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A Network Reconfiguration Method for BESS based Service Restoration in Distribution
Systems
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Abstract - Outage areas can be transferred to adjacent feeders to restore power supply in case of the fault on the
distribution system. Feeders in the small island or mountain area may not have backup feeders due to the low density of
load. In this weakly meshed open loop system, BESS can be used as a backup feeder to improve reliability of power supply.
This paper proposes a new network reconfiguration method for BESS based service restoration. Fuzzy decision making
technique is adopted to deal with fuzziness of service restoration planning rules. Case studies using KEPCO real distribution
system have been performed to verify feasibility of the proposed method.
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Fig. 1 BESS based Service restoration

2 =EA AAske da1t EEEX ATds fIe 283
At A9 slife F9 dAR TPt A HR BAoM =
ZF BEERA| £HS0] 7|5l oM 270 ofRE &
Heltt o] @AM E RE 7hsth EE22A] Tee ter S5
o, RUEE, Rl 59 Metz=Ag AR MotxEds vEst
£ EZEA SHES BESS FUET EEEA Yotoz Ad 7}
Solth 7 WAl BAcA e Aadxds WEcte EE2A 2HE

2 HyOE BHY4E B0l DM Yore MEgIt B

FOoRE RGO, QR0 57d, 29188, ASAKE 50

1
|

QIAMET} Gle siITMZo|A BESSY|EE HARTE 218 EE2X M4 et

Trans. KIEE. Vol. 66, No. 10, OCT, 2017

HECL 2 =Rolis BAgs BHoRA BRRA oAl
S

3. A¢kehe EEZX] A4 dor
3.1 ASEEA

RE EEZZX FHE U5lo] AIEAS AR tEdh=
EZZAE 714l BESS BRET EZEX] A4 Bot SHAS
S-sity.

AYEA 1 : 54

A WA Ao rdoAE BEQst AQE0] Z3E EZZXE
S0t SHOA At I8 2004 AHH 7] SW5 2 E127]
Ttof] 2o Qloug sttt daES e geke FX
LOWHA H7] ZEZF S AIZIEZE BEer SHOA A
QEITh

O OPEN
@ CLOSE
T OpEN
I o%o = (kess)
SW;

O8 2 288 29E

Fig. 2 Unnecessary switching

Al (D2 SEQT A91EE 2ot EEEA] X7d Yot SR

THEAS LEERN D Qo) J8i= o|B20ZHEH & A9E sl B
7189 749} BESS 749 StHCE I EWQst A9Fo] 2§t
Tt sk = It
S< J+FE )
O71d, S & A9E 3¢
J o B7189] M
FE : BESSQ| 74

MEA 2 - HEed

T R mlokEAe T 7 o]4k9] BESSZL shutel A Sreio) &
gg ZFEIR L1 27 EEPFOR FAYEAE AR B =
Zojxl= HE BESSZ} CVCFRER FECHY 76k BESSY
AFQl REAUS N# S} BESSEQ] HYELAOo] yhssitiH
E O {9 EEZX #-0| ZHssHIAT, e BRth 559
SRELE 1ok SIER HiRAZ 718 FRELS g BEZ
2R AT @oroR = HisAE ol o= HAS] AAlE nto]3
ZPES] SYLAE Qo g% AFE YATN B =RoM=

1461



HM7|5t5=2%| 663 105 20174 108

CHREA] 2=t

a8 32 AR 29 HEE LFERNAL ATt ZI-EolA R
7] SWs7t HRE o] Qe BEEZAE AT woto] & 4 x|t
SWs7t EQLE EZZX]E= BESS, 1 BESS, 7F HEAGHA 2
2 EEZZX SHoA AQECh

O OPEN
@® CLOSE

% 3 BESS HELA
Fig. 3 BESS Parallel operation

AEd 3 : Botg

Al I ReFEAE BESS SE8E0] d¥e S5 g8+
FEldECE AoRehe ZI0Ith 1Y 49t 117 b= g9
o Fold Halel BESS 889 AE LEAL It 1Y
HiEHON Z0] G9] HElE2 BESS S8R £Aloug 487}
S SHAIYL GOl Rt BESSS 3E8ES RillEE A =
7vssith ®okaE 3041 =712 defsiold ARk A8 dg 9F
AIRIOICY. BESS S48 HojA dE3w @7 AR SO desae
T Rl d0e D835 @7AKRNE 11Hoto] BESS S58ES
Zaxsto] ALkstoiof S

O OPEN
@ CLOSE

a9 4 WY EEsY

Fig. 4 Power supply capability

T8 5 BESS &AIEY W Halgk
Fig. 5 BESS capacity and load amount

1462

32 BRES
AR WSS EERA SRES NOR Tige BAF
+2 Brksio] BESS/IY AR=ET0l bg HEe FERAE 24

ol AdEsic).

BEgs 1 BHsE

R Wn Bges ARRT Baig Arsolt, BEssY 88
SIRlol me ARETOIX AQEs AuRs} WA S YA
B OB AR Si EERA ASEC) 17 62 ARET Mol
ol O & EERAE Adels ofE LERNT YTk IRolA
BESSS| 80] HESI0] BE ARTAE BUE 4 91l G T
6,8 BPohe EERAD} /S Gt G, Rt vlwsiol
2o gENss Bysis wolo] ASHL,

O OPEN
@ CLOSE

JI9 6 AfHESI Flast

Fig. 6 Load shedding minimization

EREs 2 ¢ EQ5G BE

T R ERges £Q5 610 SAET0|CE BESSS] 358
o] REs5io] RE FRES] Mg 23 + gls 49os we
OlL} Mgl= 51t Zo] £t Hoto YuHASHHTE 2A45610] e
S ZHdlok ot 19 72 EQES 2§E te AFoR
E5He ol UERNL QT G2 YetRstE AR Gole
SQESIF XSEEZ TIFE G0 Heto] ASETh

O OPEN
® CLOSE

B xzt2 e 4
(¥ 5a

Jd 7 EQESH A48T
Fig. 7 Priority restoration of critical load

E258s 3 0 AgESE
Al WA BEges A90E 84
SR ASHEOR I3 BEEr

L NEH 2918 3471 B W

o

Astolth AMH7) ZREES7
ZIIBIE R HiEAE 2UA
AEe} 18 88 EZER]

-~ b

o



AT Wolo] e ~917 3149 &o|B LERHIL Atk 79 G,
ol M2 BFs] YahAs 1M A91F0] BAsY 29 G,
o A2 FFskeiw 2M9 2910l Wastch THE F7o] 2rt

W 2918 24 HA80 BEOME 7Y 6ol HES TEE:
B

O OPEN
@® CLOSE

G,

¥ 8 ~91Esls FH4ast

Fig. 8 Switching number minimization
3.3 HAZAE o83 Hridry

HZEAE 2FY0] BRESE Q5 EEEZA M4 dierg &
5l7] fI5to] Hgshe BIES A9E ST HihAr 2
HESHo] /AT Solth. J-H olgst weEe IrkE
C} 2rl/A T 59] o2 S (Fuzziness) ¢t S015S Eg5ial AL,
H =RoME BVE9 iR sEe AFE Z2IHOZ X
5t7] flst7] floto] WA=A] SAHEE 7IHe A&t

HAMESE 3280 QEst ESZA A7y BRSFERH &2
TRl SQF6t 57, A9ERT Hok O" 9= 2 wAH
$0] ZAR HHg gAS LFERAAL ok J=ollA] WHg g34s
dEsk= MAX g2 thsat Zo] 48Er.

AT

(250) Sis

Trans. KIEE. Vol. 66, No. 10, OCT, 2017

- BoRs AR Adnsie
- BoRs Bag  BuHs ZaRsy

- A8 s RE =

» UE
0 MAX MAX
2
O8 9 WA Wy g
Fig. 9 Fuzzy membership function
712 7710] 7%0] mel EERX $RE B 9% HA
E2 UL AT
E 13HXE
Table 1 Fuzzy rules
= S AT} HE act
BRSY L HE | wess
EQF0t B8 TH L HE HeES
PO ER z2 HE Ly

e sr)-24He Agsion FAZUME olgsl
HIERISIE SaskATh. 2t 7o) tiet WAt Zake 1SR 8
AR Belth Brrsy, A9855, Sarst Bl o 7}
= 2+ 04, 04, 0.20]Th

(100)

S (130)

oo dAS =

I3 10 ARAo] AFSE
Fig. 10 KEPCO distribution line used in case studies

QIAMET} Gle siITMZo|A BESSY|EE HARTE 218 EE2X M4 et

(100) | (150} . (170)  (150)

(500) (200) . (S0)
S (] & S (150)

(200)

OPEN
CLOSE
M=

£

#)@eO

(kva) 77+ 520}
Sh J4E7| ¥z

1463



HM7|5t5=2%| 663 105 20174 108

4, AFHAF

i
i
il

oA Atek= BESS ARE EEEX] A4 Bior]
S A&s] Ysto] eE9 =AXKIY AAE HolEE o
AEHHTE S 18 102 AREAT ol AFEE Hi
25 UEI ok viddZes SR8 8000[kVA], £
1500[kVA], BESS= 24, Atsst ZHEl7] 2= 8% 0]
Ch ZHE7] Ssat Sy AtO] FRtolA] arEo] Bhsh Aglo] thst
2 =RoA AAs wo] wel EEEA AT Weke &

2 0w

QL oop r

M 2 30 40111[ oo 40

ol
o
3321
-

2= WIFAR0] ARJE BESSS] 8¢, &9 W AFHE Al

19| Sdge LENIL QUL

o
10

gz 2 BESS AH
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BESS S8 [kWh] | S [%] =9 [kW]
Bl 10000 20 2000
B2 5000 50 2200
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