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Evioxvon AvtaywviGuou:
Anpomnpaoctec yia Asttovpykn evioyvon otolOpwv AMNE & AnoOnkevonc

RAE - MAY 2021
Neutral Technology RES auction
bids/5 min
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€/Mwh

ZTOOULOMEVN HEoN TR ETUAEXOEVTWY EpYywWV
AMNE 37.6 €/ MWh
(30% katw amod tnv TN ekKivnong)

1st Competitive Procedure for financial operating support of electricity storage in Greece - 2nd Competitive Procedure for financial operating support of electricity storage in Greece -
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Evioyuon AvtaywvioHOoU 6TN XOVOPEUTTOPLKN ayopa.:
Tiuec otnv Ayopa Emopevne Huépac

Average Day-Ahead Market prices - 10-05-2025
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Xovépeumopikn ayopd NAEKTPLKNC EVEPYELOLC:
Mnviaia e€€AEn looluyiov Atacuvdeoewv (2023, 2024)
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Figure 3: Residential electricity prices including taxes
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Kplowa yapaktnplotikd EveAiktwy Ovtotitwy o€ Movtepva HAeKTpLKA ZuoTtipata
Ramping Capacity, Synchronization & Soak time, Desynchronization time, Technical Minimum
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Fig. 1. Operational phases of a thermal power plant.

Athanasios S. Dagoumas, Nikolaos E. Koltsaklis, 2019, Review of models for integrating renewable energy in the generation
expansion planning, Applied Energy, Vol. 242, pp. 1573-1587 https://doi.org/10.1016/j.apenergy.2019.03.194 11



https://doi.org/10.1016/j.apenergy.2019.03.194
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enevOUOoEeLC 0 AAAEC TEXVOAOYIEC
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H nAektponapaywyn ano AMNE emtto)uvel Tig

enevOUOELC o€ AAAEC TEXVOAOYIEC
Mnyn: AEAAHE, 2xeblo Avarmntuénc Awktuou (ZAA) 2024-2028
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AgpodpouLa 5
Blopnxavieg 106
ALOPOPEG ANPOOLEG AOMEG 23

o> Alpeveg 420
- AoLneg dopEC (XLOVODPOULKO, ZUVETALPLOMOL, KAM.) 32
Mapiveg & Nauotabpol 54

_-¥ MntponoALlTiko MNapko EAANvIKOU 120
- Noocokopeia 6
—evodoxeila 62

OAZA, OAZQ, Metpo 40
"'TEXVOAOYLKC) Mapko kat Data Centers 106
':,,vAvdstq BLIE. 295

-

ZUVOAO ALTNHATWY PHEYAANG LOXUOG

To EZEK B£tel wg otoxo nAektpokivnong to EpunmpoocBofapsc Zevaplo, omou to 2030 to HePidLO TWV NAEKTPLKWV OXNHATWYV OTLG
VEEC Talvounoeilg avépyetat oto 30% Kol 0 CUVOALKOC aplOpoc NAEKTPIKWY oxnuatwy to 2030 avepxetal os 337.000 oxrpota.
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Besides the enhanced Protection to Consumers (during crisis and in normal periods)

Electricity Market Design
in UK

in EU

Wholesale Market Location

* Zonal pricing retained (nodal not expected to be adopted, besides advantages)

Wholesale Market Technology (split)
*  Opt-out in EMD (EU) and in REMA (UK)

*  Marginal pricing retained

Wholesale Market Dispatch

e ACER examines Co-optimization of Balancing Capacity Market with Day-Ahead

Energy Market (amending the EUPHEMIA algorithm)

Mass Low Carbon Generation

 PPAs and CfD
Flexibility- Capacity Adequacy

e Capacity mechanism to become element of market design (CM with flex

enhancement/reliability options seem as preferable options)

Competition

e REMIT update

* Ex-ante power mitigation not adopted

Wholesale
market -
location

Wholesale
market - tech

Wholesale
market —
balancing

Wholesale
market — price
formation

Wholesale
market —
dispatch

Mass low
carbon power

Flexibility

Capacity
adequacy

Operability

Figure 2: How the options from the first REMA consultation have progressed
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Sources: Review of Electricity Market Arrangements: Options Assessment (REMA), May 2024,

https://assets.publishing.service.gov.uk/media/65ef6694133c220011cd37cd/review-electricity-market-arrangements-second-consultation-document.pdf

M. Keay and D. Robinson, 2017, The Decarbonised Electricity System of the Future: The ‘Two Market’ Approach, Oxford Institute for

Energy Studies,

https://www.oxfordenergy.org/wpcms/wp-content/uploads/2017/06/The-Deca rbonised—EIectricity—Svsytem—of—the—Future—The—Two—Market—AéLro;ch—OlES—Energy—Insight.gdf



https://assets.publishing.service.gov.uk/media/65ef6694133c220011cd37cd/review-electricity-market-arrangements-second-consultation-document.pdf
https://www.oxfordenergy.org/wpcms/wp-content/uploads/2017/06/The-Decarbonised-Electricity-Sysytem-of-the-Future-The-Two-Market-Approach-OIES-Energy-Insight.pdf

EU’s Electricity Market Design
Market design options assessment

Besides the enhanced Protection to Consumers (during crisis and in normal periods)
*  Wholesale Market Location

» Zonal pricing expected to be retained (nodal not expected to be adopted, besides advantages)

*  Wholesale Market Technology (split)
e Opt-out in EMD (EU) and in REMA (UK)

e Marginal pricing retained

*  Wholesale Market Dispatch

* ACER examines Co-optimization of Balancing Capacity Market with Day-Ahead Energy Market (amending the EUPHEMIA algorithm)

e  Mass Low Carbon Generation

e PPAs and CfD

* Flexibility- Capacity Adequacy

e Capacity mechanism to become element of market design (CM with flex enhancement/optimized CM seem as preferable options)

e Competition

e REMIT update

* Ex-ante power mitigation not adopted 16
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Hourly Energy Mix

RAAEY for a selected date and Schedule (DAM/Market/ISP)
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Evepyelako looluylo tng Ayopag Emopevng HuEpag kat tng
Evbonuepnoioc Ayopac

Hourly Energy Mix

RAAEY for a selected date and Schedule (DAM/Market/ISP)
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Hourly Energy Mix

RAAEY for a selected date and Schedule (DAM/Market/ISP)

8,000

REGULATORY AUTHORITY FOR ENERGY, WASTE & WATER
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RAAEY

REGULATORY AUTHORITY FOR ENERGY, WASTE & WATER
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Extipnwpevo MAeovaopa Evepyelag

Hourly Energy Surplus

for a selected date
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ACER is examining amending EUPHEMIA algorithm, enabling
Co-optimization of Day-Ahead market and Balancing Capacity

Amending the methodology, in particular the Day-Ahead coupling algorithm, is needed to enable “co-optimisation”. By
allocating cross-zonal capacity where its market value is the highest (either to the day-ahead market or to the
balancing capacity markets), Co-optimisation facilitates the integration of the Balancing Capacity Markets within the
Day-Ahead Market and allows for a more efficient use of cross-zonal capacity.

A C E R _ THE AGENCY ELECTRICITY GAS GREEN DEAL REMIT DOCUMENTS NEWS & ENGAGEMENT DATA £ EXTRANET Q

ACER to decide on amending
the electricity price coupling
algorithm methodology

Share on:

O(in)P)

Co-optimization enhances the robustness of schedules and short-term flexibility,
as well as affecting the technology mix and therefore Capacity investments

Wh P b 2 On 24 November 2023, ACER received a proposal from all Nominated Electricity
at s It about” ! ) :
Market Operators (NEMOs) for amending the methodology for the price coupling 21
algorithm and the continuous trading matching algorithm.



EU’s Electricity Market Design
Co-optimization of energy and reserves markets

Koltsaklis N.E., Dagoumas A.S., 2018, Incorporating unit commitment aspects to the European electricity markets algorithm: An optimization model for the joint clearing of
energy and reserve markets, Applied Energy 231, 235-258

Applied Energy 231 (2018) 235-258 O bj ect ive fu 1] ct 1on:
: Hydrothermal units’ supply cost
Min Cost®™ = Y, % Efm D eﬁffﬁ[m'cﬁfjm’d[
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P Incorporating unit commitment aspects to the European electricity markets ) Total reserve provision cost (secondary and tertiary)
Its m p lementation and algorithm: An optimization model for the joint clearing of energy and == Secondary—up reserve provision cast
reserve markets (ri.ar Cictea)

expected i m pa Ct fO r se If' . . . Secondary—down reserve provision cost
Nikolaos E. Koltsaklis*, Athanasios S. Dagoumas + ’(,,TACT)
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d I s p a tc h m o d e I W I t h Energy & Environmental Policy Laboratory, School of Economics, Business and International Studies, University of Piraeus, 18532 Piraeus, Greece' Z E E Tertiary—up spinning reserve p:'(r)v;siont ::‘0; ¢
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Tertiary—down spinning reserve provision cost
———

Contents lists available at ScienceDirect

Applied Energy

ELSEVIER journal homepage: www.elsevier.com/locate/apenergy

® An MILP model for the extension of EUPHEMIA hourly offers module is presented. + ( = o3s— )
P . ht,t,de" ~ht e
® Power reserves market is jointly cleared with energy market. . L. .
® Minimum income condition is extended to include also welfare from reserve market. Tertiary —up non—spinning reserve provision cost

[ ] a s I it e ra t u re p rOVi d e s o Intra-hourly ramping constraints guarantee system’s flexibility capability. i

o Strategy, market structure, and power trading affect techno-economic decisions.
clear evidence of co-
ARTICLE INFO ABSTRACT
optimization for central The main contributions and the prominent features of our work include:

Keywords: The European electricity markets’ integration aims at the market coupling among interconnected power systems

. . Power exIc:angzsl and the enhancement of market competitive forces. This process is facilitated by the adoption of a common ( i ) i nco rp (0] rat | on Of th e i nte ra Ct | on Of p ower Ca p ac |ty reserves Wlt h an ene rgy‘
EUPHEMIA model i i i - i ici
d I s p a t c h m o d e I W I t h Join eergy nd reserve market clearing algorithm among European power exchanges, entitled EUPHEMIA (Pan-European Hybrid Electricity on |y ma rket'

! ) Market Integration Algorithm), which however lacks to capture critical technical aspects of power systems, as
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H H H Minimum income condition . . . ol . .
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Source: https://www.sciencedirect.com/science/article/pii/S0306261918314090#f0005
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‘Exouv ulomounBsi

Ayopad Emopevne HuEpag — 20leuén e Italia
(15.12.2020)

Ayopad Emopevng HuEpag — 2Uleuén pe BouAyapia
(11.5.2021)

Evéonuepnola Ayopa - MNepldpepeLaKES ZUUTTANPWLOTLKEC
Anpomnpaocieg pe ItaAia kat 2AoBevia (20.9.2021)
YBpdikd povtEAo Asttoupyilag tTng ayopac tng Kpntng yia
To petaBatiko dtaotnua amno tnv A’ Paon E€wg tnv B’
®aon tn¢ dtacuvdeonc (1.11.2021)

Evéonuepnola Ayopd — Mnxaviopog 2uvexoug
YuvaAAlaync (29.11.2022)

Evbonuepnola Ayopad - MNaveupwrnaikeg Anpompacieg
(13.6.2024)

AleVpuvon Zuppetoxng otnv Ayopa E€lcoppomnnong
(Katavepopeva AME kat Qopeic ZwpeuTikng ATtokpLong
ZAtnong) — 2022, 2023

. Evapén Asettoupylac mhatdpoppag PPAs amo 1o

Xpnuatiotrplo Evépyelag (Aek. 2024)

Yuppetoxn tng AAMHE A.E. otnv Eupwraikni MAatdopua
PICASSO yLa avtaAlayn evepyelag e€looppomnnong aEA —
18.03.2025

MetappuOpuioeic yia tig Ayopec Xovdpiknc HAsktpikng Evepyetlac

Mpog oAokARpwon

1. Elwoaywyn nmpoioviwv vnmowptlaiag dtapketac (15 minutes)

otnv Ayopa Entopevng Huépag kat tnv Evéonuepnola
Ayopd (Armddaon PAAEY E-150/2024) — 12.6.2025
Alapopdpwon mAatciou yla TN CUUUETOXA TWV LOVAS WV
amoBrnkevong otLc BpaxumpoBeoeC ayopeC XOVOPLKAG
NAEKTPLKAC eveEpyelac (Ayopa Emopevng HuEpag,
Evbonuepnola Ayopad, Ayopad E€lcoppomnong)
Enavaoyeblaopog Ayopac E€looppomnnoncg yla t
ouppetoxn tng AAMHE A.E. otnv Evpwnaikni MAatdopua
MARI yla avtaAlayn evépyelag e€looppomnnong XEAZ

MOavn peAlovtik vAomoinon ZuvpeAtiotonoinong
Evépyelacg e loxu E€looppomnong otnv Ayopa Emopevng
Huepag

MOavn peAlovtik udomoinon Mnxaviopou loxuog



MetappuOpuioeic yia tig Ayopec Xovdpiknc HAektpikng Evepyeiac

Local Go-Live -
Coupling with IT border Coupling with BG border

15 Nov 2020 15t Dec 2020 11% May 2021 1% lune 2025
European
DAM colated | CoUPIing European Coupling SDAC SDAC 15’
auction SDAC Italy & Bulgaria MT")

Italy

12th June 2025

IDM European coupling XBID 15’
continuous (XBID) MTJ

29" Nov 2022

Mnyn: EAAnViko Xpnuatiotnplo Evépyelag, 15/1/2025, Workshop on 15min MTU Implementation 24



Kpiowwec Evepyeiakéc Ymodopéc
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EOviko Zx€610 yia tnv Evépyera kat to KAipa (EZEK)

Evepyelakn T eapeTa FNITOE TR BlopeBavio
) E . . . .
fodamaman | E e LT ke MMe oo
n\ektporiapaywyrig  OI00LVOETEWY He Ktipiwv el L RO P
ané ArME VEITOVIKEG XWPESG — 2030
+
2025 00— AvarTuén S:;d/\llfg\l?c? AvanTuén
Avarnrtuén Evioxuon Siktowv E&nAekTplopog ‘Epya deapevong SuvnNTIKWV YTEePAKTIwY
2uotnudtwy petagopdc Kat 00IKWV peTadopwv Kal aroBnkevong n KOITAOUATWY ALOAIK®V
artobrikevong Slavoung NAeKTPIoPoL KClL ETIEKTAON xpnong CO2 (CCS) dualkoL agpiou

EBvikd 2xéSl0 yia tnv
Evépyela kat To KAipa

uTtodopwyv ¢oOPTIONG

MnyA: YNEN 26
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Avamntuén Yrmodouwv Quokou Agpiov

Q
“ &
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N

Source: IENE

AweBveic Atacuvdéasig PA otn NA Eupwrnn

TAP — 10bcm etnoiwc os Greece, Italy and Bulgaria (uéow IGB)

IGB — 3bcm etnoiwc oe Bulgaria (og Asttoupyia 01.10.2022)

IGNM: North Macedonia — 1.5 bcm etnoiwg oe North Macedonia,
Kosovo, Montenegro Serbia (umo kataokeun)

Transbalkan — avaotpodn pon firm capacity bundled products (amo
Greece o€ Bulgaria/Romania/Moldova/Ukraine)

- EastMed — 12-15bcm etnoiwg ano Israel/Egypt/Cyprus/Lebanon oe

Greece/ltaly

Ynobdouég MA otnv EAAGSQ
MeyaAo evdladépov yia emevbuoelc os FLNG/FSU/UGS

- Revythousa FSU (petoatikd HETPO KATA TNV EVEPYELOKH Kpion)

- Alexandroupolis Terminal (2024)

- Korinthos Terminal (oAokAnpwpévn deopeutikd Market Test)

- Volos Terminal (oAokAnpwpévo pn deopeutikd Market Test)

- Salonika Terminal (Adcl066tnon ano tn PAAEY)

- Thraki Terminal (Adcw066tnon ano tn PAAEY)

- Kavala Underground Storage (um6 mapaywpnon armno to TAIMEA)

27



‘Eykplon AEKOETOUC
Npoypapparog
Avamntuén ZUGTANATOC
Metadopac HAEKTPLKAC
EvépyeLac

TYNDP (2022-2031) eykekpipévo ano tn PAE, npoéPAene
* 2023 yia Kpntn (DC)
* 2024 yia 4" @aon Atacuvbeons twv KukAdadwv (AC)
* 2028 yia Awdekavnoa (DC)
* 2029 yiax Bopeto Atyaio (DC)

* 2023 Enéktaon cuotiuato¢ 400 kV otnv MeAonodvvnoc

Xapmng EAAnikoy Zuotrpartog Metadopag HAextpung Evepyewag
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Aekoetec MPoypAMMUOTOC
Avantuén ZuoTAHATOC
Metadopac HAEKTPLKAG
EvépyeLog

AeUtepn Alaovvdeon EAAadoc - BouAyapiag (2023) — o€ Asttoupyia
Aeutepn Atacuvdeon EAAadog - Toupkiacg (2030)

Awaovuvdeon EAAadog- Kmpou- lopanA (2030)

Aeutepn Ataovvdeon Greece-Albania (2030)

AvaBaduion Aiacuvdeong EAAadog — Bopetag Makedoviag (2030)
Aeutepn Ataovvdeon EAAadoc — ItaAiag (2030)
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Eykataotaon £EUnMVwWV HETPNTWYV

* 'ExelL oAokAnpwBOEl n eykataotacn E{unvwv
EIAOZ MEFEOOS NAPOXHS IZXYZ MAPOXHZ (P) . AWTE Al
NAPOXHS (KVA) METPNTWYV 0TOUG KatavaAwteg MT kot e€eAiooceTal
‘ N° 03 3 OTOUG KaTtavaAwTteg XT
Movogaoikn N° 05 12 e Avuvatdtnta aflonoinong Twv SUVAHMLKWY
N° 1 15 (moptokaAi) TipoAoyiwv, mov avapévovton EVog
mz 2 25 Tou 2025 yia tn XT
TpIpaocikn N 2 gg * 'Exouv gykatactadei avw twv 600.000 £§untvol
N° 5 85 METPNTEC, EVW EKTLHATOL OTL Oa avédvovtoal
N° 6 135 petagL 800.000 kot 1 ekatoppUpLO KAOE XpOvo
N° 7 250 arnod to 2025 éwc 1o 2030, 7,3 £K. 6TO GUVOAO.

JUpdpwva pe to ZAA 2024-2028 tou AEAAHE, oto Eviaio Kevtpiko uotipa TnAEUETPNONG EXOUV evtaxBeL:

e 21.033 petpntég o Neldteg MT, ek Twv omolwv ot 8.770 eival Katavalwteg MT, ol 8.131 eival Mapaywyoi MT, ot 3.347 eival
evllApEOOL PETPNTEC O€ TtapoXEC MT kat ot 785 eival Automapaywyoi og mapoxec MT.

* 67.487 petpntéc MeydAwv Medatwv XT woyvoc 85 kVA, 135 kVA kat 250 kVA (tapoxeg No 5, 6 kol 7 avtiotowa), EK Twv
omolwv ot 55.902 eivat KatavaAwteg, ot 9.494 sivat Napaywyot, ot 1.703 sival Autonapaywyol kot 388 sivat O/B Itéync.

e 554, 986 £funtvol petpnteg (mapoxec 0, 1, 2, 3 & 4) ek Twv onoiwv 534.965 eival KatavaAwteg, 1.585 eival Napaywyol,
16.434 eival Autonapaywyot kat 2.002 sivat O/B MNpoypapuatoc ITeEyng

* Eilxe mpoypappatlotel n eykatdotaon Eunmvwy PeTpnTwy o€ ~67.000 mapoxEg No 4, Kabwc Kol Twv TTapoxXwV
Avutonapaywywv NAEKTPLKNAG evEpYELAC N Katavalwtwy pe Ymodoueg Enavadoptiong HAektpokivntwyv OXnUATWY KQTa
TIPOTEPALOTNTA, EVTOC TOU 2024




2 UuTtepdoparda
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[ 4
2UUTTEPOOLOTAL
H P.A.A.E.Y. anoteAel ula cuyxpovn PuBuiotiki Apxn, BEATLWVOVTOC TLC UMNPEGLEC TNC, mMpoBailvovTocg
otov YndLako tnc HeTacynuatiopno npoc odpeloc twv Katoavalwtwv/MoAiltwv, oavantuooovToc:

® Wnolakeg Ynnpeoiecg yia tov KatavaAwtn Evépyelag, tnv Ayopa EVEpyeLac Kot TOUC TOUELC
AnoBANTwv & Yédatwv

® BeAtiwvouv thv e§unnpétnon tov KatavaAwtn, evioxUouv tov Avtaywviopo Kat tn Atagavela, BeATLwvouv To £pyo
tou PuBuiotn kat aAAalouv tn $uon tou PuBuiot og R2C (amo PuBuioti npoc KatavaAwtn).

Avopéc EvEpyeLoc

® Evioxuon tn¢ Atadaverag Kat Tou AVTaywvioHoU oTn XovOopLKA Kol Alavikh oyopad

® OAokAnpwon Alywv EVATIOUELVAVTIWY UETAppUBUicewy otnv xovoplkn ayopd (Market Reform Plan)

® MARI for mFRR, TSO-DSO coordination, 15min MTU, Market integration/coupling with Western Balkans
® Ynuata ayopwv yla enevduoelc os AltoOnkevon/Anokpion IRTnong

¢ Avuvatotnta Suvaulkwy (mopTtokaAl) TLLOAOYLWY UE TNV EYKATAOTOON EEUTIVWV LETPNTWY

® H éieioduon twv AMNE emitayuvel emevlUOEL 0 £ENAEKTPLOUO VEWV TOMEWV: peTadopEc, cold ironing,
data centers, amoBrikevon, mpactvo vdpoyovo, utodopec/diktua, avtonapaywyn (net billing)

® HPA.A.EY. éxeL tpoBel og €ykalpn EyKpLon KPLOLHWV EVEPYELAKWY UTtoSopwV AlktUwv EvEépyelag,
TTOU EVLOXUOUV —pETAU AAAWV- TOV pOAO TNG XWPOSG 32



EueAmioToUpue va sigaote Xphoipol aTtov ToTo,
diaogpaliovrac Thv TlpooTacia Tou KaravaAwTnh
kal Tou Anpoagiou ZUppéPovToc

PAAEY

PYOMIZTIKH APXH ANMOBAHTQN, ENEPTEIAZ & YAATON
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