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Flexible operation method for a distribution network based on flexible multi-state
switching and dynamic reconfiguration

SHI Cheng, AN Rui, GAO Hongjun, JIANG Siyuan, HE Shuaijia, LIU Junyong
(College of Electrical Engineering, Sichuan University, Chengdu 610065, China)

Abstract: The increasing proportion of electric vehicles (EV) and photovoltaics (PV) in the distribution network in the
future not only brings complex uncertainty problems, but also leads to uneven distribution of net load in the distribution
network in time and space. This will result in light abandonment, load loss, and uneven tide distribution. Thus this paper
proposes a flexible operation method for an EV-PV distribution network with high ratio based on flexible multi-state
switching and dynamic reconfiguration. It considers the uncertainty of electric vehicle charging load as well as PV. First,
based on flexible multi-state switch (FMS) flexible power regulation and network dynamic reconfiguration, a framework
for flexible operation with a high proportion of EV-PV access is constructed. Second, the Monte Carlo stochastic
simulation method is used to model the uncertainty of various EV charging loads and PV output. A scenario set and
reduction method are established based on scenario set as well as the stochastic planning model. Then, a distribution grid
flexible operation model with the objectives of light abandonment, load loss, FMS loss, network loss cost minimization,
and load balance optimization is established. Finally, the effectiveness of the proposed method is verified on the 158-node
system.
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Fig. 1 Distribution grid structure with high percentage of

electric vehicle-photovoltaic access
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Fig. 2 Electric vehicle charging load calculation flow chart
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Fig. 3 Topology of the 158-node system
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Table 1 EV fast charging station and PV

configuration information

®2 MLEBITER
Table 2 Optimal operating results
IBAT AR T

5 2K Ry s

149,150,151,152,153,154,

EV 7tk
155,156,157,158,159

5,8,11,18,25,29,36,38,46,48,53,59,
PV 68, 69,78,86,90,93,97, 103, 105,
110,116,120,121, 130,136,140,144

4.1 RIER DI

TESCAR LI 40% A2 45 H AT A AR A4 21,
FL VR ZE A AT ELAB 9 25% 2 45 BB LR, AR AR
W77 T A ELBNYR AR TS HE G A ey DA BB
B & SETRRAIBITEE R, FEA . B RRA
AN AR« FMS 450FE AR A7 far 501 FEE G0 58 2
Ne LRI, FEOURITA 0 MWh, KA RN
0.0069 MWh, (5 & 47 a7 ¥ L5 9 0.0022% /245, 4t
Tr S RE N 1.428. FEAFEE FMS R G D& ifids &
AEMRGEHINT, FEREMK AN E DA 5
1A 8.625 MWh #11.732 MWh, 17 17 245 5 9 2.4864 .
FHUL AT L, 78R Eefl B sy - R R, A
RACBAT BRI LE I 2 A 75 SR RT3 T, B2 T IH
g LR PL R S i 1 H

—— G
F kG B FMSHUE MWK

0.009  3.407 424.749

1372.817

1) AR B 7 T SR 45
A C YE SRS T5 125 LARC X 44 A7 47 7K P A gkl
I IEIEATIN B s R] AZE R 2% 3 A A A
BERA, ASOREUKREN By 6, 2B
SGURINER 3 PR, W BRI R ER BN 18,
*3 SRREBMLER

Table 3 Multi-period reconstruction optimization results

1800.973 1.428

R W T 1 55 S PETFRCEE  TFRENMEREL
00:00—05: 00 32-34 36-61 2
06:00—08: 00 53-54 58-69 2
00.0010.00  1B50.86-88, 32-34,94-109, ]

120-129 133-146
11:00—17:00  94-109,133-146  114-134,40-95 4
18:00—20:00  36-61,40-95 48-50,86-88 4
21:00—24:00 — — 0

2) FMS D& 45
DAY A 157 AR FEBR 42 78 R BT 3 261
A FMS HISCES A Th BHThR AEEAT o dr . Bl
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Fig. 4 Active power distribution results of FMS
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Fig. 5 FMS reactive power output and voltage regulation results
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Table 4 Results of optimization operation with different strategies

_— IBAT HAY/ZR TG ateies]
SYH K F KRG FMS  HE
1 2554.152 1860.746 627.682  65.724 — 2.107

2 2302942 1550313  267.132 55.895 429.602  1.672

3 1800.973 1372.817 0.009 3.407 424.749 1428

4.3 RYEESH
4.3.1 S AREE N EL B ) R 43 Hr
N T BAE YR L N R A SR AR A e
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W4T, PILRAFB ARG I 7 921.044 o0, HfTHy)
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Table 5 Optimized operation results with different

PV access ratios

bufs/ BATHAET AR
K- i FH kfgi PMs  B0E
20 2043.232 1564.672 0.004 58.194 420362 1.428
40 1800.973  1372.817 0.009 3.407 424.749  1.428
60 1580.118  1175.808 0.079 3.407 400.824 1.548
80 3697.105 2096.852 1207.552  3.407 389.294 1.776

4.3.2 AN[AIZE AL B AR 4 70 H ks R R RRE 43 it

A AT BRI 70 L A O U 78 L ZE ik %2
B HER T N 3 28 O AL F A —A8 R85
P Ek 2R 2 8] @ AT [R]— 22 Lk AN AR TR 4% 2
[B]; @ S TPANAEH L2 (). SBT3 2%
HLBNVAZE R L L BIR E R RN O 90/60/
AS(RFHZEEEN 90, LSRN 60 ALER
N 45); @ 120/80/90; 3150/100/75. HAxFifa Al
FRBAIIA AR, (EFEARLRFFE BN A o5 b
N 25%HIETHE R, s EO@@K LT EV
FEHEVORIS BIAF IR EE R, 03k 6 Fim. M
HE LAVEH, ARSI HEIET BV AR
[F), R 7E F Sl (R RS K /N 2 B s T % 2R AT RO
DA K A7 faf $50 0 P ARAR K, Bk it, R B siE
BT, HORFHBER/N. @XKAH
SRR, PRfbgt Befpelts M RFFOIE 7 s
AR T 1@ 78 M s SR, B AR ARIE A
SEATHYN, (HEEAEINT 212.628 3T, fifid
B BT T 0.164; [FFEHL, 2 RFF@ZE T G
FEAAR, TSRO 78 B vl (AR Bk AR FFE2E 78
LSRN, T3 KO 78 Rl R RIS, 384T
FSCAS TN A7 A 304 P AN R AR FE I T

R, mrCAfF S, AR iR 7
FAL A7 fmf e N TC ST, ST P A8 st 2 T 1) 78 F sy

HURBLEOR AL T[] — 22 s s RO W 25 151 40 2 TR 7 R
SN, AT DASE Ak A F P R, H
SEMAT ORI A8 LA R i 2 7 sk o, X ol
ANFIALE H R e Lk R R T — 2
2%,
* 6 PRIARB AN EFBMHE TR UEITER
Table 6 Optimized operation results for different types of
EV charging station numbers
EV LR BAT A/ TT Hifii 1]
@® ® ® BRA I kil B
90/60/45 120/80/90 150/100/75 1800.973 0.009 3.407  1.428

90/60/45 150/100/75 120/80/90 1944.601 0.009 36.987 1.592
120/80/60 120/80/60
120/80/60 60/40/30  150/100/75 2124.158 0.009 88.944 1.430

4.4 FEHUARXIAEEY K HE MR B XT EE

TEASCHIFC R AL AT AR e, 99N T AN A
EMEME R, HRE AR Nk R b
TR AT EMHRILZ 50 R BRI 5
37 T BB E R I S ), RN 3 AR EI s
1777 AT EE AT : (1) FFH BEN LA R A 3547 i
HMRALIEAT; (2) B3z RIS, etk LR 6 i L
P s 3 s B - 3ME; (3) 1247 10 000 A
e ST AR, A ik is 17 45 R X
YA, P& Rk 7 fn. BT Rt sk
A AT ARG AN IR BT, IR 2 KK i £
F KPP BIVE L, X AT 5E . B BFIEATIE AL
BOREZM, DR R F AT R KA TR e AN e 2 3
AT AL B SE INFF A& S bRt il , ML b g ok,
T 1 AEIBAT ARG A Y1l P 5 TR BT & 2
MT% 3, fEHEA BRI A S s T
LRIBAT AT R T SEE

=7 MR SHE MR ML EI TSR

Table 7 Optimized operation results of stochastic programming

90/60/45 2070.317 0.009 59.298  1.527

model and deterministic model

. BAT A/ T ﬁﬁw
AR B ok ki FMs  BIE
1 1800.973 1372.817 0.009 3407 424.749 1428
2 2283.65 1677.421 58.741 118.924 428.564 1.578
3 1951.814 1480.215 29.228 9.607 432.764 1.489
5 i

ARG 75 18 AL BNV B g LA BOGAR AN E
Ve, Xt BB BB AE - ARIEN T E LR 1 47
I 2o A AN BT IR R, R T S S FMS R TR
VAR DAL 28 B 45 EA IR B HL R RIS AT 5. il
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