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Znpaotio TG amoOnNKeVoNC NAEKTPLKAG EVEPYELOG

=Yg €va oUOTNHA NAEKTPLKNGC EVEPYELOC KABE XpOVLKN
OTLYMN N TTAPAYOUEVN NAEKTPLKN EVEPYELO TIPETIEL VAL
elvall akplPwc ton pe t {NTnon NAEKTPLKAC EVEPYELAC.

= AUTO onpoivel otL kaBe avéopeiwon otn {NTnon
EVEPYELOC TIPETIEL VO AVTLLETWTTILETOL LLE LOOTTOOT KOl
TOUTOXPOVN aAUEOUELWON TNC TIAPOYOUEVNG NAEKTPLKAC

EVE’ pve Laq- Frequency high

Frequency low

-3 . .
too much too little
power delivered power delivered
over tie lines over tie lines
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| GEHNERATION|

Load + losses + Interchange

GENERATION vs. LOAD BALANCE




..
O0O0O0O00000000000000000000
O0O0O0O00000000000000000000
O00O00000000000000000000
O000O00000000000000000000
OO0O0O0000000000000000000
EIEIEIEIEIEIEIEIEIF‘T'EEIEIEIEIEIEIEIEIEI
=t

luls(alslallal=l oooon
- oooo
oooo

oooo

oooo

o

00000 Lw S L a o e [S[=[=]=]]
OOO0O000OO0000000000oonl

OO0O0O0000000000000000001
oooooooooc oooooooool

ooooormm s ] ooool
[m]

oooc

oooc

oooc

oooc

oooc,

oooc

oooc

oooc

oooc

oooc

oooo.

o T ooooo

OOoOO0O0O00o0o0o0Oooooooooooooo

OO0OO00O0O0o00O00oooooooooo

ooooooooac oooooooono
Wioooos

OO0O0O0r Gk oooo
oooo oooo
oooc oooo
oooc oooo
oooc oooo
oooc oooo
(o oooo
oooc oooo
oooc oooo
oooc oooo
oooCc oooo
oooc oooo
oooc oooo
oooc oooo
oooc oooo
oooc oooo
oooc oooo
oooc oooo
oooc oooo
oooc oooo
oooc oooo
oooc oooo
oooc oooo
oooc oooo
oooc oooo
oooc oooo
oooc oooo
Oooooc L R

oDoooouudouuuuud ooooo
OO00O00000000000000000000
OO0O0O00000000000000000000
OoOOo0o0O0O0000o0o0o0ooooooon

Znpaotio TN amoOnNKeVoNC NAEKTPLKAG EVEPYELOG

To cupBatiko cuoTNUA NAEKTPLKAC EVEPYELOC

Power

Transmission Distribution
=
A

e KaBe aAAaync tnc {NTnong mpPEmeL va
QVTIMETWTILOTEL O TOUC oTAOHOUC TTapaywyNnC
(mooo ypnyopa??)

e Kot arto Ti¢ S1acuvVOETELC TOU CUCTAUOTOC
uetadopac HE

e MNAMWC OMWCE KAl TO CUUPBATLKO cUOTNHA NAEKTPLKAC
EVEPYELOC EXEL TN OLKN TOU amoOnNKeEVUEVN
EVEPYELOL?? 3
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To NEAAOVTIKO QiKTUO

Me KEVTPIKN KAl ME
SiaveuNUéVN TTOPaYWYA
Me augnuévn digicduon

Me TOUG KATAVAAWTEG va

yivovTal Kal TTapaywyoi ¢

(prosumers)

Me ap@idpoun
(TToAUdpOMN) pon 1I0XU0C
Me ¢poprTia TToU YTTOpPEI
va peTaBaAiovral
oUh@wva Je TNV
TTapaywyn

Me AgiToupyia TTou va
oTnpileTal o€ HETPNOEIG
O€ TTPAYMATIKO XPOVO

HAekTpIKNG EVEpyelag

SMART ELECTRICITY GRIDS

Central
Power Plant

Wind
turbines

Fuel Cells

Storage

Industrial
plants

Virtual
Power Plants

Source: SAP
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A SmartGrid is an electricity
network that can intelligently
integrate the actions of all users
connected to it — generators,
consumers and those that do
both — in order to efficiently
deliver sustainable, economic
and secure electricity supplies.

Source: European Technology
Platform SmartGrids

guality for the digital economy.
Energy

A Smart Grid is self-healing, enables active participation of
consumers, operate resiliently against attack and natural
disasters, accommodate all generation and storage options,
enable introduction of new products, services and markets,
optimize asset utilization and operate efficiently, provide power

Source: US Department of
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Kai Tl onuaivel auto yia 1o cuoTnua??

18+ B =

Generation unit 1

B Generation unit 2

power

max. output of

generation unit 1

Generation unit 1

— load profile

Y

Electricity storage

time

D = discharge

C=charge

time
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o OIATlE d¢ev €xouv ‘eyyunuévn’ Kal oTaBepn TTapaywyn

e AvaAoya PE TNV TTNYN MTTOPEI VA EUPAVIOOUV CNUAVTIKES KAl
ATTPORBAETITEC DIAKUMUAVOEIC

o Ol xpovol TTapaywyns atro AME dev OUNTTITITOUV UTTOXPEWTIKA
LUE TOUG XPOVOUC KATAVAAWONG TNG EVEPYEIQC 11
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[Tou cupBAAAEI N ATTOONKEUON EVEPYEIQG

Winter
600 Summer 600 — (Generation Battery in a German household
5,00 5,00 s Lovad
»  Battery-capacity 5,4 kWh, dept of

g‘-“’ g‘-m discharge 80 % (1,08 kwh)
T o > Increase of self-consumption
gm0 £ 200 35%

100 100 (from 1.911to 3.194 KWh )

0,00 Reduction of grid utilisation?

Un-managed Storage Grid-optimised Storage

Grid has to be able to take

Maximum ~ .
Generation Peak

peak Store at peak time _\
Store until e - Reduced Reduced in-feed peak
battery is full = grid - peak Increases grid capacity for

Connection of RES

—_
Verorauch des gespelcherten
Solarstromes —\

12Uhr

18Uhr &Uhr 18 Uhr

Ouclie: BEW-Selar www.salarwirtsehaftde
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Bagika XapakTneIioTIKG atrolnkeuong NAEKTPIKNG
EVEPYEIAG

21adla Agitoupyiag

o ®obpTION

MeTaTPOTIA TNG NAEKTPIKNG EVEPYEIAG OE AAAN HOPYPN EVEPYEIQG
o AToBrikeuon

ATTWAEIEC evEpyelac! AITiEC ECATUION, AUTOEKPOPTION, AAAEC
 EkoopTtion

METATPOTI) ATTOONKEUPEVNG EVEPYEIAC OE NAEKTPIKN

A&ITOUPYIKA TUAUATA

o  XWwpPOC ammodnkeuong (KOIAOTNTEC, OECAMEVEC KATT)
o XapOaKTNEIOTIKA I0XUOC dlaouvdeons PE TO BIKTUO (POPTIONG
KAl EKPOPTIONC)
o [ZUOTNMO EAEYXOU POPTIONG EKPOPTIONG
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Baoika XapakTneioTiKA atrofnkeuang
NAEKTPIKNG EVEPYEIQG

H agia Tou ouoctipatoc AHE trpoodiopiletal atrd Ta
XAPAKTNPIOTIKA TOU O OXEON ME MIa OEIpA aTro 1I010TNTEG OTTWG:

e [looo ypriyopa avTtidpa [ms-s-min]

o Tiduvardtnreg Tapéupaonc Tpoopepel [KW-MW]
e [1a 1mdé00 Xpovo [s, min, h]

=7

grid Q (1) é (3) O grid
o ™

Evw n xwpentikoTnTa TTaidel” Kal otV ayopd TNG EVEPYEIOC
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Tummikég xpnoeig 2AE otn XT kot MT

Heavy Industry
BESS

Peak Shaving (B),
Arbitrage (T)

System-support
BESS

Frequency Reg. (A)
Droop Control (A)

HV

Application Families
(A) Ancdillary Service
(B) Behind-the-Meter
(T) Energy Trade
(G) Grid Support &

Investment Deferral

Generation-linked

BESS

Black-Start (A),

Ramping (B)

Light Industry Community Residential EV-Charge-
BESS BESS Support BESS
e
Peak Shaving (B), EV-Grid

UPS (B)

Voltage Support (G)
Balance Mgmt. (G)

PV-BESS (B)

Integration (G)

LV
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Kartnyopieg epapuoywyv Kai €00da

Table 5. Application tasks of storage systems classified to application families. Source of revenue is

listed for an exemplary (ex.) stakeholder via respective storage application.

Application Family Application Revenue Stream—P4py Stakeholder (ex.)
Frequency Regulation Auction Profit Enterprise
Ancillary Service (A) Black-Start ISO Contract Electric Utility
Droop control DSQO/ISO Contract All Feeders
PV-BESS Retail Tariff Savings Private Sector
. Peak-Shaving Peak Tariff Reduction Industry
Behind-the-Meter (B) UPs Reliability Value Enhancement Industry
Ramping DSO/ISO Regulation Compliance RES Feeders
Energy Trade (T) Arbitrage Energy Exchange Markets Enterprise
Grid Support Voltage Support Red. Utility Cost DSO/ Enterprise
and Investment EV-Grid Integration Red. Power Link Cost Enterprise
Deferral (G) Balance Management ISO contract DSO
Multiple Appl. Value Stacking Various
Combined Applications Island-/Micro-Grid Reduced Fuel Cost Grid Operator
V2G Value Stacking Various
25
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[Nou cupPaAAel n atroBnkeuan eveépyelag

- MT1TopEi va TTpoo@EPEI ETTIKOUPIKEC UTTNPETIEC OTO
- dikTuo (ancillary services — AS). Autécg TrepiAapavouv

PuOuion 1ocxvog ouyxvornrag: Otav oupBei o€ éva 2HE
ATTWAEIQ KATTOIOC HOVAdAG TTAPAYWYNGS ) MIOC YPAUMNG
METAPOPAGC, N OUXVOTNTA TOU JIKTUOU Ba TTapouCIACEl TITWON
Kal Ba CUVEXIOEI va JEIWVETAI JEXPI VO ATTOKATAOTABEI N
I0O0OPPOTTIO METACU TTAPAYWYNGS Kal popTiou. Etreidn ta ZAE
UTTOPOUV VA TTPOCPEPOUV EVEPYI 1I0XU TTOAU ypriyopa, ival
Mg atToTEAEOHATIKA MEBODOC YIa TNV AVTIOTABUION TNG
ATTWAEIOC 1I0XUO0C

PuOuion taong: MetaoAEc TG TGoNG TToU akoAouBouv
dIATAPAXEC OTO OIKTUO KAl TTOU MTTOPOUV Va DIAPKECTOUV YIa
10 — 20 kKUKAOUG TTPOUTTOBETOUV dPACEIC OTHPICNS TNG TAONG
MEOW PUBUIONG TNG AgpyNnG IoXUOC. 'Eva 2AE pe Toug
QVTIOTOIXOUG METATPOTTEIC UTTOPOUV VA TTPOCPEPOUV OTAPIEN
TNG TAONG O€ £va OIKTUO 26
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[Nou cupPaAAel n atroBnkeuan eveépyelag

- MT1TopEi va TTpoC@EPEI ETTIKOUPIKEC UTTNPETIEC OTO
- dikTuo (ancillary services — AS). AuTéc TTEpIAQUBAvVOUV:

eEéLlcopponnon doptiov (edpedpeia)— H amoBnkeupevn evépyela evog
cooceeeseo e JAE pmopel va xpnotomnolnBetl wg epedpikn mapoxn Loxuog yla poptia

S85E O€ TIEPUTTWOELC SLAKUUOVONC TNC TIAPEXOUEVNC LoXVOC aro to SiKTuo

ooocC
oooc

oooc
oooc
oooc

56 e Autoduvapn ekkivnon (blackstart) — Eva 2AE pmopei va mapeyxeL tnv

oooc
oooc

oo LoxU yLa EKKivnon povadog mapaywyne E€ToL WOoTE Vo N XpeLaletal va
anoppodnoel Loxv armno to diktuo ot nepimtwon blackout

oooc
oooc

e Alaxeipion ocupdoprioewv (congestion management) — NMoAAa
onueia tou diktuou (M, M2 kAm) pumopet va urtepdoptilovtal KATIOLEG
OTLYMEC TNG NUEPOC. Eval 2AE pmopel va avakouploel SpaoTIKA QUTEG

TIC OUUDOPNOELC

27
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Mou cupBalAeL n amoBnkevuan evepyeLag

e OL EMIKOUPLKEC UTINPECLEC avadEpovTal OUWE OTO

Sdiktuo petadopac kot oto dtaxelplotn tou (TSO). Ta
>AE eival ouvnBwc oto diktuo dtavounc!!

e Kol ekel dev umtapyouv (aLkOUN) EMLKOUPLKEC UTINPECLEC
e AA\Q €XxOUUE TNV TOLOTNTA TNG LoYvoc!!

e To mpoturmo EN 50160 tpoodlopilel Ta XApaKTNPLOTIKA

ekelva Ttou mpemeL va StaBetel To 6iktuo SLOVOUNG

e Kal kamoleg evOLaPEPOUOEC MEPLTTWOELG, OTtoU €va ZAE

UItopEL val cupBAAAEL lval KOl OL TIAPAKATW:
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[Nou cupPaAAel n atroBnkeuan eveépyelag

- H troi6tnTa TG 10XUOC (power quality) agopd O¢:

e[lowdtnTa TAoNG— H TAON TOU CUOTHAUATOC SEV ETUTPEMETOL VAL
HeTaBaiAeTal £€w amo cuyKekpLUEVA TocooTa (cuvnBwe +/- 10%) yla
bl OUYKEKPLULEVEC XPOVLKEC Tteplodouc. H uPnAn Steicduon

Sooc SdlavepnueVNS mapaywyng dSnuouvpyel ocuvnBwC UTTEPTACELG OTLC

VYPOUEC MT kot XT.

oooc

e e Appovikn napapopdwon (total harmonic distortion)

e Kupdatwon taong (voltage flicker)

eBuBioeig kat avuPpwoelg taong — MNou £xouv cav amoTEAECHA TV
amocoLUVOEDN KATAVOAWTWY N TApaywywvV oo to Siktuo.

*Eva XAE pmopel va oUpBAAAEL KBOPLOTLKA OTLC TTEPLTTWOELC 1 & 4
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[Tou cupBAaAAgl n atToBnKeUOn EVEPYEIAG

Augnon TnNG ekpeTAAAeuoNG Twv AlE
e 2TOXAOTIKOTNTO OTNV TTAPAywYyn
o ETepoxpoviouos Tapaywynes kai nrnong

o [lpoPAfuara oT1o diKTUO (UTTEPTACEIG, CUNPOPNON KATT)

 H mrapayopevn evépyeia atro TIG AINE TTOANEC popEC DeV PTTOPEI
va gl0ax0¢i o1o dIKTUO.

o Kail o€ avrtiBeon pe TIG cuuBaTikES TTNYEG o1 ATE d¢ev gival
TTpoypappaTti{opeveg (dispatchable)

o 'ETO1 TTOANEC POPEC N TTAPAYWYI) TOUG EITE TTPETTEI VA INOEVIOTEI
gite va trepIkoTrEi!!
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[ou cupPaAAel n atroBnkeuan evepyeiag

‘Eva oegvaplo.

" MpSRAeWnN TTPAYUATIKOU KOl UTTOAOITIOMEVOU (QOPTIOU

= yia 1o 2050 otnv EAANGDa pe Bewpnon 80% AlE

ooooormm s ooooo

oooos oooo
oooc oooo
oooc
oooc
oooc
oooc
ooocC
oooc

I , ':;.’_::. | " | L I
l' T I 1a||. H”l 1J Al |n ||I|| A

e

|
730 1460 21 90 2920 3650 4380 5110 5840 65?0 7300 8030 8760
Qpec TOU £TOUC

[nyn: Store Project

31



..
O0O0O0O00000000000000000000
O0O0O0O00000000000000000000
O00O00000000000000000000
O000O00000000000000000000
OO0O0O0000000000000000000

DDDDDDDDDFiFiEDDDDDDDDD

J [Mou cupfaAAel n atroBrikeuon evepyeiag

Kai akéun éva oevaplo. 2nuepa, PB oe éva diktuo XT

Inv 1: 25 kw Inv 2:12.5 kW Inv 3: 25 kW
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Ta eréueva BAuata

\@., Wind
integration

Power Distribution

Transmission

plant e
2

Active network Electricity participation

management storage

EV
) charging

ATTOONKeuoN evEPYEIAG O OAQ TA ETTITTEDA TOU
OIKTUOU, ATTO TOV KATAVAAWTH MEXPI TO DIKTUO
LUETAQPOPAC Kal TV padikn TTapaywyn
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Ta emopeva BApara

OdNyo¢ UTTNPECIWY ATTOBNKEUONG NAEKTPIKNAG
EVEPYEIQG

8h
4 h
2h
1h

20 min

B0 s

105

ls

A Discharge
duration

f’r Frequency
control

Violtage
support

vaoltage support Transmission

Power quality seielie

Uninterruptible k'*~---F'!"|'{ shaving

power supplies Power
r.atmg

>
10 kW 100 KW 1MW 10 MW 100 MW
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Ta eméueva BAuarta

Artificial reservoir

INGIRECT
STORAGE

Matural reservoir

Batteries
Flywheels

Pumped Hydro
Hn.asu’rpE .

Compressed Air
Hydroger

Magnetically

r

SMES

Electrically

k4

Supercapacitorz

J. I. San Martin et al. Energy Storage Technologies for Electric

Applications

O1 Ba0IKEC HOPPEC TNC ATTOONKEUONC NAEKTPIKNAC

evépyelac (AHE) katd TpoTTo atrobrikeuong
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Capital requirement » technology risk

[EVLKN ETLOKOTINON

Flow batteres

Flywheel (high speed)
Superconducting mﬁneﬁc
energy storage (SMES)

Adiabatic CAES
Hydrogen
Synthetic natural gas

Supercapacitor

Lithium-based batteries

% Flywheel (low speed)

lce storage Sodium=sulphur (NaS) batteries

Maolten salt

Compressed air energy storage (CAES)

Residential hot water

heaters with storage Undergzround thermal
Thermaochemical energy storage (UTES)
Cold water storage \J\
Pit storage
Pumped Storzge Hydropower (PSH)
I
Research and development Demonstration and deployment Commercialisation
Current maturity level

@ Electricity stomage

) Thermal storage

Mnyn: IEA Technology Roadmap Energy Storage, 2014
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