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Flexible Interconnection Planning of Low-voltage Station Area Distribution Network Consid-

ering Power Supply Capacity Improvement

ZHU Jiankun'!, GAO Hongjun', HE Shuaijia!, LI Haibo?, LIU Junyong!
(1. College of Electrical Engineering, Sichuan University, Chengdu 610065, China;
2. Sichuan Energy Internet Research Institute, Tsinghua University, Chengdu 610042, China)

Abstract: It is important to build a low-voltage distribution network with reliable power supply capacity, however, the
power supply capacity of low-voltage distribution network is affected by three major factors, namely, the load of distribu-
tion transformers in the station area, the capacity of new energy consumption in the station area, and the voltage supply in
the station area distribution network. Therefore, this paper proposes a flexible interconnection planning method for
low-voltage distribution networks based on the flexible interconnection technology of station area distribution networks,
and establishes a flexible interconnection planning framework for low-voltage distribution networks by extracting the
main scenarios affecting the power supply capacity of low-voltage distribution networks. In addition, for the uncertainty
of the multi-subject planning operation model in this paper, the information gap decision theory (IGDT) and the Wasser-
stein distance-based distribution robustness method are used for refinement modeling. Finally, the MATLAB and the
CPLEX solver are used to analyze the arithmetic cases on the IEEE 38-node distribution network. The simulation results
show that the planning method has better economy while effectively improving the power supply capacity of the distribu-
tion network in the low-voltage station area.

Key words: low-voltage distribution network; power supply capacity; flexible interconnection; multi-subject uncertainty;

information gap decision theory; distribution robustness
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Table 5 Low-voltage distribution network planning results

VSC ERAHT RAF =T
T Y Y
B T s s
R w0 o &=/ Jiot L e
AT JiTt W2/ 75 7t
U 1386.82 199.51 196.55 182.67 1965.55

3 BIBURACHER A [ VSC Th%
Fig.3 VSC power of LV distribution network A for each

time period

4 FEBUREAC M C 1) VSC T
Fig.4 VSC power of LV distribution network C for each

time period

5 BURIERC I B B 76 Th R & VSC TR
Fig.5 Abandoned light power and VSC power of LV distribu-

tion network B for each time period
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Fig.B3 Energy storage operation status by time

KB4 &I BOL Ak FL G R 7SR D) 2
Fig.B4 Charging and discharging power of PVSS in each time

period
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* C6 LIt H ORI S5
Table C6 Parameters of PV units in candidate PVVSS

B3R C
# Cl VSC{ri&ZH
Table C1 VSC candidate parameters

el AUEER  EYELE \ -
= MW B/MVar Tic B A 73 70

1 1.45 3.00 280.00

2 1.50 2.55 264.75

3 1.50 2.95 282.75

4 2.50 1.35 310.75

5 2.55 1.20 309.00

6 2.60 1.10 309.50

7 7.55 0 755.00

8 7.65 0 765.00

9 7.70 0 770.00

10 7.80 0 780.00

g A RIMW AT T
1 0.050 41.00
2 0.065 57.85
3 0.085 79.90
4 0.100 98.00
5 0.125 127.50
6 0.150 157.50

* CT friufs b h HOLRHLARE R e S
Table C7 Energy storage parameters in candidate PVSS with

®C2 HIMLREIESH

Table C2 DC line candidate parameters

PV units
USvitiss HEIMW AT 0
1 0.05 50.0
2 0.12 130.0
3 0.18 200.0

{7354 RRAE

e INibus

e MW A HLRH/Q BN G
1 6.75 5.0 0.12 540
2 6.90 5.0 0.12 552
3 6.95 5.0 0.12 556
4 8.05 7.0 0.12 644
5 8.15 7.0 0.12 652
6 8.20 7.0 0.12 656
7 8.50 7.0 0.12 680

#* C8 ikt fifi U LI it e S 2

Table C8 Independent energy storage parameters in candidate

PVSS
IRIER S 2 /MW WAITIE
1 0.05 36.0
2 0.12 93.6
3 0.18 144.0

F C3  Hikl VSC S H LA 5
Table C3 Planning VSC and DC line models

2 CO N [FSYTEE YAL Ak i 22 ZR HO0S T B 78 L R AR5
Table C9 Impact of different expected revenue deviation fac-

tors on DCCS planning

SRR aiX

A

£X B

faX C

LA S

IE 5

2

8

2,5

e 2 e 22 RGN B S R R

*C4  REERABIESE
Table C4 Candidate DC charging post parameters

(5% 700 2 AEIMW A 76 A
1 0.06 75 0.9
2 0.09 12.6 0.9
3 0.12 21.6 0.9
4 0.16 38.4 0.9
5 0.18 55.8 0.9
6 0.24 96.0 0.9

F¥oev ) 725 aev Coccs/ 37T
1 0 105.33
1.01 0.04 106.70
1.02 0.07 107.74
1.05 0.16 110.84
1.07 0.22 112.91
1.09 0.28 114.98

% CLO  AN[F SR WAc i s 22 AR HOnS Tt il ks KR PO 2 i)
Table C10 Impact of different expected revenue deviation

factors on the planning of PVSS

#* C5 fRikfitReNLAHSHL
Table C5 Candidate energy storage unit parameters

RIER S AHEIMW A 76
1 0.05 50.0
2 0.12 130.0
3 0.18 200.0

LR S 2 A 22 JeAk 7105 et r s R
FZ ¥ orv ¥ apy Crvss/ 170

1 0 71.90
0.99 0.01 70.36
0.97 0.02 68.83
0.95 0.03 67.30
0.91 0.05 64.23
0.86 0.07 61.16




# C11 AN[F] Wasserstein BR{42500 1% Hs 2 B 4 R R B2 #* CL13  AFRLRIAE T i3 Ly B 4h

Table C11 Impact of different Wasserstein ball radii on Table C13 Comparative analysis results of different planning
low-voltage distribution network planning treatment methods
Wasserstein k4% e HLR) 2 W AN R Csed/ T TE P ASCHHARIERC AR AR GEA R HL A
0.05 1388.88 o T EIEAL R PRI
0.08 1387.98 ANFVERRI RS
AR F AN 1386.82 1293.85
0.10 1386.82 Csecl /it
0.12 1386.11 R 2 R4 LRI A T o 382.18 97.33
0.15 1385.87 [EEE YA 196.55 205.73
0.20 1384.22 5 =
REE zﬁ&# LL 1965.55 1596.91
W25/ 75 76
£ Cl12 AN E M IEEXT EE o b 4t S ICHRCA I A B 0.7023 0.7121
) ] . IEPNIE: &S
Table C12 Results of comparative analysis of uncertainty (AL o B 25 . .
methods TIERIMW
Eﬁmlﬁﬁjiﬂq ﬂUj—EQ[IAEEM AT ﬁU_‘TSQEEEEM C ﬂLEQdEEM c j{ﬁﬁiﬁ‘l‘q 7.257x1073 2.939x1073
REEPEAT:  RINRE Coodl HIASIEERA S A AR iR
JiTh BAIRW (r S
IGDT+/rfi 1386.82 8076.45 7.257x10°3
IGDT+EEHLIEAL 1391.72 8078.75 75101073
IGDT+E 1AL 1377.44 8067.25 7.275x1073
IGDT+f W71 1391.55 8116.70 74371073

Hff e M+ s Pk 1372.17 8150.05 7.139x1073




