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Abstract

This paper introduces a grid-interactive storage system to operate the customers without voltage

source inverters as a microgrid. The proposed storage system does not require any modification of the

control scheme of the inverters existing within the customers. Novel control scheme of the

grid-interfacing storage system according to its new structure ensures the seamless transition between

the grid-connected and islanded operation of the microgrid.

Key Words : Renewable Energy Sources, Microgrid, Grid-Interfacing Storage System, GIS

1. M E

Al AHGA NN G L T 5o Al
Uz gs Agsk #abde (DERS Distributed
Energy Resources o] ojH X k&

= O
== /\
AEw we B dsol 741%011 =915} $AH I

A= AEfolth

\_/

P A A B g
wr WAAZ D T M7 E g wg
* Mam author : Ph.D. Candidate, School of
Electrical Eng., Korea University,
xx Corresponding author : Professor, Department of
Electrical Eng., Dong-Eui University
Tel : 051-890-1671, Fax : 051-890-1664
E-mail : kmson@deu.ac.kr
HeELak 20139 149 159
12414} £ 2013 19 18Y
AAbgk g 12013 3¥ 199

D

O

AFoA SAF I = 7]E9 A7 5L &
Alo]7F 7hs gk RbE AU A] & AL
AALEL AA FAol oEH7] i) E79]
Alo7} E7bsstal o & wek %] gt o]y 1t
A0 8 EAS 71X A A YA Pe AlE
gt BAAYEEL WY AT g s Wl
3= Q1o

A 4‘—%7 P94 il Eﬂn (power quality)S A7
= A 2@ =H3} 7 microgrid 2 &8l A2
MEe 7FAtE. Microgrid 7132 CERTS(the
Consortium for Electric Reliability Technology
Solutions) oA A#HA&2] 22| % S 93l 47

HATHIL Microgride o2 7FA dejo] 24k,

=

Journal of KIIEE, Vol.27, No.5, May 2013
Copyright (© 2013 KIIEE All right's reserved



TE7F ouA AFIAER AL
(islanded operation)®] 7Fs3t A i A8 A%
Aeold o SoH1-2l.

do 1

Ad = vk wepA Aoy A] e A8E 17
ALES] AEAR] 218 7 slEt

Microgridel] ¥l B2 AGELS 1Hzad A9
Al&-2] AbaL Foll thulate] whE -S4l glo] microgrid
E s SAREE SA] dgkstr] el [4]elA A
T 7122 7124 7] droop Ao} 71HS Q1M E] A
ool A-gstar JrH1-3, 5-71.

(2]l A= microgrid®] T 7A] Alo] HERs v
ER 3L microgrid®] ©Hs AR =2 o] [EkA] 3}
Tdde sidsty] S8l F-sb AA(load-shedding)
oA AagAe] Hadw ole] #Agle] digh
TS YeERi [BlaA = [2]9] Ax25E
microgrid®] black startE ¢t D7} Al&= AT
[Blel M= frade AloE Eabdde] S5Ao] ¥t
ole} Ak o] A FX (feeder) 2] Fra 4
S Ao 2N ] AT 25 E microgrid7l ¢
ek Fot= HolAl & 5 sl iE A WS Algkst
Ak

Droop 2739 #loj7]& &5 &% A, microgrid
Y AP ES] fFade EuzE A o] FolA=
o|o] i, A&

(o)

%% Aol 4 9lek 12l Droop Ak Aol )= 4

A

>

gxe] FadEs F4 Aold ¢ gitk ol & sds)
7] $J8f [6le4 = Al QA A 2 #H S PIL A
oj7|z FF Aojatiia, &= w-xde] HH droop
o A7 = Hgkste] microgrid W FEd=S
Stk ey of= Al A2 A 2R
microgrid®] ARE s SA] & 5 glrks Al

N @AHoR H4ge]

2
i

)

m{o

z4 - 71N 8] = A A|l27H Al5E, 20139 5

o[AY -

rb

el

[BlolA= o 7H4] 39 AlEe] AlalEFH
microgrid’} S5 AR =2 Agksl= Flo] =%
A =& ko] Ago] o] &5 1AL microgrid Wel
7 A717F 23] = AdgolH, A9l Al
AL A 719 AlgelA Atal § AFYPshks B
Hol AlLxo] A& Al Hredd/do] AA YERIT
[6]o4+= w5 4 5 9] Aled A Es] Sl
A, microgrid W EE EAAYEL STS(Static
Trasfer Switch) ¥t Aste] 917 9 A7) A=5H
A4 71& T 2 AYgS
o stttk et EAbd e AgA A& st
2] %31 Mg Ao STSeF de] "ojxl 44 whe
210 2td Aol [Tl M= @ el

>

g kel ok A9 Alste] FIkE AR RH
STS et AP A7) =0s v A ESehs W
HE o] &8tk 1oy T oA st A717}
Bo| Ty AF = Foph ghaE o] el AlEd
Ak Z717F =& A5 49 Al A 271A
AXA =3, ojul AHES AlkstA =i 2 e
o] vERE Zlojtk

[BloA= olUuA] Adxnks 71 AP S A
9 AEH A== WYY AGSel 91AIA17]aL
ol& F A (main storage device)= 2%
ol 5 AGGAE o]-8-3e], black start ¥ %

9 AT ALl AlFE A A E FFoll A,
MGCC(MicroGrid Central Controller)= 3 Al&3}
o] AFES Hdll 5713 218 FAg} MGCC=
microgridg FHA o] +d dH=E fAs] S8
microgrid W {#4Hd 2 Feles S3Ae] 2 He
k= A9 Alef7lolt2, 5] B3 MGCC= 39 AlE
o] F7135kE Sl F AN T 2 A
S WA AS a3t o] = AERE A9 g
UmA] BARYES BT ARAle] WA PQ I
E] Al°](PQ inverter control)[2] #2402 Hghgto 7
A, MGCCE= 7 A77d=|vro] microgrid W 7=
o= 2 S A shait e ol gk WA
< microgrid Well EA8k= AP Eo] BT A
Ao WA o2 Hetkeh= 7]5s Al oksh= A7
AT} FESH [5]9] AREIAT Aol Al AFAle] Ao

@



T
!
rl

— i
£
g
£

o
o
R
E
it}

B
>,
=2
H
=

= A2 7150 dluA] AR e =-<lE
o] 2E# A  A|2=®l(Grid-Interfacing  Storage
System, GIS)S #|<Fs}S]

B =To|A] Aokl GIS‘E.‘ microgridE A9 A
Foll A7 MG HE S8 Tash A
(interface) & &2 3t} GISE ¢ A%} microgrid
Ate]Ql PCC(Point of Common Coupling)®ll $1%] =31
EPA R STSE Xdste] A3 STSE AlolE -+

—

S g 7MLk o278 GIS7F microgride]
AWE=E FA) ekt S 9ly) ohzol, GISE 54 %

22 0]F7] 93l olg] 7HA] AojRE= 71 = 9l
GIS®] 7} Alo| == microgrid®] 3= =o] e}
Ads] e, Dol wet 54 Aojne=r) A
g 5= glek 3 Ao rms AbelelA]e] glgte] 2
=54 A8k 5 ok

2. HIQHE 2|=-QIE{HO|A A|AH
2.1 J2J=-QIE{IO|A A|ARO| T

GIS+= 54 4871= microgrid®2 &4 7Fs 38|
=tk Microgrid7} 791 AlS-3 AA= o] - u)
= A A%} microgrid AFelollA ZEke sl
QA microgrids 5 3 B=2 3kl
Microgrid’} @502 49 w= dgs-d +3
“L—Tﬂ— 351 AEel 3lEE ] AlET A

T AFESE 9 12 GIS S v
o} ool A A3 7o) GIS= PCCell 9141+ 11,

o] Al A, gt X0 I,
STS, GCS(Grid-Connecting Switch) & 33t} 1
g oA} o] GISE 7t w9 At STS 2

D

={
= Om
LN
2 b gl

)
X

A

GCS® 52 AF
% 194 GISE

ARZ 24 glo] A7 =A s,
A 2] 8+ microgrid®] W A]= X T}

B L e TR ok o5 Gl

O

vk

o] F91A01”1 MGCCI2, 51°l 2al] 7HA] B &¢ o]

GIS¥ 7| T35 2 HAerS AFshe 24t
Vo2 grid-forming[9] 93-E 3s17] wof, GI
7} 2719 219 1914 microgrid main bus ¢! bus

20 Fd=l7] 2l

M= s7sr whEe &

o

Flojo} s}, wpebA] GISe %27] T8 294
GCS(Grid-Connecting Switch)7} 2 &}t

Upstream Network

i

a8 1. GISe| 7=

e
Bus 3
Vi
Z ;
s STS
I .
------- L — T PCC
,,,,,,,,,,, 5
5'9';5) GCS
Iy T
_'_ Bus 1 Rest of
Vi MicroGrid
AC L3
Controller |- \b e i
MGCC |_||__|
T' Battery
GIS MicroGrid

*» Control < --» Comm, with MGCC

Fig. 1. Structure of GIS

E: 1. GIS9| HoE2E=
Table 1. Control Modes of GIS

Operation mode of Real power Reactive power
microgrid control control
) MDC MDC
Grid connected
) UDC
operation mode UDC
VC

Islanded operation

Droop control

mode

Re-synchronization control

Journal of KIIEE, Vol.27, No.5, May 2013

—




2.2 GISY MO2EE

19 1o A ¢} 7LO] GIST PCColl $1A|5]7] wfizl|
BAARES] AEEFAS FA1 jlo] AR = 9l o]
Z5E microgrid®] +HAEEE
. 013 microgrid A== w2} GIS7}
ofe] 7K AlRE=E 7HE = Al Eleth GISS] 2t
Alo) B == microgrid®] AR =] whef #ds] A
=7 e wet 54 AlojR=r) duE 4= 3l
o} B3k AlojREE Alo]olAo] Heke REgA A
sk S ok

Microgridel] ##% "ﬂyrl"‘irfﬂ 7| EAT
microgrid’} 3¢ AEe] AEEd FAol o
e T SHRER A3 %UH%/\J il

Xw‘ro}ﬂ f1elA, microgrid W 71& F34= 3L A

& AlFshE AU ES i droop
ahar AeH1-21. A% A SAR=A droop Al
= FEAYEES AR 7 AR FEdES Ao
T itk 71 AP ES
o83ty kY & Alo(unit power flow
control) = F73141e] A5 A|of(feeder power flow
controD[3] & g 7FA|¥ro] AdEw]o] - = QU3
o} [6]ellA= Als AAIA] FEadE A& sl i
APl Fad Y AR EE microgride] SHAEE

of whe} FHEetAINE FAPA ] A A 9] 2 FAl
o] IHEA] gFoba] AR G- Aojr=o] gk
MRS Age] Tietstr] offT

GIS9] A|o] == microgrid®] 7z} S AR =9} 8
9 Fade Aojo] w3 19 Zo] R 11
o4 MDC(Microgrid Dispatch Control), UDC(Unit
Dispatch Control), VC(Voltage Control)= microgrid
7} A QA SAREY w GISY AR =ola
Droop control®} Re-synchronization control—c
microgrid’} &5 2= wf GISO] Alo]R=olth

¥ 1914 MDCi= microgrid W] 7Fd =91 A%
o] ¢ 9 Hal5o] 2 1_001]/\1¢ microgrid®}

PN
LTO}I

w2 g m° mlm

-

391 AlsArelollA] ek rE R Fa dEe FaL
WS 4 A GISY] & 2 Fady &8 244 A
otz AloJREo|t) [3]olA “feeder power flow

zv - A7)Adngs =] A273 Al53, 20139 59

2

control”oek= AloJAS ARKSIAAIT, o= =
o] A7 Ao ZM, microgrid W o8] FHANE
= shte] FAME 54 Babdo] 9yste] F
Aol AHEFE Aofsh= etk Y GIS9)

HTT=

A
MDC AR == A9 e microgrid7} =a18k=

T
j
=

7]

p

2L

= FadE Aojogk H"/‘rﬂb x%MEEiAﬂ GIS?)
=4 A3k droop WA1E F3 GISO] SRR Al
olshe Alojr=oltt

Droop control< droop WS o]-&38le] ds &3
Al 71 At 2 FIE Algehe AlojEEolt,
“Re-synchronization”-2 microgrid’} &% 2%l 2l
< uf A ARSI RS A deiAlse] A
4 microgrid®] s §718A1 7] AlojRLEo]o]
1, droop Alo] W2} 7o g gk

GIS9] AoJR= T microgrid®] 725 =9 ujzh
AeE = Ao REEo] Aol A Aedd/ds 43}
st7] 18l Ao R=e] W 523 STSS| =913 &
zlo] g7]stE o] = ook gty webA 19 13
o] GIS= 8|4 o2 STSE Xgsto] 24 STSE
Ao g = = 5—2— 7} oF gtk vk GIS7F STS
£ 2FetA| F=thd, 7hke] f1A|ske] o]F Alelel
A alg- wEE EAlo ] L?Qt‘r

2.3 GISS| S uXE gl FTUXM JjofJ|

9 2% GISO] Fradd Alol7]E ekl Alelth
GISe] 238 Ao7|&= Als AAl &34 MDC
S UDC AR F iz el 4= 9lar, o &
ZollAl droop control?} droop Ao W] 7]HEQ]
re-synchronization control A|o|2E = 7| A
2 3

Microgrid7} 741 Algell AAE o] &-31d o, 19
2] fraE Alo7l= 39l Alsel o8 A= e A
Ao &4 FurolA GIS7F Y3+ fradds =9
3171 f1alA GISe] Ak st 9)7de] A se1-2,
6]. Microgrid’} @02 -4 of, 717 29] a4

(492



ARAAUAT AAE 5

A7 71 A R FITE Algshs v
2HAAE AbelollA mlE] 2% ey Fuke
gk droop S0l whek 4l glo] FadEs &
Ao Z dHA ArH1-2 4, 6-7, 10].
9 20014 “Sel. 179] 48] 2~9%]= microgrid®]
AlE AA 7oA GIS9] AARE F MDC A=
9} UDC AR = shvbs Ad9el] 918 571y
Atk Microgrid7b @ 4= 745, 491AE A
ole] FEHY Aloj= tl o] da glvk wepd o

H

z 2 e

= A~
It

% 300l “Sel. 1°¢] 419 229174 UDC =2 4
e,
MDC: Sel.1=1
Py UDC:seli-0
Aw,,, D
P *aé_w " J
M ! Aw — + 1 J + *
Sell k O - 5
I’U*A»?—H ) # s +%
B Ay, AS
})U

J8l 2. GIS?| f&d H0{7|
Fig. 2. Real power controller of GIS

a9 29 A AoI71SE A 3

EE
10
HU
= 0
@)

o] Hgd9d Ao7]= 19 33} o] FAE 4=
Fade Ao77F FadE Aoriel v H2
A AFH AAE EHE we} G e u) zhzb
o tisiAd thE Ao E5& 7HItk= Aol
MDC : Sel.2=1, Sel 3=1
UDC : Sel.2=0, Sel 3=1
Ou ye isea-0se3-o  Reset
N -Yt |
Ou ‘
. " Sel.2 =P Sel3
O —>_<T>—> , g
o

AV

min

J8l 3. GISe| Fa®E H|o{7] & M 07|
Fig. 3. Reactive power & voltage controller of GIS

@

$7bd vhojazags 788 93 2g=-A8A02 qUA ARYA 3 AT

Microgrid’} @5 4%+ -9+ droop #1o17} &
T 3ol B8l microgrid7}F 39 Al AA E] o
$AEE 749 MDC 2 UDC Ao RE=S $18)] GIS]
FadEs E@X]i = Alost7] @A PIL Al
717F aReHe]. LE 39 FEE Aloyr]e] &9
2 1% 1914 bus 19 A4 v & EHstay, ol=
bus 19] A%t =71 Alo)7|= g€k

3. At

3.1 H2ZE A28

2 a=gola 2708 GISeh ol9] Ao} Al=Ee 7
Z517] 915 PSCAD/EMTDCE ol-83 Al Eelol4l
o] eIt ABEINA o451 microgrid

Bl AE Al2Ele] AR 1 49} a1 o]e] A7
2 dEuEE ¥ 29F 2l 19 49] HAE A|2H
& B3 100WS] EAARE Siahs 2 29 A
»8S 7jdlo 2 ZAE Flo|th

167.17 MVA
X/R=34316 22.9kV

Upstream network
Z, Z,
229/0.38

VAN
l—y 300kVA 6% Other customers
100kW

PF=0.97

FeroEs--
| )
| |
[ . Pcc 1 380V
| | :
: I le le ZLZO
P 1
| )
| ] Zin Zi, Zin Zin
| VsI | VSI# —— VSI#2
| Grid-interfacing : V
| storage system
0a 0a 0a 0a
| | Loadl Load 2 Load 3 Load 4

50kW 50kW 30kW 30kW
PF=0.97 PF=0.97 PF=0.97 PF=0.97

a8l 4. 2e AJAHE J|H9] Microgrid HIAE A|AH
Fig. 4. Test system of the microgrid based on the
building system

GIS®] JNHE Alz=gl3} Alof7]e] sfebr]Ef= & 3
of YeRE GISe] PI Al dEpvE=
PnP(plug and play) uv\l < jlgq o}oﬂ z1 fﬂ}-?H oz A

Journal of KIIEE, Vol.27, No.5, May 2013



23 2. HAE A|AHIQ| m2t0|E
Table 2. Parameters of the test system

o[AY -

rb

el

o2 AAEA GIS9] ofuA] 74
A= AAE AAgstr] witel wfg- wE e &
15 gl R GISY]
] & Agd A8 R ANks oy
ﬁ 2o A GIS 2 B39
PSCAD/EMTDCAIA  A-&38h=
user—defined component(UDC)E 7= ATt

_4

3.2 AlEd|olM Z4t

A e A AX(VSH2)7F 4% 1 s 5
|71 GISe] e ¢Jal Alsel AAE microgrid
o] AlEE oI Ang 19 5~7¢l YERSIth 19
504 1.0% o]+ microgrid2 &A%+ 82719
Fol7t ejedd el FA] 2 9 Al 2T E

Impedance X/R |Conductor
Symbol| P Length| . )
n p.u. ratio size
Z 0.000059+ 50.000018 |  500m
0.3061 |  38mm?®
Z, 0.000117+ 50.000036 | 1000m
Z, |0.004446+0.004141 | 50m | 0.9318 | 185mm?
Z, 0.004072+50.002526 |  30m | 0.6204 | 120mm?
Z,, |0.003421+50.000917 | 10m X
0.2680 50mm*
Z,, | 0.006842+0.001834 | 20m
Z, 0.011080+ 50.008083 | 100m | 0.7295 150mm?
Z,, | 0.006787+;0.004211| 50m | 0.6204| 120mm’
Zy | 0.003421+50.000917 | 10m ‘
0.2680 |  50mm?*
Z,, |0.010263+0.002752 |  30m
E 3. GISY mz}olg
Table 3. Parameters of the GIS
Parameter Symbol Value
Rated capacity of inverter| 2P, ,. 200.0kW
Nominal frequency W, 60Hz
Permissible range of
. Aw +0.5Hz
frequency difference
Nominal voltage(L-L) | 3830V
Switching frequency Tow 10kHz
DC-link capacitor Cre 470,000uF
Nominal DC-link voltage V. 690.9V
Series resistance R, 1.0m&
) ) Inductance L 0.1lmH
Filter inductor -
ESR R, 1.0mQ
Filter Cap. G 50.0pF
capacitor ESR Re, 5.0mQ
Coupling Inductance L 0.7mH
inductor ESR R, 7.0m&2
] P—w kp -0.05
Droop gain
Q-V ko -0.04
Q PI P gain - 0.08
controller I gain K, 1.0
v PI P gain K, 0.5
controller I gain K, 100.0

>z .

Az

A7) 58] e

=EA] A274 A5%, 201349 59

3L I1H
[SR= R = W =
Real Power
75 2P M A PU ~-P_PV
1,
+1.125 = P e
S g By, P
o 05 r Y
—————— Y N,
0.125F 0N
075 I L | I =
0759 1 2 3 4 5
Reactive Power
-=aMm —+-QU -+ Q_PV
+0.5
I = a
5 +0.3167H \-.ng-wmm‘ B —.
a . -
+0.1333 P R T T—
e 1 : —
0.05 T 2 3 ! 5
Frequency
+61 —E-w_microgrid —#Ww_up-network
+60.5
stz = = £ =
+59.5[
Il L 1 L
+59 T 2 3 z 5
Voltage
—5-V_microgri
+1.01 V_microgrid —#—V_up-network
+1
. . IS
E] L o ST &
= +0.99 ”'=E%=====Xf =
+0.98 ,{——
| L 1 I
+0.977 T 2 3 ! 5
Time (sec)

38l 5. Microgrid® HEIAHRH
Fig. 5. Grid-connected operation of the microgrid

xo]—o

9 5ollA GIS= =94
719} 9187} 57134417 7,
EdE 29 5914 GISe]

S microgrid®] At =
1.0Z0l UDC AojrE=z
B Alo]7]e] Ao

@



ARAAUAT AAE 5

RE7k15%0] MDC Ao RE= H5he] a1,
Alo7]2] Ao RE=7} 20%00 VC Ao =
=

1% 5ol A 25%0] 9] AlEelA e frE §
7t §43] 8-S aRshs Fedido] 03%7F %
A= Ag Agdste] melatgint ojuf AH %t
Z&817F microgridell 3 &S WAl w=t, GISS] VC
AR =+ 443 Fades dAste] =2 49
AGS FAISE 39 AlSelA HAE A s
microgrid W] -8} detel| A O B2 HetE oF7]
g Aot}

1% 50014 3.0%°l microgrid W #3817} 20% 7}
¥ a1, 35, 4.0300 thA] 20264 7Has ??er 714 GIS
o] MDC AlojRL=of| o]z 9] Al's o =HE S35y
= FEd9L2 10puE FAEE A°1 w3z ok
GIS9] 248 Alo)7]7} MDC Al E=2 Ao ¥ ar
AT T, HFE A=A 0] 8 WEo] o of 9]
= gt GIS7} &7ste] 391 Alsol 93 mA|

! vJ‘
1S 4 Qg Aol

H-U_hj

T

o I T

X,
&

Frequency
61 —E-w_up-network —#A—w_microgrid
+60.5
N = = =
T 460 Pt Aa/g& 3 = =
+59.51
| | | |
597 a7 ad L K] 5
Real Power
“ Q—Q—P i} =P U “FP PV
I 5 5
+H8F
+0 = =
| et s S W - |

Il
04y a7 a7 a5 EE] 5

Voltage

= - i
4101 _up-network —A-V_microgrid

B

A —8
2 so0of = & 8
+098-
+087 g a7 23 15 a8 5
Reactive Power
=aM QU 7 Q PY

+05

[
. +03167 ﬁﬁ\\ww
I

o
01233

o
i

g

& T & 1 T i
0057 47 a4 a5 EE3 5

Time (sec) |

38l 6. Microgrid?| &%
Fig. 6. Reconnection of the microgrid

(524

79 el 22T E 7S 4Y 2E-UEAl2 U AFEAA g AT

19 62 microgridZF 9] AlEl AHESE o
7Zb FIbE, & A, A FEdES VERA 3
=2
19 7 microgrid7} 9] AlEel AHES 2 o, 2t
A AFE HERd ol 1y 7ol A ﬂ‘ﬂ‘-/] s}
ZHE microgride} A9 AlEe] Aol B
olFolHE g1E 4 Qlrk

o

Current from upstream network
—--it1a —-ilib —F-i0lc

+0.2

* oo W

07 73 % 75 75 74
Current from ISD

kA
n
n

T~
A ™

Current to Load
—H-i10a —#-i10b —#i10c

TR DA TR
UM

057 % a5 14
Time (sec) |

38 7. Microgrid®| MEKA 2 =A| MR
Fig. 7. Each instantaneous current when the
microgrid is reconnected to the upstream

kKA

mﬁm(wm
xpw&,mm

kKA

network

4. 8 B
2 =rollAE AR EAbd o] S H AL =
487H8 microgrid= Sk, Y -871e] 4
FAS A AFE 2 dgUA] o] &8-S SIA|
7 4 Q= GISE Aletskit). GIS= 712 Al A8

o
A
ANUA] A=) Aloj4hx o] WA glo] &
7Fe microgrid® &4 = A sliE
AlekEl GISE= Microgrid7} A9 Al53F A A ¥ o

A9 = A AE T microgrid Akelol Al -
sk slar, A QA microgrids W5 SHEER
Agste] microgrid®] A€ aw dHE WFIL, A
9 Asol 3 EEH 49 Ale Als7lst & AF
ER=

Journal of KIIEE, Vol.27, No.5, May 2013



Ol i—i—% 20115fAE Solofsty A X|2lof ofstod

References

(1) Robert H. Lasseter and P. Piagi, “Providing Premium
Power through Distributed Resources”, Proc. of the 33rd
Hawaii International Conf. on System Sciences, pp.
14371445, Jan. 4-7 2000.

(2) J. A Pecas Lopes, C. L. Moreira, and A. G. Madureira,
“Defining  Control ~ Strategies for MicroGrids Islanded
Operation”, IFEE Trans. Power Systems, Vol. 21, No. 2,
pp. 916-924, May 2006.

(3) Robert H. Lasseter, “Extended CERTS microgrid”, IEEE PES
General Meeting — Conversion and Delivery of Electrical
Energy in the 21st Century, Jul. 2008.

(4) Mukul C. Chandorkar, Deepakraj M. Divan, and Rambabu
Adapa, “Control of Parallel Connected Inverters in
Standalone ac  Supply systems”, IEEE Trans. Industry
Applications, Vol. 29, No. 1, pp. 136-143, Jan./Feb. 1993.

(5) C. L. Moreira, F. O. Resende, and J. A. Pecas Lopes,
“Using Low Voltage MicroGrids for Service Restoration”,
IEEE Trans. Power Systems, Vol. 22, No. 1, pp. 395-403,
Feb. 2007.

(6) Yunwei Li, D. Mahinda Vilathgamuwa, and Poh Chiang
Loh, “Design, Analysis, and Real-Time Testing of a
Controller for Multibus Microgrid System”, IEEE Trans.
Power Electronics, Vol. 19, No. 5, pp. 1195-1204, Sep.
2004.

(7) Robert H. Lasseter and P. Piagi, “Control and Design of
MicroGrid Components”, PSERC Final Project Report, Jan.
2006.

(8) F. Katiraei, M. R. Iravani, and Peter W. Lehn, “Micro-Grid
Autonomous  Operation  During and  Subsequent  to
Islanding Process”, IEFE Trans. Power Delivery, Vol. 20,
No. 1, pp. 248-257, Jan. 2005.

(9) F. Katiraei, R Iravani, N. Hatziargyriou, and A. Dimeas
“Microgrids Management”, IEEE power & energy magazine,
Vol. 6, No. 3, pp. 54-65, May/June 2008.

(10) F. Katiraei and M. R. lravani, “Power Management
Strategies for a Microgrid With Multiple Distributed
Ceneration Units”, IEFE Trans. Power Systems, Vol. 21
No. 4, pp. 1821-1831, Nov. 2006.

zv - A7)Adngs =] A273 Al53, 20139 59

-
L
oE.
rb
ol
of

O MK N

O|HI'E (=

19794 12€ 8‘” Ay, 2006 st 7]
Zokwh 9. 20089 £ ety A7]E
S5 =14, 2008~ @A el
Gkl AaA7 et Ay,

=T (&4

19661 9¢Y 64 A, 1989 A&t #7]
T ¢, 19919 = ity HU)F
st} Z (A A)). 1996Lﬂ T gk A7
a3 (AL, 19979 ~A A F

A7 & wap,



