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HNPOXKAHYH

ag mpookarovpe oty mapovcioon g Awdaktopumg Awtpprig g MAPINAX
KAYAAH, Awmlopotovyoc Mnyavordyog  Mmnyovikog tov EMIL, mov 6Oa
npaypatonomBel v Hopaoxevy 10 Nogufipiov 2017, dpa 12:30u.u. oty Aibovoa

tov Iooyeiov tov ktipiov ANYM g Lyong Mnyavordywv Mnyovikov tov EMII
IToAvteyvelovmodn Zoypdeov. O tithog g Adaktopiknc AtatpiPig eivor o e€1g ¢

«Zopfornq oty Yynin Awcicovon ALLE oe Nnoudtike npog Awasivvoson
Hiexktpwa Aiktva, digpevvovractny Avantvén Movadwv Avrinolotapizvengy

Emovvanteton mepiAnyn g mapamdve Awdaktopikic Aletpipng

0 KOEMHTOPAS THE IXOAHE




Yoppoin oty Yynin Aeicdvon AIIE og Nnorotika mpog
Awovvoeon Hiektpikd Aiktova, Atgpeuvovtaog Ty Avantoén

Movao®mv AvVTANGLOTOUIEVGTG

Kowyéin Mapiva Zogia

Iepiinyn

H niektpoddmon ota Mn-Awocvvoedepévo Nnowd (MAN) yopaxtmpiletor amod
VYNAO KOGTOG TTAPAYOUEVIG EVEPYELOG, AOY® TNG KATAVAA®ONG TETPELAiOV, EVD GE
OPKETES VICIOTIKEG TEPLOYES TOPATNPOVVTAL EVIOVO TPOPANUATO OAVETAPKELONS 10YVOG
Katd T TEPLOO0VG OTOL M CRTNon eoptiov givor avénuévn. Tnv id1a otryun, Tapd to
L0060 SLVVOUIKO TV VNowwv, N aélomoinon Tov Avaveooiuov [Inyov Evépyelag
(AIIE) ko1, mo cuyKeKpyEva, TNG OOAMKNG EVEPYELNG, GLVAVTH EUTOdD, AOY® TOV
EMPOALOUEVOV TEYVIKOV TEPLOPIGUDV YIoL TNV €EQCOAAIOT TNG oTOfEPOTNTAS TOV
TOTIK®V TMAEKTPIKAV OIKTO®V, UE OTOTEAECUO. OMUOVTIKEG TOCOTNTEG OLOALKNG
TOPOYOYNS VO OTOpPintTOVTaL.

Ao Vv dAA pepid, ota mhaicto evbvypapone g EALGSag pe tic moMTikég g
Evpomnaikne ‘Evoong yuo v evépyela kot to KAlpa pe xpovikd opilovta to 2020 ko
10 2050, n yopa £xel avordfel 0eGUEVGEIS, TV OTOIMV KEVIPIKO YOPAKTNPIOTIKO
amotelel N peydAng kipoakag oeicovon towv AIIE. Anapaitntm npobndOeon yio v
enitevén TV oTOYOV OVTOV Eivorl M TANPNG avadldpOpmon Tov yy®PLOv TOUEN
NAEKTPOTAPOYWYNS, OE GUVOLAGUO LE CNUOVTIKEG EMEVOVGEIS GTO JIKTLO SLOVOUNG
Kol pHeEToQopds. Xto mAaiow avtd, 1 vrEoPplyle SacHVOEST TV OVTOVOU®V
VNOWOTIKOV GUGTNUATOV HE TO NAEWPOTIKO dIKTLO NG Ydpag (/Ko PETAED TOVC)
TOPOVCIALETOL OC L0 EPIKTT KO EMOPEANG ADGT|, TPOKEWEVOL Vo petwbel To vymid
K06T0g oL amatteitan kAbe ypovo ota MAN yuo v KdAvyn TOV avayK®V TOUG GE
NAEKTPIKN EVEPYELN KOt Vo MTEVYHOVV o1 eBvikoi oTdyot Yo T dieiodvon tv AlIE.

Ye avtd 10 MAOiclo, oV mopovoa Alatpipn mpaypoTomoleitor Siepedvion TV
TPOcHeT®V duVATOTNTOV VYNNG dleicdvong Tomkmv povadmv AIIE oe e&gtaldpeva
—TPOC S10GVVIEST|— OTTOUOVMUEVO VIGLOTIKG GUGTAHOTO, LEGH 1) avaTTLENG TBaVDY
oevapiov yu v mepiodo 2020-2045, ko ii) a&loAdyNnong TV AmOTEAECUAT®OV TMV
oevapiov e PAcT EVEPYELNKE KO OIKOVOULKE KPLTNPLa.

H peydhn dweicdvon tov tomkov povddwv AIIE ota Sidgopo ceviplo mov
e€etdlovtanl oyetileton Kupimg He TIG SLVATOTNTEG TOPAYWYNG EVEPYELNS TPMOTIGTMGS
a6 Awhkd ITldpka (A/T) f/xor Yoponiektpucods Ztabpovg (Y/Z) povadwv
amofnKevong He avTANGLOTOUIELGT), Kot 0gVTEPELOVIOG and @wTtofoAtaikd (DB)
ocvotiuata. Ta Bactkd epevvnTIKE EpOTALOTA, TO OTOI0L KOl OTOTEAOVV TOVG KOPLOVG
dEoveg avamtuéng avtng g Atatppng, elvat:
1)  mn Oepedvnon ¢ emidpoong TG aVEAVOUEVNG EYKOTECTNUEVIG OLOAIKNG
1oYVOC OTNV OKOVOUIKY Proctudtra Tov £€pyov G daovvoeons €vOg
VNG10V LE TO NAEPAOTIKO dIKTLO TNG YOOGS,



il)  m depedivnon g oKomPOTNTAG EVTAENG LING TOTIKNG LOVASOS armobnKevong
EVEPYELNG LETA TN O1GVVIEST] £VOG VNGOV, KOOMDG KOl TOV EMIATOCEDY TNG
GTO GLVOAMKO KOGTOG TOPAY®YNG TOV GLGTNLOTOG, KOl

ii1) 1n €EaoPAAIoN NG EVEPYEIONKNG EMAPKELNG KOl OGPAAELNS TOV VNGUDTIKOV
GUGTHOTOG HETA TNV EPAPLOYTN OIKOVOULKE Bldoiumv AVGE®MY, TOv Uropel
va mepiiapPavoov ) peydin oweicovon AIIE, t dwucvvdeon kot v
amobnKevo evépyelag.

H andvinon ota mapondve epotiuato emtyeipeital vo do0el pe v avantvén kot
EPOPLOYY] EVEPYEWKAOV VTOAOYIGTIKOV  HOVTIEA®V, 7OV TPOGOUOIDVOLV TN
CLUTEPIPOPE KO TN AELTOVPYIC TOL VNGLOTIKOV GLGTNUOTOG LE ®PLaio xpovikd Prua,
KaOdg kol ™ pakpompdBeoun eEEMEN tov, pe ypovikd opilovta to étog 2045. H
pebodoroyia mov avomTOGGETOL EPOPUOLETOL YO TNV TEPIMTOGT TOL MNAEKTPLKOV
ocvotpatog g vijoov AéoPov, mov givar mbavd va dacvvdedel e 10 NIEPOTIKO
ocvotnpa ta erdpeva ypovia. H diepedbvnon yivetar pe faon tpia mbava cevépio, mov
onuovpyndnkav yoo v pehdovtikn €&EMEn Tov VWO  €EETAOT  VNOLOTIKOV
GLOTNOTOG!

21) Zevapro avtoddvoung avantuéng e facn To TETPEAALO 1 TO PLGIKO AEPLO.

¥2) Xevapilo vyming avantuéng ATIE kat d1achvogong pe To NIEPpOTIKO S1KTLO.

¥3) Zevdpro vynang avantoéng AIIE, 61ac0vdeong pe o NrepoTikd dikTvo Kot

amobnKevLoNG EVEPYELNG HECH OVTANGLOTOUIEVONC.

Boowog deiktng ocvykpitikng aSloAdynong tov eVOALOKTIK®OV cevapiov sivar to
otafuiopévo kootog niektpikng eveépyetag (Levelized Cost of Energy — LCOE), v
TNV OTTIKY| €VOG EVIOIOV CLGTANATOG TTapay®YNS. EmmAéov, Adym g apefoatdotnTog
OTN UEALOVTIKY] TIUY OPKETOV Pacik®dv petafintav (wy. {nmon eoptiov, e£EMEN
TILOV KOGV, KOGTN ETEVOVOTG TNG d1acHVOESTG), oL KaBopilovy TNV evepyelokn
KOl OIKOVOUIKT] amdO0GT TOV GEVAPI®V OV OVOTTUGGOVTOL, ACUPBAVETOL VITOYN 1
KV UAVOT] TOV TIUDV QVTOV GE EVPEN GYETIKA OPLa, TPOKEILEVOL VO TPOGILOPLOTEL
éva €0pog amoterecpaTOV peTold 0o10doéne (Optimistic), péong (Baseline) kou
Amos1O00ENG (Pessimistic) EVOEYOUEVNG e&EMEng TOV GULGTNLOTOG
niektpomapoywyne, pe paon to LCOE.

opeova pe ta aroteAéopato e topovcag AtatpiBrg, 1 vToPpvyia 1o HVOEST TNG
AécPov, pe 1 yopig Tomikn amodnKevon evEPyELaG, AmOTEAEL Lo EVOALOKTIKY AVo,
mov Bo UTOPOVGE VO LELOCEL TO CNUEPIVO VYNAO KOGTOG TOPAY®YNG NAEKTPIKNG
EVEPYELOG OTO VNGOt kot va awénoel onuaviikd v tomikn odteicdvon tov AllE.
[MopdAinia, Bo LTOPOVGCE VO GUVEIGPEPEL KOL GTNV KAALYN NAEKTPIKOV OVOYKADV TOV
o LVOESEUEVOD GUOTHUOTOC, UEGH TPOPOJOTNONG TNG TAEOVALOVLGOS TAPOYWYNG
tov véov A/l amd 10 vnoi o6to0 NIEPOTKO cvotua. Q61dG0, 1 OIKOVOUIKN
AVTOYOVIGTIKOTNTO LOG TETONG EXEVOVONG VYNAOD KOGTOVG, GE GYEON LE TO GEVAPLO
™G avTodvvauNg avamtuéng, kpivetar e peydro Pabud and v e£EMEN TV debvov
TILOV Kowoipwy, 1o péyebog g woyvog véov A/Il mov eykobictavtor oto vnoi
TOVTOYPOVO. LLE TO £PYO TNG SLOGVVOESNS, KAODS Kot omd TNV TOPAAANAN LEALOVTIKT
SUOPPMOT TOL NTEPMOTIKOV GUOTHUATOS, MG TPOS TIG VEEG EYKATAGTACELS LOVAS®V
AIIE xot povadmv amofnkevons evéPyelag, mov AVOUEVETOL Vo AdPovv ydpa Ta
emopeva, ypovie. H mpooOnkm piag povadoag aviAnocotopievong oto vnoi, mov
a&lonotel v mheovdlovoa mapaywyn A/l katd to Zevdpro 3, mpokaiel o pukpn
ahENGOT GTO KOGTOG TOPAYMYNG, OE GYECT LUE TO ZeVAPLo 2, 1 omoia dev amocsPévetan
TANP®G amd TN GLVEIGEOPE NG HOVAOAG GTNV KAALYN T®V TOTIK®OV NAEKTPIKOV



avayKov. Qotdco, 1 [Kpn vt avEnomn tov KOGTovg Uropetl va aviiotadpotel edv
ouvekTunBobv ddpopa TPdGOeTa 0PEAN TNG TOTIKNG AMOONKEVONG EVEPYELNS, OTMG
elvar n Pertioon NG SLVOUIKNG KOl EVEPYEWOKNG OCQAAELNS TOV GUOTHHOTOC
noapayowyns, M pHelwon tov  (TEMKAOV) OOAMKOV omoppiyew®v, 1 GNUOVIIKY
vroAeimovoa alia g povddag oto TEAOG NG 25€Ting K.AM., TOV GLVOOEHOLY TNV
avATTLEN TOPOLOLOV EPYMV.
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Mn-Awcvvdedepéva Nnotd, Avtovopo Hiextpud Xvotmua, Evepyeiaxd Moviédro,
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Avamntoéng Zvotpatog og to 2045.



Abstract

The electrification in non-interconnected Greek islands is mainly based on fossil fuel
consumption, and it is characterized by high electricity generation costs, while, during
peak load demand periods, many island regions face significant electrification
problems mainly due to power shortages. At the same time, despite the remarkable
wind and solar resources that most of these regions possess, the development of
similar projects is still very limited due to local grids’ technical limitations.

On the other hand, under the framework of Greece’s alignment with EU's policies on
energy and climate change to 2020 and 2050, the country has undersigned
commitments whose main feature is the large-scale penetration of Renewable Energy
Sources (RES). A prerequisite for achieving these goals is the complete restructuring
of the domestic power sector combined with significant investments in distribution
and transmission networks. In this context, islands’ interconnection with the mainland
grid (or/and between islands) is considered as a feasible and beneficial solution, in
order to reduce expensive oil-fired power generation and increase renewable energy
contribution at both national and local (island) level.

Based on the above, this PhD thesis investigates the possibilities of increasing RES
contribution to island grids, which are planned to be interconnected with the mainland
system, through i) the development of alternative scenarios for covering local
electrification needs from 2020 to 2045, and ii) evaluation of each scenario based on
techno-economic criteria.

In the present analysis, high penetration of RES is primarily associated with
electricity generation from Wind Farms (WFs) or/and hydroelectric generators, while
the benefits of dispersed photovoltaic (PV) energy production are considered as well.
The main research questions that formed the bases of this study are:
i)  investigation of the impact of large-scale wind energy development on the
economic viability of island’s interconnection with the mainland grid,
i1)  studying the role of local Pumped Hydro Storage (PHS) on the energy and
economic performance of the system and,
iii) identifying economically and technically viable solutions that may include
large-scale RES development, interconnection and energy storage, as
possible alternatives to the island’s current autonomous operation.

The answer to the above questions is supported by the development and application of
energy models that reproduce the operational strategy of the island’s electric system at
an hourly time step, as well as its long-term evolution, up to the year 2045. The
developed methodology is applied to Lesbos island, which is likely to be
interconnected with the mainland grid in the following years. The following three
possible scenarios are created for covering the island’s future electrification needs:
S1) Scenario of autonomous development, based on oil-fired or natural gas-fired
generators.
S2) Scenario of high RES penetration and interconnection with the mainland
grid.
S3) Scenario of high RES penetration, interconnection with the mainland grid
and construction of a local PHS unit.



The economic feasibility of the above scenarios is investigated in terms of their
Levelized Cost of Energy (LCOE), determined from a single-project owner
perspective. Furthermore, due to the uncertainty in the future value of several critical
variables (e.g. load demand, fuel prices, interconnection capital costs) that determine
the energy and economic performance of all the developed scenarios, the variance of
these values in a wide range is also taken into account, in order to identify the worst
(Pessimistic), most likely (Baseline) and best (Optimistic) possible results in terms of
LCOE.

According to the results of the present investigation, interconnection of Lesbos island
with the mainland system, with or without local energy storage, can be considered as
a possible solution for reducing the high electricity generation cost in the island and
increasing RES contribution in the local power supply system. At the same time, it
could also contribute to the sustainable development of the whole Greek power sector
by supplying, through the submarine cable(s), the excess wind energy production
from the island to the mainland system. However, the economic competitiveness of
such an expensive investment, compared to the scenario of autonomous development,
largely depends on the global fuel prices evolution, the rated power of new wind
energy projects that take place in parallel to interconnection, as well as the future
development of the mainland power system, regarding the installation of new RES-
based plants and energy storage units, which is expected to take place in the coming
years. For Scenario 3, the inclusion of a PHS unit that exploits the excess wind power
output on the island, results in a slight increase in LCOE, compared to Scenario 2.
However, this small increase can be offset if several additional benefits are taken into
account, such as the improvement of dynamic stability and security of supply of the
local power system, the reduction of (final) wind energy curtailments, and the
significant residual value of the storage unit at the end of the 25-years period (i.e.
operating lifetime of the whole project).
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