n n SESGESREET o« 2ESREOET
‘ / n SERFZLET n SEFMEEEET

::,:.' MODERN ELECTRIC POWER = AAEGEEERT = {CAJ-CDFEE} FUTILFHET!

A=

% 8 A R IR GG Th I 8 O B B PR T Ak

A 5h Ah Tzf‘f R ?ﬁﬁ' #ﬁ;ﬂ 5’1‘5‘

Reactive Power Optimization of Distribution Network Considering the Reactive Power Regulation Ability of Distributed
Power Generation Cluster

ZHAO Jingjing, XU Hongyuan, LI Zibo, ZHU Jiongda, ZHANG Yu

FIHASL:

X i, V2R, ZRRE 25 25 R A UL IR AR FE O TR Y B 1 (W BC FE I ST AR ). B4R ), 2023, 40(3): 419-426. DOL:
10.19725/j.cnki.1007-2322.2021.0374

ZHAO Jingjing, XU Hongyuan, LI Zibo, et al. Reactive Power Optimization of Distribution Network Considering the Reactive Power
Regulation Ability of Distributed Power Generation Cluster[J]. Modern Electric Power, 2023, 40(3): 419-426. DOI:
10.19725/j.cnki.1007-2322.2021.0374

TELR L View online: https://doi.org/10.19725/j.cnki.1007-2322.2021.0374

LT RO H A R

Articles you may be interested in

Al AR A R RS PR TR 0 Bl 2 20 XS e LA 7 12
Dynamic Partitioning Real-Time Reactive Power Optimization Method for Distribution Network with Renewable Distributed

Generators Participating in Regulation

PRARHL /7. 2020, 37(1): 42-50 hitps://doi.org/10.19725/j.cnki.1007-2322.2019.0072

MMCEE HAR A AT RE T iE 58
Research on Steady—state Reactive Power Capacity of Flexible MMC-HVDC Converter Station

PUACHL 7. 2021, 38(2): 164-170  https://doi.org/10.19725/j.cnki.1007-2322.2020.0282
FET A 2O GAREERE UM ) DIGAb 7% FC A, 1) P s 45 ) S s

A Voltage Control Strategy of the Distribution Network Based on Cooperative Optimization of Distributed Photovoltaic Clusters
PRARHL /7. 2023, 40(2): 143152 https://doi.org/10.19725/j.cnki.1007-2322.2021.0296

AR PR 2T B8 SR G Ty e s il S

Reactive Voltage Control Strategy for Decentralized Wind Power Generation in Distributed Control Mode
BUACH /7. 2021, 38(1): 101-109  https://doi.org/10.19725/j.cnki.1007-2322.2020.0100

T RALEA DS TCIRE & R R SRR RE IR FR 2 TE T AL
Reactive Power Optimization of Clustered New Energy Power Stations Considering Active and Reactive Coupling Characteristics of

Generating Units

PR AL 7. 2022, 39(4): 422-430  https:/doi.org/10.19725/j.cnki.1007-2322.2021.0159
2 RIS R T R X 3 X RO A

Optimal Allocation of Distributed Generators in Distribution Network Based on Time—sequence Characteristics

B 77. 2019, 36(2): 816  http://xddl.ncepujournal.com/article/Y2019/12/8


http://xddl.ncepujournal.com/
http://xddl.ncepujournal.com/
http://xddl.ncepujournal.com/cn/article/doi/10.19725/j.cnki.1007-2322.2021.0374
http://xddl.ncepujournal.com/cn/article/doi/10.19725/j.cnki.1007-2322.2019.0072
http://xddl.ncepujournal.com/cn/article/doi/10.19725/j.cnki.1007-2322.2020.0282
http://xddl.ncepujournal.com/cn/article/doi/10.19725/j.cnki.1007-2322.2021.0296
http://xddl.ncepujournal.com/cn/article/doi/10.19725/j.cnki.1007-2322.2020.0100
http://xddl.ncepujournal.com/cn/article/doi/10.19725/j.cnki.1007-2322.2021.0159
http://xddl.ncepujournal.com/article/Y2019/I2/8

5405 3 W
2023 4F 6 H

K B A

Modern Electric Power Jun. 2023

Vol.40 No.3

XEHS: 1007-2322(2023)03-0419-08

ZESHINRIRERFTINE

XHEFRERL: A

FESES: TM73

T RE ATHIECFE W T Th it

HER, BRI, ERE, AFK, K7

(¥ R AR TR 2ERBE, HIETT %3 X 2000900

Reactive Power Optimization of Distribution Network Considering the Reactive

Power Regulation Ability of Distributed Power Generation Cluster

ZHAO Jingjing, XU Hongyuan, LI Zibo, ZHU Jiongda, ZHANG Yu
(College of Electrical Engineering, Shanghai University of Electric Power, Yangpu District, Shanghai 200090, China)

FEE . AR, OBk, USRI U PR RETE M),
BN T RIARIMERE o A W5 FF AR5 1843 A =U L R
£EBE (distributed generation cluster, DGC) Jf- M J& H B4 Kk
ToU BT o e R AR )8, R, BFR T DGC Atk
Mk, BRFEEMTUA BN, B REBEERATIH I,
PREER T R, URERETT R, #rTH
DGC fYRCHLFITE I AARAL,  ATC A ¥4 4218 AT )5 % 1
PR 2 . IR LSO Fa 2 FAE R AR AL B A, dE
e AL £ HbRmE, IERAS R AR &E
£ TEEE33 15 i F00) [ B6E 1 AR A A 2000

KR A HEERE; AaihZ; YRR 2
HirE; Tk

Abstract: In recent years, due to large-scale grid-connection
of such distributed generation as wind power and photovoltaic
(abbr. PV) power the difficulty of reactive power optimization
is increased, however, in existing researches the voltage out-of-
limit caused by higher reactive power vacancy appeared after
the grid-connection of distributed generation cluster (abbr.
DGC) is seldom considered. For this reason, the capacity char-
acteristic curve of DGC was researched, when reactive power
deficiency appeared in power grid, by means of decreasing act-
ive output of DGC and increasing reactive output range of DGC
the reactive power demand of power grid could be satisfied. A
reactive power optimization model of distribution network con-
taining DGC was established, and considering the secure opera-
tion of distribution network, the voltage deviation, network loss
and the power purchase cost were taken as optimization object-
ives, the multi-objective problem was characterized by € con-
straint method and solved by using algorithm package. Finally,
through IEEE 39-bus system the effectiveness of the estab-
lished model was verified.

Keywords: distributed generation cluster; capacity curve;
reactive power regulation capability; multi-objective problem;

reactive power optimization
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Fig. 10 Nodal voltage distribution curve before and after

considering active load shedding of DGC
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Fig. 11 Network loss distribution curve before and after
considering active load shedding of DGC

5 #&ig

=H

1) FEm BB Jel HAEENE, s
FIHONER AR, AR 2RO, JF
BCE R REZE AR XL SLRANE 2 R R O AR I

AR F7,2023,40(3)

2) MHEFAERAKR, KXFESFIHT
DGC %5 2, BIRYAE 2 e A o e R o
FYFERE b, WARE T AR .

3) FIE T DGC LY Hedia, e OLTC
FI CB A H i REAE R B AT T, REA TS
F, il 25 A I 34 A P AV a2 S AT D 1
JG, RETLNERER, A7 B ETOHIR, M
1B S RAIG, X IC R I JE DA AL A BH S 3

(A IR S 375 L R0 28 T, ERRI RO )

Sk

[1] ZHENG Weiye, WU Wenchuan, ZHANG Boming, et al. A

fully distributed reactive power optimization and control

method for active distribution networks[J]. IEEE Transac-
tions on Smart Grid, 2016, 7(2): 1021-1033.

(2] B dhn, F71, AR AR. 5 IS B ALXUHL 3 JE 2 1815 BE

TR BCRL R IEIIEALL]. W R GE A Bk, 2011, 35C11D:
33-38.
ZHAO lJingjing, FU Yang, LI Dongdong. Reactive power
optimization in distribution network considering reactive
power regulation capability of DFIG wind farm[J]. Auto-
mation of Electric Power Systems, 2011, 35(11): 33—38(in
Chinese).

(3] TEICE, #F, B¢, 5. BB KA AL AR M Y
Z B ICIAR[I]. EREER, 2015, 39(7): 1860-1865.
WANG Wenda, CUI Xue, MA Xing, et al. Multi-objective
optimal reactive power flow of distribution network with
multiple wind turbines[J]. Power System Technology,
2015, 39(7): 1860—1865(in Chinese).

(4] WRAKW, #BENS, FhAAAT, 45, 2355 T & X HLA R

W9 JC DA Ak B BIF SR 0], HL ) R G OR A S 4 2016,
44(9):129-134.
CHEN lJiming, QI Lizhi, SUN Mingyu, et al. Reactive
power optimization for distribution network with multi-
scenario wind power generator[J]. Power System Protec-
tion and Control, 2016, 44(9): 129—134(in Chinese).

(5] Z=E&H, HOLK, I, 55, 5 TR0 5%/ & DGC

HL 0 3l A TE A AR D). H R, 2017, 41(8): 2585
2592.
JI Yuqi, GENG Guangfei, WEN Boying, ef al. Dynamic re-
active power optimization in distribution network with DG
based on optimal partition[J]. Power System Technology,
2017, 41(8): 2585-2592(in Chinese).

(6] W, M, Bufh, 55, FT- Pt de im0 & LL XU
B RE IR e M TE IR AL (D). M R g A S ik ik,
2021, 33(4): 32-39.

YANG Lei, LI Shengnan, HUANG Wei, et al. Reactive
power optimization of power grid with high-penetration

http://xddl.ncepu.edu.cn E-mail:xddl@vip.163.com


https://doi.org/10.7667/PSPC142059
https://doi.org/10.7667/PSPC142059
https://doi.org/10.7667/PSPC142059
https://doi.org/10.7667/PSPC142059

426 K B A

2023 46 H

wind and solar renewable energies based on equilibrium
optimizer[J]. Proceedings of the CSU-EPSA, 2021, 33(4):
32-39(in Chinese).

(7] %46, xrse, Fak, 45 KIRUUE RO A 2 vk

B C R T T AR Ak R 3], B R 4 A B4k, 2018,
42(5): 154-162.
HUANG Wei, LIU Siliang, WANG Wu, et al. Optimal re-
active power dispatch with long-time scale in distribution
network considering scale in distribution network consider-
ing[J]. Automation of Electric Power Systems, 2018,
42(5): 154~162(in Chinese).

(8] XUAMK, BRIGEHE, sKAEZR, 4. T R KOG H T AHSCHE R L

W % B bx JC o Ak 0], B M R, 2020, 44(5):
1892—-1899.
LIU Mengyi, QIU Xiaoyan, ZHANG Zhirong, et al. Multi-
objective reactive power optimization of distribution net-
work considering output correlation between wind turbines
and photovoltaic units[J]. Power System Technology, 2020,
44(5): 1892—1899(in Chinese).

(9] BRIEMS, ARFELL, XIBIE. 25 BB GIRAH E P AR R

W4 73 TG S b £ 6 A A0 AL BC (D). L R AR, 2016,
40(12): 3880—3887.
ZHANG Haipeng, LIN Shunjiang, LIU Mingbo. Robust
optimal allocation of reactive power compensation in low
voltage distribution networks considering uncertainty of
photovoltaic generation[J]. Power System Technology,
2016, 40(12): 3880—3887(in Chinese).

[10] AHMED H M A, ELTANTAWY A B, SALAMA M A. A
planning approach for the network configuration of AC-DC
hybrid distribution systems[J]. IEEE Transactions on Smart
Grid, 2018, 9(3): 2203-2213.

(11] B, mgrdy, XMR 5, 4. ZIEDGTC Y S AT K

P i) S Bl C H I A 5P D DAL AR B B )], o AL T
PR, 2019, 39(3): 685-695.
RUAN Hebin, GAO Hongjun, LIU Junyong, ef al. A distri-
butionally robust reactive power optimization model for
active distribution network considering reactive power sup-
port of DG and switch reconfiguration[J]. Proceedings of
the CSEE, 2019, 39(3): 685—695(in Chinese).

[12] CHEN Y W, GUO Q L, SUN H B, et al. A distributionally
robust optimization model for unit commitment based on
Kullback-Leibler divergence[J].
Power Systems, 2019, 34(3): 2190-2204.

[13] Dall’ ANESEE, DHOPLES V, GIANNAKIS G B. Optimal
dispatch of photovoltaic inverters in residential distribution

IEEE Transactions on

systems[J]. IEEE Transactions on Sustainable Energy,
2014, 5(2): 487-497.

[14] GABASH A, LI Pu. Active-reactive optimal power flow in
distribution networks with embedded generation and bat-

tery storage[J]. IEEE Transactions on Power Systems,

AR F7,2023,40(3)

2012, 27(4): 2026-2035.

(15] K5he, TIREHE, AR, 5. & e R e i A5 2

KoY Z Qs e ). i R4 A sk, 2018,
42(6):33-39,91.
ZHENG Neng, DING Xiaoqun, ZHENG Chengtuo, et al.
Multi-objective coordinated optimization of active and re-
active power for distribution network integrated with high
proportion of photovoltaic generation[J]. Automation of
Electric Power Systems, 2018, 42(6): 33-39,91C in
Chinese).

[16] HASHEMIPOUR N, AGHAEI J, LOTFI M, et al. Multi-
objective optimization method for coordinating battery stor-
age systems, photovoltaic inverters and tap changers[J].
IET Renewable Power Generation, 2020, 14(3): 475-483.

(17 X—Je, R3ctk, TRAABA, 45 3 THRA BB B ALl B4

T B C R A5 Zh-JE D bR 22 i B Akas 47 0], Hh R AL
TRE2AR, 2014, 34(16): 2575-2583.
LIU Yibing, WU Wenchuan, ZHANG Boming, et al. A
mixed integer second-order cone programming based act-
ive and reactive power coordinated multi-period optimiza-
tion for active distribution network[J]. Proceedings of the
CSEE, 2014, 34(16): 2575-2583(in Chinese).

[18] BARAN M E, WU F F. Network reconfiguration in distri-
bution systems for loss reduction and load balancing[J].
IEEE Transactions on Power Delivery, 1989, 4(2):
1401-1407.

(191 ¥BAE, THEAE, 455, 5. JE T3 Sk A EC L A7 T8
DIELARD]. FLEAR, 2019, 43(5): 1640-1651.
ZHENG Neng, DING Xiaoqun, GUAN Zhicheng, et al.
Coordinated optimization of active and reactive power in
distribution network based on scene method[J]. Power Sys-
tem Technology, 2019, 43(5): 1640—1651(in Chinese).

KR EE: 2021-12-29

EE T

B A n (1980), 2o, T, BI#EdE, B9 In B E G
oifide . XU IF R R E S, R ROk S
E-mail: jjzhao sh@163.com;

VEZEUR (1996), %, Wit-#Fscd:, dfEMEHE, B rmh
BeeEPICEhfifl, iR L S, E-mail: 253832236
(@qq.com;

ZEREEE (1998), 55, W-LAFGTAR, WSROI e A SR |
AR IRPL 5], E-mail: 446191937@qq.com;
Ak (1996), B, Wi-HBEFEA, BT A ET IR 4 A
XHEIREZBHERESEZE7E6, E-mail: izjd139@outlook.c
om;

KT (1996), B, WA, WFIEIT RN HTREIR 4346 X
B R R S5 4ki84T, E-mail: 3537677126@qq.com.

http://xddl.ncepu.edu.cn E-mail:xddl@vip.163.com


https://doi.org/10.7500/AEPS20170602003
https://doi.org/10.7500/AEPS20170602003
https://doi.org/10.1109/TPWRS.2018.2889942
https://doi.org/10.1109/TPWRS.2018.2889942
https://doi.org/10.1109/TSTE.2013.2292828
https://doi.org/10.1109/TPWRS.2012.2187315
https://doi.org/10.7500/AEPS20170708001
https://doi.org/10.7500/AEPS20170708001
https://doi.org/10.7500/AEPS20170708001
https://doi.org/10.1049/iet-rpg.2019.0644
https://doi.org/10.1109/61.25627

5540 45 55 3 1 X i A A . 28 R A R IR AR A TG T T e ) r C L I e TPk 427
B3R A
Mtk A1 IEEE33 TR EAZEHTESH
Table A1 Parameters of control variables in IEEE 33-bus system
AR b OLTC CB,/Mvar CB,/Mvar

PEATYE 0.95~1.05 0~200 0~200

WK 0.01 50 50

IR =T 11 4 4

fiZk A2 DGIENEE
Table A2 Location of DG connected to grid
R KM etk fitifk
Ril=Y R 4, 6.9, 14, 19, 29, 30 7. 10, 11, 15, 16, 20, 23, 31, 32 8. 12, 17, 21, 24, 33
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