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PerÐlhyh

Se aut  thn ergasÐa ulopoi jhke mia mèjodoc gia thn eÔresh tou bèltistou sqediasmoÔ Fwto-

boltaðk¸n (F/B) p�rkwn meg�lhc klÐmakac pou diasundèontai me to hlektrikì dÐktuo. H bel-

tistopoÐhsh gÐnetai me stìqo na elaqistopoihjeÐ to oikonomikì kìstoc an� mon�da paragìmenhc

enèrgeiac. To montèlo tou F/B sust matoc pou qrhsimopoi jhke prosomoi¸nei th leitourgÐa

gia èna ètoc enìc sugkekrimènou trìpou topojèthshc twn fwtoboltaðk¸n stoiqeÐwn kai upolo-

gÐzei ton oikonomikì suntelest  (oikonomikì kìstoc an� mon�da paragìmenhc enèrgeiac) gia thn

perÐodo tou ètouc gia ton sugkekrimèno trìpo topojèthshc. H prosomoÐwsh gÐnetai me pragma-

tikèc metr seic an� leptì apì thn perioq  twn QanÐwn. Tupik�, stic melètec gia thn kataskeu 

F/B susthm�twn, qrhsimopoioÔntai mèsec wriaÐec timèc aktinobolÐac kai jermokrasÐac gia thn

prìbleyh thc paragìmenhc enèrgeiac tou sust matoc. 'Omwc, gia na mporoÔme na ektim soume

akribèstera thn paragìmenh enèrgeia, apaiteÐtai megalÔterh akrÐbeia sthn prosomoÐwsh, gi autì

kai sthn paroÔsa ergasÐa qrhsimopoioÔme mèsec timèc an� leptì me qronikì b ma prosomoÐwshc

to 1 leptì. 'Omwc, gia thn prosomoÐwsh me dedomèna an� leptì apaiteÐtai polÔ perissìteroc

qrìnoc gia touc upologismoÔc tou majhmatikoÔ montèlou, kai se sumbatikì upologist  den eÐnai

efiktì na ulopoihjeÐ kai na ektelesteÐ h diadikasÐa beltistopoÐhshc. Gi autì, eÐnai aparaÐthth h

qr sh enìc sust matoc par�llhlhc epexergasÐac.

Gia thn eÔresh thc bèltisthc lÔshc qrhsimopoioÔntai exeliktikoÐ algìrijmoi, diìti o q¸roc lÔ-

sewn tou probl matoc autoÔ eÐnai meg�loc kai anomoiìmorfoc kai me sumbatikèc mejìdouc ana-

z thshc den eÐnai efikt  h beltistopoÐhsh tou F/B sust matoc.

Se aut  thn ergasÐa ulopoi jhkan katanemhmènoi GenetikoÐ Algìrijmoi gia thn eÔresh thc bèl-

tisthc lÔshc. Gia thn ektèlesh qrhsimopoi jhke o upologist c plègmatoc tou PoluteqneÐou

Kr thc kai gia thn diadiergasiak  epikoinwnÐa metaxÔ twn upologistik¸n mon�dwn qrhsimopoi -

jhke h biblioj kh OpenMpi.

Lèxeic Kleidi�: photovoltaic systems, grid computing, parallel genetic algorithms, renewable

energy sources, solar energy, large PV-plant optimisation
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Kef�laio 1

Fwtoboltaðk� Sust mata

Sundedemèna sto Hlektrikì DÐktuo

1.1 GiatÐ na ekmetaleutoÔme thn hliak  aktinobolÐa

Me thn p�rodo twn qrìnwn oi teqnologikèc anakalÔyeic kai h aÔxhsh tou plhjusmoÔ sth Gh

èqoun odhg sei se mÐa uyhl  z thsh gia hlektrik  enèrgeia an� ton kìsmo. Se sunduasmì me thn

suneq  aÔxhsh thc tim c tou petrelaÐou all� kai thn mìlunsh tou perib�llontoc pou prokaleÐtai

apì thn kaÔsh udrogonanjr�kwn, h an�gkh gia enallaktikèc phgèc enèrgeiac, oikonomikèc kai

filikèc proc to perib�llon eÐnai epitaktik . Gi� autì to lìgo, èqei anaptuqjeÐ kai qrhsimopoieÐtai

eurèwc an� ton kìsmo h paragwg  hlektrik c enèrgeiac apì ton  lio. Meg�la fwtoboltaðk�

p�rka par�goun hlektrik  enèrgeia kai thn prowjoÔn sto hlektrikì dÐktuo. Sthn Ell�da, h

egkat�stash fwtoboltaðk¸n p�rkwn èqei auxhjeÐ ta teleutaÐa qrìnia, kai up�rqoun prooptikèc

gia akìmh megalÔterh ekmet�lleush thc, uyhl c se èntash sth q¸ra mac, hliak c aktinobolÐac.

1.2 Fwtoboltaðk� sust mata meg�lhc klÐmakac

Ta fwtoboltaðk� sust mata meg�lhc klÐmakac sundedemèna me to hlektrikì dÐktuo, dÐnoun isqÔ

pou kumaÐnetai apì ekatont�dec kW èwc poll� MW (pq. 10MW   perissìtera). H posìthta

thc paragìmenhc enèrgeiac exart�tai tìso apì tic metewrologikèc sunj kec, ìso kai apì ton

stigmiaÐo fìrto tou hlektrikoÔ diktÔou. Gi' autì, suqn� up�rqei perÐssia enèrgeiac (to sÔsthma

par�gei perissìtero ap' ìti zht� to dÐktuo) h opoÐa aporrÐptetai (energy rejections). EpÐshc,

e�n sundèoume sto hlektrikì dÐktuo meg�lo arijmì apì F/B sust mata meg�lhc klÐmakac, aut�

mporeÐ na prokalèsoun diakum�nseic sthn t�sh tou duktÐou.

Sto pareljìn, ta fwtoboltaðk� sust mata sun jwc  tan mikr� se èktash kai isqÔ aiqm c (<

1MW ), all� ta teleutaÐa qrìnia, ta meg�lhc klÐmakac F/B sust mata gÐnontai elkustik� gia

touc ependutèc lìgw thc ragdaÐac meÐwshc sto kìstoc twn teqnologik¸n exarthm�twn gia thn

paragwg  hliak c enèrgeiac, all� kai lìgw tou auxanìmenou kìstouc twn orukt¸n kausÐmwn.
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1.3 Perigraf  fwtoboltaðk¸n susthm�twn

1.3.1 Genik�

'Ena fwtoboltaðkì sÔsthma diasundedemèno me to hlektrikì dÐktuo, apoteleÐtai apì di�fora su-

statik� stoiqeÐa kai uposust mata.

Fwtoboltaðk� PlaÐsia (PV-Module): EÐnai to basikì domikì stoiqeÐo enìc F/B sust -

matoc. K�je plaÐsio apoteleÐtai apì poll� F/B stoiqeÐa (Solar cell) kai par�gei mia sug-

kekrimènh tim  t�shc. K�je F/B plaÐsio qarakthrÐzetai apì thn t�sh pou par�gei k�tw

apì sugkekrimènec sunj kec leitourgÐac, kai ton suntelest  apìdoshc, o opoÐoc eÐnai o

lìgoc thc paragìmenhc enèrgeiac proc thn sunolik  (hliak ) enèrgeia pou prospÐptei sto

stoiqeÐo.

Fwtoboltaðk  SustoiqÐa (PV-Array): Mia fwtoboltaðk  sustoiqÐa apoteleÐtai apì pol-

l� F/B plaÐsia. Sun jwc apoteleÐtai apì pollèc par�llhla sundedemènec seirèc F/B

plaisÐwn.

MetatropeÐc IsqÔoc DC/AC(Solar Inverters): O metatropèac isqÔoc DC/AC eÐnai a-

paraÐthtoc sta F/B sust mata kai h leitourgÐa tou eÐnai na metatrèyei thn suneq  t�sh

pou par�gei mia F/B sustoiqÐa se enallassìmenh, ¸ste na prowj sei thn paragìmenh

hlektrik  enèrgeia sto hlektrikì dÐktuo.

To di�gramma enìc fwtoboltaðkoÔ sust matoc diasundedemènou me to hlektrikì dÐktuo pa-

rousi�zetai sto Sq ma 1.1. 'Ena tètoio sÔsthma apoteleÐtai apì fwtoboltaðkèc sustoiqÐec (PV-

arrays) kai k�je sustoiqÐa sundèetai se ènan metatropèa DC/AC o opoÐoc metatrèpei th suneq 

t�sh se enallassìmenh. H prosj kh metatropèa DC/AC eÐnai aparaÐthth, miac kai to sÔsthma

par�gei suneq  t�sh, en¸ to hlektrikì dÐktuo leitourgeÐ me enallassìmenh t�sh. K�je F/B

sustoiqÐa apoteleÐtai apì Np seirèc sundedemènec par�llhla kai k�je seir� apoteleÐtai apì Ns

F/B plaÐsia sundedemèna se seir�. H paragìmenh hlektrik  enèrgeia exart�tai tìso apì tic

metewrologikèc sunj kec thc perioq c pou eÐnai egkatesthmèno to F/B sÔsthma, ìso kai apì

thn apodotikìthta twn F/B plaisÐwn kai twn metatropèwn DC/AC. EpÐshc, polÔ shmantikì

rìlo paÐzei kai h gwnÐa klÐshc pou ja egkatastajoÔn oi sustoiqÐec (gia F/B sust mata qwrÐc

sun-trackers).

1.3.2 F/B PlaÐsia (PV-Modules)

Ta fwtoboltaðk� plaÐsia eÐnai to basikìtero domikì stoiqeÐo metatrop c thc prospÐptousac

hliak c aktinobolÐac se hlektrik . 'Ena F/B plaÐsio apoteleÐtai apì hmiagwgik�, fwtoboltaðk�

stoiqeÐa, ta opoÐa ìtan prospÐptei h hliak  aktinobolÐa, anaptÔssoun t�sh sta �kra touc. To

mègejoc thc t�shc kai tou reÔmatoc pou par�gontai exart¸ntai apì thn èntash thc prospÐptousac
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Sq ma 1.1: Genik  morf  fwtoboltaðkoÔ sust matoc diasundedemènou me to hlektrikì dÐktuo

hliak c aktinobolÐac kai apì ton suntelest  apìdoshc tou F/B stoiqeÐou. O suntelest c

apìdoshc exart�tai apì to ulikì pou eÐnai kataskeuasmèno to F/B plaÐsio.

1.3.3 F/B SustoiqÐec (PV-Arrays)

Oi F/B SustoiqÐec apoteloÔntai apì F/B plaÐsia sundedemèna se seir�, diìti h t�sh pou par�gei

to k�je plaÐsio eÐnai mikr . Me autì ton trìpo di�taxhc, mia F/B sustoiqÐa par�gei uyhl  t�sh

se mÐa èxodo, thn opoÐa mporoÔme na axiopoi soume praktik�. Epeid  h F/B sustoiqÐa par�gei

suneqèc reÔma, gia thn metafor� thc enèrgeiac sto hlektrikì dÐktuo eÐnai aparaÐthth h prosj kh

metatropèa t�shc DC/AC sthn èxodo thc sustoiqÐac. 'Ena F/B sÔsthma diasundedemèno me to

hlektrikì sun jwc apoteleÐtai apì pollèc F/B sustoiqÐec kai ìlec suneisfèroun thn paragìmenh

enèrgeia sto hlektrikì dÐktuo.

Sq ma 1.2: Apì to F/B stoiqeÐo sth F/B sustoiqÐa

1.3.4 MetatropeÐc IsqÔoc DC/AC (Solar Inverters)

O metatropèac isqÔoc DC/AC eÐnai to domikì stoiqeÐo pou metatrèpei to suneqèc reÔma se e-

nallassìmeno me skopì na metabib�sei thn paragìmenh hlektrik  enèrgeia tou F/B p�rkou sto
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hlektrikì dÐktuo. K�je metatropèac sundèetai se mia F/B sustoiqÐa kai dèqetai san eÐsodo su-

neqèc reÔma. Up�rqoun arketoÐ tÔpoi metatropèwn DC/AC pou mporoÔn na qrhsimopoihjoÔn pou

ulopoioÔn di�forec teqnikèc gia beltÐwsh thc apìdoshc thc leitourgÐac touc. Sth melèth aut 

qrhsimopoioÔntai metatropeÐc isqÔoc me dunatìthta Maximum Power Point Tracking (MPPT).

AutoÐ oi metatropeÐc mporoÔn na l�boun thn mègisth dunat  isqÔ apì to F/B sÔsthma.

1.3.5 Qwrojèthsh F/B sustoiqi¸n - Par�metroi pedÐou egka-

t�stashc

Sto montèlo upologismoÔ pou qrhsimopoieÐtai sthn paroÔsa ergasÐa jewreÐtai ìti h perioq 

egkat�stashc èqei orjog¸nio sq ma, strammènh proc ton nìto kai eÐnai epÐpedh. Ta fwtoboltaðk�

plaÐsia topojetoÔntai se aut  thn perioq  qwrismèna se grammèc. K�je gramm  apoteleÐtai

apì F/B sustoiqÐec sundedemènec se metatropeÐc isqÔoc DC/AC. Sto Sq ma 1.3 blèpoume p¸c

qwrojetoÔntai oi grammèc sthn diajèsimh èktash en¸ sto Sq ma 1.4 parousi�zetai h di�taxh thc

k�je gramm c.

Sq ma 1.3: Perioq  pedÐou egkat�stashc F/B p�rkou

Sq ma 1.4: Di�taxh k�je gramm c tou F/B p�rkou
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Akìmh, sto montèlo lamb�noume upìyin tic metallikèc r�bdouc pou eÐnai aparaÐthtec gia

thn st rixh twn F/B plaisÐwn, miac kai prèpei na upologistoÔn gia na ektim soume swst� to

oikonomikì kìstoc thc kataskeu c. To montèlo upologÐzei to sunolikì m koc twn metallik¸n

exarthm�twn pou qrei�zontai sthn kataskeu  gia na ektim sei to kìstoc, to opoÐo ephre�zetai

kai apì tic topikèc oikonomikèc paramètrouc. Sto Sq ma 1.5 blèpoume p¸c qrhsimopoioÔme tic

metalikèc r�bdouc sthn kataskeu  tou p�rkou.

Sq ma 1.5: Di�gramma twn domik¸n mon�dwn pou qrhsimopoioÔntai gia thn st rixh thc k�je
gramm c tou F/B p�rkou

1.4 BeltistopoÐhsh sqedÐashc F/B sust matoc

Kat� thn sqedÐash enìc F/B sust matoc eÐnai polloÐ par�gontec pou prèpei na lhfjoÔn upìyh.

Stìqoc thc bèltisthc kataskeu c tou F/B sust matoc eÐnai h megistopoÐhsh thc paragìmenhc

hlektrik c enèrgeiac [Etot(MW )] kai h elaqistopoÐhsh tou oikonomikoÔ kìstouc thc kataskeu-

 c [Cost(Euros)]. Aut� ta duo megèjh orÐzoun to kìstoc an� mon�da paragìmenhc enèrgeiac

[LCOE(Euro/MW )] kai eÐnai to mègejoc to opoÐo prèpei na elaqistopoi soume gia na jewrhjeÐ

h F/B egkat�stash oikonomik� bèltisth:

LCOE =
Cost

Etot
(1.1)

Kat� thn sqedÐash, prèpei na lhfjoÔn upìyh ìloi oi par�gontec pou ephre�zoun thn ExÐsw-

sh 1.1. O arijmìc kai o tÔpoc twn F/B stoiqeÐwn, o arijmìc kai o tÔpoc twn metatropèwn, h

gwnÐa klÐshc, h epilog  sustatik¸n tou sust matoc ìpwc ta kal¸dia thc gramm c metafor�c,

ta metallik� exart mata kai o trìpoc pou ja topojethjoÔn ta F/B plaÐsia sto F/B p�rko eÐnai

merikoÐ apì touc par�gontec pou prèpei na l�boume upìyh. EpÐshc, prèpei na lhfjoÔn upìyh

kai oikonomikoÐ par�gontec oi opoÐoi diafèroun apì q¸ra se q¸ra, ìpwc to kìstoc twn exar-

thm�twn, o plhjwrismìc klp. To majhmatikì montèlo sto [1] lamb�nei upìyh tou autoÔc touc
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par�gontec kaj¸c kai �llouc par�gontec pou ephre�zoun thn sqedÐash. Sto epìmeno kef�laio

ja exhg soume to majhmatikì montèlo to opoÐo upologÐzei to kìstoc an� energeiak  mon�da gia

k�je diasundedemèno F/B sÔsthma.

H diadikasÐa beltistopoÐhshc ekteleÐ touc upologismoÔc twn majhmatik¸n montèlwn gia èna sug-

kekrimèno trìpo topojèthshc kai anazht� di�forouc sunduasmoÔc kat� th di�rkeia thc ektèleshc

tou algorÐjmou. Sto Sq ma 1.6 faÐnetai to di�gramma ro c thc diadikasÐac beltistopoÐhshc pou

proteÐnoume. H diadikasÐa beltistopoÐhshc dèqetai sthn eÐsodì thc tic prodiagrafèc twn F/B

stoiqeÐwn kai twn metatropèwn DC/AC, thn onomastik  isqÔ aiqm c tou F/B p�rkou, ta dedomè-

na jermokrasÐac kai hliak c aktinobolÐac, kaj¸c kai tic paramètrouc pou aforoÔn thn kataskeu 

kai thn diasÔndesh tou F/B p�rkou (kìsth kalwdÐwn, ap¸leiec klp.) 'Epeita xekin� h diadikasÐa

thc beltistopoÐhshc, ektel¸ntac gia k�poia sugkekrimènh di�taxh ta majhmatik� montèla pou

qrhsimopoioÔme. AfoÔ h axiolìghsh thc sugkekrimènhc di�taxhc oloklhrwjeÐ, epanalamb�noume

thn diadikasÐa mèqri na brejeÐ h bèltisth di�taxh twn mon�dwn tou F/B p�rkou.

Se autì to kef�laio perigr�fhke h basik  dom  enìc F/B sust matoc meg�lhc klÐmakac dia-

sundedemèno me to hlektrikì dÐktuo, kaj¸c kai ta basik� epimèrouc stoiqeÐa pou to apoteloÔn.

Sto Kef�laio 2 ja analÔsoume ta majhmatik� montèla pou qrhsimopoioÔme gia na axiolog soume

èna sugkekrimèno trìpo di�taxhc twn F/B plaisÐwn. Sto Kef�laio 3 parousi�zontai plhrofo-

rÐec gia ta sust mata par�llhlhc epexergasÐac kai sto Kef�laio 4 paratÐjetai h basik  jewrÐa

sqetik� me touc genetikoÔc algìrijmouc. Sto Kef�laio 5 analÔoume kai exhgoÔme pwc qrhsi-

mopoi same touc genetikoÔc algorÐjmouc kai ton upologist  plègmatoc ¸ste na ulopoi soume

thn diadikasÐa beltistopoÐhshc pou perigr�fhke. Tèloc, sto Kef�laio 6, parousi�zontai ta

apotelèsmata thc beltistopoÐhshc kaj¸c kai sqìlia sqetik� me thn diadikasÐa.

12



Sq ma 1.6: DiadikasÐa beltistopoÐhshc tou sqediasmoÔ enìc F/B p�rkou
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Kef�laio 2

To majhmatikì montèlo upologismoÔ

kìstouc an� mon�da paragìmenhc

enèrgeiac

2.1 Eisagwg 

Sthn paroÔsa ergasÐa, gia ton upologismì tou kìstouc an� mon�da paragìmenhc enèrgeiac e-

nìc sugkekrimènou trìpou di�taxhc twn F/B stoiqeÐwn, qrhsimopoioÔntai ta ex c majhmatik�

montèla:

• montèlo upologismoÔ thc hliak c aktinobolÐac pou prospÐptei se F/B plaÐsia opoiasd pote

klÐshc

• montèlo upologismoÔ thc perioq c pou up�rqei skÐash twn F/B sullekt¸n

• montèlo upologismoÔ tou arijmoÔ twn F/B plaisÐwn

• montèlo upologismoÔ tou arijmoÔ twn metatropèwn isqÔoc DC/AC

• montèlo upologismoÔ paramètrwn tou pedÐou egkat�stashc

• montèlo upologismoÔ kalwdi¸sewn tou F/B p�rkou

• montèlo upologismoÔ paragìmenhc hlektrik c enèrgeiac

• �lla sustatik� tou F/B sust matoc

• sun�rthsh kìstouc

• algìrijmoc beltistopoÐhshc

Stic epìmenec paragr�fouc autoÔ tou kefalaÐou perigr�fontai ta parap�nw montèla twn

epimèrouc stoiqeÐwn pou sunjètoun to F/B sÔsthma.
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2.2 Analutik  perigraf  k�je majhmatikoÔ montè-

lou

2.2.1 Montèlo upologismoÔ prospÐpousac hliak c aktinobolÐ-

ac

Sto Sq ma 2.1 faÐnontai oi gwnÐec apì tic opoÐec ephre�zetai h lambanìmenh hliak  aktinobolÐa

apì touc sullèktec [2]. Oi gwnÐec ekfr�zoun ta ex c:

β : h klÐsh thc F/B sustoiqÐac

α : h gwnÐa pou sqhmatÐzei o  lioc me to orizìntio epÐpedo

θ : h gwnÐa pou sqhmatÐzetai apì tic prospÐptousec hliakèc aktÐnec kai thn eujeÐa pou eÐnai

k�jeth sto epÐpedo tou sullèkth

γs : h hliak  azimoÔjia gwnÐa

γc : h azimoÔjia gwnÐa tou sullèkth

φ : to gewgrafikì pl�toc tou sullèkth

δ : h gwnÐa apìklishc

ω : h wrologiak  gwnÐa

Sq ma 2.1: GwnÐec pou ephre�zoun to mètro thc lambanìmenhc hliak c aktinobolÐac apì F/B
sullèktec topojethmènouc se klÐsh β.

H azimoÔjia gwnÐa ekfr�zei thn kateÔjunsh kat� thn opoÐa eÐnai strammènoc o sullèkthc.

Kat� sÔmbash, h azimoÔjia gwnÐa 0o antistoiqeÐ se kateÔjunsh proc to nìto kai paÐrnei jetikèc

timèc sÔmfwna me thn for� tou rologioÔ (�ra gia azimoÔjia gwnÐa 90o èqoume dutikì prosanato-

lismì, gia −90o anatolikì, gia 180o bìreio klp). Oi sqèseic metaxÔ twn parap�nw gwni¸n eÐnai

oi ex c:
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sinα = sinφ sin δ + cosφ cos δ cosω (2.1)

sin γs =
cos δ sinω

cosα
(2.2)

cos γs =
sinφ cos δ cosω − cosφ sin δ

cosα
(2.3)

cos θ = cos β sinα + sin β cosα cos γ (2.4)

γ = γs − γc (2.5)

δ(o) = 23.45o sin(
360o

365o
(dn + 284)) (2.6)

ω(o) = (ts − 12)15 (2.7)

ts = tc +
λ− LSM

15
+ E −DT (2.8)

E = 3.82(0.000075 + 0.001868 cosB− 0.032077 sinB− 0.014615 cos 2B− 0.04089 sin 2B) (2.9)

B = 360
dn − 1

365
(2.10)

LSM = GMT15o (2.11)

Stic parap�nw exis¸seic ofeÐloume na prosdiorÐsoume tic ex c metablhtèc:

LSM : to gewgrafikì m koc tou topikoÔ meshmbrinoÔ

λ : to topikì gewgrafikì pl�toc

E : exÐswsh upologismoÔ qrìnou

dn : arijmìc hmèrac tou ètouc

DT : DT = 1 sta qronik� diast mata pou èqei all�xei h ¸ra (daylight saving), alli¸c DT = 0

GMT : h topik  ¸ra me b�sh thn ¸ra Greenwich

Gia na qrhsimopoi soume tic parap�nw exis¸seic, eÐnai aparaÐthto na metatrèyoume thn trè-

qousa ¸ra se dekadik  morf  (pq h ¸ra 3:45 mm ja eÐnai tc = 15.75). AfoÔ upologistoÔn ta
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parap�nw megèjh, suneqÐzoume ton upologismì thc prospÐptousac hliak c aktinobolÐac. OrÐ-

zoume tic metablhtèc:

θz : h gwnÐa zenÐj. OrÐzetai wc h gwnÐa thc k�jethc sto epÐpedo tou ed�fouc kai thc eujeÐac tou

 liou me to epÐpedo.

ωsr : h gwnÐa thc anatol c tou  liou

ωss : h gwnÐa thc dÔshc tou  liou

Ḡo : mèsh exwg inh hliak  aktinobolÐa (average extraterrestrial horizontal radiation)

Gon : k�jeth exwg inh aktinobolÐa (extraterrestrial normal radiation)

Gsc : hliak  stajer� = 1.367kW/m2

ω1 : wriaÐa gwnÐa sthn arq  tou qronikoÔ b matoc

ω2 : wriaÐa gwnÐa sto tèloc tou qronikoÔ b matoc

Oi parap�nw par�metroi sqetÐzontai metaxÔ touc mèsw twn parak�tw exis¸sewn [2]:

cos θz = cosφ cos δ cosω + sinφ sin δ (2.12)

ωsr = − arccos(− tan δ tanφ) (2.13)

ωss = −ωsr (2.14)

Ḡo =
12

π
Gon cosφ cos δ(sinω2 − sinω1) +

π(ω2 − ω1)

180
sinφ sin δ (2.15)

Gon = Gsc(1 + 0.033 cos δ(
360B

365
)) (2.16)

H ExÐswsh 2.15 mac dÐnei thn mèsh tim  thc posìthtac hliak c aktinobolÐac pou prospÐptei

se orizìntia epif�neia sto an¸tero mèroc thc atmìsfairac se opoiod pote qronikì b ma thc

montelopoÐhshc. Akìmh, orÐzoume san deÐkth kajarìthtac (clearness index) thc atmìsfairac thn

metablht :

kt =
Ḡ

Go

(2.17)

ìpou Ḡ eÐnai h olik  hliak  aktinobolÐa pou ft�nei stouc sullèktec (global horizontal ra-

diation). O deÐkthc kajarìthtac paÐrnei timèc metaxÔ tou 0 kai tou 1. Gia thn Ḡ, pou dÐnoume

san eÐsodo sthn montelopoÐhsh, isqÔei h exÐswsh:

Ḡ = B̄ + D̄ (2.18)
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ìpou:

B̄ : apeujeÐac aktinobolÐa (kW/m2)

D̄ : di�quth aktinobolÐa (kW/m2)

Proqwr¸ntac sthn diadikasÐa upologismoÔ thc lambanìmenhc hliak c aktinobolÐac apì touc

sullèktec, upologÐzoume touc parak�tw suntelestèc [3]:

fd =


1− 0.09kt , kt < 0.22

0.165 , kt > 0.8

0.9511− 0.1604kt + 4.338k2t − 16.638k3t + 12.336k4t , 0.22 ≤ kt ≤ 0.88

(2.19)

kai:

Rb =
max(0, cos θ)

cos θz
(2.20)

EpÐshc, ta B̄ kai D̄, upologÐzontai wc ex c:

D̄ = fdḠ (2.21)

B̄ = Ḡ− D̄ (2.22)

Ai =
B̄

Ḡo

(2.23)

f =

√
B̄

Ḡ
(2.24)

An ω1 ≤ ωsr   ω2 ≥ ωss   Ḡ = 0, tìte h prospÐptousa olik  hliak  aktinobolÐa stouc

sullèktec, G(W/m2) isoÔtai me 0. Diaforetik� isqÔei ìti:

G(W/m2) = (B + AiD)Rb + (1− Ai)D(
1 + cos β

2
)(1 + f

sin β

2
) + Ḡρ(

1− cos β

2
) (2.25)

H metablht  ρ onom�zetai suntelest c anaklastikìthtac tou ed�fouc kai h tim  tou exart�tai

apì tic sunj kec pou brÐsketai to èdafoc tou pedÐou egkat�stashc. An den gnwrÐzoume tic

sunj kec autèc, sun jwc jewroÔme ìti ρ = 0.2.

2.2.2 Montèlo upologismoÔ perioq c skÐashc

'Estw duo hliakoÐ sullèktec pou èqoun apìstash metaxÔ touc Ðsh me d1(m), me kateÔjunsh bor�-

nìto, kai mia apìstash w(m) me kateÔjunsh anatol -dÔsh. Kai oi duo apost�seic ekfr�zoun
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thn apìstash metaxÔ tou kèntrou twn sullekt¸n. Sto Sq ma 2.2 faÐnetai p¸c o sullèkthc #1

ski�zei tm ma tou sullèkth #2.

Sq ma 2.2: Jèsh duo hliak¸n sullekt¸n ìpou o sullèkthc #1 ski�zei tm ma tou sullèkth #2.

To embadìn thc perioq c skÐashc upologÐzetai me tic parak�tw exis¸seic [4]:

As = ushυsh (2.26)

ush =
Ze

sin β
(2.27)

υsh = υ − |Xg − w|
cos γc

(2.28)

Ze = u sin(β(1− d1 + w tan γc
Px tan γc + Py

)) (2.29)

Xg = Px
d1 + w tan γc
Px tan γc + Py

(2.30)

Px = u cos β sin γc + u sin γs cotα sin β (2.31)

Py = u cos β cos γc + u cos γs cotα sin β (2.32)

ìpou

ush : Ôyoc skÐashc(m)

υsh : m koc skÐashc(m)

Xg : suntetagmènh kat� m koc tou �xona x ìpou xekin� h ski� ston sullèkth #2

20



u : di�stash tou sullèkth #1

υ : di�stash tou sullèkth #2

Oi parap�nw exis¸seic eÐnai ègkurec mìno an isqÔei ush ≥ 0 kai υsh ≥ 0. Diaforetik�, an

ush < 0   υsh < 0, tìte ush = 0, υsh = 0, As = 0.

H eidik  perÐptwsh ìpou duo sullèktec eÐnai par�llhloi me w = 0 parousi�zetai sto Sq -

ma 2.3.

Sq ma 2.3: 2 par�llhloi sullèktec me w = 0 kai h skÐash pou prokaleÐ o sullèkthc #1 ston
sullèkth #2

2.2.3 Montèlo upologismoÔ paragìmenhc enèrgeiac apì ta F/B

plaÐsia

To ulikì kataskeu c twn F/B stoiqeÐwn pou mporoÔn na qrhsimopoihjoÔn gia th sÔnjesh enìc

F/B p�rkou mporeÐ na eÐnai monokrustallikì purÐtio(Si), polukrustallikì purÐtio   �morfo pu-

rÐtio. O tÔpoc F/B plaisÐwn pou qrhsimopoioÔntai eÐnai sthn euqèreia tou kataskeuast  tou

F/B p�rkou.

H isqÔc pou par�gei èna F/B stoiqeÐo se leitourgÐa Maximum Power Point (MPP) sto ètoc

y(1 ≤ y ≤ n), thn hmèra d(1 ≤ d ≤ 365) kai ¸ra t(1 ≤ t ≤ tmax), PM(y, d, t, γc, β) upologÐzetai

qrhsimopoi¸ntac tic prodiagrafèc tou F/B stoiqeÐou se (Standard Test Conditions - STC) tic

opoÐec parèqei o kataskeuast c tou F/B stoiqeÐou, kaj¸c kai thn jermokrasÐa tou perib�llon-

toc sthn perioq  egkat�stashc kai thn èntash thc hliak c aktinobolÐac. O upologismìc thc

paragìmenhc isqÔoc gÐnetai me b�sh tic parak�tw exis¸seic [5]:

PM(y, d, t, γc, β) =
(1− yr(y))(1− df)VOC(d, t, γc, β)ISC(d, t, γc, β)FF (d, t, γc, β)

1000
(2.33)
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ISC(d, t, γc, β) = ISC,STC +Ki(Tc(d, t)− 25)
G(d, t, γc, β)

1kW/m2
(2.34)

VOC(d, t, γc, β) = VOC,STC +Kv(Tc(d, t)− 25o)(1 + δi ln
G(d, t, γc, β)

1kW/m2
(2.35)

Tc(d, t, γc, β) = TA(d, t) +
NOCT − 20o

0.8kW/m2
G(d, t, γc, β) (2.36)

FF (d, t, γc, β) = FFo(1− rs) (2.37)

FFo =
νoc − ln(νoc + 0.72)

νoc + 1
(2.38)

rs = Rs
ISC(d, t, γc, β)

VOC(d, t, γc, β)

nc,s
nc,p

(2.39)

νoc =
VOC(d, t, γc, β)

nc,sVt
(2.40)

Vt = 0.025
273oK + Tc(d, t, γc, β)

300oK
(2.41)

Rs = rS,STC
VOC,STC
ISC,STC

nc,p
nc,s

(2.42)

rS,STC = 1− FFSTC
FFo,STC

(2.43)

FFSTC =
PM,STC

VOC,STCISC,STC
(2.44)

FFo,STC =
νOC,STC − ln(νOC,STC + 0.72)

νOC,STC + 1
(2.45)

νOC,STC =
VOC,STC
nc,sVt,STC

(2.46)

Vt,STC = 0.025
273oK + 25oC

300oK
(2.47)

ìpou:

r(y)(%/year) : o et sioc suntelest c meÐwshc thc paragìmenhc enèrgeiac tou F/B stoiqeÐou.

An y = 1 tìte r(y) = 0. Gia 1 < y ≤ n, to r(y) prosdiorÐzetai apì ton kataskeuast .

df(%) : suntelest c meÐwshc thc apìdoshc tou F/B stoiqeÐou lìgw epik�jhshc akajarsi¸n (pq.

skìnhc) sthn epif�nei� tou.
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ISC(d, t, γc, β)(A) : to reÔma braqukÔklwshc (short-cirquit) tou F/B plaisÐou.

VOC(d, t, γc, β)(V ) : t�sh anoiqtokukl¸matoc (open-cirquit) tou F/B plaisÐou.

ISC,STC(A) : reÔma braqukÔklwshc upì STC.

PM,STC : isqÔc F/B stoiqeÐou sto MPP upì STC.

G(d, t, γc, β)(kW/m2) : prospÐptousa hliak  aktinobolÐa sto F/B plaÐsio.

β(o) : gwnÐa klÐshc F/B plaisÐou.

γc(
o) : azimoÔjia gwnÐa

Ki(A/
oC) : jermikìc suntelest c tou reÔmatoc braqukukl¸matoc.

VOC,STC(V ) : t�sh anoiqtokukl¸matoc upì STC.

Kv(V/
oC) : jermikìc suntelest c thc t�shc anoiqtokukl¸matoc.

TA(d, t)(oC) : jermokrasÐa perib�llontoc.

δi(%) : suntelest c diìrjwshc [6].

NOCT (oC) : Nominal Operating Cell Temperature (dÐnetai apì ton kataskeuast ).

FF (d, t, γc, β) : �ll factor

nc,s : arijmìc F/B stoiqeÐwn sundedemèna se seir� sto F/B plaÐsio.

nc,p : arijmìc par�llhla sundedemènwn seir¸n apì F/B stoiqeÐa sto F/B plaÐsio.

H t�sh pou dÐnei sthn èxodo tou to F/B plaÐsio dÐnetai apì thn parak�tw sqèsh [5]:

VM(d, t, γc, β) = VOC(d, t, γc, β)(1− b ln a1
νoc

− rs(1− a−b1 )) (2.48)

ìpou:

a1 = νoc + 1− 2νocrs (2.49)

b =
a1

1 + a1
(2.50)

Oi parap�nw exis¸seic eÐnai ègkurec gia νoc > 15 kai rs < 0.4. An parabi�zetai k�poioc apì

autoÔc touc periorismoÔc tìte to montèlo autì den mporeÐ na efarmosteÐ ston sugkekrimèno tÔpo

F/B plaisÐwn.
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2.2.4 Montèlo upologism¸n leitourgÐac twn metatropèwn DC/AC

O tÔpoc twn metatropèwn isqÔoc DC/AC (antistrofeÐc, inverters) prosdiorÐzetai apì ton kata-

skeuast  tou F/B p�rkou kai mporeÐ na eÐnai (Sq ma 2.4):

Central Inverter: > 50kW, bajmìc apìdoshc ≈ 97%

Multi-String inverter: 5-8kW, bajmìc apìdoshc ≈ 96%

Mini-Central inverter: 10-20kW, bajmìc apìdoshc ≈ 98%

Sq ma 2.4: 3 tÔpoi metatropèwn DC/AC.

Stouc Multi-String kai stouc Mini-Central antistrofeÐc pollèc seirèc F/B stoiqeÐwn mpo-

roÔn na sundejoÔn par�llhla se k�je DC eÐsodo tou metatropèa kai xeqwristìc MPP Tracker

leitourgeÐ se k�je DC eÐsodo. K�je metatropèac qarakthrÐzetai apì diaforetikì suntelest 

apìdoshc metatrop c thc enèrgeiac kai posostì apwlei¸n lìgw anantistoiqi¸n tou MPP se

perÐptwsh merik c skÐashc pou ephre�zei èna   parap�nw F/B plaÐsio se k�je seir� apì F/B

plaÐsia [7], [8].

Sthn paroÔsa mejodologÐa k�je metatropèac DC/AC prosdiorÐzetai apì to eÔroc thc lei-

tourgÐac MPP thc DC eisìdou [Vi,min....Vi,max], thn mègisth epitrepìmenh DC t�sh eisìdou,

VDC,max, kai thn onomastik  isqÔ Pi,n(kW ), gia h > href kai TA(d, t) > Tref , ìpou href eÐnai to

uyìmetro anafor�c kai Tref h jermokrasÐa anafor�c. Upojètoume ìti se perÐptwsh uyhl c DC

isqÔoc eisìdou h leitourgik  isqÔc tou metatropèa periorÐzetai sto epÐpedo leitourgik c isqÔoc

Pi,na(kW ) to opoÐo upologÐzetai wc:
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Pi,na = (1− fi,a(h− href ))(1− fi,t(TA(d, t)− Tref ))Pi,n (2.51)

ìpou:

fi,a(%/km) : suntelest c meÐwshc thc DC eisìdou lìgo uyomètrou gia timèc uyomètrou mega-

lÔterec apì to href .

h(km) : to uyìmetro egkat�stashc tou F/B sust matoc.

fi,t(%/
oC) : suntelest c meÐwshc thc DC eisìdou lìgw jermokrasÐac gia timèc jermokrasÐac

megalÔterec apì thn Tref .

TA(d, t) : h jermokrasÐa perib�llontoc.

Tref : jermokrasÐa anafor�c. Sun jwc 45oC, exart�tai apì thn kataskeu  tou metatropèa.

Oi par�metroi fi,a, href , fi,t, Tref prosdiorÐzontai apì ton kataskeuast  twn metatropèwn

DC/AC.

O el�qistoc kai o mègistoc arijmìc F/B stoiqeÐwn pou mporoÔn na sundejoÔn se seir�,

[Nsmin, Nsmax], upologÐzontai me b�sh to mègisto MPP epÐpedo t�shc thc DC eisìdou, Vi,max,

kai thn mègisth epitrept  t�sh thc DC eisìdou, VDC,max. Oi timèc twn Vi,max, VDC,max orÐzontai

apì ton kataskeuast  tou metatropèa DC/AC. Gia tic timèc twn Nsmin, Nsmax isqÔei:

Nsmin ≤ Ns ≤ Nsmax (2.52)

Nsmin = 1 (2.53)

Nsmax = min{b Vi,max
VM,max

c, bVDC,max
Voc,max

c} (2.54)

ìpou Voc,max eÐnai h mègisth t�sh anoiqtokukl¸matoc kai VM,max eÐnai h mègisth t�sh se MPP.

To sÔmbolo �b c� antiproswpeÔei thn sun�rthsh katwflÐou (�oor function). Kai oi 2 autèc timèc
upologÐzontai apì to montèlo twn F/B plaisÐwn pou perigr�yame sthn prohgoÔmenh enìthta,

en¸:

VM,max = max{VM(d, t, γc, β)} (2.55)

Voc,max = max{Voc(d, t, γc, β)} (2.56)

me:

1 ≤ t ≤ tmax,

1 ≤ d ≤ 365,

βmin ≤ β ≤ βmax,
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γc,min ≤ γc ≤ γc,max

H metablht  Ns eÐnai sqediastik  par�metroc kai prèpei na broÔme thn bèltisth tim  thc.

H metablht  Np eÐnai ki aut  sqediastik  par�metroc kai exart�tai apì ton tÔpo tou DC/AC

metatropèa. Gia Central inverters ja prèpei na broÔme thn bèltisth tim  thc apì th diadikasÐa

beltistopoÐhshc. Gia Multi-String kai Mini-Central inverters gia thn metablht  Np ja isqÔei:

Np = Ni,mpptNs,mppt (2.57)

ìpou Ni,mppt eÐnai o arijmìc twn MPP trackers tou k�je DC/AC metatropèa, Ns,mppt eÐnai o

arijmìc twn seir¸n apì F/B stoiqeÐa pou sundèontai par�llhla sthn DC eÐsodo tou k�je MPP

tracker. Oi timèc kai twn duo aut¸n metablht¸n prosdiorÐzontai apì ton kataskeuast  twn

metatropèwn DC/AC.

O sunolikìc arijmìc twn F/B plaisÐwn pou sundèontai stonDC/AC metatropèa eÐnaiNblock =

NsNp. Oi timèc tou bajmoÔ apìdoshc, ηinv, tou metatropèa DC/AC apojhkeÔontai se look-up ta-

ble sunart sei thc DC isqÔoc eisìdou tou metatropèa, Pin. O bajmìc apìdoshc gia opoiad pote

tim  enèrgeiac sthn eÐsodo tou metatropèa upologÐzetai me grammik  parembol  wc ex c:

ninv(Pin) = n1 + (Pin − P1)
n2 − n1

P2 − P1

(2.58)

ìpou (n1, P1), (n2, P2) eÐnai ta zeÔgh apìdoshc pou èqoume apojhkeumèna sto look-up table,

tètoia ¸ste P1 < Pin < P2.

EpÐshc, o bajmìc apìdoshc thc leitourgÐac MPPT tou DC/AC metatropèa, ηmppt, apojhkeÔetai

kai aut  se look-up table sunart sei thcDC isqÔoc eisìdou tou metatropèa, Pin, kai upologÐzetai

me grammik  parembol :

nmppt(Pin) = nmppt,1 + (Pin − Pmppt,1)
nmppt,2 − nmppt,1
Pmppt,2 − Pmppt,1

(2.59)

ìpou (nmppt,1, Pmppt,1), (nmppt,2, Pmppt,2) eÐnai ta zeÔgh apìdoshc pou èqoume apojhkeumèna sto

look-up table, tètoia ¸ste Pmppt,1 < Pin < Pmppt,2.

2.2.5 Montèlo upologismoÔ paramètrwn pedÐou egkat�stashc

Sth paroÔsa mejodologÐa upojètoume ìti h epif�neia egkat�stashc tou F/B sust matoc èqei

orjog¸nio sq ma kai nìtio prosanatolismì. Oi mon�dec paragwg c hlektrik c enèrgeiac topo-

jetoÔntai se pollapl� block (Sq ma 2.5), ìpou k�je block apoteleÐtai apì pollèc grammèc apo

F/B plaÐsia(Sq ma 2.6). H gwnÐa klÐshc β(o) eÐnai stajer  kat� thn di�rkeia tou ètouc kai eÐnai

sqediastik  par�metroc, �ra prèpei na upologÐsoume thn bèltisth tim  thc.
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Sq ma 2.5: K�toyh tou pedÐou egkat�stashc tou F/B p�rkou.

Sq ma 2.6: Di�taxh k�je gramm c tou F/B p�rkou.

To pl�toc, wT (m), thc perioq c pou katalamb�nei k�je block upologÐzetai wc ex c:

WT = NrNpLpv2 cos β (2.60)

ìpou Nr eÐnai o arijmìc gramm¸n apì set F/B plaisÐwn an� block. To Nr eÐnai sqediastik 

par�metroc tou sust matoc kai prèpei na upologisteÐ h bèltisth tim  thc. O sunolikìc arijmìc

apì grammèc F/B plaisÐwn an� block, N2, dÐnetai apì th sqèsh:

N2 = NrNp (2.61)

O sunolikìc arijmìc apì F/B set pou egkajistoÔme kat� m koc tou dutiko-anatolikoÔ �-

xona, Nc, upologÐzetai se sqèsh me to m koc thc notiìterhc pleur�c tou pedÐou egkat�stashc,

DIM1(m). EÐnai:
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Nc = bDIM1

NsLpv1
c (2.62)

O sunolikìc arijmìc apì F/B plaÐsia pou egkajistoÔme se seir� kat� m koc tou dutiko-

anatolikoÔ �xona miac gramm c eÐnai:

nt = NcNs (2.63)

O sunolikìc arijmìc apì block pou apoteloÔn to F/B p�rko eÐnai:

Nrow = d NI,0

ntN2

e (2.64)

ìpou NI,0 eÐnai o sunolikìc arijmìc twn F/B plaisÐwn tou F/B p�rkou kai dÐnetai apì thn

sqèsh (2.82). To sÔmbolo �d e� antiproswpeÔei thn sun�rthsh anwflÐou (ceiling function). O

sunolikìc arijmìc apì F/B plaÐsia pou prèpei na egkatastajoÔn sto boreiìtero block eÐnai:

Nm,nr = dNI,0 − (Nrow − 1)ntN2

NsNp

e (2.65)

Aut� ta F/B plaÐsia diat�ssontai se set twn Nr gramm¸n me Nc,nm set se k�je gramm ,

ìpou:

Nc,nm = d Nm,nr

NsNpNr

e (2.66)

Akìmh, o sunolikìc arijmìc twn F/B stoiqeÐwn tou F/B p�rkou pou egkajÐstantai pragma-

tik� sto pedÐo eÐnai:

NI = [(Nrow − 1)Nc +Nc,nm]NrNpNs (2.67)

'Opwc faÐnetai sto Sq ma 2.5 oi geitonikèc grammèc eÐnai egkatesthmènec me mia apìstash

metaxÔ touc, h opoÐa kajorÐzei tic sunj kec skÐashc kajenìc block. H apìstash metaxÔ twn

gramm¸n, Fy(m), eÐnai sqediastik  par�metroc kai prèpei na upologisteÐ h bèltisth tim  thc.

H sunolik  èktash tou pedÐou egkat�stashc pou apoteleÐtai apì stajer c klÐshc F/B plaÐsia

eÐnai:

Ap = NrowWTLpv1nt + (Nrow − 1)FyLpv1nt (2.68)

To m koc thc notiìterhc pleur�c thc diajèsimhc perioq c egkat�stashc, DIM1, eÐnai sqedia-

stik  par�metroc pou prèpei na beltistopoi soume. IsqÔei: DIM1 ≤ DIM1,max, ìpou DIM1,max

eÐnai to mègisto epitreptì m koc thc notiìterhc pleur�c thc perioq c egkat�stashc.

To pl�toc thc perioq c egkat�stashc, DIM2 eÐnai:

DIM2 =
Ap

DIM1,α

(2.69)
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ìpou DIM1,a eÐnai to pragmatikì m koc thc notiìterhc pleur�c tou oikopèdou kai upologÐzetai

apì thn sqèsh:

DIM1,α = Lpv1nt (2.70)

H diadikasÐa gia ton upologismì thc epif�neiac skÐashc se k�je block, As(i)(m2) ìpou i =

1...Nrow, eÐnai h akìloujh:

• To notiìtero block den èqei potè ski�, �ra As(1) = 0.

• Gia ta block i = 2...Nrow h sunolik  perioq  skÐashc As(i) upologÐzetai qrhsimopoi¸ntac

tic exis¸seic 2.26 - 2.32 me w = 0, d1 = wT + Fy, υ = DIM1 kai u = N2Lpv2. EpÐshc,

autì to montèlo dÐnei sthn èxodì tou to m koc kai to Ôyoc thc perioq c skÐashc ush(i) kai

υsh(i) antÐstoiqa kaj¸c kai thn apìluth suntetagmènh Xg(i) kat� m koc tou �xona x (me

kateÔjunsh anatol  - dÔsh) tou shmeÐou ìpou xekin� h perioq  skÐashc sto block i (Sq ma

2.2). An Xg(i) < 0, tìte Xg(i) = 0.

• Jètoume X ‘
g = Xg(i).

• Efìson to block i = Nrow mporeÐ na èqei mikrìtero m koc, an Xg(Nrow) + υsh(Nrow) <

DIM1−Nc,nmNsNpLpv1 tìte ush(Nrow) = 0, ush(Nrow) = 0, X ‘
g(Nrow) = 0, As(Nrow) = 0.

Alli¸c, anX ‘
g(Nrow) < DIM1−Nc,nmNsNpLpv1 tìteX ‘

g(Nrow) = DIM1−Nc,nmNsNpLpv1.

Tìte, h sunolik  perioq  skÐashc se k�je F/B set pou sundèetai ston DC/AC metatropèa,

AS,I(i, j, k)(m2) me i = [1....Nrow], j = [1....Nc], k = [1....Nr] upologÐzetai wc ex c:

• Gia to F/B set tou block i = 1: AS,I(i, j, k) = 0.

• Gia ta F/B set tou block i = [2...Nrow − 1] kai gia k�je j = [1...Nc] kai k = [1...Nr] ja

eÐnai:

1. Jètoume Xg,1 = X ‘
g(i) kai Xg,2 = X ‘

g(i) + υsh(i).

2. An (j − 1)NsLpv1 > X ‘
g(i) tìte Xg,1 = (j − 1)NsLpv1.

3. An jNsLpv1 < X ‘
g(i) + υsh(i), tìte Xg,2 = jNsLpv1.

4. An (j − 1)NsLpv1 > X ‘
g(i) + υsh(i)   jNsLpv1 < X ‘

g(i), tìte Xg,1 = 0 kai Xg,2 = 0.

5. Jètoume hg,1 = (k − 1)NpLpv2 kai hg,2 = ush(i).

6. An kNpLpv2 < ush(i) tìte hg,2 = kNpLpv2.

7. An (k − 1)NpLpv2 > ush(i), tìte hg,1 = 0 kai hg,2 = 0.

8. UpologÐzoume AS,I(i, j, k) = (Xg,2 −Xg,1)(hg,2 − hg,1).

• O upologismìc tou AS,I(i, j, k) gia ta F/B set thc gramm c i = Nrow upologÐzetai ekte-

l¸ntac ta b mata 1− 7 gia j = [(Nc −Nc,nm + 1)...Nc] kai k = [1...Nr].
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2.2.6 KalwdÐwsh mon�dwn F/B p�rkou

Sthn paroÔsa mejodologÐa upojètoume ìti k�je kal¸dio perièqei 2 agwgoÔc pou apaitoÔntai gia

thn metafor� thc enèrgeiac (jetik c kai arnhtik c polikìthtac, antÐstoiqa). Ta DC kal¸dia

apì ta F/B block stouc DC/AC metatropeÐc kai ta AC kal¸dia apì touc metatropeÐc ston

metasqhmatist  diasÔndeshc me to hlektrikì dÐktuo egkajÐstantai se b�joc hd(m) k�tw apì thn

epif�neia tou ed�fouc thc perioq c egkat�stashc.

Sq ma 2.7: H DC kalwdÐwsh se èna F/B set pou sundèetai se DC/AC metatropèa.

H DC kalwdÐwsh se èna F/B set (Ns ∗ Np F/B plaÐsia) pou sundèetai ston metatropèa

DC/AC faÐnetai sto Sq ma 2.7. Ta DC kal¸dia xekin�ne apì tic F/B grammèc twn F/B plaisÐwn

(PV-Strings) kai ft�noun mèqri ton kìmbo pou brÐsketai egkatesthmènoc sthn k�tw dexi� gwnÐa

aut c thc upo-sustoiqÐac ki èpeita prowjoÔntai ston DC/AC metatropèa. Sthn perÐptwsh pou

èqoume Multi-String   Mini-Central inverters o kìmboc autìc paraleÐpetai. H DC kalwdÐwsh

twn F/B uposustoiqi¸n ston antÐstoiqo DC/AC metatropèa faÐnetai sto Sq ma 2.8. K�je

metatropèac egkajÐstatai sthn k�tw st lh thc F/B sustoiqÐac kai sthn pÐsw pleur� twn F/B

stoiqeÐwn. To F/B p�rko perièqei Ni tètoiouc sqhmatismoÔc, ìpou Ni eÐnai o sunolikìc arijmìc

apì DC/AC metatropeÐc egkatesthmènouc sto F/B p�rko. EÐnai:

Ni =
NI

NsNp

(2.71)

To ginìmeno enèrgeiac - m kouc (kWp ∗ m) twn DC agwg¸n apì ta F/B plaÐsia stouc

metatropeÐc DC/AC dÐnetai apì th sqèsh:

PLDC =(1 + SF1){NiNs
Pm,STC
1000

[Np(Ns − 1)Lpv1 + S1]+

+ (Nrow − 1)NcNsNp
Pm,STC
1000

S2 +Nc,nmNsNp
Pm,STC
1000

S2}
(2.72)
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Sq ma 2.8: KalwdÐwsh enìc F/B set ston antÐstoiqo metatropèa DC/AC.

ìpou Pm,STC eÐnai h onomastik  isqÔc k�je F/B plaisÐou upì STC (kWp) kai prosdiorÐzetai apì

ton kataskeuast  tou kai SF1(%) eÐnai par�gontac uperdiastasiolìghshc me skopì na lhfjoÔn

upìyin oi epiplèon (aprìbleptec) apait seic se m koc kalwdÐwn kat� thn di�rkeia thc kataskeu c

tou F/B p�rkou (pq SF1 = 10%). Oi ìroi S1 kai S2 sthn 2.72 dÐnontai apì tic sqèseic:

S1 =

Np∑
j=1

((j − 1)Lpv2 +
Lpv2

2
) (2.73)

S2 =
Nr∑
j=1

(2hd +WT + (j − 1)NpLpv1) (2.74)

H AC kalwdÐwsh twn block pou apoteloÔn to F/B p�rko faÐnetai sto Sq ma 2.9. K�je block

apoteleÐtai apì mia sustoiqÐa apì F/B set pou sundèontai antÐstoiqa stouc metatropeÐc DC/AC,

ìpwc anafèrame parap�nw. O metasqhmatist c diasÔndeshc me to hlektrikì dÐktuo topojeteÐtai

sthn mèsh thc boreiìterhc pleur�c tou pedÐou egkat�stashc me skopì na elaqistopoi soume

thn epÐdras  tou sthn leitourgÐa twn F/B stoiqeÐwn (pq. na apofÔgoume thn skÐash twn F/B

sustoiqi¸n). To ginìmeno enèrgeiac - m kouc (kWp ∗m) twn AC kalwdÐwn pou xekin�ne apì touc

DC/AC metatropeÐc kai ft�noun ston metasqhmatist  diasÔndeshc upologÐzetai apì thn sqèsh:

PLAC = [Pin,acNrS3(Nrow − 1) + Pin,acNrS4 + Pin,acNrNcS5+

+ Pin,acNi(Lpv1
nt
2

+ hd)](SF2 + 1)
(2.75)

ìpou Pin,ac eÐnai h onomastik  AC isqÔc k�je DC/AC metatropèa (h tim  thc kajorÐzetai apì

ton kataskeuast ) kai SF2(%) eÐnai par�gontac uperdiastasiolìghshc me skopì na kalufjoÔn

oi apait seic se m koc kalwdÐwn kat� thn di�rkeia thc egkat�stashc. EpÐshc, oi timèc twn S3,

S4, S5 sthn sqèsh (2.75) dÐnontai apì tic sqèseic:

S3 =
Nc∑
j=1

(hd + (j − 1)NsLpv1) (2.76)
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S4 =

Nc,nm∑
j=1

(hd + (j − 1)NsLpv1) (2.77)

S5 =
Nrow∑
j=1

((j − 1)(WT + Fy)) (2.78)

H AC isqÔc tou metasqhmatist  diasÔndeshc, Pi/c, upologÐzetai wc ex c:

Pi/c =
NiPi,n/AC

1000
(2.79)

ìpou Ni eÐnai o sunolikìc arijmìc twn metatropèwn DC/AC kai Pi,n/AC(kWp) eÐnai h ono-

mastik  AC isqÔc tou metatropèa DC/AC, prosdiorismènh apì ton kataskeuast . To ginìmeno

enèrgeiac - m kouc (MWpm) tou kalwdÐou diasÔndeshc dÐnetai apì thn sqèsh:

PLI/C = (1 + SF3)ηtPi/c ∗DPPC (2.80)

ìpou ηt eÐnai o bajmìc apìdoshc tou metasqhmatist  diasÔndeshc (%), DPPC(m) eÐnai h

apìstash tou metasqhmatist  diasÔndeshc apì ton kìmbo tou hlektrikoÔ diktÔou pou prosfè-

roume thn paragìmenh enèrgeia kai SF3 eÐnai suntelest c uperdiastasiolìghshc me skopì na

kalufjoÔn oi epiplèon (aprìbleptec) apait seic se m koc kalwdÐwn kat� thn di�rkeia thc egka-

t�stashc.

Sq ma 2.9: H AC kalwdÐwsh apì touc metatropeÐc DC/AC ston metasqhmatist  diasÔndeshc
me to hlektrikì dÐktuo.

2.2.7 Upologismìc paragìmenhc enèrgeiac F/B p�rkou

H onomastik  isqÔc tou F/B p�rkou, Pplant,nom, sqetÐzetai me ton sunolikì arijmì twn F/B

plaisÐwn pou to apoteloÔn, NI,O, me thn sqèsh:
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Pplant,nom =
NI,OPM,STC

106
(2.81)

sunep¸c,

NI,O =
Pplant,nom ∗ 106

PM,STC

(2.82)

H qr sh poll¸n gramm¸n apì hliakoÔc sullèktec se periorismèno komm�ti ghc èqei san a-

potèlesma thn aÔxhsh thc sunolik c èktashc pou katalamb�noun oi egkatesthmènoi sullèktec,

all� epÐshc aux�nei tic perioqèc skÐashc, en¸ mikrìc arijmìc F/B seir¸n (pq. me meg�lh apì-

stash twn proskeÐmenwn seir¸n) mei¸nei tic skièc all� epÐshc eÐnai polÔ pijanì na mei¸sei kai

thn paragìmenh enèrgeia lìgw dunatìthtac egkat�stashc mikrìterou arijmoÔ F/B plaisÐwn se

dedomènh epif�neia [9]. To montèlo upologismoÔ pou qrhsimopoieÐtai sthn paroÔsa ergasÐa en-

topÐzei thn bèltisth sunolik  apìstash twn F/B set, akìmh ki an up�rqei ski� se k�poia apì ta

F/B plaÐsia. Efìson ta meg�la F/B p�rka apaitoÔn mia sqetik� meg�lh èktash ghc, to kìstoc

thc ghc eÐnai shmantikìc par�gontac kai prèpei na lhfjeÐ up' ìyin sto oikonomikì kìstoc. H

epÐdrash twn skiasmènwn q¸rwn sthn enèrgeia pou par�getai eÐnai sun jwc mh-grammik . Autì

shmaÐnei ìti mikr  se èktash ski� mporeÐ na odhg sei se meg�lec ap¸leiec se enèrgeia, sunep¸c

meÐwsh thc sunolik c paragìmenhc enèrgeiac tou F/B p�rkou. H paragìmenh enèrgeia miac F/B

sustoiqÐac me ski� exart�tai apì di�forouc par�gontec [10], [11]:

• o tÔpoc thc diasÔndeshc twn F/B stoiqeÐwn mèsa se mia F/B sustoiqÐa (seiriak    par�l-

lhlh).

• to posostì thc perioq c pou ski�zetai se k�je F/B stoiqeÐo mèsa se èna F/B plaÐsio miac

F/B sustoiqÐac.

• to motÐbo thc ski�c.

• h sÔndesh twn F/B stoiqeÐwn kai twn antÐstoiqwn diìdwn bypass pou apoteloÔn to F/B

plaÐsio.

• h diafor� sthn apìkrish k�je F/B stoiqeÐou upì ski� lìgw diafor¸n sta qarakthristik�

an�strofhc pìlwshc twn stoiqeÐwn.

• to epÐpedo èntashc thc prospÐptousac hliak c aktinobolÐac.

• thn MPPT strathgik  tou metatropèa DC/AC (dunatìthta entopismoÔ tou olikoÔ mègi-

stou MPP ènanti topik¸n megÐstwn sthn perÐptwsh skÐashc).

Sthn paroÔsa mejodologÐa h epÐdrash thc skÐashc sthn paragwg  enèrgeiac upologÐzetai

qrhsimopoi¸ntac ton suntelest  Shade Impact Factor (SIF), wc ex c [12]:

SIF = (1− Pshade
Psys

)
Asys
Ashade

(2.83)

ìpou
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Asys : sunolik  epif�neia thc F/B sustoiqÐac

Ashade : sunolik  epif�neia thc skÐashc ep�nw sthn F/B sustoiqÐa

Psys : onomastik  isqÔc thc F/B sustoiqÐac

Pshade : isqÔc pou par�getai upì sunj kec skÐashc

Stic melètec gia paragwg  hlektrik c enèrgeiac apì hliak , h paragìmenh enèrgeia upologÐ-

zetai me thn parap�nw exÐswsh gia SIF = 2 [13].

'Opwc anafèrame sto kef�laio upologismoÔ thc epif�neiac skÐashc, h sunolik  èktash thc pe-

rioq c skÐashc, AS,I(q)(m2), q = [1...Ni], se k�je F/B set pou sundèetai se DC/AC metatropèa,

upologÐzetai wc ex c:

AS,I(q) = AS,I(i, j, k), i = [1...Nrow], j = [1...Nc], k = [1...Nr] (2.84)

Lamb�nontac upìyin thn meÐwsh thc paragìmenhc enèrgeiac lìgw skÐashc, h DC eÐsodoc ston

antÐstoiqo metatropèa DC/AC upologÐzetai wc ex c:

- An Ns ∗ VM(d, t, γc, β) < Vi,min, tìte Pin(q) = 0, alli¸c Pin(q) = 1 − AS,I

NsNpLpv1Lpv2
SIF (1 −

ni,dcPLdc)NsNpηmppt(1− r(y)year)PM(y, d, γc, β)

- An Pin(q) < 0, tìte Pin(q) = 0.

ìpou Vi,min(V ) eÐnai h el�qisth DC t�sh eisìdou ston metatropèa DC/AC, kai ni,dc(%/kW/m)

eÐnai o suntelest c apwlei¸n lìgw twn kalwdÐwn DC.

H AC èxodoc tou metatropèa, Po(q), thn hmèra d(1 ≤ d ≤ 365) kai ¸ra t(1 ≤ t ≤ tmax) eÐnai:

- An Pin(q) > Pi,sc, tìte:

- An Pin(q) ≤ Pi,na tìte Po(q) = ηinv(Pin(q))Pin(q), alli¸c Po(q) = ηinv(Pi,na)Pi,na

- An Pin(q) ≤ Pi,sc, tìte Po(q) = 0.

H sunolik  enèrgeia pou mporeÐ na prosfèrei to F/B p�rko sto hlektrikì dÐktuo, Pplant(y, d, t, γc, β)(MW )

thn hmèra d, (1 ≤ d ≤ 365) kai ¸ra t, (1 ≤ t ≤ tmax) upologÐzetai wc ex c:

Pplant(y, d, t, γc, β) =
ηt(1− nl,acPLac)(1− nl,i/cPLi/c)

1000

Ni∑
q=1

(Po(q)) (2.85)

ìpou

ηt : suntelest c apìdoshc thc gramm c metafor�c (%).

nl,ac : suntelest c apwlei¸n AC kalwdÐwn(%/kW/m).
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nl,ic : suntelest c ap¸leiac enèrgeiac tou kalwdÐou pou sundeèi to F/B p�rko me ton MV PCC

metagwgì diasÔndeshc me to hlektrikì dÐktuo(%/MW/m).

H diakÔmansh thc paragìmenhc enèrgeiac enìc meg�lou F/B sust matoc mporeÐ na prokalè-

sei diataraqèc sthn stajer  leitourgÐa tou sust matoc enèrgeiac (pq. ston èlegqo t�shc kai

suqnìthtac). Se mikr� hlektrik� dÐktua autì to fainìmeno eÐnai shmantikì prìblhma.

H mègisth enèrgeia pou mporeÐ na prosfèrei to F/B sÔsthma sto hlektrikì dÐktuo ètsi ¸ste

h allag  sthn t�sh tou diktÔou na periorÐzetai sto mègisto epitreptì epÐpedo k∗Un upologÐzetai
apì thn sqèsh:

Pplant,max = k
U2
n

R + nl,i/cU2
nDPCC106

(2.86)

An Pplant(d, y, t, γc, β) > Pplant,max, tìte h enèrgeia sthn èxodo tou metatropèa DC/AC pe-

riorÐzetai ètsi ¸ste Pplant = Pplant,max.

H sunolik  enèrgeia pou mporeÐ to F/B p�rko na prosfèrei sto hlektrikì dÐktuo dÐnetai apì

thn sqèsh:

Epv(y) = EAF
365∑
d=1

tmax∑
t=1

Pplant(y, d, t, γc, β)∆t (2.87)

ìpou EAF eÐnai o Suntelest c Diajesimìthtac Enèrgeiac (Energy Availiability Factor) lìgw

programmatismènwn kai mh ergasi¸n sunt rhshc twn domik¸n mon�dwn tou F/B sust matoc

(F/B stoiqeÐa, DC/AC metatropeÐc klp). Sun jwc, EAP > 99.5%. 'Omwc, an�loga me tic

sunj kec leitourgÐac (sunt rhsh mon�dwn, qamhlìc fìrtoc klp) to dÐktuo mporeÐ na mhn dÔnatai

na aporrof sei ìlh thn paragìmenh enèrgeia. 'Etsi, an Pplant(y, d, t, γc, β) > Pgrid,max(y, d, t)(1+

(y − 1)Sg(y)), tìte Pplant(y, d, t, γc, β) = Pgrid,max(y, d, t)(1 + (y − 1)Sg(y)).

H sunolik  enèrgeia pou to F/B p�rko prosfèrei sthn pragmatikìthta sto hlektrikì dÐktuo

kat� ta n qrìnia leitourgÐac tou dÐnetai apì thn sqèsh:

Etot =
n∑
y=1

Etot(y) (2.88)

ìpou:

Etot(y) = EAF
365∑
d=1

tmax∑
t=1

Pplant(y, d, t, γc, β)∆t (2.89)

2.2.8 Upologismìc kìstouc an� mon�da enèrgeiac

Oi sqediastikèc par�metroi tou F/B p�rkou twn opoÐwn prèpei na broÔme tic bèltistec timèc

eÐnai:

Ns : o arijmìc twn F/B stoiqeÐwn sundedemèna se seir�.

Np : o arijmìc twn par�llhla sundedemènwn seir¸n.
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Nr : o arijmìc twn gramm¸n apì F/B set an� block.

Fy : h apìstash twn proskeÐmenwn block.

β : h gwnÐa klÐshc twn F/B plaisÐwn.

DIM1 : to m koc thc notiìterhc pleur�c thc perioq c egkat�stashc.

Gia tic parap�nw metablhtèc isqÔoun oi periorismoÐ:

• 1 ≤ Ns ≤ Ns,max

• 1 ≤ Np ≤ Ns,mppt (mìno gia Central inverters)

• 1 ≤ Nr ≤ 10

• 0 ≤ Fy ≤ 50

• 0 ≤ β ≤ 90

• 0 ≤ DIM1 ≤ DIM1,max

To mègejoc pou prèpei na beltistopoihjeÐ eÐnai to kìstoc thc enèrgeiac pou par�getai

(Levelized Cost Of Electricity - LCOE) apì to F/B p�rko, to opoÐo orÐzetai wc to sunolikì

kìstoc kataskeu c kai sunt rhshc tou F/B p�rkou gia n qrìnia leitourgÐac, proc thn posìthta

thc enèrgeiac pou par�gei to F/B sÔsthma kat� th di�rkeia zw c tou.

minimize~xLCOE = minimize~x
Cc(~x) + Cm(~x)

Etot
(2.90)

ìpou:

~x : to di�nusma twn sqediastik¸n paramètrwn thc beltistopoÐhshc (~x = [Ns, Np, Nr, Fy, β,DIM1])

Cc(~x) : to kìstoc egkat�stashc tou F/B p�rkou (Euros).

Cm(~x) : h paroÔsa axÐa tou kìstouc sunt rhshc tou F/B p�rkou (Euros).

Etot : h sunolik  enèrgeia pou par�gei to sÔsthma kat� th di�rkeia leitourgÐac tou.

To sunolikì kìstoc tou F/B p�rkou an� mon�da egkatesthmènhc isqÔoc (Euros/MWp)

prèpei na eÐnai mikrìterh apì to �nw ìrio pou èqei jèsei o kataskeuast c, Cp,max(Euros/MWp),

dhlad :

Cc(~x) + Cm(~x)

NI
PM,STC

1000

≤ Cp,max (2.91)

To kìstoc egkat�stashc dÐnetai apì thn sqèsh:

Cc(~x) = (1−s)(1+BOS)(NiNsNp
PM,STC

1000
(1−Rpv)Cpv+NiPi,nCinv+CL+CB+Ci,t+Cc,dc+Cc,ac+CIC) (2.92)

ìpou
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s(%) : suntelest c epidìthshc.

BOS(%) : posostì kìstouc twn loip¸n exarthm�twn tou sust matoc (Balance-of system com-

ponents - BOS) [14].

Cpv(Euro/KWp) : tim  k�je F/B plaisÐou.

Cinv(Euro/kWp) : tim  k�je DC/AC metatropèa.

Rpv(%) : suntelest c axÐac twn F/B stoiqeÐwn sto teleutaÐo (n-ostì) ètoc leitourgÐac tou F/B

p�rkou.

CL(Euro) : kìstoc agor�c perioq c egkat�stashc.

CB(Euro) : kìstoc kataskeu c kai egkat�stashc twn b�sewn st rixhc tou F/B sust matoc.

Ci,t(Euro) : kìstoc metasqhmatist  diasÔndeshc me to hlektrikì dÐktuo.

Cc,dc(Euro) : kìstoc DC kalwdÐwn.

Cc,ac(Euro) : kìstoc AC kalwdÐwn.

CIC(Euro) : kìstoc kalwdÐou diasÔndeshc tou F/B p�rkou me to hlektrikì dÐktuo.

Ta parap�nw megèjh upologÐzontai wc ex c:

RPV = (1− nr(n))
npv − n
npv

(2.93)

ìpou:

n(years) : h di�rkeia zw c tou F/B p�rkou.

npv(years) : h di�rkeia zw c twn F/B stoiqeÐwn (dÐnetai apì ton kataskeuast  touc).

r(y)(%/year) : et sioc suntelest c meÐwshc thc paragìmenhc isqÔoc apì ta F/B plaÐsia (An

y = 1 tìte r(y) = 0, diaforetik� prosdiorÐzetai apì ton kataskeuast ).

To kìstoc agor�c thc perioq c egkat�stashc eÐnai:

CL = (Ap + Ai/c,tPi/c)cl (2.94)

ìpou:

Ap(m
2) : h èktash thc perioq c egkat�stashc.

Ai/c,t(m
2/MW ) : èktash pou katalamb�nei o metasqhmatist c diasÔndeshc me to hlektrikì dÐ-

ktuo.

cl(Euro/m
2) : to kìstoc thc ghc an� mon�da epif�neiac.
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To kìstoc CB dÐnetai apì thn sqèsh:

CB = NrowntLpv1N2Lpv2cb (2.95)

ìpou cb to kìstoc b�sewn st rixhc twn domik¸n stoiqeÐwn (Euro/m2).

Ta kìsth Cc,dc, Cc,ac, upologÐzontai wc ex c:

Cc,dc = PLdccdc (2.96)

Cc,ac = PLaccac (2.97)

ìpou:

Cdc(Euro/kW/m
2) : kìstoc DC kalwdÐwn

Cac(Euro/kW/m
2) : kìstoc AC kalwdÐwn

To kìstoc Ci/t dÐnetai apì thn sqèsh:

Ci/t = PLi/tci/t (2.98)

ìpou ci/t(Euro/kW/m2) to kìstoc tou metasqhmatist  diasÔndeshc.

To kìstoc CI,C eÐnai:

CI/C = PLI/Ccic (2.99)

ìpou cic(Euro/kW/m2) to kìstoc tou kalwdÐou diasÔndeshc.

H paroÔsa axÐa tou sunolikoÔ kìstouc sunt rhshc tou F/B p�rkou kat� thn di�rkeia tou

qrìnou zw c tou eÐnai:

CM(~x) = (NiNsNp
PM,STC

1000
Mpv+NiPi,nMinv+Mi/t+Mc,dc+Mc,ac+MIC)(1+g)

1− ( 1+g
1+di

)n

di − g
+RTC

(2.100)

ìpou:

MPV (Euro/kWp) : et sio kìstoc sunt rhshc F/B plaisÐwn.

Minv(Euro/kWp) : et sio kìstoc sunt rhshc metatropèwn DC/AC.

Mi/t(Euro) : et sio kìstoc sunt rhshc metasqhmatist  diasÔndeshc.

Mc,dc(Euro) : et sio kìstoc sunt rhshc DC kalwdÐwn.

Mc,ac(Euro) : et sio kìstoc sunt rhshc AC kalwdÐwn.

MIC : et sio kìstoc sunt rhshc kalwdÐou diasÔndeshc.
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g(%) : et sio posostì plhjwrismoÔ.

di(%) : proexoflhtikì epitìkio (discount rate).

To kìstoc epidiìrjwshc twn metatropèwn DC/AC, RTC(Euro) :, upologÐzetai wc ex c:

RTC = NiPi,nRcostSrep (2.101)

ìpou:

Srep =
∑
∀j=k∗

(1 + g)j

(1 + di)j
(2.102)

kai k∗ oi arijmoÐ twn et¸n pou qrei�zontai epidiìrjwsh oi metatropeÐc DC/AC. H tim  tou k∗

exart�tai apì thn qronik  perÐodo Tr(year) metaxÔ twn epidiorj¸sewn twn metatropèwn pou

prèpei na gÐnoun pou dÐnetai apì thn sqèsh:

Tr =

⌈
n

nrep

⌉
(2.103)

nrep =
24 ∗ n ∗ 365

MTBF
(2.104)

ìpou nrep eÐnai o arijmìc twn episkeu¸n kai MTBF (hours) eÐnai o mèsoc qrìnoc metaxÔ blab¸n

twn metatropèwn DC/AC, o opoÐoc orÐzetai apì ton kataskeuast  twn metatropèwn.

Ta et sia kìsth sunt rhshc twn DC kai AC kalwdÐwn upologÐzontai apì tic sqèseic:

Mc,dc = PLdcmdc (2.105)

kai

Mc,ac = PLacmac (2.106)

ìpou mdc,mac (Euro/kW/m) eÐnai to et sio kìstoc sunt rhshc twn DC kai twn AC kalwdÐwn

antÐstoiqa, an� mon�da m kouc kai metaferìmenhc isqÔoc.

To et sio kìstoc sunt rhshc tou metasqhmatist  diasÔndeshc eÐnai:

Mi/t = Pi/cmi/t (2.107)

ìpou mi/t (Euro/MWp) eÐnai to et sio kìstoc sunt rhshc tou metasqhmatist  diasÔndeshc, an�

mon�da m kouc kai isqÔoc.

To et sio kìstoc sunt rhshc tou kalwdÐou diasÔndeshc eÐnai:

MIC = PLI/Cmic (2.108)

ìpou mic (Euro/MWp/m) eÐnai to et sio kìstoc sunt rhshc tou kalwdÐou diasÔndeshc, an�

mon�da m kouc kai isqÔoc.

39



2.3 SÔnoyh

Se autì to kef�laio parousi�sthke analutik� h mejodologÐa me thn opoÐa upologÐzetai to kì-

stoc an� mon�da enèrgeiac miac sugkekrimènhc di�taxhc twn F/B stoiqeÐwn, me ap¸tero skopì

thn eÔresh twn bèltistwn tim¸n twn sqediastik¸n paramètrwn oi opoÐec odhgoÔn sthn elaqi-

stopoÐhsh thc posìthtac aut c. Sta epìmena kef�laia ja exhg soume ton algìrijmo eÔreshc

thc bèltisthc lÔshc gia to dedomèno prìblhma, qrhsimopoi¸ntac exeliktikoÔc algìrijmouc se

sÔsthma par�llhlhc epexergasÐac. H antikeimenik  sun�rthsh pou ja jèsoume stouc exelikti-

koÔc algìrijmouc eÐnai h ektèlesh twn parap�nw mejìdwn gia ton upologismì tou kìstouc an�

mon�da enèrgeiac, gia sugkekrimènec timèc twn sqediastik¸n paramètrwn. H antikeimenik  su-

n�rthsh tou probl matoc dèqetai sthn eÐsodì thc to di�nusma ~x = [Ns, Np, Nr, Fy, β,DIM1],

thn di�rkeia zw c tou F/B sust matoc, n, kaj¸c thn tim  tou proexoflhtikoÔ epitokÐou, di, kai

sthn èxodo epistrèfei tic timèc pou upolìgise gia tic paramètrouc LCOE,Cc, Cm. H metablht 

LCOE ekfr�zei to kìstoc an� mon�da paragìmenhc enèrgeiac kai eÐnai h tim  pou elaqistopoieÐ

o algìrijmoc beltistopoÐhshc. Analutik� ta b mata gia ton upologismì thc antikeimenik c su-

n�rthshc faÐnontai sto Sq ma 2.10.
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Sq ma 2.10: Ektèlesh upologism¸n thc antikeimenik c sun�rthshc (stic parenjèseic shmei¸netai
poiec exis¸seic apì autèc pou perigr�yame qrhsimopoioÔntai se k�je montèlo upologismoÔ).
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Kef�laio 3

Par�llhla sust mata epexergasÐac

3.1 Upologistèc Plègmatoc (Grid Computing)

H epexergasÐa me upologist  plègmatoc eÐnai mia mèjodoc gia epexergasÐa dedomènwn kat� thn

opoÐa mporoÔme na qrhsimopoi soume tautìqrona upologistikoÔc pìrouc (CPU, mn mh, apojh-

keutikoÔc q¸rouc klp.) apì poll� mhqan mata, eÐte se topikì epÐpedo (super-computers) eÐte

autoÐ oi pìroi eÐnai katanemhmènoi se mhqan mata se diaforetik� gewgrafik� mèrh. To ple-

onèkthma thc qr shc upologist  plègmatoc gia epexergasÐa dedomènwn eÐnai ìti mporoÔme na

epitaqÔnoume thn ektèlesh polÔplokwn programm�twn (episthmonik¸n, teqnik¸n klp.) qrhsi-

mopoi¸ntac ìlouc touc diajèsimouc pìrouc gia thn par�llhlh (tautìqronh) ektèlesh poll¸n

leitourgi¸n enìc progr�mmatoc. Me autìn ton trìpo mporoÔme na epexergastoÔme dedomèna ta

opoÐa eÐnai adÔnato na ektelestoÔn se logikì qrìno apì ènan sumbatikì upologist . Gia pa-

r�deigma, to prìgramma SETI (Search for Extraterrestrial Intelligence) qrhsimopoieÐ pìrouc apì

aploÔc sumbatikoÔc upologistèc qrhst¸n se ìlo ton kìsmo gia thn epexergasÐa twn dedomènwn

pou lamb�nei apì touc dorufìrouc. EpÐshc, ston Meg�lo Epitaqunt  SwmatidÐwn tou CERN

qrhsimopoioÔntai sust mata katanemhmènhc epexergasÐac gia thn an�lush twn (ter�stiwn se ìg-

ko) dedomènwn pou lamb�nontai apì tic sugkroÔseic swmatidÐwn ston epitaqunt . H efarmogèc

poikÐloun, kai me thn p�rodo tou qrìnou oloèna kai aux�netai h qr sh grid susthm�twn.

Gia thn qr sh twn diajèsimwn upologistik¸n pìrwn se ènan upologist  plègmatoc sun jwc

egkajÐstatai apì ton diaqeirist  tou upologist  to aparaÐthto middleware, to opoÐo anajètei

diergasÐec qrhst¸n stouc diajèsimouc upologistikoÔc pìrouc. Me autìn ton trìpo o qr sthc

den qrei�zetai na gnwrÐzei poiouc pìrouc ja qrhsimopoi sei kai p¸c, oÔte na k�nei opoiesd pote

rujmÐseic sto ulikì tou upologist  plègmatoc. Me �lla lìgia, to middleware analamb�nei thn

diaqeÐrish twn pìrwn tou diktÔou plègmatoc me trìpo adiafan  proc ton qr sth. Oi qr stec

èqoun sthn di�jes  touc orismèno arijmì upologistik¸n pìrwn kai me ta kat�llhla batch scri-

pts anajètoun ergasÐec proc ektèlesh stouc diajèsimouc pìrouc. H sÔndesh twn diajèsimwn

pìrwn gÐnetai dunamik� apì to sÔsthma, me to opoÐo mporoÔme na ektelèsoume meg�lhc klÐmakac

katanemhmènec efarmogèc. Sto [15] perigr�fontai analutik� ìlec oi idiìthtec enìc upologist 
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plègmatoc kai oi dunatìthtec pou apoktoÔme me thn qr sh tou.

To meg�lo stoÐqhma, kai shmantikì pedÐo èreunac, eÐnai h diasÔndesh se èna eniaÐo grid sÔ-

sthma poll¸n diaforetik¸n tÔpwn suskeu¸n (home pc's, tablets, PDAs, kinht� thlèfwna klp.)

pou brÐskontai se opoiad pote gewgrafik  perioq  me skopì thn pl rh axiopoÐhsh touc apì

opoiond pote qr sth se opoiod pote tìpo, me adiafan  trìpo. 'Ena tètoio mellontikì diadÐktuo

gia na eÐnai efiktì qrei�zetai na kajierwjoÔn ta kat�llhla prìtupa gia k�je dunat  uphresÐa

tou grid, ètsi ¸ste to sÔsthma na mporeÐ na axiopoi sei touc pìrouc k�je diaforetik c suskeu c

pou emperièqetai se autì, me trìpo adiafan  apì ton qr sth.

Sq ma 3.1: Genik  morf  sust matoc upologist  plègmatoc (phg  eikìnac:
http://www.adarshpatil.com/newsite/images/grid-computing.gif).

Sq ma 3.2: EpÐpeda leitourgi¸n enìc upologist  plègmatoc (phg  eikìnac:
http://reports2.celent.com/PressReleases/20060224/GridComputing.asp).
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3.2 Arqitektonikèc susthm�twn par�llhlhc epexer-

gasÐac

O pio dhmofil c trìpoc kat�taxhc twn upologistik¸n susthm�twn me b�sh thn arqitektonik 

touc, prot�jhke apì ton Flynn to 1966. KathgoriopoieÐ ta sust mata upologist¸n me b�sh ton

trìpo pou oi entolèc (instructions) kai ta dedomèna (data) dioqeteÔontai sto sÔsthma. Sugke-

krimèna, o Flynn prìteine ta ex c eÐdh susthm�twn [16]:

• SISD (Single Instruction - Single Data)

• SIMD (Single Instruction - Multiple Data)

• MISD (Multiple Instruction - Single Data)

• MIMD (Multiple Instruction - Multiple Data)

ìpou:

SISD (Single Instruction - Single Data): Ta SISD mhqan mata eÐnai sumbatikoÐ akolou-

jiakoÐ H/U pou epexerg�zontai mÐa ro  entol¸n kai èna set dedomènwn. KaleÐtai epÐshc

arqitektonik  von Neumann.

SIMD (Single Instruction - Multiple Data): Se aut  thn kathgorÐa an koun mhqan mata

me polloÔc epexergastèc stouc opoÐouc mia mon�da elègqou dioqeteÔei thn Ðdia entol  se

ìlouc touc epexergastèc, all� k�je epexergast c qrhsimopoieÐ dedomèna apì thn dik  tou

mn mh, sunep¸c mporoÔme na èqoume diaforetikèc roèc dedomènwn se k�je epexergast .

MISD (Multiple Instruction - Single Data): Ed¸ èqoume diaforetik� set entol¸n na ana-

tÐjentai stouc diajèsimouc epexergastèc, all� oi diajèsimoi epexergastèc antloÔn dedomèna

apì mia koin  mn mh, dhlad  epexerg�zontai thn Ðdia ro  dedomènwn.

MIMD (Multiple Instruction - Multiple Data): Se aut  thn kathgorÐa an koun ta pe-

rissìtera sust mata par�llhlhc epexergasÐac. Diajètoume polloÔc epexergastèc, k�je

ènac ekteleÐ diaforetikèc entolèc kai diajètei dik  tou ro  dedomènwn (eÐte dik  tou mn mh,

eÐte diamoirazìmenh).

Mia eidik  perÐptwsh tou MIMD montèlou, eÐnai to SPMD (Single Program - Multiple

Data) montèlo. Se autì to sÔsthma diajètoume polloÔc epexergastèc oi opoÐoi ekteloÔn

to Ðdio prìgramma, all� diaqwrÐzoume to tm ma k¸dika pou ja epexergasteÐ k�je diajèsimh

mon�da me diaklad¸seic. H mn mh mporeÐ na eÐnai eÐte diamoirazìmenh, eÐte katanemhmè-

nh se k�je diajèsimo pìro tou sust matoc. To sÔsthma par�llhlhc epexergasÐac tou

PoluteqneÐou Kr thc an kei se aut n thn kathgorÐa.
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3.3 O upologist c plègmatoc tou PoluteqneÐou Kr -

thc

Sthn paroÔsa ergasÐa qrhsimopoioÔme ton upologist  plègmatoc tou PoluteqneÐou Kr thc gia

thn beltistopoÐhsh tou sqediasmoÔ tou F/B p�rkou pou perigr�yame sto prohgoÔmeno kef�laio.

Oi pìroi kai to logismikì pou diajètei o upologist c plègmatoc eÐnai oi ex c:

• 1 server HP PROLIANT DL320R05 Generation 5 (2xIntel Xeon 3070, 4GB memory,

2x72GB HDD 15000rpm SAS 3.5 Hot Plug ).

• 14 sklhroÐ dÐskoi me sunolik  qwrhtikìthta 1152GB (15000rpm, SAS 3.5 Hot Plug sup-

ported).

• 44 upologistikoÐ kìmboi ìpou o kajènac diajètei:

– 2 epexergastèc AMD Opteron Model 2218 (2.6GHz, 2MB, 95W).

– 4GB mn mh.

– 2 sklhroÔc dÐskouc me qwrhtikìthta 250GB.

– Hard Disk Controller Cache 64MB

• C/C++, Java, Python, FORTRAN compilers.

• MySql database.

• Matlab, Octave sust mata upologism¸n.

• TORQUE, OpenMPI, maui middleware gia diaqeÐrhsh ergasi¸n sto plègma.

H paroÔsa ergasÐa ulopoi jhke se gl¸ssa C kai gia thn upobol  ergasi¸n sto plègma

qrhsimopoioÔme to TORQUE, en¸ gia thn diadiergasiak  epikoinwnÐa metaxÔ twn ergasi¸n pou

katanèmoume stouc upologistikoÔc kìmbouc qrhsimopoi jhke h biblioj kh MPI.

Sthn bibliografÐa up�rqoun anaforèc gia di�fora montèla par�llhlhc epexergasÐac kai er-

galeÐa pou mporoÔme na qrhsimopoi soume gia na fti�xoume par�llhla progr�mmata [17], [18].
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Kef�laio 4

GenetikoÐ Algìrijmoi

4.1 Genik�

EÐnai mia diadikasÐa basismènh sth biologik  exèlixh kai qrhsimopoieÐtai gia na brei lÔseic se

probl mata pou mporoÔn na perigrafoÔn wc majhmatikì prìblhma kai eÐnai dÔskolo na lujoÔn

me klasikoÔc algorÐjmouc anaz thshc. Aut� eÐnai probl mata me pollèc metablhtèc, to opoÐo

sunep�getai meg�lo q¸ro lÔsewn kai epomènwc den up�rqei efiktìc trìpoc na broÔme mia bèl-

tisth lÔsh se logikì qrìno qrhsimopoi¸ntac klasikèc mejìdouc epÐlushc. Epino jhke apì ton

kajhght  John Holland kai anaptÔqjhke apì autìn kai touc foithtèc tou thn dekaetÐa tou 1960

kai tou 1970.

H basik  idèa eÐnai Ðdia me thn biologik  exèlixh. Sth biologik  exèlixh, up�rqoun ta gonÐdia

enìc organismoÔ, ta opoÐa omadopoihmèna perigr�foun èna qrwmìswma tou organismoÔ. 'Otan

prokÔptei ènac apìgonoc, klhronomeÐ gonÐdia apì touc goneÐc tou. Stouc genetikoÔc algorÐj-

mouc kwdikopoioÔme to sÔnolo twn metablht¸n pou perigr�foun mia lÔsh. H k�je metablht 

antiproswpeÔei èna gonÐdio, kai ìlec oi metablhtèc antiproswpeÔoun èna qrwmìswma. Up�rqei

mia sun�rthsh (antikeimenik  sun�rthsh   sun�rthsh kìstouc   sun�rthsh axiolìghshc) h opoÐa

ekteleÐtai gia sugkekrimènec metablhtèc (qrwmìswma) kai mac epistrèfei mia tim , thn opoÐa qrh-

simopoieÐ o algìrijmoc gia na krÐnei pìso <<kalì>>   <<kakì>> eÐnai to gonÐdio autì. 'Enac genetikìc

algìrijmoc diajètei ènan plhjusmì qrwmoswm�twn arqikopoihmèno tuqaÐa kai se k�je epan�lhyh

axiologeÐ ta qrwmos¸mata, èpeita epilègei ta qrwmos¸mata pou ja proqwr soun sthn epìmenh

geni� kai ekteleÐ leitourgÐec diastaÔrwshc kai met�llaxhc. 'Otan sqhmatisteÐ o nèoc plhjusmìc,

epanalamb�nei thn diadikasÐa aut  mèqri na ektelesteÐ ènac prokajorismènoc arijmìc epanal ye-

wn. Kat� th di�rkeia ektèleshc tou algorÐjmou, qrwmos¸mata apì èna sÔnolo qrwmoswm�twn

(plhjusmìc), antall�soun genetikì k¸dika gia na dhmiourg soun nèa gonÐdia kai upologÐzoun

mia tim  gia thn antikeimenik  sun�rthsh. Stìqoc eÐnai h eÔresh miac bèltisthc lÔshc, dhlad  h

eÔresh tou qrwmos¸matoc (timèc metablht¸n) pou dÐnei thn bèltisth tim  gia thn antikeimenik 

mac sun�rthsh.

'Opwc sth biologÐa up�rqoun diadikasÐec sundiasm¸n gonidÐwn kai gonidiak c met�llaxhc,
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ètsi kai stouc genetikoÔc algìrijmouc orÐzontai tètoiec diadikasÐec. Me b�sh k�poio krit -

rio epilègontai qrwmos¸mata apì èna sÔnolo qrwmoswm�twn, to opoÐo onom�zetai plhjusmìc

(sthn arq  thc ektèleshc tou algorÐjmou to arqikopoioÔme tuqaÐa), kai antall�ssoun mèroc

tou gonidiìmatìc touc, me sunèpeia na dhmiourgoÔntai kainoÔria qrwmos¸mata. Met�llaxh enìc

qrwmos¸matoc shmaÐnei ìti me k�poio trìpo to qrwmìswma autì ufÐstatai tropopoÐhsh se èna

  perissìtera gonÐdia. Ja analÔsoume parak�tw mejìdouc epilog c gonèwn, diastaÔrwshc kai

met�llaxhc.

Sq ma 4.1: Di�gramma ro c enìc GenetikoÔ Algìrijmou (phg  eikìnac:
http://my.opera.com/blu3c4t/blog/show.dml/2636486)

Oi genetikoÐ algìrijmoi mporoÔn na broun lÔsh se probl mata pou èqoun poludi�stato q¸ro

lÔsewn se polÔ gr goro qrìno, all� den eggu¸ntai bèltisth lÔsh p�nta diìti eÐnai stoqastik 

mèjodoc anaz thshc (perièqei tuqaiìthta). H apìdosh enìc genetikoÔ algorÐjmou exart�tai apì

polloÔc par�gontec, ìpwc h epilog  thc sun�rthshc axiolìghshc (polÔ shmantikì), h dom  tou

q¸rou lÔsewn (q¸roc lÔsewn me asunèqeiec pijanìn na odhg sei se topik� bèltista), h epilog 

kat�llhlwn mejìdwn gia epilog  gonèwn, diastaÔrwsh kai met�llaxh, kaj¸c kai o rujmìc me

ton opoÐon ja pragmatopoioÔntai autèc oi diadikasÐec, to sÔnolo gonidÐwn ston plhjusmì klp.

Sto Sq ma 4.1 parousi�zetai to di�gramma ro c enìc genetikoÔ algorÐjmou.
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4.2 DiadikasÐa Epilog c (Selection)

Se k�je epan�lhyh tou algorÐjmou, afoÔ upologistoÔn oi timèc thc antikeimenik c sun�rthshc,

epilègontai duo qrwmos¸mata apì ton plhjusmì gia na dhmiourg soun duo kainoÔria. Up�rqoun

di�forec mèjodoi gia thn pr�xh thc epilog c. H pio diadedomènh, thn opoÐa qrhsimopoioÔme kai

sthn ulopoÐhs  mac, eÐnai h mèjodoc tou troqoÔ thc roulètac. Ta qrwmos¸mata lamb�noun mia

tim  pijanìthtac na epilegoÔn. H pijanìthta aut  gia to k�je qrwmìswma exart�tai apì thn

tim  pou epèstreye h sun�rthsh axiolìghshc gia to qrwmìswma autì. 'Oso megalÔterh eÐnai h

tim  thc sun�rthshc axiolìghshc, tìso aux�netai h pijanìthta na epilegeÐ to qrwmìswma autì.

AfoÔ epilegoÔn duo qrwmos¸mata, proqwr�me sth diadikasÐa thc diastaÔrwshc.

PÐnakac 4.1: Par�deigma epilog c me thn mèjodo tou troqoÔ thc roulètac

Qrwmìswma Skor pselected
chrome1 3 0.15
chrome2 5 0.4
chrome3 1 0.45
chrome4 6 0.75
chrome5 5 1

Sq ma 4.2: O troqìc thc roulètac sÔmfwna me ton opoÐon gÐnetai h epilog .

Sto par�deigma pou faÐnetai ston PÐnaka 4.1 kai sto Sq ma 4.2, blèpoume pwc antistoiqoÔn

oi pijanìthtec epilog c gia k�je qrwmìswma ston troqì thc roulètac. H tim  thc pijanìthtac

gia to k�je qrwmìswma dÐnetai apì thn sqèsh:

p(i) = p(i− 1) +
fitness(i)

sum of fitnesses
, 1 ≤ i ≤ POP SIZE (4.1)

ìpou p(0) = 0. 'Epeita, lamb�noume mia tuqaÐa tim  sto [0, sum of probs], kai epilègoume to

qrwmìswma stou opoÐou to eÔroc up�getai h tuqaÐa tim . Gia par�deigma, an pselect = 0.5, tìte

epilègetai to qrwmìswma 4, an pselect = 0.2, tìte epilègetai to qrwmìswma 2 kok.
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4.3 DiadikasÐa DiastaÔrwshc (Crossover)

Sth diadikasÐa diastaÔrwshc, epilègontai 2 qrwmos¸mata ta opoÐa ja antall�xoun ènan arij-

mì apì gonÐdia me skopì thn dhmiourgÐa 2 nèwn qrwmoswm�twn ta opoÐa prostÐjentai ston nèo

plhjusmì. H diadikasÐa aut  epanalamb�netai e¸c o nèoc plhjusmìc na èqei Ðdio pl joc qrwmo-

swm�twn me ton arqikì plhjusmì. Me thn diadikasÐa thc met�llaxhc o algìrijmoc k�nei meg�la

�lmata ston q¸ro anaz thshc, sunep¸c mporeÐ na exereun sei gia to olikì bèltisto se pollèc

perioqèc tou q¸rou anaz thshc. Up�rqoun arketèc mèjodoi gia diastaÔrwsh, merikèc apì tic

plèon diadedomènec eÐnai:

• One-Point crossover: Epilègetai tuqaÐa èna shmeÐo tou qrwmos¸matoc. Ta nèa qrwmos¸ma-

ta apoteloÔntai apì ta diaforetik� mèrh (pou orÐzei to shmeÐo) twn 2 gonèwn (Sq ma 4.3).

• Two-Point crossover: 'Omoia me to one-point crossover, me th diafor� ìti epilègontai tuqaÐa

2 shmeÐa kai antall�ssetai to èna mèroc pou orÐzoun ta 2 aut� shmeÐa (Sq ma 4.4).

• Uniform crossover: Ta gonÐdia tou nèou qrwmos¸matoc mporeÐ na eÐnai apì opoiond pote

gonèa me pijanìthta 50% (Sq ma 4.5.)

Duo qrwmos¸mata den eÐnai aparaÐthto ìti ja diastaur¸nontai k�je for�. H diadikasÐa

thc diastaÔrwshc pragmatopoieÐtai me pijanìthta pcross, h opoÐa apoteleÐ par�metro eisìdou tou

algorÐjmou (0 ≤ pcross ≤ 1).

Sq ma 4.3: One-Point crossover

Sq ma 4.4: Two-Point crossover
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Sq ma 4.5: Uniform crossover

4.4 DiadikasÐa Met�laxhc (Mutation)

Sth diadikasÐa thc met�llaxhc all�zei èna   perissìtera gonÐdia tou qrwmos¸matoc. O lì-

goc pou èqoume aut  thn diadikasÐa stouc GenetikoÔc AlgorÐjmouc eÐnai ìti ètsi apofeÔgoume

thn sÔgklish se topik� bèltista. H diadikasÐa thc met�llaxhc pragmatopoieÐtai me pijanìthta

pmut(0 ≤ pmut ≤ 1). Sun jwc jètoume mikrèc timèc sthn pmut(< 20%), giatÐ an jèsoume meg�lh

tim  o algìrijmoc teÐnei na sumperifèretai san tuqaÐa anaz thsh. Oi pio sunhjismènoi tÔpoi

met�llaxhc stouc genetikoÔc algorÐjmouc eÐnai:

• Flip-bit mutation: All�zei 1 bit (1 gonÐdio) tou qrwmos¸matoc antistrèfontac thn tim 

tou. PragmatopoieÐtai mìno se qrwmos¸mata kwdikopoihmèna se bit-string morf  (Sq -

ma 4.6).

• Gaussian mutation: Prosjètei mia tuqaÐa Gaussian metablht  eÐte se èna, eÐte se ìla ta

gonÐdia tou qrwmos¸matoc. PragmatopoieÐtai mìno se qrwmos¸mata akèraiwn   pragmati-

k¸n arijm¸n.

• Uniform mutation: DÐnei se èna tuqaÐa epilegmèno gonÐdio tou qrwmos¸matoc mia tuqaÐa

tim , h opoÐa ìmwc prèpei na brÐsketai entìc twn �nw kai k�tw periorism¸n tou gonidÐou

(Sq ma 4.7). PragmatopoieÐtai mìno se qrwmos¸mata akèraiwn   pragmatik¸n arijm¸n.

Sq ma 4.6: Flip-bit mutation
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Sq ma 4.7: Uniform mutation

4.5 Proagwg  tou kalÔterou (Elitism)

An�loga me to eÐdoc tou genetikoÔ algorÐjmou, mporoÔme na orÐsoume thn proagwg  tou kalÔ-

terou, kat� thn opoÐa ta N kalÔtera qrwmos¸mata (1 ≤ N ≤ popsize) proqwr�ne sthn epìmenh

geni� qwrÐc na pragmatopoi soun diadikasÐec diastaÔrwshc kai met�llaxhc. Autì gÐnetai ètsi

¸ste na krat soume to gonidÐwma tou kalÔterou qrwmos¸matoc mèqri to tèloc thc anaz thshc

tou algorÐjmou. Sun jwc epilègetai na pro�gontai 1   2 kalÔtera gonÐdia.

Perissìterec teqnikèc pou aforoÔn genetikoÔc algorÐjmouc perigr�fontai sta [19], [20].

4.6 Par�llhloi GenetikoÐ Algìrijmoi

4.6.1 Genik�

Oi par�llhloi genetikoÐ algìrijmoi eÐnai ulopoi seic twn genetik¸n algorÐjmwn se sust mata

par�llhlhc epexergasÐac. MporoÔme na kerdÐsoume shmantik� se qrìno ektèleshc kai poiìthta

lÔshc se sÔgkrish me touc akoloujiakoÔc (ìqi par�llhlouc) genetikoÔc algorÐjmouc lìgw twn

poll¸n epexergast¸n pou diajètoume. Eidikìtera, se probl mata me meg�lh poluplokìthta thc

antikeimenik c sun�rthshc kai meg�lou q¸rou lÔsewn (ìpwc to prìblhma beltistopoÐhshc thc

paroÔsac ergasÐac), den eÐnai eÔkola efiktì na entopÐsoume thn bèltisth lÔsh se logikì qrìno

me touc akoloujiakoÔc genetikoÔc algorÐjmouc. Up�rqoun di�forec mèjodoi gia anaz thsh me

par�llhlouc genetikoÔc algorÐjmouc, o kajènac me ta dik� tou pleonekt mata kai meionekt mata.

Sto Sq ma 4.8 parousi�zetai mia kathgoriopoÐhsh twn par�llhlwn genetik¸n algorÐjmwn. Stic

epìmenec enìthtec ja perigr�youme sunoptik� orismèna eÐdh par�llhlwn genetik¸n algorÐjmwn.

4.6.2 Master-Slave parallhlopoÐhsh

Aut  h mèjodoc eÐnai apì tic pio diadedomènec efarmogèc par�llhlwn genetik¸n algìrijmwn. Se

aut  thn mèjodo, qrhsimopoieÐtai ènac stajerìc arijmìc apì qrwmos¸mata ston plhjusmì kai h

axiolìghsh k�je qrwmos¸matoc gÐnetai par�llhla (1 qrwmìswma anatÐjetai se k�je diajèsimh

epexergastik  mon�da). Oi diadikasÐec epilog c, diastaÔrwshc kai met�llaxhc gÐnontai sunolik�

apì mia diergasÐa master h opoÐa anajètei qrwmos¸mata se epexergastikèc mon�dec, lamb�nei

ta apotelèsmata thc ektèleshc thc antikeimenik c sun�rthshc, ekteleÐ tic pr�xeic epilog c, dia-

staÔrwshc kai met�llaxhc ki epanalamb�nei aut  thn diadikasÐa èwc ìtou oloklhrwjeÐ o mègistoc

arijmìc epanal yewn pou èqoume jèsei. Sthn ousÐa, eÐnai Ðdioc me touc akoloujiakoÔc genetikoÔc
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Sq ma 4.8: KathgorÐec par�llhlwn genetik¸n algorÐjmwn.

algìrijmouc. An o master perimènei na oloklhr¸jeÐ h axiolìghsh twn qrwmoswm�twn, tìte o

algìrijmoc kaleÐtai sÔgqronoc. Diaforetik�, kaleÐtai asÔgqronoc.

4.6.3 StatikoÐ UpoplhjusmoÐ me metan�steush

Se autì to eÐdoc par�llhlou genetikoÔ algorÐjmou qwrÐzoume ton arqikì plhjusmì se upoplh-

jusmoÔc kai k�je qrwmìswma antagwnÐzetai �lla qrwmos¸mata mìno apì ton upoplhjusmì ìpou

an kei. All�, an� takt� qronik� diast mata oi upoplhjusmoÐ mporoÔn na antall�xoun qrwmo-

s¸mata metaxÔ touc. Aut  h diadikasÐa kaleÐtai metan�steush, kai an èna qrwmìswma mporeÐ na

metanasteÔsei se opoiod pote upoplhjusmì o algìrijmo lègetai ìti akoloujeÐ montèlo nhsioÔ

(island model). An h antallag  mporeÐ na gÐnei mìno stouc geitonikoÔc upoplhjusmoÔc, tìte

lème ìti akoloujeÐ stepping-stone montèlo. Autì to eÐdoc par�llhlou genetikoÔ algìrijmou eÐ-

nai sqetik� apodotikì se qrìno kai poiìthta lÔshc, all� parousi�zei prìblhma epektasimìthtac

(paÔei na eÐnai apodotikì ìso megal¸nei o arijmìc twn diajèsimwn epexergastik¸n mon�dwn).

4.6.4 StatikoÐ uperkaluptìmenoi upoplhjusmoÐ qwrÐc metan�-

steush

Autì to montèlo eÐnai parìmoio me to prohgoÔmeno, all� den up�rqei metan�steush metaxÔ twn

upoplhjusm¸n. AntÐjeta, merik� qrwmos¸mata mporoÔn na an koun se parap�nw apì ènan u-

poplhjusmoÔc. Aut  h mèjodoc efarmìzetai kurÐwc se sust mata me diamoirazìmenh (koin )

mn mh.
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4.6.5 Mazik� par�llhloi genetikoÐ algìrijmoi

Se aut n thn mèjodo diajètoume èna plhjusmì apì qrwmos¸mata, all� ta qrwmos¸mata perio-

rÐzoun thn allhlepÐdras  touc sta geitonik� touc qrwmos¸mata. H topologÐa tou plhjusmoÔ

mporeÐ na l�bei di�forec morfèc (cube, hypercube, ring, torus klp.). To kÔrio meionèkthma autoÔ

tou algorÐjmou eÐnai to uyhlì kìstoc epikoinwnÐac metaxÔ twn qrwmoswm�twn.

4.6.6 DunamikoÐ upoplhjusmoÐ

Se aut  thn mèjodo den up�rqei plhjusmìc, all� ìla ta qrwmos¸mata antimetwpÐzontai xe-

qwrist� to kajèna kai organ¸nontai se upoplhjusmoÔc oi opoÐoi all�zoun dunamik� kat� thn

ektèlesh tou algorÐjmou. H kÔria idèa se aut  thn mèjodo eÐnai na apofÔgoume to na perimènoume

ta pio qronobìra se ektèlesh qrwmos¸mata na oloklhr¸soun thn ektèlesh thc antikeimenik c

sun�rthshc. Me autìn ton trìpo belti¸netai shmantik� to posostì qrhsimopoÐhshc twn diajè-

simwn pìrwn tou sust matoc, miac kai oi pr�xeic epilog c, diastaÔrwshc kai met�llaxhc gÐnontai

afoÔ èqei oloklhrwjeÐ ènac stajerìc arijmìc apì qrwmos¸mata. 'Oso pio mikrì to mègejoc twn

upoplhjusm¸n, tìso pio uyhlì to posostì qrhsimopoÐhshc twn pìrwn. EpÐshc den parousi�zei

probl mata epektasimìthtac ìso aux�netai to pl joc twn upologistik¸n pìrwn. To montèlo

autì perigr�fetai analutik� sta [21], [22].

4.6.7 'Alla eÐdh par�llhlwn genetik¸n algorÐjmwn

'Alla eÐdh par�llhlwn genetik¸n algorÐjmwn apoteloÔn oi par�llhloi algìrijmoi stajer c ka-

t�stashc, oi akat�statoi par�llhloi genetikoÐ algìrijmoi, kaj¸c kai ubridikèc ulopoi seic,

dhlad  sunduasmoÐ twn prohgoÔmenwn mejìdwn. Perissìterec plhroforÐec parousi�zontai sto

[23].
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Kef�laio 5

Efarmog  par�llhlhc epexergasÐac

kai exeliktik¸n algorÐjmwn sto

sqediasmì F/B susthm�twn meg�lhc

klÐmakac

H beltistopoÐhsh thc di�taxhc twn F/B stoiqeÐwn se F/B sÔsthma meg�lhc klÐmakac den

eÐnai eÔkolo na pragmatopoihjeÐ se sÔntomo qrìno qrhsimopoi¸ntac sumbatikoÔc upologistèc

me seiriakoÔc algorÐjmouc. Autì ofeÐletai sthn poluplokìthta thc anaz thshc (meg�loc kai

asuneq c q¸roc lÔsewn) kaj¸c kai sthn uyhl  upologistik  poluplokìthta thc antikeimenik c

sun�rthshc. Se autì to kef�laio ja analÔsoume tic teqnikèc pou qrhsimopoi jhkan, oi opoÐec

ulopoi jhkan se sÔsthma par�llhlhc epexergasÐac me skopì na epitaqÔnoume thn anaz thsh

thc bèltisthc lÔshc. Arqik� ulopoi jhke sÔgqronoc Master-Slave par�llhloc genetikìc algì-

rijmoc. 'Opwc ja doÔme kai sta apotelèsmata, me autìn ton trìpo epitaqÔnoume sunolik� ton

qrìno ektèleshc thc diadikasÐac exèlixhc tou genetikoÔ algorÐjmou, all� me autì to montèlo

den axiopoioÔme apotelesmatik� touc kìmbouc tou sust matoc. Me �lla lìgia, den ekmetal-

leuìmaste sto èpakro thn upologistik  isqÔ twn epexergastik¸n mon�dwn pou diajètoume, miac

kai sto Master-Slave montèlo ìloi oi epexergastèc perimènoun kai to teleutaÐo qrwmìswma tou

plhjusmoÔ na axiologhjeÐ prin suneqÐsoun na ekteloÔn axiolog seic, me sunèpeia na odhgoÔma-

ste se arket� qamhlì posostì qrhsimopoÐhshc tou upologist  plègmatoc. Sthn sunèqeia, gia

na uperker�soume autì to empìdio, qrhsimopoioÔme to montèlo Dunamik¸n Plhjusm¸n, to opoÐo

eggu�tai uyhlì posostì qrhsimopoÐhshc twn pìrwn me kal  poiìthta sthn lÔsh tou algorÐjmou.

Me aut n thn mèjodo o algìrijmoc anaz thshc sugklÐnei sthn bèltisth tim  tic perissìterec

forèc thc ektèles c tou. 'Omwc, h poiìthta lÔshc tou eÐnai lÐgo kat¸terh (ìpwc ja doÔme kai

sta apotelèsmata), dhlad  den entopÐzei p�nta thn olik� bèltisth lÔsh par� k�poia kontinì se

aut n shmeÐo. Autì sumbaÐnei diìti o arijmìc twn qrwmoswm�twn ston plhjusmì ìpou pragma-

topoioÔme thn diadikasÐa thc epilog c kai diastaÔrwshc einai arket� mikrìteroc ston algìrijmo

dunamik¸n plhjusm¸n apì ton antÐstoiqo tou Master-Slave algìrijmou.EpÐshc, oi genetikoÐ al-
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gìrijmoi perièqoun tuqaiìthta, to opoÐo se sunduasmì me ton anomoiìmorfo q¸ro lÔshc tou

probl matoc, den eggu�tai p�nta thn sÔgklish sto olikì bèltisto. Parìla aut�, h apìklish

eÐnai polÔ mikr  kai mporeÐ na jewrhjeÐ bèltisth, ìpwc ja doÔme kai sta apotelèsmata apì thn

exantlhtik  anaz thsh sto epìmeno kef�laio.

5.1 Perigraf  tou probl matoc proc beltistopoÐhsh

To mègejoc pou prèpei na elaqistopoihjeÐ eÐnai to kìstoc thc enèrgeiac pou par�getai (Levelized

Cost Of Electricity - LCOE), ìpwc anafèrame kai sto Kef�laio 2. Dhlad :

minimize~x{LCOE} = minimize~x{
Cc(~x) + Cm(~x)

Etot
} (5.1)

Oi par�metroi twn opoÐwn prèpei na upologistoÔn oi bèltistec timèc eÐnai oi ex c:

• arijmìc F/B plaisÐwn sundedemènwn se seir�: Ns

• arijmìc seir¸n F/B plaisÐwn sundedemènwn par�llhla: Np

• arijmìc gramm¸n apì sundedemèna F/B plaÐsia se k�je F/B mplok: Nr

• apìstash metaxÔ twn proskeÐmenwn block: Fy

• gwnÐa klÐshc F/B plaisÐwn: βo

• m koc pou katalamb�noun ta F/B plaÐsia sthn nìtia pleur� thc epif�-

neiac egkat�stashc: DIM1

Oi periorismoÐ gia tic parap�nw metablhtèc eÐnai:

• 1 ≤ Ns ≤ Ns,max

• 1 ≤ Np ≤ Ns,mppt

• 1 ≤ Nr ≤ 10

• 0 ≤ Fy ≤ 50

• 0o ≤ β ≤ 90o

• 0 ≤ DIM1 ≤ DIM1,max

Sthn perÐptwsh pou den èqoume central inverters, tote o periorismìc gia thn metablht  Np

den ufÐstatai, kai ja isqÔei Np = Ni,mppt ∗ Ns,mppt. Oi metablhtèc autèc omadopoihmènec se

di�nusma, apoteloÔn to qrwmìswma proc axiolìghsh. H antikeimenik  sun�rthsh dèqetai to

k�je qrwmìswma kai epistrèfei mia tim . H sun�rthsh axiolìghshc tÐjetai na epistrèfei san

apotèlesma to �peiro ìtan isqÔei èna apì ta parak�tw:
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• b DIM1

Ns∗Lpv,1
= 0c

• Cc+Cm

NI∗
Pm,STC

1000

> Cp,max

• Etot = 0

Epeid  o upologismìc tou Ns,max sumbaÐnei mèsa sthn antikeimenik  sun�rthsh, sunep¸c den

mporoÔme na xèroume ek twn protèrwn thn tim  tou, upologÐzoume thn metablht  aut  sthn arq 

tou probl matoc, upologÐzontac thn prospÐptousa aktinobolÐa kai thn enèrgeia pou par�goun

ta F/B stoiqeÐa gia k�je 0o ≤ β ≤ 90o me βstep = 0.1. H mègisth epitrept  tim  pou epistrèfei

h prosomoÐwsh aut  gia thn metablht  Ns,max, jewreÐtai wc to �nw ìrio thc sqediastik c para-

mètrou Ns. 'Etsi, kerdÐzoume perissìtera qr sima qrwmos¸mata (me ìqi �peirh tim ) efìson den

qrei�zetai na jèsoume to �nw ìrio se megalÔterec timèc, me sunèpeia o algìrijmoc na sugklÐnei

grhgorìtera sthn bèltisth perioq .

Tèloc, to qrwmìswma pou axiologeÐ h antikeimenik  sun�rthsh ja èqei thn morf  pou peri-

gr�fetai ston PÐnaka 5.1:

PÐnakac 5.1: KwdikopoÐhsh qrwmos¸matoc.

Ns Np Nr Fy β DIM1

integer integer integer double double double

5.2 Master-Slave Par�llhloc Genetikìc Algìrijmoc

H ulopoÐhsh eÐnai Ðdia me aut n pou perigr�yame sto prohgoÔmeno kef�laio, dhlad  diajètoume

stajerì arijmì apì qrwmos¸mata, up�rqei mia diergasÐa Master pou ekteleÐ ìlec tic aparaÐ-

thtec leitourgÐec (epilog , diastaÔrwsh, met�llaxh, elitismì) kai anajètei se k�je diajèsimo

upologistikì kìmbo èna qrwmìswma proc axiolìghsh.

Sta Sq mata (5.1 - 5.2) parousi�zontai oi yeudok¸dikec pou ulopoi jhkan se aut n thn

ergasÐa gia tic diergasÐec pou perigr�yame:

Sq ma 5.1: Yeudok¸dikac Slave diergasÐac.
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Sq ma 5.2: Yeudok¸dikac Master diergasÐac.

Oi timèc twn paramètrwn rujmÐsthkan me suneqeÐc ektelèseic ètsi ¸ste na entopÐsoume poiec

eÐnai oi kat�llhlec timèc ¸ste o algìrijmoc na eÐnai apodotikìc tìso wc proc thn poiìthta thc

lÔshc, ìso kai wc proc ton qrìno ektèleshc. Eidikìtera:

Pijanìthta gia crossover: pcross = 0.5

Pijanìthta gia mutation: pmut = 0.3

Arijmìc elite qrwmoswm�twn: elitecount = 1

Qrwmos¸mata ston plhjusmì: popsize = 26

Arijmìc slave diergasi¸n: nslave = 26

Mègistoc arijmìc gene¸n: MAX_GENERATIONS = 150

Oi diadikasÐec gia selection, crossover, mutation kai elitism ulopoioÔntai sÔmfwna me ìsa

eÐpame sto Kef�laio 4. Analutikìtera:

selection: Roullete-wheel mèjodoc. H diadikasÐa epilog c tou troqoÔ thc roulètac eÐnai Ðdia me thn

perigraf  sto Kef�laio 4.

crossover: Uniform crossover. FaÐnetai na apodÐdei kalÔtera apì �llec mejìdouc (One-point, two-

point) gia to prìblhm� mac. K�je gonÐdio tou nèou qrwmos¸matoc epilègetai apì ton

gonèa 1   ton gonèa 2 me pijanìthta 50%.
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mutation: Uniform mutation. Epilègetai èna gonÐdio tou qrwmos¸matoc tuqaÐa, kai se autì anatÐje-

tai mia tuqaÐa tim  apì to epitreptì eÔroc tim¸n aut c thc metablht c.

Sto Sq ma 5.3 parajètoume to �owchart twn diergasi¸n master kai slave pou ulopoi jhkan.

Omaster xekin� stèlnontac ìla ta (arqikopoihmèna tuqaÐa) qrwmos¸mata proc axiolìghsh stouc

slaves (èna qrwmìswma an� slave). 'Otan ta steÐlei ìla, perimènei kai dèqetai ta apotelèsmata thc

axiolìghshc, mèqri ìloi oi slave na oloklhr¸soun thn ektèlesh thc antikeimenik c sun�rthshc

kai na ton enhmer¸soun stèlnont�c tou ta apotelèsmata. 'Epeita, pragmatopoieÐ selection -

crossover - mutation kai sqhmatÐzei ton nèo plhjusmì. Aut  h diadikasÐa epanalamb�netai mèqri

na sumplhrwjeÐ o mègistoc arijmìc gene¸n proc axiolìghsh pou èqoume orÐsei. H diergasÐa slave

xekin� thn ektèles  thc kai perimènei na l�bei èna qrwmìswma proc axiolìghsh. 'Epeita ekteleÐ

thn sun�rthsh axiolìghshc gia to qrwmìswma pou èlabe kai mìlic oloklhr¸sei thn ektèlesh

epistrèfei ta apotelèsmata ston master. 'Epeita perimènei ton master na steÐlei nèo qrwmìswma

proc axiolìghsh. O slave stamat� thn leitourgÐa tou mìlic sumplhrwjeÐ o mègistoc arijmìc

gene¸n proc axiolìghsh pou orÐsame.

Sq ma 5.3: Di�gramma ro c tou Master-Slave par�llhlou genetikoÔ algorÐjmou.
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5.3 Algìrijmoc Dunamik¸n Plhjusm¸n

O kÔrioc lìgoc pou qrhsimopoioÔme to montèlo Dunamik¸n Plhjusm¸n sthn diadikasÐa belti-

stopoÐhshc tou probl matoc mac eÐnai gia na belti¸soume to posostì qrhsimopoÐhshc twn diajè-

simwn epexergastik¸n mon�dwn, kai kat� sunèpeia thn axiolìghsh perissìterwn qrwmoswm�twn

se sqèsh me toMaster-Slave montèlo. Se antÐjesh me toMaster-Slave montèlo, ta qrwmos¸mata

den apoteloÔn ènan eniaÐo plhjusmì, all� to kajèna qeirÐzetai atomik� kai eis�getai se k�poion

upoplhjusmì dunamik� kat� thn ektèlesh tou algorÐjmou. 'Otan ènac sugkekrimènoc arijmìc

apì qrwmos¸mata axiologhjeÐ, aut� apoteloÔn ènan upoplhjusmì ston opoÐo ja ektelèsoume

tic diadikasÐec epilog c -diastaÔrwshc -met�llaxhc. Gia thn ulopoÐhsh tou montèlou dunamik¸n

plhjusm¸n orÐzoume tic ex c diergasÐec:

Slave: EÐnai upeÔjunoc gia thn ektèlesh thc sun�rthshc axiolìghshc, antall�sei genetikì k¸dika

me �llec slave diergasÐec kai ekteleÐ met�llaxh sto qrwmìswma pou axiolìghse. Se k�je

slave diergasÐa diajètoume ènan epexergastikì pìro kai èna qrwmìswma proc axiolìghsh.

Master: Sugkentr¸nei ta qrwmos¸mata pou olokl rwsan thn ektèles  touc, ta opoÐa apoteloÔn

ton upoplhjusmì (deme). AfoÔ o upoplhjusmìc gemÐsei me ènan prokajorismèno arijmì

apì qrwmos¸mata, o master epilègei ta qrwmos¸mata proc anaparagwg  kai stèlnei mhnÔ-

mata stouc slaves me perieqìmeno ta anagnwristik� twn slaves pou prèpei na antall�xoun

metaxÔ touc gonÐdia, kaj¸c kai mia m�ska diastaÔrwshc. H m�ska stèlnetai apì koinoÔ

stouc slaves pou prèpei na pragmatopoi soun diastaÔrwsh kai sthn ousÐa upodeiknÔei stouc

slaves poia gonÐdia na krat soun kai poia na l�boun apì �llouc slaves.

Counter: O counter lamb�nei to apotèlesma thc axiolìghshc enìc slave kai anajètei ton slave au-

tìn se k�poion upoplhjusmì (master), gnwrÐzontac poioc master perimènei na gemÐsei ton

upoplhjusmì tou. EpÐshc arqikopoieÐ ta qrwmos¸mata sthn arq  thc ektèleshc thc bel-

tistopoÐhshc kai ta anajètei se slave diergasÐec proc epexergasÐa. Akìmh, elègqei an

sumplhr¸jhke o mègistoc arijmìc qrwmoswm�twn pou axiolog jhkan, ton opoÐo orÐzoume

sthn arq  thc ektèleshc. 'Otan gÐnei autì, o counter eidopoieÐ ìlouc touc masters kai

ìlouc touc slaves na termatÐsoun thn leitourgÐa touc.

Sorter: O kÔrioc lìgoc gia thn Ôparxh aut c thc diergasÐac eÐnai gia na belti¸soume to posostì

axiopoÐhshc twn pìrwn (utilization) tou algorÐjmou. Aut  h diergasÐa eidopoieÐtai apì

k�je slave pou oloklhr¸nei thn axiolìghsh tou qrwmos¸matìc tou, lamb�nontac tic timèc

twn gonidÐwn tou kai to apotèlesma thc antikeimenik c sun�rthshc. EÐnai upeÔjunoc gia thn

parakoloÔjhsh thc beltistopoÐhshc s¸zontac se arqeÐa katagraf c (an eÐnai aparaÐthto)

k�je qrwmìswma me thn axiolìghs  tou, kai apojhkeÔei ta kalÔtera qrwmos¸mata thc

beltistopoÐhshc se arqeÐo. Me aut n thn diergasÐa mporoÔme na aposumfor soume ton

counter apì leitourgÐec pou ja kajuster soun ton kÔklo ergasi¸n pou èqei anal�bei,

me sunèpeia na mei¸netai h apodotikìthta tou montèlou se qrhsimopoÐhsh twn diajèsimwn

pìrwn.
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Sta Sq mata (5.4 - 5.7) parousi�zontai oi yeudok¸dikec pou ulopoi jhkan se aut n thn

ergasÐa gia tic diergasÐec pou perigr�yame:

Sq ma 5.4: Yeudok¸dikac Master diergasÐac.

Sq ma 5.5: Yeudok¸dikac Slave diergasÐac.
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Sq ma 5.6: Yeudok¸dikac Sorter diergasÐac.

Sq ma 5.7: Yeudok¸dikac Counter diergasÐac.

Sthn ulopoÐhs  mac, diajètoume 2 master diergasÐec kai se k�je master anajètoume 6 qrw-

mos¸mata pou apoteloÔn ton upoplhjusmì. O arijmìc twn master epilèqjhke mikrìc diìti h

antikeimenik  sun�rthsh den èqei stajerì qrìno ektèleshc kai o qrìnoc pou qrei�zetai o master

gia na oloklhr¸sei ènan kÔklo leitourgÐac eÐnai mikrìc. Autì shmaÐnei ìti an eÐqame parap�nw

masters, oi perissìteroi den ja ekteloÔsan kamÐa leitourgÐa kat� th di�rkeia thc ektèleshc,

sunep¸c ja spataloÔsame pìrouc qwrÐc na touc axiopoi soume. An h antikeimenik  sun�rthsh

eÐqe stajerì qrìno ektèleshc, ja èprepe na diajètame parap�nw masters ¸ste na apofÔgoume

thn perÐptwsh ìpou qrwmos¸mata pou oloklhr¸jhkan na perimènoun na anatejoÔn se k�poio

upoplhjusmì (efìson eÐnai stajerìc o qrìnoc ektèleshc thc antikeimenik c, ìla ta qrwmos¸-

mata ja teleÐwnan tautìqrona   me polÔ mikr  qronik  diafor�). Sugkekrimèna, o arijmìc twn
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upoplhjusm¸n tou montèlou pou ja èprepe na diatejoÔn, nmaster, eÐnai:

nmaster =
Nind

nind
(5.2)

ìpou Nind o sunolikìc arijmìc qrwmoswm�twn pou diajètoume kai nind o arijmìc apì qrw-

mos¸mata se k�je upoplhjusmì. O arijmìc twn qrwmoswm�twn se k�je upoplhjusmì, nind,

orÐsthke me b�sh thn kalÔterh apìdosh tìso se posostì qrhsimopoÐhshc twn pìrwn, ìso kai

sthn poiìthta thc lÔshc pou dÐnei h beltistopoÐhsh. Oi diadikasÐec epilog c, diastaÔrwshc kai

met�llaxhc eÐnai Ðdiec me autèc tou Master-Slave algorÐjmou pou perigr�yame, kai oi par�me-

troi sthn paroÔsa ulopoÐhsh (tic opoÐec orÐsame èpeita apì pollèc dokimèc gia k�je tim  twn

paramètrwn, me skopì thn eÔresh twn kalÔterwn dunat¸n) eÐnai:

• pijanìthta gia crossover: pcross = 0.5

• pijanìthta gia mutation: pmut = 0.3

• arijmìc elite qrwmoswm�twn: elitecount = 1

• arijmìc master diergasi¸n: nmaster = 2

• qrwmos¸mata stouc upoplhjusmoÔc: nind = 6

• arijmìc slave diergasi¸n: nslave = 28

• selection method: Roullete-wheel.

• crossover type: Uniform crossover.

• mutation type: Uniform mutation.

• mègistoc arijmìc axiologhmènwn qrwmoswm�twn: MAX_ITERS = 4500

O sunolikìc arijmìc epexergastik¸n pìrwn pou qrhsimopoioÔme sthn diadikasÐa beltisto-

poÐhshc, apì tic parap�nw metablhtèc prokÔptei wc ex c:

Nind = nmaster + nslave + 2 = 32 (5.3)

Oi epiplèon 2 epexergastèc qrhsimopoioÔntai gia tic diergasÐec counter kai sorter. Sta Sq -

mata (5.8 - 5.11) parajètoume ta �owcharts twn diergasi¸n pou ulopoi jhkan gia ton algìrijmo

dunamik¸n plhjusm¸n.

O sorter leitourgeÐ ¸c ex c: Sthn arq  thc ektèleshc perimènei mèqri na l�bei èna qrwmìswma

kai thn tim  pou epistrèfei h antikeimenik  sun�rthsh gi� autì to qrwmìswma. 'Epeita katagr�fei

to qrwmìswma kai thn tim  axiolìghshc pou èlabe. An brèjhke kalÔterh lÔsh apì thn (wc

tìte) bèltisth, prostÐjetai ston pÐnaka pou diathreÐ o sorter me ta kalÔtera qrwmos¸mata.

'Otan sumplhrwjeÐ o mègistoc arijmìc axiologhmènwn qrwmoswm�twn, o sorter oloklhr¸nei thn

leitourgÐa tou kai termatÐzei.
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O counter xekin� arqikopoi¸ntac tuqaÐa ta qrwmos¸mata tou sunolikoÔ plhjusmoÔ kai ana-

jètei se kaje slave èna apì aut�. 'Epeita, perimènei mèqri na eidopoihjeÐ apì k�poion slave. Mìlic

sumbeÐ autì aux�nei ton arijmì qrwmoswm�twn pou axiolog jhkan kai elègqei an sumplhr¸jhke

o mègistoc arijmìc axiologhmènwn qrwmoswm�twn. An sumplhr¸jhke, eidopoieÐ ìlouc touc ma-

sters kai slaves na termatÐsoun. An ìqi, anajètei ton slave pou mìlic ton eidopoÐhse se k�poion

upoplhjusmì (deme) kai eidopoieÐ ton slave pwc mporeÐ na suneqÐsei. Autì epanalamb�netai

mèqri thn sumpl rwsh tou mègistou arijmoÔ axiologhmènwn qrwmoswm�twn pou èqoume orÐsei.

O master xekin� kai perimènei mèqri o counter na tou steÐlei èna qrwmìswma pou olokl rwse

thn axiolìghsh kai prèpei na proqwr sei se diadikasÐec epilog c - diastaÔrwshc - met�llaxhc.

Se autì to shmeÐo elègqei an sumplhr¸jhke o mègistoc arijmìc qrwmoswm�twn pou axiolog jh-

kan. O counter eÐnai upeÔjunoc na enhmer¸sei ton master gi� autì to gegonìc. An sumplhrwjeÐ

o parap�nw arijmìc, tìte o master eidopoieÐ touc slaves pou brÐskontai  dh ston upoplhjusmì

(an up�rqoun) kai perimènoun ton master na touc upodeÐxei me poiìn slave na antall�xoun gonÐdia

na termatÐsoun. Alli¸c, o master perimènei mèqri na tou steÐlei o counter ki �llouc slaves, ¸-

spou na sumplhrwjeÐ o mègistoc arijmìc qrwmoswm�twn, nind, ston upoplhjusmì. Mìlic sumbeÐ

autì, o master upologÐzei tic pijanìthtec pou ja qrhsimopoihjoÔn ston troqì thc roulètac gia

thn diadikasÐa epilog c. 'Epeita, proqwr� amet�blhta sthn epìmenh geni� ta elite qrwmos¸mata

(an up�rqoun),stèlnontac ta kat�llhla mhnÔmata ston antÐstoiqo slave. Sth sunèqeia, pragma-

topoieÐ thn epilog  kai stèlnei tic antÐstoiqec plhroforÐec stouc epilegmènouc slaves. 'Otan o

arijmìc twn nèwn qrwmoswm�twn pou dhmiourg jhkan eÐnai Ðsoc me nind, o master oloklhr¸nei

ton kÔklo leitourgeÐac tou kai epistrèfei sthn arq  thc ektèleshc, perimènontac ton counter na

tou steÐlei xan� nèa qrwmos¸mata.

H k�je slave diergasÐa xekin� thn ektèles  thc lamb�nontac apì ton counter èna tuqaÐa ar-

qikopoihmèno qrwmìswma. 'Epeita, upologÐzei thn tim  thc sun�rthshc axiolìghshc gi� autì to

qrwmìswma kai stèlnei ta apotelèsmata se counter kai sorter. An o counter ton eidopoi sei

sumplhr¸jhke o mègistoc arijmìc qrwmoswm�twn proc axiolìghsh, termatÐzei thn leitourgÐa

tou. Diaforetik�, perimènei mèqri na eidopoihjeÐ apì ton master gia na antall�xei gonÐdia me

k�poion �llon (an pragmatopoi sei diastaÔrwsh). 'Otan ìloi oi slaves tou upoplhjusmoÔ prag-

matopoi soun diastaÔrwsh (epituq c   ìqi) eidopoioÔntai apì ton master gia na proqwr soun

se diadikasÐa met�llaxhc. 'Otan o slave pragmatopoi sei thn met�llaxh sto qrwmìswm� tou,

xekin� ton kÔklo leitourgÐac tou kai p�li, ektel¸ntac thn antikeimenik  sun�rthsh gia to nèo

qrwmìswma klp.
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Sq ma 5.8: Di�gramma ro c thc diergasÐac sorter.

Sq ma 5.9: Di�gramma ro c thc diergasÐac counter.
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Sq ma 5.10: Di�gramma ro c thc diergasÐac master.
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Sq ma 5.11: Di�gramma ro c thc diergasÐac slave.
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Kef�laio 6

Apotelèsmata-Parathr seic

Ta parak�tw apotelèsmata prokÔptoun apì thn prosomoÐwsh thc leitourgÐac enìc F/B sust -

matoc proc melèth, me dedomèna eisìdou jermokrasÐac kai hliak c aktinobolÐac gia thn perioq 

tou PoluteqneÐou Kr thc. Sthn paroÔsa mejodologÐa, o upologismìc thc paragìmenhc enèr-

geiac upologÐzetai prosomoi¸nontac thn leitourgÐa tou F/B sust matoc arqik� me qronikì b ma

tstep = 1hour ki èpeita me qronikì b ma tstep = 1min = 1
60
hours.

6.1 Dedomèna eisìdou

Ta dedomèna eisìdou eÐnai:

onomastik  isqÔc F/B Sust matoc: Pplant,nom(MW ) = 0.1

uyìmetro pedÐou egkat�stashc: h(km) = 0.015

kìstoc perioq c egkat�stashc: cl(Euro/m
2) = 1.97

gewgrafikì pl�toc perioq c egkat�stashc: φ(o) = 35.53

suntelest c anaklastikìthtac ed�fouc: ρ = 0.2

qronik  z¸nh me b�sh to Greenwich: GMT = 2

gewgrafikì m koc tou topikoÔ meshmbrinoÔ: λ(o) = 24.06

suntelest c et siac aÔxhshc mègisthc enèrgeiac pou mporeÐ na prosfèrei to sÔsthma sto dÐktuo:

Sg(%) = 0

suntelest c diajesimìthtac enèrgeiac tou F/B sust matoc: EAF (%) = 100

to mègisto epitreptì kìstoc an� mon�da egkatesthmènhc isqÔoc: Cp,max(Euro) = 1000000

isqÔc exìdou F/B plaisÐwn me MPP leitourgÐa, upì STC: PM,STC(W ) = 127

t�sh anoiqtokukl¸matoc twn F/B plaisÐwn upì STC: Voc,STC(V ) = 33.7
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reÔma braqukukl¸matoc twn F/B plaisÐwn upì STC: Isc,STC(A) = 5.26

arijmìc F/B stoiqeÐwn sundedemènec se seir� sto F/B plaÐsio: ncs = 54

arijmìc seir¸n apì F/B stoiqeÐa sundedemènec par�llhla sto F/B plaÐsio: ncp = 1

aermikìc suntelest c t�shc anoiqtokukl¸matoc tou F/B plaisÐou: Kv(V/
o) = −0.13

jermikìc suntelest c reÔmatoc braqukukl¸matoc tou F/B plaisÐou: Ki(A/
o) = 0.00456

onomastik  jermokrasÐa leitourgeÐac kuyèlhc: NOCT (o) = 47.5

suntelest c meÐwshc paragìmenhc enèrgeiac lìgw akajarsi¸n sta F/B stoiqeÐa: df (%) =

0

m koc k�je F/B plaisÐou: Lpv1(m) = 1.2

pl�toc k�je F/B plaisÐou: Lpv2(m) = 0.8

Kìstoc kajenìc F/B plaisÐou: Cpv(Euro/kW ) = 3295.84

et sio kìstoc sunt rhshc kajenìc F/B plaisÐou: Mpv(Euro/kW ) = 32.95

di�rkeia zw c F/B plaisÐwn: npv(years) = 25

suntelest c et siac meÐwshc paragìmenhc enèrgeiac se k�je F/B plaÐsio: rpv(%) = 0.0

suntelest c diìrjwshc gia thn hliak  aktinobolÐa: δi(%) = 0

el�qisth posìthta enèrgeiac pou eggu�tai to dÐktuo ìti mporeÐ na l�bei: Egrid,min(MWh/year) =

1000

kìstoc metasqhmatist  diasÔndeshc: ci,t(Euro/MW ) = 0

et sio kìstoc sunt rhshc metasqhmatist  diasÔndeshc: mi,t(Euro/MW ) = 0

suntelest c apìdoshc metasqhmatist  diasÔndeshc: ηt(%) = 100

par�gontac uperdiastasiolìghshc tou kalwdÐou diasÔndeshc: SF3(%) = 0

apìstash tou metasqhmatist  diasÔndeshc me to MV PCC: DPCC(m) = 0

kìstoc kalwdÐou diasÔndeshc: cic(Euro/MW/m) = 0

suntelest c apwlei¸n tou kalwdÐou diasÔndeshc: nl,ic(Euro/MW/m) = 0

et sio kìstoc sunt rhshc kalwdÐou diasÔndeshc: mic(Euro/MW/m) = 0

onomastik  t�sh MV: Un(V ) = 40500

mègisth epitrept  apìklish thc onomastik c t�shc tou MV: kUn(%) = 10

antÐstash tou hlektrikoÔ diktÔou: R(ohm) = 0

epif�neia ghc pou katalamb�nei o metasqhmatist c diasÔndeshc: Ai,ct(m
2/MW ) = 0

suntelest c meÐwshc enèrgeiac AC kalwdÐwn: nl,ac(%/kW/m) = 0

suntelest c meÐwshc enèrgeiac DC kalwdÐwn: nl,dc(%/kW/m) = 0
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kìstoc AC kalwdÐwn: cac(Euro/kW/m) = 0

kìstoc DC kalwdÐwn: cdc(Euro/kW/m) = 0

et sio kìstoc sunt rhshc AC kalwdÐwn: mac(Euro/kW/m) = 0

et sio kìstoc sunt rhshc DC kalwdÐwn: mdc(Euro/kW/m) = 0

suntelest c uperdiastasiolìghshc AC kalwdÐwn: SF1(%) = 0

suntelest c uperdiastasiolìghshc DC kalwdÐwn: SF2(%) = 0

b�joc pou egkajÐstantai ta kal¸dia: hd(m) = 0

to kìstoc twn sthrigm�twn twn F/B plaisÐwn: cb(Euro/m
2) = 101

suntelest c aÔxhshc tou kìstouc lìgw loip¸n exarthm�twn: BOS(%) = 0

suntelest c epidìthshc: s(%) = 0

et sioc rujmìc plhjwrismoÔ: g(%) = 3

azimoÔjia gwnÐa: γc(
o) = 0

par�gontac epÐdrashc ski¸n: SIF = 2

mègisto m koc pou diajètoume sth nìtia pleur� tou p�rkou: DIM1,max(m) = 250

onomastikì et sio proexoflhtikì epitìkio: δi(%) = 0.05

qronik  di�rkeia leitourgÐac tou F/B p�rkou: yearspv(year) = 25

Sthn paroÔsa mejodologÐa, qrhsimopoioÔme diaforetikoÔc tÔpouc metatropèwn DC/AC, me

diaforetikèc paramètrouc. Me seir� emf�nishc ston pÐnaka 6.1, oi metatropeÐc eÐnai oi ex c: Dan-

foss DLX 4.6kW (type1), Sunways NT5000 (type2), SunnyBoy 5000TL (multi-string) (type3),

SunnyBoy 6000TL (type4), SunnyBoy 10000TL (type5). 'Oloi ektìc apì ton SunnyBoy 5000TL

eÐnai central inverters.

PÐnakac 6.1: MetatropeÐc pou dokim�sthkan sthn beltistopoÐhsh tou probl matoc.

Vi,min Vi,max Vdc,max Pi,n Pi,n,ac Cinv
DC/AC (Volt) (Volt) (Volt) (kW) (kW) (Euro) Ni,mppt Ns,mppt central
type1 250 480 600 4.8 4.6 1088.9 1 3 yes
type2 340 750 900 5.25 4.6 1508.9 1 2 yes
type3 175 500 750 5.25 4.6 2365.0 2 2 no
type4 333 500 700 6.2 6 1380.0 1 4 yes
type5 333 500 700 10.35 10 2395.9 1 5 yes

6.2 An�lush bèltistwn lÔsewn

Se aut  thn par�grafo parousi�zontai ta apotelèsmata pou prokÔptoun apì thn beltistopoÐhsh

tou F/B p�rkou gia k�je tÔpo metatropèa pou dokim�zoume.
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6.2.1 Apotelèsmata prosomoÐwshc an� ¸ra

'Opwc perigr�fhke sthn enìthta 5.1, o upologismìc tou mègistou epitreptoÔ arijmoÔ F/B plai-

sÐwn sundedemèna se seir�, Ns,max, upologÐzetai sthn arq  thc diadikasÐac thc beltistopoÐhshc.

O arijmìc autìc exart�tai apì thn gwnÐa klÐshc twn sullekt¸n kaj¸c kai apì ton tÔpo meta-

tropèa DC/AC. Ston pÐnaka 6.2 parousi�zoume tic timèc tou Ns,max gia k�je tÔpo metatropèa

DC/AC pou qrhsimopoioÔme, gia thn beltistopoÐhsh me wriaÐo qronikì b ma.

PÐnakac 6.2: Mègistoc arijmìc F/B plaisÐwn sundedemèna se seir� gia k�je tÔpo metatropèa
DC/AC.

DC/AC type Ns,max

1 14
2 23
3 15
4 15
5 15

Sthn sunèqeia, parousi�zontai ta apotelèsmata twn beltistopoi sewn gia k�je tÔpo meta-

tropèa DC/AC gia qronikì b ma prosomoÐwshc δt = 1hour.

PÐnakac 6.3: Bèltistec lÔseic gia k�je metatropèa DC/AC (Master-Slave model).

DC/AC Fy β DIM1 LCOE (% apìklish) Etot Cost
type Ns Np Nr (m) (o) (m) (Euro/MWh) (MWh) (Euro)
1 14 3 2 28.85 25.4 201.40 120.55 (+0.0) 3990.48 481066.05
2 23 2 3 25.66 25.65 210.34 129.33 (+7.3) 3651.30 472223.49
3 14 4 2 38.91 26.14 201.17 141.60 (+17.5) 4056.07 574336.32
4 15 4 2 37.64 61.79 209.01 168.66 (+39.9) 2788.30 470286.57
5 15 5 1 26.26 61.73 205.02 219.39 (+82.0) 2882.83 632456.53

PÐnakac 6.4: Bèltistec lÔseic gia k�je metatropèa DC/AC (Dynamic Demes model).

DC/AC Fy β DIM1 LCOE (% apìklish) Etot Cost
type Ns Np Nr (m) (o) (m) (Euro/MWh) (MWh) (Euro)
1 14 3 3 41.86 24.72 217.82 120.84 (+0.2) 3989.61 482084.96
2 23 2 3 13.28 26.42 227.82 129.38 (+7.3) 3651.67 472446.44
3 14 4 2 28.8 29.00 213.98 141.81 (+17.6) 4051.01 574467.76
4 15 4 2 21.18 61.38 237.14 168.73 (+40.0) 2788.62 470519.69
5 15 5 1 18.37 61.28 242.11 219.48 (+82.1) 2882.34 632603.61

Ta parap�nw apotelèsmata èqoun lhfjeÐ me tic ex c paramètrouc:

• Master-Slave model: cores = 27, popsize = 26, GENERATIONS = 150

• Dynamic Demes model: cores = 32, slaves = 28, nind = 6, GENOTY PES = 4500
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Sta parap�nw apotelèsmata, faÐnontai ta apotelèsmata thc beltistopoÐhshc tìso gia to

Master-Slave montèlo ìso kai gia to Dynamic Demes. ParathroÔme pwc gia k�je perÐptwsh

metatropèa thn bèltisth lÔsh thn dÐnei oMaster-Slave algìrijmoc. H poiìthta lÔshc tou dhlad 

eÐnai kalÔterh apì aut n tou Dynamic Demes. O skopìc ìmwc ìpwc eÐpame me thn ulopoÐhsh tou

Dynamic Demes, eÐnai na belti¸soume ton qrìno ektèleshc (sthn par�grafo 6.4 parousi�zontai

kai analÔontai oi qrìnoi ektèleshc twn duo algorÐjmwn) belti¸nontac to posostì qrhsimopoÐ-

hshc twn epexergastik¸n pìrwn. FaÐnetai pwc gia na kerdÐsoume qrìno ektèleshc, q�noume se

poiìthta lÔshc. P�ntwc, h apìklish twn duo algorÐjmwn sto LCOE eÐnai polÔ mikr .

ParathroÔme pwc gia k�je tÔpo metatropèa DC/AC kai algorÐjmou pou qrhsimopoi jhke, o

bèltistoc arijmìc apì F/B stoiqeÐa se seir� (Ns) kaj¸c kai o bèltistoc arijmìc par�llhlwn

seir¸n apì F/B stoiqeÐa (Np) eÐnai se k�je perÐptwsh Ðsoc me ton mègisto epitreptì arijmì F/B

stoiqeÐwn se seir� (Ns,max) kai ton mègisto arijmì seir¸n pou mporoÔn na sundejoÔn ston meta-

tropèa (Ni,mpptNs,mppt), antÐstoiqa. ExaÐresh apoteleÐ o metatropèac tÔpou 3, ìpou h bèltisth

tim  thc metablht c Ns den isoÔtai me thn tim  tou Ns,max.

EpÐshc, faÐnetai xek�jara h epilog  tou tÔpou tou DC/AC metatropèa paÐzei polÔ shman-

tikì rìlo, tìso sthn posìthta thc paragìmenhc enèrgeiac, ìso kai sto oikonomikì kìstoc. O

tÔpoc metatropèa DC/AC pou dÐnei thn bèltisth lÔsh eÐnai o tÔpoc 1, o opoÐoc eÐnai kai o pio

fjhnìc se oikonomikì kìstoc, parìti thn megalÔterh posìthta paragìmenhc enèrgeiac mac thn

dÐnei o metatropèac tÔpou 3. O metatropèac tÔpou 3 eÐnai pio akribìc apì ton 1, kai gi autì

o suntelest c LCOE tou tÔpou 3 eÐnai meg�loc. Oi metatropeÐc 4 kai 5 dÐnoun polÔ mikr  (se

sqèsh me touc �llouc, eidikìtera o 4 par�gei thn ligìterh) posìthta paragìmenhc enèrgeiac,

kai se sÔgkrish me to uyhlì kìstoc touc (idiaÐtera tou 5), ektoxeÔoun thn tim  tou bèltistou

LCOE se uyhlèc timèc. Tèloc, o tÔpoc metatropèa 2 mac dÐnei arket� ikanopoihtik  posìthta

enèrgeiac (lÐgo ligìterh apì ton 1), all� ki autìc èqei sqetik� uyhlì kìstoc se sqèsh me ton 1.

Stouc parap�nw pÐnakec, dÐpla apì thn tim  thc LCOE sthn parènjesh anafèretai h apìklish

se sqèsh me thn olik� bèltisth lÔsh gia opoiond pote tÔpo metatropèa, pou eÐnai h di�taxh gia

ton metatropèa tÔpou 1.

Gia na katal�boume thn leitourgÐa tou genetikoÔ algorÐjmou kai na bg�loume sumper�smata

wc proc ton qrìno kai thn poiìthta sÔgklishc, sta parak�tw sq mata blèpoume pwc metab�lletai

h bèltisth lÔsh an� epan�lhyh.
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Sq ma 6.1: Di�gramma metabol c thc bèltisthc lÔshc (Master-Slave model).

Sq ma 6.2: Di�gramma metabol c thc bèltisthc lÔshc (Dynamic Demes model).

Apì ta parap�nw graf mata blèpoume to pìso gr gora sugklÐnei sthn bèltisth lÔsh o k�je

algìrijmoc. ParathroÔme pwc apì èna shmeÐo kai met� (50-80 epanal yeic gia to Master-Slave,

2000-2500 gia to Dynamic-Demes) sthn ousÐa o algìrijmoc den belti¸nei thn lÔsh mac par�

el�qista. Opìte, mporoÔme na poÔme pwc se autì to shmeÐo mporoÔme na to jèsoume wc shmeÐo

termatismoÔ tou algorÐjmou, me skopì na kerdÐsoume se qrìno ektèleshc q�nontac el�qista se

poiìthta lÔshc.

6.2.2 Apotelèsmata prosomoÐwshc an� leptì

Ston pÐnaka 6.5 parousi�zoume tic timèc tou Ns,max gia k�je tÔpo metatropèa DC/AC pou

qrhsimopoioÔme, gia thn beltistopoÐhsh me wriaÐo qronikì b ma, oi opoÐec upologÐzontai sthn

arq  thc dadikasiac beltistopoÐhshc me ton Ðdio tropo pou upologÐzontai stic beltistopoi seic

an� ¸ra.
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PÐnakac 6.5: Mègistoc arijmìc F/B plaisÐwn sundedemèna se seir� gia k�je tÔpo metatropèa
DC/AC.

DC/AC type Ns,max

1 12
2 19
3 12
4 12
5 12

Sthn sunèqeia, parousi�zontai ta apotelèsmata twn beltistopoi sewn gia k�je tÔpo meta-

tropèa DC/AC gia qronikì b ma prosomoÐwshc δt = 1min.

PÐnakac 6.6: Bèltistec lÔseic gia k�je metatropèa DC/AC (Master-Slave model).

DC/AC Fy β DIM1 LCOE (% apìklish) Etot Cost
type Ns Np Nr (m) (o) (m) (Euro/MWh) (MWh) (Euro)
1 12 3 2 17.57 41.46 200.01 135.61 (+2.1) 3495.32 473990.64
2 19 2 3 8.88 27.93 201.99 132.84 (+0.0) 3719.60 494096.01
3 12 4 2 2.33 26.41 200.70 141.89 (+6.8) 4172.17 592001.31
4 12 4 2 23.64 2.53 200.31 1056.01 (+694.9) 503.43 531673.53
5 12 5 1 41.50 2.59 215.64 1452.54 (+993.5) 499.23 725157.57

PÐnakac 6.7: Bèltistec lÔseic gia k�je metatropèa DC/AC (Dynamic Demes model).

DC/AC Fy β DIM1 LCOE (% apìklish) Etot Cost
type Ns Np Nr (m) (o) (m) (Euro/MWh) (MWh) (Euro)
1 12 3 2 3.27 41.81 214.61 135.64 (+2.1) 3495.19 474084.95
2 19 2 4 27.46 25.46 234.46 133.06 (+0.2) 4132.81 549897.83
3 12 4 2 24.90 29.01 209.12 142.03 (+6.9) 4169.04 592110.29
4 12 4 1 1.70 2.91 249.38 1054.83 (+694.1) 503.28 530856.84
5 12 5 1 27.99 3.51 227.07 1454.60 (+995.0) 498.60 725269.47

Ta parap�nw apotelèsmata èqoun lhfjeÐ me tic ex c paramètrouc:

• Master-Slave model: cores = 27, popsize = 26, GENERATIONS = 150

• Dynamic Demes model: cores = 32, slaves = 28, nind = 6, GENOTY PES = 4500

'Opwc kai sthn beltistopoÐhsh me dedomèna wriaÐou qronikoÔ b matoc, ètsi ki ed¸ o mègistoc

epitreptìc arijmìc F/B stoiqeÐwn se seir�, Ns,max, eÐnai h bèltisth lÔsh gia thn metablht  Ns,

en¸ o mègistoc epitreptìc arijmìc apì seirèc sundedemènec ston metatropèa eÐnai h bèltisth tim 

gia thn metablht  Np. Akìmh, en¸ thn megalÔterh posìthta enèrgeiac thn epitugq�noume me ton

metatropèa 3, o bèltistoc oikonomik� sqediasmìc eÐnai autìc me ton tÔpo metatropèa 2. Kai se

aut n thn perÐptwsh, oi metatropeÐc tÔpou 4 kai 5 eÐnai oikonomik� all� kai energeiak� asÔmfo-

roi, ìpwc eÐdame kai sta dedomèna an� ¸ra. ParathroÔme meg�lh apìklish stic timèc enèrgeiac
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kai LCOE gia metatropeÐc 4 kai 5 se sqèsh me ta dedomèna an� ¸ra. Autì sumbaÐnei diìti stic

prosomoi¸seic an� leptì h tim  tou Ns,max diafèrei se sqèsh me tic antÐstoiqec an� ¸ra. Autì,

se sunduasmì me thn uyhl  tim  thc metablht c Vi,min gia touc duo autoÔc metatropeÐc, èqei san

apotèlesma h tim  thc isqÔoc pou dèqontai oi metatropeÐc na eÐnai Ðsh me mhdèn, lìgw tou ìti

èqoume ligìtera plaÐsia se seir� se sqèsh me ta dedomèna an� ¸ra, me sunèpeia h tim  t�shc pou

par�getai apì ta plaÐsia na eÐnai mikrìterh apì thn Vi,min. Autì den isqÔei gia ton metatropèa

tÔpou 2, kaj¸c par� to gegonìc pwc èqei uyhl  tim  Vi,min mporeÐ na deqteÐ perissìtera plaÐsia

se seir� apì touc �llouc 2 metatropeÐc, sunep¸c par�gei mh mhdenik  tim  isquoc se k�je qro-

nik  stigm .

Gia na epibebaiwjoÔme pwc o algìrijmoc sugklÐnei sthn olik� bèltisth (  toul�qiston na

proseggÐzei thn bèltisth lÔsh me polÔ mikr  apìklish sthn tim  thc bèltisthc lÔshc) kai den

egklwbÐzetai se topik� bèltista, efarmìsame exantlhtik  anaz thsh gia ton metatropèa tÔpou

4. Sto epìmeno sq ma blèpoume mia perÐptwsh ìpou up�rqei topikì el�qisto. Blèpoume apì

ta parap�nw apotelèsmata pwc h beltistopoÐhsh katafèrnei na apofÔgei aut� ta shmeÐa kai na

sugklÐnei sto olikì el�qisto,   se lÔsh kont� se autì.

.

Sq ma 6.3: PerÐptwsh ìpou èqoume topikì el�qisto. Metablhtèc einai oiNr, DIM1 kai stajerèc
Ns = 12, Np = 4, Fy = 15m,β = 2.5o.

Gia na katal�boume thn leitourgÐa tou genetikoÔ algorÐjmou kai na bg�loume sumper�smata

wc proc ton qrìno kai thn poiìthta sÔgklishc, sta parak�tw sq mata blèpoume pwc metab�lletai

h bèltisth lÔsh an� epan�lhyh. Parajètoume duo diagr�mmata gia k�je algìrijmo miac kai lìgw

thc meg�lhc apìklishc twn metatropèwn 4 kai 5 den eÐnai emfan c h metabol  thc bèltisthc lÔshc

gia touc �llouc treic metatropeÐc.
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Sq ma 6.4: Di�gramma metabol c thc bèltisthc lÔshc gia touc metatropeÐc 1, 2 kai 3(Master-
Slave model).

Sq ma 6.5: Di�gramma metabol c thc bèltisthc lÔshc gia touc metatropeÐc 4 kai 5(Master-Slave
model).

Sq ma 6.6: Di�gramma metabol c thc bèltisthc lÔshc gia touc metatropeÐc 1, 2 kai 3 (Dynamic
Demes model).

77



Sq ma 6.7: Di�gramma metabol c thc bèltisthc lÔshc gia touc metatropeÐc 4 kai 5 (Dynamic
Demes model).

'Opwc kai sta dedomèna an� ¸ra, ètsi ki ed¸ o algìrijmoc blèpoume na sugklÐnei nwrÐc se sqe-

dìn bèltisth lÔsh. Kai p�li mporoÔme, an eÐnai aparaÐthto, na apofÔgoume perittèc epanal yeic

¸ste na kerdÐsoume se qrìno ektèleshc. Gia na doÔme e�n kai kat� pìso o arijmìc qrwmosw-

m�twn ston sunolikì plhjusmì, all� kai o arijmìc twn qrwmoswm�twn stouc upoplhjusmoÔc

ephre�zoun thn poiìthta thc lÔshc mac, parajètoume ta parak�tw graf mata, pou prokÔptoun

apì mèsouc ìrouc sthn tim  thc antikeimenik c sun�rthshc apì pollèc beltistopoi seic, me dia-

foretikì arijmì qrwmoswm�twn stouc plhjusmoÔc se k�je beltistopoÐhsh. Oi beltistopoi seic

èginan gia ton metatropèa DC/AC tÔpou 1.

Sq ma 6.8: Mèsh tim  bèltisthc tim c thc antikeimenik c sun�rthshc se sqèsh me to mègejoc
tou plhjusmoÔ (Master-Slave model).
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Sq ma 6.9: Mèsh tim  bèltisthc tim c thc antikeimenik c sun�rthshc se sqèsh me to mègejoc
tou plhjusmoÔ (Dynamic Demes model).

En¸ gia to Master-Slave montèlo sugklÐnei me akrÐbeia sthn olik� bèltisth lÔsh gia o-

poiond pote arijmì qrwmoswm�twn ston plhjusmì, den isqÔei to Ðdio kai gia to Dynamic-Demes

montèlo, sto opoÐo blèpoume pwc gia na p�roume mia kal  lÔsh, pou na jewreÐtai bèltisth, prèpei

na epilèxoume prosektik� twn arijmì qrwmoswm�twn ston plhjusmì kai stouc upoplhjusmoÔc.

Timèc gia mègejoc plhjusmoÔ, popsize = 25 − 35, kai mègejoc upoplhjusmoÔ, nind = 2 − 6,

blèpoume na apodÐdoun kalÔtera se poiìthta lÔshc se sqèsh me �llec, ìpou h bèltisth lÔsh

pou paÐrnoume mporeÐ na apoklÐnei arket� apì thn olik  bèltisth lÔsh.

6.2.3 SÔgkrish apotelesm�twn me dedomèna wriaÐou qronikoÔ

b matoc kai dedomèna an� leptì

Sto di�gramma tou Sq matoc 6.11 blèpoume tic timèc enèrgeiac kai kìstouc thc bèltisthc di�taxhc

tou F/B p�rkou pou mac dÐnei h beltistopoÐhsh gia k�je tÔpo metatropèa DC/AC me ta dedomèna

an� ¸ra.

Sq ma 6.10: Kìstoc - paragìmenh enèrgeia gia k�jemia apì tic bèltistec lÔseic (dedomèna an�
¸ra).

Ta antÐstoiqa apotelèsmata gia ta dedomèna an� leptì parousi�zontai sto Sq ma 6.12.
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Sq ma 6.11: Kìstoc - paragìmenh enèrgeia gia k�jemia apì tic bèltistec lÔshc (dedomèna an�
leptì).

Ston epìmeno pÐnaka, parousi�zoume tic apoklÐseic twn LCOE, enèrgeiac kai kìstouc twn

bèltistwn lÔsewn twn dedomènwn an� leptì apì tic antÐstoiqec twn dedomènwn an� ¸ra, gia k�je

tÔpo metatropèa (dhlad , pìso % diafèrei h enèrgeia kai to kìstoc pou ektim�me me ta dedomèna

an� leptì, apì tic antÐstoiqec timèc kìstouc kai enèrgeiac gia ta dedomèna an� ¸ra).

PÐnakac 6.8: Apìklish stic timèc LCOE, enèrgeiac kai kìstouc gia ta dedomèna an� leptì apì
autèc twn dedomènwn an� ¸ra.

DC/AC type Apìklish % (LCOE) Apìklish % (Etot) Apìklish % (Cost)
type1 +12.5 -12.4 -1.5
type2 +2.7 +1.9 +4.6
type3 +0.2 +2.9 +3.1
type4 +525.4 -81.9 +12.9
type5 +562.1 -82.7 +14.7

Apì ta apotelèsmata me ta dedomèna an� leptì, faÐnetai ìti me ta dedomèna an� ¸ra den

k�noume akrib  ektÐmhsh thc posìthtac enèrgeiac pou par�getai all� kai tou kìstouc, miac kai

èqoume èna shmantikì posostì apìklishc sta apotelèsmata. Sqetik� me tic bèltistec timèc twn

metablht¸n, oi perissìterec kinoÔntai sto Ðdio eÔroc kai stic duo peript¸seic, kai sthn ousÐa

mìno h gwnÐa klÐshc stouc metatropeÐc tÔpou 1, 4 kai 5 eÐnai diaforetik  metaxÔ aut¸n twn duo

ektelèsewn. H apìstash Fy lamb�nei di�forec timèc miac kai den ephre�zei thn sqedÐash. Autì

sumbaÐnei diìti h isqÔc aiqm c pou jèloume na epitÔqoume eÐnai sqetik� mikr , kai gia thn epÐteux 

thc apaiteÐtai mìno èna mplok apì F/B stoiqeÐa. Sunep¸c, gia to parìn prìblhma, h metablht 

Fy den ja ephre�sei to LCOE (autì faÐnetai sthn exÐswsh 2.68 gia Nrow = 1). H DIM1,max

dÐnei lÐgo kalÔtero LCOE ìtan lamb�nei tim  kont� sto k�tw ìriì thc gia touc perissìterouc

metatropeÐc se k�je algìrijmo. H sunolik  posìthta paragìmenhc enèrgeiac eÐnai ligìterh stic

beltistopoi seic an� leptì gia touc tÔpouc metatropèwn 1, 4 kai 5, en¸ to oikonomikì kìstoc

eÐnai megalÔtero gia ìlouc touc metatropeÐc plhn tou metatropèa tÔpou 1, ìpou eÐnai lÐgo mikrì-

tero. Wc sunèpeia toÔtou, to problepìmeno LCOE eÐnai megalÔtero stic beltistopoi seic an�

leptì apì tic antÐstoiqec timèc tou LCOE gia ta dedomèna an� ¸ra, pr�gma pou shmaÐnei ìti h
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paragwg  k�je MWh ja mac kostÐsei lÐgo parap�nw sthn pragmatikìthta ap' ìti upologÐzame

ex arq c me ta dedomèna an� leptì.

Tèloc, an dokim�soume na ektelèsoume ta apotelèsmata thc beltistopoÐhshc twn dedomènwn

an� leptì sto montèlo upologismoÔ thc LCOE an� ¸ra, prokÔptoun ta parak�tw:

PÐnakac 6.9: Apotelèsmata prosomoÐwshc an� ¸ra me eÐsodo tic bèltistec sqediastikèc paramè-
trouc pou l�bame apì ta dedomèna an� leptì. Sthn parènjesh anagr�fetai h apìklish twn tim¸n
pou dÐnoun oi prosomoi¸seic autèc, apì tic bèltistec timèc pou l�bame sthn beltistopoÐhsh me
wriaÐo qronikì b ma.

DC/AC Fy β DIM1 LCOE Etot Cost
type Ns Np Nr (m) (o) (m) (Euro/MWh) (MWh) (Euro)

1 12 3 2 17.57 41.46 200.01 136.17(+12.9) 3479.85(-12.8) 473860.86(-1.5)
2 19 2 3 8.88 27.93 201.99 136.56(+5.6) 3618.06(-0.9) 494096.01(+4.6)
3 12 4 2 2.33 26.41 200.70 145.6(+2.8) 4065.98(+0.2) 592001.31(+3.1)
4 12 4 1 1.70 2.91 249.38 1095.07(+549.3) 484.77(-82.6) 530856.84(+12.9)
5 12 5 1 41.50 2.59 215.64 1501.39(+584.3) 482.99(-83.2) 725157.57(+14.7)

Blèpoume pwc gia ìlouc touc metatropeÐc DC/AC plhn tou metatropèa tÔpou 3, h apìklish

stic timèc enèrgeiac, kìstouc kai LCOE eÐnai meg�lh. Autì shmaÐnei pwc h prosomoÐwsh me

dedomèna ana leptì diafèrei arket� e¸c polÔ apì aut n me dedomèna ana ¸ra. H qr sh twn

dedomènwn an� leptì mac bohj� sto na k�noume mia akribèsterh ektÐmhsh tou LCOE, kaj¸c kai

sto na broÔme kalÔterec timèc stic sqediastikèc paramètrouc. Me b�sh ta parap�nw, mporoÔme

na poÔme pwc eÐnai shmantik  h diafor� thc prosomoÐwshc me dedomèna an� leptì, apì antÐstoiqh

prosomoÐwsh me dedomèna an� ¸ra. 'Ara, gia na beltistopoi soume ton sqediasmì enìc F/B

sust matoc meg�lhc klÐmakac, krÐnetai aparaÐthth h qr sh dedomènwn me qronikì b ma enìc

leptoÔ.

6.3 Qrìnoi ektèleshc - Epit�qunsh

Jewrhtik�, h epit�qunsh, speedup, lìgw thc qr shc par�llhlhc epexergasÐac gia to prìblhma

autì eÐnai:

speedup =
Tser
Tpar

(6.1)

ìpou Tser, Tpar eÐnai o qrìnoc pou qrei�zetai h beltistopoÐhsh qrhsimopoi¸ntac seiriakì kai

par�llhlo antÐstoiqa genetikì algìrijmo. Epeid  anamènoume polÔ meg�lo qrìno ektèleshc gia

thn seiriak  ekdoq , upologÐzoume to Tser ajroÐzontac ton qrìno ektèleshc k�je qrwmos¸matoc

se k�je geni� thc par�llhlhc ektèleshc tou algorÐjmou gia to Master-Slave montèlo.
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PÐnakac 6.10: Epit�qunsh gia k�je metatropèa (endeiktik�) se deuterìlepta gia to Master-Slave
(MS) kai to Dynamic Demes (DD) montèlo (time step: 1 hour).

Metatropèac DC/AC Tpar(MS) Tpar(DD) Tser speedup(MS) speedup(DD)
inverter 1 523 365 5053.5 9.66 13.85
inverter 2 479 358 3868.3 8.08 10.81
inverter 3 267 196 2261.4 8.45 11.54
inverter 4 435 188 2824.9 6.49 15.03
inverter 5 387 153 1485.4 3.84 9.71
averages 418.2 252 3098.7 7.3 12.19

PÐnakac 6.11: Epit�qunsh gia k�je metatropèa (endeiktik�) se deuterìlepta gia to Master-Slave
(MS) kai to Dynamic Demes (DD) montèlo (time step: 1 min).

Metatropèac DC/AC Tpar(MS) Tpar(DD) Tser speedup(MS) speedup(DD)
inverter 1 32313 24173 398939 12.3 16.5
inverter 2 28558 19196 376081 13.2 19.6
inverter 3 16700 13745 274610 16.4 20
inverter 4 20080 12069 222988 11.1 18.5
inverter 5 15787 9287 176937 11.2 19.1
averages 22687.6 15694.8 289911 12.84 18.74

ParathroÔme p¸c me ton algìrijmo dunamik¸n plhjusm¸n epitugq�noume megalÔterh epi-

t�qunsh ap' ìti me ton Master-Slave algìrijmo. EpÐshc, eÐnai profanèc to pleonèkthma pou

diajètoume me thn qr sh tou upologist  plègmatoc sthn paroÔsa mejodologÐa. Mia beltisto-

poÐhsh pou se ènan sumbatikì upologist  ja diarkoÔse 4 hmèrec, ekteleÐtai se 6 mìlic ¸rec ston

upologist  plègmatoc.

6.4 AxiopoÐhsh diajèsimwn pìrwn

H poluplokìthta thc sun�rthshc axiolìghshc eÐnai meg�lh, kai anamènoume meg�louc qrìnouc e-

ktèleshc thc antikeimenik c sun�rthshc. Stouc PÐnakec 6.9 kai 6.10 parousi�zoume touc qrìnouc

ektèleshc thc antikeimenik c sun�rthshc gia thn bèltisth lÔsh tou k�je metatropèa DC/AC.

PÐnakac 6.12: Qrìnoi ektèleshc (se deuterìlepta) thc antikeimenik c sun�rthshc gia qronikì
b ma δt = 1hour.

Metatropèac DC/AC Mikrìteroc Mèsoc qrìnoc MegalÔteroc
type 1 0 1.175 8
type 2 0 0.992 15
type 3 0 0.549 5
type 4 0 0.654 15
type 5 0 0.330 15
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PÐnakac 6.13: Qrìnoi ektèleshc (se deuterìlepta) thc antikeimenik c sun�rthshc gia qronikì
b ma δt = 1min.

Metatropèac DC/AC Mikrìteroc Mèsoc qrìnoc MegalÔteroc
type 1 44 102.29 939
type 2 44 96.43 934
type 3 43 70.41 280
type 4 24 57.18 489
type 5 19 45.37 509

'Ena krit rio apìdoshc, ektìc apì thn poiìthta sÔgklishc, eÐnai to posostì twn epexerga-

stik¸n mon�dwn pou qrhsimopoioÔme, kai orÐzetai wc ex c:

u =
Tslaves
Ttot

(6.2)

ìpou Tslaves eÐnai o sunolikìc qrìnoc kat� ton opoÐo qrhsimopoioÔme touc slaves gia upo-

logismoÔc (qwrÐc tic anamonèc lìgw antallag c mhnum�twn) kai Ttot o sunolikìc qrìnoc pou

diarkeÐ h beltistopoÐhsh. Gia ton Master-Slave algìrijmo anamènoume sqetik� qamhl� posost�

qrhsimopoÐhshc, ta opoÐa ja elat¸nontai ìso aux�noume ton arijmì twn diajèsimwn epexerga-

stik¸n pìrwn (�ra kai ton arijmì qrwmoswm�twn ston plhjusmì). Gia ton algìrijmo dunamik¸n

plhjusm¸n, h diakÔmansh sthn tim  tou posostoÔ qrhsimopoÐhshc ja exart�tai kai apì ton mè-

gisto arijmì qrwmoswm�twn stouc upoplhjusmoÔc (nind). Ta apotelèsmata sta sq mata 6.13

kai 6.14, pou aforoÔn to posostì axiopoÐhshc pìrwn, eÐnai gia ton metatropèa DC/AC tÔpou

1 (tou opoÐou h diadikasÐa beltistopoÐhshc eÐnai h pio qronobìra se sqèsh me touc upoloÐpouc)

kai me qronikì b ma prosomoÐwshc δt = 1min.

Sq ma 6.12: Posostì axiopoÐhshc epexergastik¸n mon�dwn gia diaforetikoÔc arijmoÔc diajèsi-
mwn pìrwn (Master-Slave).
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Sq ma 6.13: Posostì axiopoÐhshc epexergastik¸n mon�dwn gia diaforetikoÔc arijmoÔc diajèsi-
mwn pìrwn (Dynamic Demes model).

Pr�gmati, ìso aux�netai o arijmìc twn diajèsimwn pìrwn (�ra kai twn slave diergasi¸n,  

alli¸c, to mègejoc tou plhjusmoÔ) stoMaster-Slave montèlo, to posostì axiopoÐhshc mei¸netai

dramatik�. Gia ton algìrijmo dunamik¸n plhjusm¸n, gia mikrì nind to posostì autì aux�nei

ìso aux�noun oi diajèsimoi pìroi, en¸ gia megalÔtera nind blèpoume mia aÔxhsh èwc k�poion

sugkekrimèno arijmì epexergast¸n, kai pèra apì autì mia mikr , stadiak  meÐwsh. Me autìn ton

algìrijmo exasfalÐzoume pwc toul�qiston to 80% twn pìrwn axiopoieÐtai, se antÐjesh me ton

Master-Slave ìpou to posostì axiopoÐhshc eÐnai kat� polÔ mikrìtero. O algìrijmoc dunamik¸n

plhjusm¸n èqei thn idiìthta thc klim�kwshc, dhlad  leitourgeÐ to Ðdio apodotik� (  sqedìn

to Ðdio) ìso ki an aux soume ton arijmì twn diajèsimwn epexergastik¸n kìmbwn. AntÐjeta, o

Master-Slave algìrijmoc den èqei aut n thn idiìthta, miac kai an suneqÐsoume na aux�noume touc

diajèsimouc epexergastèc to posostì qrhsimopoÐhshc ja suneqÐzei na elat¸netai.

6.5 BeltistopoÐhsh gia diaforetikèc timèc sthn isqÔ

aiqm c tou F/B p�rkou

Stic prohgoÔmenec paragr�fouc parousi�sthkan ta apotelèsmata twn beltistopoi sewn me de-

domèna an� ¸ra kai an� leptì, gia touc duo algorÐjmouc pou ulopoi jhkan. H isqÔc aiqm c,

Pplant,nom, sta parap�nw apotelèsmata eÐnai orismènh sta 100kW . 'Omwc, sta pragmatik� meg�-

lhc klÐmakac F/B sust mata h epijumht  isqÔc aiqm c mporeÐ na ft�sei ta poll�MW . Se aut n

thn par�grafo parousi�zoume apotelèsmata gia di�forec timèc thc Pplant,nom. Oi dokimèc èginan

gia ton metatropèa DC/AC tÔpou 2, miac kai eÐnai o bèltistoc metatropèac gia thn perÐptws 

mac (dÐnei to mikrìtero LCOE apì ìlouc touc upìloipouc metatropeÐc DC/AC).

Gia ta dedomèna aut�, anamènoume shmantik  aÔxhsh ston qrìno ektèleshc thc diadikasÐac
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beltistopoÐhshc, diìti efìson aux�noume thn onomastik  isqÔ, aux�netai kai o arijmìc twn F/B

plaisÐwn, NI,O, pou prèpei na topojet soume (ExÐswsh 2.81), sunep¸c aux�netai kai to mègejoc

thc prosomoÐwshc sthn antikeimenik  sun�rthsh tou algorÐjmou.

Ston pÐnaka 6.14 parousi�zontai ta apotelèsmata thc beltistopoÐhshc gia ton metatropèa

tÔpou 2 me dedomèna wriaÐou qronikoÔ b matoc, en¸ ston pÐnaka 6.15 parousi�zontai ta antÐstoiqa

apotelèsmata gia dedomèna qronikoÔ b matoc an� leptì, gia di�forec timèc onomastik c isqÔoc

kai stic duo peript¸seic, gia ton Master-Slave algìrijmo.

Stouc pÐnakec 6.16 kai 6.17 parousi�zontai ta antÐstoiqa apotelèsmata gia ton algìrijmo

dunamik¸n plhjusm¸n (Dynamic Demes).

PÐnakac 6.14: Apotelèsmata beltistopoÐhshc gia di�forec timèc thc onomastik c isqÔoc, me
qronikì b ma δt = 1hour (Master-Slave algìrijmoc).

Onomastik  IsqÔc Fy β DIM1 LCOE Etot Cost
(MW) Ns Np Nr (m) (o) (m) (Euro/MWh) (MWh) (Euro)

0.1 23 2 3 25.66 25.65 210.34 129.33 3651.30 472223.49
0.5 23 2 7 15.21 25.18 200.31 129.84 20400.42 2648733.45
1 23 2 9 21.73 26.05 202.29 129.97 41514.89 5395886.26

PÐnakac 6.15: Apotelèsmata beltistopoÐhshc gia di�forec timèc thc onomastik c isqÔoc, me
qronikì b ma δt = 1min (Master-Slave algìrijmoc).

Onomastik  IsqÔc Fy β DIM1 LCOE Etot Cost
(MW) Ns Np Nr (m) (o) (m) (Euro/MWh) (MWh) (Euro)

0.1 19 2 3 8.88 27.93 201.99 132.84 3719.60 494096.01
0.5 19 2 6 19.40 26.51 205.29 133.40 21035.12 2806029.86
1 19 2 9 28.31 24.84 200.73 133.58 42664.85 5699011.57

PÐnakac 6.16: Apotelèsmata beltistopoÐhshc gia di�forec timèc thc onomastik c isqÔoc, me
qronikì b ma δt = 1hour (algìrijmoc dunamik¸n plhjusm¸n).

Onomastik  IsqÔc Fy β DIM1 LCOE Etot Cost
(MW) Ns Np Nr (m) (o) (m) (Euro/MWh) (MWh) (Euro)

0.1 23 2 3 13.28 26.42 227.82 129.38 3651.67 472446.44
0.5 23 2 8 15.31 21.84 242.98 130.16 19413.06 2526737.61
1 23 2 9 36.11 23.55 236.76 130.34 41532.64 5413213.32

PÐnakac 6.17: Apotelèsmata beltistopoÐhshc gia di�forec timèc thc onomastik c isqÔoc, me
qronikì b ma δt = 1min (algìrijmoc dunamik¸n plhjusm¸n).

Onomastik  IsqÔc Fy β DIM1 LCOE Etot Cost
(MW) Ns Np Nr (m) (o) (m) (Euro/MWh) (MWh) (Euro)

0.1 19 2 4 27.46 25.46 234.46 133.06 4132.81 549897.83
0.5 19 2 9 11.83 25.75 240.23 133.46 20426.80 2726111.57
1 19 2 6 24.54 27.17 236.48 133.98 42027.78 5630895.92
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Se k�je perÐptwsh, o bèltistoc arijmìc plaisÐwn sundedemènwn se seir� (Ns) kai o bèltistoc

arijmìc par�llhla sundedemènwn seir¸n apì F/B plaÐsia (Np) pou sundèontai stouc metatro-

peÐc DC/AC eÐnai h mègisth tim  pou mporoÔn na l�boun autèc oi metablhtèc. O arijmìc apì

grammèc sustoiqi¸n se k�je block (Nr) diaforopoieÐtai an�loga me thn perÐptwsh. Gia thn epÐ-

teuxh meg�lhc onomastik c isqÔoc apaitoÔntai pollèc grammèc F/B plaisÐwn se k�je block. H

sunolik  paragìmenh enèrgeia ephre�zetai tìso apì thn apìstash twn proskeÐmenwn block (Fy)

ìso kai apì to m koc pou diajètoume sthn nìtia pleur� thc perioq c egkat�stashc (DIM1).

Apì ta parap�nw apotelèsmata blèpoume pwc me ligìterec grammèc se k�je block kai megalÔ-

terh èktash sth nìtia pleur�, o oikonomikìc suntelest c eÐnai Ðdioc me di�taxh ìpou up�rqoun

perissìterec grammèc sto k�je block kai mikrìtero m koc sth nìtia pleur� tou oikopèdou (perÐ-

ptwsh sta dedomèna an� leptì gia 0.5 MW). H tim  thc apìstashc Fy lamb�nei di�forec timèc,

kaj¸c ephre�zei tìso to oikonomikì kìstoc (megalÔterh apìstash metaxÔ twn block sunep�ge-

tai megalÔterh èktash ghc pou apaiteÐtai) tìso kai sthn posìthta thc enèrgeiac pou par�getai

(pijan  ski� odhgeÐ se mikrìtera epÐpeda enèrgeiac). ParathroÔme p¸c gia megalÔterec timèc

onomastik c isqÔoc èqoume megalÔterh apìstash Fy metaxÔ twn proskeÐmenwn block (ektìc apì

thn periptwsh gia Pplant,nom = 100kW , ìpou h apìstash den ephre�zei thn tim  thc LCOE, ìpwc

anafèrame se prohgoÔmenh enìthta). Autì sumbaÐnei diìti gia megalÔterec timèc onomastik c i-

sqÔoc qreiazìmaste perissoterec grammèc se k�je block, pr�gma pou shmaÐnei pwc an h apìstash

parameÐnei Ðdia ja èqoume ski� se tm mata twn F/B plaisÐwn me sunèpeia na par�getai ligìterh

enèrgeia. ExaÐresh apoteleÐ to apotèlesma thc beltistopoÐhshc gia 1 MW tou algìrijmou duna-

mikoÔ plhjusm¸n, ìpou èqoume ligìterec seirèc sto k�je block se sqèsh me ta apotelèsmata gia

0,5 MW. Se aut n thn perÐptwsh, qrei�zontai perissotera block apì F/B plaÐsia sthn perioq 

egkat�stashc, par� perissoterec grammèc plaisÐwn se k�je block.

Stouc pÐnakec (6.18 - 6.19) parousi�zetai o qrìnoc ektèleshc twn parap�nw beltistopoi sewn,

kaj¸c kai h epit�qunsh pou epitugq�noume me k�je mèjodo kai gia k�je qronikì b ma (leptì -

¸ra) pou dokim�zoume.

PÐnakac 6.18: Epit�qunsh gia k�je metatropèa (endeiktik�) kai qrìnoi ektèleshc (se deuterìle-
pta) gia to Master-Slave (MS) kai to Dynamic Demes (DD) montèlo (time step: 1 hour).

Onomastik  IsqÔc (MW) Tpar(MS) Tpar(DD) Tser speedup(MS) speedup(DD)
0.1 479 358 3868 8.08 10.81
0.5 2067 1528 25959 12.56 16.99
1 4333 3063 55231 12.75 18.03

PÐnakac 6.19: Epit�qunsh gia k�je metatropèa (endeiktik�) kai qrìnoi ektèleshc (se deuterìle-
pta) gia to Master-Slave (MS) kai to Dynamic Demes (DD) montèlo (time step: 1 min).

Onomastik  isqÔc (MW) Tpar(MS) Tpar(DD) Tser speedup(MS) speedup(DD)
0.1 28558 19196 376081 13.2 19.6
0.5 144971 102357 2024613 13.97 19.78
1 576628 396635 7738358 13.42 19.51
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ParathroÔme pwc ìso aux�netai h onomastik  isqÔc, aux�netai kai h epit�qunsh gia ta de-

domèna an� ¸ra, en¸ gia ta dedomèna an� leptì eÐnai peripou h Ðdia gia opoiad pote tim  sthn

onomastik  isqÔ. EpÐshc, gia ta dedomèna an� leptì h epit�qunsh eÐnai megalÔterh apì aut n sta

dedomèna an� ¸ra. Blèpoume pwc se ìlec tic peript¸seic, o algìrijmoc dunamik¸n plhjusm¸n

mac dÐnei megalÔtero speedup se sqèsh me ton Master-Slave algìrijmo, to opoÐo  tan kai autì

pou epijumoÔsame ex arq c me thn ulopoÐhs  tou.

Tèloc, stouc pÐnakec (6.20 - 6.21) parousi�zoume touc qrìnouc ektèleshc thc antikeimenik c

sun�rthshc gia k�je qronikì b ma.

PÐnakac 6.20: Qrìnoi ektèleshc (se deuterìlepta) thc antikeimenik c sun�rthshc gia qronikì
b ma δt = 1hour.

Onomastik  IsqÔc (MW) Mikrìteroc Mèsoc qrìnoc MegalÔteroc
0.1 0 0.992 15
0.5 3 6.656 73
1 7 14.162 149

PÐnakac 6.21: Qrìnoi ektèleshc (se deuterìlepta) thc antikeimenik c sun�rthshc gia qronikì
b ma δt = 1min.

Onomastik  IsqÔc (MW) Mikrìteroc Mèsoc qrìnoc MegalÔteroc
0.1 44 96.43 934
0.5 222 519.13 2919
1 447 1946.73 8934
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Kef�laio 7

Sumper�smata - mellontik  doulei�

Se aut  thn ergasÐa parousi�same mia mèjodo gia thn beltistopoÐhsh tou sqediasmoÔ F/B su-

sthm�twn meg�lhc klÐmakac me skopì thn elaqistopoÐhsh tou kìstouc an� mon�da paragìmenhc

enèrgeiac. H diadikasÐa beltistopoÐhshc eÐnai meg�lh se poluplokìthta kai apaithtik  se pì-

rouc kai sÐgoura mporeÐ na beltiwjeÐ kai na dÐnei akìmh akribèstera apotelèsmata, Ðswc kai

me perissìterec sqediastikèc paramètrouc proc beltistopoÐhsh. Autì ja aÔxane arket� thn

poluplokìthta kai ton qrìno sÔgklishc, ìmwc h èreuna p�nw se algorÐjmouc beltistopoÐhshc

suneqÐzetai kai sunèqeia brÐskontai nèec mèjodoi beltistopoÐhshc (eÐte teleÐwc prwtoporiakèc,

eÐte ubridikèc ulopoi seic gnwst¸n mejìdwn anaz thshc).

Sthn paroÔsa mejodologÐa, arqik� efarmìsame to majhmatikì montèlo me δt = 1hour. H

diadikasÐa beltistopoÐhshc ston upologist  plègmatoc (grid computer) mporeÐ na ektelesteÐ se

ikanopoihtikì qrìno, kai ìpwc eÐdame ta apotelèsmata eÐnai arket� akrib . Parìla aut�, suneqÐ-

same kai efarmìsame to majhmatikì montèlo me δt = 1min. Aut  h allag  aux�nei dramatik� thn

poluplokìthta tìso se qrìno ektèleshc ìso kai se apait seic mn mhc. 'Omwc, ta apotelèsmata

thc prosomoÐwshc eÐnai polÔ pio akrib  apì aut� me δt = 1hour.

Me thn paroÔsa ergasÐa mporoÔme na ektim soume thn paragìmenh enèrgeia enìc F/B su-

st matoc kai na broÔme ton bèltisto trìpo topojèthshc twn domik¸n tou stoiqeÐwn se efiktì

qronikì di�sthma. H paroÔsa doulei� mporeÐ na egkatastajeÐ se k�poio sÔsthma par�llhlhc

epexergasÐac pou uposthrÐzei thn biblioj kh MPI kai na apokt�tai apomakrusmènh prìsbash

sto prìgramma mèsw diadiktÔou, ¸ste na to qrhsimopoi soume se pragmatik� probl mata se

kataskeuèc F/B susthm�twn meg�lhc klÐmakac. EpÐshc, mporeÐ na sunduasteÐ me �llec èreunec

sqetik� me ta F/B sust mata, me stìqo thn ulopoÐhsh enìc pagkosmÐou diktÔou apì F/B su-

st mata egkatesthmèna se di�fora hlektrik� dÐktua me skopì thn akrib  parakoloÔjhsh twn

susthm�twn, thn beltistopoÐhsh paragwg c enèrgeiac klp.

H strof  se enallaktikèc phgèc enèrgeiac, aeifìrec kai ablabeÐc gia to perib�llon ja prèpei

na apoteleÐ prwteÔonta stìqo gia tic sÔgqronec koinwnÐec. H katastrof  tou perib�llontoc lì-

gw twn ekpomp¸n CO2 eÐnai mh anastrèyimh kai olèjria gia to mèllon tou plan th, k�ti to opoÐo

ja prèpei na problhmatÐzei ìlh thn anjrwpìthta, miac kai k�pote ja antimetwpÐsei tic sunèpeiec
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aut c thc alìgisthc spat�lhc enèrgeiac kai katastrof c lìgw thc suneqoÔc uperkatan�lwshc

twn pìrwn thc ghc.
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