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AVTLLETWTILON EVEPYELAKNC KPLONG

[Mpoowpvoc Mnxaviopocg Mapakpatnonc Mepouc Ecodwv Mapaywywv

(31% mepimou xapnAotepn T TEALKNC ekkabapiong tng DAM)

Aéia Juvaldaywv (Xwpic kat Me Mnyaviouoc lNMapakpatnong Ecodwv)

lovAtog 2022 Alyouctog 2022 Tentéupprog 2022 OktwPpLog 2022
2,04bn€ -> 1,42bn€ 2,34bn€ - 1,46bn€ 1,80bn€ - 1,23bn€ 0,95bn€ - 0,70bn€
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Mpotaon RAE otov ACER yla 2xedlaopo tng Ayopac:
Ex-ante Market Power Mitigation

at offer submission stage (case study with 18 countries)

Study performed for RAE by ECCO
International Inc. USA and Aristotle
University of Thessaloniki (October 2022)

using the ATLASx DAM solver simulates the
European Day-Ahead Markets, with the
functionality of the solver Euphemia,
incorporating all types of orders.

Data from ENTSO-E Transparency Platform

524 GW installed capacity: 394 GW thermal
units, 130 GW hydro units

1684 units: 782 thermal units, 902 hydro units

% = &
18 markets under study / simulation

0 Other markets interconnected with the 18 above markets Q

] Other markets not relevant with this study

= |nterconnections between any of the 18 markets with
neighboring (external) countries
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Pre-invasion period:
01/11/2021 — 30/11/2021

Invasion period:
15/02/2022 — 28/02/2022

Post-invasion period:
01/03/2022 — 15/03/2022

[Mpotaon RAE otov ACER yla 2xeblaopo tng Ayopac

[epiodol TTOU €€eTAOCTNKAV

Pre-invasion period:
01/11/2021 — 30/11/2021

Nov '21

15/02/2022 — 28102/2022

Invasion period: Post-invasion
01/03/2022 — 15/03/2022
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Mpotaon RAE otov ACER yLa 2xebLaopo tng Ayopac

AtroteAéouarta lNpooopoiwoewv — Market Revenues

Decrease (%) in Market Revenues from the implementation of different
scenarios of the Ex-ante power mitigation mechanism

22.3%

16.3%

13.5%
I 7.5%

Scenario 1.1 Scenario 1.2 Scenario 1.3 Scenario 1.4

7.5%-22.3% peiwon ota
KEPON TWV TTAPAYWYWV

H PAE mrpéteive otov ACER
TNV UI00£TNON ex ante power
mitigation mechanism pe
OpI10 EAEyXOU OTIG
mpooPopés (threshold on
cost-based Default Energy Bid
-variable cost)

oe €/ MWh avri o€ (%), 6TTw¢ 0
IESO

m.X. 25 €/ MWh avrti 10%
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H PAE Ba rtpoknpU&eL HLaywviopO Yo LEAETN (LE TIPOCOUOLWOELC)
Tou 2xedlaopou tn¢ Eupwmaiknc Xovdpeumopikng Ayopag
HAektpwnc Evépyetlac vy urtootnpén tou ACER

Market Design Options to be included in the Terms of Reference in RAE’s Electricity Wholesale Market Design Tender (draft)

Market design options for reform under consideration

Wholesale market — location

Flexibility
» National pricing

» Zonal pricing
» Nodal pricing

» CM with flex enhancements
» Supplier obligation (inc. CPS)
» Revenue cap and floor

Wholesale market — technology Capacity adeguacy’

» Optimised CM
\ » Centralised reliability option
EU electricity ‘ 7> Targeted tender

Wholesale market — dispatch market dESIQI'I Competition

[0
[em=] » Ex-ante power mitigation
w > FHR & market concentration

Mass low carbon generation Operability

Source: RAE
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IMAKPOXPOVLOC 2XEOLAOUOC VLA EVEPYELA KOL KALLOL

To EBviko 2xebo yia tnv Evépyela kat KAlpa (EZEK) Ba kaBopioet tnv €6vikn KapmuAn
OpLAKOU KOOTOUC MELWONC EKTTOUTIWV AEPLWV TOv Beppoknriiov (Marginal GHG
Abatement Cost Curve) kot T TIOALTIKEC YLOL ETUTEVEN TWV OTOXWV

Global GHG abatement cost curve beyond business-as-usual — 2030

Abatement cost

Gas plant CCS retrofit
Coal CCS retrofit

€ pertCO.e Iron and steel CCS new build -
60 r Low penetration wind Coal CCS new build
50 : ) ) Cars plug-in hybrid Power plant biomass
Residential electronics Degraded forest reforestation —— — & tco-ﬁ.nng
. ; : : educed intensive
40 Residentisl applances Nuclear agriculture conversion
0 Retrofit residential HVAC Pastureland afforestation High penetration wind
Tillage and residue mgmt Degraded land restoration Solar PV
20 Insulation retrofit (residential) 2"~ 9eneration biofuels — Solar CSP
: Building efficiency | ’
10 Cars full hybrid new build |
[— Waste recycling ]
0 ILE 1 sy
|| |J_ll——“#3 15 | 20 25 30 35 38
-10 Organic soil restoration
Geothermal Abatement potential
-20 Grassland management GtCO.e per year

-100

Reduced pastureland conversion
Reduced slash and burn agriculture conversion
‘— Small hydro
— 1St generation biofuels
— Rice management

— Efficiency improvements other industry
— Electricity from landfill gas

— Clinker substitution by fly ash
Cropland nutrient management

—~ Motor systems efficiency

L Insulation retrofit (commercial)

Lighting — switch incandescent to LED (residential)

Note: The curve presents an estimate of the maximum potential of all technical GHG abatement measures below €60 per tCOze if each
lever was pursued aggressively. It is not a forecast of what role different abatement measures and technologies will play.
Source: Global GHG Abatement Cost Curve v2.0

Turukn KoprtoAn Oplakou Kéotoug Meiwong Ekmounwy agpiwv tou Beppoknmiov. Source: Global GHG Abatement Cost Cu rve v2.0
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Aeutepn Mpotepatotnta




ErntevbUoeLc og Alktua HAempL% EvepyeLag
, , Eykekplpevo amo tn P ,
Aekaetec MNpoypappa Avarttuénc Aiktvov Metadopag (2022-2031)

Xaptng EAAnvikou Zuotipatog Metadpopag HAektpikng Evépyelag

Blagoevgrad Marites Enst

TYNDP (2022-2031) eykpiOnke ano tn PAE. e (m..,.-.,/}
o IlépﬂnM‘uulbovin) ; - V7, Babaesi

(Toupmia)

Kee ':EI'

AAMHE givai umoxpewUEVOC va UAOTTOLNOEL TIC NAEKTPLKES
SLaOUVOEDEIC:

2023 yia Kpntn (DC)

~—  Ygovéuevn Mpajpyf Merapopdc

=== Inpavuxd épya mov o Karaskevaotolv
£we 1o zcu"

2 i Avzoivbeon Xpqme-AtTag
Mo Avzotvbeon Notiwr & Avticdy Kexhabuy
\ MzoivSesn Eoposec-Ixidiou
m M {roh A umm Rosed P

Emderoon Ivstigorog 30 kV
Mm: oty Mledomavimoo

R Avaxatacxeed KYT KocgosvSotpoe

| == Inpavaxd ipya mov oxebidlovral
| £we o 2030

Avzoiveon AwScearnmzun
Arvzoiviesn Boprwoavatohoo Alyaiou
Neta N &30 RV Shinnuy- Neog Tdvrac

2024 yia 4" @aon Awtacvvdeonc twv KukAadwyv (AC)
« 2028 yia Awébekavnoa (DC)
e 2029 yia Bopeto Ayaio (AC)

».,__‘: Tépos

e 2023 Enéxktaon tou Suotiuarog 400 kV otnv lNMeAonovvnoo
(AvatoAikog kat Autikog Ataedpopog)

Teveaphm



Entevbuoslc og mepupepelakd Aiktua HAekTpKC EvEpyELag

Yo eykplon aro tn PAE ,
Aekaetec MNpoypappa Avarttuénc Aiktvov Metagdopag (2023-2032)

O AAMHE rtpoteivel Tti¢ akOAoudeg NAeKTPLKES ALeBVEIC
AlaoUVOEDELC:

* Aeutepn Staouvbdeon EAAadac — BouAyapiacg (2023)
* Aceutepn Staouvbdeon EAAadac — Toupkiacg (2029)
 Awaouvdeon EAAabdac — Konpou- IopanA (2025)
 Awaxouvbéeon EAAadac — Ayuntou

» Aeutepn Staouvbdeon EAAadac — ItaAiacg

* Aeutepn Staouvdeon EAAadac — AABaviag

 AvaBaduion dtaocuvdeonc EAAadac - Bopeitag Makedoviag
(2030)

Heviz
Cirkovce
Pecs
Okroglo  Krgko
|ta|9‘-_' e \ Arad RO
erjavinec ombor Subotica esita
rnestinovo
itrovica

AIAZYNAEZEIZ
400 kV

Y PLOTAPEVEG

Ymé ka

YTo peAétn

M
e [1pOyPAPHATIOPEVES \\

Egypt

Ixnpas.1 Ixnuatiko Avdypappa twy Alacuvsedepévwy Zuotnuatwy tng NA Eupwring



Ertevbuoelc o€ mepudpepelakeC urtodouec puaolkou agpiou

Enéktaon Awtuowv kot Yrmodopwv Quokou Agpiou

K
ggq\\) O

Marmara Eregli

A A W UNG Terminat
| |

AweBveic Staouvdéoelg otn NA Eupwnn

TAP — 10bcm etnoiwc mpog EAAGSa, ItaAia kat BouAyapia (LEow IGB)
IGB — 3bcm etnoiwg mpog BouAyaplia (epmopikni Aettoupyia 1.10.2022)
IGNM: North Macedonia — 1 bcm etnoiwg pog Bopeta, Makedovia,
KoooBo, Maupofouvio, ZepBia (ongoing Market Test —30.09.2022)
Transbalkan — enitpénel avaotpodn pon npoiovtoc firm capacity
bundled (amoé EAAGSa tpoc BouAyapia/Poupavia)

EastMed — 12-15bcm gtnolwc amnod lopanA/Alyuntoc/Kumpog npog
EANOSa/ ITala

Yrnodouég otnv EAAGSa

YPnAo evliladepov yia emevduoelc oe FLNG/FSU/UGS

- Revythousa FSU (og Aettoupyia, petafatikd HETPO)

- Alexandroupolis Terminal (té€Aog 2023)

- Korinthos Terminal (évapén deopeutikov Market Test 11.2022)

- Volos Terminal (évapén pun deopeutikol Market Test 11.2022)

- Salonika Terminal (Adela ek660nke amod PAE)

- Thraki Terminal (Adsla ek668nke amno PAE)

- Kavala Underground Storage (Alaywviopog mopoxwpnong oo to
TAIMEA)
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Yolotapuevn eykateotnuevn loxug (MW) ava texvoloyia oto
Alaocuvoedepevo HAeKTpLKO Zuotnpa (ZemtepBprog 2022)

vy  EFKATEZITHMENH I2XYZ (MW) ANA TEXNOAOTIA (ZEN 22)
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AnoOnkevon
Aderec MNapaywync /BeBatwoelg
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RES PPAs platform (umo Anpoowa AtafouAeuon amno PAE)

Three options are analysed covering a range of possible solutions; from a
simpler but easy-to-implement set-up to more

Buyers

Sellers

Buyers

Sellers

Buyers

Sellers

Anonymous

Anonymous

Anonymous
Guarantees >>

A FACILITATING PLATFORM (1)

Submit non-
binding offers and
terms of green
energy sold or
bought

Expression
of interest

Submit binding
offers and terms
of green energy
sold or bought
based on pre-
defined *products’

Selection of
buy/sell offers

Submit binding
offers and terms
of green energy
sold or bought
based on pre-
defined ‘products’

complex mechanisms

Buyer

Seller

A FACILITATING PLATFORM WITH ENHANCED CHARACTERISTICS (2)

Buyer A
for Seller C offer

Guarantees >>

Seller B
for Buyer D offer

Platform
optimises
selections of
bid/offers in an
aggregated
manner

A PLATFORM WITH BINDING OFFERS AND AUTOMATED & AGGREGATED MATCHING

Match

Bilateral negotiations
outside of the platform

Platform operator
executes separate
contracts with
buyers/sellers

Platform operator
executes separate
contracts with
buyers/sellers

<< Guarantees

1. A similar solution was introduced in Italy in March 2022 - please refer to the full study for a description. | 2. Illustration presents the enhanced elements of this option only.

5 2022-08-19 | COPYRIGHT AFRY AB | AFRY EXECUTIVE SUMMARY REPORT

Match 1

Seller C

Buyer D

Match 2

Aggregated match

Seller

Buyer

AFRY

AF POYRY



RES PPAs platform (umo Anpoowa AtafouAeuon amno PAE)

Consider Option 1 as a first step, and wait for market signals to assess
whether the enhanced elements of Option 2 need to be developed

OPTION ENABLE THE PPA INCREASE MARKET SIMPLICITY

MARKET TO MATURE COMPETITION INTERFERENCE

6 2022-08-19 | COPYRIGHT AFRY AB | AFRY EXECUTIVE SUMMARY REPORT

FACILITATING

FACILITATING WITH
ENHANCED
CHARACTERISTICS

BINDING OFFERS
WITH AUTOMATED
& AGGREGATED
MATCHING

Bilateral
negotiations
promoted

Can delay market-
player know-how

Alternative route
for market players -
not increasing
market-player know-
how

Not all types of
players could
benefit equally

Enhanced features
can benefit equally
smaller players or
with limited
experience

Enhanced features
can benefit equally
smaller players or
with limited
experience

Does not interfere
with other market
mechanisms or
initiatives

The additional
feature could delay
current initiatives;
upfront clarity is
needed

Higher chance of
delaying or
affecting other
initiatives

Simpler mechanism
that can be
developed in a
shorter timeframe

Complexity could
create delays

Increased
complexity could
create even more
delays

AFRY

AF POYRY
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Ot PuBpuotéc (ACER) Ba mpoodloploouv TIC MPOTEPALOTNTEC KAl
AETTTOUEPELEC TOU OXEOLOOHOU TNC AYOPAC

Market design options for reform under consideration

Wholesale market — location

Flexibility

» National pricing » CM with flex enhancements

» Supplier obligation (inc. CPS)
» Revenue cap and floor

» Zonal pricing

» Nodal pricing

Wholesale market — technology Capacity adeguacy.

' »> Optimised CM
\ c)Cﬂldﬂpm
\ > Centralised reliability option
EU electricity > Targeted tender

Wholesale market — dispatch mardeesugn Competition
[e===] » Ex-ante power mitigation
w » FHR & market concentration

Mass low carbon generation Operability

Source: RAE .



To YMNEN pe to EBviko Zxedlo yia tnv Evepyela kat KAlpa (EZEK) Ba
kaBoploel Tic Mpotepatotntec tnC Evepyelakng kat KAatiknG MoALTKAC

Global GHG abatement cost curve beyond business-as-usual — 2030

Gas plant CCS retrofit
Abatement cost Coal CCS retrofit

€ per tCO.e
60 r Low penetration wind
Cars plug-in hybrid

Iron and steel CCS new build 4
Coal CCS new build
Power plant biomass

50 | 2 & S _Firi it
Residential electronics Degraded forest reforestation —— —— - tco ﬁnng ! [

. ; ; ; educed intensive
40 Resigontisl applances Nuclear agriculture conversion
20 Retrofit residential HVAC Pastureland afforestation High penetration wind

Tillage and residue mgmt Degraded land restoration Solar PV [
20 Insulation retrofit (residential) 2 ger.'ue_ratlon bl'ofuels = Solar CSF;
e Cars full hybrid g | P
Waste recycling

-
ﬂ—|'| l I,I_u——'-l#(_)”- 15 l L L 20 .. ) 25 30 35 38
Organic soil restoration
Geothermal Abatement potential
Grassland management GtCO.e per year
Reduced pastureland conversion
Reduced slash and burn agriculture conversion
— Small hydro
— 1St generation biofuels
— Rice management
— Efficiency improvements other industry
— Electricity from landfill gas
— Clinker substitution by fly ash
Cropland nutrient management
~ Motor systems efficiency
L Insulation retrofit (commercial)
Lighting — switch incandescent to LED (residential)

-100

Note: The curve presents an estimate of the maximum potential of all technical GHG abatement measures below €60 per tCO.e if each
lever was pursued aggressively. It is not a forecast of what role different abatement measures and technologies will play.
Source: Global GHG Abatement Cost Curve v2.0

H EAAnvikn MoAweia
He AwafoUAevon He
tnv Kowwvia npénel
va npocdlopiosL oto
UTTO EMLKALLPOTIOiNGN
E2EK tig
MpoTEPALOTNTEC TNG
EveEpYELOKNAC KOl
KAwpotikAc MoALtikAg

Turukn KoprtoAn Oplakou Kéotoug Meiwong Ekmounwy agpiwv tou Beppoknmiov. Source: Global GHG Abatement Cost Cu rve v2.0



EuxapioTw yia Tnhv tpoooxh oac!

PA AvanA. Kadnyntig¢ ABavaoioc Aayoupog
MNpoebdpocg

PuSuiotikn Apxn Evépyeiacg
PYGMIZTIKH APXH ENEPTEIAL
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