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ITepiAndn

Oi fil doxoi st qoi gia ep-teuxh uyhl c die-sdushc anane, simwn phg ,n (APE) sto
energeiak me-gma tgoun diano-xei to dr mo gia thn egkat stash kai th leitourg-a
stajm,n apoj keushc meg Ihc kl-makac. Par lo pou h ax-a, thn opo-a prosd-dei
h apoj keush se tna meg lo s sthma entrgeiac, enai sqgetik emfan c kai apa-
nt tai kur-wc sthn megal terh aporr fhsh APE, sth me-wsh twn perikop,n APE
kai sthn oikonomik terh k luyh thc aigm c, anad ontai jtmata oikonomik ¢ biwsi-
m thtac miac eptndushc sthn egkat stash kai sth leitourg-a en ¢ ntou stajmo
apoj keushc, basismtnoc sthn teqnolog-a mpatari,n i ntwn-lij-ou. To meg lo
pleontkthma thc apoj keushc enai h polugrhstik tht thc, h opo-a thn kajist
ikan na susswre ei ktrdoc ap thn paroq diaforetik,n uphresi,n sto s sthma.
Wst so, to anagronistik jesmik pla-sio pou epikrate-, ak ma, se di forec ago-
rtc entrgeiac an thn Eur,ph kai ton k smo, se sunduasm me to uyhl k stoc
egkat stashc kai sunt rhshc, apotele- trogoptdh gia th ragda-a ex plws thc.
O eksugqronism ¢ kai h apeleujtrwsh thc agor c entrgeiac apotelo n d o apa-
ra-thtec pro pojtseic gia thn an ptuxh apojhkeutik ,n stajm,n.

Sthn paro sa ergas-a, dome-tai tna s sthma hlektrik c entrgeiac to opo-o epil e-
tai me th gr sh tou Meikto Aktraiou Grammiko Programmatismo . To s sth-
ma perilamb nei di Forouc tegniko c¢ kai leitourgiko c periorismo ¢ jermik,n mo-
n dwn, metablht kai stajer k sth jermik,n mon dwn, apait seic efedrei,n, a-
nane, simec phgtc entrgeiac (APE) kai mpatar-a maz- me touc tegniko ¢ kai lei-
tourgiko c¢ thc periorismo c. Oi prosomoi, seic pragmatopoio ntai me gamhl Kkai
me uyhl die-sdush APE gia dedomtno fort-o, argik qwr-c apoj keush kai sth
suntqeia me apoj keush pou leitourge- ele jera me antikeimenik skop thn ela-
gistopo-hsh tou sunoliko k stouc. Epiprosjttwc, katastr ,netai btltisth pro-
sfor apoj keushc gia summetog sto energeiak armpitr z kat thn pro-hmer sia
agor , lamb nontac up yh m-a ektim,menh oriak tim k je ,ra. H prosfor thc
apoj keushc eis getai se pr blhma elagistopo-hshc k stouc kai axiologe-tai h
tntax thc. Ttloc, gnetai s gkrish di forwn megej,n gia to s sthma me uyh-
I die-sdush APE, tan aut leitourge- qwr-c apoj keush, me apoj keush san
ele jero stoige-o kai me apoj keush se leitourg-a prosfor c.

AgCeic KAswowd

apoj keush entrgeiac meg Ihc kl-makac, energeiak armpitr z, bohjhtikkLc uphre-
s-ec apoj keushc, tntaxh kai ¥ rtish mon dwn, oikonomik katanom , die-sdush
APE, perikoptc APE, stref menh efedre-a, mh stref menh efedre-a, prosfor
jermik,n mon dwn, prosfor apoj keushc, oriak tim sust matoc, Meikt ¢ A-
ktraioc Grammik ¢ Programmatism c, grammikopo-hsh sust matoc, antikeimenik
sun rthsh
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Abstract

The ambitious target of achieving high penetration of renewable sources (RES)
in energy mix has incentivized installation and operation of large scale energy
storage systems. Although energy storage advantages are rather apparent (greater
RES absorption, lower RES curtailment, economical demand peak coverage), some
substantial obstacles have emerged. These obstacles concern economic viability
of an investment in installation and operation of an energy storage system (ESS),
based on the technology of lithium-ion batteries. The advantages of an ESS include
its versatility which enables revenue stacking from di erent services provided to the
system. However, the active old-fashioned regulatory framework in some places in
Europe and generally in the world makes up a barrier, which hinders its expansion.
An updated regulatory framework and energy market liberalization are necessary
prerequisites in order for ESS to expand.

As this project is concerned, an electrical system is formed and resolved using
Mixed Integer Linear Programming. System is constituted by technical and oper-
ational restrictions of conventional units, their variable and constant costs, reserve
requirements, RES and battery linked with its technical and function restrictions.
Simulations are conducted considering high and low RES penetration as demand is
certain. In the rst simulation, system is resolved without considering any storage
as in the second a storage is included which operates as a free asset. The objective
is to minimize the system total cost. Furthermore, battery optimal o er schedule
is shaped in order to be submitted in the day-ahead market and participate in
the energy arbitrage. This o er is formed by taking into account an estimation
of the marginal price. A subsequent cost optimal simulation evaluates this o er
and decides if battery should be commited or not and to what extent. Finally, all
respective simulation results are being compared in common graphs.

Keywords

large scale energy storage, energy arbitrage, ancillary services, unit commitment,
economic dispatch, RES penetration, RES curtailment, spinning reserve, non-
spinning reserve, thermal units bidding, storage bidding, system marginal price,
Mixed Integer Linear Programming, system linearization, objective function
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Euyapiotieg
H diplwmatik mou ergas-a shmatodote- th 1 xh twn proptugiak ,n mou spoud,n.
Ta idia-tera aut qr nia gn,risa pollo ¢ anjr,pouc, me th bo jeia twn opo-wn
extlixa to garakt ramou kai thn proswpik tht mou. Oianamn seic ehai amttrhtec
kai oi stigmtc anekt-mhthc ax-ac.

Ja jela, pr,taap la, naekfr swtic jermktc mou eugarist-ec stonk rio Sta ro
Papajanas-ou, Kajhght thc Sgol ¢ Hlektrol gwn Mhganik,n kai Mhganik,n
Upologist,n tou Ejniko Mets biou Polutegne-ou, 0 opo-oc e-nai o epibltpwn
thc paro sac ergas-ac kai mou tdwse th dunat thta na asqolhj, me aut to pol
endiaftron jtma. Par to idia-tera epibarumtno pr gramm tou, afitrwse polltc
,rec gia thn kajod ghs mou kai gia shmantiktc epishm nseic, oi opo-ec suntbalan
apotelesmatik sthn omal ro thc ergas-ac mou. Taut qrona, ja jela naeuqa-
rist sw egk rdia ton k rio Ge,rgio Yarr , did ktora thc Sgol ¢ Hlektrol gwn
Mhganik , n kai Mhganik ,n Upologist,n tou Ejniko Mets biou Polutegne-ou, o
opo-oc tdeixe endiaftron gia thn extlixh thc ergas-ac mou ap thn pr,th stigm Kai
me ton kal tero dunat tr po. Oi pol wrec suzht seic gia thn kal katan hsh
di forwn ennoi,n ek mtrouc mou, h di jes tou gia sugn epikoinwn-a, h projum-a
tou na epil sei opoiad pote apor-a mou all Kkai to genik tera yogo kl-ma su-
nergas-ac suntbalan katalutik sth stadiak prostggish tou jtmatoc kai sthn
olokl rws tou.

En suneqe-a, Jja jelanaeuqgarist sw louc mou touc f-louc, me touc opo-ouc moi-
rast kame polltc wra-ec stigmntc laaut taqr niaall kai polltc sktyeic, idtec
kai anhsug-ec. Per same polltc ,rec maz-, e-te diab zontac, e-te suggr fontac o-
madiktc ergas-ec, e-te exhg,ntac tnnoiec o tnac ston llo, e-te suzht,ntac ep-
pant c episthto , e-te bganontac giab Ita  Ilh drasthri thta. Apotelo ntna
anap spasto komm ti twn idia-terwn aut,n foithtik ,n qr nwn kai touc eugarist,
jerm , mtsa ap thn kardi mou.

Ttloc, Ja jela na eugarist sw thn oikogtneia mou, touc gone-c mou, Anast sio
kai Triantafulli kai tic adelftc mou, Katerna kai Elp-da. H st rixh, h su-
mpar stash kai h upomon touc tan amtristh kaj’ 1h th di rkeia twn spoud,n
mou.
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Kef'laio 1

Eisagwg

1.1 H an"ptuxh twn Anane,simwn Phg,n Energeiac
- APE

H mazik dieBsdush twn APE apoteleP th néa pragmatikithta sta sOgqrona sust mata
hlektrik ¢ enérgeiac. Polléc kubern seic an” ton kismo égoun jései filidoxouc stigouc

se b’joc grinou gia apex'rthsh elagistopobhsh thc paragwg ¢ hlektrik ¢ enérgeiac

api ta orukt™ kaOsima. Kateujunt ria dOnamh aut ¢ thc prosp’jeiac ePnai h an"gkh gia
mebwsh ekpomp ¢ rupoginwn ousi,n. Sto plabsio auti dbnontai kbnhtra gia egkat’stash
néwn stajm ,n APE (kurbwc aiolikob, fwtoboltadkob kai udrohlektrikob), oi opoboi ma-
krogrinia ja antikatast soun touc sumbatikoOc stajmoOc. Sto Sq ma 1.1 fabnetai to
energeiaki mebgma thc Ell"dac gia to étoc 2018. Kurbargh jésh katégei to fusiki aério
kai o lignbthc, en, oi APE upeisérgontai sunolik™ me pososti 31,71%.

Sgma 1.1:  To energeiaki mebgma thc Ell"dac gia to etoc 2018 [25]

Sthn prxh, imwc, apodeiknOetai iti h met'bash sth néa pragmatikithta k'je “llo par®

eOkolh kai omal ebnai. O apribleptoc garakt rac kai h stogastikithta twn APE den

epitrépoun thn apex’rthsh api ta orukt™ kaOsima, kaj,c tBjetai jema ep’rkeiac isqOoc.

Me “lla ligia, th stigm , kat™ thn opoba h z thsh enérgeiac ebnai uyhl mporeb h aiolik
h fwtoboltadk paragwg na mhn eparkeb gia na kalOyei th z thsh.

Akima, h uyhl diebsdush APE sto sOsthma mporeDb na odhg sei se probl mata eustjeiac
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tou sust matoc, ta opoba shmabnoun éntonec kai apitomec metaboléc sth tim kai th su-
gnithta thc t"shc. Ta probl mata aut™ ebnai diageirbsima itan h analogba stogastik, n

proc suneqoOc diajesimithtac mon“dec ePnai sgetik™ mikr kai antimetwpbzontai me auxome-
Pwsh thc leitourgbac twn sumbatik,n mon~dwn, oi opobec wstiso éqoun kai autéc k™poia
tegnik™ an, tata kai kat,tata iria leitourgbac pou den prépei na uperbabnontai [28].

Oi sOggronec mhganéc ebnai autéc pou éwc t ra rujmbzoun kat™ kOrio ligo to sOsthma
hlektrik ¢ enérgeiac, aux’nontac mei,nontac thn paroq kausPmou gia th rOjmish thc
sugnithtac-fortbou kai to reOma diégershc gia th rOjmish thc t'shc  thc aérgou isqOoc.

H adr’neia tou sust matoc kajorbzetai api thn adr'neia twn strefimenwn mhgan,n kai

aut h adr'neia ebnai aparabthth gia thn omal kai eustaj leitourgba tou sust matoc.

Oi APE aux™noun thn isqO tou sust matoc, gwrbc imwc na aux”noun thn adr'nei” tou me
apotélesma to sOsthma se perBptwsh sfllmatoc na mhn mporeP na epanéljei eOkola se
omali shmebo leitourgbac.

'Ewc tra, h dieDsdush twn APE sto sOsthma gbnetai me tautigronh t rhsh strefimenhc
efedrePac ikan ¢ na kalOyei méroc ilh th z thsh se perBptwsh ap,leiac twn aioli-
k.n. Sta mh diasundedeména nhsi", sta opoba ta sust mata hlektrik ¢ enérgeiac ebnai
perissitero eu’lwta, efarmizontai austhrob periorismob diebsdushc APE, pou epib’l-
loun sugn” perikop aiolik ¢ paragwg c kai kajorDzoun thn akrib isqO leitourgbac an”
paragwgi ( set-point).

1.2 O riloc thc apoj keushc

Se auti to shmebo argbzei na anadQetai h axDa thc apoj keushc se éna sOsthma hlektrik ¢
enérgeiac, to opobo efodi“zetai api stogastikéc anane,simec phgéc enérgeiac. H duna-
tithta apoj keushc thc enérgeiac, itan aut de mporeb na aporrofhjeb api to dbktuo,
ebnai barOnousac shmasbac gia thn enswm’twsh perissiterwn APE. Kat" tic .rec pou o
"nemoc ebnai arket™ dunatic up’rgei kal hliof"'neia, h perbptwsh h paragimenh enér-
geia na mh mporeD na axiopoihjeD, gia ligouc oi opoPoi exhgoOntai parap™nw, ePnai orat .
Akrib,c autec tic ,rec h apoj keush mporeb na analamb™nei dr'sh kai na aporrof™ au-

t thn enérgeia. Sth sunégeia kpoia “llh stigm thc hmérac, itan h z thsh auxhjeb,

h apojhkeuménh aut enérgeia mporeb na axiopoiebtai. H parap™nw diadikasba anaféretai
wc Energy Shifting kai to ifeloc thc den ePnai mino h megalOterh dieDsdush APE, al-

I h sunolik™ oikonomikiterh leitourgba tou sust matoc, kaj,c oi jermikeéc mhganéc de
leitourgoOn apodotik™ gia thn k“luyh thc aigm ¢ tou fortBou.

H apoj keush, péran tou rilou pou perigr-fetai prohgouménwc, mporeb na epitelései a-
kima jemeli,douc shmasPac leitourgDec se éna sOsthma hlektrik ¢ enérgeiac. H adr™neia,
ipwc anaféretai parap™nw, apoteleb éna debkth stajerithtac tou sust matoc kai ousia-
stik™ h strefimenh m"za twn sOggronwn mhgan,n apoteleD apojhkeuménh enérgeia. Oi
stajmoP apoj keushc, éqontac dunatithta na parégoun energi isqO an” p“sa stigm , ka-

t" k"poio tripo prosomoi“zoun th leitourgba thc strefimenhc efedrebac kai sumb~lloun

sth stajeropobhsh tou sust matoc (dhlad thc sugnithtac). H dunatithta aut twn
apojhkeutik.n stajm.n ebnai kajolik™ anagnwrismenh sth bibliografba kai anamenetai
na axiopoihjeb sta sust mata tou “"mesou méllontoc.

To kistoc egkat'stashc enic apojhkeutikoO stajmoO meg’lhc kiPmakac, an’loga kai

me thn tegnologba, ebnai auxhméno. H antlhsiotambeush apoteleb thn palaiiterh méjodo
apoj keushc me meg’lh egkatesthmenh gwrhtikithta an™ ton kismo. Péran twn arket.n
tegnologi,n pou éqoun anaptugjeD kai anaptOssontai gia apoj keush enérgeiac, s me-

ra h teqnologba debqgnei proc thn kateOjunsh twn mpatari,n iintwn-lijDou. Oi mpatarDec
iintwn-lijbou éqoun garakthristik™, ipwc gr gorh apikrish, ikanopoihtikic igkoc apo-
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jhkeuménhc eneérgeiac, ta opoba moi“zoun elkustik™ gia th leitourgba enic sust matoc
hlektrik ¢ enéergeiac.

Kai ed, tbjetai éna basiki er,thma, to opobo talanbzei thn idéa thc apoj keushc kai
ebnai auti thc oikonomik ¢ biwsimithtac miac tétoiac ependushc. H apoj keush, prigmati,
dOnatai na parégei éna polO meg’lo eOroc leitourgi,n, wstiso to parin jesmiki plabsio,

h elleiyh kin trwn, h apousPa katllhlou programmatismoO kai sqediasmoO kai h paroOsa
dom thc agor”c hlektrik ¢ enérgeiac dusgerabnoun thn ajria an"ptux touc, kajist, ntac
pollec foréc mia epéndush sthn apoj keush oriak™ mh bi simh.

1.3 Leitourgba thc agor'c enérgeiac

Oi agorec hlektrik ¢ enérgeiac, prokeiméenou na diekperai,soun tic oikonomikéc sunalla-
géc pou aforoOn thn antallag enérgeiac, grhsimopoioOn th diadikasPa thc dhmoprasPac.
H diadikasba thc dhmoprasbac apartbzetai api trba jemeli,dh stoigeba: thn prosfor”, thn
ekkaj’rish kai touc kaninec timolighshc. K’je upoblhjebsa prosfor” emperiéqei thn

akrib posithta, tim kai poiithta tou prosferimenou prodintoc. H diadikasba thc ekka-
jrishc kajorbzei thn posithta tou emporeuimenou prodintoc kai telik™ touc epitugintec

thc dhmoprasbac. Téloc, oi kaninec timolighshc prosdiorbzoun telik™ se poia tim ja
pragmatopoihjeb h sunallag [1].

Oi diadikasbec dhmoprasbac twn agor,n hlektrik ¢ enérgeiac ebnai kleistéc, upi thn énnoia
iti iloi oi summetégontec upob~loun tautiqrona tic prosforéc touc kai den gnwrbzoun

tic antbstoigec prosforec twn antagwnist,n touc. K'je paragwgic prosferei di“forec
posithtec enérgeiac, antistoigbzontac thn k“je mba se mba tim . 'Ena basiki meionékthma,
sOmfwna me to [1], ePnai iti oi epitugintec thc dhmoprasPac den apoktoOn gn, sh tou
eisod matoc twn antagwnist,n touc kai pijanin na jewr soun iti ja mporoOsan na égoun
megalOtero kérdoc an ebgan probléyei me megalOterh akrBbeia tic timéc.

Oi summetégontec, sth diadikasba thc energeiak ¢ dhmoprasbac pou diex"gei h agor”, dia-
krbnontai se dOo kathgorbec: stopeice-taker kai stouc price-maker. Oi pr toi summe-
tégoun sthn agor™ enérgeiac kai den éqoun th dunatithta na ephre”soun thn kat"stas
thc me th dr'sh touc. AntDjeta, oi price-maker mporoOn, me th summetoq touc sthn
agor”, na thn ephre”soun me tripo pou ja ePnai kerdofiroc gia autoOc. Me autin ton
tripo h agor™ odhgebtai se oligop lio, afoO ousiastik™ IDgoi paragwgoP th rujmbzoun.
Ebnai shmantiki na tonisjeb, iti kK'je summetégontac thc agor™c prospajeb na megisto-
poi sei to diki tou kerdoc, agno,ntac thn euhmerba twn upolobpwn. Sto plabsio auti,
anaptOssei exeidikeuménec strathgikéc upobol ¢ prosfor,n, me gn,sh Complete In-
formation Games qwrbc (mperfect Information Games) thc kat"stashc thc agorc

kai thc strathgik ¢ twn antagwnist,n tou [1]. 'Omwc, h megistopobhsh thc atomik c
euhmerbac de sunepgetai th megistopobhsh thc koinwnik ¢ euhmedat elfarg [14].

1.3.1 Plhrwm sthn tim ekkaj’rishc ( Pay-as-clear Auction )

Sth dhmoprasPa tou tOpou plhrwm ¢ sthn tim ekkaj rishc, oi summetéqgontec paragwgob
upob”lloun o kajénac xeqwrist” tic prosforéc enérgeiac me thn antbstoigh tim . H dia-
dikasba gbnetai me kleisti tripo, dhlad k'je paragwgic de gnwrbzei tic prosforéc twn
antagwnist,n tou. O anex’rthtoc diageirist ¢ tou sust matoc topojeteD kat~ aOxousa

tim tic prosforéc p.lhshc enérgeiac kai kat™ fijpnousa tim tic prosforéc agorc enér-

geiac, ipwc faPnetai sto Sq ma 1.2. H tom twn dOo aut,n kampul,n orBzei thn tim thc
agor'c, h opoba sun jwc anaféretai wcoriak tim kai tautigrona kajorbzei thn empo-
reuimenh posithta enérgeiac. 'Olec oi pwl seic kai agoréc enérgeiac pragmatopoioOntai
sthn oriak tim. Aut h méjodoc apoteleb ton aploOstero mhganismi gia sunallag

Selbda 27



Kef'laio 1. Eisagwg Diplwmatik Ergasba

enérgeiac kai grhsimopoiebtai euréwc sthn Eur, ph kai stic HPA. Api th mba iloi oi pa-
ragwgob apozhmi nontai sth mégisth apodekt tim kai kat™ sunépeia, pont’rontac sto
oriaki kistoc touc, den égoun k'poia eisodhmatik ap,leia, en, api thn “lih iloi oi
agorastec enérgeiac plhr,noun sto el"gisto dunati kistoc [1].

Se meg’la sust mata, sunhjbzetai to sOsthma na qwrbzetai se z,nec kai, epoménwc, k’je
z,nh na éqgei xeqwrist oriak tim . Epbshc, se meg’la sust mata, up“rgei kai h ennoia
thc topik ¢ oriak ¢ tim ¢ ( Locational Marginal Price), h opoba ebnai apotélesma thc
sumfirhshc tou diktOou se orisména shmeba tou sust matoc.

Se genikec grammec, o mhganisiRay-as-clear jewrebtai dbkaioc upi thn ennoia iti to
pont’risma twn paragwg,n de mporeP na xefOgei polO api éna sugkekriméno eOroc gOrw
api to oriaki kistoc touc. Pio analutik™, €’n eénac paragwgic pont'rei se mia pio uyhl

tim api to parin oriaki kistoc tou, enedreOei o kbndunoc thc apirriy ¢ tou api to
diageirist kai me autin ton tripo ja gajeb h eukairba summetog c tou sthn agor™. Api

thn “llh pleur”, €"n prosférei enérgeia se tim gambhliterh api to oriaki kistoc tou,

up’rgei h pijanithta na diamorf sei autic thn oriak tim kai o diageirist c endégetai na

ton ent"xei sto sOnolo  se éna méroc thc paragwg ¢ tou me apotélesma na uposteb zhmba.
Epoménwec, ton paragwgi ton sumférei na pont'rei p“nta kont™ sto oriaki kistoc tou

kai kat” sunepeia, h diadikasba aut odhgeb sth megistopobhsh thc koinwnik ¢ euhmerbac.

Sqgma 1.2 Plhrwm sthn tim ekkaj’rishc [1]

1.3.2 Plhrwm sthn tim prosfor'c ( Pay-as-bid Auction )

O mhganismic plhrwm c sthn tim thc prosfor’c apoteleb mia enallaktik mejodo apo-
zhmbwshc twn paragwg,n. Se aut n thn perbptwsh, ipwc prodde”zei pijan,c kai o tbtloc,
K'je paragwgic apozhmi_ netai sthn tim pontarBsmatic tou kai k'je agorast c plhr nei

sthn tim prosfor™c tou. K'je paragwgic se aut n thn perbptwsh prosférei, ipwc ebnai
anamenimeno, se tim uyhliterh api to oriaki kistoc tou gia na exasfalbsei kerdoc. To
megisto kérdoc mporeb na to exasfalbsei mino an probléyei me meg’lh akrbbeia thn oriak
tim .

Wstiso, se autin to mhqganismi h diafor™ tou oriakoO kistouc tou paragwgoO api thn
tim pontarbsmatic tou ebnai anexelegkth. Me “lla ligia, mei,netai o bajmic eilikrbneiac
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Sgma 1.3: Plhrwm sthn tim prosfor™c [1]

tou paragwgoO wc proc to pragmatiki kistoc paragwg c tou kai epizhteD oloéna kai
megalOtero kérdoc. 'Otan auti gbnetai mazik”, odhgeD, ipwc fabnetai sto Sq ma 1.4 se a-

Oxhsh thc oriak ¢ tim ¢ kai se mePwsh thc posithtac enérgeiac pou sunall’ssetai (mePwsh
koinwnik ¢ euhmerbac).

Sgma 1.4:  Plhrwm sthn tim prosfor’c. Apotélesma anexélegktou pontarbsmatoc [1]

Api thn “llh pleur”, uposthrbzetai iti 0 mhganismic Pay-as-bid epitrepei thn an”ptuxh
di“forwn strathgik n pontarbsmatoc twn paragwg.n, me apotélesma thn epbteuxh uyh-
literou antagwnismoO. Epiprosjétwc, uposthrbzetai iti oi paragwgob de ja xefeOgoun
polO api to kistoc paragwg ¢ touc, dedoménou iti den katégoun plhroforDec twn a-
ntagwnist,n touc [1]. Akima, sto [20] apodeiknOetai iti gia téleia anelastik z thsh
(p"gia z thsh), o mhganismic Pay-as-bid odhgeb se gamhliterec mésec oriakéc timéc api
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ton mhganismiPay-as-clear

1.3.3 Dom thc agor’c enérgeiac sthn paroOsa ergasba

Sthn paroOsa ergasPa, h agor” jewrebtai iti leitourgeD me to mhganismi apozhmbwshc
Pay-as-clear dhlad iloi oi entagménoi paragwgoP apozhmi, nontai me eniaba tim , thn o-
riak tim tou sust matoc. San paragwgob enérgeiac jewroOntai oi jermikéc-sumbatikéc
mon“dec paragwg ¢ genn triec, ta aiolik”, ta fwtoboltadk™ kai h apoj keush kat” th
diadikasba thc ekfirtishc. Oi jermikéc mon“dec upob’loun prosforéc p.lhshc enérgeiac

sto oriaki kai sto méso metablhti kistoc touc, en, ta aiolik™ kai ta fwtoboltadk™ u-
peisérqgontai me mhdeniki kistoc, dhlad upeisérgontai kat™ proteraiithta. H pio akrib ,

all” tautigrona aparabthth sthn éntaxh, jermik mon“da ebnai aut pou kajorbzei teli-

k™ thn oriak tim K'je ,ra. H oriak tim kajorbzetai api th diadikasba éntaxhc twn
oikonomikiterwn mon“dwn api to diageirist. O diageirist ¢ frontbzei gia thn oikono-
mikiterh K'luyh tou fortbou, sto opobo pijanin na prostbjetai kai h apoj keush kat”

th diadikasPa firtishc. To basiki antikePmeno thc paroOsac ergasbac ebnai h prosp’jeia
timolighshc twn prosfor,n agor”c kai p,Ihshc enérgeiac api thn apoj keush, kaj,c

kai tou kajorismoOQ tou tripou leitourgbac thc k'je ra, me skopi na megistopoi sei to
kerdoc thc lamb™nontac upiyh ta eswterik™ garakthristik™ leitourgbac thc kai to ditti

rilo pou katéqgei (aporrof” kai egqgéei isqO). EPnai xek’jaro pléon, iti h apoj keush
ebnai dunhtik™ paragwgic kai katanalwt ¢ kai, epoménwc, égei th dunatithta na ekmetal-
leuteb diaforéc tim n sthn enérgeia mésa sthn hméra gia na apokombsei kérdoc (energeiaki
armpitr"z). Se auti to kérdoc dOnatai na prostejoOn kai oi diforec amoibéc api thn
paroq epikourik,n uphresi.n, ipwc h paroq efedrebac. Sto Sq ma 1.5 apeikonbzetai h
dom pou akoloujeb h agor™ se aut n thn ergasba.

Sgma 1.5: Dom thc agor’c sthn paroOsa ergasba

1.4 Org'nwsh Ergasbac

Sthn paroOsa ergasba gbnetai mia prosp’jeia éntaxhc kai axiolighshc leitourgbac enic
apojhkeutikoO stajmoO se éna diasundedeméno sOsthma hlektrik ¢ enérgeiac. H agor®
jewrebtai iti leitourgeD me to mhganismi apozhmbwBhg-as-clearkai h apoj keush, sto
plabsio auti, epijumeD na diadramatBbsei éna xeqwristi rilo sto sOsthma, me tripo tétoio
,Ste na exasfalbzei kérdoc. Pio sugkekriména, h ergasba organ, netai wc ex c:
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" Sto kef'laio 2 gPnetai mPa sOntomh anafor™ twn diforwn tegnologi,n apo-
j keushc, tou tripou leitourgbac touc kaj,c kai twn eswterik n garakthristik n
touc.

" Sto kef'laio 3 perigrifontai ta di“fora jesmik™ empidia an“ptuxhc twn apo-
jhkeutik,n stajm,n, oi uphresPec pou mporeD na prosférei se éna sOsthma h apo-
j keush all” kai di“fora paradebgmata tripwn kai mejidwn apozhmbwshc apojh-
keutik,n stajm,n.

" Sto kef'laio 4 perigr-fetai analutik”™ h mejodologba diagebrishc twn sumbati-
k,n mon“dwn kai thc apoj keushc. Sth sunégeia, h mejodologba efarmizetai qwrbc
apoj keush kai me apoj keush na leitourgeD san eleOjero stoigePo tou sust ma-
toc. GPnetai ekten ¢ parousPash twn apotelesm™wn gia dOo diaforetik® epPpeda
diebsdushc APE.

~ Sto kef'laio 5 efarmizetai mejodologba beltistopobhshc tou kerdouc thc mpata-
rBac gia th summetoq thc sto energeiaki armpitr”z kai kajorbzontai oi prosforec
thc apoj keushc sthn agor™ enérgeiac. Oi prosforéc autéc sth sunegeia dbno-
ntai wc ebsodoc se priblhma elagistopobhshc kistouc kai axiologebtai h éntaxh thc
mpatarbac api to diageirist . Parousi“zontai di“fora sugkritik™ diagr'mmata kai
pbnakec apotelesm™twn.

~ Sto kef'laio 6 diatup,nontai sunoptik™ ta basik™ sumper“smata kai anaférontai
di“forec mellontikéc epekt’seic tou jematoc.

Sto par‘rthma A exhgebtai leptomer,c 0 sumbolismic pou grhsimopoiebtai sthn
paroOsa ergasba.

Sto par‘rthma B dbnontai plhroforbec kai stoigeba gia tic jermikéc mon“dec pou
grhsimopoioOntai se ilec tic prosomoi,seic.

Sto parrthma G  dbnontai ila ta diagrrmmata twn prosomoi_sewn pou aforoOn
thn prosfor™ twn jermik,n mon“dwn sto oriaki touc kistoc.
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Kef'laio 2

Tegnologbec Apoj keushc
Hlektrik ¢ Energeiac

Oi tegnologbec apoj keushc hlektrik ¢ enérgeiac diakrbnontai se pente diaforetikéc ka-
thgorbec wc proc ton tripo apoj keushc thc enérgeiac. K'je kathgorba perilamb™nei
di“forec mejidouc:

~ Mhganikic
Antlhsiotambeush PHS - Pumped Hydroelectric Storagé

Apoj keush enérgeiac me sumpiesmeno aé@AES - Compressed Air Energy
Storage

Apoj keush enérgeiac se sfondOlouc (Flywheels)
~ Jermikic
‘Antlhsh jermithtac ( PHES - Pumped Heat Energy Storagé
Apoj keush enérgeiac me ugropobhsh aerbhAES - Liquid Air Energy Stor-
age
" Qhmikic
Udrogino ( Hydrogen storage)
" Hlektroghmikic
MpatarDec MolObdou-oxéwd ¢ad-acid battery)
Mpatarbec JeDou-natrbolN4S battery)
Mpatarbec Jebou-nikelbou-glwrbden@ium-nickel-chloride battery)
Mpatarbec Nikelbou-kadmbbli+rCd)
Mpatarbec lintwn-lijpou (Li-ion)
Mpatarbec Ro ¢ Flow batteries)
" Hlektrikic kai magnhtikic
Uperpuknwtéc Supercapacitorg

Uperag,gimh magnhtik apoj keush enérgeiac
(SMES - Superconducting Magnetic Energy Storage
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K’'je mba api tic parap"nw mejidouc emfanbzei idiabtera garakthristik™ kai diaforetik
leitourgbBa. Wstiso api autéc tic mejidouc orisménec mino éqoun emporik efarmog kai
mporoOn na efarmostoOn se sust mata meg’lhc kIPmakac, kaj.c oi upiloipec brbskontai
se ereunhtiki st'dio me thn up“rgousa morf touc ebnai asOmforec oikonomik™.

2.1 Mhganikec mejodoi apoj keushc hlektrik ¢ en-
ergeiac

2.1.1 Antlhsiotambeush ( PHS - Pumped Hydroelectric Storage )

H antlhsiotambeush apoteleb thn pio diadedoménh mejodo apoj keushc hlektrik ¢ enér-
geiac. Me sunolik egkatesthménh gwrhtikithta 125 GW pagkosmbwec, h antlhsiota-
mbeush kategei kurbargh jésh sthn apoj keush eneérgeiac, kaj,c anaparist™ to 99% thc
sunolik ¢ egkatesthmeéenhc qwrhtikithtac apoj keushc hlektrik ¢ enérgeiac [2, 23].

H tegnologba aut edr’zetai sth dunatithta paragwg c hlektrik ¢ energeiac api udroh-
lektrik™ érga. Eidikitera, h tegnologba thc antlhsiotambPeushc perilamb™nei dOo tamieu-
t rec kai énan udrostribilo. O "nw tamieut rac, o opoboc egei uyometrik diafor” api
ton k“tw tamieut ra, apojhkeOei neri kat™ thc di'rkeia thc {firtishc}. Ligw tou uyo-
meétrou to neri égei dunamik enérgeia. Gia thn paragwg hlektrik ¢ enérgeiac, to neri
pou brbsketai ston “nw tamieut ra af netai na ft"sei ston udrostribilo mésw twn eidi-

k.n agwg,n neroO kai sth sunéqeia katal gei ston ktw tamieut ra. H diadikasDa gbnetai
antbstrofa, itan prikeitai na apojhkeuteb energeia, dhlad sthn teleutaba perbptwsh to
neri anebabnei api ton kKtw tamieut ra ston "nw mésw antli_n.

Sqgma 2.1: Sghmatik apeikinish sust matoc apoj keushc hlektrik ¢ energeiac me antlhsiotambeush
(27]

Ta érga antlhsiotambeushc apaitoOn kat'llhih diamirfwsh tou fusikoO peribllontoc.
EPnai aparabthto na up’rgei h kat'llhlh uyometrik diafor” all” na mporoOn na exa-
sfalistoOn kai megloi igkoi neroO. Se arketéc peript,seic grhsimopoieBbtai wc K'tw
tamieut rac h j"lassa. Se periogéc stic opobec h gewmorfba den eunoeb ta eérga antlhsio-
tamBeushc, grhsimopoioOntai upigeia sp laia kataskeu"zontai upigeioi tamieut rec [3].
EPnai emfanéc, iti stic teleutabec peript,seic to Kistoc kataskeu ¢ aux"netai shmantik”.
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2.1.2 Apoj keush energeiac me sumpiesméno aera ( CAES - Com-
pressed Air Energy Storage )

Oi stajmob apoj keushc hlektrik ¢ energeiac me sumpiesméno aéera den eqoun efarmosteb
akima se meg’lh éktash gia emporiki skopi, parilo pou h tegnologba ebnai gnwst gia
arket” grinia. EPnai garakthristiki iti leitourgoOn mino dOo tétoioi stajmoD meg’lhc
kibmakac se pagkismio epbpedo. O énac brbsketaHstotorf thc Germanbac kai o “lloc
sthn Alabama twn HPA.

Sqma 2.2:  Sghmatiki di"gramma sumbatikoO(diabatikoO) stajmoO apoj keushc hlektrik ¢ enérgeiac
me sumpiesmeno aeéra [23]

Oi stajmoD apoj keushc sumpiesmeénou aéra grhsimopoioOn hlektrik enérgeia gia na su-
mpiésoun aéra. O sumpiesménoc aérac, o opoboc brbsketai upi uyhl pPesh, apojhkeOetai
se mia upigeia dexamen . H antbstrofh diadikasba, dhlad h diadikasba paragwg c hle-
ktrik ¢ enérgeiac, perilamb~nei thn apeleujérwsh kai th jermansh tou sumpiesmenou aéra,

0 opoboc odhgebtai se aeriostribilouc atmostribilouc. Wstiso, h teleutaba diadikasba
apaiteD kaOsimo, kai sunep.c ekpomp rOpwn, stouc sumbatikoOc stajmoOc apoj keushc
sumpiesménou aéra, qarakthristiki to opobo den touc kajist” tiso elkustikoOc.

Oi prohgmeénoi adiabatikob stajmob sumpiesménou ##%aCAES) apoteloOn thn elpi-
dofira exelixh twn stajm n sumpiesmenou aéra. Kat" th leitourgba thc aposumpbeshc

tou aéra, dhlad kat" th leitourgba paragwg c hlektrik ¢ enérgeiac, antlebtai jermithta

api thn apoj kh jermik ¢ enérgeiac, h opoba desmeOQei jermik enérgeia kat th leitourgba
thc sumpbeshc, dhlad thc apoj keushc enérgeiac. Epoménwc, oi prohgmenoi adiabatikob
stajmob sumpiesménou aéra garakthrbzontai api to shmantiki pleonekthma thc mhdenik ¢
ekpomp ¢ rOpwn [23].

Oi stajmob apoj keushc sumpiesmenou aéra, an kai éwc t,ra den éqoun efarmosteb ekte-
n,c, éqoun tic probpojéseic na diadramatbsoun shmantiki rilo sthn apoj keush hlektri-

k ¢ enérgeiac sto mellon. H auxhménh apidosh twn prohgménwn adiabatik,n stajm.n
(70%) [2, 3], h mhdenik ekpomp rOpwn, h dunatithta apoj keushc meg’lhc posithtac
enérgeiac se mia mikr mon“da kai h dunatithta met"bashc api th mba leitourgba sthn “llh
se gr goro grino [10] apoteloOn prokl seic gia peraitérw éreuna [3], h opoba aposkopeb
se mia pijan mellontik kai eureba efarmog aut,n twn stajm,n.

2.1.3  Apoj keush enérgeiac se sfondOlouc ( Flywheels )

Sta sust mata apoj keushc me sfondOlouc h enérgeia apojhkeOetai me th morf thc ki-
nhtik ¢ enérgeiac. H di“taxh apotelebtai kurbwc api mba hlektrik mhgan kai éna dromeéa.
Tiso o dromeac, iso kai h mhgan perib“llontai api keni prokeiménou na elagistopoih-
joOn oi ap leiec enérgeiac kat™ th di‘rkeia peristrof c.
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Sqgma 2.3:  Sghmatiki di\gramma prohgménou adiabatikoO stajmoO apoj keushc hlektrik ¢ enérgeiac
me sumpiesmeno aera[23]

Kat™ th di'rkeia thc firtishc, h hlektrik enérgeia epitagOnei to dromeéa, kai kat™ su-
népeia ton kinht ra. H aOxhsh thc tagOthtac peristrof ¢ tou kinht ra shmabnei aOxhsh
thc kinhtik ¢ energeiac. Sth diadikasba thc ekfirtishc, o kinht rac metapbptei se lei-
tourgba genn triac kai o dromeéac epibradOnetai. H kinhtik enérgeia mésw thc genn triac
metatrépetai se hlektrik .

Ta sust mata aut™ @qoun shmantik™ pleonekt mata, metaxO twn opoPwn ePnai h gr gorh
apikrish ( milliseconds), h dunatithta apofirtishc se mikri groniki di"sthma (se kibma-

ka deuteroleptwn-lept,n), h uyhl energeiak apidosh (85%), h meg’lh di‘rkeia zw c

kai fusik™ oi gamhliterec periballontikéc epipt,seic [2]. Parilo pou efarmizetai ston

toméa thc autokbnhshc, h tegnologba aut se epPpedo hlektrikoO diktOou kai apoj keu-
shc hlektrik ¢ enérgeiac den éqei exaplwjeb [27]. Wstiso, h gr gorh apikrish kai h
mikr di‘rkeia apofirtishc thn kajistoOn ikan na summetégei se diadikasPec rOjmishc
hlektrikoO sust matoc (rOjmish sugnithtac, adi’leipth paroq enérgeiac - UPS).

2.2 Jermikec mejodoi apoj keushc hlektrik ¢ enéer-
geiac

2.2.1 Apoj keush enérgeiac me “ntlhsh jermithtac ( PHES -
Pumped Heat Energy Storage )

Sta sust mata apoj keushc enérgeiac me “ntlhsh jermithtac qrhsimopoiebtai hlektrik

enérgeia gia na trofodothjeb mia mhgan apoj keushc, h opoba ebnai sundedeménh me dOo
meg’lec jermikéc dexamenec. Kat™ th diadikasba thc apoj keushc, h mhgan leitourgeb

san antlba jermithtac, dhlad grhsimopoieb hlektrik enérgeia gia thn “ntlhsh jermith-

tac api th yugr sth jerm dexamen. Sthn antbjeth leitourgba, aut thc paragwg c

hlektrik ¢ enérgeiac, h mhgan leitourgeb san jermik mhgan . Se aut n thn perbptwsh,
antlebtai jermithta api th jerm dexamen , metaféretai h perbsseia jermithta sth yuqgr

dexamen kai me autin to tripo par"getai mhganik enérgeia, h opoba odhgeb thn hlektrik

genn tria [5].

H méjodoc aut den égei efarmosteD emporik™ éwc t,ra ligw, kurbwc, tou gamhloO bajmoO
apidoshc kai thc elleiyhc empeirbac [27]. Wstiso h beltbwsh tou bajmoO apidoshc ePnai
upi éreuna [22], kai se sunduasmi me th dunatithta apoj keushc meg-lhc posithtac
energeiac den apoklebetai to endeqgimeno na apokt sei aut h tegnologba emporik shmasba
mellontik™.
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2.2.2 Apoj keush enérgeiac me ugropobhsh aéra ( LAES - Liquid
Air Energy Storage )

H apoj keush enérgeiac me ugropoihméno aéra gqrhsimopoieb hlektrik enérgeia gia na
yOxei aéra éwc itou ugropoihjeD. O ugropoihménoc aérac apojhkeOetai se kat'llhlh
dexamen . Sthn antbjeth diadikasba, th diadikasba paragwg ¢ hlektrik ¢ enérgeiac, o
ugropoihmenoc aérac jermabnetai, epanerqetai se aéria morf kai trofodoteb to stribilo
pou odhgeb th genn tria [5].

H sugkekriménh tegnologba den égei akima emporik efarmog ligw thc gamhl c apidoshc
pou emfanbzei se ereunhtiki epPbpedo. Wstiso, garakthrbzetai api ikanopoihtik puknithta
apojhkeuménhc enérgeiac, meg’lh di'rkeia zw ¢ kai mikroOc gewgrafikoOc periorismoOc
egkat"stashc. Ektim™tai iti h apidosh ja beltiwjeb sto "meso méllon [27].

2.3 Qhmikec mejodoi apoj keushc hlektrik ¢ enér-
geiac

2.3.1 Udrogino (  Hydrogen storage)

H apoj keush enérgeiac me udrogino perilamb”nei th gr sh hlektrik ¢ enérgeiac me skopi

thn hlektrilush tou neroO kai thn paragwg udroginou. To udrogino apojhkeOetai se
dexamenéc me th morf sumpiesménou aerbou ugropoihménou udroginou se kruogenikec
dexamenec. H antbstrofh diadikasba perilamb™nei thn antbdrash tou udroginou me to
oxugino kat™ thn opoba par”getai hlektrismic kai jermithta [27].

H puknithta apojhkeuménhc eneérgeiac aut ¢ thc mejidou ebnai arket™ meg’lh, imwc h
sunolik energeiak apidosh ePnai sqetik™ gamhl . O megalOteroc stajmic apoj keushc
enérgeiac me udrogino egkaini“sthke to 2015 sth Germanba.

2.4  Hlektroghmikec méjodoi apoj keushc hlektrik ¢
energeiac

2.4.1 Mpatarbec MolObdou-oxéwc ( Lead-acid battery )

Oi mpatarBec molObdou-oxéwc apoteloOn ta palaiitera sust mata mpatari_n apoj keushc
hlektrik ¢ enérgeiac. QrhsimopoioOntai se meg’lo eOroc efarmog.n kai, idiabtera, se
mikrodbktua se apomonwmeéna nhsi® gia beltbwsh poiithtac isqOoc, adi’leipth paroq

kai efedrePa [2]. Wstiso, oi periorisménoi kOkloi zw ¢, h gr gorh apofirtish kai h mikr
puknithta apojhkeumenhc energeiac (59/h/kg ) ebnai ta kuriitera meionekt mata touc kai

sun jwc aporrbptontai sthn epilog mpatari,n gia apoj keush enérgeiac. Oi exelbxeic

autoO tou tOpou mpatarbac ebnai sthn kateOjunsh thc aOxhshc tou kOklou zw ¢, o0 opoPoc
ebnai 10 foréc megalOteroc se prohgménh morf mpatarbDac molObdou-oxéwc se sgésh me
th sumbatik morf [2].

2.4.2 Mpatarbec Jebou-natrbou ( NaS battery )

Oi mpatarbec jePou-natrBou égoun anaptugjeD api to 1987. SunistoOn ton tOpo mpatarbac
me thn perissitero apodedeigménh efarmog se apoj keush enérgeiac se kibmaka bW

me sunolik egkat’stash 606 MW éwc to 2012. MetaxO twn kurbwn jetik,n garakthri-

stik,n touc, ebnai h sgetik™ uyhl sunolik energeiak apidosh (75%-85%), o meg'loc

arijmic kOklwn zw ¢ (2500-4500 kOkloi), 0 opoPoc metafr'zetai se 15 grinia dirkeiac

zw ¢ kai o grinoc apofirtishc o opoboc ebnai éwc 7 rec [2].

Selbda 37



Kef'laio 2. Tegnologbec Apoj keushc Hlektrik ¢ Enérgeiac Diplwmatik Ergasba

2.4.3 Mpatarbec Jebou-nikelbou-glwrbou ( Sodium-nickel-chloride
battery )

Oi mpatarbec jebou-nikelbou-glwrbou, oi opobec ebnai gnwstecZlkEBRA (Zero Emis-

sion Battery Research) ebnai mpatarBec pou leitourgoOn se uyhl jermokrasPa. 'Eqoun
efarmosteD emporik™ api to 1995. H éreuna stogeQei se aOxhsh thc apojhkeuménhc pu-
knithtac enérgeiac kai sthn enswm™twsh touc sta sust mata twn metaballimenwn APE

2].

2.4.4 Mpatarbec Nikelbou-kadmbou (  Ni-Cd )

Oi mpatarbec nikelDou-kadmbou ePnai metaxO twn palaiiterwn tOpwn mpatari,n, pou imwc
exelbgjhkan perb to 1990. 'Eqoun sgetik™ meg~lh puknithta apojhkeuménhc enérgeiac (55-

75 Wh/kg ), gamhléc apait seic sunt rhshc kai perbBpou 2000 kOklouc zw c. Oi kOkloi

zZw ¢ exart ntai shmantik™ api ta epPpeda apofirtishc touc. Jewrhtik”, mporoOn na

ft'soun éwc kai touc 50000 kOklouc zw ¢ an leitourgoOn se epPpedo apofirtishc tou

10%. Shmantik™ meionekt mata autoO tou tOpou mpatari,n ePnai h toxikithta twn baréwn
met’liwn, tou nikelbou kai tou kadmbou, h eup’jeia se uperfirtish kai h gamhl apidosh.

H megalOterh efarmog autoO tou tOpou mpatari_n ston toméa apoj keushc hlektrik ¢
enérgeiac ebnai sthn Al'ska twn HPA me isqO 2WW kai 15 lept™ grino apofirtishc

[2].

2.4.5 Mpatarbec lintwn-lijpou ( Li-ion )

Oi mpatarbec iintwn-lijpou, argik™, grhsimopoi jhkan se forhtéc efarmogéc all” sth
sunégeia kai se epPpedo hlektrikoO diktOou. 'Eqoun uyhl puknithta apojhkeuménhc
enérgeiac (200Wh/kg ), meg’lh di‘rkeia zw ¢ (10.000 kOklouc) kai uyhl apidosh (85%-
90%). Oi prooptikéc gia autin ton tOpo mpatari,n ePnai k'ti perissitero api oratéc. 'Hdh
gbnontai prospTjeiec beltbwshc leitourgikithtac stic opobec perilamb™netai h epéktash
di“rkeiac zw c kai h gr sh néwn, asfalésterwn ulik,n. Tautiqrona to kistoc kataskeu-

¢ mei,netai. Ektim’tai iti h grhsimopoioOmenh qwrhtikithta mpatari,n iintwn-lijDou se
epbpedo diktOou anérgetai se G&Wh éwc to 2015 [2].

2.4.6 Mpatarbec Roc (  Flow batteries )

Oi mpatarbec ro ¢ emfanDzoun to shmantiki pleonékthma iti to mégejoc thc isqOoc kai to
mégejoc thc apojhkeumeénhc enérgeiac dOnatai na sgediastoOn anex’rthta[2, 16]. 'Eqoun
mikr auto-apofirtish, polO gr gorh apikrish kai sunolik energeiak apidosh pou
kumabnetai metaxO 60%-70%. Epiprosjétwe, @égoun dunatithta met"bashc api kat"stash
firtishc se kat'stash ekfirtishc to antbstrofo mésa se 1 ms[16] Api thn “llh

pleur” éqoun sqetik™ mikr puknithta apojhkeuménhc enérgeiac (10-75Wh/kg ) kai o
hlektrolOthc touc ePnai toxikic gia to peribllon [3].

2.5 Hlektrikec mejodoi apoj keushc hlektrik ¢ e-
nergeiac

2.5.1 Uperpuknwtéc (  Supercapacitors )

Oi uperpuknwtéc apoteloOn thn pio “mesh méjodo apoj keushc hlektrik ¢ enérgeiac. 'E-
goun gr gorh apikrish kai 10.000 kOklouc zw c. 'Omwc, égoun mikr di‘rkeia apoj keu-
shc, gamhl puknithta apojhkeuménhc enérgeiac kai uyhl” epPpeda auto-apofirtishc.
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EES Power range Discharge time Overall Power density Energy density Storage Self-discharge  Lifetime Life

technology (MW) (ms-h) e ciency (W/kg) (Wh/kg) durability (per day) (yr) cycles
PHS 10-5000 1-24h 0.70-0.82 0.5-1.5 h-months Negligible 50-60 20,000-50,000
CAES (underground) 5-400 1-24 h 0.70-0.89 30-60 h-months Small 20-40 >13,000
CAES (aboveground) 3-15 2-4 h 0.70-0.90 h-days Small 20-40 >13,000
Flywheel Up to 0.25 ms-15 m 0.93-0.95 1000 5-100 s-min 100% 15-20 20,000-100,000
Lead-acid Up to 20 s-h 0.70-0.90 75-300 30-50 min-days 0.1%-0.3% 5-15 2,000-4,500
NaS 0.05-8 s-h 0.75-0.90 150-230 150-250 s-h 20% 10-15 2,500-4,500
NaNiCl2 (ZEBRA) 50 25h 0.86-0.88 150-200 100-140 s-h 15% 15 2,500-3,000
Ni-Cd Up to 40 s-h 0.60-0.73 50-1000 15-300 min-days 0.2%-0.6% 10-20 2,000-2,500
Li-ion Up to 0.01 m-h 0.85-0.95 50-2000 150-300 min-days 0.1%-0.3% 5-15 1,500-4,500
VRFB 0.03-3 s-10 h 0.65-0.85 166 10-35 h-months Small 5-10 10,000-13,000
Zn-Br 0.05-2 s-10 h 0.60-0.70 45 30-85 h-months Small 5-10 5,000-10,000
Fe-Cr 1-100 4-8 h 0.72-0.75 10-15 >10,000
PSB 15 s-10 h 0.65-0.85 h-months Small 10-15 2,000-2,500
SMES 0.1-10 ms-8 s 0.95-0.98 500-2000 0.5-5 min-h 10%-15% 15-20 >100,000
Supercapacitors Up to 0.05 ms-60 m 0.60-0.65 100,000 0.05-5 s-h 40% 5-8 50,000
SCES Up to 0.3 ms-60 m 0.85-0.95 800-23500 2.5-50 s-h 20%-40% 10-20 >100,000
Hydrogen(fuel cell) 0.3-50 s-24 h 0.33-0.42 500 100-10,000 h-months Negligible 15-20 20,000

Pbnakac 2.1: Teqnik™ qarakthristik™ susthm™twn apoj keushc hlektrik ¢ enérgeiac [2]

Kurbwec, grhsimopoioOntai se uphresbec poiithtac isqOoc. H éreuna sta ulik™ kataskeu-
¢ twn uperpuknwt,n af nei perij,rio gia mia pijan mellontik enswm’tws touc se
epbpedo diktOou hlektrik ¢ enérgeiac[2].

2.5.2 Uperag,gimh magnhtik apoj keush energeiac ( SMES -
Superconducting Magnetic Energy Storage )

'Ena sOsthma uperag,gimhc magnhtik ¢ apoj keushc enérgeiac ebnai ikani na apojhkeOei
enérgeia se éna magnhtiki pedbo me dunatithta na thn paréqei stigmiaba. H méjodoc
aut parousi“zei uyhl sunolik apidosh (97%), gr gorh apikrish ( millisecondsg kai
100.000 kOklouc zw c. Ta qgarakthristik” aut” kajistoOn th méjodo aut ikan na parégei
uphresPec poiithtac isqOoc, rOjmish sugnithtac kai enérgeia itan up“rgei diakop sto
sOsthma. Paréqei isqO thc t"xhc twrkW, wstiso h éreuna debgnei iti sOntoma ja auxhjeb

to eOroc isqOoc [2].

Sqma 2.4:  Sunolik egkatesthmeénh isqgOc pagkosmbwc an” tegnologba apoj keushc [12]

'Opwc fabnetai sto Sq ma 2.4, h antlhsiotambeush kuriargeb énanti twn dh upargous,n
tegnologi,n apoj keushc kai auti giatb apoteleb palai” all” kai sqetik™ fihn tegno-

logba, h opoPa efarmosteb ekten,c gia thn omalopoBhsh twn aigm,n isqOoc. 'Oso afor®
tic mpatarbec, parathrebtai iti protimiterec ebnai autéc twn iintnwn-lijpou, teqnologba h
opoba t ra anaptOssetai me gorgoOc rujmoOc kai anaménetai na eiséljei dunamik™ sta
sust mata hlektrik ¢ enérgeiac parégontac éna meg’lo eOroc api uphresbec.
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Kef'laio 3

Agorec energeiac kali
dunatithtec apoj keushc

3.1 Jesmik™ empidia an"ptuxhc stajm,n apoj keu-
shc hlektrik ¢ enérgeiac

Oi stajmoD apoj keushc dOnantai na prosféroun éna meg’lo eOroc diaforetik,n uph-
resi,n sto sOsthma hlektrik ¢ enérgeiac. Akrib,c aut h polugrhstikithta touc éqei
dusger’nei thn omal éntaxh touc stic agoréc. Pio sugkekriména, h duskolba éntaxhc touc
phg’zei, katarq’c, api thn paradosiak paroq twn di‘forwn uphresin sto sOsthma.

To teleutaDo shmabnei iti ta perissitera sust mata lamb“noun uphresbec ipwc p.q. rOj-
mish sugnithtac efedreBa mino api tic sumbatikéc mon“dec paragwg ¢ [21] af nontac
ektic paignidioO touc apojhkeutikoOc stajmoOc. H anagronistik aut logik den e-
pitrépei se apojhkeutikoOc stajmoOc na prosféroun uphresbec, parilo pou égqoun thn
tegnik dunatithta na tic paregoun.

‘Ena shmantiki empidio sthn an“ptuxh twn apojhkeutik.n stajm_ n apoteleb, epbshc, o
mh xek’jaroc riloc pou prosdbBdoun oi agoréc enérgeiac stouc stajmoOc apoj keushc
[27]. Oi apojhkeutikob stajmob féroun garakthristik™ stajm, n paragwg c kai gia auti

se polléc agoréc jewroOntai we paragwgob. H antblhyh aut apoteleb trogopédh gia thn
an“ptuxh twn apojhkeutik,n stajm_n, kaj,c oi stajmob apoj keushc profan,c de me-
tatrépoun prwtogen morf enérgeiac se hlektrik all” antloOn hlektrik enérgeia api

to dbktuo kai thn parégoun pbsw se auti. Auti, akima, shmabnei iti den anagnwrbzetai se
epbpedo agor,n h dunatithta paroq ¢ epikourik, n uphresi,n kai oi idiokt tec apojhkeu-

tik,n stajm_n epibarOnontai kai me télh paragwg c all” kai me télh katan“lwshc.

Epiprosjétwc, h perbplokh epikratoOsa kat'stash iso afor” thn idiokthsPa twn apo-
jhkeutik,n stajm.n uy,nei éna akima an"qwma sthn enswm’tws touc. Eidikitera,
apagoreQetai austhr™ se leitourgoOc tou diktOou metafor’c kai dianom ¢ na katégoun
kai na diageirbzontai sust mata apoj keushc. To [4] protebnei iti oi drasthriithtec
apoj keushc pou sgetbzontai me tic an"gkec fortbou prépei na diex"gontai mino api i-
di,tec pou summetéqoun sthn agor™ enérgeiac. Tautigrona, protebnei oi drasthriithtec
apoj keushc pou égoun sgesh me epikourikec uphresbec prépei na epitrepetai na prag-
matopoioOntai me paremb’seic twn diageirist.n diktOou. Api thn “llh pleur”, h merik
olik idiokthsPa susthm’twn apoj keushc api diageiristéc diktOou mporeD na epiférei
anapotelesmatikithta sthn agor™ kai diafwnbec [13]. Anamfbbola imwc, h enswm™twsh
twn apojhkeutik n stajm_n stic bohjhtikéc uphresbec dOnatai na mei,sei to kistoc lei-
tourgbac touc sust matoc, kaj.c autéc sugn” ePnai kostobirec gia touc sumbatikoOc
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stajmoOc paragwg c. Epoménwc, se auti to shmebo diafabnetai h an"gkh thc di"krishc
twn di"forwn uphresi,n pou mporeb na parégei éna sOsthma apoj keushc.

3.2 Uphresbec stajm ,n apoj keushc hlektrik c e-
nérgeiac

'Opwc anaféretai kai pio pnw, oi stajmob apoj keushc, an’loga kai me to ebdoc touc
(Keflaio 2), mporoOn na parégoun meg’lo eOroc uphresi,n. Oi uphresBec autéc mporoOn
na gwristoOn stic parak’tw kathgorbec [19]:

~ Paroq meg’lhc posithtac hlektrik ¢ enérgeiac
" Bohjhtikec uphresbec
"~ Uphresbec sto sOsthma metaforc hlektrik ¢ enérgeiac

" Uphresbec sto sOsthma dianom c hlektrik ¢ enérgeiac

3.2.1 Paroq meg'lhc posithtac hlektrik c enérgeiac

H exelixh thc tegnologbac twn apojhkeutik,n meswn epitrépei pleon thn apoj keush
meg’lwn posot twn enérgeiac. 'Enac stajmic apoj keushc mpatari,n s mera mporeb na
parégei pl rh isqO gia 4 éwc 8 sunegimenec ,rec. To prohgoOmeno shmabnei iti oi stajmoD
apoj keushc hlektrik ¢ enérgeiac mporoOn na broun efarmog sth gronik metatipish
enérgeiac Energy Shifting), sthn perikop thc aigm ¢ (Peak Shaving kai sto energeiaki
armpitr"z ( Energy Arbitrage) [11].

H stogastikithta twn APE odhgeb pollec forec se anapifeukth perikop thc aiolik ¢
fwtoboltadk ¢ paragwg c ligw adunambac aporrifhshc api to dbktuo kai periorism,n
tegnik,n elagbstwn sumbatik,n mon“dwn. Tic ,rec kat" tic opobec h z thsh hlektrik c
enérgeiac ebnai polO gamhl, to dbktuo de mporeD na aporrof sei paragwg APE kai
oi sumbatikéc mon“dec leitourgoOn kont™ sta tegnik” elgista touc, leitourgba h opoba
ebnai polO kostobira. Me thn egkat’stash stajm n apoj keushc hlektrik ¢ enérgeiac
kai th metatipish enérgeiac, kajbstatai dunat h aporrithsh thc “llote perikoptimenhc
paragwg ¢ APE api touc apojhkeutikoOc stajmoOc. Akima, oi apojhkeutikoD stajmob
dOnatai na odhgoOn to sOsthma se oikonomikiterh leitourgba dieukolOnontac tautiqrona
th leitourgba twn sumbatik,n mon“dwn.

Sqma 3.1: Par"deigma pollapl,n gr sewn apoj keushc. Qronik metatipish enérgeiac, perikop
aigm c kai apikrish sth z thsh me kai qwrbc apoj keush [11]

H apojhkeumenh enérgeia, h opoba “llote ja perikoptitan, mporeb na epistrefetai sto
dbktuo tic ,rec aigm c. Kat" tic ,rec aigm c, to kistoc enérgeiac ebnai auxhmeno kaj,c to
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sOsthma den leitourgeD oOte se aut thn perDptwsh me ton oikonomikitero tripo. H gr sh
thc kentrik ¢ apojhkeuménhc energeiac gia thn kluyh twn anagk,n thc aigm ¢ mporeb na
mei,sei thn paragwg enérgeiac tic ,rec thc aigm c¢ kai na sumb~lei sthn aposumfirhsh

tou diktOou. Epoménwec, to sOsthma odhgebtai se pio omal kai pio oikonomik leitourgba.

To Energy Arbitage praktik® shmabnei aneOresh kérdouc exaitbac thc diafor’c twn ti-
m,n enérgeiac kat™ th di‘rkeia thc hmérac. Tiso sthn pro-hmer sia iso kai sthn endo-
hmer sia agor™ hlektrik ¢ enérgeiac oi timéc energeiac ePnai meiwmeénec kat” tic ,rec meiw-
meénhc z thshc kai auxhménec tic ,rec aigm c. Oi stajmob apoj keushc, oi opoboi eqoun
ditt leitourgba (aporrofoOn all” kai parégoun enérgeia), mporoOn na ekmetalleOontai
aut th diafor” tim,n kai na agor"zoun isqO itan oi timéc ePnai gamhléc poul,ntac thn
xan” sto dbktuo itan oi timéc ebnai auxhménec. Me autin ton tripo exasfalbzoun kérdoc
pou exarttai api tic ek’stote prosforec agor'c kai p,lhshc, oi opobec katatbjentai
sthn agor™ hlektrik ¢ enérgeiac kai diamorf noun thn oriak tim tou sust matoc, dh-
lad thn tim me thn opoba telik™ plhr,nontai plhr,noun oi summetegontec paragwgob
promhjeutéc antbstoiga.

3.2.2 Bohjhtikec uphresbec

'Enac pra polO shmantikic riloc pou mporoOn na diadramatBsoun oi stajmoD apoj keushc
hlektrik ¢ enérgeiac, gia thn eOrujmh kai omal leitourgba enic sust matoc, ePnai autic
twn bohjhtik,n  epikourik,n uphresi,n. Oi uphresbec autéc, oi opobec paradosiak™
prosférontai api touc paragwgoOc enérgeiac, ePnai aparabthtec prokeiménou to sOsthma
hlektrik ¢ enérgeiac na leitourgeb apriskopta kai omal”. H tegnologba epitrépei pléon

thn paroq tétoiou ePdouc uphresi n api apojhkeutikoOc stajmoOc, oi opoboi m’lista se
polléc peript,seic mporoOn na tic prosféroun me gambhlitero kistoc.

3.2.2.1 ROjmish sugnithtac - ParakoloOjhsh fortbou

H pio shmantik uphresba, h opoba prépei na prosféretai sto dbktuo api touc paragwgoOc
touc apojhkeutikoOc stajmoOc, ePnai h prwteOousa rOjmish sugnithtac. H teleutaba

shmabnei diat rhsh sugnithtac entic orbwn, me thn leitourgba thc opobac exasfalbzetai

h exisorriphs fortbou kai paragwg ¢ ( sunolik” egquimenhc isqOoc sto dbktuo miac

kai oi stajmoD apoj keushc den par’goun energi isqO). Diakum’nseic sth sugnithta

odhgoOn to sOsthma se ast’jeia sthn geiriterh perDptwsh akima kai se merik  olik

sbésh. Epoménwec, h uphresba diat rhshc sugnithtac ebnai uybsthc shmasbac kai prepei

na katanémetai me euélikto tripo se iso to dunatin perissiterouc summetéqontec sthn

agor” energeiac.

3.2.2.2 ROjmish sfimatoc elégqou perioq ¢

H rOjmish sfimatoc eléggou periog ¢ apoteleb ousiastik™ th deutereOousa rOjmish
sugnithtac kai ePnai upeOjunh na diorj, sei mikrosflmata. Oi apojhkeutikoD stajmob
mporoOn na analamb™noun th diorjwtik rOjmish enic tm matoc miac periog ¢ eléggou.

3.2.2.3 Paroq efedrebac

H efedrePa anaparist™ thn isqO pou ja dojeP "mesa sto sOsthma se perbptwsh ap,leiac
enic tm matoc thc paragwg c. Oi stajmoP apoj keushc mporoOn na paréqoun aut n
thn uphresPa, summetégontac energ” sth diat rhsh tou diktOou épeita api aprismena
sflimata. Akima, oi stajmob apoj keushc éqoun th dunatithta na aporrof soun mia
apitomh aOxhsh thc isqOoc sto sOsthma kai se aut thn perBptwsh parégoun arnhtik
efedreDa, h opoba ebnai epbshc aparabthth gia thn omalithta tou diktOou.
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Sqgma 3.2: Efarmogéc kai uphresbec susthm™twn apoj keushc enérgeiac an“loga me ta qarakthri-
stik” touc [27]

3.2.2.4 ROjmish tshc

H rOjmish t"shc pragmatopoiebtai me égqush aporrithsh aérgou isqOoc. Paradosiak™ h
leitourgba aut epitelebtai api tic sOgqgronec genn triec paragwg c¢ hlektrik ¢ enérgeiac

api ta mesa antist’jmishc. Oi stajmob apoj keushc hlektrik ¢ energeiac éqoun pl rh
élegqo energoO kai aérgou isqOoc kai, epoménwc, mporoOn na sumb’loun apotelesmatik™
sth rOjmish tshc.

3.2.2.5 Uphresba Black start

H uphresbaBlack start apoteleb mba axiipisth méjodo apokat'stashc thc paragwg c

twn gennhtrin met™ api olik sbesh tou sust matoc ( blackout). Oi apojhkeutikob
stajmoP mporoOn na parégoun aut n thn uphresPa kai na dieukolOnoun thn ekkPbnhsh kai
ton suggronismi twn gennhtri,n kat™ thn prosp-jeia epanhléktrishc tou sust matoc.

3.2.3 UphresPec sto sOsthma metafor’c hlektrik ¢ enérgeiac

Oi stajmob apoj keushc éqgoun th dunatithta na exomalOnoun th leitourgba tou sust ma-
toc metafor’c. 'Opwc anaféretai parap™nw, oi stajmoD apoj keushc mporoOn na desmeO-
oun enérgeia api to dbktuo itan auti de brbsketai upi sumfirhsh kai na thn epistréfoun
pbsw se auti itan oi apait seic ebnai uyhléc kai to dbktuo brbsketai kont™ se koresmi.
Me autin ton tripo oi stajmoD apoj keushc sumb’loun sthn aposumfirhsh tou diktOou,

kaj,c tic ,rec aigm ¢ mporoOn na trofodotoOn auto® me isqO to sOsthma ekeb pou up’rgei
an"gkh.

Akima, h enswm’twsh apojhkeutik,n stajm,n se sugkekriména shmeba mporeb na ana-
blei thn an"gkh gia anab’jmish twn upodom n tou diktOou [19]. H suneq ¢ aOxhsh tou
fortbou se polléc periogéc ebnai dusan’logh me tic up“rqousec upodomeéc diktOou metafo-
r'c. Oi apojhkeutikob stajmoD me kat'llhlh leitourgba mporoOn na prosdBdoun isqO se
éna sOsthma tic stigméc auxhmeénhc z thshc kai me autin ton tripo na anastéloun pijan”
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probl mata exaitPac thc aneparkoOc, pléon, ikanithtac metafor’c isqOoc twn gramm_n
kai telik” na anab’loun mia pijan kostobira anabjmish tou diktOou.

3.2.4 UphresPec sto sOsthma dianom ¢ hlektrik ¢ enérgeiac

'Opwc sto sOsthma metafor™c étsi kai sto sOsthma dianom c, oi stajmoP apoj keushc
hlektrik ¢ enérgeiac mporoOn na odhg soun se anabol anab’jmishc, parégontac isqO tic
_rec kat" tic opoPec up“rgei sumfirhsh. Epiprosjétwc, oi stajmoP apoj keushc dOna-
ntai na summetéqoun ston élegqo fainimenhc isqOoc  alli ¢ sth rOjmish tou suntelest
|quoc [19]. H rOjmish tou suntelest isqOoc pragmatopoiebtai mésw thc antist’jmishc
isgOoc me rOjmish thc egquimenhc aporrof menhc aérgou isqgOoc sto sOsthma. Su-
n jwe, o suntelest ¢ isgOoc ePnai epijumhti na brbsketai kont™ sth mon“da.

3.3 Eisidhma apojhkeutik,n stajm,n

Oi diforec uphresbec twn apojhkeutik,n stajm,n ebnai pléon dedoménec. 'Omwc, to
priblhma égkeitai ston beltisto sgediasmi kai sunduasmi twn parap™nw uphresi,n me
skopi thn euhmerba kai th biwsimithta miac tetoiac epéndushc.

Se pr.to epPpedo, mPa nomojetik metarrOjmish, h opoba sumperilamb’nei thn apoj keush
kai ilec tic dunatithtéc thc san energi méroc tou sust matoc, ebnai qwrbc amfibolba apa-
rabthth. O eksuggronismic thc agor’c hlektrik ¢ energeiac me dunatithta euelixbac, igi
mino gia touc apojhkeutikoOc stajmoOc all” gia ilouc touc {pabktec}, apoteleb ton a-
krogwniabo Ibjo gia thn an”ptuxh kainotimwn all” kai oikonomik™ bi,simwn susthm™twn.

H énnoia euelixba uponoeb th qgal“rwsh twn austhr.n periorism,n thc diagebrishc tou
stajmoQ apoj keushc api touc diageiristéc diktOou, ste h parog epikourik .n uphre-

si,n na ePnai apotelesmatik . Akima, uponoebtai h epilog oikonomikiterwn IOsewn gia
th leitourgba tou sust matoc, mésw beltistopobhshc thc leitourgbac twn apojhkeutik n
stajm.n, oi opoboi me thn enswm™tws touc tebnoun na mei,soun to kistoc hlektrik ¢
enérgeiac. H apoj keush, ipwc ila deBgnoun mporeb na pabxei énan polO ousiastiki rilo
sta sust mata hlektrik ¢ enérgeiac tou "mesou mellontoc.

Se epimeno epPpedo, o sgediasmic prépei na epikentrwjeb se treic basikoOc pul nec:
thn axiolighsh thc oikonomikithtac tou sust matoc, thn enswm™wsh iso to dunatin
perissiterwn APE kai thn axiopistba, exasfalbzontac ep'rkeia parog c energeiac kai
eustjeia diktOou [11].

3.3.1 Oikonomik biwsimithta apojhkeutikoO stajmoO

Prokeiménou na eudokim sei mba epéndush sthn apoj keush enéergeiac ebnai anagkaba h
anaz thsh kerdouc igi api mPa, all” api pollec phgéc. Prigmati, h par’llhlh axiopobhsh

kat” to dunatin meg’lou eOrouc uphresi.n thc apoj keushc apoférei ikanopoihtikoOc
bajmoOc eswterik ¢ apidoshc [18].

To [6] analOei thn axPa thc apoj keushc an’loga me tic uphresbec pou mporeb na pro-
sferei. 'Opwc fabnetai sto Sq ma 3.3, to eisidhma aux"netai shmantik™ iso paréqgontai
tautigrona perissiterec uphresbec. Epishmabnetai iti h parog mbac mino uphresbac se
kamba perbptwsh den ebnai ikan na aposbései to uyhli kistoc ependushc thc apoj keu-
shc, en, h beltistopoihménh pollapl uphresba apoteleb ton jemeli,dh par"gonta thc
exasf’lishc kerdouc. Par’lihla, tonbzetai to katexoq n garakthristiki thc gr gorhc a-

pikrishc, to opoPo mporeb na axiopoiebtai api touc apojhkeutikoOc stajmoOc apoférontac
meg’la kérdh, ipwc fabnetai kai stoCase 5(Sq ma 3.3). Teloc, h summetoq sthn agor”
gwrhtikithtac ( Capacity market), thc opobac o riloc ebnai h exasf’lish ep’rkeiac kat”
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tic ,rec aigm ¢, aux"nei shmantik™ to kerdoc en, mei nei el"gista auti api “llec agoréc.
Parimoia apotelésmata anadeiknOontai kai api to [9], to opoPo exet zei to sOsthma tou
Hnwmenou Basilebou (Sq ma 3.4).

Sgma 3.3:  AxPa stajmoO apoj keushc enérgeiac se sunduasmi me tic uphresbec pou paréqei [6]

Sqma 3.4: Axba stajmoO apoj keushc enérgeiac o opobPoc paréqgei pollapléc uphresbec [9]

'Opwc uposthrbzetai se perissitero praktiki epbpedo sto [18], stajmob apoj keushc
mpatari,n mporoOn na summetéqoun tautigrona starbitrage, sthn gr gorh rOjmish su-
gnithtac all” kai sthn parog efedrePac (prwteOousa, deutereOousa kai triteOousa).
Sth sunégeia, gbnetai an’lush garakthristik,n peript,sewn susthm™twn hlektrik c e-
nérgeiac sta opoba gbnontai prosp’jeiec gia an"ptuxh apojhkeutik,n stajmn.

3.3.1.1 KbBnhtra sthn Irlandba

Sthn IrlandPa, h posotikopobhsh thc isqOoc pou parégetai gwrbc adr'neia anaparbstatai
me toSNSP (System non-synchronous penetration) To SNSP grhsimopoiebtai gia na
diathreb thn asf’leia tou sust matoc kai na oriojeteb thn aiolik diePsdush all” kai

tic eisroéc api tic diasundéseic. Péra api th sumbatik uphresba rOjmishc sugnith-
tac, sto irlandiki sOsthma égei eisagjeP kai h uphresPa gr gorhc apikrishc sugnithtac
(FFR - Fast Frequency Responsg Oi dOo autéc uphresPec apeujOnontai sugkekriména
stouc stajmoOc apoj keushc enérgeiac me mpatarbec me skopi thn aOxhsh twn esidwn
touc. H uphresba gr gorhc apikrishc sugnithtac apaiteb apikrish se grino mikritero

twn dOo deuteroléptwn. 'Omwc, h apozhmPwsh thc uphresbac triplasi“zetai se perbptwsh
pou h apikrish dojeb entic 0,15 deuteroléptwn. H taktik aut epibrabeOei an“loga me
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thn poiithta thc uphresPac. Epiprosjétwc, oi diageiristéc sust matoc anadeiknOoun th
dunatithta euelixBac stic plhrvméc kai stic doméc amoib.n, h opoba ebnai apirroia thc
kalOterhc posotikopobhshc twn megej,n twn di“forwn uphresi.n, eis"gontac sumbilaia

6 grinwn ta opoPa prostateOoun touc ependutéc.

Anaféretai garakthristik™ iti apléc allagéc sta megéjh twn uphresi .n dOnantai na odh-

g soun mia epéndush sthn apoj keush me mpatarbec api thn oikonomik anapodotikithta
sthn kerdoforba. Sto eisidhm” touc, epbBshc, mporeb na prostejeb kai auti api &wbi-
trage. Kat™ th di"rkeia thc aigm ¢ z thshc, h adr'neia tou sust matoc ebnai uyhl kai
tupik™ oi uphresbec sugnithtac ebnai ligitero anagkabec. Tic ,rec autéc, oi apojhkeuti-
koD stajmob mporoOn na stamatoOn na paréqoun uphresPec sugnithtac all® na ex"goun
enérgeia kai na sumb“loun sthn perikop thc aigm c. Antbjeta, h gamhl adr’neia emfa-
nbzetai kat” tic ,rec gamhl ¢ z thshc kai uyhl ¢ dieDsdushc aiolik ¢ enérgeiac. Tic ,rec
autéc oi stajmob apoj keushc mporoOn na fortbzoun agor’zontac fjihn enérgeia all®
tautigrona na paréqoun Kkai tic uphresbec sugnithtac [18, 9]. Epoménwc, me autin ton
tripo anadeiknOetai h dunatithta exasf’lishc eisod matoc tiso api to  arbitrage iso

kai api tic uphresbec sugnithtac, me thn kat'llhlh pribleyh all” kai ton aparabthto
programmatismi twn leitourgi,n.

3.3.1.2 H perbptwsh tou Hhwménou Basilebou

Me b"sh ta stoigePa pou anaférontai sto [18], to 2016 ekdijhke prosfor™ gia 200 MW
apojhkeutik,.n stajm.n me mpatarbec. 'Omwc, oi uphresbec sugnithtac sto Hnwmeéno
Basbleio apaitoOn toul"giston apoj keush di‘rkeiac mis rac kai auti metafr"zetai

se el"gisth gwrhtikithta Bsh me 100,5 MWh. Oi upologismob debgnoun iti mba tétoia
epéndush duskoleQetai na exasfalbsei kérdoc.

EbPnai axioshmebwto iti sthn perbptwsh tou Hnwmeénou BasileDou de dbnetai k™poio kbnhtro
k"poia morf gal"rwshc twn apait sewn iso afor” thn uphresba sugnithtac kai gia auti

to ligo de mporeb na prokOyei eOkola kérdoc. AntBjeta, sthn perbptwsh thc Irlandbac, o
sgediasmic stogeOei sthn éntaxh apojhkeutik,n stajm,n, efarmizontac tropopoi seic

se kanonismoOc gia kinhtopoPhsh ependOsewn kai oikonomik biwsimithta thc apoj keushc.

3.3.1.3 H perbptwsh thc Germanbac

H Germanba égei jései filidoxouc stiqouc gia mePwsh ekpomp ¢ rOpwn, me 55% dieDsdush
APE ewc to 2035 kai 80% ewc to 2050. H diebsdush APE wstiso ebnai dh arket®
meg’lh sto energeiaki meBgma thc Germanbac kaj,c eqei kai th megalOterh egkatesthménh
isqO fwtoboltadk n pagkosmbwec. H germanik agor” hlektrik ¢ enérgeiac ebnai h pr.th

pou &qei eis"gei uposthriktikoOc mhganismoOc, eidik™ gia thn apoj keush enérgeiac se
sunduasmi me fwtoboltadk™. Upologbzetai iti mésa sto 2015 ebgan egkatastajeb 13.000
apojhkeutik™ sust mata mpatari,n se astiki epbpedo [17].

H Germanba exelPssei thn agor” thc prokeiménou na epitOgei energeiakoOc thc stigouc.
'Ena polO shmantiki b ma gia thn parakbnhsh twn ependOsewn sthn apoj keush, pou égei
akolouj sei h Germanba, ebnai h gor ghsh gamhlitokwn danebBwn api thn kratik tr"peza.
Pio sugkekriména, h kratik germanik tr"peza qor ghse 163 ekatommOria eur, gia 10.000
erga apoj keushc enérgeiac, en, tautigrona h kubernhsh epidithse to 30% tou kistouc

thc mon“dac apoj keushc. Ta fwtoboltadk™, sunduazimena me mon“dec apoj keushc,
leitourgoOn egqgéontac sto dbktuo kat™ mégisto to 60% thc onomastik ¢ touc isqOoc,

en, to upiloipo apojhkeOetai. AxPzei na shmeiwjeb iti den up’rgei "meso eisidhma api

tic mon“dec apoj keushc, all> ésoda mporoOn na prokOyoun me kat'lihlo strathgiki
sqgediasmi [17].
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Epipléon, oi apojhkeutikoP stajmoP mporoOn na summetégoun sthn exisorriphsh tou su-
st matoc (balancing), parégontac efedrePa kai prwteOousa rOjmish sugnithtac sthn
anoiqt agor” apikrishc sugnithtac [17].

3.3.1.4 H perbptwsh thc Kalifirniac

Oi HPA apoteloOn th g.ra me th megalOterh an”ptuxh sthn apoj keush enérgeiac. 'Enac

basikic ligoc thc an"ptuxhc aut ¢ ebnai h met"bash api mba meg’lh agor” upodom.n, h
opoba perilamb~nei antlhsiotambeush kai apoj keush energeiac sumpiesmenou aera, se mba
tegnologik™ dunamik agor” me auxanimenh klPmaka kai meioOmenec timéc. SOmfwna me
stoigePa toulEA ! , h pagkismia agor™ gia mpatarDec se epPpedo diktOou aux jhke kat®

10 foréc api to 2010 éwc to 2015, me sunolik axDa pnw api 1 disekatommOrio dolria to

2015. Akima, to eisidhma api thn apoj keush enérgeiac aux jhke kat™ 5 foréc, api 462
ekatommOria dol'ria to 2014 se 2,1 disekatommOria dol’ria to 2015. All" péra api aut’,

h agor™ apoj keushc enérgeiac twn HPA aux jhke kat™ 243% to 2015 kai sunolik™ kat”

800% api to 2011 [17].

H agor” enérgeiac thc Kalifirniac perilamb™nei eurO perij rio efedrePac all” kai u-

yhl diebsdush mh-programmatisménhc anane,simhc energeiac. Ligw meg'lhc egkat'sta-
shc APE makri~ api tic periogéc z thshe, orisména shmeba tou diktOou the Kalifirniac
brbskontai upi sumfirhsh. Oi t"seic thc agor"c thc Kalifirniac all” kai oi nomojeti-

kéc enérgeiec égoun sunduasteb gia na dhmiourghjeb gr gora mba anaptussimenh agor”
gia thn apoj keush enérgeiac, tiso se katanemhmeno diesparméno iso kai se meglhc
kibmakac epbpedo [17].

H politik thc Kalifirniac gia thn apoj keush meg’lhc kibmakac proeblepe to 2010

na upogre,sei touc ependutéc kai idiokt tec apojhkeutik,n stajm,n na egkatast soun

1,3 GW epiprisjethc apoj keushc ewc to 2020, qwrbc imwc na up’rgei k“poio epbshmo
kBnhtro parilo pou h Kalifirnia ePnai h megalOterh astik agor™ thc Amerik ¢ sthn e-
gkat'stash fwtoboltadk,n. Epiprisjeta, iso afor” to sqediasmi thc agor™c enérgeiac,

h Kalifirnia basbzetai sthn topik oriak tim sust matoc kai o diageirist ¢ sust matoc
sumpbptei me to diageirist agor'c [17].

Sthn Kalifirnia, h apoj keush enérgeiac epitrépetai na summetéegei se di“forec ener-
geiakéc uphresbec épeita api tropopoi seic sthn agor”. Pio sugkekriména, h apoj keush
summetegei sto kajhmerini, ebdomadiabo kai epogqikiitrage , stic agoréc exisorriphshc
kaj,c kai stic bohjhtikéc agoréc. Wstiso, up“rqoun leitourgikéc duskolbec wc proc to
sunduasmi twn di"forwn uphresi.n gia thn epbteuxh megalOterou eisod matoc [17].

3.3.2 Apozhmbwsh thc apoj keushc

Api tic peript,seic pou analOontai parap™nw, prokOptei iti h epéndush sthn apoj keu-

sh energeiac mporeb na katasteb bi simh, an up’rgei k"poiou ebdouc jesmik upost rixh
oikonomik enbsqush. Pr'gmati, sthn perbptwsh thc Irflandbag 8.3.1.1) dbnontai isqu-

" kbnhtra gia egkat’stash apojhkeutik,n mon“dwn me gr gorh apikrish. H plhrwm

twn apojhkeutik,n stajm.n ePnai se sun’rthsh me thn taqOthta apikris ¢ touc gia tic

uphresbec sugnithtac.

Api thn “lih pleur”, sth Germanba ( § 3.3.1.2) epidotebtai api to kr'toc h egkat'stash
apojhkeutik,n stajm _n mazb me fwtoboltadk™ en, qorhgebtai tautigrona kai gambhlito-
ko d"neio prokeiménou na exaplwjoOn ta sust mata apoj keushc. Wstiso, sth Germanba
oi apojhkeutikéc mon“dec ebnai polléc kai diesparménec kai igi sugkentrwtikéc. Qrhsi-
mopoioOntai san méroc tou sgedPou thc an”ptuxhc tou ufistmenou diktOou kai igi san

International Energy Agency
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xegwrist epéndush [17]. ‘Amesa kbnhtra kat th leitourgba twn apojhkeutik,n mon~dwn
den prosferontai, imwc o kat'llhloc programmatismic leitourgbac mporeb na apoferei
esoda, summetégontac tautigrona kai sthn exisorriphsh tou sust matoc.

Sthn Kalifirnia (  §3.3.1.4) dbnetai émfash sth diesparménh apoj keush all” tautigrona

kai sthn kentrik apoj keush meg’lhc klbmakac. Axbzei na shmeiwjeb iti h apozhmbwsh
twn paragwg.n sthn Kalifirnia gbnetai me b"sh thn topik oriak timolighsh. To
garakthristiki auti prosdbdei “llh di“stash sthn apoj keush, epitrépontac perissitero

euélikth leitourgba.

Epiprisjeta, katalutik gia thn ex"plwsh thc apoj keushc faPbnetai na ePnai h sOnayh
sumbolaPwn, ta opoDa kajorDzoun me saf tripo tic oikonomikéc upogre,seic tou stajmoO
apoj keushc (p.g. gre,seic gr shc diktOou), lamb™nontac upiyh tic idiaiterithtec thc
topojesPac kai tou diktOou sto perib’llon tou stajmoO, thn euelixBa wc proc th gr sh
kai tic dunatithtec tou stajmoQ kai th di"rkeia thc sOmbashc.
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Kef'laio 4

Mejodologba diagebrishc
mon dwn kal apoj keushc

'Ena diasundedemeéno sOsthma enérgeiac sunbstatai api €éna meg’lo arijmi gennhtri.n

sumbatik.n mon"dwn paragwg c, zug,n, gramm,_n metafor’c kai metasghmatist,n. 'O-

mwc, ta teleutaba qrinia égoun eiséljei dunamik™ kai oi APE, oi opobec summetégoun me

éna shmantiki pososti sto energeiaki meDgma. O kainoOrioc {pabkthc} tou sust matoc

filodoxeb na ebnai h apoj keush, h opoba ja allhlepidr” suneq,c me to dbktuo eggeontac
aporrof ntac isq0 parégontac uphresbec.

H mejodologba, pou grhsimopoiebtai sthn paroOsa ergasDa edr zetai ditmikti Akéraio
Grammiki Programmatismi MILP - Mixed Integer Linear Programming ). O grammikic
programmatismic ePnai mba mejodoc gia thn aneQresh tou béltistou dunatoO apotelésmatoc
(el"gistou kistouc mégistou kérdouc) miac majhmatik ¢ ekfrashc lamb™nontac upiyin

éna sOnolo periorism, n, oi opoboi aforoOn tic metablhtéc aut ¢ the ekfrashc kai to eOroc

sto opobPo mporoOn na kinhjoOn. Tiso h majhmatik ékfrash iso kai oi periorismoD ePnai
grammik ¢ morf c. MPa apl diatOpwsh enic probl matoc grammikoO programmatismoO
mporeb na ebnai h ex c:

max c'x
Ax b
x 0

ipou x ebnai to di"nusma twn metablht,n, A gnwstic pbnakac stajer.n irwn kai c;b
gnwst™ dianOsmata stajer,n irwn. O g,roc pou orBzoun autoP oi periorismob ePnai éna
kurti polOedro n diast'sewn kai o algirijmoc epPlushc entopbzei to béltisto shmebo
(el"gisto megisto), to opoPo p nta brbsketai p"nw sto polOedro kai igi sto eswteriki

tou.

O grammikic programmatismic apoteleb éna polO qr simo ergaleDo epBlushc tou probl ma-
toc thc oikonomik ¢ éntaxhc mon“dwn kai tou akriboOc kajorismoO tou shmebou leitour-
gbac touc, lamb™nontac upiyh touc tegnikoOc periorismoQOc kai th z thsh fortbou. Sthn
paroOsa ergasPa gia thn epBlush tou probl matoc tou meiktoO akéraiou grammikoO pro-
grammatismoQO grhsimopoiebtai to prigram@AaMS kai mésw autoO o epilOthEPLEX .

Ta dedomeéna tou probl matoc eis"gontai mésw tou progrrmmatddATLAB .

Axbzei na shmeiwjeb iti pollec api tic parametrouc leitourgbac twn mon“dwn ebnai mh
grammikéc. Se autéc tic peript,seic, oi exis,seic pou diepoun th leitourgba twn mon~dwn
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grammikopoioOntai ste na eisagjoOn san grammikéc exis seic. Sth sunégeia tou kefa-
labou perigr-fetai h kat"strwsh tou probl matoc thc éntaxhc twn mon“dwn me ilec tic
sgetikéc exis,seic.

4.1 Kat'strwsh probl matoc diagebrishc sumbatik c
paragwg c

4.1.1 Prosdiorismic antikeimenik ¢ sun’rthshc

H antikeimenik sun’rthsh pou elaqgistopoiebtai perilamb~nei ta di*fora kisth leitourgbac
twn sumbatik,n mon“dwn kai ePnai h ex c:

X X X
min ( (Cp(st) + Cau(lit) + Csa(st)) +  (Cai(t))) (4.1)
it t

ipou C, ebnai to metablhti kistoc paragwg ¢ twn jermik,n mon“dwn, Cg, to Kistoc
ekkbnhshc mon“dac k@iy to kistoc shéshc mondac.

4.1.2 Exbswsh paragwg c kai z thshc

H jemeli_dhc exPswsh thc kK luyhc thc apaitoOmenhc z thshe api thn paragwg ekfr'ze-
tai wc ex c: X

Pu(j;t) + Pens(t) = PL(t) 8t (4.2)
i
H metablht Py(j;t) sumbolDzei thn paragimenh isqgO thc mon“gathn ra t, h Pens(t)
th mh paregimenh isqO thn ,ra kai h P, (t) th z thsh fortbou thn ;ra  t. Mh ikanopoBhsh

thc z thshc tou fortbou, dhlad mh mhdenik tim sth metablht Peps(t), o0dhgeb se meg’lh
aOxhsh tou kistouc tou sust matoc.

4.1.3 Metablhti kistoc mon“dac paragwg c
To kistoc paragwg ¢ miac jermik ¢ mon“dac ebPnai sun jwc thc morf c:

f(Py)= aP2+ bP, + ¢ (4.3)

ipou Py h paragimenh isqOc thc mon“dac $¢W . EPnai aparabthth h grammikopoBhsh thc
parap™nw sgeshc prokeimenou na grhsimopoihjeb. H grammikopobhs thc gbnetai me ton
tripo pou perigr-fetai sto Sq ma 4.1.

Telik”, to grammikopoihméno kistoc leitourgbac thc mon“dag th stigm t upologbzetai
api th sgésh:

KL
Coit)= AG)+  Fal) n(it) (4.4)

n=1

ipou NL to pl joc twn diasthm™twn ( blocks) pou dhmiourgoOntai api th grammikopoPhsh
kai A(j) to stajeri kistoc leitourgbac. H isqOc pou par“gei h mon“da upologbzetai api
th sgeésh:

XL
Pu(iit) = Pwmin () st(;t) + n(j;t) (4.5)

n=1
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ipou Punin to tegniki el’gisto thc mon"dac j kai st(j;t) duadik metablht h opoba
lamb™nei tim 1 itan h mon"daj ebnai se leitourgba kai par"gei isqO.

Sqma 4.1:  Grammikopobhsh metablhtoO kistouc mon“dac paragwg ¢ [15]

4.1.4 Kistoc ekkbnhshc kai kistoc sbhéshc mon“dac

To kistoc ekkbnhshc kai to kistoc sbéshc miac mon“dac upologbzontai apl™ me tic para-
K'tw sgéseic:
Csu(j;t) = su(j; t '

suq ) (J ) Csu(.J) (4.6)
Csa(j;t) = sd(j;t) Csal)
ipou su(j;t) duadik metablht , h opoba lamb™nei thn timl mino itan h mon“dg ekkinebtai
thn ,ra t. Antbstoiga, h duadik metablht sd(j;t) lamb™nei thn tim 1 itan h mon“da]j
sb nei thn ra t.

4.1.5 Kistoc metablht,n gal"rwshc

H sgesh pou perigr-fei to kistoc gal’rwshc ebnai h ex c:

Csi(t) = Kens Pens(t) + Krp [px1(t) + px2(t)] + Krs [sX1(t) + sx2(t)] + Kyt tx1(t)
8t

Kr <<K ens
4.7)

Oi metablhtéc gal"rwshc lamb™noun jetikéc timéc itan ta dedomena tou probl matoc den
eparkoOn gia na to epilOsoun. ParadeBgmatoc qrin, an to sunoliki fortbo xepern’ei
k'poia stigm thn onomastik isqO paragwg ¢ tou sust matoc, tite h metablht ga-
I'rwshc isqOoc Pens(t) ja I'bei jetik tim kai auti ja odhg sei to sOsthma se polO
auxhmeno kistoc. Genikitera, h mh ikanopobhsh twn apait sewn tou sust matoc jew-
rebtai iti aux"nei shmantik™ to kistoc tou. H énnoia thc gal'rwshc upeisérgetai sthn

Selbda 53



Kef'laio 4. Mejodologba diagebrishc mon™dwn kai apoj keushc Diplwmatik Ergasba

paragimenh isqO, sthn prwteOousa efedrePa, sthn deutereOousa efedrePa kai sthn tri-
teOousa efedrePa. Profan_c, o suntelest ¢ kistouc gal'rwshc thc isqOoc ebnai polO
megalOteroc api to suntelest kistouc gal’rwshc efedrePac, kaj,c h ikanopobhsh thc
apabthshc tou fortbou ebnai to kOrio kai zwtiki priblhma. Améswc met” akoloujePb h
t rhsh prwteQousac efedrePac, h t rhsh deutereOousac efedrePac kai, téloc, h t rhsh
triteOousac efedrePac [7].

4.1.6 Meégisth kai el"gisth isgOc exidou

H mégisth kai h el"gisth isqOc exidou miac mon“dac kajorDzetai api tic rrmpec anidou
kai kajidou me b"sh thn prohgoOmenh kat'stash leitourgbac. Pio sugkekriména, oi pe-
riorismoD gia th meégisth isqO exidou sth grammikopoihménh morf touc ePnai oi ex c:

Pmax (I;t)  Pn(j) [st(;t) sd(t +1)]+ sd(j;t +1) RD(j)

: : . . . . (4.8)
Pmax (5t)  Pu(it 1)+ RU() st(j;t 1)+ RU() su(j;t)

ipou P, (j) h onomastik isqOc thc mon“da, RD h mégisth dunat proc ta k’tw rOjmish
kai RU h mégisth dunat proc ta p"nw rOjmish. AntBstoiga, oi grammikoD periorismoD gia
thn el qgisth isqO exidou ePnai oi parak’tw:

Pmin (15t)  Pwmin (j) St(;t)

: ) . . . . (4.9)
Pmin (;t)  Pu(bt 1) RD() st(t 1) RD(j) sd(t)

Epipléon, ePnai aparabthtec kai oi epimenec sgéseic metaxO twn duadik_n metablht,n pro-
keimenou na diasfalbzetai iti mba mon“da de mporeb na ekkinebtai kai na sb nei tautigrona.
su(jit) sd(jit) = st(j;t) st(it 1)

. : (4.10)
su(j;t)+ sd(j;t) 1

4.1.7 Elqistoc grinoc leitourgbac kai st"shc

K'je mon“da api th stigm thc entaxhc thc ebnai aparabthto na mebnei energ gia k" poiec
sugkekriménec ,rec. Auti ekfr'zetai grammik™ wc ex c:

U () 1
st(;k) UT(j) su(jjt) 8t=1:T UT()+1
k=
- t (4.11)
[st(;k) su(t)] O 8t=T UT()+2:T
k=t

Oi dOo parap™nw sgéseic epib’lloun leitourgba thc mon“dag gia UT(j) .rec api th
stigm thc ekkbnhshc thc se éna qroniki orbzont& wr ,n. Antbstoiqa, k’je mon“da api

th stigm thc shéshc thc ebnai aparabthto na paramebnei sbhst gia énan elgisto arijmi
or,n kai auti ekfr'zetai grammik™ wc ex c:

t+DR () 1
[1 st(;k)] DT(j) sd(;t) 8t=1:T DT(j)+1
erzt (4.12)
[1 st(;k) sd(;t)] O 8t=T DT()+2:T
k=t

ipou DT (j) o el"gistoc grinoc st’shc thc mon™dac |
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4.2 Eisagwg apoj keushc

4.2.1 1so0zOgio isqgOoc

Me thn eisagwg thc apoj keushc h exBswsh isozugbou isqOoc tropopoiebtai we ex ¢ [7]:

X X X
Pu(it)+  PYsit)+ Pens(t) = PL()+  P(s;t) 8t (4.13)

j s s

H metablht P4(s;t) upodhl nei thn isqO ekfirtishc thc mpatarBac en, h metablht
P¢(s;t) upodhl, nei th firtish thc mpatarbac.

4.2.2 Epbpedo kai iria firtishc

To epbpedo thc firtishc thc mpatarbas diathrebtai sth metablht SoC(s;t) wc ex c:

SoC(s;t) = SoC(s;t 1)+ PS(s;t)  S(s) PY(s;t)= 9(s) (4.14)

ipou P¢(s;t) h isqOc firtishc, ¢(s) o bajmic apidoshc kat™ th firtish, Pd(s;t) h
isqOc ekfirtishc kai  9(s) o bajmic apidoshc kat™ thn ekfirtish. EpBshc, prépei na
epishmanjeb to eOroc leitourgbac thc mpatarbac.

E min (8) SoC(s;t) E max () (4.15)

Ta iria isqOoc firtishc kai ekfirtishc periorbBzontai api 0 éwc Pcr:]‘;x (s).

0 PS(s;t)  st(s;t) PSpax (S)

0 PYsit) sti(sit) PLa (9) (4.16)

Oi duadikéc metablhtést®(s;t) kai std(s;t) upodhl noun leitourgba firtishc kai ekfir-
tishc antbstoiqa. Profan,c, den éqei nihma na pragmatopoiebtai tautogrinwc kai firtish
kai ekfirtish me ton antbstoiqo periorismi na dbnetai parak™tw

st(s;t) + std(s;t) 1 (4.17)

4.3 T rhsh Efedrebac

H énnoia thc efedrePac se éna sOsthma hlektrik ¢ enérgeiac uponoeb thn Oparxh mon“dwn
se etoimithta prokeiménou autéc na mporésoun na apod, soun meéroc isqOoc sto sOsthma,
thn ,ra pou up’rgei mia aprismenh ap,leia paragwg c, ipwc gia par“deigma h ap, leia
|quoc aiolik.n. H efedreba qwrbzetai se prwteOousa, deutereOousa kai triteOousa, se
strefimenh kai mh strefimenh kai se jetik kai arnhtik . H strefimenh efedreba pa-

regetai api mon~dec oi opobec brbskontai se leitourgba, en, h mh strefimenh api mon“dec
oi opobec ebnai se st’sh. H énnoia jetik efedreba anaféretai sthn "mesh di‘jesh epar-
koOc isqOoc se perbptwsh merik ¢ ap leiac paragwg c, en, h énnoia arnhtik efedreba
anaféretai se perbptwsh dunatithtac "'meshc mebwshc ( aporrithshc api th mpatarba)
mérouc thc paragimenhc isqgOoc se perbptwsh aifnbdiac ap, leiac fortbou.
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4.3.1 PrwteOousa efedreba

H prwteQousa efedreba prwteQousa rOjmish stic jermikéc mon“dec pragmatopoiebtai
mésw tou rujmist strof.n, o opoPoc epb thc ousPac eléggei thn parog atmoO ston
stribilo prokeiménou na prosarmisei thn energi isqO exidou th sugnithta sto epiju-

mhti epPpedo. O rujmist ¢ strof n epenerged se grino deuteroléptwn all® h rOjmish

af nei éna minimo sfllma.

4.3.1.1 Exis,seic gia thn prwteOousa efedreba

EPnai sunhjisméno na threbtai apabthsh prwteOousac efedreBac Bsh me th sumbol (para-
gwg kai efedrePa) thc ek’stote megalOterhc mon“dac pou brDsketai se leitourgPa. Auti
ekfr'zetai wc ex c:

ri(t) Py(j;t)+ pri(;t) 8t (4.18)

ipou ri(t) h apabthsh prwteOousac efedrePac thn takai pri(j;t) h sumbol thc mo-
ndacj thn ra t sthn prwteOousa efedreba. Wstiso, sthn paroOsa ergasba epilégetai
na threbtai epPpedh prwteQousa jetik efedreDa Oy800 MW. H basik exBswsh pou
kajorbzei thn efedreba perilamb™nei tiso tic jermikéc mon“dec, iso kai thn apoj keush.

X
pri(j;t)+ prsi(s;t) + px1(t) ri(t) 8t (4.19)

j S

H metablht prsi(s;t) sumbolbzei thn prwteOousa efedreDa pou threbtai api thn apojh-
keutik mon“dasthn ra t en, h metablht px1(t) sumbolbzeith gal'rwsh thc efedrebac,
dhlad thn efedreba pou den threbtai thn ,ra. Mh t rhsh thc apabthshc efedrebac tou
sust matoc sunep’getai shmantik aOxhsh tou kistouc. Me telebwc antBstoiqo tripo
ulopoiebtai kai h prwteQousa arnhtik efedrePa, h apabthsh thc opobPac kajorbzetai sto
misi thc apabthshc thc jetik ¢ efedrebac.

X X
pr2(j;t) + prs2(s;t) + px2(t) r2(t) 8t (4.20)

j S

4.3.2 DeutereOousa efedreba

H deutereOousa rOjmish efedreba sumb’llei sth diirfjwsh tou minimou sfimatoc pou
paraménei met” api thn prwteOousa rOjmish. H deutereOousa rOjmish epithreb ta sf’l-
mata sugnithtac se mia sugkekriménh z,nh perioq c kai me th gr sh enic kentrikoO
rujmist , ePnai upeOjunh gia th diirjwsh touc. Epembabnei se groniki epPpedo merik,n
lept.n kai se aut n sumb’lloun kurbwc oi gr gorec mon“dec, ipwc gia par"deigma oi
mon“dec fusikoO aerbou oi mon“dec sunduasménou kOklou.

4.3.2.1 Exis,seic gia thn deutereOousa efedreDa

Oi exis,seic pou ikanopoioOn thn apabthsh jetik ¢ kai arnhtik ¢ deutereOousac efedreDac
ebnai oi akiloujec:

X X
sri(j;t) + srsl(s;t) + sx1(t) sl1(t) 8t

N X (4.21)
sr2(j;t) + srs2(s;t) + sx2(t) s2(t) 8t

j S
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ipou sri(j;t) h sumbol thc mon“dacj thn ,ra t sth deutereOousa jetik efedrePa,
srsi(s;t) h sumbol thc apojhkeutik c mon“dac s thn ,ra t sth deutereQousa jetik
efedrePasx1(t) h gal'rwsh thc deutereQousac jetik ¢ efedrePac thn ,ra t kai s1(t) h
apabthsh deutereOousac jetik ¢ efedreDac thn r&. AntDstoicoi ePnai kai oi sumbolismob
gia th deutereOousa arnhtik efedreDa.

4.3.3 TriteOousa efedreba

H triteOousa efedreDa epembabnei prokeiménou na sumplhr,sei mia pijan aneprkeia i-
sqOoc katipin thc prwteOousac kai thc deutereOousac. Se aut n sumb’lloun mon“dec me
gr gorec rrmpec anidou. O grinoc epenérgeiac thc ebnai 20 me 30 lept’. H triteOousa
efedreDa qwrDzetai se strefimenh kai se mh strefimenh [8]. H triteQousa strefimenh
efedrebDa paréqetai api mon“dec pou brbskontai dh se leitourgba, en, h mh strefimenh
lamb”nei upiyh thc mon“dec pou brbskontai ektic leitourgbac, all” brbskontai se "mesh
etoimithta gia na leitourg soun kai na parégoun isqO. AxDzei na shmeiwjeD iti lamb netai
mino jetik triteOousa efedreDa. H exDswsh exasf lishc the triteOousac efedreDac ePnai

h akiloujh:

X X X
tri1(;t)+ trns 1(j;t) + trsl(s;t) + tx1(t) t1 8t (4.22)

j i s

ipou tr1(j;t) h sumbol thc mon“dagj thn ra t sthn triteQousa strefimenh efedreba,
trns 1(j;t) h sumbol thc mon“dagj thn ,ra t sthn triteOousa mh strefimenh efedrePa,
trs1(s;t) h sumbol thc apojhkeutik c mon“dac s thn ra t sthn triteQousa efedrePa,
tx 1(t) h gal'rwsh thc triteOousac efedrePac thn ra t kai t1 h apabthsh triteOousac
efedrebac.

4.3.4 Efedreba api thn apoj keush
4.3.4.1 Exis,seic efedrebac kai apoj keushc

Oi akiloujec exis,seic kajorbzoun pl rwc to rujmi firtishc kai ekfirtishc miac mpa-

tarDac (isqOc eisidou kai exidou antbstoiga) kai se sunduasmi me thn paroq efedreDac
den tou epitrépoun na uperbeb to mégisto dunati irio tou, to opoPo ebnai h onomastik
isqOc tou [7]. Pio sugkekriména, h pr.th api tic dOo parak’tw exis seic, se perDptwsh
ekfirtishc thc mpatarDac, epib’llei iti to “jroisma thc isqOc ekfirtishc kai ilwn twn

jetik.n efedrei,n pou paréqgei, den prepei na xepern” th mégisth tim ekfirtishc. Se
perbptwsh firtishc thc mpatarbac, h mégisth efedreba, pou mporeb na parégei ekebnh th
stigm , den prépei na xepern~ th mégisth isqO ekfirtishc auxhménh kat™ thn isqO fir-
tishc ekebnh thn ra. Me “lla ligia, h mpatarba kat™ thn ra firtis ¢ thc mporeb na
parégei jetik efedreDa mei,nontac thn isqO firtishc thc. H deOterh api tic parak’tw
sqéseic ekfr"zei thn antbstoigh leitourgba thc mpatarbac gia thn arnhtik efedreba.

Pd(s;t) + prsi(s;t) + srsl(s;t) + trsi(s;t) P9, (8)+ PS(s;t) 8s;t 423
PC(s;t) + prs2(s;t) + srs2(s;t)  PSax (9)+ PY(s;t) 8s;t '

4.3.4.2 Exasflish eOrouc leitourgbac mpatarbac gia efedreba

H apoj keush dOnatai kai m’lista ePnai zwtik ¢ shmasPac gia th biwsimitht” thc, ipwc
exhgebtai se prohngoOmena kef'laia, na summetégei sthn paroq efedrebac. Prokeiménou
na diasfalisteb h ikanopoihtik posithta apojhkeumenhc energeiac, ,ste na ebnai dunat
h paroq efedrePac api thn apoj keush, jewrebtai iti to eOroc leitourgbac thc mpatarbac
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periorbzetai akima perissitero. Pio sugkekriména, jewrebtai iti h mpatarba, prokeimenou
na summetéqgei sthn efedreba, prépei na ebnai se jésh na fortbzetai na ekfortbzetai
gia éna ikani groniki di’sthma se plrh isqO. H ekfirtish thc mpatarBac se epPpedo
paroq c efedrebac antikatoptrbzei thn paroq jetik ¢ efedrebac, en, h firtish thn paroq

arnhtik ¢ efedrePac, dhlad thn aporrifhsh perbsseiac energoO isqOoc, h opoba mporeb
na prokOyei api sflma sunodeuimeno me ap leia fortbou. Majhmatik”, ta parap nw
ekfr'zontai wc ex c:

SoC(s:t) E .mn (S)+ t, P9 s) 8s:t
( ) ,min ( ) r ;max ( ) (424)
SoC(s;t)  Emax (S) tr Plnax (S) 8sit

4.3.5 Efedreba kai iria leitourgbac jermik,n mon“dwn

4.3.5.1 Kajorismic megisthc dunat c posithtac strefimenhc efe-
drebac api jermikec mon“dec

Me b“sh thn meégisth kai el"gisth isqO exidou miac jermik ¢ mon“dac an” ra, ipwc aut
kajorbzetai sthn §4.1.6, h parog efedrebac k’je mon“dac periorbzetai me ton ex c tripo:

prig;t)+ sri(it)+ tr1(;t) Pmax(it) Pu(iit) 8jit (4.25)

pr2(;t) + sr2(;t)  Pu(jit)  Pmin (it) 8jit (4.26)

H pr,th api tic dOo parap™nw exis,seic kajorDzei to irio jetik ¢ strefimenhc efedreDac
(prwteOousac, deutereOousac triteQousac) k’je .ra, to opobPo ousiastik™ ebnai h dia-
for™ thc isqOoc leitourgbac api thn mégisth dunat isqO exidou gia thn ek’stote ra.

H meégisth dunat isqOc exidou twn mon“dwn k’je ra prokOptei an"loga me tic r’'mpec
anidou touc. Antbstoiga, h deOterh api tic parap™nw exis, seic oriojeteD thn paroq
arnhtik ¢ efedrePac gia k’je mon“da, me b’sh th diafor” thc el"gisthc dunat ¢ isqOoc
exidou thc mon~dac api thn tréqousa paragimenh isqO. H el'gisth dunat isqOc exidou
twn mon~dwn kajorbzetai api tic r'ympec kajidou touc.

Epiprosjetwc, to mégisto posi sto opobo mporeb k'je mon“da na sumb’llei se kajéna
api ta ebdh strefimenhc efedrebac periorbzetai me tic akiloujec apléc aniswtikéc sgéseic:

prig;t) mprl() 8jt
pr2(;t) mpr2() 8jt
sril(;t) msrl(j) 8t (4.27)
sr2(;t) msr2(j) 8t
tr1(j;t) mtrl() 8j;t

4.3.5.2 Exis,seic mh strefimenhc triteOousac efedrePac

Sthn triteOousa mh strefimenh efedreDa summetégoun mino oi mon“dec aerPou kai pe-
trelabou. Oi mon“dec autec ebnai gr gorec, dhlad éqoun th dunatithta mésa se IBgo
grino (mis ,ra) na ft'soun thn tegnik™ el"gisth paragwg touc kai gia auti to ligo
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jewroOntai katllhlec gia thn paroq triteOousac mh strefimenhc efedrePac.

trns 1(j;t) % ns(j;t) 8j;t
trns 1(j;t)  Pwin (j) ns(j;t) 8j;t (4.28)
ns(j;t) + st(jjt) 1 8jt

Oi akiloujec exis,seic, oi opobec ebnai parimoiec me tic exis,seic tou el gistou grinou
st’shc, kajorbzoun th duadik metablht ns(j;t), h opoba lamb™nei tim 1 itan h mon"da

j ebnai se jesh na parégei mh strefimenh efedreba. Me “lla ligia, oi parak™tw exis,seic
exasfalbzoun iti mia mon"da de mporeb na parégei mh strefimenh efedreba, an den égei
pareljei o el"gistoc grinoc st'shc thc met™ api sbésh.

MG )
[ns(j;i)]=0 8
i=1
i+DY () 1
. [T ns(;k)] DT() sd(i) (4.29)
8j; 8 =MO()+1:xT DT()+1
XT
[1 ns(;k) sd(j;i)] O 8 8 =T DT(j)+2:T
k=i

4.4 Eisagwg APE

Me thn eisagwg aiolik ¢ kai fwtoboltadk ¢ paragwg ¢, h exPswsh isozugbou isqOoc
tropopoiebtai wc ex c:

X X X X X
Pu(j;t)+ Pd(S; t)+ Pw(w; t)+ Ppv(pV; t)+ Pens(t) = PL(t)+ Ps;t) 8t
j s w pv s

(4.30)

ipou Py (w;t) h paragwg tou aiolikoO w thn ra t kai Ppv(pv;t) h paragwg tou fwto-
boltadkoOpv thn ra t. Tiso h aiolik iso kai h fwtoboltadk paragwg den prépei na
xepernoOn thn tim thc antBstoighc diajésimhc positht’c touc k’je ,ra.

Pw(w;t) Ap(w;t) 8jt

. (4.31)
Ppv(pv;t)  Apv(pv;t) 8j;t
H metablht Ay (w;t) sumbolDzei th diajésimh paragwg tou aiolikoQv thn ;ra t en, h
Apv(pv;t) th diajesimh paragwg tou fwtoboltadkoO pv thn ra t.

Ed, axbzei na tonisjeb iti h eisqg,rhsh twn aiolik,n kai twn fwtoboltadk,n sto ener-
geiaki mebgma gbnetai me mhdeniki kistoc. Auti shmabnei iti o algirjmoc prospajeb kat
proteraiithta na eis"gei ei dunatin ilh th diajésimh posithta APE. Sth sunéqeia, e-
nt'ssei tic oikonomikiterec jermikec mon“dec, api tic opobec kajorbzetai telik™ h oriak

tim tou sust matoc K'je ,rac. H oriak tim tou sust matoc antistoigeD sto akribite-

ro entagmenablock prosfor’c kpoiac jermik ¢ mon“dac, pou brbsketai se leitourgba
(84.1.3) [26]. Tablocks prosfor’c domoOntai me dOo diaforetikoOc tripouc: ston pr,to
tripo lamb™netai gia k’je b ma prosfor'c, h  megisth tim an“mesa sto meéso meta-
blhti kistoc thc jermik ¢ mon™dac (Par'rthma B) kai to oriaki kistoc thc ( sq ma
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prosfor'c 1 ) en, sto deOtero sq ma prosfor’c lamb™netai se k’je b ma akrib,c to
oriaki Kistoc thc mon~dac $g ma prosfor’c 2 ).

Wstiso, ipwc diapist netai se epimenh enithta, oi APE den dieisdOoun p™nta se ilh
touc th diajesimithta, exaitbac thc apabthshc gia t rhsh efedrei,n. Akrib,c tic ,rec

kat™ tic opobec h z thsh fortbou ebnai gamhl kai h diajesimithta twn APE uyhl, to
sOsthma anagk’zetai na ent"xei eparkebc jermikéc mon“dec gia thn kluyh thc apabthshc
twn diforwn tOpwn efedrei,n, perikiptontac APE. Fusik”, h Oparxh apojhkeutik n
mon~dwn diafirwn megej,n sumb~lei sth mebwsh akima kai sthn ex"leiyh twn perikop,.n
APE. Se epimenh enithta parousi“zetai analutik® h sumbol thc apoj keushc se éena
sOsthma ipwc égei domhjeb méqri ed,.

4.5 Efarmog thc mejodologbac

Se aut n thn enithta gbnetai parousbash apotelesm™twn di“forwn prosomoi,sewn qwrbc
mpatarDa me th mpatarbPa na leitourgeP san eleOjero stoigeDo tou sust matoc. Se pr.th
f’sh parousi“zontai ebdomadiaba apotelésmata gia gamhl dieDsdush APE, en, se deOterh
f’sh gia uyhl . H ebdom™da, thc opobac ta apotelésmata parousi“zontai, ebnai koin gia

ilec tic akiloujec prosomoi seic kai apoteleD mba mésh perBptwsh z thshc isqOoc sto
sOnolo tou étouc. Antikeimenikic skopic se aut n thn enithta ePnai h elagistopobhsh

tou Kistouc tou sust matoc, epomenwc o algirijmoc rujmbzei kat'llhla th leitourgba

thc mpatarbac gia thn epbteuxh autoO tou skopoO. H leitourgba thc mpatarBac dOnatai
na ePnai aporrithsh  égqush isqOoc all” kai paroq k'je eBdouc efedrebac. 'Olec oi
prosomoi,seic diex"gontai me akrbbeia beltistopobhshc 1%.

4.5.1 Efarmog me gamhl diebsdush APE

To proc exétash sOsthma égei et sia aigm 650MW, sunolik egkatesthmeénh jermik
isg0 7640MW, egkatesthména 2000MW aiolik.n kai egkatesthména 2000 MW fw-
toboltadk,n. Gbnetai, arqgik”, efarmog thc anwtérw mejodologbac qwrbc thn parousba
apoj keushc kai sth sunégeia me Oparxh apojhkeutikoO stajmo® h x 250 MW. Oi
jermikéc mon“dec prosféroun isqO sOmfwna me to pr,to sq ma prosfor’c (mégisth tim
oriakoO-mésou metablhtoO kistouc).

Selbda 60



Diplwmatik Ergasba Kef'laio 4. Mejodologba diagebrishc mon™dwn kai apoj keushc

45.1.1 Efarmog qwrbc apoj keush

Sq ma 4.2: Qamhl diebsdush APE qwrbc apoj keush: Paragwg -fortbo

Sgma 4.3: Qamhl diebsdush APE gwrbc apoj keush: Ebdomadiabo energeiaki mebgma

Sgma 4.4:  Qamhl diebsdush APE qwrbc apoj keush: Axiopobhsh APE

'Opwec fabnetai api to Sq ma 4.2, sthn k™ luyh tou fortbou sumb”loun oi jermikéc mon“dec,
sthn paragwg twn opobwn prostbjentai ta aiolik™ kai ta fwtoboltadk™, an“loga me th
diajesimitht” touc K'je ,ra. H diebsdush twn APE gia aut n thn ebdom™da ebnai 15,47%
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Sqgma 4.5: Qamhl dieBsdush APE qwrbc apoj keush: Jermik paragwg an” tOpo mon“dac

Sqma 4.6 Qamhl dieDsdush APE qwrBc apoj keush: PrwteQousa efedreba an” tOpo mon“dac

Sgma 4.7:  Qamhl dieBsdush APE qwrBc apoj keush: DeutereOousa efedrePa an” tOpo mon“dac

en, oi diajésimec APE axiopoioOntai pl rwec k'je ra aut ¢ thc ebdom™dac. H axiopoBhsh
twn APE ebPnai pl rhc, kaj,c h sunolik egkatesthménh isqOc twn APE ePnai sqetik”
mikr .

'Oso afor” th jermik paragwg , oi mon“dec tou “njraka pabzoun ton kurbarqo rilo e-
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Sqma 4.8 Qamhl dieBsdush APE qwrbc apoj keush: TriteOQousa efedreba an” tOpo mon“dac

Sqma 4.9: Qamhl diebsdush APE qwrbc apoj keush: Diamorfwménh oriak tim kai meso kistoc
paragwg c jermik,n mon“dwn

Sq ma 4.10: Qamhl diebsdush APE qwrbc apoj keush: Oriakéc timéc jetik,n efedrei,n

fison @goun to gamhlitero kistoc paragwg c. Oi mon“dec sunduasménou kOklou (MSK)
ent’ssontai kurbwc gia paroq deutereOousac efedrePac, thn opoPa den parégoun oi an-
jrakikéc mon~dec. H gr gorh rOjmis touc kai oi meg’lec rrmpec isqOoc kajistoOn tic

Selbda 63



Kef'laio 4. Mejodologba diagebrishc mon™dwn kai apoj keushc Diplwmatik Ergasba

Sgma 4.11: Qamhl diebsdush APE qwrbc apoj keush: Oriakéc timéc arnhtik,n efedrei n

Sqma 4.12: Qamhl diebsdush APE qwrbc apoj keush: Antikeimeniki kistoc jermik,n mon“dwn
(metablhti + ekkbnhsh)

Sq ma 4.13: Qamhl diebsdush APE qwrbc apoj keush: Kistoc agor"c enérgeiac

mon“dec sunduasménou kOklou idanikéc gia paroq deutereOousac efedrePac. Akima, pa-
rathrebtai iti gia IDgec ,rec ent’ssontai kai k"poiec mon“dec aerbou, kai autec gia ligouc
efedrei,n. Oi mon“dec petrelabou ebnai oi akribiterec kai gia auti to ligo den up’rgei
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Sq ma 4.14: Qamhl diebsdush APE qwrbc apoj keush: Kistoc agor’c efedrei,n

Sqg ma 4.15: Qamhl diebsdush APE qwrbc apoj keush: Kerdoc jermik,n mon“dwn

Sqg ma 4.16: Qamhl diebsdush APE qwrbc apoj keush: Parabbash energeiac efedrei,n

k"poia éntaxh touc kaj'ilh th di“rkeia aut ¢ thc endeiktik ¢ ebdom™dac.

Sto Sg ma 4.9 fabnetai h oriak tim, ipwc diamorf netai aut n thn ebdom™da. H oriak
tim kumabnetai tic perissiterec ,rec api 90 éwc 106/MWh . Parathrebtai iti se arketéc
aigméc thc ebdom™dac h oriak tim ebnai uyhl . Auti sumbabnei giatb thn oriak tim autéc
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Sqma 4.17: Qamhl diebsdush APE qwrbc apoj keush: Kérdoc thc mon“dac 1: ‘Anjrakac

Sqgma 4.18: Qamhl diebsdush APE gqwrbc apoj keush: Kerdoc thc mon“dac 11: Sunduasmeénoc
kOkloc

tic ,rec diamorf noun oi akribiterec sthn paragwg enérgeiac, se sqgésh me tic mon“dec
“njraka kai sunduasménou kOklou, mon“dec aerbou. O algirijmoc epilégei na kalOyei éna
polO mikri komm’ti thc aigm ¢ me mon“dec aerbou antb na ent"xei mPa akima mon“da “njraka
sunduasménou kOklou, oi opoPec nai men éqoun gamhlitero metablhti kistoc paragwg ¢
enérgeiac, imwc éqoun polO megalOtero kistoc ekkPnhshc. Thn pémpth hméra pou h aigm
kumabnetai kai p’li se uyhl” epbpeda, h K'luy thc gbnetai api mon"dec sunduasmenou
kOklou pou imwc se aut n thn perBptwsh ePnai arket h entagmeénh isqOc touc api prin
kai gbnetai apl” mba rOjmish.

Axbzei na shmeiwjeb, iti itan oi mon"dec aerbou ent’ssontai apokleistik™ gia ligouc
efedrei,n den ephre“zoun thn oriak tim thc energeiac. Ephre“zoun, imwc, tic oriakéc
timec efedrei,n, ipwc fabnetai sto Sq ma 4.10 kai sto Sq ma 4.11.

Sto Sg ma 4.10 fabnetai to antikeimeniki kistoc paragwg ¢ tou sust matoc, to opobo
apartbzetai api to metablhti kistoc paragwg ¢ twn jermik.n mon~dwn prosauxhmeéno
me to kistoc ekkbnhs ¢ touc. To agorabo kistoc energeiac, dhlad to ginimeno thc
oriak ¢ tim ¢ epD thn paragimenh isqO, apeikonbzetai sto Sq ma 4.13 en, sto Sq ma 4.14
apeikonbzetai to agorabo kistoc twn efedrei,n.

To sunoliki kérdoc twn jermik.n mon“dwn apeikonbzetai sto Sq ma 4.15. Oi mon“dec
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“njraka faPnetai na exasfal®zoun ikanopoihtiki kérdoc se sOgkrish me tic mon“dec sun-
duasmeénou kOklou, oi opoPec parousi“zoun zhmPa, kai, endeqoménwc, na apaitebtai k’poioc
trbtoc oikonomikic mhganismic upost rixhc. Oi mondec aerbou leitourgoOn el gista

mésa se aut n thn ebdom™da, en, oi mon“dec petrelabou de leitourgoOn kajilou. Sto

Sq ma 4.17 gbnetai h an”lush tou kérdouc thc mon“dac 1 ("njrakac), en, sto Sq ma 4.18
aposafhnbzetai o tripoc me ton opobo prokOptei zhmbPa gia th mon“da 11 (sunduasménoc
kOkloc).
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