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Elcaywyn

Ooo auéavetal 1o pepidlo twv AME Kol S€50UEVOU TOU OTOXAOTLKOU XOPAKTHPO TWV
TIO WPLLWV TeEXVOAOYlwV aflomoinong TNng OLOALKNC Kol TNG NALAKNAC EVEPYELAC,
QUEAVETOL KOL N AVAYKN Yla armoBrKeuor, WOTE Vol UTIAPXEL EELCOPPOTINCN METAEY TNC
npoodopac Kal TS {ATNoNng Tnc mapayoUevne NAEKTPLKNC evépyelac amo AlE.

EMopévweg, ol TexvoAoylec armoBrijkeuong NAEKTPLKNG EVEPYELOC E€XOUV OTTOKTNOEL
ONMUOVTLKN) BE€0N OTNV EVEPYELOKA TIOALTLKH.

JAuepa, umapyouv OSlwadopol tUTol Kal £popUOYEC TNG TEXVOAOyiac amoBrkeuong
evEpyelac o€ Sladopa otadla wpipavonc.

O 6U0 Kuplapyxec texvoloyiec amoBnkevong eveépyelag eival N avtAnolotapievon Kot
Ol CUOCWPEUTEC (pmatapiec).

Tnv pepida tou AE0OVTOC OTIC ETMUUEPOUC TEXVOAOYLEC UITOTAPLWV €XOUV OL UTITOTOPLEC
lovtwv AlBlou, oL omoiec¢ eival OLKOVOULKA OTTOOOTIKEC, HE OQTOTEAECHA VO
XPNOLLOTIOLOUVTAL EUPEWC OTNV AVATITUEN TNG NAEKTPOKivnong SleBvwc. )




Energy Storage - Types
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CAES = Compressed Air Energy Storage; LAES = Liquid Air Energy Storage; SNG = Synthetic Natural Gas.
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Energy Storage - Technology Maturity Curve

Flow batteries
Flywheel (low speed)
Compressed-air energy storage (CAES) .
Sodium-sulfur (NaS) batteries @ Mechanical storage
energy storage (SMES) * Electro-chemical storage

Lithium-ion batteries & Thermal storage

* _Molten salt @ Electrical storage

@ Chemical storage

Pumped hydro
storage (PHS)

Capital requirement x Technology risk
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Molten-salt Power Tower With Direct Storage of Salt
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Pumped Hydro Storage — How it Works

PUMPED HYDRO STORAGE - HOW IT WORKS

When demand increases, or wind/solar
production drops, water runs downhill
from upper reservoir

More stable, less variable supply results o
from adding electricity from turbine to
original renewable power

o Renewable energy such
as wind or solar used to
pump water uphill during
times of low demand

e Water runs through turbine,
creating electricity

Wl

S

Turbine/Pump



Battery Energy Storage System — How it Works
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Two Types of Battery Electricity Storage Systems

Utility Scale - Front of the meter

Big systems owned by utilities and/or other
investors

Revenue from participation in the electricity
market

Distributed — Behind the meter

Big systems owned by utilities and/or other
investors

Revenue from participation in the electricity
market




Energy Storage - Applications

b) Electric Supply Capacity h) Transmission Support o) Electric Service Power Quality
©) Load Following bl p) Renewable Energy Time-shif
d) Area Regulation k) Substation On-site Power g) Renewables Capacity Firming
e) Electric Supply Reserve Capacity _ r) Wind Generation Grid Integration
) Voltage Support 1) Time-of-use Energy Cost

Management
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AmoBnkevon Evepyelog Ko [MPOOTTIKEC

a

a

Ta tedeutaia xpovia €xel au€nBel n xprion tng amodnkevong evépyelag oe Stadope ehapLOYEC.

Ta €pya amoBrikeuong avapevetal va cupBallouv otnv avénon tng Siteiodbuong twv AME kal wg &K
TOUTOU OTN UELWON TNG EVEPYELAKNG €€APTNONG TNG XWPOC ATIO ELOAYOUEVA OPUKTA KAUOLHUA, OTIWE Kol
OTNV EVioXuon NG EMAPKELAC LOXVOC KAl TNG EVEPYELOKIC OVTAYWVLOTIKOTNTOC.

Mapd TN CUYKPLTLKA HLKPA ONUEPLVI) TOUC LOXU, OL TIPOOTITIKEG auénong tn¢ dieloduong Twv TexvoloyLwv
armoBnkevong NAEKTPLKNG EVEPYELAG, LOLaitepa o€ pmatapieg, eival mMOAU pPeyAAeg, AOyw TN poodou
NG TEXVOAOYLaC Kal TNG AAHATWSOUC HELWONG TOU KOOTOUG.

IXETIKA LE TLG TIPOOTITLKEG TNG avamtuéng Twv AME kal tng amobnkevong evépyelag e opilovta to 2030
Kol To 2050 otnv EAAGSQ, Tol aloALKA EKTLHATOL OTL Ba €xouv otaoLpotTnTa W to 2030, evw avtiBeta ot
TIPOOTITIKEG TwV PwToBoAtaikwy KABe texvoloyiag sival mo Oetikég, mou amod ta 4.8 GW onuepa
avapévetal va ¢ptacouv ta 15 GW oto TéAog tnG SEKAETLOC.

KaBwg auvéavetal n sykateotnuévn oxug tTwv AMNE Ba amatteital peyaAltepn xpron tne anobrnkeuvong
EVEPYELAG yla KAAuYn kevwv otnv mapaywyn AME kot e€opdAuvong Asttoupylag tou NAEKTPLKOU
OUOTHUATOC.
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System Operation at 90% RES Penetration
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+*» PHS systematically do energy arbitrage between mid-day and evening/night hours

Management of mid-day congestion due to PVs

Mitigation of RES curtailments and cost reduction

Source: Papathanasiou, S. (2022), “Pumped hydro storage: A prerequisite in the path towards a net-zero energy system”,
IENE Workshop: “Electricity Storage and Grid Management for Maximum RES Penetration”, September 28, 2022 12



Energy Storage Costs are Expected to Decline by 2030

€/kWh Utility-scale Total System Cost - 4h System

B Overhead
= EPC
Controls
® Interconnection
B Inverter
® Containerization and HW

B Pack

168 €/kWh u Cell

83 €/kWh

2021 2025 2030

1
Source: McKinsey Battery Cost Model (February 2021) 3



Average Lithium-lon Battery Cost in USD/kWh (2021)

2013 [T T T, -
201 | S I <o’

2015 | I 393

208 ] 185

2019 [EEIIREY 161

2020 [EEENNEL 140

2021 [IREY] 132 B Cell B Pack  Source BioomberghEF
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Concentrated Solar Power, Pumped Hydro and Batteries,
Installed Storage Capacity in 2020 and 2026
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Source: IEA
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The Global Energy Storage Ten-year Market Outlook is Bright

Annual deployments by region: 2021-2031
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Top Ten Energy Storage Markets Capacity Forecast: 2021-2031 (GWh)

B Grid-scale

Il CCl

B Residential

Source: Wood Mackenzie

United States
China

Germany
Australia
United Kingdom
India

Japan

South Korea
Italy

Spain

17



European Energy Storage Demand Lags that of the US and China

Cumulative energy storage market by segment (GWh)
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Source: Wood Mackenzie

18




Energy Storage Estimates - 2030 and 2050

Installed Capacity [GW]

Compared to Historic Market Deployment

ot Historic storage deployment risks:

o Failing to integrate renewables

o Missing EU climate targets

o Continued security of supply issues

and reliance on fossil fuels

600
| 600 GW*

550 | Required storage deployment to:
500 - v Ensure further renewables uptake ’,.-"‘
450 ' v Achieve EU climate targets =
400 v' Guarantee energy security . o
350 R
300
250 K
200 \‘\\N e'a‘( ~200 GW
150 B o Historic deployment
100 N ~1 GW/year

50

today 2030
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Mnyn: EASE



How Much Energy Storage is Needed in Greece?

Greece covers ~2% of electricity generation in the EU. Assuming that the share of vRE is
65%-69% by 2030 (PV+ dominated, i.e., 0.08-0.12 GW/%VRE), the energy storage power
capacity requirements in Greece by 2030 are 5.2-8.3 GW [Source: Psomas, S. (2022) -
IENE].




To Evepyelako Miypa otnv EAAada

0%
3

m Awyvitng = Metpéhao = Quowkd Aéplo = ATIE  m HAekTplopog

s Ayvitne = flerpddae = Quoikd Adplo = ATE  ® HAsktplopde,

Awdypappa 1: AkaBapiotn Eyxwpla
KatavaAwon otnv EAAada, 2000
(MnyR: Eurostat)

Awaypappa 2: AkaBdplotn Eyxwpla
KatavaAwon otnv EAAGda, 2020
(Mnyn: Eurostat)
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O Mpaypotikog PoAoc twv AME

Mrmopel OAOGC O KOOMOC va €XEL OTPAMUEVN TNV TPOCOXN TOU OTL( AVaVEWOLUEG [MNYEC
Evépyelag (AMNE) kot to mepipnuo Green Deal tng EE kot va €xel meloBel, katd KAmoLo
apAéeEvo TPOTO, OTL TOL TTAVTA OTO €yyUC MEANOV Ba KwvolUvtal PE TIPACLVN EVEPYELA KOl
nAektpokivnon, mMANV OUwW¢ N aduowrnTn TPOYUOTIKOTATA Twv aplBpwv kat n Papetn
kKataypadn Twv dedopuévwv davepwvouyv pLa TEAELWS SLadopPETLKA ELKOVAL.

Muat TTPOOEKTLKA AVAAUON TOU €VEPYELOKOU LoolUYLoU TNG XWPAG amoKaAUTTEL OTL 25 xpovia
HETA TNV €vtaén twv AME oto ocvotnua NAEKTpOTMAPAYWYAS TNG XWPAE KOL TNV CNUOVTLKNA
Oltelobuon Twv nAlakwv Bepuikwv ocuotnUATwy Ta TeAsutaia 40 Kal KATL Xpovid, N
EVEPYELOKN OlKOVOouia pag e€aptatal o€ moocooto 70% Kal Avw amo OpUKTA KAUOLUA - UE TO
95% amno auta (6nA. meTpEAaLo, PUOLKO AEPLO KOl NAEKTPLOMO) ELOAYOUEVA KOl MAALOTA UE
VP NAO KOoTOC (€6-€8 SLoEK. TOV XPOVO avAaAoya UE TIC ETILKPATOVUOEC SLeOVELC TIUEC).

H eyxwpLla mapaywyn eVEPYELAC KATEVLBUVETAL KUPLWCE OTOV NAEKTPLOMO Kal armoteAeital amo
vOpoNAekTPLKA, NAlakr Bepukn Kot pwTtoBoAtaikn mapaywyn, aloAkd, Blopdla Kol oTepeA
armoPAnta Kot TOV Alyvitn, TOU, OMWG, KOAUTITEL TIAéov €va €AAXLOTO TUAMA TNG
nAektpomapaywyng, Awyotepo tou 10%. Qotdéco, TOAU oUVIOMA KOl XOAPW TNG
adLkaloAdyntng omoudng tng KUPBEpvnong ya mARpn amoAlyvitonoinon péxpL to 2028 (tnv
otwyun mou lepuavia kot MoAwvia Ba kaive avOpaka péxpt to 2040), to pepidlo ToOU
gyxwplou Alyvitn otn nAektpomapaywyn Ba pndeviobel kat autod to kevo Ba kaAuPpBel amno

AUENUEVEG ELOAYWYEC GUCLKOU aePLou KoL NAEKTPLOUOU OO TLG YELTOVIKEG XWPEC.
22




O PoAo¢ tou Quotkou Aeplou

Jopdpwva pe otolxela touv 2020, n EANada swonyaye 6,3 Sloek. KUP. pETpa ¢. agplou PE TO
HEYAAUTEPO UEPOC VA QVTLOTOLXEL OTNV NAEKTPOTIAPOYWYH, EVW EXEL OPXLOEL VO aUEAVETOL
ONUAVTIKA N KATOVAAWGCN TOU OLKLOKOU KOL EUTOPLKOU TOHEA AOYW ETEKTAONC TWV SIKTU WV
o€ OAn tnv EAAGSAQ.

Baoel ektipunoswyv tou IENE, to 2025 n gyxwpla katavalwon ¢. agpiov oe etnola faocn Ba
ExelL oxedov duthaolaotel ota 9,5-10,0 Sioek. KUP. pEtpa. Me 1o P. a€plo, KUPpLwC AOYyw
NAEKTpOTAPAYWYNC, VO avtikaBlotd o peyado Babuod to pepidlo tou metpeAaiov mou Oa
XAVETOL AOYw TNG NAEKTPLKAC OSLaouvdeonc Ttwv VvAOWV (MOU ONUEPA KATOVOAWVOUV
TLETPEAQLO YL TNV TTApAywWY NAEKTPLOUOU), Kal TNV TtpoPAemopevn Sleioduon nAeKTPLKWY
oxnuatwyv. Noat pev mpoPAEnetal avénon tou pepldiov twv AME otnv nAektpomapaywyn,
Tou onuepa kupaivetal oto 30% pe 35%, aAAd autd mpolmoBetel tnv UMapén doptiou
Baong, to omoio, eAAeiP el Ayvitikng mapaywync, Oa kaAumtetal anod To GuoLkO aEPLO aAAL
KOL aTtO ELOAYWYEC NAEKTPLKOU PEVMATOC OO TIC TEPLE XWPEC, cUupTtEPAABAVOUEVNC TNG
Toupkiag.
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KatavaAlwon Quoikou Agpiou otnv EAAGS
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Miyua HAektplopoU tng EAAASag, 2010 kat 2020

2010

= Sold foss! fuels & (3l and petroleum products = Natural gas

2020

* Renewables and biofuels  » Non-renewable waste

s

« Solid foss# fuels = Oil and petroleum products » Natural gas

» Renewables and biofusis = Non-renewabie waste

Mnyn: Eurostat




Fuel Mix in Greece
January 2022

August 2022

Source: [ENE

April 2022
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Fuel Mix per Day in August 2022 in Greece
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HAektplkeC Atacuvdeoelc kat AtoBnkevon Evepyelog

KaBw¢ auvédvovtal ot nAektplkéC SlaocuvOeoel oto OIKTUO TNG NTMELPWTLIKAG
EANGSOC, aAAd Kal ota vnold, ektipatal otL Oa avénbetl n dieiodbuon twv AME kot
Apa Kal Ol AVAYKEC aroBrKeELONC EVEPYELQAG.

2tnv EANASa, mpoxwpolv onuavtika £pya dtaocuvdeonc, onwc ot KukAadeg, oto
BA Awyaio kat ota Awdekdvnoa, EVw TO ONUOVTLKOTEPO £pyo £ival n dltaocuvdeon
NG NMEPWTIKAC Xwpac pe tnv Kpntn, n omoia die€dyetatl oe dvo daoelc: (a) n
Hikpny Slacuvdeon Kprtng-Nelomovvrioou (oAokAnpwBnke) kat (B) n peyaAn
Staolvdeon KpAtnC-ATTIKAG, N omola avapéveTal va oAokAnpwOel to a’ e€dpnvo
Tou 2023.

Mopd TO €KTEVEC TPOYPAUMA NAEKTPLKWY Slaocuvdécsewv ota vnold, Ba
ge€akoAouBrioouv yla TTOAAA akopn xpovia va untapxouv 40 un Sdtacuvdedepéva
HIKPA vnold. Autd mpoodEpovial yla TNV EYKATAOTOON OAOKANPWUEVWV
CUOTNUATWY KaBapAc NAEKTPLKAG EVEPYELAC, LE TNV XpAon Umataplwv Kat AMNE, pe
Sduvatotnta e€aodpaiiong 95% evepyeLlakng oLUTOVOuLaG.
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Ataouvdedbepevo uotnua HAektplknic Evepyelac Mexpt to 2030

T v e e

{Boukyapla)

DAwaouvoeoepEVO
Zuotnpa
HAgRTpWKIG
Evépyewag
tou AAMHE ™
gwc 1o 2030

Yguotapevn Mpappd Metapopac

e  Ippavrina £pya wou 8o KaToOKZUGSTOUY
€wg 10 2024

Aioouvbioeig Kpdne

Moouvbeon Bopeiwy Kukhobuy
Alooivboon Noriwy & Avtiuy Kushader
Meaivbeon Eobowac-Daafay

In bwaouvhcon Eacdac-Bookyopsoc

Endwteon Iuvovdpared 400 kY
grw Nehomdymoo

Avosataoxsun KYT KovgourSolpoo

e  Inpavrika épya nov oxedialovrar
£wg To 2030

Ainotvbeon Awbecavnowy

Aouvbeon Bopeaoavatohumob Ayaloo
Nea M 400 kY ik inmwy- Neag Zavrog
EYT Apyupoimodng

MnyA: AAMHE
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IENE Study: “Feasibility Study of Energy Storage
Systems’ Integration in Crete”

Crete depended on Oil for its power generation by 79.08% in

2019, or 2.44 TWh. Power generation share in Crete in
EU Directives 2010/75/EU (IED) and 2015/2193 are in effect, 2019 per source [%] (Source: HEDNO)
expected to lead to withdrawal the oil-fired power generating
units in Greece’s island systems.

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. 0,02%

AC interconnector Crete-Peloponnese expected during 2021

Future Outlook N
DC interconnector (2x500 MW) Crete Attica

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)

Considerations for installation of a new efficient CCGT (250
MW) 32




>komtoc MeAgtnc IENE

AvVTIKELHEVO TNC avAAuong Atav va TPoodloploel T  OLKOVOULKA (Kot
neptBaAlovtikad) opEAN amo TNV €L0AywWYr) CUCTNHATWY OMOBAKEVONG EVEPYELOC
otnv KpnAtn. Elval pla peA€tn mou ekmovnBnke yia Aoyaplaopo tov AAMHE.

A&LoAoyNUEVN TEXVOAOYLa: ZUOTAMATO ATTOONKEVONC EVEPYELOC UITATOPLWY LOVIWVY
ABiov (BESS)

2 €tn avadopac: 2022 kat 2030
m 2022:

BeAtiotomnoinon KOOTOUC CUCTAMATOC (Mapaywyr Kot armoBEpata eVEPYELOG)
Meilwon tn¢ xpriong netpelaiov otnv Kpntn

= 2030:
Meilwon tng meptkomng ANE
MeyLotomnoinon Tou olkovoulkou odpéloug amnod to arbitrage

Meilwon KOOTOUC UTIO ETTAPKELD OO0V aPopa TLC TEPLOTAOCELC (OpLOUEVN SLaBEaiun

XWPNTIKOTNTA TTapaywyng Kat dtacuvdeonc)
33



Scenarios |

10 Unique Scenarios: variation of critical parameters:

(a) electricity demand,
(b) RES installed capacity,

(c) new thermal power capacity (CCGT),
(d) New pump hydro energy storage capacity

2022 :

Deployed Peloponnese — Crete AC
interconnector (MVA)

Examination of two electricity demand
profiles

Assessment of BESS in an event of circuit
disconnection at AC interconnector
under a high electricity demand
conditions (indicated with connotation
OouT)

Scheduled
conventional diesel and fuel oil units (2022)
RES penetration in line with NECP (2022)

ASC Interconnector Crete-Peloponnese is

decommissioning of

available
Demand as foreseen by NECP (2022)

Scheduled
conventional diesel and fuel oil units (2022)
RES penetration in line with NECP (2022}

ASC Interconnector Crete-Peloponnese is

decommissioning of

available
Demand is higher than the one foreseen by
MECP (2022)
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o

*  Scheduled decommissicning and conversion of *  Scheduled decommissioning and conwversion of
conventional diesel and fuel oil units (2030) conventional diesel and fuel oil units (2030)
*  AC Interconnector Crete-Peloponneze and DC *  AC Interconnector Crete-Peloponnese and DC
S C e n a r i O S I I Intercnnnectt_:tr C_retja—Atti_ca are available Inten:nnnectc!r Ere?e—Attica are available _
*  RES penetration in line with MECP (2030) * *  RES penetration higher than the one foreseen in
= Demand in line with NECP (2030) MNECP (2030) *
*  Demand in line with NECP (2030)

2030

Deployed DC Interconnector Attlca *  Scheduled decommissioning and conversion of *  Scheduled decommissioning and conversion of
— Crete conventional diesel and fuel oil units (2030) conventional diesel and fuel oil units (2030)
* AC Interconnector Crete-Peloponnese and DC =  AC Interconnector Crete-Peloponnese and DC

Interconnector Crete-Attica are available Interconnector Crete-Attica are available
. . L. *  RES penetration in line with MECP (2030) * *  RES penetration in line with MECP (2030) *
Examination of two eIectrICIty +  Demand in line with NECP (2030) *=  Demand in line with NECP (2030)
de ma nd proﬁles *  Includes the Amari RES hybrid station *  New installed CCGT unit burning Matural gas with

installed capacity 250 MW

xamination of B0 RES

generation profiles

*  5Scheduled decommissioning and conversion of *  Scheduled decommissioning and conversion of

Assessment of BESS Wlth/WlthOUt conventional diesel and fuel ail units (2030) conventional diesel and fuel oil units (2030)
. . * AC Interconnector Crete-Peloponnese and DC * AC Interconnector Crete-Peloponnese and DC
the deployment of Amari hybrid

Interconnector Crete-Attica are available Interconnector Crete-Attica are available
power Station (pump sto rage Unit) *  RES penetration in line with NECP (2030) * *  RES penetration higher than the one in line with
* Demand is higher than the one in line with NECP MECP (2030) *
Assessment Of BESS WIth/WIthOUt (2030) * Demand iz higher than the one foreseen by MECP
(2030}

the deployment of an efficient

Gas-fired CCGT

Assessment Of BESS in an event Of Scheduled decommissioning and conwversion of =  Scheduled decommissioning and conwversion of

conventional diesel and fuel oil units (2030) conventional diesel and fuel oil units (2030)
a DC p0|e d Isconnection at DC * AC Interconnector Crete-Peloponnese and DC * AC Interconnector Crete-Peloponnese and DC
. . Interconnector Crete-Attica are available Interconnector Crete-Attica are available
Interconnector u nde rvarious *  RES penetration in line with MECP (2030) * *  RES penetration in line with NECP (2030) *
conditions (lnd|catEd with * Demand is higher than the one foreseen by NECP = Demand is higher than the one foreseen by MECP
. (2030) (2030)
connotation OUT) =  Mew installed CCGT unit burning Matural gas with = New installed CCGT unit burning Matural gas with
installed capacity 250 MW installed capacity 250 MW

*  Includes the Amari RES hybrid station

* Includes the Minos — Salar-Thermal Power plant in Sitia




Methodology - CRETE-UCED+S model

Crete UCED+S model developed by IENE

®  Mixed-integer linear programming tool.

m  Cost optimization (minimization). iy
= Deterministic model. e e
Crete-UCED+S model : tailormade for the elaboration of o
. Plart 2 Dirnstion Network
the specific study. o UL o
Input
. . . Certralftormge
®  Thermal cycle of available thermal units (ramp-up/down, min up/down Spee
time, technical minimum output etc.)
®  Grid constraints: spatial constraints, spinning reserves etc. (rpmAs
m  RES generation (deterministic time series)
m  Electricity Demand (deterministic time series)
m  Costs: generation costs (variable costs, start-up/down costs, RES
curtailment costs, cost of imported electricity (deterministic time

series), etc.)

m  Battery operation constraints (initialization set points, maximum DoD,
roundtrip efficiency)

Output

m  Estimation of the electricity generation mix (generation from
dispatched units and electricity flows at interconnectors)

figare J Nodat depestian af CRETE-UCAS mader™s fuseton for the J0A0 iconanus [No6e B daphy of thwrma

Penas 2YONTL ke I #OART dhogrOm fin Groy) Ik indiotive,

m  System cost (optimized)




N
Parameters and Assumptions Utilized in the Analysis

Electricity demand: Time series projections (IPTO)
RES Scenario Reference Higher Demand

m Cost of curtailment (1 €/MWh) Year 2022 2030 2022 2030

= Time series projections (IPTO) MAX load [MW] 667 73| 728 8%
Total [GWh] | 3105.683 3410.646| 3386.547 3847.526

Power deficit is not Allowed

2022 221 135 0 Generation Costs: Projections for the costs of operation,
2030 322 302 50 i.e. variable costs and startup/shutdown costs for each unit
2022 - - expected to be operational in the reference years (IPTO)

2030 1800 700 50 . : : : : :
Electricity prices in mainland Greece: Time series

= Amari hybrid power station with PS projections (IPTO)

(75 MW (output), 140.16 MW Available Capacity of interconnectors (under

pumping capacity, 1087.7 MWh disconnection event)

storage capacity) Grid Constraints (affecting generation schedule)
BESS

= Roundtrip efficiency: 90%
= Maximum allowed DoD 85%
m CAPEX — average expected prices §

(2022, 2030) -
= Investment lifetime 10 years (no
residual value) S I I | I

o o

- OPEX 05% Of CAPEX & gt 5 i i aF P 4 l\_"‘\“ & c

o CAPEX Z0Z2 (M, ©) CAPCX 2030 (M, ©)




BESS Integration in 2022 — Results BaU22

BAU22 Scenario: Reduction of oil use in Crete
= 100MW/400MWh : -5.6% power generation from oil units
= 100MW/400MWh: -73.2% of thermal units start ups
= 50MW/200MWh: €12.07 mil. after depreciation
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Figure 5 Power generation from conventional oil units in Crete for BAU22 scenario
after the integration of various BESS.
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Figure 4 Annual maximum hourly average load demand covered by conventional oil
units in Crete for BAU22 scenario after the integration of various BESS.
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Figure 2 Economic benefit for the integration of various BESS in the system of Crete under

BaU22 Scenario
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Figure 3 Economic benefit after depreciation for the integration of various BESS in the system
of Crete under BAU22 scenario 38
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BESS Integration in 2022 — Results BaU22 Il

O

Increase of electricity imports
of Crete (2.74% - 7.13%, or
30.14 GWh —78.56 GWh) for
BESS 25MW/50MWh —
100MW/400MWh

Increasing electricity exports at
capacities 275MW
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BESS integration in 2022 — Results HD22

HD22 Scenario: Reduction of oil use and generation cost
reduction in Crete

4500
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3500
3000
2500
2000
1500
1000
500

= 100MW/400MWh : -12,8% power generation from oil units
= 100MW/400MWh: -74% of thermal units start ups
= 50MW/100MWh : Optimal; €10.07 mil. after depreciation
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Figure 8 Power generation from conventional oil units in Crete for HD22 scenario after the integration

of various BESS.
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Figure 7 Annual maximum hourly average load demand covered by conventional oil units in Crete for
HD22 scenario after the integration of various BESS.
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Figure 3 Economic benefit after depreciation for the integration of various BESS in the
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Figure 2 Economic benefit for the integration of various BESS in the system of
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BESS Integration in 2022 — Results HD22 (OUT)

HD22(OUT) Scenario: Reduction of oil use in Crete

= 100MW/400MWh : -9.9% power generation from oil units

= 100MW/400MWh: -74% of thermal units start ups

= 50MW/200MWh : Optimal; €10.86 mil. after depreciation
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Start-ups Conventional power generation from oil units

Figure 10 Power generation from conventional oil units in Crete for HD22(OUT)
scenario after the integration of various BESS.
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Figure 11 Annual maximum hourly average load demand covered by conventional oil
units in Crete for HD22 scenario after the integration of various BESS.
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Figure 2 Economic benefit for the integration of various BESS in the system of Crete
under all examined scenarios
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BESS Integration in 2030 — Results BaU30

116,400,000.00 €
116,300,000.00 €
116,200,000,00€
116,100,000.00 €
116,000,000.00 €
115,900,000.00 €
115,800,000.00 €

115,700,000.00 €

47.54% of the demand in the system of Crete
or 1.64 TWh annually is covered by RES

52.46% or 1.81 TWh is covered by electricity
imports.

Total Costs (€)

115,600,000.00 €

Oil units and gas retrofitted units at i e

Atherinolakkos TPP remain in cold reserve. 115,400,000.00 €

BESS
Less use of BESS in comparison to 2022 driven

only by arbitrage (price volatility of imported
electricity from mainland Greece) .

Indicatively BESS annual utilization is lower -
by: 25MW/50MWh: -59.58% or -15.9 GWh 1,000,00%
100MW/400MWh: -29.2% or -30 GWh e
Low system benefit €76,215 - €566,537 for 1,000 06x
BESS 50 MWh — 400 MWh. e

Negative cashflows after depreciation: -
25MW/50MWh: € -0.98 mil.
100MW/400MWh: € -6.7 mil.
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BESS Integration in 2030 — Results BaU30 (OUT)

temporal load allocation adds system
utility value of 1.48-1.53 mil. € for
25MW/50MWh, and 4.73-5.31 mil. €

BESS < 100MWh are economically viable
after depreciation:

®  25MW/50MWh, €423-€471
thousand per year

®  25MW/100MWh, €141-€247
thousand per year

® 50MW/100MWh €171-€294
thousand per year

BESS > 150 MWh: negative cashflows
after depreciation

Total costs (€)

127,000,000.00 €
126,000,000.00 €
125,000,000.00 €
124,000,000.00 €
123,000,000.00 €
122,000,000.00 €
121,000,000,00 €
120,000,000.00 €
119,000,000.00 €
118,000,000.00 €

BESS

m System Benefit

4,000 000
3,500,000
100 000
2,500,000
= 2,000,000
=
-
1,500 000
1,000,000
500,000
0
500, 000
BESS
T ae
— e
= ImporT
O
— 11
—
e (Lt ry Do Bt

s System Benefit after BESS depreciation

6,000,000.00 €

5,000,000.00 €

4,000,000.00 €

3,000,000.00 €

2,000,000,00 €

1,000,000.00 €
¢

-1,000,000.00 €

2,000,000.00 €

-3,000,000.00 €

Total system costs

pls e )
" AOOMWY

o

29550

17486400

A0 Y

1633937
15887

BASE )

System Benefit (€]



BESS Integration in 2030 — Results HD30 (OUT)

Load deficit {MWh)

e L5t of bzad (MWh) (due to power deficit)

HD30: little effect of BESS, marginally
similar results with BAU30 scenario
Economic benefit after depreciation for
systems with storage capacities 100 MWh
— 200 MWh€: 1.8 —€2.6 mil. per year

Power deficit of 0.43 GWh over 23 hours
during the 2-month disconnection period
(July-August examined)

m reducedto 0.11 —0.18 GWh over a

period of 4 - 7 hours for 100 MWh — 200

MWh of BESS integrated capacity

=  Almost completely erased for storage
capacities greater than or equal to 400
MWh
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BESS Integration in 2030 — Results HR30 & HDHR30

. . TR 2900y TR0 2900y
System of Crete - Exporting position o .
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RES curtailment without BESS: HR30: B ) 100 5 00
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Highly volatile RES profile: high BESS
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Figure E5 Estimation of curtailment of RES (MWh) and annual accumulated time (hours) of RES’s curtailment for scenarios (a)
HR30 and (b) HDHR3O for the integration of various BESS in Crete.
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Yupmepaopota MeAetne IENE yua tnv Kpntn

H olkovoulkn okomipotnta tou BESS pe Baon 1o npoPAenopevo CAPEX umopel va Bpebel kupiwg to 2022 otav ot
netpeAaikég povadeg e€akoAouBolv va elval n kUpla mnyn NAEKTPIKNG evEpyelag otnv KpAtn Kol EMOUEVWE N
QVTLKATACTOON TNG Iopaywyng Toug pe AME kat eloayopevn nAeKTpLKA evépyela amodEpel UPNAOTEPA OLKOVOULKA
odEAN.

To olkovouLka BEAtioto BESS £xeL mpoodiloplotel OtL eival €va BESS pe xwpntikdtnta 50MW/200MWh, to omoio
UTopel va poodEPEL OLKOVOULKO 0deAOC oTo cuotnua, SnAadn pelwon Tou KOOTOUG TOU CUOTUATOC HETA TNV
anooPeon, katd €12,07 ekat. kal €9,98 ekat. yla ta oevaplo BAU22 kat HD22 avtiotowya.

Eva xapunAotepo mpodiA Intnong aufAveL TNV OLKOVOLKA OKOTILLOTNTA Tou BESS kabwg auvéavetal n afia tou yla
NV mapoxn BonBntikwv unnpeotwv (spinning reserves). H tun avtr npoodlopiletat OtL Kupaivetal petafy €1,8-
€2,1 ekart. ava £10G.

H evowpatwon tou Central BESSs €ival olkovoukad aveédiktn AOyw Tou oAU uPnAol KOOToug €mevOUTIKOU
kedalaiov to 2030 kat Tou xapnAol otkovoplkol odpEéAoug amo To arbitrage.

H owovoulky okompotnta mpokuntel to 2030 unmd ouvbnkeg amoouvdeong evog moAou otn dloouvdeon
KaAwdiou cuvexol¢ pevpatog ATTiknc-Kpntng (2 HAVEC) yla xwpenTikotnteg amobnkeuong BESS mou kupaivovtot
arno 50 MWh - 100 MWh yia to oevaplo BAU kat ylo omoladnmote oAOKANPWHEVN XWPNTIKOTNTA amoBnKeuong
BESS umo6 ouvBnkeg avénuévng Intnong.

Mepwkomr) AMNE ocupPaivel povo oe €va oevaplo vPnAng evomoinong AME mou meplapPfavel cuvoAlkn woxy ANE
2.550 MW otnv Kpntn (mepwkomnr) AME 9,17% kat 7,82% 1 622 GWh/€toc kat 532 622 GWh/£to¢). Ze autrv tnv
TIEPLITTWON, UTIAPXEL XPNOTIKN ala Tou BESS, aAAa n evomoinon tou BESS mapapEVeL OLKOVOULKA OVEDLKTN.

Toa BESS pe unAn xwpnTikotnTa amobriKeuong amaltouvTaL yia T 8paoTiki HElwaon TN MEPLKOTING UTIO OUVONKEG
vPnAng dietoduonc AME.

H afloAoynon tng uelwong tng meptkomrg AMNE Ba mpemnel va yivel pe Baon pia KEpSOOKOTIKI LELWOT TOU KOGTOUC
TOU ouOoTHUATOG He Baon pa ektipnon tng dtadopag tou LCOE twv AME 1 tng aflag tTng CUMHETOXNAG TOUC OTNV
OPYOVWUEVN 0yopa HElOV TO EKTIMWHEVO KOOTOC NAEKTPLKNG EVEPYELAC TIOU €KTOTLOAV (6ev avaAletal otn
HEAETN).
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Mpotelvopevo Autovopo HAeKTpLKO ZUotnua
AME/Amnobnkevonc yia to KaoteAAopLlo -
Energy Transition of the Island of Kastellorizo




High Penetration of available RES in
the energy mix: Solar and Wind
power

Domestic and
Commercial
End-usze of
Electrici

Diesel
*l Generator

Uninterrupted electricity supply for
all  consumers: Domestic and P
Commercial Consumption QA A

A
Power anagemen
Distribution Genertio Wind Power
Network Electricitylll] ="
Demand lancin

Energy
Storage ) Solar Power
System Desalination

and water

supply

Uninterrupted water supply:
uninterrupted coverage of electricity
demand for desalination facilities
(flexibility through demand
response)

Electric Mobility: coverage of EV
charging demand

Improvement of Energy Efficiency: Utilization of non-electric RES (solar thermal) applications,
more energy efficient end-use devices, more efficient lamps for lighting of public spaces.

Use of Energy Storage system: to achieve high RES penetration while ensuring security of supply.
Lithium-ion battery storage systems were the primary focus due to their continuously decreasing
cost, fast response (immediate high power supply) and sufficient storage capacity.
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The New Energy System for the Island of Kastellorizo

Proposed RES Power Generating Units

(a) Wind turbines (WT): 750 kW (3x 250kW)

(b) Photovoltaic Stations (PV): 2,300 kWp (monocrystalline PV )

(c) Back up diesel generators 1,000 kW (2 X 500 kW/600KVA)

(d) Li-ion Battery Energy Storage Systems 2 X 2.000 kWh/1.000 kW (C-rate 0.5)

Annual Electricity Demand and Power Generation of the Proposed System
4.722,3 MWh for 2025 (higher demand during the period June - October)
Annual Windpower Generation: 4.165 MWh
Annual Solar Power Generation: 3.882 MWh
Energy from RES utilized to cover the demand : 3.974,95 MWh
Electricity discharged from battery system : 433,49 MWh

Energy Curtailment of the RES system: 3.638 MWh (including battery charge/discharge losses)
Back-Up Diesel Generator: 312,9 MWh

RES Penetration

93.37% annually, with energy storage and DSM techniques for electricity demand for water
desalination 49
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Mnyn: MeAétn IENE «H Evepyelakn Autdpkela tou KaoteAAdpLlou», MeAétn (M45), lodviog 2019
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Conclusions of IENE Study for Kastellorizo

The problem of high electricity costs and high greenhouse gas emissions of electricity supply in
Kastellorizo Island can be addressed.

This solution is characterized by high CAPEX (5.5m) but also by very low running costs, stable generation
costs over a long period of time and higher security of energy supply.

High installed capacity of RES (3.05 MW) for the island's proposed system compared to the current diesel
power plant (1.45 MW). Li-ion Battery Energy Storage deals with the problem of intermittent generation
from RES by utilizing excess RES generation covering timely for low RES performance and therefore
increases penetration of RES (93.37%). The high solar potential and the steady moderate wind profile
indicated PV and Wind Turbines as the main generating units of the island.

Energy Storage mainly exploits the excess solar power generation of the day during the night hours, a
phenomenon that is mainly enhanced in the summer months, in which wind turbines in their rated
output cannot meet the increased night demand, while it also contributes covering electricity demand
during short periods of low wind and cloudiness.

Regarding the adaptations of the legal framework for NIl energy systems, these should include specific
studies for each island separately, focusing on security of supply, oil dependence, high RES penetration

(70% - 90%) and thereby drastically reducing greenhouse gas emissions.
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[evika 2vpumnepaopata (I)

Ot d\660€oL otoyol Sleiobuong Twv AME otov NAEKTPLOMO HE TO TIOAU XaUNAO KOOTOC apaywyng dev
UropolV va emiteuxbolv Xwpic TNV peydAn amoBrikeuon, mou Ba emtayUVEL KOL TNV EVEPYELOKN
uetapaon.

3tn Meyalutepn Sieloduon twv AMNE cupPdarAouv ol peyahol udponAektpikol otabuol, ol Siebveig
Sdlaouvbéonelg kal n evowpdtwon twv AMNE otn Asttoupyia katl dlaxeiplon tou Siktiou, aflomolwvTag TLG
oUYXpPOVEG TeXVOAOYLEG TOUG.

Me tnv gloodo tng amobnkevong avfavetal n eveA€ia Kal oTabepdOTNTA TOU CUOTHUATOG UE TIEPALTEPW
Sleloduon twv AME npog to 100%, e KALVOTOUEG TEXVOAOYLEG Kol AOYLoMLKO yla amodotikn dlaxeiplon. H
avtAnolotapievon anoteAel pla SOKILACUEVN dappOY TTOU TIPOoPEPETAL OO TO GUOLKO avayAudo Tng
Xwpag. EKTO¢ amod tnv anobrnkevon He PEYAAEC LOVADEC, UTTOPEL VO TTAPEXEL KOL ETILKOUPLKEG UTINPECLEC
oto 8iKTUo, OMWC PUBULON TACEWC/OTPEPOUEVOC TTUKVWTNC, OTpePOUEVN ededpeia, aAAA KAl GNUAVTLIKNA
pomy adpaveiag pe TN HeEYAAn otpedopevn palo TTOU eVIOXUEL TNV €UOTABEL TOU NAEKTPLKOU
OUOTAHOTOC.

H nAektpoxnuikn amnobrikevon Ue TexvoAoyleg LOVIWV ABilou mpoodEpeTal MAEOV OTO NAEKTPLKO GUOTNA
pne Oleomoppeveg povadeg (pall pe dwToPOATAIKA) KOl HE HEYANEG KEVIPLKEC MOVASEC LKOVNC
XWPNTIKOTNTAG yla tnv Olaxeipon tng HeyaAng Oteiocbuong twv AME Kol TIOAUTIUEG ETUKOUPLKEC
unnpeoieg. OL €peuvec ouvexilovtal, Kuplwg OTn XNUELX TwV HMATAPLWY, KAl TA EMOUEVA XPOVLA
avapévovTal KOAUTEPEC amoSOOELG KoL XAUNAOTEPO KOOTOC.

Baowkeg mpoUmoBeoelg yia povadeg amnobrjkevong oto diktuo eivat: (a) StabBeoun evépyeta twv AME Kot
XapunAn tun (n mieovalouvoa pndevikol KOotoug), Kal (B) amodekto kootog amobrkevuonc. AtabBgowun (A
nmAeovalouvoa) evepyela Sev umapxeL akoun, omote dtetodvouv ot AMNE xwplc tTnv mpowpn €lcodo tNng
amoBnkevongc.
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[evika 2vpumnepaopata ()

Mpotepaldtnta otnv anobrikevon kat Sleicbuon twv AMNE mpénel va §0Bel oe edappoyeg mou Nén eival avaykaieg kat
QTOSOTIKEG, LE BEGULKI KOL OLKOVOULKN UTIOOTAPLEN, OTIWG:

Ta un dtacuvdedepéva vnold pe o uPnAo KOOTOC tapaywyng Le metpEAato kat tig YKQ npoodépovtal oAl euvoika
yla peydAn dieioduon twv AME pe tnv 6éovca amoBrikeuon kol cUYXPOVEG TeEXVOAOYLEG AelToupyiag Kot Staxeiplong
TOU 6AOU CUCTAMATOG.

Ta Slacuvdeodpeva vnold pe to €BVikO ovotnua mpémel va BwpakioBouv evavtl black-out amnod tuxov BAdPBeg otnv
Slaouvdeon, mapdyovtag TNV Ok toug evépyela. ESw mpoodEpovial ol povadeg amobrnkeuong kat ot AME pe
ouyXpova cuoTHaTA EAEYXOU Kal AELToupylag eLoAyovTag TIG LOEEC KAl TEXVLKEG Twv Microgrids.

Edapuoyéc pe Oleomapuéveg povadeg mapaywyns (myx ¢dwtoBoAtaikd ot otéyeg) kol amobrikeuong amod
KATAVOAWTEG KAl CUVETALPLOMOUG TipoodEpovtal TOAU €UVOIKA yla LOLOKATOVAAWGON OE OLKLOKEG, EUTOPLKEG N
Blopnxavikeg xpnoetg, pe moAAamAd odEAn kat xpetalovral umootnplen. O pOAoG ToU KATAVOAWTH €(vVaL ONUOAVTIKOG
yla TNV EVEPYELOKN LETABAON XAPLE OTLG CUYXPOVEC TEXVOAOYLEG. ETal, umopel va avantuooel SpACELS YLa EVEPYELK)
amodoTkoTNTA, NAEKTPOKIVNON, cuvepyaaoia e Tov Slaxelplotr Tou Siktuou pe audidpoun emkovwvia yla BEATIOTN
Aettoupyia Tou Siktuou Kkat apolBaio opEAN, KABWC KAL YLA ATIOKEVIPWHEVN TTAPAYWYN EVEPYELAG.

Ot texvoloyieg amoBrikeuong yia TG AMNE npoodépovrtal yla Slapkela ekdpopTiong wpwv, oAAG HeANOVTIKA, TOo udpoyovo
urnopet va dwoel AUoelg o amoBrikeuon peyalutepng Stapkelag (Stemoxiakn) mpog 100% AME. Me tnv 0A0 Kal peyaAUTepn
Sieioduon twv AME kal tn¢ anobrkeuong enektelvovtal Ta SikTtua Kol ol umtootaduol, onote amatteitatl mapdAAnAa Kat n
€lood0¢ KaLvoTOpWVY TEXVOAOYLWVY Kol Epyaleiwv yla tnv BEATIOTN Asttoupyia Kal Slaxeiplon ToU CUCTAMOTOC, TTAPEXOVTOC
adlaAewnta kabapr) NAEKTPLKN EVEPYELA KOL LLE TIPOOCLTEC TIUEG UE TTEpALTEPW Sleioduon.

Ot unAol otoxol yla tnv peiwon twv ekmounwv CO2 kat n gupeia xprion twv AMNE wBouv tnv texvoloyia mpog Tig MAEov
ePIKTEC Kal amoSOTIKEG AUOELG. AUTO 08nyel o€ peyAAeg emevOUOELG O€ VEEC TIEPLOXEG EDAPLOYWV, OTIOU yLa TNV UAOTOLNON)
KOl UTTOOTNPLEN TOUG XPELAloVTaL EYKALPWE OL LETAPPUOUILOELG Kal To BEOUIKO TTAQLOLO yla TNV ayopd, uTtootnpilovtag Kata
TIPOTEPALOTNTA KAl TIG TTAEOV aMOSOTIKEG epapuoyEéC. To oAU XaunAd kdotog mapaywyns Twv AME Ba emitayuvel tnv
eloodo tn¢ anobrkevong ota Siktua, aAAA TTPOoG TOUTO XPELAETAL KoL VA EUEALKTO BEOUIKO TTAaioLO.

54



INSTITUTE OF ENERGY

Euyoapiotw yia tnv npoooyn oac!

www.iene.eu
cstambolis@iene.gr



http://www.iene.gr/
http://www.iene.eu/
mailto:cstambolis@iene.gr

