Ta ETITEUYHATA KOl O TEXVOAOVYIKES
KalvoTtouieg Tou EMIT

oTOV TOMEA TNG Evépyelag

KaB. Nikog Xat{napyupiou,
Av. AN2 AEH
nh@power.ece.ntua.gr

g
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AvaTITUEN NAEKTPIKWYV S1aTaiewv Kal
oUOoTNHHATWYV YIia eapHoyEg ANNE

Zxediaon & Karaokeun AVEHOYEVVITPIAG Txediaon & KATAOKEUN NAEKTPIKNAG
5 kW pe Fevvitpia Movigwv Mayvntov gykaraoTaong nAWTAG diatagng
(Epyo 962YN24) apaAatwong pe A/T ka1 ®/B

(Epyo EMAN ®I146)

Epyaotnpiakd Sokilio Kol HOVTEAO TTETTEPACHEVWV

OTOIXEIWV TNG YEVVATPIAG HOVIWYV HayVNTWV i
AvepoyevviTpia ®/B mAaiocia

T by ) & ) KevTpikog
] SN s | TTiVOKOG
i T b

a

Mikpn avepoyevvhTpia 5 kW

KaB. A. KAadag (kladasel@central.ntua.gr) Em. Ka®f. Z. MNama®avaciou (st@power.ece.ntua.gr)
Epyaotnpio HAekTpikwyv Mnyxavwv & HAekTpovikwyv loxuog



Epeuvnrikl Oudda: Aicotrappévng MNapaywyng kar MikpodiKTuwv
Epyaotnplo:2uoTnuaTtwy HAeKTPIKAG EVEpyElag

Tou€ag: HAekTPIKNC loxU0Gg

2XOAN: HAekTpoAOYwV Mnxavikwyv kal Mnxavikwyv YTToAoyioTwyv

e 2KOTTOG: Euogun Aiktua - Alaxeipion
KartavaAwTtwyv: O oTOX0C¢ €ival n avaTtrtuén
s(pappovwv yia TNV dlaXEipIonN CUCKEUWY PEoQ
OTO OTITI yIa TNV BeATIOTOTTOINON TNG
KatavaAwong avapyalag, gvioxuan tng 6|s|06ucrr1g !

AME kal TV Tapoxr ETKOUPIKWY YTTNPECIWY OTC [== i iiiiiimin mim oo e
AikTuo.

» AlemoTnuovikég 2uvepyaoies: EMI, AEH, IWES,
SAP, ECN, MVV, TDU, ARMINES, ABB Schweiz, v
SIEMENS, EDP, SMA, Systems Sunlight 7777 gy

Epapuoyn: 2uotnua MAGIC

XpnuaTtodotng: Eupwtraikn "Evwaon,
Epsuvmu«x TTpoypdaupata “Smart House/Smart Grid”,
“Integral”, “More Microgrids”

Emotnuovikog YTreuBbuvog: Kab. N. Xat{napyupiou
2uvepyartec EMI: Ap. A. Anuéac, Ap. Ey. BoupBouAdkng,
[. Aonuakotroulou, E. Kapgpdtroudog, E. XaTtlotrAdkn,

N. Koppég
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Epeuvntik) Ouada: Aicotrapuevng MNapaywyng kar MikpodikTuwyv
Epyaotnplo:2uoTnudaTtwy HAeKTpIKAG EVEpyElag

Tou€ag: HAekTPIKN G loxUog

2XOAN: HAekTpoAOYwV Mnxavikwyv Kal Mnxavikwyv YTToAoyioTwyv

* 2KOTTOG: 2uaTnuaTa Alaxeipiong EVEPYEINg -
yia Mn Aiaouvdedepéva Nnaoid. To ——
ouUoTNUA aPOPA TNV AVATITUSN EPYaAEiwy [l
dlaxeipiong TNG TTapAYWYNG O€ vNOIA JE
au¢nuévn dieioduon AlE.

» AIETTIOTNUOVIKEG 2uvepyaaieg: EMIT,
INESC-Porto, Ecole de Mines

« E@apuoyéc: MNAatpopua MORE CARE

« XpnuaTtodoTng: EupwTtraiki ‘Evwon, EpeuvnTika Tpoypaupata “CARE”,

“MORE CARE”, “ANEMOS-Plus”

« EmoTtnuovikog Y1reuBuvoc: KaB. N. Xatr{napyupiou

« 2uvepyarec EMIT: Ap. A. Anuéag, Ap. I. 210epaTog, A. AvaoTaoladng,
N. Koppég, E. Xat{otrAdkn
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Epeuvnrikl Opdda: Aicotrappévng MNapaywyng kar MikpodikTuwv
Epyaotnplo:2uoTnudaTtwy HAeKTpIKAG EVEpyElag

Toueag: HAekTPIKNG loxUOGC

2XOAN: HAekTpoAOYywv Mnxavikwyv Kal Mnxavikwyv YTToAoyIioTwyv

« 2KOTTOG: AvaAuon kai dlaxeipion tnG ®OPTIONG
Twv  HAekTpiIKWV OYNUATWY Yia TNV OPOAR
EVOWMATWON Toug oOTa  OiKTua  NAEKTPIKAC
evépyelag. AcClotroinon TnG atroBnKEUTIKNG TOUG
IKOVOTNTAC VIO TNV UTTOOTAPIEN TOU OIKTUOU
(V2G) Kal NG EVOWPATWONG TWV
AlE/Aicotrappévng MNMapaywyng

Spanish, Portugal, Greek, German

« AlemioTnUovikEG  2uvepyaoieg: EMIT, AEH,
INESC-Porto, Cardiff University, T.U. Berlin,
U.P. Comillas, IBERDROLA, AVERE

« XpnuartodoTng: EupwTraikn Evwon, EpguvnTiko
TTpoypaupa ‘MERGE”

« EmoT. YmeuBuvog: ETrik. KaB. . MNMamabavaagiou

o Yuvepydrec EMMM: Ap. Ep. BoupBouAdkng, -
E. KappotrouAog, E. ZouvTtoupidou, -
A. AvaoTtaoiadng,
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Epeuvnrikl Opdda: Aicotrappévng MNapaywyng kar MikpodiKTuwv
Epyaotnplo:2uoTnuaTtwy HAeKTPIKAG EVEpyElag

Tou€ag: HAekTPIKNC loxUOGg

2XOAN: HAekTpoAOYywv Mnxavikwyv kal Mnxavikwyv YTToAoyioTwyv

2. KOTTOG:
- Hutmrootpign TnG evowudTtwong Twyv AlE kal g
OIECTTAPMEVNG TTAPAYWYNG OTA NAEKTPIKA JiKTUQ [E
TNV avatrTugn d1EBvwyv TTPOTUTTWY, KPITNPIWV
TTOI0TNTAG KAl 1AdIKACIWY OOKIMWV.
- H d1dB6eon Twv gpyaoTtnpiwv og EupwTtraioug
EPEUVNTEC.
* AIETTIOTNMPOVIKEG 2UVEPYOOIEG:
EMII, Fraunhofer-IWES, KEMA, RISOE, AlIT, ERSE

* Egapuoyeg:
— 2UVTOVIOPEVN avaTrTugn Twv Epyaotnpiwy.
— 2Uotaon Tou European Distributed Energy Resources Laboratory e.V.

«  XpnuatodoTtng: Eupwrtraikh ‘Evwon, EpeuvnTika rpoypdupata “DER-Lab”,

“DERri"
£

EmoT. Y1reuBuvoc: KaB. N. Xar{napyupiou
2uvepyarec EMI: E. KoAevrtivn, . KotoautréttouAog, K. Aatou®ng
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v' MikpodikTua: ZUv3UaoHOG (POPTIMV KAl NNYWV HE
duvaToTnTa AUTOVOMNG Kal CUVOEIEHEVNG HE TO
OikTUO AsITOUpYIiaG

= AZionoinon TexvoAoylwv AME kai dlEonapuPeVG
napaywyng (®/B, ZHO pikpnG kAipakac, pikpeg A/T)

= Ao@dAeia, agionioTia Kal I'IOIOTI‘]TCI TPOPOdOTNONG
TWV POPTIWV TWV KATAVAAWTWV

v Avantu&n TexvoAoyiag MikpodikTUwv oTo EMIN

= >xe0iaon OUVIOTWOWV KAl GUOTNHATWY EAEYXOU

. EYKCITCIOTCIGI‘] Kal AgIToupyia I'Ip(DTOTUI'I(DV HE ®/B
napaywyn, Hikpn A/, ZHO kai noikiAia QopTiwv

Ka6. N. Xar{napyupiou (nh@power.ece.ntua.gr) Emn. KaO. Z. Nama@avaciou (st@power.ece.ntua.gr)
EpyaoTtipio ZuoTtnuarwv HAekrpikng Evépyegiag




PV-Generator

Supply of 12 buildings (EC projects MORE and PV-Mode)




Next generation Sunny Island inverters, to deal
with islanded mode control
Intelligent Load Controllers

Typical House

The test site is a small settlement of
12 houses

Generation:

5 PV units connected via standard
grid-tied inverters.

A 9 kVA diesel genset (for back-up).
Storage: Battery (60 Volt, 52 kWh)
through 3 bi-directional inverters
operating in parallel.

Flexible Loads: 1-2 kW irrigation
pumps in each house
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The Kythnos System House
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Intelligent Load Controllers

Qutside System House House 11 House 7
m ,

In each house an
ILC is installed:

* Windows CE |
5.0 N
. Intel® Inside System House House 5 House 4
XscaleTM
PXA255

* 64MB of RAM
« 32MB FLASH
Memory

- Java VM

« Jade LEAP
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The Process of the experiment

Step 1: The agents
identify the status of
the environment

Batteries

Step 2: The agents
negotiate on how the
share the available
energy
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Measu rementgn this case the frequency

if almost 52Hz. This is an
indication that the

The shedding batteries are full and the
procedures start PV Ahverters via the droop
later \ rves I|m|t their
52.5 ' 2:3
52
51.5 <\_/’ ik

51 iilu
l |‘ L 1.5
50.5 ; 5 . T‘
Fregen
50 t i qency
-1 m—— CLIrENT
49.5 \
49 h \ / 0.5
48.5 SN——~"

48 T | T T 0
1/7/080:00 1/7/0812:00 2/7/080:00 2/7/0812:00 3/7/080:00 3/7/0812:00

«MPQTOBOYAIEZ TOY E.M.M. MA TO NEPIBAAAON», Néuntn 7 louviou 2012




It works 111
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Field Test Schematic

PC
Jade Platforn

g

'LAN
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Actual Network Architecture

Database Server JADE Server

Route/Internet
Connection

NTUA Campus

/\/ \\ Internet/'VPN
/,-_\/ P /
\\ \\ WiFi Bridge
DSL Router DSL Router & DSL Router
Load Controller
PV Inverter ¢
Load Controller Load Controfler
Local PC/
Database
Meltemi

A

«MPQTOBOYAIEZ TOY E.M.M. MA TO NEPIBAAAON», Néuntn 7 louviou 2012




Congestion Management
Results

e Time to reduce transformer overload

— This is feasible using the forecasting modules
— The system knows that an incident is imminent to happen. 15 min warning is sufficient
* Energy shedded during the congestion

— The system sheds energy from controllable appliances not the whole household or
group of houses

— We assume ~25% of the controllable appliances energy can be shifted

800

800

700 B = 1 % o

600 —tttHtftt

5 O O N & B E & & & = =

mlevices (WWh)
BT otal (Wvh)

200 L. | - = = = = = = = =&

200 48— —— 1 28 BB B B B B WS EEE W

e o B B B BEE BEE B | —a- . - — — — : - —_—
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Virtual Power Plants

Transmission

System Operator
o~ Distribution

System Operator

Energy Market

» Internet model: |\ |

customer in control

L0 ] Exchange agent
e » N CHP
Households - .
i i* |
217 g N .

A
"‘I!,"””"ﬂr : w |

- " |
l f - -
H_Huﬂﬂi_l:m_.:ﬂ

Industrial & commercial Wind farms
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The goal is to
combine several
units in order to
act as a single unit

24h

24h

g

24h

Battery
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Test Sites

Sites participating in the experiments

r
' —
13| |

b

NTUA: CHP 80 kWel CRES: 22 kWp PV Holiday Camp Meltemi
Flexible load: cooling system (90 kW Flexible load: heat pump (61 kW Flexible load: refrigerators of the
electric input) cooling capacity) super market (~15 kW)
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ordinated Production/consumption of
the Battery & PV

One agent

1074.0
8338
592.4
1.0
1096

1318
-373.2
6146
-856.0
-1097.4
13384
-1580.2
18218
-2063.0

5.0
a04
506
04
502
800
438
446
434
432
430

8430
7336
6238
5140
404.2
2944
1846

74
-35.0

1448
246
3544
4742
534041

Battery Production Control

—

04/03/08 4:15:15.330 P 4:20:15.330 P

4:25:15.330 P

4:30:15.330 P

4:35:15.330 P 4:40:15.330 P 44515

Production - Consumption -
Setpoint
10000
mmmmBattery-
NTUA
5000 - mm PV-NTUA

. PV-
~5000 Time (Duration = 1:36.00 ) All ageni
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Optimum Strategy
Decision<0: Buy energy,
Decision>0: Sell energy

[ Decision , \
30

—BuyFromGrid \
25
SdlToGrid \_\
20 -

10 =

Eurocent/kWh

F T T T T TSI

AR SR S S S SR SR S S S e

Expensive prices: Sell

Energy {‘
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Reinforcement Learning (Q-learning) for optimal

market participation of the agents taking into
account the environment uncertainties

One Agent (battery) All Agents

Total Consumption - Production
- 1500

Decision
7 ~—

wi/

=

3

Power

: S & & & & : |
B T?é S IESIEINES <=~ <& 1000
TR g It

-1500

Time (Duration = 00:58.07)
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