ATIOKEVTPWHEVA CUCTHHOTA TIOPOYWYNGS NAEKTPLKNG EVEPYELOC OTIO OLVAVEWOLLLEG TINYEC

(armoBnKkevon Kol ETILKOUPLKEC UTINPECLEG)

Atktua Atavopnc kat Ataveunuevn Mapaywyn:
Mua AUon yLa Tnv mapoxn
ETILKOUPLKWYV UTINPECLWYV TTou Ba ertpePeL TNV TTOAU
ueyaAn dtetodvon AME

Xapn¢ AnUOUALAG
KaBnyntng HAektpknc EvépyeLlac-Mototntag loxvuog
Tunua HAektpoAoywv Mnxovikwyv kat Mnxavikwyv YIoAoyLotwyv
Al



Eloaywyn: EvotaBela Zuotnuatwyv HAeKTpKNC EvepyeLac

EvotaBec eival eéva ZHE otav pmopet va avilpeTwrilel avicoppoTiec HETAEY

nopaywyng kot {Ntnong NAEKTPLKAC LoXLOC.

* AvlooppoTiia oTNV EVEPYO LOXVU EKONAWVETOL WC METOBOAN TNG OUXVOTNTOC
Qo TNV ovopaoTkn tng Twun (50Hz otnv Eupwrn)

* Avicopporia otnv aepvo LoV ekOnAwvetal we LeETABOAN TNS TAONC ATO
TNV OVOMOOTLKN TNG TLUN

2 NUOVTLKOTEPN eewpeaat N 6Latr]pn0n NG oUXVOTNTOLC ustaﬁu
NPOKAOOPLOUEVWY OpLwV ETIELON EXEL VA KAVEL LLE TO LoolUYLO EVEPYOU LOXUOG
(mopaywyn Kat katavalwon).

Mo kploun Bewpeital n vrtoouyvotnta N omoia urtodNAWVEeL EANELUDL
nopaywync¢ Loxvoc.

X. AnpouAiac: Emikouplkecg Yninpeoieg amo AME nmpoc to nAektplkod diktuo



Eloaywyn: Evotabela Zuotnuatwy HAekTpkNC EvepyeLac

Frequency

PuBpoc petafoAng tng
ouyvoTnTagc,

Nopadetypa petafolng
NG ouXVOTNTOC O€

~N 498 : '
T neplmtwon eAAelpaTOC
- LOXVOC
496 -
0 10 20 30 40
time (s)
Nadir
ouUXVOTNTOC

Y10 NNEPWTLKO Eupwraiko Tuvdedepévo ovotnua (Continental European Synchronous Area),
w¢ nadir Bewpovuvtal ta 47.5Hz. Eav n ouxvotnta pTAoeL EKEL KOVTA, UTIAPXEL TTIOAU LEYAAN
nBavotnta yla blackout.

X. AnpouAldag: Emikouptkeg Yninpeoieg amod AME nmpog to nAekTpLko Siktuo




Ertikoupikec Yrinpeotec (Ancillary Services-AS): Oplopuoc

O ENTSO-E (European Network of Transmission System Operators for Electricity) opilet TIC ETUKOUPLKEG LUTINPEDLEC (AS)

WC UTtNPEOieg mou poodEpovtal o€ Alaxelploteg Alktuwyv Atavounc (DSO) kal petadopag (TSO) pe otoyxo tn dlatripnon
NG AeLltoupyiog Twv SIKTUWV pEoa o amodekTa opLa yla tnv a.oPpalela tng tpododoaoiac.

Oewpeital 0tL ol AS pnopoUv va tpoodEpovtal amno TPtouc (o€ oXEON LE TOV EAEYXO TWV TINYWV EVEPYELAG) A ATTO TOUC
(dlouc toug TSOs kot DSOs. [1].

2Auepa oL kKUpLeg AS adopouv

* Tnv umootAplén TNG ouxvotntag Tou HLKTUOU

* Tnv umootApleén TNG TAONC TWV SIKTUWV HECW ALEPYOU LOXVOC

*  Tnv duvatotnta emavadnpLoupylag Tou NAeKTpkoL SiktUou ek tou pndevog (black starting)

[1] Tech. Report by ENTSO-E, E.DSO, Eurelectric, GEODE & CEDEC “An Integrated Approach To Active System Management With The Focus On TSO-DSO
Coordination In Congestion Management And Balancing”, Apr. 2019, Available [Online]:

https://docstore.entsoe.eu/Documents/Publications/Position%20papers%20and%20reports/TSO-DSO ASM 2019 190416.pdf

X. AnpouAiac: Emikouplkecg Yninpeoieg amo AME nmpoc to nAektplkod diktuo


https://docstore.entsoe.eu/Documents/Publications/Position%20papers%20and%20reports/TSO-DSO_ASM_2019_190416.pdf

Ertikoupikec Yrninpeotec (Ancillary Services-AS): Oplopoc

Mua AAAN &udkplon Twv AS eival:

* AS oxetl{lOMEVEC LE TNV ouxvoTnTa Owe oL epedpeiec e€loopponnong Loxvog:
»Ededpeliec yla meploplopo tng HetafoAnc tneg cuyxvotntoag (Frequency Containment Reserves-FCR),
»Ededpeiec yla anokataotaon tng ouxvotntog (Frequency Restoration Reserves-FRR) kai
»edebpelec avrikataotaong twv mponyouusvwy epedpelwv (Replacement Reserves-RR)

* AS oxetl{lopevec pe tnv armoduyn cupudopnoncg tou Siktvou.

* AS un oxeTWOUEVEC LE TNV OUXVOTNTA OTIWE 0 EAEYX0 TNC TAoNG Kat to black start.

X. AnpouAiac: Emikouplkecg Yninpeoieg amo AME nmpoc to nAektplkod diktuo



Nopadeypo amokpLong pog Zuyxpovne NevvnTpLloc mou AsLToupyeEl
w¢ FCR og amotoun petaBoAn the ocuxvotTntoc

Frequency
50 E L L L I
N 49.8 - -
L
496 - o
0 10 20 30 40
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0 \\k_ \—/741
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X. AnpouALdg: Emikouptkeg Yninpeoieg amod AME nmpog to nAeKTPLKO SikTuo



O poAoc Twv mapadoolokwyv ZUyXpovwyv Mevvntplwv

* MpoodEpouv eyyevwe adpavela AOyw TtnG otpedopevne paloc toug
(6popEac + KvNTAPLOC UNXAVLIOMOC)
*Eyyevwe mapAyouVv CUUMETPLKEC TAOELC otal 50Hz.

*JUUTIEPLPEPOVTOAL OOV TINYEC TAONC THiow armo pa avtidpaon. Etol eyxéouv
ONUAVTLIKA PEVUATO OE TEPLTTWOELC OPAAUATWY TOL oTtolal elvall CNUOVTIKA
YLOL TOV CUVTOVLOMO TNG MPOOoTACLOC TwV OLKTUWV.

*Kivouvtal armo KivntAPLouc UNXAVIOMOUC ME TIANPWC EAEYYXOUEVN LOYU

*Mmopouv va puBuicouv tTnv avtaAloyn Aepync LoXUOC KOl EMOUEVWC
ETILKOUPOUV TNV pUOULON TNG TAONC

X. AnpouAac: Emikouplkec Yninpeoieg amo AME nmpoc to nAektplkod Siktuo



O poAo¢ Twv TapadocLoKWV 2ZUYXpovwy [evvnTpLwy
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MpoBAnpata Adoywv tnc avénoncg tng dtetodbuonc AMNE

Distributed Renewable Energy Sources (DRES)

Small

Biomass
Hydro

\ /

Dispatchable.
Mostly use SGs directly
coupled to the grid.

Non-Dispatchable
They use Power-Electronic Converters as
interface to the grid

X. AnpouALdg: Emikouptkeg Yninpeoieg amod AME nmpog to nAeKTPLKO SikTuo



MpoBAnuata Aoywv tnc aavénonc tng dteltoduonc ATME

Distributed Renewable Energy Sources (DRES)

Small

Biomass Hydro PV Wind

Extomilouv ocupBatikeC ZUyxpovec MevwATpLeG, OAAQ
* EA&yyovtal pEow NAeKTPOVIKWY LoxLOG (inverters) kal emopevwe 6gv mapouvoidlouv adpaveia

* HwoxU¢ twv PV kat Wind sival pn eAeyXOHEVN KAl EXEL ONMOVTILKEG SLAKUUAVOELG.

*  OLTEPLOOOTEPEC EXOUV TIOAU pLKPN LoXU (KIMW) pe anotéleopa ot TSO (HExpL onpepa) va pnv tLg divouv
onuaoio- €évag emumAgéov AOyog eival otL avikouv otnv dikatodoaoia tou DSO.

X. AnpouALdg: Emikouptkeg Yninpeoieg amod AME nmpog to nAeKTPLKO SikTuo




MpoBAnuata Aoywv tnc aavénonc tne dteloduonc AME
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T 49 4 pUOUO peTAPOANGC TNG CUXVOTNTOC
— (SLakeKOPHEVN YPAUUE) OC0 Kot
49 2 oto nadir Tng ouxvotnTac.
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X. AnpouALdg: Emikouptkeg Yninpeoieg amod AME nmpog to nAeKTPLKO SikTuo




[potewvopevn AUon HECW TOU

EASY-RES?
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[2] EASY-RES is a EU funded project (GA 764090). www.easyres-project.eu.
Aristotle University is the coordinator.

1)

3)

Ot Inverters twv OB kat A/T
EAEYXOVTOL ECWTEPLKA LE VEO
TPOTIO £T0L WOTE VA
cuunepLpEpovTal cav
e\eyxoueveg 2l
npoodEpovtag VEeC AS.
Avartuxonkoav pebodol yla
Tov tpoodloplopo, oto PCC
KOl OE TIPAYUATLKO XPOVO, TNG
OWPEUTIKNC (aggregated) AS
OAou Tou SIkTUoU SLavounc
Ataxwplopog AS mou
NMPOCPEPOVTOL CWPEUTLKA
otov TSO Kal aQUTwV Tou
npoodEpovtal otov DSO.



http://www.easyres-project.eu/

Mpotewvopevn AVon LEow tou EASY-RES?

Ot Inverters twv OB kat A/T eAéyxovtot
EOWTEPLKA LE VEO TPOTIO £TOL WOTE VAl
oupunepLpEPovTL oAV EAEYXOUEVEC 2T

npoodEpovtac:

1. EAeyxopevn kal otaBepr) adpavela

2. Aettoupyia ocav FCR pe eheyxopevo
TPOTO

3. [Meploplopod tng petaPAntotnrag tng
Loxvog (ramp-rate limitation)

4. Aepyo LoxL yla puOuLon tng tdong
OTO EOWTEPLKO TOU SIKTUOU SLAVOUNC

5. EAeyxOpEVN KOL GUVTOVIOUEVN £yXuon
PEVUATWY YLO AVTLLETWTILON
opoApATWY

6. Melwon tNG apUOVIKAG

napopopdwonc oto Siktuo SLOVOUAC
HEOW TNG AELTOUPYLOC WC EveEpYQ
diAtpa.

[2] EASY-RES is a EU funded project (GA 764090). www.easyres-project.eu.

Aristotle University is the coordinator.
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http://www.easyres-project.eu/

Mpotewvopevn AVon LEow tou EASY-RES?

Ot Inverters twv OB kat A/T eAéyxovtot
EOWTEPLKA LE VEO TPOTIO £TOL WOTE VAl
oupunepLpEPovTL oAV EAEYXOUEVEC 2T

, _ f
npoodepovtac:
1. EAeyxopevn kat otaBepny adpavela o
2. Aettoupyia ocav FCR pe eheyxopevo
TPOTO
3. [Meploplopod tng petaPAntotnrag tng
Loxvog (ramp-rate limitation) fo

4. Aepyo LoxL yla puOuLon tng tdong
OTO EOWTEPLKO TOU SIKTUOU SLAVOUNC
5. EAeyxOpEVN KOL GUVTOVIOUEVN £yXuon

PEVUUATWY YLO QVTLULETWTILON s
opapdTwyv "
6. Melwon tNG aApUOVLKAC P

napopopdwonc oto Siktuo SLOVOUAC
HEOW TNG AELTOUPYLOC WC EveEpYQ
diAtpa.

[2] EASY-RES is a EU funded project (GA 764090). www.easyres-project.eu.
Aristotle University is the coordinator.
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Mpotewvopevn AVon peocw tou EASY-RES?

Ot Inverters twv OB kat A/T eAéyxovtot

EOWTEPLKA LE VEO TPOTIO £TOL WOTE VAl 0.65 -
oupunepLpEPovTL oAV EAEYXOUEVEC 2T
npoodEpovtac: B 0007
1. EAeyxopevn kat otaBepny adpavela E 0554
2. ANewoupyla oav FCR pe eAeyxopevo 2

'l?pC')T[O 0.50
3. Meploplopod tng petaPAntotnrag tng

0.45

Loxvog (ramp-rate limitation) 11:23:30 11:24:00 11:24:30 11:25:00 11:25:30 11:26:00 11:26:30 11:27:00

4. Aepyo LoxL yla puOuLon tng tdong 40
O0TO ECWTEPLKO TOU SLKTUOU SLaVOAG 30 I
5. EAeyxOpEVN KOL GUVTOVIOUEVN £yXuon 201
PEVUATWY YLO AVTLLETWTILON é 10
opapdTwyv E": 0
6. Melwon tNG apUOVIKAG ‘% -101
napopopdwonc oto Siktuo SLOVOUAC -20 1
HEOW TNC AELTOoUpyiag we evepyd -307
$iltpa. 112330 112400 112430 112500 112530 1126:00 11:26:30 11:27:00
[2] EASY-RES is a EU funded project (GA 764090). www.easyres-project.eu. %

* *
* *
* *

Aristotle University is the coordinator.
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Mpotewvopevn AVon LEocw tou EASY-RES?

P A

pma:c

Headroom

Po

Nopddelypa cwWPEUTIKAC
eKTipnong tou evpoug
Aettoupylag tou Siktvou
Sdtavounc we FCR

JupPatikn 2

[2] EASY-RES is a EU funded project (GA 764090). www.easyres-project.eu.

f (Ez)
A frax B
-] ——-—--——— 1
\
\
A i i \
| f \
5| 1 > Proc(W)
‘ \
2, P \
\
\
® fmin ‘
D C
\/

Auvvototnta eAeyxopevng Asttoupylog
oAOKkAnpou tou Siktuou Sltavopng oav FCR
EVTOC TwV opiwv ABCD

Aristotle University is the coordinator.
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Mpotewvopevn Abon peow tou EASY-RES?

OL urtoAoLmeg veeg SuvaTOTNTEC

* HFCR Elval UCIDLGTSIHSVH AS. , 1. Agpyoc Loxuc yla pubpon tng Tdong oto

* H adpavela avapévetal va Yivel Ko E0WTEPLKS TOU SIKTUOU SLAVOUAC
autn AS. ’ ’ 2. EAEyXOMEVN KL CUVTOVIOUEVN €£YXUON

* 0 T[:‘EpLOpLGp.(’)q e &aKP HAVONG PEVUATWY YO AVTLLETWTILON OAAUATWY
LGXU’OC QVAUEVETAL Va YIVEL Kal 3. Melwon TNe appoviKAC Topapdpdwonc
ouToc AS.

oto Oiktuo dlavoung HEow NG

, , , , Aeltoupyioc wg evepya diltpa.
EMopévwe LECW CWPEUONC UTTOPEL va

OUMHETAOXEL OE QUTH QKON KOL EVOLC

, , MNapéxovtal eviog Tou SLkTuou Slavournc.
HLKPOC OLoktntNng AlE.

2toxo¢ tou EASY-RES eival va dnuiouvpynoel
business models yla kdBe pla amo auTeC yla
va AELTOUPYOUV O€ VEEC OYOPEC EVTOC TWV
SIkTtuwv Sdlavounc.

[2] EASY-RES is a EU funded project (GA 764090). www.easyres-project.eu.
Aristotle University is the coordinator.
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YUUTIEPOCHLOL

1. I va Asttoupynoouv ZHE pe moAU peydaAn dieicduon AME sktomilovtog cupBaTIKOUC
otaBpouc pe 2T, Ba pemnet ot AMNE-e8IKA aUTEC pe HeTaBANTA LOXU- vaL LITOPOoUV va
NPoodEPOUV UPLOTAUEVEC Kal VEEC AS ota diktua.

2. Av bgev ylvel To avwTEPW, Ba XpELOLOTOUV TEPAOTLEC ATIOONRKEC evEPyeLac (Lmatapieg, YHZ)
yLOL TNV QVTLULETWTILON TNS EVoTABeLac Tou SLKTUOU.

3. Me tnv npotewvopevn Avon, otnv dLatripnon tTn¢ eVoTABELOC TWV SIKTU WV, CUUUETEXOUV
oAot ot LdloktAtec ANE aveéaptAtw peyEdouc.

4. Xpelaletal aAAayrn LOVTEAOU: aTto TIOPOYWYOL EVEPYELAC TIPETIEL VAL YivOUV KoL Ttapoyot AS.

Me avtiotolyxn olkovopLkn arnolnuiwon puotka.

[2] EASY-RES is a EU funded project (GA 764090). www.easyres-project.eu.
Aristotle University is the coordinator.
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Euyaplotw ylo TNV mPoooxn ooLC.
KaBnyntnc Xapnc AnouALaC



