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Fig.1 Probability density distribution of bus
voltage in distribution network
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Fig.2 Single-machine infinite-bus system
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Table 1 Results of four reactive power planning models

R LA H/ Mvar

FRN Case 1 Case 2 Case 3 Case 4
18 0 0 0 2
19 2 2 2 3
20 0 0 0 3
21 2 2 2 0
22 1 1 1 3
24 7 7 7 6
25 1 1 1 3
30 1 1 1 3
31 3 6 0 2
32 0 0 0 3

Bt/ 17 20 14 28

Mvar

H T Case 3 H B i = He 37 5o A & FL DG
A Y- TCINLRA VR PR I I 5 JC D f M e B 4R ¢
/b Case 4 T I 25 He 3% 5 A AE B DG % B3 [7]
PETTAEH AL R O T M Yy D 5 B K
TR B LA X6 /N 2388 i H R 37 53¢, TC 2 kb
e B P Y B K I Case 2 W0 A AR i e TR 3% 5
HL N TE 2 b A2 R Bl DG o M) 25 G Y,
H P O AME R B IR Z ; Case 1 H A Uiy /57
JE375 55 dy v O T S #2228 R L DG A -
TCUIZEA WY, T T TC D) R 2 A 0 HE A A
=i

T X A M AT A, Case 4 7 B2 %% K 03
HIMEERE DA A2 SR b iy 1) 375 55, HL X 6 3 S AR SE PR
BT IR A AR, oAy 3 Fh JC D R S A5 Y ) L
FAUNE 2 T, 45643 1 Case 1 Fll Case 3 HY)
PTEERFIAL, Case 3 h ICTh AMZE A B $ 0% 9% FH A
N AR T HFTEHTT DC AR £
H A W B, i SlA oK, T Case 1 R
BT DR AR R LR B AT A DR i

VR RN 38 5 T > X 2 MR 5 R DG
A S g, —J5 i) LRI IS ST /e T, o —
773 T AT L2 2% i v s e R AR R, R DRl 28 A S DG 2
A BRI TR DRI HAT D) AR B /T
TR TC U AR B AT S, SRR TR BRI
PRI, SR FHAS ST HP 4 T8 2 LS A TR ] L2 I 3% 4t i />
RGE AT A

R2 3MHEDMUNBERWEFIELLE

Table 2 Economic comparison among three reactive

power planning models

SR Case 1 Case 2 Case 3
o CIAMERE A Myar 17 20 14
W JCUAMER BRI/ JIo0 547 78.0 31.4
i WA E D % 29.9 — 59.7
% AN A T ot 8.3 — 185.4
W oL A T 19227 1931.1 17457
a WRFNEE 5 e/ % 0.43 — 9.6
BsA T T 63.0 78.0 216.8

%3 Case 1 0 Case 3HINATLER
Table 3 Active power regulation results of
Case 1 and Case 3

A D/ MW
Yist

Case 1 Case 2 Case 3
4 0 0 6.10
5 0 0 5.03
8 0.45 0 11.29
13 0 0 5.15
14 0 0 5.60
15 0 0 0.39
26 0 0 1.10
34 7.69 0 17.36

AN, LA Case 2 MARUERIR] Sl X 3% 2 HH5 2y
B E 43 FURR R & 43 He A AT A5 X T Case
1, R HL T RN 0.43% 4 )3 BV AT A7 e, 90 0] 5
205 29.9% (WFFEF A L, KoL T RifE N A 25 52 1
B — 5 T LA 32 I SR WS B 5 THTE Case 3 77, ERARHE
PRAAT LAY 24 59.7% (455 2 B (H R & L) R )
TR 9.6% A, KL, EAR ARG & i ) R
TokEZ I, T LA, e S R TR 5 T 5 IR T T Ab
ZAEE DG A - TCINLEA WY, vl LIARIE & L) R
FEANI R 23 22 R0 () 7 0 e R P e R KK F, X 0]
TCUIAMERE B2

4 g

ARIEET DG L fafar oy ML A7 50 s T %5 )8
DG A H)-Jo i 5 RE S RS DRI Y, B340 5
SERIOUE 1 AEM S e 3 5t TR DG A DRk
TR R R A AT AT, B T B A S Y JE T R
BRI A R . AR SCHR Y JC IR R LA ]
T8 M A R P 000 G D A A B BT o el AR
R AN R GE B ST A



#1288 TRFHER, 45 2T 0 A =X I D i

5 B 1 L IR JE S B (51)

S0k -

[ 1] skdk~d B0 M4 55, el 0 vh 25 JEOR B s P 9 20 Al =X
ML TE R (0] 8 07 A k4 ,2016,36(8) : 1-9.
ZHANG Shenxi,CHENG Haozhong, XING Haijun, et al. Review of
DG planning considering uncertainties for distribution network [ J].
Electric Power Automation Equipment,2016,36(8) :1-9.

[ 2] BRHZE, 0B A s PR BT U R GRS [ T]. 4k

i %%,2007,35(13) :25-29.

QIAN Kejun, YUAN Yue. Distributed generation technology and its

impact on power systems| J]. Relay,2007,35(13) ;25-29.

VLI, BT RS54, JE T R0 B an oA 1) IC H 19

It stk [ J]. RIMEIAR,2009,33(8) :60-65.

WANG Jie, WANG Zhuding,ZHANG Zongyi, et al. Effective initial

population generation based genetic algorithm for optimal capacitor

—
w
[—

placement in radial distribution networks[ J]. Power System Tech-
nology,2009,33(8) :60-65.
[ 4] Mo RANKE, SO, 45, J T Wi #3019 5 43 A =X e YT
RS TE 5 K 54T i [T]. i 3 AR, 2018,42 (1)
238-246.
LIN Shaohua, WU Jiekang, MO Chao, et al. Dynamic partition and
optimization method for reactive power of distribution networks with
distributed generation based on second-order cone programming| J].
Power System Technology,2018,42( 1) :238-246.
X2 XU, 22 06U 5 AU AL 2L B9 T R ) I B A0 P b £
(1], 1 RG-S ,2010,38(20) :130-135.
LIU Xueping, LIU Tianqi, LI Xingyuan. Optimal reactive power plan-

—
W
[—

ning in distribution system with wind power generators[ J]. Power
System Protection and Control,2010,38(20) :130-135.
XA, AL L S I RG],
A ,2010,34(7) :175-180.

LIU Peijin, GU Licheng. Optimization of reactive power planning for

—
(=2
[

power system containing wind farms[ J]. Power System Technology ,
2010,34(7) :175-180.

WHR, T MR A 25 B K Sl SRR A AN TR Y
MR R JE SR T ek (1] ) A Bk 4, 2016,36(6)
40-47.

XIE Jun, WANG Lu,FU Xuhua,et al. Reactive power planning with

consideration of wind power probability distribution uncertainty for

—
=
[—

distribution network [ J ]. Electric Power Automation Equipment,
2016,36(6) :40-47.

[ 87 kik>d , FRi A ko, 45, & KU LA i I 9 22 B bR 2l
MRILT]. B RGPS #EH],2013,41 (1) :40-46.
ZHANG Shenxi, CHENG Haozhong, ZHANG Libo, et al. Multi-ob-
Jjective reactive power planning in distribution system incorporation
with wind turbine generation[ J]. Power System Protection and Con-
trol,2013,41( 1) .40-46.

[ 9] BERS, B ame, it szl RIF R ) S0 AL I 5 Y
WEELT]). ARG S, 2013,41(17) :122-126.
YANG Suqin, LUO Nianhua,HAN Nianhang. Study on dynamic re-
active power optimization dispatching for a local power system[]J].
Power System Protection and Control,2013,41(17) :122-126.

[10] SR AREEE okmg, 5. THAOGAR i i BE AL 57 9 15C B 199 JC 2
AL ). ) RGP 515 ,2012,40(10) :53-58.
GUO Kang,XU Yuqin,ZHANG Li,et al. Reactive power optimization
of distribution network considering PV station random output[ J ].
Power System Protection and Control,2012,40(10) ;53-58.

(1] B, F8 L XER. & 2010 20K B A BC i A D —E D) 255
PALLT]. A RGP 51, 2012,40(10) :71-76,83.

[12]

[13

s

[14]

[15]

[16]

[17]

LU Qingjie, WANG Shao, LIU Tinglei. Active/reactive power inte-
grated optimization in distribution networks with distribution
networks with distributed generation [ J]. Power System Protection
and Control ,2012,40(10) :71-76,83.

BRSUE, XM, . oA O IR AR M A R R (], W
1 A EEBE#,2016,36(9) :40-45.

WEI Haokun, LIU Jian, GAO Hui. Local voltage control of distributed
generations[ J ]. Electric Power Automation Equipment, 2016, 36
(9) :40-45.

ARARMR, s, 55, A% 6T T 42 1) fr) S S P 199 22
B FOBEAT D oy 9 9 B (0] vl [ R LT AR 2402, 2018, 38
(5) :1397-1407.

REN Jiayi, GU Wei, WANG Yong, et al. Multi-time scale active and
reactive power coordinated optimal dispatch in active distribution
network based on model predictive control[ J]. Proceedings of the
CSEE,2018,38(5) :1397-1407.

R S ES PN 3= M-S A LB R NGRS WAL DS e A 0] Lz )
R TETRLRI[T]. T HOR =4 ,2014,29(12) £ 120-127.

CHEN Li,ZHANG Jinguo,SU Haifeng. Reactive power planning for
distribution system with grid-connected photovoltaic system conside-
ring time-sequence characteristics[ J]. Transactions of China Elec-
trotechnical Society,2014,29(12) ;120-127.

THR G 2 KUHL L ) R G355 A 5 vk SR A BE AL AL P i)
MAD]. BB RBURAE 2014,

MA Xiyuan. Scenario analysis and stochastic programming of wind-
integrated power system[ D]. Wuhan; Wuhan University ,2014.
Rt S O VT e S N G S N A iy A A
AT RE IR A0 A SR LRI ()], W) H BB,
2015,35(9) :143-149.

ZHOU Xinnan, KE Deping,SUN Yuanzhang. DG planning based on
chance constraint of distribution network static voltage quality for re-
newable energies[ J]. Electric Power Automation Equipment,2015,
35(9) :143-149.

PRI, SR, ot [ R T 4 2 i A 0 AR 4 H 1) 22 B B G
T[], bR 2247 (B SR BE2RR) L 2015,35(3) 1 316-
323.

CHEN Li,HOU Chenwei,ZHANG Jinguo. Multi-stage reactive power
planning based on life cycle cost for distribution network [ J].
Journal of Hebei University ( Natural Science Edition ), 2015, 35
(3):316-323.

[ 18] KENNEDY J, EBERHART R. Particles warm optimization[ C] //

[19]

Proceedings of ICNN’95 —International Conference on Neural Net-
works. Perth, Australia: [EEE, 1995.1942-1948.

A R IR A TR N s E R I AN AT
FIIRAERFFELT]. B EEA 2006, 30 (M T 2) : 181-184.

SHAN Ming, ZHOU Buxiang, ZHANG Yanjun, et al. Infeasibility
study of reactive power optimization based on primal dual interior
point mathod[ J ]. Power System Technology, 2006, 30 ( Supplyment
2):181-184.

EE R

AmK(1985—), B, R TA, &
B TARIE WL B & AR 5 W A%
) WA & A8 E 54 (E-mail ; shenyangwu @
126.com) ;

RRIE(1977—), B, d kv A H
AR BTARNG AR, £ BB T &) A AR Ae



@ & 0 8 % w it % ®138 %

W, /) & % 8 3544 ( E-mail : xiongsf@163.com) ; RF A N RGAE R IE R Y5 4515 47 ( E-mail ; shenfeifan@
HAEFL(1994—) , B R TA, LA A, £ 25 whu.edu.cn) ,

Reactive power planning of distribution network based on active-reactive power

adjustment capability of distributed generation
SHEN Yangwu',XIONG Shangfeng' ,SHEN Feifan”, LIANG Liging' ,ZHANG Chen’ ,ZHANG Xi*,KE Deping’
(1. State Grid Hunan Electric Power Company Limited Research Institute ,Changsha 410007, China;
2. School of Electrical Engineering, Wuhan University , Wuhan 430072, China)

Abstract ; The traditional reactive power planning methods often require the distribution network to invest a large
quantity of reactive power compensation devices when dealing with small probability extreme voltage scenes. There-
fore,a reactive power planning model of distribution network is proposed based on the scenes of distributed genera-
tion and load ,which fully uses the active-reactive power adjustment capability of distributed generation, makes the
active power adjustment capability of distribution generation as an additional voltage adjustment measure under small
probability extreme voltage scenes, and takes the minimum sum of investment cost of reactive power compensation
devices and the active power adjustment cost of distributed generation as the objective to reduce the total payment of
power system. A particle swarm optimization algorithm embedded with the original dual interior point method is pro-
posed to solve the model. The simulation analysis of self-defined IEEE 30-bus system verifies the economy of the
proposed model and the effectiveness of the proposed algorithm.

Key words : distribution network ;reactive power planning;distributed power generation ;voltage adjustment with active
power ;small probability event ;scene
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Optimal planning method for regional multi-microgrid system
with high renewable energy penetration
WANG Shouxiang' ,ZHANG Qi', WANG Han',SHU Xin®

(1. Key Laboratory of Smart Grid of Ministry of Education, Tianjin University, Tianjin 300072, China;
2. State Grid Hubei Electric Power Company , Wuhan 430077, China)

Abstract ; Considering the fact that nearby microgrids can potentially support each other,a RMMS( Regional Multi-
Microgrid System) is built,and an optimal allocation of DGs( Distributed Generators) and energy storages in RMMS
is presented ,which may contribute to an improved RMMS economic performance. An optimal planning method for
RMMS with high renewable energy penetration is proposed, which maximizes the annual total profits and employs the
immune genetic algorithm to obtain an optimal configuration of DGs and energy storages with the consideration of the
requirements from RMMS renewable energy penetration and mutual power support between microgrids. The TEEE
33-node system is taken as an example to obtain the annual total profits of each microgrid and RMMS with several
penetration levels of renewable energy sources. Test results verify that the establishment of RMMS provides additional
economic benefits of these microgrids. Moreover,it also proves that the configuration of various types of DGs
improves the economic performance of these microgrids compared with the systems with single type of DGs.

Key words: high renewable energy penetration ;regional multi-microgrid system ;distributed power generation ; energy

storages ;immune genetic algorithm ;optimal planning



