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Abstract: There are problems of voltage violations and branch overload caused by the high proportion of renewable
distributed energy in a distribution network. Thus a three-layer planning model of soft open point (SOP) is proposed based
on network reconstruction and conditional value-at-risk (CVaR) theory. First, in order to simulate the output uncertainty of
distributed generation, an optimal scenario is constructed based on Wasserstein distance. Secondly, the upper layer model
determines the location and capacity of SOPs considering the two objectives of minimizing the annual comprehensive
cost and security risk simultaneously; the middle level model carries out network reconstruction with the goal of
minimizing the running cost of each scene; in the optimization model of the lower layer, active various regulation
measures such as on-load tap changers, switching capacitor banks, demand response and power transmission of SOPs are
considered. In order to reduce the calculation complexity of the model, the hybrid method of the LDBAS algorithm based
on grey target decision-making technology and second-order cone optimization is used to analyze the three-layer planning
model. Finally, the proposed planning model is verified and analyzed by taking the modified IEEE 33 bus distribution
system as an example.
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PWT

0.906 6 09727 1.0299 1.0747 1.092 2
15135 0.084 3 0.0890 0.0475 0.0225 0.1127
1.3139 0.0180 0.0190 0.0101 0.004 8 0.0241
1.1237 0.0535 0.056 5 0.0301 0.0143 0.0716
0.9435 0.0473 0.050 0 0.026 7 0.0127 0.063 3
0.889 2 0.0336 0.0355 0.0189 0.0090 0.0450

1) CVaR A 2k
B, AT AN AFRBER CVaRr X SOP #i
RIS R, WA G BF R bR 22 4 XU FE A il
IO T S JE IR A O B — B AR
Ak i) BIEAT SR AR, BIAE CVaR {ERTIR —MUE 75
WIE HAra b, K LDBAS HikkfE. FZ2
FRIBAL H bR ek BER 0 i
min[ @,-C +o-C, | (41)
CVaR 1 IR 2 2 (BRI 4F R 2L 0 7T LAAR 35
CVaR K REUE, AT RS o B~ 0.35,
0.45. 0.55. 0.65. 0.75. 0.85. 0.95, HFiffj HIKr LR
HL R Gt SOP FILKRI 48 Xt i 22 B0 U S w, AN
o 2R 1K 6 45 H 7 A A CVaR Wit 5%~ SOP
RG22 E AT AN RG22 4 R Al 224 K
Rt 24 A CVaR IR, i 28 560 K 3R 7
FEERG e, K6 SR LIEY, ME W
UF RBOE R, CRE AR, T 2 4 A (B EG
A0k, 7ERIKI SOP B, m] LIRYE B W ir4y CVaR
e i 250 DMRAE RGHsiT &5 2 4tk
MEZEFEE . SR, MRIEIXF L4 CVaR HikE
lf 250, FMMELLEE, MRS RGN
Atz 4 R 55 SEBR I 22 R, 38 AN Db B [ 2555 7

40.00 1200 0
35.00 1.000 0
30.00
2500 o 0.800 0
20.00 0.600 0
15.00 0.400 0
10.00 )
500 0.200 0
0.00 0.000 0
12 3 4 5 6 7
R A oG — LR po

6 ZEZFRATRE XK EZ
Fig. 6 Comprehensive economic cost and safety risk value curve
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Je e A . Rk, ABFSE SOP #i kA, %
FHFEF RSB PSR AR ) LDBAS BIEIRSR MR, FHi
T RGBT AV A,

2) SOP #i k&4

FKAMES 5 T VIR SOP MK RAERC L
DL L TF A, S5 R R,  DYFR 7 EHFE K
A5 R/ T 9.9715 Jiot. 12.873 7 Ji 7t 13.965 8
JiouA 14.360 6 Ji G, PUFh 7 RLEA BOA 73 3 %
k7 5.03%. 11.85%. 19.66%F1 23.22%. S55% 1
FALE, 7 E 2 (PS4 THFE AT SOP ZE6 il A 73l
IR/ T 2,902 2 JiGA1 2.9018 Fiot. Kk, AILLE
ik AR AR RS . FEU) 2 A DA S MO A g EE
ITHAZMIATFBRSE BRI R. ZM AR5 7
frigATIE /7, ITTFEAE SOP %t istT A S5 %
1 AHEE, 7% 3 1) SOP MK G R Guiz 174 FE A F
SOP Zi& A3 8/ 1 5.18 Ji ool 6.93 JiJt,
AR, WK EMES SOP #Rkis T At —5 %
o PRI, A RAS) VT T BT AR SOP $2 A\ i
B DX () pa AP dB AT AR . 728 3 SOP MLk 25 &
AT HE 4, REFCAEIRISREF TR 4 K
# & CVaR fH.

4 SOPHIXMNESS=
Table 4 Planning location and capacity of SOP

kVA

ES TFFRALE 22-12  25-29 33-18 21-8 9-15

HE1 100 100 200 200 100

HE?2 100 100 200 200 100
J5% 3 33/34/35/36/27 100 200 300 100 0
T4 T112/35/36/26 0 0 200 100 0

#* 5 TREIRHGIT SOP MLILER
Table 5 Planning results of SOP for different cases

1 SOP 4% SOP #ikialr HRERA  LEaRuA/
PRATIG BRI JiTt JiTt
R R4 425811 42,5811
ES! 7.1296 0.7 326096  40.4388
Ji% 2 7.1296 0.7 29.707 4 375370
%3 5.092 6 0.5 286153 34.2079
EYL 4.0741 0.4 282205 32.694 6

£ 6 BGH TN E FIBITIARA, R &,
XLEPUR T %, %R 3 MR e RN WEFFR
KA ERE, HREARERS, XEFRNTE 4K
8 CVAR fl, LU RGIEAT I AR T H
e, 3, TR 3 Re KIS TE R T %
A4k/0 T 13.70%, 1775 4 FIZ5F XS A AR X 7
R 3K T 1.58%. [FIt CVaR i 2 5% SOP 1)
PRI B R AT AR FIE F X 28 B 1 A 2 4 ik B — 2 Y

SEHIME -
* 6 FERIRBITRGEEITRA
Table 6 System operating costs at different cases

2] MHFE PR wORmARL Rk&E AR
BADE  RALE AL WS AT

F%1 8506280 348840 7.8917 09889  896.4037

F%2 7649590 348840 14.0580 0.8424 8757633

F%3 7710305 51060 7.8446 08159 7885650

J7%4 7623991 51060 56593 09454  776.1230

3) e kLA AT AR 20 A SRV R SOP #iLK
e B9 AT B AR 0 A SRR YR B N BT L 2
S0 SOP RRILKI &S S, AHIE 8 Lhor A R YR B2
B 5 RGBT IR SIS R
R TME8LHLHT DG BEH N 50%. 75%;
100%- 120%7FH 135% F SOP 7T fict L % H R kiAo
BRI RIBITHRAL R . WK T has Re]LLiE
Wi A, RGUSITHAENAREE DG KZiE Y
homsgn, A SOP BRI & B Z5& peAs Bl #8
B2 CVaR {E FFBA RN, wT LA W iE i 54t SOP
TER G RN DG mflisiE 2 T 5l
A2 4 ), LMERE DG i3 IER . (/22 DG
BEREIET] 135%0, LAY 1 RIE RS
SOP FRRIFA, Wmtieil, AU A EMA Bt A
Wk E, DG BEREHEA—EM LIREN.
Y DG BiEHN T5%FF, CVaR {EHAK, [FBEE:
SN H R GiH SOP LRI EL iR 46357
% 7 SOP °[5] DG BIEXRT SOP TREKMNEMAE
Table 7 Planning location and capacity of SOP
at different DG permeability

kVA

DG ZiE % FFRALE 22-12  25-29 33-18 21-8 9-15

50% 7111/35/36/37 0 0 300 100 100
75% 7111/35/36/26 0 0 200 300

100% 33/34/10/36/26 0 100 0 100
120% 33/34/7/36/25 100 100 0 200
135% 4/34/35/36/26 0 0 300 100

o O o o

% 8 A°[E] DG iZiEET SOP MKILER
Table 8 Planning results of SOP at different DG permeability

SOP BT HFERLAS  ZEA K

SOP [# &

b6 ~ CVaR1fH B . B B
BIBER WA G AR 6 JiTt A3 TG
50%  0.976 4 5.092 6 0.5 248961 30.4887
75%  0.7189 5.092 6 0.5 287532 343458
100%  0.8670 2.0370 0.2 33.0934 353304
120% 0.7326 4.0740 0.4 352881 39.7622
135%  0.7914 4.0740 0.4 406205 45.0946
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4) FLLIAIE

N T BGAEFEF AR SR LDBAS HyE A kY
HEAR AL IR A 71 5R AR SOP HLEI e 3t Fr - S 34%, bA
e HET Wasserstein 25 8 i 037 S0 Rkt ¥
JA BRI ER TN 45 222 (10 ARE 2 5 bR 5 5 P S 5
10 M. LUFZE 3 A%, RASCHR[36] £ B b
WL FRERLOR B AR A VR A 5 6 HE Y SOP
= BRI AT R, SASCEIE AT EL AT
HELERIZE 9 FiR.

* 9 BEEKREERTEIXTEE

Table 9 Comparison of calculation time of each algorithm

Y id ik Sk I 1A)/s
T Wasserstein ASCH S 30792.49
FH B9 B SCHR[36]592: 39701.22
ARSI 90 913.06
e B B )
SCHA[36]5 100 217.18

M 9 T LLE Y, JET Wasserstein FE 25 #) i1
SR A AR B S E, #2517 SOP =2
R (SRR . 5OCHR[36]H F vkt bk, A
SCHEETHE S [R] 23 5980 T 8 908.73 s 19 304.12 s,
BGAUE T AR SCTE R RS R E .

5 £Eip

1) % B A KA B AT R 2% A 1) SOP =2
TR FRUAG 250 e 0 AL 5 46 A T R o VR
FEAI SOP [M# B Is /T A, INifi# = 1 B B M )iz
AT B T RGuiaiT 2 Atk

2) ARSCHE H B FE TR FE R HOR ) LDBAS H
R IR A IR A T iR S T IFERCR, Bels
T J2 AR VR B R 2 P K ) 0 P oK A

3) AL E A% BT ASH . 75K B
WX % B FA) A SOP SIS L 1 4 1l BB 8 A RA M X 2
HERHLMES I E ST 75, RIS b 2%
FiE i AR T IOIRZS Kt R R AL A H A TFFIEIT,
DA B0 R UL AT, MR T SOP s Rids
BAT A .

4) 7 T AN DG 1538 2 %t SOP 7 fic HL W H 1)
HRIT Zsem, S5REKWH: —HH, DG BiER
N 75%I5, SOP K1) 5 2 440 b P Al CVaR {H f 1
B —J7 T, ik — e R SOP R IZ 1T AR RERE
NEXE DG 7 BN P 3 ) 2 s R 1) 3, DA
M2t DG N\ BB L RSB %
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