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Per—lhyh

Η ηλιακή ενέργεια αποτελεί μια από τις σημαντικότερες μορφές ανανεώσιμης ενέργειας,
και η Ελλάδα, ως μία χώρα με άφθονη ηλιοφάνεια, οφείλει να την αξιοποιήσει και να την
καταστήσει βασικό πυλώνα του ενεργειακού της μίγματος. Ωστόσο, το εγχείρημα αυτό
αντιμετωπίζει προκλήσεις, καθώς η παραγωγή φωτοβολταϊκής ενέργειας χαρακτηρίζεται από
μεγάλη αβεβαιότητα λόγω παραγόντων με έντονη χωρική μεταβλητότητα, όπως οι κλιματικές
συνθήκες, η τοπογραφία, τα αιωρούμενα σωματίδια ή ακόμα και η υγρασία της εκάστοτε περι-
οχής. Στη παρούσα διπλωματική εργασία αποδεικνύεται ότι τα αποκεντρωμένα φωτοβολταϊκά
συστήματα, σε αντίθεση με τα συγκεντρωτικά, είναι ικανά να μειώσουν αυτή την αβεβαιότητα
και να αποδώσουν την περισσότερη φωτοβολταϊκή ενέργεια για μεγάλους βαθμούς χωρικής

αξιοπιστίας. Aπαραίτητη προϋπόθεση για να αποδειχθεί αυτό είναι η διερεύνηση της επί-
δρασης της χωρικής μεταβλητότητας της θερμοκρασίας και της ηλιακής ακτινοβολίας στη

παραγωγή φωτοβολταϊκής ενέργειας στη χώρα.

Συγκεκριμένα, επιλέχθηκαν 40 αντιπροσωπευτικές τοποθεσίες από όλη την ελληνική επικρά-
τεια και συλλέχθηκαν δεδομένα θερμοκρασίας και ηλιακής ακτινοβολίας για αυτές από τη

διαδικτυακή βάση δεδομένων PVGIS. Tα δεδομένα αυτά μελετήθηκαν, αναλύθηκαν και
επικυρώθηκαν με τη βοήθεια 3 επίγειων σταθμών της χώρας που παρέχουν μετεωρολογικά
δεδομένα. Στη συνέχεια, μέσω των δεδομένων αυτών υπολογίστηκε η παραγωγή φωτο-
βολταϊκής ενέργειας σε καθεμία από τις 40 αντιπροσωπευτικές τοποθεσίες, υποθέτοντας
την ύπαρξη ενός σύγχρονου φωτοβολταϊκού πάνελ σε καθεμία από αυτές. Τα αποτελέσ-
ματα αναλύθηκαν λαμβάνοντας υπόψη τα δεδομένα προσπίπτουσας ηλιακής ακτινοβολίας και

ακολούθως μελετήθηκε η επίδραση της θερμοκρασίας σε αυτά. ΄Επειτα, μέσω της μεθόδου
Monte Carlo, αποδείχθηκε ότι όσο πιο διασκορπισμένο είναι ένα σύστημα φωτοβολταϊκών
πάνελ σε περισσότερες γεωγραφικές τοποθεσίες, τόσο μειώνεται η αβεβαιότητα στη παραγ-
ωγή και παράγεται περισσότερη ηλεκτρική ενέργεια για μεγάλους βαθμούς χωρικής αξ-

ιοπιστίας.
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Abstract

Solar energy is one of the most important forms of renewable energy, and Greece, as a
country with abundant sunshine, should utilize it and make it a key pillar of its energy
mix. However, this endeavor faces challenges, as the production of photovoltaic energy
is characterized by high uncertainty due to factors with significant spatial variability,
such as meteorological drivers, topography, airborne particles and even humidity. In
this Diploma Thesis, it is demonstrated that decentralized photovoltaic systems, as op-
posed to centralized ones, are capable of reducing this uncertainty and thus producing
more photovoltaic energy for high rates of spatial reliability. A necessary prerequisite to
prove this is to investigate the impact of the spatial variability of temperature and solar
radiation on photovoltaic energy production in the country.

Specifically, 40 representative well-distributed locations across Greece were selected, for
which temperature and solar radiation data were collected from the PVGIS online databa-
se. These data were analyzed and validated against the observations of 3 ground stations.
Subsequently, using these data, the photovoltaic energy production was calculated for
each of the 40 representative locations, assuming the presence of a modern photovoltaic
panel at each site. The results were initially analyzed only accounting for the incident
solar radiation data, and then the impact of temperature on them was also examined.
Finally, following a Monte Carlo approach, it was proven that the more distributed a
photovoltaic panel system is across various geographical locations, the lower the uncer-
tainty in production and the more electrical energy is generated for high degrees of spatial
reliability.
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Kefˆlaio 1

Eisagwg 

1.1 Prìlogoc

H ekmetˆlleush twn anane¸simwn phg¸n enèrgeiac apoteleÐ ènan krÐsimo pul¸na gia th
metˆbash thc anjrwpìthtac se èna kalÔtero kai pio bi¸simo energeiakì mèllon. Mia apì
tic kuriìterec morfèc anane¸simhc enèrgeiac eÐnai h hliak , kaj¸c eÐnai h afjonìterh se
sÔgkrish me ìlec tic upìloipec morfèc enèrgeiac. EÐnai endiafèron to gegonìc ìti o ru-
jmìc me ton opoÐo prospÐptei h hliak  enèrgeia pˆnw sth Gh eÐnai10000forèc megalÔteroc
se sqèsh me ton rujmì me ton opoÐo h anjrwpìthta katanal¸nei enèrgeia[1]. EpÐshc, h
enèrgeia pou phgˆzei apì ton  lio mporeÐ na axiopoihjeÐ akìmh kai mèsa se mÐa sunnefi-
asmènh mèra afoÔ h hliak  aktinobolÐa mporeÐ na diaperˆsei ta sÔnnefa kai na ftˆsei
sthn epifˆneia thc Ghc. Gia thn ekmetˆlleush thc hliak c enèrgeiac qrhsimopoioÔntai ta
fwtoboltaðkˆ pˆnel ta opoÐa mèsw tou fwtobolaðkoÔ fainomènou metatrèpoun thn hliak 
enèrgeia se hlektrik  . To kìstoc kataskeu c fwtoboltaðk¸n pˆnel èqei pèsei dramatikˆ
thn teleutaÐa dekaetÐa kajist¸ntac ta ìqi mìno prositˆ allˆ suqnˆ th fjhnìterh morf 
hlektrik c enèrgeiac [1]. Epomènwc, mia q¸ra san thn Ellˆda h opoÐa mˆlista eÐnai ar-
ketˆ proikismènh ìson aforˆ thn hliak  enèrgeia , eÐnai anˆgkh, na thn axiopoi sei kai
na dhmiourg sei tic proôpojèseic ètsi ¸ste h morf  enèrgeiac aut  na èqei shmantik 
sumbol  sto energeiakì mÐgma thc q¸rac.

Bèbaia, to egqeÐrhma kaleÐtai na antimetwpÐsei prokl seic lìgw thc qwrik c kai qronik c
metablhtìthtac twn klimatik¸n sunjhk¸n . Oi metewrologikèc sunj kec, ìpwc h suqnì-
thta twn hliìloustwn hmer¸n , ta sÔnnefa kai oi jermokrasiakèc diakumˆnseic ephreˆ-
zoun thn apìdosh twn fwtoboltaðk¸n susthmˆtwn se megˆlo bajmì [2]. Epiplèon, h
topografÐa, ta aiwroÔmena swmatÐdia, ìpwc gia parˆdeigma h afrikanik  skình pou suqnˆ
kataklÔzei ton ellhnikì ourano , allˆ kai h ugrasÐa, eÐnai parˆgontec pou epÐshc ephreˆ-
zoun thn paragwg  hlektrik c enèrgeiac apo ta fwtoboltaðkˆ pˆnel [3]. To er¸thma eÐnai
me poion trìpo mporeÐ na dieujethjeÐ h abebaiìthta pou prokÔptei apì touc parapˆnw
parˆgontec;

O stìqoc thc paroÔsac diplwmatik c ergasÐac eÐnai h apˆnthsh se autì to er¸thma,
upojètontac ìmwc pwc o sqediasmìc apokentrwmènwn fwtoboltaðk¸n susthmˆtwn pou
ekteÐnontai se ìlh th q¸ra kai ìqi mìno se sugkekrimèna shmeÐa thc mporeÐ na d¸sei mÐa
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lÔsh se autì to prìblhma . AparaÐthth proôpìjesh gia thn epibebaÐwsh aut c thc lÔshc
eÐnai h diereÔnhsh thc epÐdrashc thc qwrik c metablhtìthtac thc hliak c aktinobolÐac kai
thc jermokrasÐac sth paragwg  hliak c enèrgeiac.

1.2 Diˆrjrwsh ErgasÐac

Sthn eisagwg  thc paroÔsac diplwmatik c ergasÐac tèjhke ènac basikìc stìqoc, o opoÐoc
eÐnai h anˆdeixh thc axÐac twn apokentrwmènwn susthmˆtwn sth paragwg  hlektrik c
enèrgeiac apì fwtoboltaðkˆ pˆnel . AparaÐthth proôpìjesh gia thn epÐteuxh autoÔ tou
stìqou eÐnai h diereÔnhsh thc epÐdrashc thc qwrik c metablhtìthtac thc jermokrasÐac
kai thc hliak c aktinobolÐac sth paragwg  fwtoboltaðk c enèrgeiac sthn Ellˆda .

Sto 2o Kefˆlaio , ja analujoÔn se bˆjoc oi ènnoiec thc hliak c aktinobolÐac kai tou
fwtoboltaðkoÔ fainomènou, dhlad  tou fainomènou pou eÐnai upeÔjuno gia thn metatrop 
thc hliak c enèrgeiac se hlektrik  . Epiplèon, ja dojoÔn orismoÐ se merikèc akìma basikèc
ènnoiec, h afomoÐwsh twn opoÐwn eÐnai aparaÐthth gia thn pl rh katanìhsh twn jemˆtwn
aut c thc ergasÐac. Tèloc , ja parousiastoÔn arketˆ episthmonikˆ ˆrjra me parapl sio
jèma, anadeiknÔontac ètsi to endiafèron ton episthmìnwn se autì to pedÐo.

Sto 3o Kefˆlaio , ja epileqjoÔn 40 antiproswpeutikèc topojesÐec gia ìlh thn ellhnik 
epikrˆteia kai ja sulleqjoÔn dedomèna jermokrasÐac kai hliak c aktinobolÐac gia autèc,
apì thn bˆsh dedomènwnPVGIS. Sth sunèqeia, ta dedomèna autˆ ja melethjoÔn, ja
analujoÔn kai ja epikurwjoÔn me th bo jeia3 epÐgeiwn stajm¸n thc q¸rac pou parèqoun
metewrologikˆ dedomèna. H epikÔrwsh twn dedomènwn eÐnai aparaÐthth gia thn axiopistÐa
thc paroÔsac ergasÐac.

Sto 4o kefˆlaio , qrhsimopoi¸ntac ta dedomèna tou3ou KefalaÐou, ja upologisteÐ h
paragwg  fwtoboltaðk c enèrgeiac se kajemÐa apì tic40 antiproswpeutikèc topojesÐec,
upojètontac thn Ôparxh enìc sÔgqronou fwtoboltaðkoÔ pˆnel se kˆje mÐa apì autèc.
Ta apotelèsmata ja analujoÔn lambˆnontac upìyh ta dedomèna prospÐptousac hliak c
aktinobolÐac kai akoloÔjwc ja melethjeÐ h epÐdrash thc jermokrasÐac se autˆ. Me autì
ton trìpo , ja diereunhjeÐ h epÐdrash thc qwrik c metablhtìthtac thc jermokrasÐac kai
thc hliak c aktinobolÐac sth paragwg  fwtoboltaðk c enèrgeiac sthn Ellˆda .

Sto 5o kefˆlaio , ja anadeiqjeÐ h axÐa twn apokentrwmènwn susthmˆtwn sthn paragwg 
fwtoboltaðk c enèrgeiac mèsw thc mejìdouMonte Carlo. Sugkekrimèna, ja apodeiqjeÐ
ìti ìso pio diaskorpismèno eÐnai èna sÔsthma fwtoboltaðk¸n pˆnel se perissìterec gew-
grafikèc topojesÐec, tìso mei¸netai h abebaiìthta sth paragwg  hlektrik c enèrgeiac .
Ousiastikˆ , gÐnetai anaforˆ gia thn abebaiìthta pou prokÔptei sthn paragwg  lìgw
paragìntwn me shmantik  qwrik  metablhtìthta , ìpwc oi klimatikèc sunj kec , h to-
pografÐa thc ekˆstote perioq c, ta aiwroÔmena swmatÐdia kai h ugrasÐa[3].

Sto 6o kefˆlaio ja parousiastoÔn mia sÔnoyh thc paroÔsac diplwmatik c ergasÐac, ta
sumperˆsmata pou prokÔptoun apì aut , kaj¸c kai protˆseic gia mellontik  èreuna .
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Kefˆlaio 2

Basikèc 'Ennoiec sthn Paragwg 

Fwtoboltaðk c Enèrgeiac kai

Bibliografik  Episkìphsh

2.1 Hliak  aktinobolÐa

Gia na mporèsoun na gÐnoun katanohtˆ ta apotelèsmata pou ja prokÔyoun apì aut  thn
èreuna eÐnai shmantikì na exetasteÐ leptomerèstera h hliak  aktinobolÐa, oi sunist¸sec
thc kai oi parˆgontec pou ephreˆzoun thn apìdosh thc. H hliak  aktinobolÐa pou ftˆnei
sthn atmìsfaira thc Ghc pˆnw apì mia orizìntia epifˆneia eÐnai gnwst  wc exwg inh hliak 
aktinobolÐa kai sumbolÐzetai meRa [3]. Kaj¸c h aktinobolÐa dieisdÔei sthn atmìsfaira,
èna mèroc thc diaskorpÐzetai, anaklˆtai   aporrofˆtai lìgw twn allhlepidrˆsewn me
ta stoiqeÐa thc atmìsfairac ìpwc oi udratmoÐ, diˆfora aèria kai ta stereˆ swmatÐdia. H
posìthta thc aktinobolÐac pou fjˆnei pragmatikˆ se èna orizìntio epÐpedo eÐnai gnwst  wc
hliak  aktinobolÐa, olik  aktinobolÐa   aktinobolÐa braqèwn kumˆtwn(Rs) kai ekfrˆzetai
sun jwc se W/ m2   KWh/ m2. H frˆsh � braqèwn kumˆtwn� proèrqetai apì to gegonìc
ìti o 'Hlioc ekpèmpei enèrgeia mèsw hlektromagnhtik¸n kumˆtwn pou qarakthrÐzontai
apì sqetikˆ mikrˆ m kh kÔmatoc[3]. H olik  aktinobolÐa isoÔtai me to ˆjroisma thc
ˆmeshc aktinobolÐac, Rb, pou prospÐptei sthn epifˆneia thc Ghc qwrÐc na skedasteÐ sthn
atmìsfaira kai thc diˆquthc aktinobolÐac, Rd, pou prospÐptei apì ìlec tic kateujÔnseic
lìgw anˆklashc h skèdashc sthn atmìsfaira . H katanom  metaxÔ ˆmeshc kai diˆquthc
aktinobolÐac exartˆtai apì tic atmosfairikèc sunj kec (p.q. ugrasÐa, skình , klp .) kai
thn gwnÐa apìklishc tou hlÐou h opoÐa exartˆtai apì thn hmèra tou qrìnou[3]. EÐnai
axioshmeÐwto ìti h diˆquth aktinobolÐa se mia mèra me kajarì ouranì apoteleÐ perÐpou to
15% thc sunolik c hliak c aktinobolÐac , en¸ se mia polÔ sunnefiasmènh mèra, ìpou to
posostì thc ˆmeshc aktinobolÐac teÐnei sto0, perÐpou to25% thc exwg inhc ekpomp c
enèrgeiac pou phgˆzei apì ton  lio ftˆnei sth Gh wc diˆquth hliak  aktinobolÐa [3].
Sthn eikìna 2.1 faÐnetai h katanom  thc sunolik c hliak c aktinobolÐac kai thc diˆquthc
aktinobolÐac sthn Ellˆda , qwrÐc thn epÐdrash thc topografÐac, ìpwc thn upolìgise sthn
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ergasÐa tou o KampezÐdhc(2021) [4].

Eikìna 2.1: (a) Mèsh et sia hliak  aktinobolÐa sthn Ell̂ da pou prospÐptei se orizìn-
tia epifˆneia qwrÐc thn epÐdrash thc topografÐac(W/ m2), ( b) Mèsh et sia diˆquth ak-
tinobolÐa sthn Ell̂ da pou prospÐptei se orizìntia epifˆneia qwrÐc thn epÐdrash thc to-
pografÐac(W/ m2) [4]

ProkaleÐ endiafèron ìti h q¸ra qwrÐzetai se dÔo mèrh ìson aforˆ thn hliak  aktinobolÐa.
'Opwc mporoÔme na doÔme sthn2.1(a) to bìreio kommˆti, dhlad  to kommˆti me gewgrafikì
plˆtoc pˆnw apì 39°, dèqetai ligìterh aktinobolÐa se sqèsh me to nìtio kommˆti pou èqei
gewgrafikì plˆtoc mikrìtero twn 39°. Autì shmaÐnei pwc to nìtio tm ma thc q¸rac
mporeÐ na parˆxei perissìterh hlektrik  enèrgeia mèsw tou  liou, an den lhfjeÐ upìyin
h jermokrasÐa, h opoÐa, ìpwc ja faneÐ kai parakˆtw, diadramatÐzei shmantikì rìlo sth
paragwg  enèrgeiac apì fwtoboltaðkˆ pˆnel .

2.2 Fwtoboltaðkì fainìmeno

Oi fwtoboltaðkoÐ stajmoÐ axiopoioÔn thn hliak  aktinobolÐa gia na parˆgoun hlektrik 
enèrgeia kai sth sunèqeia na th dianeÐmoun sto topikì dÐktuo. H metatrop  thc hli-
ak c enèrgeiac se hlektrik  eÐnai apotèlesma tou fwtoboltaðkoÔ fainomènou, to opoÐo
anakalÔfjhke to 1839apì ton Besquerel. To hliakì fwc apoteleÐtai apì fwtìnia pou
fèroun diaforetikˆ posˆ enèrgeiac anˆloga me to m koc kÔmatoc tou hliakoÔ fˆsmatoc
[5]. 'Otan autˆ ta fwtìnia proskroÔsoun se èna hliakì kelÐ ˆlla anakl¸ntai , ˆlla to
diapernoÔn kai ˆlla aporrof¸ntai apì autì . Mìno ta fwtìnia ta opoÐa aporrof¸ntai
apì to fwtoboltaðkì stoiqeÐo eÐnai ikanˆ na parˆgoun hlektrikì reÔma. Endiafèron èqei
ìti to posostì twn fwtonÐwn pou antanakl¸ntai apì thn epifˆneia tou fwtoboltaðkoÔ
pˆnel ftˆnei perÐpou to 30%,allˆ me katˆllhlec epistr¸seic   trˆqunsh thc epifˆneiac
mporeÐ na meiwjeÐ sto3% [6].

'Ena hliakì kelÐ kataskeuˆzetai kurÐwc apì purÐtio to opoÐo èqei idiaÐterec qhmikèc idiì-
thtec. Kˆje ˆtomo puritÐou perièqei14 hlektrìnia , ta opoÐa katanèmontai se treic en-
ergeiakèc stoibˆdec. Oi dÔo pr¸tec stoibˆdec, oi opoÐec brÐskontai pio kontˆ ston pur na,
eÐnai pl rwc kateilhmmènec me2 kai 8 hlektrìnia antÐstoiqa . H exwterik  stoibˆda per-
ilambˆnei mìno4 hlektrìnia antÐ gia ta anamenìmena8. Gia na epitÔqei thn pl rwsh
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thc teleutaÐac stoibˆdac, to purÐtio moirˆzei hlektrìnia me ta geitonikˆ tou ˆtoma kai
dhmiourgeÐ ètsi mia krustallik  dom [7].

'Otan to purÐtio aporrofˆ enèrgeia apì to hliakì fwc , merikˆ apì ta hlektrìnia thc
exwterik c stoibˆdac spˆne touc desmoÔc touc kai apoqwroÔn apì ta ˆtomˆ touc. Wstìso ,
autˆ ta hlektrìnia ta opoÐa kukloforoÔn "yˆqnontac" gia na broun ˆllh ken  jèsh , den
eÐnai ikanˆ na dhmiourg soun hlektrikì reÔma. Gia na dhmiourghjeÐ hlektrikì reÔma ja
prèpei na meiwjoÔn oi pijanìthtec twn hlektronÐwn na broun mia ˆllh ken  jèsh kai na
upoqrewjoÔn na kinhjoÔn prosanatolismèna mèsa se èna kÔklwma.

'Etsi , èna hliakì kelÐ apartÐzetai apì dÔo str¸mata krustˆllwn puritÐou pou apoteloÔn
hmiagwgoÔc kai perièqoun prosmÐxeic diaforetik¸n qhmik¸n en¸sewn. Sthn pˆnw str¸sh
prostÐjentai sun jwc prosmÐxeic fwsfìrou (ìpou to ˆtomo tou èqei 5 hlektrìnia sthn
exwterik  stibˆda ), pou anaptÔssei desmoÔc me to purÐtio dhmiourg¸ntac arnhtikì fortÐo
(n) en¸ sthn kˆtw str¸sh prostÐjetai bìrio (ìpou to ˆtomo tou èqei 3 hlektrìnia sthn
exwterik  stibˆda ) pou omoÐwc dhmiourgeÐ desmoÔc me to purÐtio allˆ anaptÔssetai jetikì
(p) fortÐo. Ta hlektrìnia apì to purÐtio tÔpou n phgaÐnoun proc tic kenèc jèseic sto
purÐtio tÔpoup mèqri na epiteuqjeÐ isorropÐa. Me autì ton trìpo , dhmiourgeÐtai hlek-
tromagnhtikì pedÐo sthn sÔndesh metaxÔ twn dÔo str¸sewn, ìpwc apeikonÐzetai kai sthn
eikìna 2.2.

To pedÐo autì wjeÐ ta hlektrìnia, pou apoqwroÔn apì ta ˆtoma touc lìgw thc hliak c
aktinobolÐac, na kinoÔntai apì thn pˆnw str¸sh tÔpou p proc th kˆtw str¸sh tÔpou n
qwrÐc na upˆrqei h dunatìthta na epistrèyoun pÐsw. Me autì ton trìpo h pˆnw pleurˆ
fortÐzetai jetikˆ en¸ h kˆtw pleurˆ fortÐzetai arnhtikˆ dhmiourg¸ntac ètsi diaforˆ
dunamikoÔ. Prosjètontac dÔo metallikèc plˆkec (mÐa sth pˆnw str¸sh kai mÐa sth kˆtw)
kai èna exwterikì kÔklwma, ìpwc faÐnetai sthn eikìna2.3, ta hlektrìnia ja kinhjoÔn mèsw
thc exwterik c odoÔ proc thn jetik  pleurˆ , dhlad  proc thn arqik  touc jèsh . 'Etsi ,
dhmiourgeÐtai prosanatolismènh ro  hlektronÐwn kai kat' epèktash hlektrikì reÔma.

Sthn eikìna 2.4 parousiˆzetai makroskopikˆ h leitourgÐa enìc fwtoboltaðkoÔ pˆnel, h
opoÐa basÐzetai sto fwtoboltaðkì fainìmeno.
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Eikìna 2.2: DhmiourgÐa HlektromagnhtikoÔ pedÐou anˆmesa stic dÔo str¸seic[6].
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Eikìna 2.3: Paragwg  hlektrik c enèrgeiac mèsw tou fwtoboltaðkoÔ fainomènou [6].

Eikìna 2.4: To fwtoboltaðkì fainìmeno sto hliakì plaÐsio [5].
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2.3 Eisagwg  ennoi¸n apìdoshc kai axiopistÐac

Gia th swst  katanìhsh ìlwn twn jemˆtwn pou pragmateÔetai h paroÔsa diplwmatik 
ergasÐa eÐnai anˆgkh na dojoÔn orismoÐ se merikèc shmantikèc ènnoiec. Gia parˆdeigma oi
sunj kec STC (Standard Test Conditions { Sunj kec Tupopoihmènhc Dokim c) eÐnai èna
diejnèc prìtupo gia th mètrhsh thc apìdoshc twn fwtoboltaðk¸n susthmˆtwn . SÔmfwna
me autì to prìtupo , gia na epiteuqjeÐ mia sugkrÐsimh bˆsh mètrhshc metaxÔ diaforetik¸n
hliak¸n plaisÐwn, oi sunj kec prèpei na eÐnai oi ex c: h jermokrasÐa twn hliak¸n keli¸n
prèpei na eÐnai25°C, h prospÐptousa hliak  aktinobolÐa prèpei na eÐnai1000 W/m², kai
h mˆza aèra(AM) prèpei na eÐnai1.5, gia 2.74¸rec [8].

O bajmìc apìdoshc enìc sust matoc metatrop c enèrgeiac, orÐzetai wc o lìgoc thc apo-
didìmenhc enèrgeiac apì to sÔsthma proc thn proferìmenh enèrgeia se autì[9]. Prìkeitai
gia èna adiˆstato mègejoc, pou sun jwc sumbolÐzetai men kai h sqèsh tou eÐnai èntona mh
grammik . Analutikìtera , h sqèsh tou bajmoÔ apìdoshc exartˆtai apì to � mhqˆnhma� pou
pragmatopoieÐ th metatrop  thc enèrgeiac kai prosdiorÐzetai mìno ergasthriakˆ[9]. Mìno
upì sugkekrimènec proôpojèseic mporeÐ na jewrhjeÐ stajerìc bajmìc apìdoshc, ìtan h
monˆda paragwg c leitourgeÐ me stajer  ro  kausÐmou. Sthn paroÔsa diplwmatik  er-
gasÐa, to sÔsthma metatrop c enèrgeiac gia to opoÐo ja gÐnetai anaforˆ eÐnai to fw-
toboltaðkì pˆnel . H prosferìmenh enèrgeia se èna fwtoboltaðkì pˆnel eÐnai h hliak 
aktinobolÐa pou prospÐptei se autì, en¸ h apodidìmenh eÐnai h hlektrik  enèrgeia pou
parˆgetai apì autì . Sun jwc , o mègistoc bajmìc apìdoshc enìc fwtoboltaðkoÔ pˆnel
kumaÐnetai apì0.17èwc0.22 [10].

O suntelest c dunamikìthtac enìc energeiakoÔ èrgou orÐzetai wc o lìgoc thc paragìmenhc
enèrgeiac apì to èrgo proc th dunhtik  enèrgeia pou ja eÐqe paraqjeÐ me suneq  leitourgÐa
tou sthn mègisth isqÔ tou[9]. Prìkeitai gia èna adiˆstato mègejoc, to opoÐo sumbolÐzetai
meCf kai sun jwc ekfrˆzetai se et sia klÐmaka . H exÐswsh tou eÐnai h2.1.

Cf =
E

8760� Pmax
(2.1)

'Opou E h pragmatik  paragìmenh enèrgeia mèsa se èna ètoc, 8760 eÐnai oi ¸rec pou
apartÐzoun èna ètoc, kai Pmax h mègisth isqÔc pou mporeÐ na apod¸sei to èrgo.

AxiopistÐa enìc energeiakoÔ èrgou ekfrˆzei th pijanìthta kˆluyhc thc energeiak c z -
thshc mèsa se mia sugkekrimènh qronik  bˆsh[11]. Gia parˆdeigma to epÐpedo axiopistÐac
se et sia bˆsh anafèretai sth pijanìthta kˆluyhc thc z thshc mèsa se èna èna ètoc , en¸
to epÐpedo axiopistÐac se mhniaÐa bˆsh anafèretai sth pijanìthta kˆluyhc thc z thshc
mèsa se ènan m na.

Anjektikìthta enìc sust matoc ekfrˆzei thn taqÔthta me thn opoÐa anakˆmptei to sÔ-
sthma metˆ apì mÐa astoqÐa, dhlad  thn qronik  perÐodo katˆ thn opoÐa den kalÔptetai
h z thsh [12]. 'Opwc kai sthn ènoia thc axiopistÐac, aut  h qronik  perÐodoc mporeÐ na
eÐnai èna ètoc, ènac m nac, mÐa mèra,   mÐa ¸ra. Pio sugkekrimèna, anjektikìthta orÐzetai
wc o lìgoc twn peript¸sewn katˆ tic opoÐec mia katˆstash qwrÐc astoqÐa akoloujeÐ mia
katˆstash astoqÐac, proc tic sunolikèc peript¸seic astoqÐac [12].
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2.4 Bibliografik  episkìphsh

PolloÐ 'Ellhnec epist monec èqoun asqolhjeÐ me th melèth thc qwrik c metablhtìthtac
thc hliak c aktinobolÐac sthn Ellˆda , metaxÔ twn opoÐwn oi TsalÐdhc kai Janahlˆkhc
[13]. To 1985, diereÔnhsan to hliakì klÐma se diˆforec perioqèc thc q¸rac me stìqo
thn eÔresh thc bèltisthc gwnÐac klÐshc gia thn topojèthsh fwtoboltaðk¸n pˆnel me
stajer  klÐsh kai prosanatolismì , lambˆnontac upìyin thn gewgrafik  jèsh ìpou ja
topojethjoÔn sth Ellˆda . Oi Mamˆshcet. al. (2012) [3]diex gagan mia melèth gia thn
epÐdrash thc topografÐac, ìpwc h klÐsh, o prosanatolismìc kai h skÐash, sthn prospÐp-
tousa hliak  aktinobolÐa kˆje perioq c . Sth melèth touc, eis gagan dÔo nèouc deÐktec
pou mporoÔn na qrhsimopoihjoÔn gia thn apotÐmhsh aut c thc epÐdrashc, en¸ parˆllhla
proèbhsan se ektÐmhsh twn deikt¸n aut¸n gia ìlh thn ellhnik  epikrˆteia .

'Opwc èqei  dh anaferjeÐ ston prìlogo, h qwrik  metablhtìthta thc hliak c aktinobolÐac
ofeÐletai se megˆlo bajmì stic klimatikèc sunj kec thc kˆje perioq c , th topografÐa
thc kai thn metadotikìthta thc atmìsfairac . Oi parapˆnw parˆgontec eÐnai kai autoÐ pou
epifèroun abebaiìthta sth paragwg  hlektrik c enèrgeiac apo fwtoboltaðkˆ pˆnel kaj¸c
metabˆllontai tìso qronikˆ ìso kai qwrikˆ . GÐnetai h upìjesh pwc o sqediasmìc apoken-
trwmènwn fwtoboltaðk¸n susthmˆtwn pou ekteÐnontai se ìlh th q¸ra, kai ìqi mìno se
sugkekrimèna shmeÐa thc, mporeÐ na apotelèsei lÔsh sto prìblhma thc abebaiìthtac sthn
paragwg . Diˆforoi epist monec èqoun tonÐsei thn axÐa twn apokentrwmènwn susth-
mˆtwn stic anane¸simec morfèc enèrgeiac, ìpwc o Sapan Thapar (2022) [14],o opoÐoc
sunèkrine èna apokentrwmèno sÔsthma fwtoboltaðk¸n pˆnel sthn IndÐa me èna sugken-
trwtikì , wc proc ton oikonomikì, ton koinwnikì allˆ kai ton teqnikì tomèa . Sqetikˆ
me ton oikonomikì tomèa, katèlhxe sto sumpèrasma pwc to energeiakì kìstoc kontˆ sto
shmeÐo katanˆlwshc eÐnai parìmoio gia tic dÔo egkatastˆseic, dhlad  4.05 INR/KWh gia
to sugkentrwtikì sÔsthma kai 4.07 INR/KWh gia to apokentrwmèno, ìpou INR eÐnai to
ejnikì nìmisma thc IndÐac. Sqetikˆ me ton koinwnikì tomèa, brèjhke ìti dhmiourgoÔntai
pollèc perissìterec jèseic ergasÐac sto apokentrwmèno sÔsthma kai ìti eÐnai arketˆ pio
eÔkolo na summetˆsqoun oi mikrìterec etairÐec sthn egkatˆstash fwtoboltaðk¸n pˆnel
se autì . Ston teqnikì tomèa, apodeÐqjhke ìti gÐnetai polÔ kalÔterh ekmetˆlleush thc
hliak c enèrgeiac me to apokentrwmèno sÔsthma kaj¸c ta pˆnel ekteÐnontai se mia polÔ
megalÔterh èktash thc IndÐac qrhsimopoi¸ntac to hliakì fwc pollèc perissìterec ¸rec .
EpÐshc, axioshmeÐwto eÐnai to gegonìc ìti me to apokentrwmèno sÔsthma eÐqan prìsbash
se hlektrik  enèrgeia arketoÐ perissìteroi ˆnjrwpoi se sÔgkrish me to sugkentrwtikì
sÔsthma. H melèth touSapan Thapar (2022)den eÐnai h mình pou èqei gÐnei sthn IndÐa kai
aforˆ ta apokentrwmèna sust mata anane¸simwn morf¸n enèrgeiac. Oi R.B Hiremath et.
al. (2009) [15],parousÐasan ta pleonekt mata kai ta jetikˆ stoiqeÐa twn apokentrwmènwn
susthmˆtwn stic anane¸simec morfèc enèrgeiac mèsw paradeigmˆtwn tètoiwn susthmˆtwn
se diˆforec perioqèc sthn IndÐa.

Ektìc thc AsÐac, sthn Amerik , oi S. P. Burger et. al. (2019) [16]anèlusan se poiec perip-
t¸seic ja prèpei na protim¸ntai ta apokentrwmèna energeiakˆ sust mata ènanti twn sug-
kentrwtik¸n megalÔterhc klÐmakac susthmˆtwn. Sugkekrimèna, upost rixan pwc prèpei
na antiparatejoÔn to auxhmèno monadiaÐo kìstoc pou èqoun ta apokentrwmèna sust mata
lìgw thc mikrìterhc klÐmakac touc, se sqèsh me autì twn sugkentrwtik¸n, lambˆnon-
tac, wstìso , tautìqrona upìyh kai th prostijèmenh topik  axÐa pou prosdÐdoun sth
perioq  ìpou ja topojethjoÔn . Anˆloga me to poio stoiqeÐo upertereÐ, mporeÐ kˆpoioc
na apofasÐsei an sumfèrei h epèndush se apokentrwmèna energeiakˆ sust mata. Sthn
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ElbetÐa, oi Jonas Schnidrig et. al. (2024) [17]asqol jhkan me to elbetikì energeiakì
sÔsthma, anazht¸ntac th bèltisth lÔsh sqetikˆ me thn egkatˆstash sugkentrwtik¸n  
apokentrwmènwn fwtoboltaðk¸n susthmˆtwn. Katèlhxan sto sumpèrasma pwc o sundu-
asmìc sugkentrwtik¸n kai apokentrwmènwn fwtoboltaðk¸n susthmˆtwn mazÐ apoteleÐ th
bèltisth lÔsh , kaj¸c en¸ ta sugkentrwtikˆ sust mata eÐnai aparaÐthta gia th diaqeÐrish
thc megˆlhc klÐmakac apoj keushc kai dianom c enèrgeiac, ta apokentrwmèna sust mata
sumbˆlloun sth paragwg  kai katanˆlwsh enèrgeiac se topikì epÐpedo kai sthn aÔxhsh
thc axiopistÐac kai thc anjektikìthtac tou diktÔou. Sthn IspanÐa, oi J. Ord�o~nez et. al.
(2010) [18]melèthsan èna jewrhtikˆ akatìrjwto apokentrwmèno sÔsthma fwtoboltaðk¸n
pˆnel sthn AndalousÐa, mia gewgrafik  perioq  thc IspanÐac me to uyhlìtero hliakì
dunamikì sthn Eur¸ph. H AndalousÐa dèqetai katˆ mèso ìro hliak  aktinobolÐa Ðsh me
4.75 KWh/m²/day kai to er¸thma pou exetˆsthke  tan an h perioq  ja mporoÔse na gÐnei
energeiakˆ autìnomh me thn egkatˆstash fwtoboltaðk¸n pˆnel stic stègec ìlwn twn spi-
ti¸n thc . SÔmfwna me thn anˆlush pou pragmatopoi jhke gia2 tÔpouc fwtoboltaðk¸n
palaiˆc teqnologÐac, ta IS-170kai IS-220thc ISOFOTON, ektim jhke ìti h egkatˆstash
fwtoboltaðk¸n pˆnel stic stègec twn spiti¸n thc AndalousÐac ja mporoÔse na kalÔyei
mèqri kai to 78.89%twn energeiak¸n anagk¸n twn katoÐkwn. EpÐshc, parousiˆsthke h
mhniaÐa paragwg  hlektrik c enèrgeiac gia kˆje pìlh thc AndalousÐac xeqwristˆ katˆ
to ètoc 2006, ìtan kai pragmatopoi jhke h anˆlush . Se ìlo ton kìsmo , dhmosieÔontai
oloèna kai perissìtera episthmonikˆ ˆrjra sqetikˆ me thn hliak  enèrgeia , gegonìc pou
anadeiknÔei th shmasÐa thc kai to auxanìmeno pagkìsmio endiafèron gia thn axiopoÐhs 
thc.
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Kefˆlaio 3

Sullog  , Anˆlush kai EpikÔrwsh

Dedomènwn AktinobolÐac kai

JermokrasÐac

3.1 Epilog  antiproswpeutik¸n topojesi¸n kai

l yh dedomènwn mèsw thc platfìrmac PVGIS

Epilèqjhkan 40 topojesÐec sthn Ellˆda me stìqo thn antiproswpeutik  kˆluyh olì -
klhrhc thc ellhnik c epikrˆteiac . Gia tic topojesÐec autèc ja sulleqjoÔn dedomèna ak-
tinobolÐac braqèwn kumˆtwn kai jermokrasÐac. Ston pÐnaka3.1 faÐnontai analutikˆ ta
gewgrafikˆ qarakthristikˆ thc kˆje topojesÐac , ìpwc to gewgrafikì plˆtoc , to gew-
grafikì m koc , h onomasÐa thc topojesÐac kai to gewgrafikì diamèrisma sto opoÐo an kei.
Akìmh, sthn eikìna 3.1 apeikonÐzontai oi40 topojesÐec ston qˆrth thc Ellˆdoc .

H sullog  dedomènwn hliak c aktinobolÐac kai jermokrasÐac pragmatopoi jhke mèsw thc
anoiqt c prìsbashc diadiktuak c efarmog c Photovoltaic Geographical Information Sys-
tem (PVGIS). Aut  h platfìrma diajètei bˆseic dedomènwn olik c hliak c aktinobolÐac ,
jermokrasÐac kai ˆllwn metewrologik¸n dedomènwn pou kalÔptoun sqedìn olìklhro ton
plan th . Epiplèon, parèqei thn dunatìthta l yhc aut¸n twn dedomènwn se mhniaÐo, hmer -
sio   akìma kai wriaÐo epÐpedo. O qr sthc mporeÐ epÐshc na upologÐsei th paragwg 
hlektrik c enèrgeiac se èna sugkekrimèno mèroc pou ton aforˆ, apì to fwtoboltaðkì
pˆnel pou ton aforˆ , me thn proôpìjesh ìti ja èqei eisˆgei pr¸ta ta qarakthristikˆ thc
teqnologÐac tou pˆnel sthn efarmog [19]. Sthn paroÔsa Diplwmatik  ergasÐa ja qrhsi-
mopoihjoÔn mìno ta prwtogen  dedomèna olik c hliak c aktinobolÐac kai jermokrasÐac
pou parèqontai apì thn platfìrma PVGIS.
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Eikìna 3.1: Ta 40 shmeÐa ston Qˆrth thc Ellˆdoc

H diadiktuak  efarmog  PVGIS èqei kentrÐsei to endiafèron poll¸n ereunht¸n. Oi
Thomas Huld et. al. (2012) [20],to 2012,katˆferan na belti¸soun thn upˆrqousa bˆsh
dedomènwn aktinobolÐac gia thn Eur¸ph kai thn Afrik  qrhsimopoi¸ntac doruforikˆ de-
domèna apì ton organismìClimate Monitoring Satellite Application Facility (CM-SAF),
dhlad  ton organismì ìpou asqoleÐtai me thn parakoloÔjhsh tou klÐmatoc thc Ghc mèsw
dorufìrwn . H epikÔrwsh twn dedomènwn olik c hliak c aktinobolÐac thc nèac bˆshc ègine
qrhsimopoi¸ntac timèc aktinobolÐac apì20 diaforetikoÔc stajmoÔc kai eÐqe exairetikˆ
ikanopoihtikˆ apotelèsmata. Ta mèsa sfˆlmata metaxÔ twn dedomènwn apì th nèa bˆsh
kai twn stajm¸n  tan perÐpou 2%, kˆti pou shmaÐnei pwc h nèa bˆsh dedomènwn eÐnai
uyhl c poiìthtac . Bèbaia, up rqe mia amfibolÐa gia tic polÔ oreinèc perioqèc gia tic
opoÐec den  tan bèbaio an h neìterh bˆsh dedomènwn  tan telikˆ pio akrib c se sqèsh me
thn palaiìterh . Shmei¸netai ìti ta dedomèna thc paroÔsac ergasÐac proèrqontai apì mia
akìma pio beltiwmènh bˆsh dedomènwn, th PVGIS-SARAH2, h opoÐa apoteleÐ sunèqeia
thc PVGIS-SARAH dhlad  thc bˆshc pou dhmioÔrghsan oiThomas Huld et. al. (2012)
[19]. O KampezÐdhc(2021) [4]melèthse kai sÔgkrine th prospÐptousa hliak  aktinobolÐa
se 43 antiproswpeutikèc topojesÐec sthn Ellˆda paÐrnontac dedomèna apì th diadiktu-
ak  efarmog  PVGIS. EpÐshc, sunèlexe dedomèna diˆquthc hliak c aktinobolÐac apì thn
efarmog  kai katˆfere na dhmiourg sei qˆrtec olik c kai diˆquthc hliak c aktinobolÐac
gia ìlh thn Ellˆda , ìpwc faÐnetai sthn eikìna2.1.
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PÐnakac 3.1: Ta 40 shmeÐa pou epilèqjhkan gia thn èreuna

TopojesÐa# Gewgrafikì plˆtoc Gewgrafikì m koc 'Onoma TopojesÐac Gewgrafikì Diamèrisma
1 39°35'06"N 20°55'56"E Iwˆnnina 'Hpeiroc
2 40°28'26"N 21°12'07"E Kastoriˆ MakedonÐa
3 37°29'28"N 22°24'32"E TrÐpolh Pelopìnnhsoc
4 36°41'30"N 24°28'31"E M loc N soi AigaÐou Pelˆgouc
5 39°37'57"N 19°47'47"E Kèrkura Eptˆnhsa
6 35°02'33"N 24°59'22"E Kr th Kr th
7 40°58'05"N 24°49'12"E Kabˆla MakedonÐa
8 39°33'23"N 22°31'40"E Lˆrisa JessalÐa
9 38°26'42"N 23°01'26"E Leibadiˆ Stereˆ Ellˆda
10 39°07'34"N 26°19'13"E Lèsboc N soi AigaÐou Pelˆgouc
11 38°36'34"N 21°20'24"E AgrÐnio Stereˆ Ellˆda
12 40°35'49"N 22°48'02"E JessalonÐkh MakedonÐa
13 36°49'24"N 22°41'47"E GÔjeio Pelopìnnhsoc
14 37°45'52"N 20°50'53"E Zˆkunjoc Eptˆnhsa
15 36°21'43"N 27°58'48"E Rìdoc N soi AigaÐou Pelˆgouc
16 38°57'38"N 24°29'41"E SkÔroc N soi AigaÐou Pelˆgouc
17 39°29'36"N 21°53'08"E TrÐkala JessalÐa
18 40°50'31"N 25°59'50"E 'Ebroc Jrˆkh
19 37°58'26"N 23°47'15"E Aj na Stereˆ Ellˆda
20 37°25'44"N 25°19'47"E MÔkonoc N soi AigaÐou Pelˆgouc
21 38°07'40"N 21°27'16"E Pˆtra Pelopìnnhsoc
22 40°58'22"N 23°37'29"E Sèrrec MakedonÐa
23 40°58'17"N 22°04'41"E AridaÐa MakedonÐa
24 38°51'44"N 22°31'16"E LamÐa Stereˆ Ellˆda
25 38°18'14"N 26°07'53"E QÐoc N soi AigaÐou Pelˆgouc
26 37°44'35"N 21°45'27"E OlumpÐa Pelopìnnhsoc
27 37°04'02"N 21°58'35"E Kalamˆta Pelopìnnhsoc
28 37°55'09"N 22°53'32"E Kìrinjoc Pelopìnnhsoc
29 40°19'56"N 21°58'12"E Kozˆnh MakedonÐa
30 38°10'11"N 22°17'05"E Diakoptì Pelopìnnhsoc
31 40°02'44"N 21°25'25"E Grebenˆ MakedonÐa
32 38°56'53"N 21°48'12"E Karpen si Stereˆ Ellˆda
33 40°03'51"N 23°22'09"E Qalkidik  MakedonÐa
34 41°28'06"N 24°14'06"E SÔnora BoulgarÐac MakedonÐa
35 41°30'14"N 26°30'48"E Orestiˆda Jrˆkh
36 39°05'31"N 20°59'42"E 'Arta 'Hpeiroc
37 36°21'47"N 25°46'09"E Anˆfh N soi AigaÐou Pelˆgouc
38 37°18'36"N 26°32'53"E Pˆtmoc N soi AigaÐou Pelˆgouc
39 39°54'57"N 25°10'38"E L mnoc N soi AigaÐou Pelˆgouc
40 38°33'09"N 23°45'03"E EÔboia Stereˆ Ellˆda

Ta dedomèna sullèqjhkan gia tic40 antiproswpeutikèc topojesÐec se wriaÐa klÐmaka, gia
ta èth 2005-2020.AxÐzei na shmeiwjeÐ pwc ta wriaÐa prwtogen  dedomèna  tan katage-
grammèna sÔmfwna me thn pagkìsmia z¸nh ¸rac(UTC), h opoÐa eÐnai2 ¸rec pÐsw apì
thn ¸ra Ellˆdoc . Sunep¸c, gia na gÐnei h epikÔrwsh argìtera, èprepe na metatrapoÔn
se topik  ¸ra . EpÐshc, ta dedomèna prospÐptousac hliak c aktinobolÐac, dìjhkan se
monˆdec mètrhshcW/ m2 kai aforoÔsan epifˆneiec me mhdenik  klÐsh kai azimoÔjio, en¸
ta dedomèna jermokrasÐac dìjhkan se monˆdec KelsÐou(°C).

3.2 Qwrik  anˆlush dedomènwn aktinobolÐac

Mia krÐsimh diadikasÐa gia thn axiopistÐa thc paroÔsac ergasÐac  tan h anˆlush kai h
epikÔrwsh twn dedomènwn apì thn platfìrmaPVGIS. Arqikˆ , ta dedomèna qwrÐsthkan
se dÔo kathgorÐec: dedomèna aktinobolÐac kai dedomèna jermokrasÐac gia kˆje shmeÐo
xeqwristˆ . Pr¸ta , ja pragmatopoihjeÐ h qwrik  anˆlush kai Ôstera h epikÔrwsh twn
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dedomènwn aktinobolÐac. UpologÐsthkan oi et siec kai mhniaÐec mèsec timèc thc prospÐp-
tousac hliak c aktinobolÐac, ìlwn twn shmeÐwn, kaj¸c kai h tupik  apìklish kˆje qrono-
seirˆc , ìpwc faÐnetai ston pÐnaka3.2. Ta dedomèna autˆ aforoÔn ta èth2005-2020,kai
parathr jhke ìti katˆ mèso ìro th perissìterh hliak  aktinobolÐa ethsÐwc th dèqetai to
shmeÐo6 sth Kr th . Akìmh, ston pÐnaka3.3 parathreÐtai h mèsh et sia prospÐptousa
hliak  aktinobolÐa kˆje gewgrafikoÔ diamerÐsmatoc thc q¸rac. Ston pÐnaka autìn faÐne-
tai ìti ta bìreia gewgrafikˆ diamerÐsmata (MakedonÐa, Jrˆkh , 'Hpeiroc) dèqontai aisjhtˆ
ligìterh hliak  aktinobolÐa se sÔgkrish me ta nìtia (Pelopìnnhsoc, N soi AigaÐou Pelˆ-
gouc, Kr th ).

PÐnakac 3.2: Mèsh tim  prospÐptousac aktinobolÐac, se W/m 2, ethsÐwc kai gia kˆje
m na, kˆje shmeÐou, kaj¸c kai h tupik  apìklish kˆje qronoseirˆc aktinobolÐac

TopojesÐa Ian Feb Mˆr Apr Mˆi IoÔn IoÔl AÔg Sep Okt Noè Dek EthsÐwc Tupik  apìklish
1 82.79 107.33 155.64 207.49 240.36 280.82 298.18 266.89 201.11 145.35 97.50 76.06 180.33 269.07
2 77.46 104.63 157.06 211.71 249.33 285.89 301.73 270.18 198.15 135.60 90.51 70.94 179.81 269.47
3 92.80 120.51 177.33 235.62 269.57 303.98 313.56 285.97 219.58 156.14 111.79 86.51 198.15 288.61
4 95.20 126.91 188.89 253.24 291.36 331.68 335.20 302.36 239.64 166.32 113.35 85.78 211.21 298.55
5 83.40 111.48 169.46 231.43 282.24 320.18 329.62 290.90 217.64 148.52 96.89 75.88 196.89 286.26
6 107.88 136.12 200.43 258.49 295.56 333.26 339.02 306.85 244.29 179.06 128.36 100.05 219.50 305.75
7 79.12 110.96 162.74 225.13 267.84 295.83 309.74 279.95 208.90 139.70 92.26 72.04 187.39 276.16
8 85.81 115.22 168.55 226.64 264.00 294.66 310.73 281.04 207.27 138.96 94.07 75.25 188.88 277.35
9 80.57 109.71 162.35 225.85 263.05 298.51 312.94 282.38 204.21 132.74 93.05 73.21 186.92 278.56
10 78.20 104.60 161.79 227.50 271.81 312.91 329.91 297.26 223.94 150.15 100.14 73.14 194.72 283.33
11 90.22 117.71 171.39 231.78 272.61 312.71 324.78 292.62 218.64 153.42 107.37 83.13 198.42 286.98
12 81.96 108.81 160.31 221.17 263.89 301.20 312.83 277.80 204.58 136.29 88.20 71.52 186.10 276.44
13 100.76 133.14 189.83 248.07 284.57 326.04 332.43 299.75 235.84 163.55 116.70 93.03 210.66 298.98
14 88.51 120.37 175.39 241.89 284.66 320.46 329.50 293.16 218.03 151.22 105.16 81.65 201.22 287.93
15 97.55 128.64 189.73 255.29 293.35 336.07 342.28 307.80 250.23 176.40 123.40 94.67 216.68 304.48
16 74.98 107.74 168.89 235.07 284.11 320.14 328.73 293.13 219.05 143.58 94.24 68.47 195.26 287.12
17 84.37 112.03 165.91 224.02 262.64 297.43 312.33 280.72 206.63 136.44 92.96 74.92 187.91 279.50
18 76.55 108.63 158.13 221.91 271.10 299.97 315.84 285.67 211.62 138.91 89.72 67.59 187.53 277.31
19 92.96 122.08 180.72 241.96 277.40 314.21 324.02 294.92 220.54 153.78 104.78 83.99 201.33 288.74
20 92.51 125.67 188.77 249.64 291.80 330.93 334.25 299.68 239.05 167.14 115.86 86.47 210.53 297.03
21 94.55 125.20 182.77 243.80 285.77 326.05 334.54 298.82 227.82 157.85 111.10 87.35 206.68 294.89
22 80.49 111.81 161.37 219.27 259.42 290.56 304.78 274.79 204.28 139.95 91.61 72.32 184.58 273.39
23 81.06 107.71 154.53 211.24 252.28 289.38 305.70 270.82 198.50 134.51 88.67 71.89 180.90 270.97
24 87.97 115.39 169.21 228.33 267.10 303.04 319.45 288.27 210.41 137.88 96.58 78.16 192.20 284.66
25 87.04 119.13 179.54 245.82 292.59 332.24 342.03 306.05 240.83 165.38 110.92 80.74 208.94 298.69
26 91.33 117.76 171.49 228.24 267.95 311.78 325.46 290.22 222.72 155.07 109.26 85.65 198.47 287.02
27 95.82 124.72 183.30 240.11 277.82 316.64 327.14 290.63 222.85 158.84 112.37 88.93 203.65 291.09
28 96.44 125.53 181.77 243.63 281.70 316.82 327.99 297.08 224.98 155.03 110.44 85.28 204.27 294.22
29 81.67 112.51 160.75 216.62 252.50 286.84 301.82 276.68 201.82 139.08 93.02 72.64 183.35 274.10
30 89.65 116.44 174.41 236.81 274.02 312.53 325.00 293.65 220.52 148.75 105.75 80.56 198.57 289.52
31 76.99 100.68 152.74 208.39 245.73 279.06 294.31 265.53 191.50 128.40 87.74 70.51 175.52 269.43
32 76.69 98.14 149.15 205.03 241.02 280.07 298.73 271.38 195.37 132.26 91.78 71.20 176.31 268.52
33 80.77 109.43 165.07 228.53 275.48 307.86 315.22 281.58 204.17 136.86 89.38 70.56 189.14 278.53
34 78.54 106.46 146.64 197.31 228.43 262.87 281.16 255.65 191.05 133.42 89.01 69.02 170.28 260.48
35 68.15 98.39 153.55 217.10 261.11 286.10 305.78 275.58 203.76 131.37 83.27 61.15 179.18 269.95
36 87.95 118.12 172.28 233.19 274.16 314.84 324.02 289.76 219.25 152.92 102.70 79.25 197.75 286.85
37 97.28 128.23 191.28 253.95 294.25 336.32 338.44 302.94 245.09 172.27 120.23 90.01 214.57 302.27
38 95.37 128.16 189.65 252.39 296.03 334.51 338.60 303.57 244.63 172.21 117.77 87.34 213.73 301.17
39 76.89 111.66 168.28 236.77 287.88 314.64 326.50 294.47 218.87 147.42 99.55 70.60 196.53 286.32
40 79.35 110.24 170.98 234.01 271.79 311.98 327.25 294.49 216.59 146.59 99.59 75.00 195.24 286.31

PÐnakac 3.3: Mèsh et sia prospÐptousa hliak  aktinobolÐa (W/m 2) kˆje gewgrafikoÔ
diamerÐsmatoc thc q¸rac

Gewgrafikì diamèrisma Mèsh et sia hliak  aktinobolÐa(W/m 2)
MakedonÐa 181.90

Jrˆkh 183.35
'Hpeiroc 189.04
JessalÐa 188.40

Stereˆ Ellˆda 191.74
Eptˆnhsa 199.05

Pelopìnnhsoc 202.92
N soi AigaÐou Pelˆgouc 206.91

Kr th 219.50
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EpÐshc, upologÐsthkan kai oi mèsec timèc exwg inhc hliak c aktinobolÐac se et sia kai mh-
niaÐa bˆsh. Exwg inh hliak  aktinobolÐa eÐnai h aktinobolÐa pou ftˆnei sthn atmìsfaira,
prin prolˆbei akìma na diaskorpisjeÐ, anaklasteÐ   aporrofhjeÐ apì aut  ìpwc anafère-
tai sto upokefˆlaio 2.1. Ta astronomikˆ megèjh pou apaitoÔntai gia thn ektÐmhsh thc,
kaj¸c kai h exÐswsh upologismoÔ thc dÐnontai sthn eikìna3.2 [21]. Me bˆsh autˆ ta
megèjh brèjhke h exwg inh aktinobolÐa se kˆje shmeÐo, anˆ hmèra, gia èna tupikì ètoc
diˆrkeiac 365 hmer¸n, kai proèkuyan h et sia kai oi mhniaÐec mèsec timèc thc. Ston pÐ-
naka3.4 parousiˆzontai ta apotelèsmata autˆ , mazÐ me èna posostì to opoÐo deÐqnei poia
eÐnai h meÐwsh tou mèsou ìrou thc hliak c aktinobolÐac ethsÐwc, lìgw thc atmìsfairac .
SÔmfwna me ton pÐnaka, katˆ mèso ìro th perissìterh exwg inh hliak  aktinobolÐa thn
dèqetai to shmeÐo6 sthn Kr th , en¸ h megalÔterh meÐwsh sumbaÐnei sto shmeÐo34 sta
sÔnora BoulgarÐac.

Eikìna 3.2: Astronomikˆ megèjh pou apaitoÔntai gia thn ektÐmhsh thc exwg inhc hliak c
aktinobolÐac kaj¸c kai h exÐswsh thc[21].
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PÐnakac 3.4: Mèsh tim  exwg inhc hliak c aktinobolÐac , se W/m 2, ethsÐwc kai gia kˆje
m na, kaj¸c kai to posostì meÐwshc thc hliak c aktinobolÐac lìgw thc atmìsfairac

TopojesÐa Ian Feb Mˆr Apr Mˆi IoÔn IoÔl AÔg Sep Okt Noè Dek EthsÐwc Posostì meÐwshc
1 178.61 235.57 317.33 400.20 458.34 482.33 470.55 423.73 349.28 263.76 193.91 162.42 328.45 45.10%
2 172.28 229.66 312.59 397.39 457.48 482.51 470.31 421.82 345.36 258.29 187.71 156.05 324.75 44.63%
3 193.49 249.35 328.18 406.45 460.04 481.61 470.82 427.87 358.20 276.42 208.42 177.42 336.94 41.19%
4 199.15 254.54 332.22 408.71 460.56 481.22 470.80 429.32 361.48 281.17 213.93 183.15 340.09 37.90%
5 178.28 235.26 317.07 400.05 458.30 482.34 470.54 423.63 349.07 263.47 193.58 162.08 328.25 40.02%
6 210.78 265.12 340.33 413.12 461.40 480.21 470.54 432.08 368.03 290.80 225.22 194.93 346.43 36.64%
7 168.76 226.35 309.92 395.79 456.96 482.57 470.13 420.72 343.14 255.22 184.26 152.51 322.66 41.92%
8 178.82 235.76 317.48 400.29 458.37 482.32 470.56 423.79 349.41 263.93 194.11 162.62 328.57 42.51%
9 186.72 243.10 323.29 403.67 459.32 481.99 470.75 426.05 354.19 270.69 201.83 170.59 333.12 43.89%
10 181.88 238.61 319.74 401.61 458.75 482.21 470.65 424.68 351.28 266.56 197.10 165.71 330.34 41.05%
11 185.55 242.02 322.44 403.17 459.19 482.05 470.73 425.72 353.49 269.70 200.69 169.41 332.45 40.31%
12 171.41 228.83 311.93 396.99 457.35 482.52 470.27 421.55 344.81 257.53 186.85 155.17 324.23 42.60%
13 198.22 253.69 331.56 408.34 460.48 481.29 470.80 429.09 360.94 280.39 213.02 182.20 339.58 37.96%
14 191.55 247.56 326.79 405.67 459.84 481.73 470.81 427.36 357.06 274.78 206.54 175.46 335.85 40.09%
15 201.48 256.67 333.86 409.62 460.75 481.04 470.77 429.90 362.81 283.11 216.19 185.51 341.38 36.53%
16 183.06 239.71 320.61 402.11 458.90 482.16 470.68 425.02 351.99 267.57 198.25 166.89 331.02 41.01%
17 179.27 236.18 317.81 400.48 458.43 482.31 470.57 423.92 349.68 264.32 194.55 163.07 328.83 42.85%
18 169.66 227.19 310.61 396.20 457.10 482.56 470.18 421.00 343.71 256.01 185.14 153.41 323.20 41.98%
19 190.07 246.19 325.72 405.06 459.69 481.82 470.80 426.96 356.18 273.53 205.09 173.96 335.01 39.90%
20 193.93 249.75 328.50 406.63 460.08 481.59 470.82 427.99 358.46 276.79 208.85 177.87 337.19 37.56%
21 188.97 245.19 324.93 404.60 459.57 481.88 470.78 426.66 355.54 272.60 204.02 172.86 334.40 38.19%
22 168.73 226.32 309.90 395.77 456.96 482.57 470.13 420.71 343.12 255.19 184.23 152.48 322.64 42.79%
23 168.74 226.32 309.91 395.78 456.96 482.57 470.13 420.71 343.12 255.20 184.24 152.49 322.65 43.93%
24 183.76 240.36 321.12 402.41 458.98 482.13 470.69 425.21 352.41 268.17 198.93 167.60 331.42 42.01%
25 187.72 244.03 324.02 404.08 459.44 481.94 470.77 426.32 354.79 271.54 202.80 171.60 333.69 37.38%
26 191.70 247.70 326.90 405.73 459.86 481.72 470.81 427.40 357.15 274.91 206.68 175.62 335.94 40.92%
27 196.49 252.10 330.33 407.66 460.32 481.41 470.81 428.65 359.95 278.94 211.35 180.46 338.62 39.86%
28 190.45 246.55 326.00 405.22 459.73 481.80 470.80 427.07 356.41 273.86 205.47 174.35 335.23 39.07%
29 173.29 230.60 313.35 397.84 457.62 482.48 470.35 422.13 345.99 259.16 188.70 157.06 325.34 43.64%
30 188.68 244.91 324.71 404.48 459.54 481.89 470.78 426.58 355.36 272.35 203.73 172.56 334.23 40.59%
31 175.33 232.51 314.88 398.75 457.91 482.43 470.43 422.75 347.26 260.93 190.70 159.12 326.54 46.25%
32 183.15 239.79 320.67 402.15 458.91 482.16 470.68 425.04 352.04 267.64 198.34 166.98 331.07 46.75%
33 175.20 232.39 314.78 398.69 457.89 482.43 470.43 422.71 347.18 260.82 190.57 158.98 326.46 42.06%
34 165.19 222.99 307.20 394.14 456.41 482.61 469.94 419.58 340.87 252.11 180.76 148.93 320.54 46.88%
35 164.94 222.75 307.01 394.02 456.37 482.61 469.92 419.50 340.71 251.88 180.51 148.68 320.38 44.07%
36 182.12 238.84 319.92 401.71 458.78 482.20 470.66 424.75 351.42 266.77 197.34 165.95 330.48 40.16%
37 201.47 256.66 333.86 409.61 460.75 481.04 470.77 429.90 362.81 283.10 216.19 185.50 341.37 37.14%
38 194.77 250.53 329.10 406.97 460.16 481.53 470.82 428.21 358.95 277.50 209.67 178.72 337.66 36.70%
39 176.26 233.38 315.57 399.16 458.03 482.40 470.47 423.03 347.83 261.73 191.60 160.05 327.08 39.91%
40 185.96 242.40 322.73 403.34 459.24 482.03 470.74 425.83 353.74 270.04 201.08 169.82 332.68 41.31%

3.3 EpikÔrwsh dedomènwn aktinobolÐac

Gia th diadikasÐa epikÔrwshc twn dedomènwn aktinobolÐac, sullèqjhkan dedomèna apì treic
epÐgeiouc stajmoÔc sthn Ellˆda mèsw thc diadiktuak c istoselÐdacopenmeteo.org.H is-
toselÐda aut  diajètei dwreˆn metewrologikˆ dedomèna apì katagrafèc epÐgeiwn stajm¸n
pou brÐskontai kurÐwc sthn Ellˆda. Stìqoc  tan na sugkrijoÔn ta dedomèna apì autoÔc
touc stajmoÔc me ta antÐstoiqa apì thn efarmog PVGIS. Oi stajmoÐ pou epilèqjhkan gia
thn epikÔrwsh  tan o stajmìc sth Zwgrˆfou , pou brÐsketai mèsa sto q¸ro tou EjnikoÔ
Metsìbiou PoluteqneÐou, o stajmìc sth Kìnitsa thc HpeÐrou kai o stajmìc stouc Kw-
stˆkiouc 'Artac , ston q¸ro tou PanepisthmÐou IwannÐnwn. Shmantikì eÐnai na shmeiwjeÐ
pwc h topojesÐa tou shmeÐou19 (Aj na ) tautÐzetai me aut  tou stajmoÔ sth Zwgrˆfou,
sunep¸c den qreiˆsthke na gÐnei nèa sullog  dedomènwn gia to sugkekrimèno shmeÐo apì
thn efarmog  PVGIS. Ston pÐnaka3.5 faÐnontai ta gewgrafikˆ qarakthristikˆ twn sta-
jm¸n , ìpwc eÐnai to gewgrafikì plˆtoc , to gewgrafikì m koc kai h onomasÐa tou kˆje
stajmoÔ, en¸ sthn eikìna 3.3 apeikonÐzontai oi stajmoÐ ston qˆrth thc Ellˆdoc.

PÐnakac 3.5: Oi 3 stajmoÐ pou epilèghsan gia thn epikÔrwsh

Stajmìc Gewgrafikì plˆtoc Gewgrafikì m koc
Zwgrˆfou 37� 5802600N 23� 4701500E
Kìnitsa 40� 0202600N 20� 4402900E

KwstakioÐ 'Artac 39� 0701900N 20� 5605000E
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Eikìna 3.3: Oi 3 stajmoÐ ston Qˆrth thc Ellˆdoc

Ta dedomèna apì touc stajmoÔc  tan se klÐmaka dekalèptwn, epomènwc gia na gÐnei
h sÔgkrish èprepe pr¸ta na metatrapoÔn se wraÐa klÐmaka. Autì epiteÔqjhke mèsw
tou Udrogn¸mona, enìc eleÔjerou logismikoÔ pou qrhsimopoieÐtai gia thn epexergasÐa
udrologik¸n qronoseir¸n [22]. Sugkekrimèna, gia kˆje ¸ra , se kˆje qronoseirˆ , upologÐ-
sthke h mèsh tim  aktinobolÐac twn antÐstoiqwn dekalèptwn, ìpou up rqan dedomèna.

AkoloÔjhse h sullog  dedomènwn apì thn efarmog  PVGIS gia touc dÔo enapomeÐnantec
stajmoÔc, dhlad  ton stajmì sth Kìnitsa thc HpeÐrou kai autìn stouc Kwstˆkiouc
'Artac . AporrÐfjhkan ta profan  sfˆlmata sta dedomèna apì tic dÔo platfìrmec , ìpwc
timèc aktinobolÐac pou uperèbainan ta1367 W/m2, dhlad  thn mèsh aktinobolÐa pou ftˆnei
sthn atmìsfaira thc Ghc ìtan o  lioc brÐsketai sth mèsh apìstash apì ton plan th
mac[2]. EpÐshc, aporrÐfjhkan oi arnhtikèc timèc aktinobolÐac, kaj¸c kai ìsec den  tan
mhdenikèc katˆ th diˆrkeia thc nÔqtac. Shmei¸netai ìti tètoiou eÐdouc sfˆlmata up rqan
mìno stic qronoseirèc pou proèrqontan apì touc epÐgeiouc stajmoÔc, ìmwc, gia kalÔterh
sÔgkrish, aporrÐfjhkan kai oi timèc apì thn efarmog  PVGIS pou eÐqan katagrafeÐ stic
¸rec twn sfalmˆtwn . 'Epeita, gia kˆje stajmì xeqwristˆ , ègine apeujeÐac sÔgkrish twn
dedomènwn apì tic dÔo platfìrmec kai aporrÐfjhkan oi ¸rec, kai fusikˆ oi timèc touc,
ìpou up rqe diaforˆ sthn aktinobolÐa megalÔterh twn 500 W/m2. H epexergasÐa aut 
ègine mèsw tou logismikoÔMicrosoft Excel. Sth sunèqeia, se kˆje stajmì , ektim jhkan
oi mèsec timèc kai oi tupikèc apoklÐseic gia tic duo qronoseirèc. Oi timèc autèc faÐnontai
ston pÐnaka3.6.
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PÐnakac 3.6: SÔgkrish dedomènwn aktinobolÐac(W/m 2) apì epÐgeiouc stajmoÔc kai
PVGIS

Stajmìc Zwgrˆfou Stajmìc Kìnitsa Stajmìc KwstakioÐ 'Artac

EpÐgeioc stajmìc PVGIS EpÐgeioc stajmìc PVGIS EpÐgeioc stajmìc PVGIS

Mèsh tim  197.74 204.21 160.47 172.42 185.83 200.87
Tupik  apìklish 280.62 291.81 245.65 265.00 267.70 288.73

'Epeita, ta dedomèna qwrÐsthkan anˆ m na qrhsimopoi¸ntac th gl¸ssa programmatismoÔ
R. Stìqoc  tan na dhmiourghjoÔn kampÔlec diˆrkeiac gia kˆje bˆsh dedomènwn anˆ m na,
oi opoÐec an antiparablhjoÔn sto Ðdio diˆgramma tou m na ja faneÐ an telikˆ ta de-
domèna akoloujoÔn thn Ðdia sumperiforˆ se ìrouc statistik c. Analutikìtera , gia na
dhmiourghjoÔn oi kampÔlec diˆrkeiac èprepe pr¸ta na taxinomhjoÔn ta dedomèna akti-
nobolÐac tou kˆje m na se fjÐnousa seirˆ kai Ôstera na kataskeuasteÐ h empeirik  kam-
pÔlh pijanìthtac upèrbashc, thc opoÐac h exÐswsh eÐnai h3.1 [23].

P =
m

N + 1
(3.1)

'Opou P eÐnai h pijanìthta upèrbashc, m eÐnai h jèsh thc tim c thc aktinobolÐac sth
fjÐnousa seirˆ kai N eÐnai to pl joc twn dedomènwn ston kˆje m na. Me autìn ton trìpo ,
dhmiourg jhkan oi kampÔlec diˆrkeiac gia kˆje m na, platfìrma kai stajmì , basizìmenec
sta dedomèna aktinobolÐac kai tic antÐstoiqec pijanìthtec upèrbashc. Stic eikìnec 3.4
kai 3.5apeikonÐzontai oi kampÔlec diˆrkeiac pou proèkuyan apì dedomèna twn istoselÐdwn
PVGIS kai openmeteo,kai gia touc 3 stajmoÔc, gia ènan antiproswpeutikì m na tou
kalokairioÔ, ton IoÔnio, kai ènan antiproswpeutikì m na tou qeim¸na, ton Ianouˆrio ,
antÐstoiqa.
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