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4.2.2 4545 DPV BEABA M
MAERE T AL R o 2 7T 2 i, HABRE AN

TR BT 3% R N 18 T oTht, i RE A4 AR
HCRIEARE BN 3 Fi7R ;A T RERL A LT
B XA AU R A X & 3 Fros.

t 2% 3 M 3 Al AL AEREEL A 0L T, 5 X450
R EOERIBE AR B A BN WA B
A TG REBL A 1H 0L T A9 275.82 kW HE K
318.05 kW, # K Ky 15. 3% , 4F - Hy 0 A 1 K
T 6.86 J7T; AR, SR FHSCHR [ 32 ] B HL M S 500 4%
st B as R (B 0 A7 I 5, A X TS AR & F H
W2 BN T 124. 18 G, BIAE Y25 1 B2 (E 1 K
T 4.53 Jiot. T B B it e 45 9 A AH X #
PR L A AR R0 25 2 T R ) AEL B 5 AR SR A RE H R 1Y
B L5 7 IR A R I i HE O 25 L
FAE G- A G W BT g i — e A O
AR RS A BRI T2 (8] L, FEAB BB L A 1%
OUT A B T AR BRI T B X 4y
A ORI E A2 B, X HE Bl i T 2R G0 AR e e 7Y
AR H bR S B A 2 X

x3 fEEEFERENER

Table 3  Energy storage and PV access conditions

o HIAERER &
H X
R AZ B/kW 318.05 275. 82

ffBEA A 1/ (kW -h) 60

B SR A i/ kW 60

AR BB 2/ T o 12. 84 11. 14

fREAR B B/ T o 4.36

28 [ wfkmencs I A RERERC &

K3 HIfEREXS

Fig.3 Comparison of PV access with or without energy storage

XA I RE ST AL T & XA OB IR 4
NBRHEAT AT SR N IE] 4 B i 8] 4 a] 0 Al g
R FER AL X & XA OB IR A AR i HAT B
F R, B MR RE RV SR YU £, 5 X0
FOLIRIYEIEA BRI, B Wz i T-F 2. H



B F1E R 24 X2 20 (RRIZEI) ,2023,15(5) :592-603

Journal of Nanjing University of Information Science & Technology ( Natural Science Edition) ,2023,15(5) :592-603

FERE T IR BT 2 2 5 2UhE e H A I REAR, BRI

HAT EEE &R 2 78 2 LEI e 1 38 1 HHLHl
iz17.

35~ [ 150 U ] 252k [ 37037k [ 45c4ik

30

=251

=

% 20
{@:15_

10

0o 2 4 6 8§ 10 12 14 16 18 20

b
[N

a. A FEHCAALE 2 75 RDPVE ARSI

340

Z 325.08
I 321.57 Y
320 31%93/9/0
@ 307, ;‘/
Fig]

’ ’300 ! >, ! >, ! >, ! >,

0 131k 27825 3735 AFRAT
FeRLHL AL

b, AR LT T & X ADPVIEA S 1Ak
Kl 4 fERESEHCARALEIXT DPV H AR RN
Fig. 4 Influence of energy storage charging-discharging

mechanism on DPV access

2  TERERERFH 2 78 2 BHLHI B, XA [ 4R
R A FRR T AR RE G AR B e AR DL AT
XFHE SR AN 5 .

B [ 20 22

. 24

0 2 4 6 8 10 12 14 16 18 20
A
a. AT IRITOUT %17 RDPVAE AT O

360 F—a Sk 200

= | it I R
Z , 2
HE 340 150 mﬁ
2 100 {in
43%(320 50 4%(
a =
300 0
18 20 22 24
BTG

b. ANFEHEGE ERRIES T 4519 M DPVEE AL L
K5 ANEBEE ERXT DPV 8 AR

Fig. 5 Impact of investment cap on DPV access

HIPL S TR0 B AF-P- BB R A BRI K

599

G X BRIk G RE I A A B A i, B T
FeREE AR I KR A4 RE R I8 fEBE B A S
HHK R KT DPV A5 & A K % AR
BRI EBRIAE] 22 T IT)T , il AE S R A 1A
AT AR A% REXT B R H B IR Y 755K
W HAE AR AT K.
4.2.3 A EHRACT EHH

N E MRS AR A PRI E MR AR o,
o, WP AR R () ST B B 0 s M) R, AR SCHE
ST AR 1 BR R 20 U7, AEREALEI N 2 FT 2 Gk,
X AN R B AN B 2 BE % A BE R () DPV 422 A 45 1
P53, 25 -k 4 PR,

*4 ARTHEERFET DPV EANFTENTLE
Table 4  Comparison of DPV access capacity at

different uncertain confidence levels kW
@
aw
0.70 0.95 0.99
0.70 334.02 334.02 334.02
0.95 331.47 329.99 329.99
0.99 329.95 328.71 327.67

HH 3 4 AT Bl AN A B S R, 194K
Fil oo -3 55 A2 VF O ARE 30 00 22 34 R, AT P34 K,
RECEE MR LS, 6 X A DPV #: AR 5 IF
K85 a, o, >a, B, 2 BB 5 RV (A 0
25 Z R T WAL 5 A B 5 A AL s K i
MR 22 R AR, B I 19580 B VE T, DL, Bl
E 1-ECE S B BB ORSF R TR N, 51X
&L DPV AR R AN AR SE PRz s o] AR 4 AN (]
PRSFPETT SRR A [R) 1 A5 B, L ARAS AH B 1) DPV
AR M.
4.2.4 CCG FiEnr

BB A IR A AR B BRy 20 T7, fif g R
2 78 2 BHLHIZETT , I, CCG SRR A SIS Il

i 6 Fis.
340r DPVEAZEREAW 753
Zasp —— W | s
@336 . %
I {514
o :
332t \ I
330 1 1 1

2 3
AR EL
K6 CCGRAEEMIEA

Fig. 6 lteratively convergence of CCG algorithm



JE A5 A BT i AR AR 15 DA A ZOLARIEA A B B I Ak 125

600 zuou Yu,et al.Distributionally robust optimization of distributed photovoltaic access in low-voltage distribution station area considering source-load timing characteristics.

HH L 6 W Bl A 2 AR B I AE 3 A A1 o
W DPV AR i WAL, 26 3 kAR DPV 2
AFERRES 2 Wk AR A2 1A 45 3 3 % A [
B PRI A BT, 75 H O 4 R
A I GR B (E i — 25 A, AT G 2 M S
e, AR 3 Yk FERT 19. 910 s, FRINIZE B A &8
D A MAC S RIS o 1 SR A A8

5 #Zig

ARSI B XA BB A B AH DG AR 4
— PRI A 1 P Ak 3 Sl far M L 37 57 AR T
2 IEEARE & KIH S BT, i KB & X DPV
AN HbR, # TIUE S X DPV #: AR 4> Fi
AR S5, LLSEPR & KR BT T 05 B4
Br, S FRGIZE R B LU T 458

1) FEFRRGE LA SR 28 7 VL RE A A R0k fe %)
LG RITT AR TR L RIS, TR, REA% 5 4
i 2 R - 114 S 7 A DG T SR S| 45

2) R o> A B AL 5 vk Ak B - gy B8 37
W3R 53 A7 AN 2 R BB 12 o2 4% S B LR R 12k 1)
B, LAY SRR AR B TR DPV
P AZE B IR B RAIE 7 KGR TE 8.

3) ERE LA e A LI RO KB 9 R b5 A 2L B T
H X DPV i AJKF, IF H G X DPV B A4 it
Efififie H 780 WS DI C.

4) S A B AR T AN o AR R R R
XA TRY  R T B HLAT B R ) B A A PR R, I
WH LRGSR R IRV SF B T, DPV
AR HHZ TR

ARSI g ST AR RS R I £ DX A A Ot AR
PIEASRMESE T — 20 R4 G5 it Re 78 A L A
THREFAF AT ABRERL A T (1) DPV B2 AEA T EA5.

S 3Lk

References

[ 1] Elavarasan R M, Shafiullah G M,Padmanaban S, et al. A
comprehensive review on renewable energy development,
challenges, and policies of leading Indian states with an
international perspective [ J ]. IEEE Access, 8:
74432-74457

SR NI, e R DR e v AR R A BT L ) R ST
PR SRE[]]. P E B LT R %R, 2022,42(8) ;
2806-2819

ZHANG Zhigang, KANG Chongqing.Challenges and pros-

pects for constructing the new-type power system towards

[2]

a carbon neutrality future[ J ].Proceedings of the CSEE,

[3]

[10]

2022,42(8) :2806-2819

TR R, FLAAER A FH AR S5 0 L e S EL ARG AR
FL R AR S WA A AT [0 R R TR RS
( AR ,2021,13(3) :377-382

LEI Zhen,HAO Yuchen, KONG Bojun.Solar radiation in-
fluence on power generation benefit of large-scale fishery
solar complementary photovoltaic power station [ J ].
Journal of Nanjing University of Information Science &
Technology ( Natural Science Edition), 2021, 13(3):
377-382

Wi, IRENME, £l =, 55 A FBER T Z 06
PR RGN SR W Hr [ )] d i, 2022, 43
(4):58-68

YANG Jinhai, WU Jiahui, WANG Haiyun, et al. Dynamic
securily region analysis of power system under different
penetration rate of new energy[ J ].Electric Power Con-
struction, 2022 ,43(4) :58-68

PR BARAR, B SF S A ROCHR R B R A 2
J P A AR S B DX B ar L [0 ] R T R B AR,
2020,23(10) :9-16

LU Delong, MIAO Jidong, LU Peigiang, et al.Low voltage
residential area load forecasting considering social attrib-
utes under weak constraint association| J ] .Power Systems
and Big Data,2020,23(10) :9-16

T Wi, A, E LT RWT-SVM Y 65 X T
P I R S BT ST 0] . MR B TR A2 (A
SRBAR) ,2023,15(3) :330-336

DING Hong, TAO Xiaofeng, LU Chunyan, et al. Day-
ahead load forecasting of distributed power grids based on
RWT-SVM [ J ]. Journal of Nanjing University of
Information Science & Technology ( Natural Science Edi-
tion) ,2023,15(3) :330-336

JECHE , B R, AR 555 SR HLRMRE P Y T H
B DR PR AT L 1] R G X A g il oy
#,2019,31(2) :112-118

QI Yan, LUO Bofeng, WANG Xudong, et al. Coordinated
access method for source-load in distribution area with
the consideration of complementary sequential features
[J]. Proceedings of the CSU-EPSA, 2019, 31 (2):
112-118

Li J] F,Zhang Y, Gao F,et al.Hierarchical optimization
method of distribution network considering coordination
and interaction of source-network-load[ C]//2021 IEEE
Sth Conference on Energy Internet and Energy System In-
tegration. Taiyuan , China.IEEE ;2021 .1231-1236

PRIEAE , R AL , X3S, 55 3 T Hdia 9% 3l 1) oK BH 4
AN S R[] B RS A 3k, 2021,
45(11) :170-183

ZANG Haixiang, CHENG Lilin, LIU Ling, et al. Research
and prospect for data-driven estimation and prediction of
solar radiation [ J ]. Automation of Electric Power
Systems ,2021,45(11) :170-183

Wt VPR E, 4l 55 5T Coupla FRIR I f1 AR 5%
IEBIBCH DGR A Z B ARBEYLI I T [ T]. RE IR
53545 ,2019(4) :38-40,42

YAO Yan, XU Jiayu, JIN Di, et al. Multi-objective sto-
chastic programming method of photovoltaic access in

distribution network based on Coupla theory and included



> 12 4 < 7 ]
A Z1E L 24 25 HRCHRBIERR) ,2023,15(5) :592-603
Journal of Nanjing University of Information Science & Technology ( Natural Science Edition) ,2023,15(5) :592-603

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

angle cosine method[ J |.Energy and Environment, 2019
(4):38-40,42

B PR T, I E L, T RS N 37 S R
fiir I B 2 A KOG AR S AR RE AL BC & [ ]l TR
27 4% ,2022,37(13) :3289-3303

LI Yong, YAO Tianyu, QIAO Xuebo, et al. Optimal con-
figuration of distributed photovoltaic and energy storage
system based on joint sequential scenario and source-net-
work-load coordination[ J ].Transactions of China Electro-
technical Society,2022,37(13) ;3289-3303

hRE AR R IR, S IR o A OB R
TEARIBCR M & XS RITTIE [T ] BT A
50T AME: ,2021,42(2) :183-190

MA Tengxiao, MENG Xianghe, BAI Xingzhen, et al.
Robust optimization planning method for distribution net-
work considering large-scale distributed PV access[ ] ].
Power Capacitor & Reactive Power Compensation,2021,
42(2) :183-190

5 — S5, R R AR AR RE RO G F B
LR SO REA S RG] B I RS A
F1k,2021,45(7) :8-17

FANG Yichen,ZHANG Shenxi, CHENG Haozhong,et al.
Robust optimization of distributed photovoltaic hosting
capacity of active distribution network with soft open
point[ J].Automation of Electric Power Systems,2021,45
(7):8-17

Li J Y,Khodayar M E, Wang J H, et al.Data-driven dis-
tributionally robust co-optimization of P2P energy trading
and network operation for interconnected microgrids[ J].
IEEE Transactions on Smart Grid, 2021, 12 (6):
5172-5184

Yuan Z P, Xia J, Li
management for microgrids with data-based day-ahead

P. Two-time-scale energy
distributionally robust chance-constrained scheduling[ J].
IEEE Transactions on Smart Grid, 2021, 12 (6):
4778-4787

THEDL, FELE , LR, 55 5 AL 2 0 R A T v )
SCARI WA 3 A B B AL T ik [T ] T RGER AP
S ,2021,49(10) :43-50

YU Tengkai, DONG Liangyuan, DU Xiaodong, et al. Dis-
tributionally robust optimization method of PV grid-con-
nected capacity in a distribution network considering
chance constraints[ J ] .Power System Protection and Con-
trol ,2021,49(10) :43-50

MR, 5B B, BT e, A 20 A OB AR rig o 2 ATRE
HL I o AT S R AL B & ik ()] B ARG
1 ,2021,49(13) :30-42

CHEN Zexiong, ZHANG Xinmin, WANG Xuefeng, et al.
A distributionally robust optimal allocation method for
distributed photovoltaic generation stations integrated into
a distribution network [ J |. Power System Protection and
Control ,2021,49(13) :30-42

XGRS R, AF. 1A HL R BT DR IS BIL R 11
HAET B T 3T 20 M i o [T ] AL R AR, 2022,
46(6) :2151-2164

LIU Na, WU Zhanjun, GUO Lingjie, et al. Day-ahead
electricity energy market score clearing decision introdu-

cing power quality insurance mechanism [ J ]. Power

[19]

[21]

[25]

601

System Technology,2022,46(6) :2151-2164
GFRR X R, 8, R TR T R AR AL
1N R AR e SR A R B e [ 7] 7T 4R B
¥ ,2021,39(10) :1294-1300

JIN Zishuo, LIU Hucheng, KOU Wei, et al. Selection of
purification technology for small and medium-sized biogas
projects based on AHP and entropy weight method[ J ].
Renewable Energy Resources,2021,39(10) :1294-1300
Ye C J,Ding Y, Wang P, et al. A data-driven bottom-up
approach for spatial and temporal electric load forecasting
[ J].IEEE Transactions on Power Systems,2019,34(3) .
1966-1979

AR B R AR, 2k, 45 T RN C-X (R nd
FP R A0 O R TS 5 vk (0. ) A sl s g,
2021,41(4) :116-122

LI Guoging, LU Weihua, LI He, et al. Fast calculation
method of time sequence probabilistic power flow based
on fuzzy C-means clustering [ J ]. Electric Power
Automation Equipment,2021,41(4) ;116-122

PIVBR, XA AR AR T AL WD 46 B8 2 v R4 B
R K-means REF W [] BM R 485 %7,
2022,36(1) :47-65

SUN Lin, LIU Menghan, XU Jiucheng.K-means clustering
algorithm using optimal initial clustering center and con-
tour coefficient [ J ]. Fuzzy Systems and Mathematics,
2022,36(1) :47-65

Wik AL, o R, 550 A SO IR A A Ay
X 22 6 X 00 2% 10 52w BF 5 [ 0] 0 e g HOR
2021,40(1) :5-7

YANG Xiao, CHENG Lun, MENG Liang, et al. Research
on influence of distributed photovoltaic with multi-trans-
formers network on condition of different capacity,
position and access mode [ J ]. Hebei Electric Power,
2021,40(1) :5-7

Lin Z J,Chen H Y, Yin X. Discussion on “data-driven
stochastic unit commitment for integrating wind genera-
tion” [ J].IEEE Transactions on Power Systems,2019,34
(5):3983

Baran M E, Wu F F. Network
distribution systems for loss reduction and load balancing
[J]. IEEE Power Engineering Review, 1989,9 (4) .
101-102

Guo Z J,Wei W,Chen L ], et al.Distribution system op-

eration with renewables and energy storage:a linear pro-

reconfiguration in

gramming based multistage robust feasibility approach
[J].IEEE Transactions on Power Systems,2022,37(1) ;
738-749

IR, TR, Wik, 45 58 716 81 3 oL i) 22 B TR
BHCHL R RGP E AT R R T (V] i R B
A #11k,2022,46(16) : 113-121

MA Zhigang, WEI Zhinong, CHEN Sheng, et al.Fast cal-
culation method for flexibility operation region of AC/DC
hybrid
approximation| J ].Automation of Electric Power Systems,
2022,46(16) :113-121

AT, TR PRI, A5 2 B IR A5 T L X 2 B B
PLOCAE TR BERE R [ J ] e ) RGEAR AP 5 4 1, 2022, 50
(14).23-32

distribution  network  based on elliptic



JE A5 A BT i AR AR 15 DA A ZOLARIEA A B B I Ak 125

602 zuou Yu,et al.Distributionally robust optimization of distributed photovoltaic access in low-voltage distribution station area considering source-load timing characteristics.

PEI Lei, WEI Zhinong, CHEN Sheng, et al. Multi-stage

7235-7247,7450

stochastic optimization dispatch model for AC-DC hybrid [31] XA, 5k WM, K%, 5531 & BV fuf-K i 5 Fg 5t
distribution power networks[ J ].Power System Protection LML HRIRA TR ML Hirafm R R T].
and Control ,2022,50( 14) :23-32 W7 B 3k %45 ,2022,42(10) :218-226,272

[29] 754, 5K 0 2R 5T By Bea B (b R f IR LIU Yan, ZHANG Yachao, ZHU Shu, et al. Multi-
A A8 RS L ) JC T R R M [T E objective distributed cooperative optimization of hybrid
PLTARS4R ,2019,39(16) :4764-4774,4978 AC/DC distribution network considering EV load-wind
FU Yang,ZHANG Zhiquan, Ll Zhenkun.Research on re- power heterogeneous scenario sets[ J].Electric Power Au-
active power voltage control strategy for hybrid AC/DC tomation Equipment,2022,42(10) ;218-226,272
distribution network based on  two-stage robust [32] RN, ZEHF LT IEFEAG ML X RS ST

[30]

optimization model[ J ]. Proceedings of the CSEE, 2019,
39(16) :4764-4774,4978

B XI55, w203, 45 7% 1 XU HL AN 1) 7 A 1) v A
SRR RGBT AL BRI T ] [ AL
TRE2AHR ,2018,38(24) :7235-7247,7450

SHUI Yue, LIU Junyong, GAO Hongjun,et al.A distribu-
tionally robust coordinated dispatch model for integrated

electricity and heating systems considering uncertainty of

AU A8 AL 4 BE [J/0L]. 8 1 &R 48 A 31k 1-22
[ 2022-09-17 ]. http://kns. cnki. net/kems/detail/
32. 1180.TP.20220915. 1639. 002.himl

CHENG Yi, LI

optimal dispatch of multi-park system based on bilayer

Gengfeng. Distributed collaborative

imitation learning[ J/OL ]. Automation of Electric Power
Systems ; 1-22[ 2022-09-17 ] . http : //kns. cnki. net/kems/
detail/32. 1180.TP.20220915. 1639. 002.html

wind power[ J].Proceedings of the CSEE,2018,38(24) .

Distributionally robust optimization of distributed photovoltaic access
in low-voltage distribution station area considering
source-load timing characteristics

ZHOU Yu' WANG Zhongdong' ZHAO Shuangshuang' GAO Fan' LI Yue' MENG Shanshan'

1 State Grid Jiangsu Marketing Service Center,Nanjing 210019, China

Abstract To improve the access capacity of Distributed Photovoltaic ( DPV) in the low-voltage distribution station
area and promote photovoltaic consumption,a distributionally robust optimization method of DPV access in the low-
voltage distribution station area is proposed considering the timing characteristics of source-load.First,a source-load
joint timing scenario generation method based on optimized clustering is presented to handle the uncertainty of dis-
tributed photovoltaic output and load demand in the low-voltage distribution station area.Next,a distributionally ro-
bust optimization model of distributed photovoltaic access in the low-voltage distribution station area is constructed
by taking into account the voltage constraints, line capacity constraints, reactive power compensation constraints of
inverter and photovoltaic consumption constraints, etc. The proposed approach maximizes the access capacity of DPV
while ensuring that the expected value of PV curtailment rate under the worst probability distribution of each typical
scenario meets the requirements.Then,a mathematical model of distributed energy storage access in low-voltage dis-
tribution station area is established to study the influence of energy storage access and its charging-discharging
mechanism on distributed photovoltaic access.Finally, the effectiveness of the proposed model is verified by taking
simulation on actual low-voltage distribution station area.

Key words distributed photovoltaic access;low-voltage distribution station area; source-load coordination ; timing

characteristics ; distributionally robust optimization ; optimization clustering
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Table 1  Detailed parameters of energy storage installation and operation
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Fig. 1 Typical scenario output of PV/load
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Table 2 Similarity index weight coefficients
ES ¢ Ay Ay As
i fe 0.45 0.31 0.24

R3 BOREREANFTELR

Table 3 Upper limit of photovoltaic access capacity of each node

A /KW R /KW
1 25.20 11 31.50
2 37.80 12 31.50
3 37.80 13 25.20
4 31.50 14 50. 40
5 25.20 15 0
6 50. 40 16 50. 40
7 0 17 0
8 50. 40 18 50. 40
9 0 19 0
10 31.50 20 50. 40




