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HMoxn aktivofoiia
I'evikd yopaKTNPLOTIKAE TOV 1AL0V

O M\og (tomiko aotépt Tov Yolatio pog), elvarl pio TUPAKTOUEVT] aEPI®ING HAlo 7oL amoTeAgiton Kupimc
amd vdpoyovo kor HAo. H Beppokpacio otov mupriva vroroyileton oe 14*10° °C. H nAokn svépysia
TPoEPYETAL oo Bepuomvupnvikéc ovtdpdoels (cOvinén atoumv vOPoyYOVOL GE MAl0) OV Yivovtol GTOV
mopnva Tov NAtov. H evépyela petagépetal oty emedvela Le aktivofoiio 1 HE KOTOKOPLON UETOPOPE. TOV
VOPOYOVOL.

H @otocpopa civar éva otpodpo oe oktivo 7¥10° km, mhyovg pepikdv ekatoviddmv km kot
Oepurokpacio mepimov 6000 K. Exnéunel otnv opotr Kot veépuvbpn meployr) Tov AGLOTOC.

H ypopoécearpa cival éva otpopa tadyovg 2500 km, wdve and ) potoceaipa, pe Oepuokpacio mov avsavet
and 4300 K oto xdtm opro péypt 10° K oto e€mtepikd O6pro. Ta aépro otnv eEmtepikn ypopocQoLpa
EKTEUTOVV GTNV LOKPE LITEPIOON TTEPLOoYT] TOL Pdopatog (<100 nm). H axtivoPoria avt eoptdrot amd v
NAK” dpactnplotnTa aAAd Tpaktikd etval o 1 wtpog 100.000 ¢ cuvoliknc axtivoforiag

2500 -

~§' AkTivoPoiia perovov

S 2000 7 ocopartog (5900 K)

e HMokn aktwvofoiia oto

L Jp— eEmTEPIKO OpLo TG eTHOCPUIPUS

© H ok axktivofoliia

E OTNV EMPAVELD

w1000 1 8% vreproong (<400 nm),
= 39% opatn (400-700 nm),
% 500 53% vnépvOpn (>700 nm),
= Méyioto (500 nm)

250 500 750 1000 1250 1500 1750 2000 2250
IInyn oyqpartoc: http://klimat.czn.uj.edu.pl wave length / nm



Hl ok aktivofoiia
Baowkd peyéon
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Hl ok aktivoffoiia
Hopdyovtes mov TOPOVY GTNV ELGEPYONEVI] NALOKT] OKTIVOPOALG

E . KR £vé E&aptdrot amd v
Eepyopevn Aok evépyeLa INOKR SpaoTEIOT T

Y‘l’é LETPO 1) Aiov E&aptdrar and to xpdvo (dpa, nUEPa) Kot To
YEDYPAPIKO TAATOG

Elaptdtor amd T vepokaAvymn Kot
1 SoUN NG ATUOGPOLPOC

Hlvoedavewo

AmboToon .
I'mgc-HAtov

H andctaon givon otic
3/1 147*10% xon otig
4/7 152*10° km,

(uetaPorn andotaonc: 3.4%) Avaylo@o

AVOKLOGTIKOTNTO EMTLPAVELOS
Eloptdton and v empdvela (vepo: 0.06,
£daog: 0.25, yiovi: 0.95

EAADOX



Hl ok aktivofoiia

Xpovikn eEEMEN nAlaKS
evépyswog ot I'n (W/m?)

2VVOMKY ;E

Mnkn kouoatog amd 0.12-0.4 pm N;
Mnkn kopotog amd 0.4-1 pm T;
Mnkn kdpartoc and 1-100 pm “;

IInyN: Judith Lean and E. O. Hulburt, Evolution of the Sun's
Spectral Irradiance Since the Maunder Minimum, Geophysical
Research Letters, Vol. 27, no. 16, Pages 2425-2428, 2000
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HMoxn aktivofoiia
Baocwka peyéon

H empdveio yic, vroloyiletar wg 4nR? Y mhipyel avicokoTavour 6To YOpo avaroyo,
Apo 1 péon nhokn 1oyO¢ lvon Tov TEPTEL  HE TO YEOYPOPIKO TANTOG 0pOV 1 1010
otn I'm givar 1o 25% g nhaxng otabepd.  MAKN TEPTEL GE PLEYOADTEPT EMUPAVELD,

e KAOe ypoviKn
GTUYH M
aKTvofoAio mov
Oa méoel (1367
W/m?) ot I'n
OVTIGTOLYEL OE
EMPAVELD
KOKAOL TR?

2116 45° 1 éxtaon gival 40% peyalvtepn
H)aootdoro, otig 60° dmAdola ko otig 80° e€amAdoia 6
GYECT LE TOV IGMUEPIVO
22/12 Tonuepieg

. /M




HA\ ok aktivofoiia

I'ovia TPOSATOONS NMAMUKOV UKTIVOV TO HEGNUEPL, GE EMITEON
EMPAVELN KOl GE YEOYPOUPIKO TAGTOC 40°
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HMoxkn axtivoforia Opivo NA06TAG10

I'ovia TpocTTOONS NALEKNS (22 Iovviov)

aKTWOPBOALOG TO peonuépt 24h_,,

Kot (()PSG 51)\’1]‘5"“']@ B — = APKTIKOS KOKAOG
NUEPNOLOS NAOPAVELOS

Boperog morog
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HA\ ok aktivofoiia

Metafoin 0¢onc Niov (Ye@wypa@iko thatog 40°)

(40°N, 172,12) @
21 Maptiov 100N 5010 ol
Huépa 80 Selfhiiaan
(40° N, 355,12)
21 Iovviov
Hpépa 172
S fF-==-5--—----dA------- N

21 Aekeppiov
Huépa 355

(40° N, 80, 7 (40° N, 172.6)

To vYyog kot To alipov0o Tov
HAtlov gtvar cvuvaptnon tov

* 'emypapikod TAdTog

* Emoyng

* Qpag mg nueépag



HA\ ok aktivofoiia

Ynroioyiopog ¢ ekkevTpoOTNTOS (eccentricity) Kot tng
NMoKing oto0epac (solar constant)

EARTH EO EARTH
4 July D,~ 152*10° km D,%x147*10° km 3 January

2 OVOAKT MK EVEPYELD,

YOVTEAEGTNG EKKEVTPOTNTOS E=3.9%1026 W
d = (D, D)? , ,
D,,,., H péon andotoon yng-niiov (=149.6*10° km) HMaxkn axktivoforia otn 71
D;  nomdotacn yng-niiov v nuépa J I=E/(4*n* D> ) W /m2
Hhoxn etabepa I =E/(4*n*D,, %) W/m?
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H\ ok aktivofoiia
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Hlwokn aktivofoiio oty aTpOGQOLIPO.

Méon etiioro Mok aktivoforia 6to £6apog (W/m?)

< 160° 140° 120° 100% BQimeB0¢
L = g 5

0 1,500 3.000 MILES
I : | [ =
80 120 160 200 240 280 0 1,500 3,000 KILOMETERS
Watts per square meter ROBINSON PROJECTION

IIyyn: Christopherson, 2000



(15/6/2005-15/6/2006)
Méon etiioro Tipn): 202 W/m?

Hpepnowa ypovooerpad

Agkaiemtn ypovooerpd (15-29/6/2005)

Hlokn aktivofoiio oty aTHOGQULPO.

Hlwoxn aktivopodrio (W/m?) 6to £60¢9og (6t00uog I'oldtor)

1200

1000
800
600
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HM\oxkn aktivofoiia oty aTHOGQULPO.

Méon etiiorae ok aktivoforia oto £6a¢pog (KWh/m?)

DIRECT NORMAL IRRADIATION Eg'{"lﬂﬁ,'

iverage of =
delyseom <10 15 20 25 30 315 40 45 50 55 &0 65 70 75 8O0 &5 90 495 100 105>



Hi ok aktivofoiio oty aTpOGQOLIPO.

HA\vakn woyvc kon evEépyera oto £60.(p0g

Bopeia EAAGOO Auyaio Kpnm
kWh/m? W/m? | kWh/m? W/m? kWh/m? W/m?

IAN 60 81 62 83 74 100
®EB 75 112 81 120 93 138
MAP 113 152 130 175 145 195
AIIP 132 183 173 241 189 262
MAIOZ 161 216 223 300 232 312
IOYN 181 251 249 346 254 353
IOYA 190 255 254 341 261 351
AYT 171 230 227 305 235 316
>EIl 131 183 174 242 186 258
OKT 94 126 121 162 134 180
NOE 60 83 71 99 83 115
AEK 49 65 52 70 65 87
ETOX 1416 161 1817 207 1951 222

IInyfq: RETScreen Data, NASA




Hi vk aktivofoiio oty aTHOGQULPO.

Apeon—owayvtn axtivopoiia

Apeon (direct)

H axtivoPBoAia mov @tdavel otnv empavelo. e I'mg

Y®Pic va okedaotel oty atpudceaipa EEaptatot and:

>

YV VY

TNV anoppOPNomn TG NAOKNG akTivofoiiag otnv
aTUOCPOLPOL

70 VWYOC TOL NAiov

TNV amOGTACT] TOL NAIOL

TO VYOUETPO TG BEoMg

TNV KA TNG EMPAVELNG

Avayvtn (diffuse)

H axtivoPoAiia mov @tével otny emedveia e I'nc
a@ov £xel aAAdEel 1 01eHBVVON TNG OO avAKAAoN 1)
okédaom oty atpdcseapa. EEaptartor omo:

>

VVVVY

TNV OTopPPOPNoN TNE NALOKNS aKTvoBoAag otnv
aTUOCEOLPOL

T0 VYOG TOL AoV

TO VYOUETPO TNG BEoMS

TNV OVOKAQGTIKOTNTO TOV €06.(POVG

70 TOGO KOl TO €100C TOV VEQDV

1 6OVOEST TOV COUATIOIOV Kol TOV aePi®mV TNG
ATULOCPOLPOG

Avaloyia o1dyvTng Tpog

Gpeong npepioog
NAMeKg axtivofoiriog

—— Bgocaiovikn

— lodavviva
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Aok aktivofoiria
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IInyn: B. D. Katsoulis, A Comparison of Several Diffuse Solar
Radiation, Theor. Appl. Climatol. 44, 181-186 (1991)



HM ok evépyera oty atpoc@oipa
Ynoloyiopnog yovias mpoonttmonc NAMeKNS akTivoforiog
ZENITH AlQipov0o niiov-azimuth (4zm)

H yovia petald (o) Tov emmédov mov mepvael amd
TOV MO, TOV TTapatnpnT Kot to zenith tov kot (B)
G YPOUUNG TOL GUVOEEL TOV TOPOTPTH KoL TO
Boppd H yovia petpiétor and 1o Boppd otn gopd
TOV OEIKTMV TOV poAoYlo¥ o€ poipeg (0-360).

',ilSurface’s
/\n slope Yyoperpo niiov-Elevation (Elv).
i H yovia petald (o) g ypopunc tov opifovta tov
‘ ' Unicinclined wapatnpnt) Kot (B) g YPOUUIG TOV GUVOEEL TOV
/

mopatnpnNT) Kol tov NAo. H yovia petpiéton and
tov opilovta mpog Ta Thve o€ poipeg (0-90).

surface

KAiion kvtapwv -Slope (Slp)
H xAion evog xutdpov givor 1 peyaddtepn Kiion
evog emumédov mov opiletor amd To KLTUPO KO

10, OKT® Yerrtovika tov. H yovia perpiétor og
uoipeg (0-90).

AwevOvven kutapov-Aspect (Asp)

H &wevbuvon mov ‘PAémer’ m xAion. H yovia
petpiétol amd to Boppd otn @opd tov deKTOV
ToV poroylov o€ poipeg (0-360).

I = Io *d * cosf I, =~ 1367 W/m> d=1+0.034*cos(2**J/365-0.05)

cosf= sinAzm™*cosElv*cos(90-Slp)*sinAsp+cosAzm*cosElv*cos(90-Slp)*cosAsp+sinElv*sin(90-Sip)



Hi\ w1 aktivoffoiio oty atnoc@arpo.

Entopaon avaylv@ov o611 YOVIO TPOCTTMGS

Hpepijsieg karavopis dvvirikic nitekis axtivoPorios (W/m?)

21 Maptiov

W/m?
[_]o

[ ]o-s0

[ ]s0-100

[ ]100-150
7] 150-200
I 200-250

21 Iovviov

21 Aexepfpiov
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B 300-350
I 3:0-400
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I 450

Erijeia katavop] dvovnrikig

04
SI0 10018 19020 20020 H0300 30350 30400 40

POTENTIAL RADIATION (Wha )

niekts exrvoforics (W/m?)

Wim?
[ [os0
[ Isp100
[ 100150
| 1150-200
[ 200250

Calculated mean: 323
Expected mean: 334

[ ] 250300
[ 200350
[ 350400
I 200



H\okn aktivofoiia oty aTpOGQULPO.
Entopaon avayld@ov 611 YOVIO TPOCTTMGS

AYNHTIKH HATAKH AKTINOBOAIA XTON EAAHNIKO XQPO

Moo oo T 1o T SLTHONG TIAGKT]S G DB

[ 5%
[ ] 5%-25%
B 055
e
Fo
e
P
b
- T
. ,_-:?'h g
. &
'._r"' L =
o “'.!-.- 2 3
{.Ff-:*‘
A "')
LB 3 ) is2



HAl ok aktivoffoiia oty atnoc@arpo.
Extipnon svvntikig nMokng oktivopfoitag o€ aoTiKO mepfailov

MHNAX Agiktng I /1
IANOYAPIOX 0,41
®EBPOYAPIOX 0,74
MAPTIOZ 0,79
AITPIAIOZ 0,83
MAIOZ 0,88
IOYNIOZ 0,92
IOYAIOX 0,93
AYTOYXZTOZ 0,83
YEIITEMBPIOX 0,80
OKTQBPIOX 0,70
NOEMBPIOX 0,34
AEKEMBPIOX 0,26
ETOX 0,77

Y€ aoTIKO TEPIPAALOV VITAPYEL EMTAEOV
okioom and d1dpopa. eundIN

“““““““ Arfpo ] mAiow oo 2208 -Boppdr;

Safpo i mAdow oo 2103 & 2109
_______ Aafpo i mAddow ong 221132 '

AT

-
- -
.........

AWOTOMN




ACLomoiNn 61 NMOKNG EVEPYELOS

IHoOnTIKa-evEPYNTIKG GVGTHHOTO

Ta mafOntikd cvooTHUHATA EVOOUOTOVOVTOL GTO KTIPLO LE GTOYO TNV
a&lomoinon tov nAiov Yo v Oépuaven kar tov pmtioud. AELToVPYOLV YMPIC
UNYOVOALOYIKA ECOPTILOTO KL OEV TOPAYOLV TPOGOETN EVEPYELL.

Ta gvepyntina cvotiuata, YpPNGILOTOIOVV UNYOVIKA LEGA Y10 T BEpuoven
aELOTOLOVTAC TNV NMMOKT EVEPYELD XTT) KATNYOPio AT avViKOUV TO NALKE,
Thoicio.

Y ndpyovv 000 TOTOL NAOKOV TAOGIOV: TO HAEKTPIKO KAl TO Oepuiko.

»To miekTpikd mAaiocrwo, 10 omoio amoteheiton amd o ddtaén 1 cLVOAO
O TAEEMV TTOV TOPAYOLV NAEKTPIKT] EVEPYELD AVAPEPETUL OG “PMTOPOATATKO”.
»To Ogppikoé mhaioclo, 10 0moio amoKaAEiTOl MG “NAIOKOS CUAAEKTNG 1| NMAMAKOG
Oeppocipmvag, amoteAEITOL OO GOANVOGCELS VEPOV, YVLOAL KOl LOVOOT] KOl E£YEL

®G 6TOY0 TN B€puavon evoc pevetol (GuviBme vepol N aépa.).



A&lomoinon NAeKNG evEpPyELag
O&provon KTiplov ne ToONTIKG NALOKA CLGTINOTO
Ta wadntKd nAokd cvetiuata aglomolovyv v Oepuikn nala evog Ktipiov. Xe nuepnota
Baomn N Bepkn pdla amodnkedel nAtokn-0epukn evépyeta and tnv nAtokn aktivofoiia,
TNV omoia amelevfepdvel Kotd TV dLdPKELN TNG VUYTAC. XVVINO®G 01 KATACKEVES OVTEG
YivovTal 6TO VOTIO TUNUO TOL KTIPTIoL OOV TO KaAOKaipl Elvol EDKOAOTEPO VO
neploplobet n nAtakn axtvofolrio

Totyoc Trombe Ogppoknmo

EEmtepikd Tov Toiyov Kataokevdletot AmoOnkedet Oepuikn evépyetao AOY®
YOAALVO TTETAGUA TTOL EYKAMPBILeEL TNV aktvoPoAing kat (eoTaiveTal, EVM 0 AEPUS
OepLuxn evépyela, eV TapdAinAa GTov KuKAOpopel péoa oto omitt. Tnv voyta to
TOTYO VITAPYOLV OVOTYLOTA OO OTTOV OepLOKTTTIO OTTOUOVAOVETOL OTTO TOV
KUKAOQOpPEL AEPOC TOV O10YETEVEL TNV ECMTEPIKO YOPO.

Oepudtnra pEca 6To KTipto.

Ridge venis
albow he ated
wr o escape

E.l
l_ P
o

E:'l.re vents promote
cweulation oul

of heated air

b needed o

keep gresnhouse Fh

cool om & o Clpering or sereemed doors

hot, sunngy day allow cooler ar in Cand
promote crogs-ventlation}

Trombe wall system



ACLomoinon NAMOKNG EVEPYELOS

Hloxkn gotia




A&lomoinon NAeKNG evEpPyELag
HAMoaxog govpvog

O nAlokds eovpvog oto Odeillo tov ITvpnvaiov (I'oAiia) katackevdotnke To 1969 and tov
Felix Trombe kot tov 0 HeyaAdTepog 61OV KOGHO. AToteleiton amd 63 KATOTTPO GLVOAKNG
emipavelag 2840 m? yio vo. GUYKEVIPOOEL NAMOKES OKTIVEG O€ pia EMPAVELR 0O ETAPYVPO YLOA
n Oepuoxpacio g omoiag umopet va gracet toug 3200 Babpovg,.



ACLomoinon NMOKNG EVEPYELOS

HAlakog mopyog

ITopyog

# #

i1
Tt

HA\wokot !/ ‘
GUAAEKTEC //
=

Apyixn 10éa: Leonardo da Vinci

H\wocot
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Allomoinon NALOKNG EVEPYELOG
HAlakog mopyog

[ewpopatikn 61dtagn otnv Ionavio (Manzanares, | , , A .

Ciudad Real) n onoia katackevdotke 1o 1982. Avotpahio (vmo kotackeun). 1bpyos dyoug 1100 I;l
[Iopyoc Syovc 195 m ko Siopétpon 10 m. Emedvel K(u’&ausrpou 150 m. Em(p(xvatfx GLAAEKTMV Zf) km
ovAektav 46000 m? (didpetpog 244 m). Méyiot (OrépeTpog 5 km). Méyiom 10ydg 200 MW. Kootog

wyve 50 kW. Kataotpagnke ot kotaryide to 1989, 800 &K $



P mToforTOIKG CVGTHNOTO
To poToPfortaiko @arvopevo
H ocuvnOng, epmopikn) texvoAroyia mapaymyns NAEKTPIKNG EVEPYELOG LEGM
a&lomoinong e NMakng evépyelac, Paciletor 610 QMOTOPOATUIKO QUIVOUEVO

HA. ®optio

To o@wtofortaikd @aivopevo a@opd TN UETATPOTT| 1TNG
NAOKNG EVEPYELNG GE MAEKTPIKY Kol ovokoAveOnke to 1839
and tov Becquerel. Ztnpiletar oty dueon peTtaTpomn g
NAOKNG evépyeng o€ miektpiopd. To nhaxd ¢wg eival
OVLGLOCTIKA LKPEG OEGUES EVEPYELNS (PmTOVIA) IOV TTEPLEYOLV
SLLPOPETIKA TOGA EVEPYELNS OVOAOYO LE TO WNKOG KOUOTOC
TOV NAKOV @douatog. Otav ta eOTOVIO TPOGKPOVGOVV GE
éva ®/B otoryeio (mov eivor ovolaoTikd Evag “nuioywyog’”)
Ao avakAovior, dAAo  to  dlamepvoLv Kol GAAQ
amoppopdvtal and ovtd. Avtd to TEAevtoio €ivorl oL
TOPAYOLV TO MAEKTPIKO PEVUO. XVYKEKPIUEVA, TO GOTOVIO
TOL OTOPPOPAOVTOL OO TO MUWYDYIUO VAKO Onpiovpyodv
Cedyn omdv mAiektpoviov-nAektpoviov Klt® oamd TNV
eMidpacn €vOG MAEKTPIKOV Tediov kol Kabodnyovvial UEcw
eEotepkoy kKukAdpotog. [T anhd, ta poTtovia avaykdlovv
ta NAexTpovia. tov /B va petokivnBoiv oe aAln Béon kou
onw¢ yvopilovpe 0 NAEKTPIGUOG dev givar Timote dAAO Tapd
Kivnon nAextpoviwv.

Agdopévou 0Tt amd To VPV PAGLLO. TNES NMAKNS aKTVOBoAlaC, | PO NAEKTPOVI®V
TOPOTNPELTOL LOVO GE GLYKEKPLLEVO UNKT] KOUOTOC VITAPYEL TEPLOPLGUEVT] ATOO00T)

To KOp10 LAIKO TOV ¥PMNGLUOTOLIEITOL EIVOL TO TTLPITIO GE TPELS LOPPEC:
LOVOKPUGTUAAIKO, TOAVKPUGTAAAIKO Kol ALOPPO




1839
1873
1883
1915

1954

1955

1957
1958
1960
1963
1964
1977
1979

1983
2004
2012
2018

A&omoinon NAeKNg evEpPYELOg
Iotopw) avaopoun ota ®/B
O I'dhrhog Duvoikdg Edmond Becquerel napatnpet 1o O/B gavopevo
O Willoughby Smith avaxoaAvntel v potoay®yldTnTa TOL GEANVIOL
O Apepkavog epevpétng Charles Fritts meptypdeetl tnv katackevn) O/B ototyeimv amd GeAnvio.

O IToAwvog emotuovag Czochralski avéntuée uébodo yia mapaywyr LOVOKPLGTAAAIKOD
mToprtiov.

Ot Rappaport, Loferski kot Jenny avakotvovovv thv epappoyn tov O/B gatvouévou pe vAtkd oo
kaouo (Cd). Zta epyastipra Bell ot epevvntéc Pearson, Chapin ko Fuller avakowvavouvy tv
enitevén anddoong /B Ivprriov oto 6%.

H etonpeioa Hoffman Electronics avakotvavel v eumopikn ddbeon O/B pe 2% anddoon,
kootovg $25/ctoryeio, 14 mW 1o kabéva onA. pe kdotog evépyestog $1500/W.

H etonpeioa Hoffman Electronics kataokevdlelt @/B otovyeio pe amddoon 8%.
Exto&evetan and tic HITA o mpdtoc dopveopog pe O/B. Asttovpynoce yio 8 £1n.

H etoupeio Hoffman Electronics xatackevdlel @/B otoryeio pe 14% amddoon.

Ymv lanovia eykabictoton to peyardtepo yua v emoyn /B nediov 242 W ce Eva edpo.
Exto&evetan and 1ig HITA 10 drootnuonioro Nimbus eEonhopévo pe O/B 470 W.

H naykooa eykatdotoaon O/B Eemepvaet ta 500 kW.

To mpwto ®/B cvomnua yo okiopod eykadiotator and gpevvntikd kévipo g NASA Lewis
Research Center 1oy00¢ 3,5 kW otov [voidvuco owiopd Papago oty Apilova.

H naykooa eykatdotaon ©/B Eemepvaet ta 21 MW.

H nmaykoéoua eykatdotaon O/B Eemepvaet ta 1200 MW.
H naykooua gykataotoon /B Eenepvaet ta 100 GW.
H moykooa eykotdotaon O/B Eemepvaet ta 500 GW.



dotofortaika cvoTipaT
EEEMEN ovvtereot) am0o001C (%) Yo d1d@opEeS TE(VOLOYIES

O Babuodc andooonc ekepAlel TO TOGOGTO TNG NALOKNG aKTIvoBoAiag Tov
LETATPEMETOL GE NAEKTPIKT] EVEPYELD GTO PMOTOPOATAIKO GTOLYETD.

Ta tpota potoPortaikd otovyeia elyov 1-2% anddoon, kot T dekaeTio
0V 1950 giyav 6%,

40
Shockley - Cueisser Limit
30 -
M talli ili Si
ono crystalline silicon (mSi)
20+
Perovskite
Thin film cells cells
10 4 —
Organic cells
0 1 ¥ ] i i | | T T
1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

IInyn: National Renewable Energy Laboratory (NREL)
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dmtofortaika cvoTipAT
Hopdayovteg amdooong

Eido¢ Tov ®/B otorysiov: (KpuGTOAAIKOD 1] ALOPEPOL TLPLTIOV)
Hpepnowa drokopaven nMokns aktivoforiog: (AOym emoyns Kot mpoag)
TomoOeoio meproyns: Bopeldtepo ye@ypapikd mAATOC — UIKPOTEPT
aTOO0oN

KAiion: (katakopuen TomofETnon — UKpOTEPT ATOO0GT))

Yxioon (QuoIKA 1 TEYVNTA EUTOOLN, YEITOVIKE KTiplo 1] APYITEKTOVIKA
GTOLYELN TNC 1010.C KATOUOKELTC)

ATOKMOG1 0710 VOTLO TPOSAVATOMGNO (amOKALlon £m¢ Kot 20° —
amOooom £m¢ katl 95% g pnéyreonc)

Yoot Korodimon kot H/M gEomiionog (voatooteyovotnra,
avOEKTIKOTNTO GTIC VYNAEC BEpLOKPAGIES, YEIMOT TOV GLGTIUOTOC)
Agpropnog g miocm migvpac Tov /B otoyyeiov: n avénon g
OeproKkpaciac TOVg AVTIGTPOPMS AVALOYT TNG andO0GNC TOVG (yia kabe

1°C ovw twv 25°C — n amoooon ueiwvetor kora, 0,4-0,5%)



D OTOPOATUIKG CVGTNOTO,
Etowo mapaymyn niektpikig evépyeros (kWh/ kWp)
(Yo poToPoATaikd oot TomofeEyuEVo ot PEATIOTN KAlon)

) 1000
1100
1200
1300

1400

1500

[KWhikWp]

2 EUROPEAN COMMISSION
Mgowicwm
= Joint Research Centre

PVGIS © European Communities, 2001-2007
http:ire.jrc.ec.europa eu/pvgis’

hitp:fire.jrc.ec.europa.eu/pvgis/



D OTOPOATUIKG CVGTNOTO,

Mivaag eAéyxou | AL0GUVVOEOENEVE: TO GUGTILLOL
@wroPohraixs nkdioro TOPOYOYNG NAEKTPIKNG EVEPYELOG
XPNOUOTOEITOL GE GUVOVAGHO LE TO
oiktvo g A.E.H.

MeTpnic AEH |

Amorpontas (inverter), 1 OTTOOETELTON OITAOG LETPMNTNC Y10,
KOTOLLETPN O EIGEPYOUEVNG KO
eEEPYOLEVIC NAEKTPIKNC EVEPYELOC)

Mivakag eAeyxou |

AvToOvopa: Y10 T GUVEYN
GwrofoATdikd nAagicio ,’l y Tl Xn
eELTNPETNON, 1 EYKOTACTACT TPEMEL
va, teplapBavet kot po Lovada

1 { mosstos i) orofrjcevONG (MIATapiE) Ko
! PuBuiotig @dpTiong| 8100(8{[310119 ™mg gvép'ySIOtQ

Mnarapieg



D mTofoATUIKG CLCTHNATO
YAMUOTIKN TOPAGTAGT OLOKANPOUEVOL cvoTinotos OB

\ \ \\ 1. 2botnuo /B ororyeiwv
=Y o 7 7 i ’—)E\ 2. A)’CUYO’Q)(OC/H?/I}?’Q TdO'i]g
i, G, Bl A

3. Metatpornsag ovveyos

= \ PEVUOTOS T€ EVALLOTOOUEVO
. I
® |

4. Aywyog téong okTtoov

N ﬁ i = 5. Ilivokxog oravoung

6. Hiextpikn
EYKOTATTATH OLKTDOD

7. Illvaxaog ue puetpntn
EVEPYELAC OITANG
katevBovaong yia Anyn kou
OTTO000N NAEKTPIKNG
EVEPYELOG

ey 3 |
o i = - -
o 32 - 4 ¥
=y e : [t
L= Gt ki i |
o = i ke =
e ¥, J il
+ o] [ )
B = T =
U - b,
- e v -
s 3
R : -
ERe

B , , 8. Aiktvo niektpoootnong
IInyn: weprooixd KTIPIO, Oxtawppios 2000)

TG TEPIOYHS



D OTOPOATUIKG CLGTNOTO
2 T(010 KOTOOKEVNG

KoBapiouoc & dapodpemon
TEPPAALOVTOC YDPOL

a8 g e %=

2uvopUoAOYNoT LETAAAIKOV
OKEAETOV Phoemv

eEomAMG OV

20VOECT] NAEKTPOLOYIKOD

®/B otafpog Ayvavtia
O o100p6g eivan
EYKOTECTNUEVOS GE
ynmedo 11000 m?,
VYOoUETPOL 38 m.
Ovopaotikn woyog: 100
kWp

AwoBétel GhoTUO
NALIKNG tYVNAGTNOTG.
2uvoébnke 010 diKTLO
mcA.E.H. otic 22
Iavovapiov 2011.

®/B ot10.0pog
Movootnpdaxt

O otafuog etvan
EYKOATEGTNUEVOG GE
yAnedo 11000 m?,
vyouéTpov 32 m.
Ovopaotikn woyvg: 100
kWp
XpNGomotovvIoL
otabepéc PAcelg Yo ™
oTpIEn TV ¢/
TAouciov. Xuvoednke
o10 oiktvo ¢ A.E.H.
o711 30 Tovviov 2011.

Amotipnon Asttovpyiog Potofortoik®v
otaOpav, ®. Mortélog, ATA@poTiKN
gpyoocia, 2013



Potofortaika cvoTipaTO
IMlaicwo

dortofortTaikd Tiaioln

* Ovouaotikn woyvg : 210 W

e Amnddooon ¢/f yevvrrpuog : 13.4 %

*  Ogpuokpactokds cVVTEAESTNS 1oYVOG: -0.44 %/ °C
* Awotdoeigc(M xIIxY): 1650,5%951,3%46 (mm)

Ynoloywopor:
Empavelo mAoiciov:
1650.5 mmx951.3 mm=1.57 m?

Av n péyro 1oydg entrvvyydvetor oto 1000 W/m?
¥ 10Te 6¢ kAbe TGO
npoomnintouv 1570 W xon mapayovton 210 W.

Apa cvvtedeotnc amoooong 210/1570=13.4%

Amotiunon Asttovpyiog Potofortaikav otadpuav, ®. Martéilog, Atmhopatikngy epyoocia, 2013



D OTOPOATUIKG CVGTNOTO

YvoTpoto oTPIENg TAULGLOV
YooTnuo MAMOKNS yvniaTnong | Y100gpés Baoserg

—

Amotipnon Asttovpyiog Potoforitoik®v
otaOpav, ®. Mortélog, AtmTA@poTiKN
gpyoocia, 2013
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Xapefrooerg
TwoAroynon Evépyeroc amo AILE

Hapayoyn Hiektpuig Evépyerog amo: Twn Evépyerag (E/MWh)
Awaovvoede Mn
PEVO Algovvoeogpéva

206NN Nnowd

A1OAMKT EVEPYELD IOV OEIOTOIEITOL LLE YEPCAIES EYKATAGTAGELS 16YV0C > 50 kW 87,85 99,45

ALOAIKY) evépyela Tov a&lomoleital Ue eykataoTdoels 1oyvoc < 50 kW 250

Dotoforraikd £mg 10 kWpeak 6Tov 01KLOKO TORED KO GE PIKPES EMYEIPNGELS

(oOpe@va pe 1o 101k0 Tpoypaupna yio ®/B oe kripra - KYA.12323/4.6.2009, B’1079) 550

'Yopavlikn evépyela mov alomoteiton omd LY HE pe eykoteotnuévn ioyd < 15 MWe 87,85

HA\wokn evépyeta mov a&lomoteiton amd HAoBepukohs otaduodc nAektpomapaywyng 264,85

HAxm evépyeta mov a&romoteiton amd HAoBeppikovg otabpong niektpomapaywyns Le 284,85

cuoTN IO amoBkeLoT g T0 omoio eEacPAAlEL TOLVAGYIGTOV 2 PEG AEITOVPYING GTO

OVOLLOGTIKO pOPTIO

["cBepLukn evépyeta younAng Oepuokpacioc (N.3175/2003, A’207, apb.2, §1o1) 150

Biopdala mov a&romoteiton amd otafpovg pe eykatestnuévn woyd < 1 MW 200

(eEapovpévon Tov BroamrodounGILoL KAAGLOTOS OGTIKOV OTOBAT®V)

Bilopdlo mov a&lomoteiton omwd otafuovg pe eykat. oyd > 1 MW kot <5 MW 175

(e€opovpévou 1o BloamodoUnGIoL KAAGUATOS OGTIKOV 0toBANT®V

Bilopdala mov a&romoteiton amd otafpong pe eykatestnuévn woyd > 5 MW (eEopovpévou 150

TOV B1o0T0dOUN GOV KAAGUATOC ACTIK®V OmoBANTOV

Bioaépto mov mpoépyetor amd Biopdlo (KTnvoTpopikd kot orypotoBlopnyavikd opyovikd 220

VToAEipoTo Ko amoPAnTa) pe eykatestnuévn 1oy < 3 MW

Aouég AITE (cuopmepilappovouéveov Kot Towv oTtabumy evepyelokng a&lomoinong tov 87,85 99,45

Bloomodopc1on KAGGOTOG ACTIKMV OTOBANTMV TOV TANPOVV TIC TPOOLOYPOUPES TNG

Evponaiknic vouobesiog OTme ekdoToTe dLTEC 1I6YDOVV)

Poumopaywyn Hiektpiopod kot @epuomrog Yyming Anoddoons (EHOYA) 87,85xXP| 99,45xXP

*)




2apefrooerg

Eykateotnuévny (MW)
100G KOl TOPAYOYT
evépyawog (GWh)
Movaomv AIIE/XHOYA
70 2013

A&la (m€) kol péon
iun Evépyerog
(€/MWh) amo
AIIE/XHO®YA 710 2013

IInyn: AATHE, 2013

ETKATEZTHMENH IZXYZ (MW) & NAPATQIH ENEPTEIAZ (GWh) MONAAQN AMNE/ THOYA ywe o £Tog 2013

: — IHEYA L _
Auokikd DB OB Iteyeg MHY¥Z f KaTaveudEsver Edwoho

Mrvag PO IHEYA

MW | Gwh | MW | GWh | MW | Gwh | Mw | Gwh | vw | Gwh | mw | owh | sw | GWh
law 1.753 408 1.520 133 316 30 218 a4 45 18 220 108 | 4072 T80
dreft * 1.782 330 | 1741 108 | 329 71 | na g0 | 45 16 | 220 a5 | 4.336 B0
Mz 1.782 430 | 1.992 192 | 341 21 | 218 115 | 45 16 | 220 105 | 4598 ga1
ATip 1.784 312 | 2.055 262 | 3am 22 | 218 109 | 45 16 | 220 100 | 4671 823
ML 1.784 304 2.099 296 352 23 218 a5 a6 1B 220 a7 | 4.719 B24
louv* | 1.784 64 | 2134 azs | 357 57 | na 53 | 48 1& | 220 a4 | 4759 842
lauh 1.787 ag4 | 2152 320 | 383 57 | 218 a: | 46 18 | 230 g3 | 4.78S 14
Ay 1.809 a60 | 2.158 319 | 365 59 | 218 33 | 46 17 | 220 95 | 4.815 983
Eem 1.800 122 | 2160 285 | 3a&7 62 | zia 24 | 48 17 | 220 a1 | 4820 701
(i * 1.810 283 | 2.195 459 | 389 57 | 720 28 | 48 16 | 220 72 |4se0 924
Noz 1.810 a7z | 2208 198 | 3 53 | 220 a8 | 47 16 | 220 106 | 4875 7493
LEK 1.810 1649 2.210 181 EYE] 37 220 Bl 47 18 220 111 | 4.879 788
Zihcho 4139 3168 430 172 210 1.173 5,941
Etoug

* WS exkaBapong yir Te B Xapndnc Toong (Anouvicbepivo Zoamia).
AZIA (m€) & MEZOITAOMIKH TIMH ENEPTEIAZ (€/MWh) ANE/ THOYA ywi 10 él’l}q 2013

St /8 ©/8 Tuévec ** VS Bromépun- IHEYA 1) & Kaovawvepdeves Eduoho
e Buopdin EHEYA (2]
ik (7). v £/ MWh e £ W R mE |EMWE] mE  [EIAWH e MW | AR ) mE E/NOWH

L 3E,0 923 474 4212 16,7 5489 75 30,1 19 [1076 6.8 1721 45,0 11E3 | 1555
Teefl * 308 93,1 44.4 4129 113 5502 81 50,1 17 (1047 6,1 1E3S5 45,3 10Z4 | 1551
Map 8.9 93,0 TTE 4059 112 5241 103 80,1 15 [ LD66 7.9 1ER.2 59,5 1451 | 1683
Anp 29,0 93,1 104.0 | 143 5321 9.8 300 19 [1076 73 1E3.2 53,8 1664 | 2023
Bldn ZE.3 52,9 1161 192,32 173 5342 7.7 200 13 (1083 6,3 1E0,5 55,3 1776 | 2157
louw * 24.E 93,7 1714 4025 19,9 5163 4.8 90,0 19 (10737 6.0 1727 5.7 225 | 2565
louk 36,2 94 2 1247 1890 18,7 506,7 iR 300 15 [LD88 5.4 1706 52.6 Z00,7 | 2185
Auy 430 5933 1240 388.7 30,1 507.1 259 B3 19 [L079 53 17177 51,3 2072 | 2107
Iem 20,9 94,2 1112 3887 314 5067 2,2 B39 1B [1D6S8 52 1787 43,6 1726 | 2461
Ot ™ 26,4 93,1 1874 4080 290 [5061 25 8299 19 [I06S 4.5 1ED2 42,3 2507 | 2725
MNoE 34.5 92,7 769 3892 270 [5051 4.3 90,0 17 [1058 6,0 1772 41,3 1504 | 1B3.E
AEex 34,3 93,0 753 1938 187 503.1 35 9300 19 |16 55 1757 27,6 1411 | 1795
Ilwako T __ Y = 3 -

Froue 3859 93,2 | E.IEL.'.SI 3978 || 2555 | S514.E B9.5 900 | 25 |07 72,6 1795 53,7 | 2.0664 |Z079

| I |

* Mrveg exxoBapomg yo ml?aﬂ'gupﬂﬁ.ﬁ-gT&:rﬁ.

** T epuhapfavovTon ko 1a orogEia ey B8 oeyear oro MAN. Zro prvicn orooeks T Tpopn Beumua wia 7o &VE oTeyy ephapBavoyTa K
TV OSPOUKES TiopELaTEe BITE OTY EVERYEN EFE 0TI TICTLIGER, LE ETT oA ouSEs Vi Ly UTT OpyE] SVTOTORSTT TuN S0 LY ESLN K0 TUVET LIS TO
HECOOTRIRG KOCTOS EVEDYEIDS TTROSTHORILERE KOT SRTiUngT].
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Xapepfrooerg
Meyaleg emd0TNGELS 6€ 0IKOVOULKA aocvu@opes AITE
[Tapott, n Tiun ¢ evépyetag amd O/B kootilel 5 popéc meprocdtepo amd T1g AAreg AIIE n
EYKATEGTNUEVT 16YOG avEAvETL.
Movo to 2013 minpacape oxeddv 1.5 GE yia nhextpikn evépyela 3.6 TWh an6d O/B.

Eykateotnuévn woyog (MW)
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XrpePfromoerc

Tworoynon Evépyerog amo AIIE

Ewdwd yio o DotoPoitaikd eionydncav kavodpyleg puluicelg avampocsaprolovtag Tig THES LEGOTPODEG LN Kot
ovvoéovtag teg ancvbeiog pe v péon Opraxn Ty tov Zvotjpatog (LOTE) paxporpdBeopa. ITo cuykekpipéva, n
TIoAOYN oM NG evépyeLag amd DmTofoltaikodg oTabovs (TANV ekelvav Tov £101KOL Tpoypaupotog yio O/B og ktipia)
yivetan pe Bdomn tov axdAovbo mivako:

étog/ Mnvag Twn Evépyerog (€/MWh)
Al0.60vVoEOENEVO XVOTN O, Mn Aweovvoedepéva,
Nnow
A B r
>100 kW <=100 kW >100 kW
2009dePpovaprog 400,00 450,00 450,00
2009 Avyovotog 400,00 450,00 450,00
2010 deBpovapiog 400,00 450,00 450,00
2010 Avyovotog 392,04 441,05 441,05
2011 deBpovdprog 372,83 419,43 419,43
2011 Avyovotog 351,01 394,89 394,89
2012 dePpovdpilog 333,81 375,54 375,54
2012 Avyovotog 314,27 353,55 353,55
2013 OeBpovapiog 298,87 336,23 336,23
2013 Avyovotog 281,38 316,55 316,55
2014 dePpovaproc 268,94 302,56 302,56
2014 Avyovortog 260,97 293,59 293,59
['o kB¢ étog v and to| 1,3 xpOTZ, 1,4 xpOTZ 1,4 xpOTZ
2015 ko petd

Néeg Twyég Ioinonc
Hiextpukng Evépyerog

Mnvag /'Etog

Avyovctog 2012
deBpovaprog 2013

Avyovctog 2013
deBpovaprog 2014
Avyovotog 2014
dePpovaprog 2015
Avyovotog 2015
dePpovdprog 2016
Avyovotog 2016
deBpovaprog 2017
Avyovctog 2017
deBpovaprog 2018
Avyovotog 2018

Ty
(€/MWh)

250,00
238,75

228,01
217,75
207,95
198,59
189,65
181,12
172,97
165,18
157,75
150,65
143,87



XrpePfrooerg
AVOUEVEG EVEPYELOKO MLy RO,

Buopdla; 0.3 HOYA; 0.5

MHYE; 1.3___

d/B Z1éyec;
2.0

[Tocoo1o (%)
EYKOTEGTNUEVNC
1600 aVA KAVGILLO
OLGVVOEDEUEVOD
cvotnuatog (2013)

2vvoro: 17.4 GW
Ewayomyéc, 3.4
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Spanish nighttime solar energy
fraud ‘unlikely in UK’

Smemnat

168 Aol 2010
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In the month that renewable energy

incentives are introduced in the UK, Spanish
authorities are investigating companies who
claim to have produced solar energy at night

Authorities in Spain have launched an
investigation into solar energy installations that
have been selling electricity apparently
generated at night.

The Spanish government called on the National
Energy Commission {(CNE) to look into the
matter after a newspaper investigation
discovered irregularities in the times at which
solar energy was being generated.

Spanish newspaper £l Mundo found that
between November and January, 4500
megawatt hours (MWh) of solar energy were
sold to the electricity grid between midnight
and seven in the morning.

It has been suggested that some plants in the
regions of Castilla-La-Mancha, Canarias and
Andalucia have been using diesel generators
connected to their solar panel arrays to
illegally benefit from government subsidies.

HIE ‘B

Industrla pldeaIaCNE gue adopte
las medidas oportunas contra el
fraude de la energia solar

Jara cobrar las orimas

Actualizado miercoles 14042010 12:55

Madrid - El secretario de Estado de Energia, Pedro Marin, ha remitido una
carta a la Comision Macional de la Energia (CNE) en |a que le pide la
adopcion de las medidas que sean necesarias contra el gran fraude
detectado en el sector de la energia fotovoltaica.

Hay plantas solares en Castilla-La Mancha, Canarias y Andalucia,
principalmente, que estan toda la noche produciendo energia pese a que &l
Sol se ha ido a las antipodas, segin los datos de Industria revelados por
EL MUNDO.

La Asociacidn de la Industria Fotovoltaica (Asif) se ha sumado a la
“exigencia” de una investigacion acerca de las "supuestas actuaciones
llicitas” en la actividad fotovoltaica v asegura gue "hay que identificar a los
culpables para limpiar la imagen del sector”, segin ha denunciade en un
comunicado.

Sequin los datos del Gobierno, entre noviembre v enero, en pleno invierno,
el sistema eléctrico recibio 4.500 megavatios/hora producidos por
plantas solares entre la medianoche y las siete de la mafiana, mas
otros 1.500 entre las 19.00 v las 23.00 horas.

2 Como se generaron estos megavatios? Segun los primeros indicios,
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AZIA (exar. €) KAl MEZOITAOMIKH TIMH ENEPTEIAZ (€/MWh) AMNE & ZHOYA INA TO ETOZ 2020

IInyfq: Mnviaio Agktio Edwov Aoyapracuov, ATIE & ZHOYA, Aexéufprog 2020
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Mivac THOVA 2]

et | €/MWh exar.£ eMWh | earf | €/MWh | exar€ | €/MWh | exat€ | E/MWh | exar€ |€/MWh (1 |E/MWh | em€ | /MWh
lav 58,6 824 56,7 | 2648 131 431 45 | 8,7 46 | 1425 | 33| 1337 31 1408 | 1229
0 62,5 8.1 64,7 | 2631 95 | 4208 411 89 49 | 1477 | 39| 1340 173 1496 | 1263
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To £t0g 2020

3.676 GWh*1000*(255.6-82.6) EURO/MWh
= 636*10° EURO

461 GWh*1000*(420.3-82.6) EURO/MWh
=156*10° EURO

Mo @po Tov IovAiov 2020

2490 GW*1h*1000%(255.3-84.5) EURO/MWh
=425.000 EURO

353 GW*1h*1000*(427.4-84.5) EURO/MWh
=121.000 EURO

https://www.dapeep.gr/wp-content/uploads/ELAPE/2020/08 DEC 2020 DELTIO ELAPE v1.0 21.03.2021.pdf? t=1616415229



