H53% 44 B RERY S EH Vol.53 No.4
20252 H 16 H Power System Protection and Control Feb. 16, 2025

DOI: 10.19783/j.cnki.pspc.240356

TR BFIE Y &S BEFC FR S i i th— o3 R B R LK B 73 3%

Ak, ERT £3R F0E

(1. RAEXFOAAHEEETELR, A& 300072; 2. BREZTE AN B AFZHRE, K& 300384;
3N B K FRA G IAZFEIR, HA 20 730070)

THE: Sl SREEHLIER SR B0 N REEC F R S 80T s R, IR A R R R, B A
8 G PR3 A5 I S SR T 8 BB P 0 E IR AR AR (M B o itk AR T b RN A R 2K BN () fi k-
AT AR SR . oG, TR TR RE ), W bR IR ETh IR, RSN
PERIF, W HE R G LA e R ot b A A g g . i — D AE A ERERE ThR TR 71, S H G DR At -
AT R RS R AR . SRS, FBEEER R, @RS SEERERA S, Mt
IR —J3 A R P A A28 ) B R B o S R FH 286 M B A5 SR AR L I A RS 2R (0 A R, T I S A B e
ITAMERE . fefe, 18I SO TEEE 33 1 8 RGUEHTHBIIGIE. 25 RFW, FIFHRF R TRERN EMEE,
RGN IFEA HL w22 20 ) R % T 23.01%F0 20.52%,  $E B T 1% 7R A Ak

XHEIR: DGR AEREVATY; BURMG —EUEENE; JEERT

Local-distributed voltage optimization control method for photovoltaics and energy storage
in a smart distribution network considering time delay

GE Leijiao', CUI Qingxue?®, LI Changlu', LI Xiaoping®
(1. School of Electrical and Information Engineering, Tianjin University, Tianjin 300072, China; 2. State Grid Tianjin
Electric Power Company Research Institute, Tianjin 300384, China; 3. School of Automation and

Electrical Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China)

Abstract: The high proportion and strong randomness of photovoltaic (PV) systems being dispersed and disorderly
integrated into smart distribution networks often lead to node voltage violation. Additionally, communication delay
between control objects during voltage regulation further increases the difficulty of voltage optimization control in smart
distribution networks. To address this issue, this paper proposes a local distributed coordinated control strategy for PV and
energy storage, considering the influence of time delay. First, the reactive power regulation capability of PV inverters is
analyzed to determine the reactive power output limit for local control, and a distributed consistency factor is introduced
to construct a local distributed control strategy for distribution networks with high PV penetration. Furthermore, combined
with the active power regulation capability of energy storage, a local distributed voltage optimization control model for
PV and storage coordination without considering time delay is proposed. Then, considering the impact of communication
delay, a consensus protocol is established to couple the algorithm with communication delay, and a time-delay local
distributed voltage optimization control model for storage coordination is constructed. The stability margin of the
time-delay model is solved using linear matrix inequality, and the delay model is then used for compensation control.
Finally, an improved IEEE 33-bus system is used for numerical verification. The results show that after applying the
proposed method for communication delay compensation, network losses and voltage deviations are reduced by 23.01%
and 20.52%, respectively, demonstrating the superiority of the proposed method.
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Table 3 Comparison of optimization effect in different scenarios

- PSS S 245 AR
PUFEMW  fiZE/pu. WEEpu HE/pu

MR AL 0.426 2323 1.080 0.975

r=0 0.201 0.906 1.022 0.975

0.8, 0.247 1.062 1.049 0.978

T 0.292 1.127 1.050 0.970

1.2, 0.365 1.374 1.063 0.974

BT REME R HE TR PR R, 27> I, INFSE
S T PR EE I DI 32 ) SR I ¥k A e R BB ]
B, R R S DU R HL S R 4 B R AR ZE B

415 4 Lh12g,, Al 9Tk SEXS HL I
DAL T S (5o, REAT I REAMEE ], 2517
RN IE] 14 Fros. & 15 %P RoR 1 82019 s
IR SIS S S I S A S R AR A R, B
XFEANER 4 Fos

UnFE 14 JroR: XHBAE E TN REAT A,
P T H HBRRR A8 . H 1] 15 R 4 W], EAT I AE



-56 -

W) R GRP bk

AMEJE, PIEEAAEAT L IR AR 2270 ) R B T 23.01%A1
20.52%, WA L SRR AL, UER] T AR
EH PR A T L DX s it sl e — 7 A1 2 s 10 A 42 1
SIEAMEE TV A Rt

1.04
1.03
1.02

1.01

% /p.u.

1.00

0.99

0.98

14 FRERBAMEERETL
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Table 4 Comparison of optimization effect in different scenarios
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