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Fig.1 Block diagram of Stackelberg game
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Fig.3 Elasticity coefficient of price demand
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and reactive power coordination of cable distribution network

Soft open point siting scheme for distribution network with Stackelberg game
between new energy accommodation and user-side response
CHEN Xiaolong,SUN Jia,ZHANG Junlin,NI Lianghua,LU Ganyun
(School of Electric Power Engineering, Nanjing Institute of Technology,Nanjing 211167, China)

Abstract: After a large number of distributed generations are connected to the distribution network ,the insuf-
ficient regulation and control capacity of the distribution network leads to low level of new energy accom-
modation and poor economic indicators of user expenditure,a nested model and method for the soft open
point (SOP) siting scheme of the distribution network with new energy on-site accommodation and user
expenditure Stackelberg game is proposed. A model structure with the maximum penetration rate of new
energy and the best power quality index is established in the outer layer considering traditional regulation
methods. Considering the time-of-use electricity price of accommodation of new energy users,energy storage
device charging and discharging cost and daily operating cost,a demand response model that can meet the
lowest user expenditure cost is constructed in the inner layer. The CPLEX solver is called to solve the
mixed integer nonlinear programming model,and the user-side and the distribution network-side models opti-
mize the decision variables through iterative games,and the Stackelberg game inner layer optimization uses
an improved particle swarm optimization algorithm to speed up the convergence. The improved IEEE 33-bus
system is used as an arithmetic example for analysis, which verifies the effectiveness of the proposed SOP
siting scheme.

Key words: Stackelberg game;SOP siting scheme;new energy permeability rate;demand response;new energy

accommodation
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Table C1 Configuration parameters of DG
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Table C2 Configuration parameters of reactive power compensation device

SHERE BAGE FMEVE DG K% BNDLE HME G R
A5
N AR5
SVC(i##:) W15  —100 kvar~300 kvar | CB (B HD) . 100 kvar, 3t 5 40
15
T 31

# C3 ESSEESH
Table C3 Configuration parameters of ESS

SHA BNGLE AE/kW
15 300
ESS
32 200

#* C4 B SOP, W SOP ZEENXT RGHIITIEHR
Table C4 Evaluation indicators of system in single SOP and double SOP installation mode

ﬁi@fgiﬁ n/% ¢ /N £ ?%o*gﬁ n/% c/Tin &

JG SOP 3007 05643 0.0086 @d) 2866 05603 0.0057

a 3116 05500 00069 (ae) 241 05678 0.0063
b 2935 05525 00078 (b 3059 05709 0.0067
© 3153 05493 00069 (bd> 2754 05632 00070
d 2808 05553 00068 (be) 2241 05711 00041
e 2281 05707 00032 (cd 2876 05607 0.0054

@b 30.79 05565 00068 (ce) 2435 05684 00051
@c) 3081 05573 00055 de) 2167 05721 00028

& C5 RARERATRGRITMEIER

Table C5 Evaluation indicators of system in mixed installation mode

L P T
@B) 004 0577 00065 D) 2878 05601 00068
@0 070 0568 00078 (cE) 2000 0595 00075
@D) 2854 05605 00070 @A 2852 05610 00060
@B 235 05636 00077 dB) 2747 05633 00069
(©A) 209% 0580 00071 @o 2873 05608 00061
(©C) 3060 0574 00075 (G1) 2086 05729 00074
bD) 2187 05626 00076 &A) 231 05712 00030
bE 2125 0520 00081 €eB 248 0505 00033
cA) 313 0568 00071 &0 2352 05685 00041
(=) 3127 05558 00069 (eD) 2151 0529 00027

Mt D
% D1 A [ DG £HAE SOP REER T RGHITE IR
Table D1  Evaluation indicators of system under SOP installation mode of different DG installed capacity

DG &ML & i L pliskiIRAE S Ei=p ) JC SOP  ¥.SOP XU SOP JRA%%E

SOP il 45 5 o a a. ¢ A(c)

40% ROLIBIEZ/% 39.62 41.39 40.65 41.16
M ERAR/ Ji6 05516 05480  0.5491 0.5458

SOP itk 45 5 o5 c a. b A(c)

50% RIGBIER/% 48.27 52.20 50.14 51.50

Mz A/ e 05411 05392 0.5521 0.5374
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Table D2  Evaluation indicators of system under SOP installation mode in different seasons
FY ARSI B SOP  HLSOP X SOP  JR&LH
SOP il 45 5 ¥ a a. ¢ A(c)
£ HMBIEZE /Y% 30.07 &il5Y 30.81 31.36
P H AR/ Jjo6 05643 05573 05583  0.5558
SOP #E k45 5% x c a. b Ac)
= ROGIBIER /% 30.16  30.89  30.27 31.29
H P A/ 7ot 05642 05685  0.5589 0.5560
SOP itk 45 5 T ® a. ¢ A(c)
K ROGIBIER /% 29.94 314 30.29 30.79
H P A/ Fiot 05646 05582  0.5632 0.5562
SOP itk 45 53 T ® a. ¢ A(c)
% KOGCBEZ/ % 29.37 30.13 3113 31.16
P EA/Jioc 05654 05569  0.5590 0.5553

#* D3 SOP AEIABREENT RGHITIAIER
Table D3  Evaluation indicators of system under SOP installation mode in different capacity

SOP A&  Wh4RE#Edr  HSOP XU SOP R&%H
SOP k&5 5 c a. ¢ A(C)
300 kV A RBEZR/ % 3122  30.80 31.14
F P/ o 05557 05580 05961
SOP #hl-45 F c a. ¢ A(c)
800 kV A RBEZR/ % 3116  30.59 31.27
05513  0.5565  0.5524
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