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Fig.1 Typical daily photovoltaic power curves
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Table 1 Advantages and disadvantages of distributed optimization algorithms

sk o Bt
s e L SAHEA S SR, X0 11625 L) R
BBIE - THk 4.5 SCB0, FTIFA T, SUA 5 bl el
S g EPATARIE AR F SRSkt A 8 LS ()
KB RERT 0  FLIF B 000 HERABSE S
DA S T LR, AT BRI SR TR S T T 25 K %),

T A 2 A A A A

WS S JEE RO T e A )Y 23 D7 53X




@ ® 0 & % L %

%43 %

— BB RS T i T AR R T
LD A AHREAT D Sl 3 45 1 A5 Ui, 491 4 < S
BRL31 R T— Bk R — Rl IR e 4R o )
T A M) 45 53 A1 2P I 42 T R 205 ) ol s 4
JRHe) 5 SCHRL 32 J LA R —E80h H AR, 32 i 3l
TR BE F T BE A8 B S AR 45 5 n T e 3R
&8 HL TR A5 0 D7 ¥ s SCIR (33 ]l 7 S il 1 i 28 4% T )
AR5 P19 A BEAT D DR P B B o A 2 — Bk
il SR W 5 SCHR [ 34 ]k — BOHERA N T RO R4
HAE B b, —BerE SR ksl vl i ] R R 40
TELRBHIRBIPLAL ST , 91140 - SCHRL 35 JA ] — Bk A
VEATAS 42 I 43 A 2K 3G R A T — B, AT
fe i RGBT Y LT s SCIR[36 13 T T 37 (Y Bl
L {5 SE ISR, ) 484 2o ) K o K038 O 25 — 3tk
SRR S IR C L R G YR - - Y MRS A T

R, BB TR B ESEE S
SRR BT IR A AR AT, XE LU A5 B B S Y A
HbR, PR, P40 0 — St kA0S 1B 8 H AR
HEE TS RGE, MM T3 2 3 B eI 3
BRGNS, O IEAT R n] SER S TR . e R
R, SCHRI37 1 U A5 H I A i A
STEASNERGE N, T 28 58 T EH 0 1A Ak 5
A H B AN S AR S AR, SR IS A2
PERVEAAAE 2B S — R SR IR AL SR 5K
R0 1 Ak 2 B A HE A T 158 , 5 W) 1 5 DA 5 A7 A
PeahiR e, WHZ R 2R R i 7 5 50 2
AN FRAFAEAT I3 Ay 22 i e K A S I, 5 SR  i 2¢
AR IR ZE . MU, SCHRL 38-39 1731 5 T 1) &
A7 1) L UL RE A X i) i AP sh iR 22 DL R dE il 4%
TR B ) 6 Bl S — B R e Rkl
SR 22 HilAR RGEEIEM S F 5B R A AL
KF o WA, A BT AT NS B e fih
JALHN AR AR SRR R AA LR A Ty
TR B A — SR AT et . SR i sh S —2
PR AT T 52 B R ge py sh S b il an 2 L
ar NP AL IR RS A U R R RE FR 55
2.4 ETFHNh1E Rt E) 45 6 5k BE

FUHT, R ZAE WIS 1T Y% 58 TR 42 1 1 o 2 ik
T2 E MU HEAT SRR, B0, A7 408 58 e i it
L [ 422 (line drop compensation, LDC )% 44 it
PR DU ARG B AR SR S i e 0 TR R 2k
e 3t VR 1Y) b R — 7 I 1), DU s i 70 Sk ) R
A 5 R R SR 2o BE YT BRA(EL— 5 I 1]
WA g o He Sk ) B AR eI, H TR Z7EM
BAT R HL A AR D) (A0 H AR -FEIX - SEEE ) | A
FE A (T Bl P 23 ) A5 2 Al 3 S ) 2 B ML 0 3l
YRRy

EET LI Ay 47 ARG R RE IS TR g i

PRI B SCHKL 44 13231 5 R [R] AR 922
i A7 AR 2N 23 3ol Xk AN ] 9 37 35, A — 5 B AL
AU A B R A R R P A o A OB R
WA feam A TR U4 ;s SCRR[45-46 [ H 1 LAY
Z RO AL A5 Bl R P 07 58 5 SCRRL6 JHE S AN
e R G A/ TE T AR A e L, O
e A 530 2y 3R AR 18] Bip R 4 il SR, LA
X R E L AR 8 PG AR D3R A AN -8 o SR 14
EENERE LD
2.5 ETZEHEHNMHERHIRE

o T S AR I R, A R 2 T A b X
e A AT JCTE Bl b R B2 DR e 3 ) O
IR W2 ) JZ 45 1 SR A — 7 P JE L g i
o 8RR R R LR T RS2 W
f B R] , PRI 5 2 LB ARR AR AR HCRE A R I ) 42 R
R 5 T I A T SR 1 T JR A T T S R
B S5 S I I AR e L LA R R B 2 ) 1
[ 4, DRI AT LA e 17 A 3t I AR ) 3 B
PREAZ S 22 JZ P SR A — A4 (91 i 5 B 2k
THEADUE 1 T SR i) S 880, LUE 1 BT AT AT RE O AR
Dy 2SR, 10, SCHK [ 48-49 1 43 A1 2GR 396 A8
AR BT A B TC Dl 2 A 1 X OEARAT D AL i
Mg 17 1 2%, 368 3 B R AIE A  A [] DG AR 39 728 2 20 T
R AW T B 208 2 50, AT ST S5 RS e 7 45 4
SRy Rl il
2.6 FEFEEIBE RGXT I EE HI KA 0D

FEBEIAL G2 14 DI ] 42 il 3300 I 0 A DG S g
6 Z A ) 5 FE 15 2R S8 0 R B A, 2R N T 5
PRIEfE RGE I, T AL G i IR SE | B, B
A )T B AR, 0 O 7 T R RE AR ™ E T
Sy A0 A 52 S A AR e X 3 A 2P [l A9 B2
EA T BT TR R . SCHRI50 17 FEal %
A7 9 00 245 2 1) BRI Bt — A UFE L T
P SE 3 SR T ORGSR (R A2 A e
FEAAE , BRIk A AR S AHTE B O B8
AR A AT HE A Bl AL B S B ), SR
(36,51 |1 i 51 A — S0Pk 4 ok B0 28am i 1 i )
Ao A A o A DR ) S ) L2 R i 15R 2 A7 1
PR RIR AL o AN ARG A U R
SEAHE T R A R A R 52 A5 B TRLD R
B TR 20 T A S A D D) Bk AR Bl AR
T, 254 )3 £ B s 1 B oo S 08 e 25 A A
I, B A oA O RE AL 2056 o i s B G i Ao PR
PRI Rt , Al ESE IR ARRE R . SR [52 48
H— g A S B AUk IR 4 A TR 1Y
P SR m , LA Sk A e R PR N IS
SRR DA B R A RE AT i A B £ 2R 8 O B i e S
(LRI, {ELASCE 1 0 BT SESEE F) R 58200 170 A X BERIL R



% 10 H5

W BRSBTS TR R B B R ek ®

JEEATH FEARE DR A DL v A 5 38 3 {5 Pof 228 o) B
PSR RE AL R . I, SCHR[ 53 T A7 Bl AL
s 40 (1% 5 I Ao T S TR 2 7R e 1/ 2 WA o (] s 2 A
Sk A ik i AN TRV 220 2 i 2415 B, DA %1 i {5
BAEHITER Y D255 SR 54 18— B
Tt HAT & He Ve 0 S sh 28— BOME Bk, 1R FH s g
PEHE U A T Ak IS . SCRiR[ S5 36 TR SE
A P25 K e —Fh S0 AR HL , A HLEIE
T — B AE B AR EORSCT BUH RS B AR, R
T — 25 BT BEATL A 208 RN EICH 2540 X I [ 4 o) 58 s 114)
MU, SCHR [ 56 138 1 ] 5 K2 48047 5 B FLBE AR
AR I LA B AR 1 T =S O A7 O R 5
Z (B 8 A% 2 1k A i Bl e A, I i A X P b e
— Fh T S AL AR DR AR A B M AIL ) 48
RSP . SCHRLST JESCHRES6 T SE Al 2k
S—BMERRY R ENE—BUER L, LIS
T30 15 P9 285 119 43 A 2 e PRt st e AR T R g 52
A 38 87, BRSBTS BR R 1 22 T RR .
SCHR[58-59 13 F ADMM 4 Hi 2% fe il 175 B 4k 1) 57 48
AR (R T B — A4 ) O R i B R 2%
{5 B IEAR R EIE B B A X5k

3 FEREEEEEEEEENINE

B /NS IR & L R GRS IT I, 1 AR 2
ANFEE AT 5 AN BE H R 48 HL R 5% 1 DL SR TH 54
F R A L 5 (R (4 58 BAE B AR AN ] 240 . AN
[l i 4 (] () M 22 BB AT RENS 0 35 PRI IC fe R e )
FE R H R A B AR DL B HE 2R 15 % Ak ad R .
I, iR R AL R S A 58 4 SR Sl VR R 1
B TH VR 3 45 1] B B[R] As AT AILBE , DASYIEsE T T BE 457
A Tl S BB 91 S A2 F AR S 1 2 A TRl N iz
AT 24, AT fff D i e R B B R L R 4
) S ) 14 % FEL S A L ] A
31 RRHAMTHERERFEESEER

AR AR A8 A0 1 o R A R AR SR 4 A R
VLA TE 241 A e B 2R 50 H R A HILAR &R vl 25 OGPk
YER . P40 Z i R R SR e B R G4t . 1A
o R G HL AR Gt i — A 35 kV/10 kV A8 Bl 5 8

FRRCHL PR
35kV/10kV REFs 10 kV it L4k 1

AR EH
AEHL 0KV B2 |

S P R IC FL SRR AR , SRS DL T, AR HL s P A 2R
WA HE AR FE 2% B A BRI T A4 Sk B AR H o
e T A v s T FEL T 4 1 P R R A T AR VFIE R 2
Wo BRI, A — AR U A, TR LR R R,
[ 55 — 2R At rh i AR ORI P2 AR
[ ) O S B R TR R A L R K DU AN TR
BRER A7 7E B R H R 25, {0 AR Ha 0l vh i A 3004
JE7% FE g O VA A A LA ) T A h R L R SR
JE, R AE SEBRBCHE R GeH X TR A 2 (T 2k
Y H R AR AR R |, 38 8 S TR LR e 20 i i
FHEAE (— M A RS A% ), T s X 5t e
H A B, 38 5 8 AN R Y sh A ZE IR SR R Ui AR
JEARHEAT UM EE R, — BN 5, FR S5 408 5 A AT 2
AR B ) 20 3 S S I S IR B H R 5
Wt 10 kV/380 VAE He#f 5 b R BCHL RGEAHIE X 2R
75 PR A5 0 3 Sk 38 R 1 A, DRI X 278 F 2 AN
Z 5 R G0 0 SE R
32 EFTERVHNFETREAEEHAEER
Bt [E

AW I B AT 1 43 A SO IR G AR 25 1) L 45 2
T AT bk b 25 S0 L 2R 40 SR AT 1) L R A B AR R
FEAEAE H R S AR T AR AR # e — H R g
Do Pl th don Bl Kb v, — v, o TR
il 2 P A A AT A o AR R 5 T AR 4l A5 9 7S b
FL PR [ 225 0 H 0 2 i D R D R L, T 2
X D B E R R o 8 T R RS I A 2
A AT 2R P R DRI a% T 2 4 il fhh 2 1%
Uit 433 A 0.9 A 2P i T2 UEICRN 0.9 8 8% i
DZE B T TR S — P S i TR B4 1Y
PO EE BT SV, — V, 20 T OB AE 2SR TR
PRI 5 i I 9 o5 FL S A8 A 7 A8 A g e o R, DA B %
AR AR 5 AT = RT3 30 0 TAE F RS

A AR T AR g8 ] Y R S0 R A
H P07 £ 19 92 1 A8 AR 7 AR 3R R ) Al B s, O
AR AR B I 5 T A T A B R Rl e, Y6AR
TR 85 11 0 1) Ty 3 A E R 45 T RO 2 PR AR
B E W BTC T DR A R A B AL S R, I
A RE X5 R A T FEL A 4 R BEL— FRL T B DA ST I 14

AR R
AR

IR L) 1

(-

Je 9
A7 B A T r\VMVMMW%3%§
) 10kV/380V

10kV/380V

10kV/380 V
(R RCHL R 2

- IR HL I 3
I g IRIRERIS

B4 ZREFHMAIEME R
Fig.4 Typical distribution system with multiple voltage levels



5] ® 0 & % L %

%43 %

Uy H%0.9
(i, 5k T
! BSR4

AN
PIRPE0.9
T, B )

BEs5 BABTINIHETERSG HEREE
Fig.5 Schematic diagram of typical droop

control curve of reactive power

AR DA R R BR A AL [R5 1 AR IR O R
WAL AR T A B L TR PR BCR o R, A1
FOGIR YL i B B A8 BRA T 1 5 BLA e e e
A BB 2 193 A7 LA BIb A, DA Bk IR 8 i
FRC HL 2R ST ) S P T DI R] 478 TR X AL, A% 8 P A
PR (AT 00 T 728 T i ) B e 7 3k 88 18, L T A
B A, I AR, T Aot T 90 4 R T
18 e Ji By R TR /R AR R A (A oy Y A I 45 17 5 S 119
LAY ) o 11T G DR 45 0 i 1 38 PR, i P B
T L/ 9 e AR i S ok FGEE TR R TR
PR BT R A B R AR A, SR, pOCIR ek
Ui PR Bl 5 R 1) 90 Pl R AR AR AR AR S e —
SEEE T RO R G A B R A BB . SCRR
[60 [ i i b 0 AL AR i LB S (S H |
J BT AE SR DX A5 ) S B B0R TR 8 TR AR 5
SRS ER AP RIE4T . SCHRL 10 Jd i 5 Bt
IR A /7 JCH I R R A N S B E 3 A
(JC A ) CHL 15T 2 Ll 20 i mi A B ) 42k
. SCHRL7 a2 i R BRI R i £ i I 12
VTR L0 1 v A B2 S5O R AR 2R T T 2
FRAMEEXT A SRR 5 S A2 M), 7 R AL | B AR
DAL T3 PR K F T Sl il 2k i 250, TR R
38 1 52 Fre/ N 23 DRSO A9 A7 BRI D D R AR 24
RIS i L R 20 B S AR

PR, 7 o0 A 308 i 5 A 0 R T A PR3 4 [
5 B IC PR AT 55 ) 2 i C R R TS AT RO
FUR, 28T T 3 P2 ] A 30028 48 -5 7 58 B HOR R AR &
F14 P[] 2 AR T 0 7 i e 4 o) 2 R0 A B
T, IR B R -5 A 2O IR AR AR
AT TR MR AN [ 2 R ) 2R G L TR Bl AT S
BN i e RIS A% 5 L AT 480 e AR T 2 Y P [A)
BT
33 ETHRUEHNFERSERBEHAEER
HIE

Sy Ak B3 A 3O R A 5 A R AR i TR BEA T
5T AL R G P AT R A B A (AT 3 TR TR
fin ) BB R E A IRl o) — b HEBEH UL A A0 2 O

IRWAL AR B AT R -5 B L R A PSS A B R 4
AR — A AL FEA TSR A, Bildn - STk 61 12
T3 Ul A RIS TR B0 47 ) 53 AR A AL )
A A A He e Sk AL A AR BLUDIRZS DL R
W B IBAT 5 SCHR 47 13 —Fh 3 JZ A0 A0 8 2 2R
W% A T3 [R] DI R 08 722 -5 At R A8 BB 4 138 AT 5
SCHRL 62 1A /1N 4 4 T i 55 56 AR T A5 Efh 2 A
AR I8 e 4 4 S B 8, 401 P 2 23 DR 42 il
SR 1 AT O AR SR B JC TRt o A B
AT %, 3 A 20 A2 i vl LU G 5 2R Y 1A
1/ ForE R i A I 00 A5 FL A B 4 ol 7 e
VREFEIZ N, R ifid BESE BE b e/ DEAREH A H
e/ NERALE R Fr

IR, F T i S 5L O AL B B R] 4% 1 7 AT
A PR BC HL 28 40 T IO 4 ) A L T A B A
Z A AN A B SR 8] PR3 4[] iz A7, I g2
FHRG AR RE LR, PR R B E Y
A 2R s AR T A 38 R ] LDC I il 57 dm o 32
PERUB R OF DL fil R o3 42 Sk s AR o dd i
LDC Z 5 n] AR AT B0 T A AR 2 T 45 o T Fi 2R
GE T Ui X0 e (9 2 22 T s Rl Lo S i e i
# A s 1778 AN 18] 6 B , A7 48008 TR 728 TR 4% 2=
A0 (L 252 Mot v R AR X B — 5 k] RVl £
JE N ) J i e i 2 73 1 Sk S A T R TR AE 1) A T
5o BRI, AEA 20 A8 He s o #Sk s e Z AT, i
FEL e DS [+ Aot A O AR 0 A2 245 M 0 281, 3
T 30572 45 ) SIS F s~ 21/ JC Sl S R 42 il o
Lo Aok A S g A AR TE A TR AN, WU
AR B 2 fik A o4k Sh A L TR AR X 1 5L
T, R AT 4300 TR AR e AR 4 LDC RN 0 W W
Fe RS E8 H BR TRl T i 88 5 % o 7RIZE T A
A A s g B A OGR4, Bl i R e 0 i
HEL A A 670 LR 1 5 4y 20 A 20 AR AR AH
M-S BOLR WL G5 T PR M 8, A1
WS G O 2 X IC L R GE L R RO PRI RE T o A, ik
o 8 S HAT T A B4 PR 4 I AE SR, LR [ s A
4 R 52 4 S K Sl A AL U A A [ ri A B 3 AT
DL ALE — B PR R

TR HUE FBRAE Sethains o
B S ] /mw

A AR 43
SR E ™ P AR

SEPRE i g b

o

Fif )

Eo RMWAERERERMEITTIEE
Fig.6 Schematic diagram of different voltage

regulation devices operating in one network



% 10 H5

W BRSBTS TR R B B R ek 55)

L — BRI A AR 0445 2 L ) e L
A1V 5 e R A6 L8 ), XY
SPESTII I AT LA R DL 00T R Sk s
Ml A R 24P, I 6D A 5 1 8
20 ST, AT 15 5 PR B o A A7
B O 1 P P R85 BRI 96725 B8 64
eS8 T B L SR A L M PR A 4
PO SRSHE P 221 P S5 2P R 55 LA 1
B LA R PR DR 45 2
FER IS s TN i
5 R AT AR 0 D R B TP
bt P B e LB, A 28
BB S RERAT S5, W15 45 e L B A6
AR BT F IR AT BT AT 95
B 103, SCI R DR, e BRI G
VB o R0 5T LS L
4 EFFREREEE )&

A SR 14 T B R AR R L B4R
R IRIE B R LI 7 10 T S 26 1
A A A YRR 2 0 F

U)X DR D) 30 B3 B 5 06 1 E )
ko BUAT 9K 253 I B T e 03
55 A BB AIE ST SUR A RE T 45 0 R0 17
L BT A A S BB R IR A D 3)
SESREAT RS . R, FBAE I 73
R LA 4 T BRI DRI Ag
Wl T ) 53 46 380025 G o = A
AP R 05 R 032 PSR 2355

D)4k 5E A5 T T 0 5 R P 5 3
T IAT 5045 SR U A B0 K AT A R
FALI5E 4 1 B (5 R SRR e, AE AR A1
o BT HG 535 2 B S R A4 405 96 (5
AT ) DI ) AL 5 L B 2
SR WA (R HEMESE v 0 2 BR . T G
bRl 5 S A TR e — ELH BT E B, B
AU 5 MR L L BT 5345 2K 525
PEREAS T, 5 SR R

3) 60 57 I S 4 40 1 3 47 3 5
i DAL RSP HOBA S TR IRk
R ) FLER FEDC S RIS R 050
WA R R R B T4 0999 76 X0 R s
O I 00 2 J 4 6 P 5 f R 2 50
BRI, T B AR PRI i 2 i
(e B A R ] — L 3R W 2
B 958 TR, 7S R AT TGN , P
PHiR 45 5L , DA T ST 0 25 1
EHUF.

5 45ig

JEARBEWR P HE oA s A TR Hh ) A o,
1115 H i P A GEE L AR 0T Y R A A 5, O 0 8K
Vi A B v R JRI 2 Bl AT A s 2 T it
SRS, B AR 220 A SO AR AL 45 Bl IR 42
551 LA 2 o m] S AR R GO AR oIk
DIRLEF M AT AT BRI AL, IR, B
A 5 SEIRLAR LSO IR D23 (4 PRk 7 Bl i 2 i 2
BRI Rk B A B o R, AR ST Bk E
75 R L 2R 48 R DI R 42 B ARG A7 A1 22 7] el ik
TR TR, PTMALFEAEAN BT LUR LA I3 T A T 90 »

D) it HAr PR 7 e i) o A 2R (30
Apai T LA 2538 B R 2GR 25 52 A2 fk Cande R
W) UL B EEARE T B bR, RIJCATSE ik
SR T ST N SR 4% 308 A 5 47 T A

2) il S P AR 5 Fl fFPAEE T (1 B[R] SR,
R0 5 X IO P A A R £ PR RE | 25, L = A )
15 BE % TP BT HAT — 8 AR, I B S 22 AR
WSS 5

3) 48t S R ] ) I I 42 ) A e a4 P
TCEL I A B P ) S B A S L R P Bk e
AL A AT R RO 24T B L R LR R
EHRR,

Sk :

(1] rAe R EANE [ 55 B i I s ORI Ay o [ e R i
[EB/OL]. (2020-12-21) [2020-12-21]. hitp: //www. scio. gov.
cn / ztbps / 32832 / Document / 1695117 / 1695117 htm.

[ 2] FEZREHER. FE LRI i BRI 1344 T KL [EB /
OL]. (2023-07-19) [2023-07-19]. http: //www. nea. gov. cn /
2023-07 / 19 / ¢_1310733273. htm.

[ 3] Australian PV Institute. PV postcode data[EB/OLJ. (2021-
06-30)[2021-06-30]. https: /pv-map.apvi.org.au / postcode.

(4] fH3CH:, 4207, 48, 45 . 1Bl PR AR IRAC i P I R 48
RS ARSI ]. B A BB, 2019,39(7) :45-50.
ZU Wenjing, LI Yong, TAN Yi,et al. Modeling and effective-
ness analysis on test system for distribution networks with
high penetration of renewable resource[J]. Electric Power Au-
tomation Equipment,2019,39(7) :45-50.

[ 5] SCHWANZ D,MOLLER F,RONNBERG S K,et al. Stochas-
tic assessment of voltage unbalance due to single-phase-con-
nected solar power[J]. IEEE Transactions on Power Delivery,
2017,32(2):852-861.

[6] WANG L. C,YAN R F,BAI F F,et al. A distributed inter-
phase coordination algorithm for voltage control with unba-
lanced PV integration in LV systems[J]. IEEE Transactions
on Sustainable Energy,2020,11(4):2687-2697.

[7] WANG L C,YAN R F,SAHA T K. Voltage management for
large scale PV integration into weak distribution systems[]].
IEEE Transactions on Smart Grid,2018,9(5):4128-4139.

[8] BT . MoLRd i H A M SE i d SR R4l WF 52 [D ], i
MWL TR, 2022,

YANG Yu. Research on real-time voltage cooperative control

in high PV penetration distribution networks[D]. Hangzhou:



50

% 0 & % ¢ & %

%43 %

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Zhejiang University of Technology,2022.

YAN R F,SAHA T K. Investigation of voltage stability for
residential
[J]. IEEE Transactions on Power Systems,2012,27(2):651-
662.

WANG L C,BAl F F, YAN R F,et al
dinated voltage control of PV inverters and energy storage
for weak networks with high PV penetration[J]. IEEE Tran-
sactions on Power Systems,2018,33(3):3383-3395.

WANG L C,YAN R F,SAHA T K. Voltage regulation chal-
lenges with unbalanced PV integration in low voltage distri-
Applied

customers due to high photovoltaic penetrations

Real-time coor-

bution systems and the corresponding solution[]J].
Energy,2019,256:113927.

KANG C Q,CHEN Z,ZHANG N, et al. Guest editorial for
the special section on enabling very high penetration rene-
wable energy integration into future power systems[J]. IEEE
Transactions on Power Systems,2018,33(3):3223-3226.
FEZA AT . JERAEHEARMEARME: Q / GDW 617—
2011[S]. At [ Ly il ik, 2011
IEEE Standards IEEE

nection and interoperability of distributed energy resources

Association. standard for intercon-
with associated electric power systems interfaces: IEEE  Std
1547-2018[S]. New York,USA:IEEE,2018.

SU X J,MASOUM M A S,WOLFS P J. Optimal PV inverter
reactive power control and real power curtailment to improve
performance of unbalanced four-wire LV distribution networks
[J]. IEEE Transactions on Sustainable Energy,2014,5(3) :
967-9717.

DESHMUKH S, NATARAJAN B, PAHWA A. Voltage / var
control in distribution networks via reactive power injection
through distributed generators[J]. TEEE Transactions on Smart
Grid,2012,3(3):1226-1234.

WANG Z Y,CHEN H, WANG ] H,et al. Inverter-less hy-
brid
photovoltaic generators[J]. IEEE Transactions on Smart Grid,
2014,5(6):2718-2728.

LI Y, XIAO J X,CHEN C,et al. Service restoration model

with mixed-integer second-order cone programming for distri-

voltage / var  control for distribution circuits  with

bution network with distributed generations[J]. IEEE Transac-
tions on Smart Grid,2019,10(4):4138-4150.

ZHANG B S,LAM A Y S, DOMINGUEZ-GARCIA A D, et
al. An optimal and distributed method for voltage regulation
in power distribution systems [J]. IEEE Transactions on Po-
wer Systems,2015,30(4):1714-1726.

DALL’ ANESE E. Optimal power flow pursuit[C] /2016
American Control Conference (ACC). Boston, MA, USA: IEEE,
2016:1767.

FUEE AN AR . BT DL 407 160 2 22l i X -l i AR DGR
P L PO RE S g A (D). b [ L TR 2 4R L 2019, 39
(16):4753-4763,4977.

WANG Hongtao, LI Xiaogang, ZOU Bin. Probabilistic load
flow calculation of distribution system based on Bayesian net-
work to depict wind-photovoltaic-load correlation [J]. Procee-
dings of the CSEE,2019,39(16):4753-4763,4977.
SRR, T . T MPC B oA 206K R A T 2
AT DR ] B RS A, 2017,41(21)
140-146.

ZHANG Ying, JI Yu, TANG Yunfeng. Coordinated control of
active and reactive power for distribution network with distri-
buted photovoltaic based on model predictive control[J]. Au-
tomation of Electric Power Systems,2017,41(21):140-146.
KRB, ], 4 S A SO RS AR ARG F I AL d

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

L G 3 B B 43 A A (). o R L TR 22, 2019, 39
(9):2644-2658.

ZHU Xingxu, HAN Xueshan, YANG Ming,et al. A distributed
algorithm for time-varying optimal power flow tracking in dis-
tribution networks with photovoltaics and energy storage[]].
Proceedings of the CSEE,2019,39(9):2644-2658.
FEEE, EAGE MRS, A s U 2 SO 0 R A Y
A A FE R TR S A Bk, 2021,45(6) :215-222.
WU Runji, WANG Dongxiao, XIE Changhong, et al. Distribu-
ted control method for air-conditioning load participating in
voltage management of distribution network[J]. Automation of
Electric Power Systems,2021,45(6):215-222.

LI J Y,XU Z,ZHAO J,et al. Distributed online voltage con-
trol in active distribution networks considering PV curtailment
[J]. IEEE Transactions on Industrial Informatics, 2019, 15
(10):5519-5530.

T KA AR S A OGR4 3 B H ) H A
AMAFERILT ], Iy A sl ki, 2021,41(9):102-109,125.
JIANG Tao,ZHANG Donghui, LI Xue, et al. Distributed opti-
mal control of voltage in active distribution network with dis-
tributed  photovoltaic [J]. Electric Power Automation Equip-
ment,2021,41(9):102-109,125.

FLR AN, b, S 2 AL ik R A TS HL 19 HL T 43 A1
[T, B3k 4,2022,42(2) :25-30, 55.

WANG Xiao, HE Yigang, MA Hengrui, et al. Distributed vol-
tage control of distribution network considering large-scale
energy storage [J]. Electric Power Automation Equipment,
2022,42(2):25-30,55.

Rl R IR T A O R 27 I A o A )
A S AT ], TR SEA ik, 2023,47(3):96-103.

WU Yufeng, YANG Shengchun, PAN Zhenning, et al. Com-
plete peer-to-peer transaction mechanism for multiple prosu-
mers without coordination entity [J]. Automation of Electric
Power Systems, 2023 ,47(3):96-103.

ARNOLD D B, NEGRETE-PINCETIC M, SANKUR M D, et
al. Model-free optimal control of VAR resources in distri-
bution systems:an extremum seeking approach[J]. IEEE Tran-
sactions on Power Systems,2016,31(5):3583-3593.

GUPTA S, KEKATOS V,SAAD W. Optimal real-time coordi-
nation of energy storage units as a voltage-constrained game
[J]. IEEE Transactions on Smart Grid, 2019, 10 (4) : 3883-
3894.

ROBBINS B A, HADJICOSTIS C N, DOMINGUEZ-GARCIA
A D. A two-stage distributed architecture for voltage control
in power distribution systems [J]. IEEE Transactions on Po-
wer Systems,2013,28(2):1470-1482.

ZERAATI M,HAMEDANI GOLSHAN M E,GUERRERO ] M.
A consensus-based cooperative control of PEV  battery and
PV active power curtailment for voltage regulation in distri-
bution networks[J]. IEEE Transactions on Smart Grid, 2019,
10(1) :670-680.

SR R AL, KA, G T BB R 0 P DGR SRR
e A 2Pl e [0 ], Wy R &8 A 81k, 2020, 44(2) : 86-
94.

ZHANG Bo,TANG Wei,CAI Yongxiang,et al. Distributed con-
trol strategy of residential photovoltaic inverter and energy
storage based on consensus algorithm[J]. Automation of Elec-
tric Power Systems,2020 ,44(2) :86-94.

WANG Y, TAN K T,PENG X Y,et al. Coordinated control
of distributed energy-storage systems for voltage regulation in
distribution networks[J]. IEEE Transactions on Power Delivery,

2016,31(3):1132-1141.



% 10 H5

5

o

OGRS I A B L AR S8 LT Db 42 1R W5 i 57

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

TR, XV, BT, 55 T — Mk S iy T2l e v 169 43 A1
AT EELT ], AL R4z, 2017,37(6) : 1579-1590.
PU Tianjiao, LIU Wei, CHEN Naishi, et al. Distributed opti-
mal dispatching of active distribution network based on con-
sensus algorithm [J]. Proceedings of the CSEE,2017,37(6):
1579-1590.

TRERAR, ARAKHE B B8, 55 . SEShIC L I P Fir—fits o3 A = A
P AT (=) 25 AR B PRI 1 — B Rk )], h
HML T 25441, 2018,38(11) :3244-3254.

XU Xilin, SONG Yiqun, YAO Liangzhong, et al. Source-load-
storage distributed coordinative optimization of ADN(part 11 ):
consensus algorithm considering non-ideal telemetering network
[J]. Proceedings of the CSEE,2018,38(11):3244-3254.
SPANOS D P, OLFATI-SABER R, MURRAY R M. Dynamic
consensus for mobile networks [C] //16th TFAC World Con-
gress. Prague,Czech Republic:IFAC,2005:1-6.

FREEMAN R A,YANG P,LYNCH K M. Stability and con-
vergence properties of dynamic average consensus estimators
[C]//Proceedings of the 45th TIEEE Conference on Decision
and Control. San Diego,CA,USA:IEEE,2007:338-343.

KIA S S,CORTES J,MARTINEZ S. Dynamic average consen-
sus under limited control authority and privacy requirements
[J]. International Journal of Robust and Nonlinear Control,
2015,25(13):1941-1966.

KIA S S,CORTES J,MARTINEZ S. Singularly perturbed algo-
rithms for dynamic average consensus[C] /2013 European
Control Conference(ECC). Zurich, Switzerland:IEEE,2013:1758-
1763.

XING L T,XU Q W,WEN C Y,et al. Robust event-triggered
dynamic average consensus against communication link fai-
lures with application to battery control [J]. IEEE Transac-
tions on Control of Network Systems,2020,7(3):1559-1570.
KIA S S,CORTES J,MARTINEZ S. Distributed event-trig-
gered communication for dynamic average consensus in net-
worked systems[ﬂ. Automatica,2015,59:112-119.

DU Y H,TU H,LU X N,et al

buted average observers in distribution systems with grid-

Privacy-preserving distri-

forming inverters|J |. IEEE Transactions on Smart Grid, 2021,
12(6) :5000-5010.

OLIVIER F, ARISTIDOU P,ERNST D,et al. Active manage-
ment of low-voltage networks for mitigating overvoltages due
to photovoltaic units [J]. IEEE Transactions on Smart Grid,
2016,7(2):926-936.

MG, AT AR AR A BTG AR A A FRR  ( TC F O
()], oy A sl ki, 2019,39(4) :190-196.

GAO Pengcheng, WANG Lei, LI Lisheng, et al. Voltage con-
trol strategy based on adjustment of PV inverters in distribu-
tion network[J]. Electric Power Automation Equipment, 2019,
39(4):190-196.

SR, A KB, A BT OB IR AR &5 TC T 1A T 9 AR AL
MR R [T ], i 3RS A ik, 2017,41(13) :133-
141.

CAI Yongxiang, TANG Wei, ZHANG Lu, et al. Multi-mode
voltage control in low distribution networks based on reactive
power regulation of photovoltaic inverters [J]. Automation of
Electric Power Systems,2017,41(13):133-141.

ZHANG C,XU Y,DONG Z Y,et al
inverter-based voltage / var control for distribution networks
with high-level PV [J]. IEEE Transactions on Smart Grid,
2019,10(1):782-793.

JABR R A. Linear decision rules for control of reactive po-

Three-stage robust

wer by distributed photovoltaic generators [J]. IEEE Transac-

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

tions on Power Systems,2018,33(2):2165-2174.

SAMADI A,ERIKSSON R,SODER L,et al. Coordinated active
power-dependent voltage regulation in distribution grids with
PV systems[]]. IEEE Transactions on Power Delivery, 2014,
29(3):1454-1464.

LIU H J,SHI W,ZHU H. Distributed voltage control in distri-
bution networks: online and robust implementations [J]. 1EEE
Transactions on Smart Grid,2018,9(6):6106-6117.

TesE SR, 42 . AR SRACE 5 28 S5 00 1 R 05 U8 4 A
Pl —SERE T]. W RS A 301k,2016,40(14) :15-24,57.
XU Hao,ZHANG Xiaoshun,YU Tao. Robust collaborative con-
sensus algorithm for economic dispatch under non-ideal com-
munication network[J]. Automation of Electric Power Systems,
2016,40(14):15-24,57.

XU J J,SUN H J,DENT C J. ADMM-based distributed OPF
problem meets stochastic communication delay[J]. IEEE Tran-
sactions on Smart Grid,2019,10(5) :5046-5056.

TSIANOS K I,RABBAT M G. Distributed consensus and
delays [Cc]//2011 49th
Annual Allerton Conference on Communication, Control, and
Computing(Allerton). Monticello,IL,USA:IEEE,2012:974-982.
VAIDYA N H,HADJICOSTIS C N,DOMINGUEZ-GARCIA A

D. Distributed algorithms for consensus and coordination in

optimization under communication

the presence of packet-dropping communication links—part Il :
coefficients of ergodicity analysis approach[]J/ OL]. (2011-09-
28)[2011-09-28 . https://ui.adsabs.harvard.edu / abs / 2011ar-
Xiv1109.6.

BOF N, CARLI R, SCHENATO L. Average consensus with
asynchronous updates and unreliable communication[J]. IFAC-
PapersOnLine,2017,50(1) : 601-606.

EII T BRI IR SE S IR LIRS B R
P O 2 B T B I ) LD ). o B L R A4, 2022, 42
(11) :4027-4040.

WANG Licheng, YANG Yu, YANG Xiaodong, et al. Real-time
voltage cooperative control in distribution networks with high
photovoltaic penetration considering imperfect communication
[J]. Proceedings of the CSEE,2022,42(11):4027-4040.
WANG L C,XIE L C,YANG Y,et al
voltage control with fast PV power fluctuations and imperfect
communication| J|. TEEE Transactions on Smart Grid, 2023, 14
(5):3681-3695.

ZHANG ] H,NABAVI S,CHAKRABORTTY A,et al. ADMM

optimization strategies for wide-area oscillation monitoring in

Distributed online

power systems under asynchronous communication delays [J].
IEEE Transactions on Smart Grid,2016,7(4):2123-2133.
CHANG T H,HONG M Y,LIAO W C,et al. Asynchronous
distributed ADMM for large-scale optimization—part I: algo-
rithm and convergence analysis [J]. IEEE Transactions on
Signal Pmcessing,2016,64( 12):3118-3130.

MUTTAQI K M,LE A D T, NEGNEVITSKY M, et al. A
coordinated voltage control approach for coordination of OLTC,
voltage regulator,and DG to regulate voltage in a distribution
feeder[J]. TEEE Transactions on Industry Applications, 2015,
51(2):1239-1248.

WANG Z Y, WANG J H, CHEN B K, et al. MPC-based
voltage / var optimization for distribution circuits with distri-
buted generators and exponential load models[J]. IEEE Tran-
sactions on Smart Grid,2014,5(5):2412-2420.
KU T T, LIN C H, CHEN C S, et al
transformer on-load tap changer and PV smart inverters for

voltage control of distribution feeders [C]//2018 IEEE /IAS

Coordination of



58 ® 0 & % L % $43%

54th Industrial and Commercial Power Systems Technical Bt W, W15 4T 54 o KR ik 8 T 3% 5 (E-mail

Conference (I&CPS). Niagara Falls, ON, Canada: IEEE, 2018: yang.yu@zju.edu.cn) ;
1-8. LA (1965—), B 44 , M EAM LA FIF M+, 2 &
BER T @A A ZRANR B BT e A ZF S e AT
1EEE - % (E-mail : wenfs@hotmail.com) ,
W F(1996—), B LA, X RHELT QH 25 (4% E4 %)

Research review of voltage cooperative control in distribution system with
high photovoltaic penetration
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Abstract: High photovoltaic penetration is one of the typical features of future renewable energy power sys-
tem, which will face the challenges of frequent fluctuation of photovoltaic output and poor communication
performance. Furthermore, the newly integrated photovoltaic inverters do not well align with the existing
voltage mana-gement system of distribution system,it is necessary to cooperate the control of the two. Un-
der this background, a comprehensive and systematic review of voltage cooperative control of distribution
system with high photovoltaic penetration is carried out. The intension and definition of distribution system
with high photovoltaic penetration and the urgent contradiction to be solved in voltage cooperative control
are outlined. Focusing on the voltage cooperative control issues of cooperative control strategy of distribut-
ed photovoltaic inverters and the coordination of inverters and traditional voltage control devices,the related
research status of distribution system with high photovoltaic penetration is reviewed. The theoretical and
technical issues to be solved in the field are prospected.
Key words: distribution system;operation and control; voltage management; photovoltaic generation ; communi-

cation performance ;distributed control



