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MepilkEg mapatnpnoels yia to Evepyelako Meiypa tng EAAad g

OL vuépoyovavBpakeg, To TETPEALO Kal TO GUOLKO aEPLo, e§akoAouBouv va atmtoteAoUV TV
KUPLA TINYT] TOU TIPWTOYEVOUG EVEPYELAKOU £podlocpov TG EAAASaG

To TETPEAALO YPMOLUOTIOLE(TAL KUPIWG Yl TIG METAPOPEG OAAA KOl ylot TNV Topaywyn
NAEKTPLKTIG EVEPYELNG OE TIOAAQ vnold, €dlkd ota peydia (m.y. Kprjtn, Podog, A€afog,
ANjuvog, Xiog K.ATL.)

To duoLko aEplo elonABe yia Tpwtn GoPA O0TO EVEPYELOKO PElyUA TO 1996, avTIKABLOTWVTOG
OTOOLAKA TOV ALyViTn oTnV Topaywyr] NAEKTPLKNG eVEPYELNG. KaBwg ta dikTua Twv TIOAEWVY
ouveyifouv va eTtekTelvovTal, OTAOLOKA TO . AEPLO aVTIKOOLOTA TO TIETPEAQLO BEPIOVONG

Ot Avavewolpeg TInyég Evépyelag (AME), ouvumeplhapBovopévwy  Ttwv  HeEYEAWY
voponAekTplkwy, Bropddlag, nAlakwy BepUikwy, NALKKWY Kol aLOAIKWY, €xouv kepdioEl
edadog kKoL amd 6,0% TOU OCUMMPETE(YOV OTO €vePYelokO LooQUYl0 TO 2000 €XOUV
UTIEPOLTIAACLACTEL WG TT0000TO cupETOXNG $OAvovTag To 13% TO 2018 Kal akoua uPnAdTEPQ
TO €TOpEVA dVO YPOvia UE ekTiunon yia 19,7% tng AkaBapiotng TeAkng KoatavdAwong
EveépyeLag To 2020 koAUTITOVTOG TOV EupwTiaikd otdyo
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To TaYEwG LETAPAAAOMEVO HiYHO NAEKTPLKYG EVEPYELNG CTNV
EAAGOQ

* AKOUN KalL TIpLV oo TNV amodaon tng EAANVIKNG KUBEPVNONG TOV ZeTTEUPPLO
TOU 2019 Yyl AN PN amavBpakotmoinon ewg To 2028, n xprjon Alyvitn €ixe
UTIOX WPTOEL AOYW TOU aUEAVOLEVOU KOOTOUG TwV ekTiouTiwy CO2

* H mpoomaBela tng kuBepvnong to 2018/2019, uTd TNV Tieon ™G EupwTtaikng
Emitpommg, mpog tnv Anpooia Emiyeipnon HAektpiopou (AEH) va mouAroel
TOUG 0TaOOUG TTapaywyng Alyvitn NG - yia AOyoug avVTAYWVIOHUOU - OTIETUXE
Oeapatikd kaBwg oL cuvBnkeg TG ayopdg eixyav aANA&EL Kal Koo eTaLpELa
dev 110eAe va etevoLoEL 0NV TTapaywyn avBpaka

* H mapamavw €EEAEN ToU, HETOED AAAWY, ELYE WG ATIOTEAECHO TEPAOTLEG
amwAeleg yia ™ AEH (dvw twv 1,2 01 €Uupw TO 2019) AELTOUPYNOE WG
KOTOAUTNG Yyl TNV TtEpattepw Oleioduon twv AlE




AkaBapiotn Eyywpla KatavdAwon otnv EAAGda, 2000 Kol 2019

® Lignite Oil Gas © RES Electricit
Ligni e Lignite Oil Gas RES m Electricity

Mnyéc: IEA, IENE




H Aleicduon twv ATE oto peiypa NAEKTPLKIGC EVEPYELOG OTNV
EANGOQ (1/2)

To TEAevTaia 15 XpoOvia EYOUpE OEL pa otabepn avgnon tng ouvelopopag twv AlE
OTO HEIYHO NAEKTPLKTIG EVEPYELAG TNG XWPOG

Me tig AME va oupmepidapBavouv ta atoAkd, nAtaka pwrofoltaika, froagpto Kal
HLKPA& UOPONAEKTPLKA

Ta tehevutaia 3 xpovia, BAETOVPE AUENON NG CUPHETOXTG Ao TO 18% OTO PELypA
NAEKTPLKNG EVEPYELAG TO 2018, o€ 21% TO 2019 KL O€ 29,2% TO 2020

TauTtOYpoVa, OTIWG OVOPEVOTAY, TIHPATNPELTAL aénom TNG XPrioNns PucLkoU agpiou
aTto 20% 10 2018 0 28% TO 2020

[TPOKUTITEL TO EPWTNHA WG TIPOG TO AVWTATO 0pLo dleicduong AME ywplg onpavTikn
avénon tng amoBnkevong EVEPYELQG

H Kuplotepn mpokAnon ylw tv uPnAotepn oOleicducn AfE otnv mapaywyn
NAEKTPLKNG evepyeLlag oTnv EAAAOa elval n avénon tng SLaBeCIUOTNTOG TWV EYAAWY
UOPONAEKTPLKWY KAl TNG QVTANOLOTAHLIEVONG, LOWG ETELON OEV TPOPAETETAL
ONMAVTLKN TIPOOoOT1iKN EYKATESTNIEVNG LOYVOG TIPLV OTIO TO 2025/2026




Eykateotnuévn loyvug AMNE otnv EAAadQ, 2020
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HWEA Wind Energy Statistics — 2

Total capacity to the grid (MW) per year
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The HWEA Wind Energy Statistics take into account the wind capacity which is in commercial or test operation in Greece and are based on sources
from the market actors. HWEA has made effort to crosscheck and confirm the data. However, HWEA does not guarantee the accuracy of them and

do not undertake any relevant liability.

Mnyn: EAETAEN

dllllll

2009 2015 MR

Pat e

2070

A A 2012 2014
ol

265

| Annual installec capacity

3.165

B Cumulative installed capacity

Greek PV market development (source: helapco.g
opportunities)

W21
Uil

500

3.665

ar, Greek PV Market Investment




To piypa KAUOIMOU OTNV MaPaywyr) NAEKTPLKIG EVEPYELAG otV EAAGSQ,
2019 KOl 2020
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Lignite as RES Hydro Net Imports
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H Mapaywyn Evépyeiag (MWh) kot to

Mnwviaia Napaywyn cs MWh Napaywyr o MWh to Mdauwo
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H Mapaywyn Evépyeiag (MWh) kot to

Napaywyr ce MWh to Mawo Napaywyr] oe MWh to Mdawo
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AekéuPprog 2020
AeképPprog 2018

AskéuPplog 2019
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H Aleicduon twv ATE oto peiypa NAEKTPLKIGC EVEPYELOG OTNV
EANGOO (2/2)

* H amoBrjkevuon pe pmatapleg, av Kal avapeveTal va ¢TaceL ota 1,5 - 2,0 GW
EWG TO 2023/2024, OV TPOPAETETAL VO OOMNYrioEL O TIOAU UWNAOTEPN
dleloduon AlE - aAA& avTiBeta va cUPPAAEL OTNV KAAUTEPTN KOTOVOMT TNG
napaywyngAlNE og tepiodo 24wpou

* H peyaAutepn xprion GUCLKOU aEPLOV, OL TIEPLOCOTEPES ELOAYWYEG NAEKTPLKNG
EVEPYELOG OTIO YELTOVIKEG YWPEG KAL 1 HEYAAUTEPT Oleicduon Twv AlE eivaul
TO KUPLO XOPOKTNPLOTIKA TOU HETUPBAAAOPEVOU UIYHATOG TAEKTPLKIG
eVEPYELOG 0TV EAANGOQ

* KaBwg avapevetal peyoAutepn ywpntikotnta AMNE, poadl pe tnv anoBnkeuon
EVEPYELOG TO ETIOEVA XPOVLA, EIVOL AOPAAEG Va TIPOBAEYOUE OTL EWG TO 2030
n EAAGda Ba eivar oe Beon va oOumAacidoel tnv oleiocduon twv AlE oto
EVEPYELAKO TNG MEYHA (ONAadT) 34% - 36%) OTIwG ETONG VAl ETILTUXEL AKOW)
HLEYOAUTEPN cuveloPopd TwV AlE oTo pelypa nAekTpoTiapaywyng (> 60%)




2uvoyn €Ovikwv otoywv oto Aalolo tou EXEK

Apyiko oyédio véol oot EXEK oe oxéon pe
EZEK otoxous Eupwnaikrig Evwong

Mepibio ANE otnv
AxaBapiotn Tehwkn
Karavdlwon
EvépyeLag

Auvgnpévog BaBudg
dhobotiog os oxeon pe
Evpuwnaiko KEVIPLKO OTOX0
32% EE
Mepibio ANE otnv
AxaBapiotn Tehwkn
Koaravdlwon
HAextpkng EVEpyELag

w61-64%
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e o)Eon WE To £tog 2017
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Mnyn: EBviko Zx€S10 yia tnv Evépyeia ko to KAipa
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Gross Inland Consumption by energy form (Mtoe)

W Coal Electricity M Gas Nuclear ®Oil products Renewables

MnynR: MeAétn IENE “SEE Energy Outlook 2020/2021”
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11. KukMkn owkovopia-avakOkhwon
IYNOAD 43.B00

OL AVOLEVOMEVEG EVEPYELAKEG EMEVOVOELG 0TNV EAAASQ,

2020-2030

EOvoAo EXTLHWHEVWV
Topgag enevbioewv (Exar. €)
nepuébou 2020-2030
3 : ,

NEeg BepuikeEg povades nAEKTpOMOpOYWYNG KOL KEVIPLKEG povadeg 1.300

anoBnkeuong 2
4. ‘Epya avantuing Siktiou Suavopung nAEKTpLKAC EvEpyELng — 3.500

Wndwomoinon .

MNetpéAato

duoikd Aéplo
HAektplopdg (Aiktua,
Beppikoi otaBpoi, AME,
AmnoOrikeguon)

10. KAwoatwn arhayn-Suoyeipion mAnppopov-6aon

OwlokEG kKo Epmopikég
HAwoBeppikég Epappoyég

‘Epguva kot Katvotopio

2YNOAO

Ektipwpeveg Evepyelokég Emtevdioelg otnv EAAGda o€ ekat. (€)

21.200 (pe TiG AMNE kat Vv AntoBrikevon
~13.000GW)

11.000
1.500

1.000

45.200

by Mnyn: Etnowa EkBeon IENE 2020 yiwa tov EAAnVikO Evepyelako Topéa

Mnyn: EBViKO Zx£610 yia thv Evépyeia kat to KAipa
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To Evepyelako Miypa otnv HAektpomtapaywyn (1/2)
* Eival onuavtiko va yvwpiCoupe tnv OLopOpdwon TOU EVEPYELOKOU ULYOTOG
OTNV NAEKTPOTIOPAYWYT], NHEPA LE NUEPQ KoL EfSopada TIpOG Boopada
* YTtdpxouv oo apeG ATIOKALOELG GTNV CUMMETOXT TWV OLAPOpWV KAUCIUWY

* [I\eov otoBepr) €lval N CUMUMETOXTN] TOU NAEKTPLOMOU TIOU TIOPAYETOL OTIO
OepuikoUg otaBpoug (Atyvitn, Puoikd agplo)

* AtOAUTO pEeTafANT) €lval N ocuppeToyn Twv AllE, 0laitepa NG OLOALKNG
EVEPYELAG, KOOWG KL TWV ELCAYWYWV

* H Oepuikn mapoaywyn elval TeEAEiWG amopaitnn otn AElTOUpyia TOU
ouoTtnuatog Tapeyovrtag doptio PBaong kot dlaodoAifovrag tnv Tapoxm
©  NAEKTPLKNG EVEPYELAG OE 24WpPT Bdon




To Evepyelako Miypa otnv HAektpoTtapaywyn (2/2)

* MetaAnTr) €lval €TIONG N CUMPETOXT] TWV PEYAAWY UOPONAEKTPLKWY (AOYW
HETABANTNG VOPAVAIKOTNTAG KOl OPEVCEWYV) E TIG TIEPLOCOTEPESG POPES VAL
dPOUV WG EELCOPPOTIONTLIKOL UNYAVLICGLOL

* H mpooOnkn ovomuatwyv amobrikevong (Kupiwg avTAnclOTapigEVoN()
OLEUKOAUVEL TNV HEYOAUTEPN Olelocduon Twv AlE Kal cuvioTd oTtnV IPA&N UL
npoocBetn povada yla kaAuvyn tng dntnong

* ETITIAEOV, N CUPMETOYT] CUCTNUATWY HE pTtatapieg BonBa otnv e€opaiuvon
NG mapaywyng tTwv AlNE kot TpoodEPEL TTOAUTIUES ETILKOUPLKES UTINPECLEG

* Me Tt ouotripata amofnkeuong o PTIaTapleg va cuvOpAoLY oTnV BeATiwon
NG a&LlOTILOTIOG KAl TNG TIOLOTNTAG TNG TIAPAYOEVNG NAEKTPLKTG EVEPYELOG
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Miypa Kavoipouv ava nueEpa (1/2)

Miypa kaweipou ava npépa
Miypa kaucipou ava npépa

lavouaprog 2021

No€upprog 2020

Mnyn: IENE




Miypoa Kavoipov ava npépa (2/2)

Maprtiog 2021 lobviog 2021

Mnyn: IENE



Introduction — Current condition

O Crete depended on Oil for its power generation by 79.08% in 2019, or Power generation share in Crete in 2019

ZEL D per source [%] (Source: HEDNO)
O EU Directives 2010/75/EU (IED) and 2015/2193 are in effect, expected to

lead to withdrawal the oil-fired power generating units in Greece’s island
systems. 14,92%

O Currently there are 24 oil-fired power generating units in Crete, with
installed capacity of approximately 708 MW located in three sites: Hania,
Atherinolakkos and Linoperamata.

O ACinterconnector Crete-Peloponnese has been deployed in May 2021.

Outlook (intermediate future)

O DCinterconnector (2x500 MW) Crete Attica

O Considerations for conversion Atherinolakos Steam turbine units 1 & 2,
for use of natural gas.

11 units have or will obtain derogation from IED
"""Retirement of 16 units with total installed capacity of 318 MW by 2026. windfarms = solar PV = small hydro = Thermal (OIL)
B Considerations for installation of a new efficient CCGT (250 MW)

Mnyn: AEAAHE
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Feasibility Study of Energy Storage Systems’ Integration in Crete -
Scope

O Scope of the analysis is to identify the economic (and environmental) benefits of the introduction
of energy storage systems in Crete.

O Assessed technology: lithium-ion Battery Energy Storage Systems (BESS)
O Two reference years 2022 and 2030

m 2030:

m 2022:
R o Reduction of RES curtailment in scenarios with high penetration of
o The system cost optimization (power renewables (2.55 GW)

generation and reserves) _ S _
o Cost reduction under adequacy concerning circumstances (certain

The reduction of oil use in Crete . . i .
generation and interconnector capacities available)

Two scenarios: BAU22 and HD22
(Examination of two electricity demand
profiles)

= Deployed Peloponnese — Crete AC
interconnector (MVA)

o 8 scenarios:

= Deployed DC interconnector Attica — Crete

= Examination of two electricity demand profiles

= Examination of two RES generation profiles

= Assessment of BESS with/without the deployment of an efficient Gas-fired
CCGT

= Assessment of BESS with/without the deployment of Amari hybrid power
station (pump storage unit)

= Assessment of BESS in an event of
circuit disconnection at AC
interconnector under a high electricity

demand conditions (indicated with
connotation OUT) = Assessment of BESS in an event of a DC pole disconnection at DC

interconnector

O Methodology: Crete UCED+S model developed by IENE : A deterministic Mixed-integer linear programming tool
that performs Cost optimization (minimization).

Input : Thermal cycle characteristics of available thermal units, Grid Output: electricity generation mix,
constraints, RES generation, Electricity Demand, Variable and Startup ‘ System cost (optimized) 20
Costs, BESS operation constraints
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) System benefit BAU22 : €10.5 - €23.6 mil. for BESS storage capacity ranging between 50 MWh and 400 MWh
Ll System benefit HD22 : €9.3 - €21.7 mil. for BESS storage capacity ranging between 50 MWh and 400 MWh

L) Higher benefit of BESSs’ integration in BAU22 scenario by €1.8 —€2.1 mil. due to (a) BESS capacity contributing to the
spinning reserves (b) due to more thermal units’ start ups avoided with the integration of BESS.

Ll disconnection event of one circuit at the AC interconnector Crete-Peloponnese during a period of high demand (July-
August) adds an economic benefit of 4% — 9% (Scenario HD22)

21



Main Conclusions

e Economic feasibility of BESS based on projected CAPEX can be found mostly in 2022 when oil units are still the main source
of electricity in Crete, and therefore the displacement of their output with RES and imported electricity yields higher
economic benefits.

* The economically optimal BESS has been identified to be a BESS with capacity 50MW/200MWh, which can provide
economic benefit to the system i.e. system cost reduction after depreciation, of €12.07 mil. and €9.98 mil. for scenarios
BAU22 and HD22 respectively.

* A lower demand profile (BAU22) exhibits higher economic feasibility for BESS integration as their value for provision of
ancillary services (spinning reserves) increases

* Central BESSs’ integration is economically infeasible due to very high investment capital costs in 2030 and low economic
benefit from arbitrage.

* Economic feasibility occurs in 2030 under circumstances of an event of one pole disconnection at DC cable interconnector
Attica-Crete (2 months) for BESS storage capacities ranging from 50MWh - 100MWh for BAU scenario and for any integrated
BESS storage capacity under increased demand conditions

* RES Curtailment occurs only under a high RES integration scenario that includes aggregated RES capacity of 2,550 MW in
Crete (RES curtailment of 9.17% and 7.82% or 622 GWh/year and 532 622 GWh/year for HR30 and HDHR30 scenario
respectively). In this case there is notable utility value of BESS but still BESS integration remains economically infeasible.

* BESS with high storage capacity are required to reduce drastically curtailment under conditions of high RES penetration
(these investments however remain economically infeasible).

22
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