOTEPES TMEPUTTMOOELS OCYETIKA UE TNV
opoloyio. TPoEpyovtal amd To AyYAIKE, Kol OTL TOAAEG amd TIC GLUEPAGELS TOL
YPNOWOTOVVTAL GTO EAANVIKO Kelpevo givar amoddcelg mov €xovv petapepbel ota
EMMVIKA e TN O101KaGior TOV TTEPLYPAPETUL TAPATAVE®, B avapepBodv evOEKTIKA
Kdamwo1ot 6pot Yo ToVg 0moiovg VILAPYEL aKkPPNG OPOG oTal AYYAKE, EVAD GTO EAANVIKG
ocvovavthpe ™ ovvBeon tovg. ‘Evag amd avtodc tovg Opovg eivar ot «vfpiotkoi
oLAAEKTEG BepikoD pwTofoATaikov ototygiovy, mov petappdletar wg «Photovoltaic-

Thermal Hybrid Solar Collectorsy, 6mwg emiong kot pe to axpvopo «PV/T».

Avtifeta, vtapyovv eAAnvikoi 6pot mov £yovv kabepwBel, evd ot avticTory ot ayyAkol
ATOVTAOVTOL TEPIPPACTIKA, OTMG EIVOL O KEMAEKTIKOG EMIMESOG MNALUKOG CLAALEKTNGY,

nov amodidetan wg «flat plate collector with a selective surface».
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Téhog, vmpyav 0pot Yo Tovg omoiovg Ppédnkav erdylota TopdAinia Keipeva TG0
OT0 EAMANVIKA OGO KOl 6T 0y YAIKE, GUVETMG 1 LETAPPOGT] TOVG TPOEKVYE atd cLVOEST
KaTé TN PETOPPAOTIKY dtadikacio. Ot dpot avtol eivar ot «E1d1KN Bepuikn KavoTnTO
KoL «opyf AEITOVPYIOG TOV EVOAAUGGOUEVOV GTPOUATOVY», 01 00101 AIToddONKaV ¢

«specific heat capacity» ka1 «switching absorbent layer principle» avtictoiyo.

6.2 AALoyEG 6€ ETIMTESO YPOUNATIKIG KOL GUVTOKTIKOU

To onuovtikotepo {TnUo. TOL TPOEKLYE TOCO GE EMIMEDO OPOAOYiOG OGO Kol GE
oAAayT] TNG 6VVTAENG GE OPKETA oNUEinl TNG LETAPPACNS QPOPA T PPACT «1] NALKN
axtwvoBoAia mpoomintet...». Metd amd épguva o€ mapdAinia kelpeva, TpoEKvye OTL TO
PYLOL «TPOCTIMT®Y» OEV YPNOCILOTOEITOL OTA ayyMKA Kelpeva, kabmdg TpoTdtal 1
YPNON TOL OVCLOOTIKOV «incidenty, pe amotéheoua o©TN UETAPPUCT MOV VO,

ypnoonomon T epdon «solar irradiance incident».

‘Enetra, vmpyov mepuntddcel 6mov GAAace 1 ocuvtoaén omd ToONTIKY GE EVEPYNTIKY
QOVY, £T61 OGTE Vo dTnPpnOel Lo PLGIKOTNTO GTNV EKPPOCT|, OTWG GTNV TEPITTMOON
LTI, OOV M QPACT «DOOTE VO EMTLYYAVETOL pon aépa HeETAED TOL doPAVOVg
KOADUUOTOG KOl TOL Oamoppoent| M 1 pon aépa voa ovuPaivel katw omnd Tov
amoppoeNT» petappdotnke g «to achieve airflow either between the transparent
cover and the absorber or under the absorber». Yanp&av axdpo nepint®oelg 6Tig 0moisg
YPNOLOTOOVVTOL OVCIACTIKG GTO TPWTOTVTO, EVM OTN UETAPPACT) TPOTIUNONKAY TOL
avtiotorya piupata, Omwc m mpotacn «O mapayoduevog Oepudg aépag pmopet va
TPpoPodoTNOEl e o unyovi 1 o€ £va GOGTNIA OEPUAVONC YDPOV LE OEPAYMYOVE 1) GE
Bropnyovikég epappoyéc 0nmg n ENpovon Tpoidovimvy, 1 onoia petoppaotnke og «The
warm air produced can power a machine or a space heating system with air ducts, or be
used in industrial applications, such as in drying products», 6mov vadpyet to pripa «be

used» mpv amd ™ epaon «industrial applications».

6.3 Alotijpnon popeomoinoeng

210 TPOTOTLTO Keipevo vpyav padnuatikoi THnol Kot eEIlCMGEIS TOV AVAPEPOVTOY
OTNV TOPUY®YN EVEPYELNG OO TOVG NAKOVG GLAAEKTEG Kot TNV KTVOPBOAlN, OTwS
EMIONG KOl OPKETEG EWKOVEG TOV MAK®V GLAAEKTAOV, Ol OTOIEG MEPLYPAPOVLY TN

Aerrovpyio tovg. Ot THmot dtTnphOnKoy ©g £XOVV, KOl Ol TEPIGGOTEPES EIKOVEG NTAV
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NN ota ayylkd. H Ewova 3.2, tng omoiag to Keipevo fTav YPoUUEVO GTO EAANVIKA,
ypewdotnke enelepyacio pe ™ ypnon wWhite font text box, to omoior TomoOeTHONKOAV

v omd To EAAMNVIKO KEILEVO, MOTE VO, TO OVTIKOTOGTIGOLV.
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		άτομο		atom		IATE, Gevarter,p59

		βάνα ανάμειξης		mixing valve		Mixing Valve https://www.sciencedirect.com/topics/engineering/mixing-valve

		βιοπολυαμίδιο		bio-polyamid		https://polymerinnovationblog.com/bio-polyamides-where-do-they-come-from/

		βιοπολυμερές		biopolymer		IATE, Bioplastics: Sustainable materials for building a strong and circular European bioeconomy (18.3.2020). European Commission. Cordis Research EU results pack. 2017

		γλυκόλη		glycol		IATE, Lexico, 'glycol (17.2.2021)'

		γραμμικός συλλέκτης Fresnel		Fresnel linear collector		IATE, Notice OJ C 239/90 p.18

		δακτυλιοειδής χώρος		pulse chamber, annular chamber		IATE, Agricultural machinery and equipment,CEMAGREF,1990		Οι σωληνώσεις χαρακτηρίζονται από δύο ομόκεντρους γυάλινους σωλήνες κλεισμένους στο ένα άκρο και κενό αέρος στο δακτυλιοειδή χώρο μεταξύ των σωληνώσεων και μια επιλεκτική επιφάνεια στην εξωτερική πλευρά του εσωτερικού σωλήνα.

		διάβρωση		erosion		IATE, Iowa Storm Water Education Program. Home > Construction > Definitions. Erosion. http://www.iowastormwater.org/index.php?option=com_content&view=article&id=79&Itemid=184 [29.9.2010]

		διαθερμικά έλαια		diathermanous oils		IATE, INT.DIC.REFRIGERATION

		διαπερατότητα		permeability, transmittance		IATE, INT.DIC.REFRIGERATION / Haensch/Haberkamp, Dict. Agriculture		μέσο γινόμενο απορροφητικότητας-διαπερατότητας του συλλέκτη

		διάστημα		space		IATE, An Integrated Industrial Policy for the Globalisation Era Putting Competitiveness and Sustainability at Centre Stage , COM(2010)614 final, CELEX:52010DC0614/EN

		διάχυτη ηλιακή ακτινοβολία		diffuse solar irradiance		https://spectralevolution.com/applications/remote-sensing/measuring-direct-and-diffuse-solar-irradiance-with-a-spectroradiometer/

		διεύθυνση		direction		IATE, WMO,International Meteorological Vocabulary

		δίκτυο σωληνώσεων		pipeline network		Pipeline Network Design and Synthesis https://www.sciencedirect.com/science/article/abs/pii/S0065237708601337

		δορυφορικό πιάτο		satellite dish		http://www.madehow.com/Volume-1/Satellite-Dish.html

		έλαια υδρογονανθράκων		hydrocarbon oils		ΙΑΤΕ, Reg. 3381/94 OJ L 367/94 p.46

		ελεγκτής		monitor		IATE, Europump Terminology: Pump Applications. Europump. Trade and Technical Press, Morden, Surrey; 1978.

		έμμεση ηλιακή ακτινοβολία		indirect solar irradiance		Influence of Indirect Solar Irradiance on Satellite Observation https://ieeexplore.ieee.org/document/9638667

		εναλλάκτης θερμότητας		heat exchanger		IATE, Z. S. Spakovszky. Notes by E. M. Greitzer, Z. S. Spakovszky, I. A. Waitz. 16.Unified: Thermodynamics and Propulsion, http://web.mit.edu/16.unified/www/FALL/thermodynamics/notes/notes.html > 18.5 Heat Exchangers, http://web.mit.edu/16.unified/www/FALL/thermodynamics/notes/node131.html [12.6.2015]

		εξίσωση		equation		IATE, IEV 111-3-5

		επιλεκτική βαφή		selective coating		https://www.sciencedirect.com/science/article/pii/S0038092X18310430 https://cordis.europa.eu/article/id/394451-novel-selective-coatings-improve-efficiency-of-concentrated-solar-power-technology

		επίπεδος μη συγκεντρωτικός ηλιακός συλλέκτης		flat plate non-condensing solar collector		https://solarocta.com/non-concentrating-type-solar-heating-products-with-pros-and-cons/

		επιφανειοδραστικό		surfactant		IATE, Ecological Terminology,1982,PE 79.659

		εργαζόμενο μέσο		work medium		https://www.pv-magazine.com/2022/10/17/pcm-based-thermal-battery-to-store-solar-power-via-heat-pump/ https://www.power-technology.com/products/solar-thermal-power-plants/

		εστέρας		ester		IATE, Customs Tariff Notex CCD 22.08

		εστία παραβολής		parabola focus		IATE, José Velasco, Madrid,1991

		εύτηκτα άλατα		eutectic salts		IATE, Hunt, Energy Dict.p.154

		Η.Σ. σωλήνων κενού		vacuum tube solar collector		https://hydrosolar.ca/blogs/news/how-do-vacuum-tubes-collector-work

		ηλεκτρική ενέργεια		electric power, electricity		IATE, Nave, C. R. DC Electric Power. Hyperphysics (10.2.2020).		Πρόκειται για υβριδικούς συλλέκτες που συνδυάζουν τα φωτοβολταϊκά πάνελ και τους θερμικούς συλλέκτες σε μία ενιαία συσκευή, έτσι ώστε να εξασφαλίζεται η ταυτόχρονη παραγωγή θερμικής και ηλεκτρικής ενέργειας. 

		ηλεκτρομαγνητική ακτινοβολία		electromagnetic radiation		IATE, Dobbs R. Electromagnetic Waves, Springer Science & Business Media, 2013, https://books.google.be/books?id=8ZvqCAAAQBAJ&printsec=frontcover&dq=electromagnetic+radiation,+physics&hl=lv&sa=X&ved=0ahUKEwiX3dKFm9jdAhWDtYsKHbEiD_QQ6AEIUTAF#v=onepage&q=electromagnetic%20radiation%2C%20physics&f=false [26.9.2018]

		ηλιακή ακτινοβολία		solar irradiance, solar irradiation, solar radiation		IATE, University of Colorado > Laboratory for Atmospheric and Space Physics > Solar Radiation and Climate Experiment (SORCE) > Data > Total Solar Irradiance Saiful Bari, 'Optimum slope angle and orientation of solar collectors for different periods of possible utilization', Energy Conversion and Management, Volume 41, Issue 8, May 2000, Pages 855–860, http://www.sciencedirect.com/science/article/pii/S0196890499001545 [14.10.2014] Data, http://lasp.colorado.edu/home/sorce/data/tsi-data/ [9.9.2014]		Το θεωρητικό όριο στην ενέργεια που μπορεί να παραχθεί από έναν ηλιακό συλλέκτη ουσιαστικά είναι η ποσότητα της ηλιακής ακτινοβολίας που μπορεί να παραλάβει και στη συνέχεια να απορροφήσει.

		ηλιακή αφαλάτωση		solar desalination		https://www.scientificamerican.com/article/can-solar-desalination-slake-the-world-s-thirst/#:~:text=Solar%20desalination%20is%20a%20technique,left%20behind%20in%20the%20still.

		ηλιακή ενέργεια		solar energy		IATE, CCIR Rep.672

		ηλιακή θέρμανση		solar heating		IATE, The conversion of solar radiation into heat for technological,comfort-heating,and cooking purposes.

		ηλιακός θερμικός συλλέκτης		solar thermal collector		https://www.eia.gov/energyexplained/solar/solar-thermal-collectors.php

		ηλιακός θερμοσίφωνας		solar water heater		IATE, Notice (1) OJ C 21/2001 p.3

		ηλιακός πύργος		solar power tower		https://www.energy.gov/eere/solar/power-tower-system-concentrating-solar-thermal-power-basics

		ηλιακός συλλέκτης		solar array		IATE, CCIR Rep.673

		ηλιακός συλλέκτης αέρα		solar air collector		https://www.sciencedirect.com/science/article/pii/B9780081011287000058

		ηλιοθερμικό σύστημα		heliothermic system		https://www.nucleodoconhecimento.com.br/environmental-engineering-en/potential-for-generating

		ηλιοστατικό πεδίο		heliostat field		https://aip.scitation.org/doi/pdf/10.1063/1.5067056

		θερμικά έλαια		thermal oils		https://www.verderliquids.com/int/en/industries/pumps-for-the-chemical-industry/thermal-oils/#:~:text=Thermal%20oils%20are%20low%2Dviscosity,when%20operating%20at%20higher%20temperatures.

		θερμική αγωγιμότητα		thermal conductivity		IATE, Plasma Physics Glossary,1; Council Regulation (EC) No 440/2008 laying down test methods pursuant to Regulation (EC) No 1907/2006 of the European Parliament and of the Council on the Registration, Evaluation, Authorisation and Restriction of Chemicals (REACH) CELEX:32008R0440/EN

		θερμική απώλεια		thermal loss, heat loss		IATE, Europump Terminology: Pump Applications. Europump. Trade and Technical Press, Morden, Surrey; 1978.		Η θερμοκρασία μπορεί να αυξηθεί εάν μειωθεί η επιφάνεια όπου υπάρχουν θερμικές απώλειες. 

		θερμική βιομηχανική διεργασία		industrial heat process		Industrial Heat Process https://www.sciencedirect.com/topics/engineering/industrial-heat-process#:~:text=Industrial%20process%20heat%20is%20defined,used%20to%20produce%20manufactured%20goods.

		θερμική ενέργεια		thermal energy		IATE, Biology Cabinet. THERMAL ENERGY AND HEAT (BIOPHYSICS), http://www.biocab.org/Heat.html [7.3.2018]

		θερμική μόνωση		thermal insulation, heat insulation		IATE, Dictionary of Packaging,Heidelberg 1975		Αποτελούνται μόνο από την απορροφητική επιφάνεια που συλλέγει την ηλιακή ακτινοβολία και τους σωλήνες κάτω από αυτήν, όπου ρέει το ρευστό μετάδοσης θερμότητας, ενώ δεν υπάρχει διαφανές κάλυμμα ούτε θερμική μόνωση. 

		θερμική συμπεριφορά		thermal behavior		https://www.summaryplanet.com/engineering/Thermal-Behavior.html

		θερμικό-φωτοβολταϊκό στοιχείο		solar thermal cell		IATE, Science@NASA, http://science.nasa.gov/headlines/y2002/solarcells.htm (13.7.2009)

		θερμοκρασία στασιμότητας		stagnation temperature		https://www.grc.nasa.gov/www/BGH/stagtmp.html

		θερμοκρασιακό εύρος		temperature range		https://premioinc.com/blogs/blog/wide-temperature-range-embedded-systems

		θερμοσωλήνας		heat pipe		IATE, Dict.de l'Energie

		θερμοφυσική ιδιότητα		thermophysical property		IATE, COM(88)439 final

		ιξώδες		viscosity		IATE, INT.DIC.REFRIGERATION; Council Regulation (EC) No 440/2008 laying down test methods pursuant to Regulation (EC) No 1907/2006 of the European Parliament and of the Council on the Registration, Evaluation, Authorisation and Restriction of Chemicals (REACH) CELEX:32008R0440/EN

		καθίζηση		precipitation		IATE, Council Regulation (EC) No 440/2008 laying down test methods pursuant to Regulation (EC) No 1907/2006 of the European Parliament and of the Council on the Registration, Evaluation, Authorisation and Restriction of Chemicals (REACH) CELEX:32008R0440/EN

		κάλιο		potassium		IATE, The International Union of Pure and Applied Chemistry (IUPAC) - Periodic Table of the Elements: http://www.iupac.org/reports/periodic_table/index.html#names (7/11/2007)

		καρβίδιο του πυριτίου		silicon carbide		IATE, Angeli,F.,Semiconductors Int.Dict.,1971;Customs Tariff,Notex CCD,77.00;Term.soudage 6;Customs Tariff,Notex CCD,28.56;Customs Tariff,Notex CCD,84.59 B

		κλειστό κύκλωμα		closed circuit		IATE, IEV 151-2-1,1978,Electrical and magnetic devices;NF E 48-000:1981

		κρυσταλλική δομή		crystalline form		IATE, ASM International. Tech Notes. 'Allotropy' (6.1.2021)

		κυκλοφορητής		circulator		IATE, IEV 901-5-9

		κυλινδρικός παραβολικός ηλιακός συλλέκτης		cylindrical parabolic solar collector		https://www.sunandclimate.com/applications/8-concentrated-solar-power/138-cylindrical-parabolic-collectors.html

		κυματοειδής απορροφητική επιφάνεια		corrugated absorptive surface		IATE, Customs Tariff Notex CE 73.12

		μέσο μεταφοράς θερμότητας		heat transport medium		IATE, IAEA-SS 50-C

		μίγμα		mixture		IATE, Customs Tariff Notex CCD 39.02;BTB

		νανορευστό		nanofluid		https://www.intechopen.com/chapters/68881

		νανοσκοπική κλίμακα		nanoscopic scale		https://www.researchgate.net/figure/The-relative-size-scale-of-macro-micro-and-nanoscopic-objects-reproduced-with_fig1_279770653

		νανοσωλήνας		nanotube		στο κείμενο

		νανοσωματίδιο		nanoparticle		IATE, Malvern. What are nanoparticles? http://www.malvern.com/labeng/industry/nanotechnology/nanoparticles_definition.htm [16.8.2010]

		νάτριο		sodium		IATE, The International Union of Pure and Applied Chemistry (IUPAC) - Periodic Table of the Elements: http://www.iupac.org/reports/periodic_table/index.html#names (7/11/2007)

		ολική ηλιακή ακτινοβολία		total solar irradiance		IATE, University of Colorado > Laboratory for Atmospheric and Space Physics > Solar Radiation and Climate Experiment (SORCE) > Data > Total Solar Irradiance Data, http://lasp.colorado.edu/home/sorce/data/tsi-data/ [9.9.2014]

		οξείδιο του αργιλίου		aluminium oxide		IATE, "aluminium oxide" > A Dictionary of Chemistry. Ed John Daintith. Oxford University Press (OUP), 2008. Oxford Reference Online. OUP. DGT. http://www.oxfordreference.com/views/ENTRY.html?subview=Main&entry=t81.e188 (27.8.2009)

		οξείδιο του μετάλλου		metal oxide		IATE, Institution: EEA; Title: GEMET - GEneral Multilingual Environmental Thesaurus; Publication Year: 1999; Publication Month: August; Volume No: 5;

		οξική βουτυρική κυτταρίνη		cellulose butyrate		IATE, Customs Tariff Notex CE 39.03

		οξική κυτταρίνη		cellulose acetate		IATE, Dir. 91/338/EEC (1) OJ L 186/91 p.61 (2) Vocabulaire du tabac 1986

		οπτική συσκευή		optical comparator		IATE, Customs Tariff Notex CCD 90.16

		ορυκτά καύσιμα		mineral fuel		Nanoparticles in fossil and mineral fuel sectors and their impact on environment and human health: A review and perspective https://www.sciencedirect.com/science/article/pii/S1342937X21000149

		ουσία διασποράς		dispersant/dispersing medium		https://link.springer.com/article/10.1007/s10973-020-10064-8 https://www.sciencedirect.com/science/article/abs/pii/S0032591016307902		Προσθήκη διαφόρων ουσιών όπως επιφανειοδραστικά, σταθεροποιητές ή ουσίες διασποράς, για την παρεμπόδιση της καθίζησης ή του σχηματισμού συσσωματωμάτων επιδρούν θετικά στην αύξηση της θερμικής αγωγιμότητας του νανορευστού.

		παραβολικό σχήμα		parabolic shape		https://www.sciencedirect.com/topics/engineering/parabolic-dish-collector https://solartechadvisor.com/parabolic-trough-solar-collectors/

		παραβολικός συγκεντρωτής		parabolic collector		https://www.sciencedirect.com/topics/engineering/compound-parabolic-collector

		παραβολικός συγκεντρωτικός ηλιακός συλλέκτης		parabolic condensing solar collector		https://www.degruyter.com/document/doi/10.1515/gps-2020-0059/html?lang=en

		περιεκτικότητα κατ' όγκο		parts per million volume (PPMV)		https://askanydifference.com/difference-between-ppm-and-ppmv-with-table/

		πετρέλαιο		petroleum		IATE, Institution: EEA; Title: GEMET - GEneral Multilingual Environmental Thesaurus; Publication Year: 1999; Publication Month: August; Volume No: 5;

		πηγή ακτινοβολίας		radiation source		IATE, Stern,Pollution,Vol II;IEV 26-15-240,391-2-8

		πηγή ενέργειας		energy source		Ontario Energy Matrix > Wind. http://www.ontarioenergymatrix.com/energy-wind.html [25.6.2012]

		πολύ-(τριμεθυλενο-τερεφθαλικό)		polytrimethylene terephthalate		https://polymerdatabase.com/polymers/polytrimethyleneterephthalate.html https://bioplasticsnews.com/polytrimethylene-terephthalate-ptt/

		πολύ-α-ολεφίνες		polyalphaolefins		https://www.machinerylubrication.com/Read/31106/polyalphaolefin-pao-lubricants

		πολυβινυλική αλκοόλη		polyvinyl alcohol		IATE, S. K. Saxena. Polyvinyl Alcohol (PVA) — Chemical and Technical Assessment (CTA). © FAO 2004, http://www.fao.org/fileadmin/templates/agns/pdf/jecfa/cta/61/PVA.pdf [27.3.2018]

		πολύ-γαλακτικό οξύ		polylactic acid		IATE, ‘polylactic acid’ (2.12.2020), Oxford Dictionaries. Oxford University Press

		πτερύγιο		fin, pillar		https://www.sciencedirect.com/topics/engineering/evacuated-tube-solar-collector https://www.researchgate.net/figure/U-tube-and-heat-removal-fin-used-for-pressurised-all-glass-evacuated-tube-solar-collector_fig1_222425334 
IATE, Brembo > News > Star Pillar: Innovative ventilated disc for commercial vehicles. http://www.brembo.com/en/News/Pages/Star-Pillar.aspx [23.4.2012]

		σημείο βρασμού		boiling point		IATE, Commission Regulation (EC) No 152/2009 laying down the methods of sampling and analysis for the official control of feed, CELEX:32009R0152/EN

		σημείο πήξης		freezing point, solidification point		IATE, IEV 841-1-37		Παρ' όλα αυτά, η χρήση του νερού έχει κάποιους περιορισμούς που σχετίζονται με το σημείο πήξης και το σημείο βρασμού του καθώς και με το ό,τι περιέχει μεταλλικά στοιχεία που οδηγούν σε διάβρωση του εξοπλισμού.

		σταθεροποιητής		stabiliser/stabilising agent		IATE, Dir. 92/32/EEC (2) OJ L 154/92 p.19		Προσθήκη διαφόρων ουσιών όπως επιφανειοδραστικά, σταθεροποιητές ή ουσίες διασποράς, για την παρεμπόδιση της καθίζησης ή του σχηματισμού συσσωματωμάτων επιδρούν θετικά στην αύξηση της θερμικής αγωγιμότητας του νανορευστού.

		στροβιλισμός		vorticity		IATE, R.Cescotti,Glossary of Aeronautical Definitions,Motorbuch Verlag Stuttgart,1987

		συλλέκτης χωρίς κάλυμμα		unglazed solar collector		https://www.sciencedirect.com/topics/engineering/unglazed-solar-collector http://task44.iea-shc.org/data/sites/1/publications/2008-Bertram_Art-T44-Bertram_Eurosun_2008_Unglazed_and_HP_235.pdf

		συνεχές μέσο		continuum/continuus medium		https://www.eng.uc.edu/~beaucag/RyanBreese/Mechanics/mechanics.htm		Αύξηση της συγκέντρωσης των σωματιδίων στο συνεχές μέσο επιφέρει ανάλογη αύξηση στη θερμική αγωγιμότητα του νανορευστού.

		σύνθετος παραβολικός ηλιακός συλλέκτης		parabolic trough solar collector		https://www.degruyter.com/document/doi/10.1515/gps-2020-0059/html?lang=en

		συντελεστής θέασης		solar incidence angle		https://www.sciencedirect.com/topics/engineering/solar-incidence-angle https://www.researchgate.net/figure/The-incidence-angle-th-between-a-normal-to-the-PV-module-face-and-the-incoming-solar-beam_fig3_252018864

		συντελεστής θερμοπερατότητας		coefficient of thermal conductivity		IATE, 'Terminology of Forest Science, Technology, Practice, and Products'. F.C. Ford-Robertson (ed.). Society of American Foresters. 1971;Ralf Sube,Physik lex(3 vol)+Ungar Dict.of Physics

		σύστημα θέρμανσης		heating system		IATE, statistisches Bundesamt

		ταχύτητα στις νευρώσεις		rib roughness		https://www.sciencedirect.com/science/article/abs/pii/S0038092X19309958

		τετηγμένα άλατα		molten salts		https://world-nuclear.org/information-library/current-and-future-generation/molten-salt-reactors.aspx

		τριβή		friction		IATE, RIA Glos.

		υαλοπίνακας		plate glass		https://www.energymatters.com.au/panels-modules/panel-tempered-glass/

		υβριδικός συλλέκτης		hybrid collector		https://www.sciencedirect.com/topics/engineering/photovoltaic-thermal-hybrid-solar-collector

		υλικό αλλαγής φάσης (PCM)		phase change material		ΙΑΤΕ, "Phase Change Materials". Let's speak sustainable construction. European Concrete Platform (ECP) & Architects Council of Europe (ACE). 2010, http://www.eesc.europa.eu/?i=portal.en.publications.15949 [24.7.2017]

		υπεριώδης ακτινοβολία		ultraviolet radiation		IATE, World Health Organization > Ultraviolet radiation and the INTERSUN Programme, http://www.who.int/uv/en/ [4.9.2013]

		φιλμ		film		IATE, Institution: EEA; Title: GEMET - GEneral Multilingual Environmental Thesaurus; Publication Year: 1999; Publication Month: August; Volume No: 5;

		φωτοβολταϊκό κύτταρο		photoboltaic cell		IATE, Educypedia http://www.educypedia.be/electronics/componentPhotovoltaic.htm (22.04.2009)

		φωτοβολταϊκό πάνελ		photoboltaic panel		https://el.techdico.com/%CE%BC%CE%B5%CF%84%CE%AC%CF%86%CF%81%CE%B1%CF%83%CE%B7/%CE%B5%CE%BB%CE%BB%CE%B7%CE%BD%CE%B9%CE%BA%CE%AC-%CE%B1%CE%B3%CE%B3%CE%BB%CE%B9%CE%BA%CE%AC/%CF%86%CF%89%CF%84%CE%BF%CE%B2%CE%BF%CE%BB%CF%84%CE%B1%CF%8A%CE%BA%CE%AC.html

		χαλκός		copper		IATE, Eureka News 22

		χάλυβας		steel		IATE, COM(88)415

		ωφέλιμη ενέργεια		useful energy output		IATE, Ljubisa R. Radovic. 'EFFICIENCY OF ENERGY CONVERSION'. (8.5.2019) PennState College of Earth and Mineral Sciences.
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8. Emiloyog

H petdepaon tov KEWEVOL GVTOL OTOUTOVCE EKTEVN] £PELVA, TOCO OE EMMEOO
oporoyiog Kot HETOPPACTIKOV Oe@plidv 0G0 Kol G€ eMimed0 UEAETNG TOPAAANA®V
KEWEVOV, DGTE VO, ATOCOPNVICTOVV KATOEG VVOlEG Kot Vo LeTapepBoVV ToTd 6TV
ayyAMkn YAOcooa. Ao TiG petappacTtikes Bempieg mov pedetOnkav, ot Bewpieg g
avaivong tov kepevikov edov (Reiss) kot tov okomov (Nord) ftav 10 onueio
eKKivIONG TNG LETAPPACTIKNG dtadKaciog, kabmg mapeiyav ) yevikOTepT Katevbuvon
CUUP®VO, [LE TNV OTTO10L TPAYHATOTOMONKE N LETAPPACT), EVD 0 AVOAOYIKOS KAVOVOG
(Baieovtng) ko n dwadikacio tTng okéyng Kot g ohvheong oporoyiog Tov TeEPLypaPEL
TOPElYOV UETOPPUCTIKEG AVCELS O TMPAKTIKO emimedo. Xe ovvolkd emimedo, TO
TPOTOTLTO KEIPEVO givarn EEAIPETIKA GVLYYPOVO KOl 1] TOPOLGINCT] TOL {NTHUATOS TNG
EVEPYEWKNG KoTaVAA®ONG &ivar dptwo, yeyovdg mov Ponbnoe eopetikd ot

LETOPPOCTIKN O1001KOGT0L.
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