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Calculation method of photovoltaic limit access capacity on the basis of chance
constraints of harmonic voltage distortion

CHEN Wei, WU Jianhu, PEI Xiping
(College of Electrical and Information Engineering, Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: Considering the randomness of the harmonic amplitude of photovoltaic power injection, chance
constrained programming to calculate the limit access capacity of distributed photovoltaic power is used.
Maximizing limit access capacity of PV is regarded as the goal, the voltage deviation and individual harmonic
distortionare is regarded as the deterministic constraints, the total harmonic distortion of voltage is regarded as the
chance constrained condition, calculation model of limit access capacity of PV is established. The particle swarm
optimization algorithm is used to solve the model, and the harmonic probabilistic load flow calculation results based
on the Latin hypercube sampling is used to inspect the chance constraints. By comparing the results of optimization
with deterministic programming in IEEE-34 bus system, the validity of the proposed method are verified, and this

method provides scientific decision basis for PV power planning.

Key words: harmonic distortion; chance constrained programming; particle swarm optimization algorithm;

harmonic probabilistic load flow; limit access capacity

\

Ao A AR IR S R e 2 Y, B

ARG IR IR AR R G rh BB R N,
A I RE T ECR R R A B o E AR BR(E .
B, B FEHE T HL S T D M AR AL 2% 20 SR A G IR AR
AR LR (2016YFBO601600) 5 M fsfetkemn AR RIRGEN TE&RKE, M RELLR
(51767017) 5 Hil &AM QU4 E (18JR3RA133) mﬁ@@fﬁﬁ%*&jﬁﬁ%ﬁ@%%o

0 5|57
43 A G K TR T XS O 0 AR 2% . H
B RGr, X RaERE gy, H, 1EpR R

52 | @i bl - BAOBEN - 2019FE385E7H



K1 i 0 i Ty A AL 2 2 ARG AR B IR 4 A B A 55 0k

SCHRI214R T —Fl T $RD G A B A &
HIT7 75, LASR IR Y R 47 O IR 05 22 R0 1 0 PR 41
SCHR[314E 5 51 7% JERC B 2 8 7 U FIO T 1 I8¢ WL 1t PR
il (2 TIEEE Std 519—1992) gyfFiL PR T
DGHIEER AT . SCHRI413R 1 77 2 1 i g 28
29T B 43 A 3L R B R M A DD R TR Y,
For B 1 o3 A AL IR A7 B AN A ) 300 L)
TP R AT BN . SCER[STRESE 1719 A
PR R 8 % 1% i o =5 S5 BIR 11 8] 38 R )T Y o K of
AFRUREA, IS RMIFMAE RS H T4
B 75 B IE IR B 2 BRN U 1B M A8 R/ N R e (R
REEANLE . SCHR[2-STAERF 5250 A LR B IR Y
AR, HRSR T R B E P T IR O L
T, AT Rt IR AR g v A BC H 01 I LR Y
BEHLPE, SCHRI6THE 10 R FH 45 H M = % i ith £k
Bl A P fil 138 I Wiy 28 =4 25 2 15 1 PR L 2 [ ) 22
BE o SCHIRL7 19 HH 2715 2 U Ol M 2 (Y O 3 o
BRBCX A, LR B R BORT LA M A HHXUBL
S TS RZTT AR . SCHER[8 14 L I 1%
¥ a7 R RE JOL R Y B S BE AL I 2% v TR AT
P HIBEHLER P, B iz PR =5 2 5 el B0 2 8RS
ATy BRI i L D9 Y T 8 R

2R SR W A SR AE 43 AR RO IR LR A AR
fe] tH D% O T il e i 2ok, R T o A Ak
REVEA R &, BRI T R, 5L
WL, AT E T 4 A AR IR TE A B HL
TR HIBENLIE, 4 L H BRI/ DI 5 T iE
ERATINE EACNI N ARG R ORI ik
S HRBKI, FI R 1 O 15 B AR eI I HY
GEUHRREE, 5 R SUUE P R RE A DR il 45 R AR G55
LR F MR T B, S Ak FRELiLR s, M
Rl oy A SR IR AR, EAS S0 e L ) 55 4
IR T, AT T RGEREIR RIS IE=R,

1 SHAARBERTENHNSLRAX
=R

L1 SRR RENEIIER EA BT %
FRRBA GEIEPOYI A, BIRICR AR

www.eage.com.cn

Hig o

Theoretical Analysis |

WA, DEREECL. S ISR
TRRAT g, I Dy =5 [ 28 A B 2 e T IR T 40
AfiHE R SE MR, DRI e PR 3 A 5 A HRL TR R T O
M AABRAIBENLYE . AT, A%
TRLGRTE A S B BT B o A AT o b, (R
SE SR LR TE AT S AT & U D e i R IR (X S
et i IR L IR A A I A R B (B B R PESC &R
AT REARA . MRIESCRRIO], i HL A AN & I 1 i
MU RUE T 2R

J6
ol
1
[n=£[d n=6ki1, k=132337-“ ( )
nm

Kb, LABERMIEG nhIERIREL

B (1) "%, 173U RIS PRI & R
A, AR R A B 1T R LT Y IR R
. MR (1) "TEAMRE], Sk, 7k, 11k, 13
YR TR U T P I8 P e L o A OB b W 1L 1 B 491
4 BIH20%, 14.29% ., 9.09%. 7.69F15.88%,

PRI 2B AN, K2H
SCHikrf, B AE I Betasy A R AL IR HL IR A i
oA o BB B P 5 2% U D AL TR (B G AR Y
o, GE—AERRIR, BEE S SR
5 FE AR AL, e IR L IR AY i D) St — AL
S, BRI A 85 T BC HL R A I I L TR
Wi ABENLE &, HIREASRAE OtiR
JEE R B i (B IR IR L IR A B TR B iR ) 2 Tl
P,

AT 15 WL H Wy 2 3 1 1 =36 4 T 45 2R 7R S L
KOHRFM, R AT TR AL IR AR PR A2 A%
H, H R U AR SR A e e 2 SR R
3 AT o MR SR T DB T A SR MR L 0 M 2 R R
R fift . AR SORFBL T B8 S 7 SRAR 5 TR B IR
fERMRIEAREE &, RKIBARDE AT AR RS IE K
Wiy 78 2 M 5 B BR A

BI1AIEEE 3475 i R GAE T L ISERAJEIR
PR, TR LS B FL He B T 90 M 7 S5 M =5 R B Ry
B, BTN RAERACA T 0000k,

201978 - BHEM - % 5d | 53



HigoH |

Theoretical Analysis

600
5001
400t

i

& 3001

2001

100 1

0 . ‘ . :
—0.005 0  0.005 001 0015 002 0.025
THD,

Bl FRISEEDIEREEEEREE R
Fig. 1 Probability density function of total harmonic voltage

distortion at node 15
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Tab. 1 Single-node access distributed PV capacity calculation results
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Tab. 2 Individual harmonic distortion of all nodes
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Tab. 3 Node voltage amplitude

J=3 HEIRME (pu) HUEIEE (pu) HEIR(E (pu)
2 0.993 1 13 0.986 7 24 0.947 3
3 0.987 0 14 0.986 4 25 0.946 0
4 0.978 6 15 0.986 3 26 0.945 6
5 0.971 3 16 0.986 3 27 0.945 4
6 0.964 3 17 0.959 9 28 0.960 3
7 0.960 5 18 0.956 1 29 0.960 1
8 0.958 4 19 0.952 0 30 0.960 0
9 0.955 9 20 0.948 7 31 0.954 4
10 0.954 7 21 0.945 8 32 0.954 0
11 0.954 2 22 0.942 5 33 0.953 8
12 0.954 1 23 0.949 8 34 0.953 8
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Fig. 3 Total harmonic voltage distortion probability distribution
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Tab. 4 Comparison of penetration rates between the two methods(%)

fifg e MR 0 55. 05 28. 84 19. 65 15. 33 12. 70 11. 00 10. 49 9.57 9.04
IR &5 0 79.95 41.95 28. 84 22.27 18.35 15. 99 14.94 13.88 13.24

fiff e R R 9.04 8.91 19.91 26. 73 26. 22 26. 07 10. 87 10. 49 9.70 9.04
WL 2okl 13.11 13.11 28. 84 38. 26 37.75 37. 47 16. 11 15.33 14.15 13.24

fifg e HERLRI 8.52 8.12 7. 74 7.48 7.33 7.20 7.20 10. 36 11.00 10. 87
DIRAAY %58 12. 58 11.92 11. 26 10. 87 10. 74 10. 61 10. 49 15. 20 15.73 15.73

iff 7 1 ) 8.91 8.178 8.65 8.65

WL 2Ll 13.11 12. 70 12.63 12.58
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Tab. 5 Multi-node access distributed PV capacity calculation

results
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1 (278, 264) 9.94
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0.9 (543, 522) 19. 52
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Fig. 4 Penetration contrast between chance constrained

programming and deterministic programming
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