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Abstract

In this paper, we propose a probability method to determine minimum capacity of energy storage
system(ESS) for Micro—grid. Because of high capital cost of ESS, It's very important to determine optimal
capacity of ESS and for stable operation of Micro gridMG), we should determine minimum capacity of ESS,
The proposed method has abilities to consider forced outage rate of generators and intermittent of
non-dispatchable generators and minimum capacity make MG keep energy balancing by oneself.
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Table 2. Generation capacity of MG system

HHAEH An)gF [MW]
WT 20
Combined Heat & Power 40
Generation (CHP) '
Bio fuel 3.0
PV 2.0
Fuel cell 3.0
MG 5.0
AANE 5.0
A 24

wAr)e] aAAA SES 18] Y 4w
AR o]8EFE(Bernoulli distribution)3Ele] 1
e A L3t DAEES ol ag 39 2

o] dBHoz mE WAyl 05%1F A g sk
Nge: FOR - Moy
‘Yes-No Distribution
100
SN
Fom
&
& 040
I o~
000 S " . :
~100% % 100% 00%
Probablity of Yee1)/0885 (%

O3 3. WE)| nEEX 4B
Fig. 3. Fault probability of generators

@ Non-dispatchable &47)¢] %4

g AEel= WT 2719 PV 1717} Non-dispat-
chable Y712 H<LE o] gled oo gigh dd &
W3l 382 qlEs)y] YA BERTE Al
o 4 WTe] 79 d2AHe 415 AL 7
8kaL fAbet f‘éﬁﬁ" 29 WFo] A, As
€ 3133tsitt ofeie] 1y
9 18 5% WT#lJJr WTi2e] Z8wigol gt

Wt &E

i
x K
ol
N
1o
ox
)
J
2’:
m

oA - AAF - HYE - T - AT

Nogne: wind i1

Lognormal Distribution

ocomn 806 TTTRE o MefiE T swoee 01z TR

J8 4. WT#1 8230 #EER

Fig. 4. Distribution of WT#1 generation

Name: {Wind 2

&

Lognormal Distribution

“@:

Probabity

076 080 080

Locakion 6.0 £ Moan 040 L osaoejoiz URD

a8 5. WT#29| &=idisl HERE
Fig. 5. Distribution of WT#2 generation

olgie] 219 6& WT#lﬂ} #2°] Zgxsld o
AHIAE BT Ao 052 7P AAl
HogE F FYw DRH Zo gjgk A3 g o]
£351e] Bl ARAE Fstefof SARE B =EoA

= o8 7Pgstel Bk

3F
jad

Wind #1
Lognormal Distribution

024 036 048 060 072 084
wWind #2

Lognarmal Distribwution

a2l 6. WT#1,42 E2{#8lQ| AZEHH
Fig. 6. Correlation of WT#1 and #2 generation

PVl 29 olehel 19 73 o] ALRIE o
ol s ERTE L35y g Hbqt
T:._-Oﬂ EH \_L M"‘*“d’ﬁ]t :113%8}'}] sz»b:}”



QO3 MO HHE A HNMYYNESS)Y HRBFNUY THHO Y A+

Probabilty

0 . 010 DM 0N 040 0% 0 0% 08 0%

Wieissu 0,00 [ P T ¥ S0 ) 1. FERTeY, |

38 7. PVY &8s SR
Fig. 7. Distribution of PV generation

4.2 B3t

B A ElX DESSS] AN 438 A3}
7] $18t Monte-carlo simulation® 10,0003] <3
ste] ofefe] 17 87} o] HA DG &R Fol
g FEREE Ao, o] FEEXAM F
AXo R Foldt AAFEE BWHAR Holsta
I A Z83le] A (2o AA DG EYFe
HA FHMin{X7p,)=15.65 MWD& wtg3igct =
& AALNR HOEHC=EIMWD# HdFa
(D' =24IMWDE 2] (2)ol &-g5}o] B AFolA
U2 H& 4 DESSAHEFS sy 2
23} A %E2) Self energy balancing % ¢H3 3
9l £9¢ YsiME FA 1.39MWIe] DESS? |
g3 Fow BAHYL

10000 fricks Froquecy View 9814 Displayers
Base

 SIECS L gy B® Ix 4 e

18 8. ¥ DGOl &3HE BE
Fig. 8. Simulation result of DG generation

o|gA A€ DESSY] Hx Au|§3 BAN
& 2T HH §FL oh7] T AT #
sholel 9 PR 5498 e A Aul g
FAEE 4 AuEFRchs 2)9 o] g

(564

&), %, A4 4183 Wgskevl glolH DESS
Aulg el Hadul g% AEAoR wld

A= Aol
4,3 ZAL0| [E CaseEHN
skl A di3AIE o g A9 TS Base® 3]

AATol WRHE ol HE Case M S N &
stAth 2§ Caset the3 2tk

Case 1 - Micro generator&% 1IMW] 74,
WTE# 1[MW] S7HWTzH Aas
A A 19

Case 2 - Micro generator£% 1[MW] #&,
WTE% 1[MW] F/HWTZ 48d
A A4 v n#)

Case 3 - WT&% 1{MW] 24, Micro genera-
tor§ % 1[MW] 57t

10.000 Trisle Frecuency View 9.809 Displagd
! Case 1 ’

170 7S 1800

ag 9. dx DGe) EHHE BX(Case 1)
Fig. 9. Simulation result of DG generation
(Caset)

10,000 Trske Fraquency View 3617 Displyed
Case 2

1440 14800 1570 1580 1500 1640 1580 1720 17

Blsos ]

a8 10. MA DGY SYHE BX(Case 2)
Fig. 10. Simulation result of DG generation
(Case2)

Lontaily:

Journal of KIIEE, Vol .23, No, 10, October 2009



10.000 Trioks Frocuency View 9,807 Displayed
Caso 3

| MY ™ Cotanny: SR x 4 B0

a8 1. By DG FHMUE EXE(Case 3)
Fig. 11. Simulation result of DG generation
(Case3)

E 3. Cased Mz
Table 3. Analysis results of each case

Base | Case 1| Case 2| Case 3
Min(Xrp) | 1565 | 1487 | 1503 | 1631

cope 5.0 5.0 5.0 5.0
D! 24 24 24 24
ChEss 3.35 413 3.97 2.69

Casel2 19 29} ¥ 2014 AAE FANGAS

oA MG—°4 AR EE 1IMW] ZHAaA1713 WTY
A 838 [IMWIS7IAIZL A5-24 3719 8
AekA] 7o) ABAAE 052 22T Aoy
Case 2% Case 1014 FTA] 1he] Adaa
& n3hA] & 740]4 739-0] AxE v|wst
A, AABAE 1281 2 Z97F DESSS] FHa
g go] 2 A e, AAH S ZE FA

o)

# Aol FAVADATF 2] Y= Ao
7 A7t 29e) AVAAZ Ve Aol ny

459 ARea g 5 Uk

Case 39] 29 WTe) 2u1§358 1MW) 22
AZ1Z MGS) a1 8% IMW] S7HA170 %92
Y, 7 A3k HEAe) B s B 4
ul-g 2] 7al3l) WEo] DESSS] H4d a8
o] Base tlul 066IMW] 48 2 & 4 gtk

5. E

1M

p=h

s

=M e rela2as(MAE ¢AHHL
+gst7] 1% DESSY] Hadu|lg3e dd

fu

B

B - HEEHYR =27 H237 102, 2009H 10"

oA - AREF - HYE - T H - HH

& ole HBEH PHES ANSET 7189 @
50| ESSe] 714l thet AARHeIY A
e Flwoz @ ESSel ARel BYE Fu
%] BFol] B ERN BHSIA S P
WAk Aozt grkn @ 4 ek

£ sEed PPES MG 245z U

44;9,

g wyo M faxﬂﬂ}zl” oﬂhiszzo*zu A
o] BuEx] ¢F Aeiol7] W] HAT TR
s AL w- Feau, MGY Al
& SSME Hae) dujytRel dig stol=z}
ANBRE Zel Fostta & £ gt
FARATE BA A2AFel AT FY
o*% HAE ) 290l g Fa)
Zo] Heh o] @4 Welhe 2k
Joll webA DESSY] |44 a8-7Fo]
1S skt
B8 5 MGE AAL AT 9 &4
o, F A%E st Utilitynt el
MGe] Aol gt 71223 bl =2els Al
W 284 & & Ao Andnh
%Lr A ke A A E DESSS] HaAn|gake
o]gste} MGO| H&eq deHe FHE & %lb 7]
He] Awa} DESSS) Al whE A4eks
3ke 3lolth.

i

!

i

o Ao

o,
o
il

ol
F{F
)

D2 i oo R
Ffﬂlﬂrﬁ_v&-il-ﬁ‘mlooﬁ
e (f 1o gl‘
mw—u
S
E

“’9*' ”f 4

AMel 2

2 ATE HMANAATINLUAIY (RHHZ R-2007-2-
186)el X|@cz 8 ® HN2E, AR X[Ho|
thal Zlol ZAb=RUCH

References

(1) Joannis Hadjipaschalis, “Overview of current and future
energy storage technologies for  electric  power
applications”, Renewable and Sustainable Energy Reviews
13, 2009.

[2) Rahul Walawalkar, “Economics of electric energy storage
for energy arbitrage and regulation in New York”, Energy
Policy wol 35, April, 2007.

[3) S. Jalal Kazemmpour, “Electric energy storage systems in a
market-based economy: Conmparison of emerging and

(574



OO =(MOIY HYE A OUNMYYMESS)Y HABHNY 1Hy B A7

traditional technologies”, Renewable erergy, june, 10,
2009,

[4) Fouad Abou Chacra, “impact of Energy Storage Costs on
Economical Performance in a Distribution  Substation”,
IEEE trans on Power systemy, vol 20, No 2, May, 2005,

(5] CRRTS, “Microgrid  Concept”,  California  Eenergy
Commission, Oct, 2003

(63 NASH, “Smart Grid Issues Summary”, March, 10, 2009.

O XXM O

OIM = =F=n)

1976\d 89 19948, 20024 M distm A3 4.
20049 AP AT AU FEHH EL(HAD. 2004 T
HHTA QIAY 2007~8A IR AL FA AEAT 9
AdraT4,

E-mail @ jaelry@kepco.co.kr

LUBE (=um)

1969y 149 6. 1993 A¥dighn A7) Tt &4,
1995 ARdgta gy Arggs YA,
2006 AEUTw oizrd HIFEF SO
19959 S A HFAF AL 20028 ~AA FFAFFAL
Agd79 Hgd+4.

E-mail : kkambo@kepco.cokr

BT (wiky)

19739 119 294, 20008 HAstn A7) 28 &9
2002 PRt Ar)Fe EA(HAb. 206 &5
AHFTAE YA 2009~8 A4 SxAgFA HEATY
HapdFad

E-mail : zeroway@kepco.co.kr

S8 mw)

19789 79 18¥ 4. 2001 I oistm Arjdzpd s
FEE &9, 20060 s A7 5T FAXAD,
20061 ST AHFA AL 20063 ~ @A LAY FAL
AHEATFY YT Y.

E-mail : scnam@kepco.co.kr

TEIZ 2%

19649 11¢¥ 2894 1986 SrFuistm A71FEx
&< 19899 Sguigtal AT EH(HAh. 19931
gekuistE A7 FEH 2D, 19968 a9
FAF GAF 1996 ~ A #xAHFA HFITY Y
a4,

E-mail : bhebbu@kepco.cokr

Journal of KIIEE, Vol.23, No. 10. October 2009



