a1 1 LA B = S 4 Vol. 47 No. 1
2026 4F 1 H Electric Power Construction Jan. 2026

HMieeRNEAXEKEWIeTHN
HbHhRNAUBRLEwie R

R, FR', BEEZ', xR F', IER?, HEFS
(1. DU RS TR AR, AR T 6100655 2. [E MR k48 f 1A BRA A, A Z)E T 0500005
3. FER b s A BRA R 2 T BRI B , A K FE T 050081)

o ELE Y 530 2GR I 3 24000 H B T 9A RE 0 AS 2 | [m] AT AR G R R 0 Y A i X AT SE PR ) T 0 e 2
SR o F I L R FEAR D3 19 3 W) AP s il i ), e ELAR 1 Y R I 400 2O AR T A AR T S R ER TR ) . SRR
T 2 EC F PR A0 O AR T 0 AR AT S B v R T R A A T AR U ik X 4, ST T ) IO 2R i ek
TE MU PRI | | JE A5 5 e e bR A8 A 0 o B B, A7 T % o T P P R P 1 A B s AR T SR AR O
AT RICARART & P, ST T 32 A0 2OGIR IS G RE 1 (06t i e 2L s L SRR e Pk I E SR A B AR AR
H 1-JE R oo JE R0 2 PR, BE T A SRR Ak 51, R FH 1 5 2932 1 (column and constraint generation , CCG) 3%k #EAT
KA. IR, ST T IR AR 500 SO RIS R Gr R I 25 G AR PR R | SR FSGHE Y O 45 A BE B8 R AR s i &
Ji% . wla, LABGHE Y 33 715 AR 3R G0 S 49 B e BT B B 5 B L SR D R R ARAL TR Setiti ey 58, e dsd
HY () FT5E PE S PR AR B AL 10% , 43 A0 2COGCIR F86RI/ N T 7. 44% , 16 4 > ST 1 e R4 19X 50 it R TT 2R A5 e L 4R
2578 NI 4RAL) 190 B it e O A6 I 78 12 00 28 4t /8 07 T m ) 1149 4 A =G AR A i A RT S , SRy s L 481l 43 O R 33 A
e L P 8 R 5 AR 2

SRR < T H, 090 5 44 Y UG B8 5 TT HEME: 5 20 A 20K s 20 A B R Ak

HESES: TM715 MERARERD: A X E 45 :1000-7229(2026)01-0001-14

DOI: 10. 12204/}. issn. 1000-7229. 2026. 01. 001

Research on Grid-Forming Energy Storage Configuration for
Distributed Photovoltaic Consumption and Reliability

Improvement of Distribution Network

XU Deyu', HUANG Yuan', TANG Zhiyuan', LIU Junyong', SUN Zengjie’, HAO Zhifang’
(1. College of Electrical Engineering, Sichuan University, Chengdu 610065, China; 2. State Grid Hebei Electric
Power Co. , Ltd. , Shijiazhuang 050000, China; 3. State Grid Hebei Electric Power Co. , Ltd.
Economic and Technological Research Institute , Shijiazhuang 050081, China)
ABSTRACT: [Objective] High-penetration distributed photovoltaic (PV) grid integration leads to insufficient power
absorption capacity in distribution networks. Meanwhile, the development of new distribution systems imposes higher
reliability requirements. Grid-forming energy storage, with its flexible power synchronization control capabilities, possesses
the ability to both promote distributed PV consumption and enhance reliability in new distribution networks. This paper
proposes an optimal configuration model for grid-forming energy storage that considers both distributed PV consumption and
reliability improvement in distribution networks. [Methods] First, a bi-level optimization model for the siting and sizing of
grid-forming energy storage is established. The upper-level model considers fault conditions and load importance to establish
an energy storage siting model for improving distribution network reliability. The lower-level model considers the uncertainty
of distributed PV systems to establish an energy storage sizing model for enhancing PV consumption. Specifically, the
confidence set for the probability distribution of PV uncertainty is constrained by 1-norm and % -norm constraints, and is
solved using the column and constraint ceneration (CCG) algorithm based on the distributionally robust optimization.

Second, a comprehensive evaluation index system incorporating reliability, distributed PV consumption, and economic
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performance is established. The optimal configuration scheme is obtained using an improved Technique for Order Preference

by Similarity to Ideal Solution (TOPSIS) method. [Results] The proposed algorithm is validated through a modified 33-node

test system. The results show that compared with traditional energy storage schemes, the proposed model improves the

reliability index by more than 10%, and reduces the distributed PV curtailment rate by 7.44%. The optimal effect is

achieved by configuring grid-forming energy storage at four key nodes. [Conclusions] The proposed grid-forming energy

storage optimization configuration method significantly improves the distributed photovoltaic capacity and reliability of

distribution network, providing reference for planning and investment in distribution networks with high-penetration

distributed PV integration.
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14 CERPANE -1 o5 47 5
Bif 5% A
KAl BHEMESH
Table A1 33 node network parameters
aggy o PEECEBU Cegowme PR e opem TN R
1 1-2 0.05 1.28 0.092 2 0.047 0 2 Hofth 10 100 60
2 2-3 0.30 1.05 0.493 0 0.251 1 3 HAhy 5 90 40
3 3-4 0.22 1.10 0.366 0 0.186 4 4 HoAtly 5 120 80
4 4-5 0.67 1.82 0.381 1 0.194 1 5 HAth 2 60 30
5 5-6 0.51 1.69 0.8190 0.707 0 6 HoAthy 5 60 20
6 6-7 0.11 1.32 0.187 2 0.618 8 7 FoAte 15 200 100
7 7-8 0.38 1.95 0.711 4 0.235 1 8 HoAhy 15 200 100
8 8-9 0.37 1.03 1.030 0 0.740 0 9 Hofth 2 60 20
9 9-10 0.39 1.44 1.044 0 0.740 0 10 HoAhy 2 60 20
10 10-11 0.12 1.38 0.196 6 0.065 0 11 HoAy 3 45 30
11 11-12 0.23 1.77 0.374 4 0.123 8 12 Hofth 2 60 35
12 12-13 0.84 1.80 1.468 0 1.1550 13 HoAth 20 60 35
13 13-14 0.33 1.19 0.541 6 0.7129 14 Hefth 30 120 80
14 14-15 0.36 1.49 0.591 0 0.526 0 15 M2 R 40 60 10
15 15-16 0.46 1.45 0.746 3 0.545 0 16 B 15 60 20
16 16-17 0.30 1.65 1.289 0 1.721 0 17 T 25 R 15 60 20
17 17-18 0.45 1.71 0.732 0 0.574 0 18 NIESFHE 40 90 40
18 2-19 0.10 1.75 0.164 0 0.156 5 19 IESR 15 90 40
19 19-20 0.58 1.28 1.504 2 1.3554 20 T B 15 90 40
20 20-21 0.25 1.68 0.409 5 0.478 4 21 12 BB 20 90 40
21 21-22 0.44 1.66 0.708 9 0.937 3 22 IESRH 20 90 40
22 3-23 0.28 1.16 0.451 2 0.308 3 23 2Tl 120 90 50
23 23-24 0.35 1.12 0.898 0 0.709 1 24 2Tl 120 420 200
24 24-25 0.32 1.50 0.896 0 0.701 1 25 M2 Tl 100 420 200
25 6-26 0.12 1.96 0.203 0 0.103 4 26 125285 10 60 25
26 26-27 0.63 1.34 0.284 2 0.144 7 27 B 5205 30 60 25
27 27-28 0.30 1.59 1.059 0 0.9337 28 128245 25 60 20
28 28-29 0.50 1.22 0.804 2 0.700 6 29 12221 50 120 70
29 29-30 0.65 1.75 0.507 5 0.258 5 30 HoAhy 10 200 600
30 30-31 0.39 1.26 0.974 4 0.963 0 31 NIESYEHE 35 150 70
31 31-32 0.19 1.51 03105 0.361 9 32 NS 25 210 100
32 32-33 0.21 1.70 0.341 0 0.530 2 33 253 B 20 60 40
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