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An evaluation method for the maximum distributed photovoltaic power capacity

absorbed in the distribution networks considering multiple operation targets

ZHANG Rui,RAO Huan, XU Ruifeng, MEI Aoqi

(Dongguan Power Supply Bureau, Guangdong Power Grid Co., Ltd., Dongguan 523000, China)

Abstract: As one of the important components of heterogeneous energy, the distributed photovoltaic power will affect the
safety and stability of the traditional distribution network, due to the randomness and the fluctuation of its output. With the
increase of power generation capacity, the ability of distribution network to incorporate the distributed photovoltaic power
becomes the main constraint. Therefore, under the premise of considering multiple operation targets, a multi-model
learning method is constructed in this paper, which consists of a PV force change prediction model, a load distribution
prediction model, and a distributed PV maximum capacity evaluation model. The impacts of photovoltaic access on the
distribution networks during the whole process can be analyzed by the proposed model. The Elman neural network model is
proposed to ensure the prediction accuracy of the photovoltaic power generation variations. The BP neural network model is
established to consider the prediction accuracy as well as the prediction efficiency. The PSO model for the maximum
capacity of distributed photovoltaic power generation is built, so as to realize the accurate evaluation of the limit of

distribution network acceptance of distributed photovoltaic power. The empirical results show that the proposed method can
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ensure the safe and stable operation of the distribution network, and is also beneficial for the planning of the maximal

capacity of distributed photovoltaic power generation in the distribution networks.

Key words: photovoltaic power;distribution network ; maximal capacity ; multi-model learning method
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Figure1 Structure of the typical Elman neural network
1) WA S8 ¥ 45 3% HEBUE FIpl 28 5T 19
T AR 78 DX TR) (1, 1) A A — 1> BE AL, B8 A A B8
5 om0 4 K L 5 0 B A S R 22 pR A E L T
BORG BE BN €, e K 2T BN N
2) W E(E=1,2, -, m) N AFEAR X (k) LA
Bk LA B A Z (&) R
X(k)=[x,(k),x,(k), =, 2,(F)]

(1)
(2 ()2 (k) e 2, (&)]

Z(k)=

3) THA R R M 2ot B I H O A Z 2
tHZE):
a,(k)zf(zw JrZw u b)
. h=1,2,,p
yM)f(iu%ah(/e)b?) 0=1,2,,q

(2)
A e &) W R A REAAE S A KA R 5 y,(4)
o 5 kA REARAE S o AR s WL =[wi ],
RN Z SR Z R A, R — D X p
REWE s W, =Ll ), o B S22 5 H 2 1
B e— A p X g R W, =[w) ], WS R
WMAZWRBEEME, 2 — T m X pHilE; b =
(00,05, 53] 9 W &5 22 4 2 0 I B 5 67 =
(63, 65, . 62] St H R0 26 TE 00 B o (+) 0%
R KL 38 PR ) , — M 22 B S B K XL T

YIS 7 ok B (tansig) 3% 4 X i S 7Y R %L (logsig) , 77
by
i l—e
f(x)*lJFeﬂ_,G(O,l) (3)
f(x)=1+el_,6(0,1) (4)

i 3 2 VO eRBUR 2R pR B, ] purelin ROR .
4) Elman M £ (1 i 25 ok H BP B k& 1, H
Sy R S TR s IR 25 BRBLE R
E-éi&ﬂﬂ%%ﬁ (5)
5) F Wr Bt i 55 S 22 R] B R 2 R A il
SR M5 25 I8 B PR B e BE 2% 2T BUR T N
Af, DU) &5 TR B 5 A5 I, BE U — AN R AR B N Y 1
2R i N B TR o U S I

2 LT BP & 45 Y A A A
F55 A

Ay $ 0

2.1 BPHZNEREIL

BP 1 25 ) 25 3 5 FH i A2 B B 2 R 2
B, — M A JE A R R R RS R B —
FEEHZ )R . BP &M% — 2 h 24



146 I <

15

Eid =S 3 20234E7 A

FEAT T A 2 U A R, e A R R & o0
AR S B SR T E B 2 A 2 oo A Eon] i A
2T AL 8 Ml IR e R, — R & 5
25 2 5 3 R P s e D2

T2 O PRB . RS PRB 3 A B A
28 70 1Y B A W S B i v o R L R OO R B
linear,sigmoid , Tanh & RelLU pRZLSF . H T4 SR
FH B A 28 0 28 2 BORR 6 85 20, 9 HL R PR AIE I 2% 2 )
i BN 2t B B A o) B TR) R TR e R T
sigmoid PR%] .

SR 5 W E I 2k bR B0 5 ) R L. P ST
R AR B, G I R R T e AR 2 Y
4 JRy I 2 ] pR BT ] BRI B8 T 1Y 5% 22 )Ry R 9
B I Zr R B A B UK B A R A S
>J R AT R R R, 22 5 R E I SRR RRORS R
149 A EH R I A, S O 4k 2 ) R L 3 AR 25 N TROE
B Ik o F WISk /7 > RS - 7 3 N 5= >
ok St B BE L 84 7k L LM (levenberg-
marquardt) 5k A o Oy 3R G A 28 R0 2% 2 o] AR KT
H AN BE W B ES 2 A 2T A/ H B I G 1 i
Bea A ey B WSSOI ) R, AR SR T A 3 N o ) R AR
P2 e A 28 0 26 U1 S ok i ) AT SR B O LS AR R A
a2 T 3 R S AT S A O, AR v el 4 T % g
£ 4 B

BP i 28 W 45 1) 2 ) i R AEAE 2 B B : DR 1]
1G4 TSR 28 T i B AR 22 1 @ Bl Ak
I 15 2 S 1) A 45 D0 A o 428 D) 4 1) A R 8] 41

1) Bif 1) A% R 3 72

BMAZRATEE R 2 20, 2, 2, ] 5
TIRE AT AN

Incl,zzu’1711+ bi (6)
j=1

4 WO BRSOV L W o JE2505 4/ v 22 0 KOt
/z,,ng(lngl)zq?(ingﬂf b[) 7
i th 250 P 2 T O A

n
I\'ETL = 2 w, P
i=1

Zk%L+bJ+ak (8)
ji=1

P22 PO PR B () B AR T R R 56 2D 20T

(¥ i i
0,= Sﬁ(INET[):

;/J(Z”:wb@ iw,-jx,- +b,-> + ak>
i=1 j=1

2) o At ad B ol a5 e 2 6
65 FUARE 2 18] B9 53R 22 , P 3l o 2R 22 09 B 1) 1%
5 x5 B2 10 255 0 A R IR (L 0E A 00 AL, DA T R I
W2

B —HEA T p, T AR E, MR G A s
IR I A S — R R 22 o 0 e 2 1 28 200

(9)

s q

1
e\:EZ

Kb, TR dADREARR HERE ; O WA d AFEAR
B N RO EZ ST UL TR S
3JE P W K LR N 2 BT 7 o

(T — Oy (10)

i i1y 2

B2 BPAZMXLH

Figure 2 Structure of the typical BP neural network
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Figure 3 Comparison between models for photovoltaic

output predictions
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