R0 & AA a0k

Automation of Electric Power Systems

DOI: 10.7500/AEPS20150929004

Vol.40 No.14 July 25,2016

wERERERENSHRAAERBRREERTEITH

K, BEME, KZZX, FRA
(P B Sy RGRAA 59 ER T ST O IR L ) PRI FA KR T 530004)

BWE, ME,r HFXAREPRER LA > HREXZTHEAN,BEA AR STFMALD 520,60 0
BTHALSF ALK MBRESTRATELERNL, LPRESH X ERBEANPICER E W 2@ 48R
BHHRR A YRR AL TR T oA EA KL b T B TR 09 AR PR A S B Ak i AR
A, FHEBASANACRERERAFHE RIREEARKBAY R AR ERT EF S HHE AL RA
AR HA X B BREANMPBEEL A S, L IEEE 33 P 5 24 £ FRBew M LCX £ %69 H4) 5
ML BRE T AR G A R A A A TR, AP 10 kV B A KK RERF S KRR LD L
BT R AR F R 5 R ARG A THEAMMBRE T, A4S S AR S F XA RIEAF R

W R R A,

XER: 2>HAXNER; LRELE,; B M; Bt R E; MRSEEE

0 3l

UTAF SR B 1 — R IDEAR A AN B B B9
1 PR R TOGIR B A B 72 20 i [ A A 2 A 206
R AR T IR SR, 23 A Ot
DR R AN T LA R S Ty P 0 A7 i 26 S A )
RG22 R 2 Is AT 3 Hh TRk . 50
A G AR L U575 15 125 24 IR A LA DR IE T P Bt H HL R
S A AR SRR PRk ke S T R A AR A A%
2 oA 13 DX AT A 23 A OB AR A0 1 FIR 0 {0 % it
L o AR SR IO 56 B X £

] P b2 25 0 20 A R R A PP AR s R
AR R PR e (B 8 R AT T IR AR ST . SCHRL7-8 TN
Ak e PR Y AR D K AR AR U AR P R B BT AR T
€ 1 AR o3 A 2 R B R . SCHRL9
WH5E TP Z9 TR B F2 S C A AT A B 0 A 3 U R
TR R4 T O B R o B o A 3
T8 b3 R A I FL A5 ALK IC FRL I3 3 23 A B R . 3C
KL 10175 R aed vl s KR 4] 3 2o 3 5 20 A 2R YA i
R ATV ) 2238 K s 0 R4, 580 T e AR o3 A
AU U A I (B2 o SCHRL 11 JO0) LA R T R 300 AN
MR A S, T AL B S AT AR RAE R
[i] 1) RO R L IR — 28 DU B /N Sy E A o B0

KAS B A 2015-09-29; 5= B B 2016-02-02,

E® B H. 2016-05-09,

BE A RAFESKBARB(51407036); B R E LA MAR
K %973 # %)) R B (2013CB228205) ,

ANE S R Tk . SCEkL12]%5 )8 T
e e R HR O AR B TR ) SR LA K AT 38 7 T A A
IFER LA AR 2 5 I T A 15 B0 . A 33 4% B30 0k oR A 11y
ZAARIF W B B BR D . i BE B B AR bR AR 2
ASCAE G v — A8 B AR Sy 240 TR 0 R e A 2 52 T 4
22 P RECREA Rrm e, 10 SCEkLo-12 X LA
JE o A Sy 249 R SR e 25 2R AT e o3 A 3L DR A
Z e I L L T B AT S AR 0 . SRR T
78 T (8 A L TR, G r) i )T AR 3 R IR
L B T Wi 78 /N 2 Bt R Al A O B
b o H AR C H T AR B =R R P [ A
G LNz A B VR A AR R B A 3 WA M
T FEL 0 B = A S B X PR IR AE 13 H g3 2 . AR Ha
L1 R GE S BO B L = A S e 249 A 1) % 8 SR IR
B 3 ST 1) 3 A1 X DA BIR e L 7 i TR R O
RE T 12 52 P il A 55K

A CHIH Digsilent/PowerFactory #5 8l i &
58, R a3 A OB AK He AEC H X H BE 5T AE Y 52 e
WRNE WL, 0558 T LB 88 E A
P L VIR L R A 22 PR R I R R =R L RS P
W2 2 A B i FE An M T R TR AL
19 122 FEL B Joi e [ G oA IR (L A9 =R A0 IR 0 i 2 43
FRRL, LA TEEE 33 45 5 R 488 ], 5 Uk AR A 1) A
Bk IFSh A TR SEBR 4 AR e I A A [ 2 R
3 DX 2 N 3 A1 3O AR G R BIR e 5 6

1 RERESH
HL BB 5 A2 (1) T S SO S BOUTT L B A R B

http://www.aeps-info.com 43



2016, 40(14)

IEH TAE M9 L R SR (1)l 22, e oy A O
PR | A Ay = B ) B0 455 F R A 22 L = A S A L % T
WAFAE . R R R TR O Y R R AR E T SR W)
IS B H BB T S ) A, T AR A A 0 X S
b Y LR

W RSN L JGAR A9 1 T fa #2 Se 3 KR /)N
—BEFE 11:00—14:00 Z [8] 35 B & K, 1 67 ff 1) D%
S A DR AR S 5] G ek T A R B A B 45 A
e N R o e ol A B R T o A
AR KT A g I 3 T, T BE S BT A
.

S = W L VN L 1 BU B LAk 5 ol AL g [
REGEAKBE RG50S, 3 g
AR B [ = KR SP-r BE AR /0N H K R Y TG 4
AR H R A 2 T ORI A R RS - A R
Fro PHIL S WA 250 AR Hh T R D) 14 95 4 7K SF- BR i 482 A1)
SR V8 A 75 o, ke HL A T P 22 B 5

2 SHEAANEERENZ B ES

HL e A v 1 R/ 5 2 B BE BT L HL IR R/ A G
Wl a3 AT OGAR By 3 AL B AN TR B, L A I Y
Tia) £ DAL A0 0 p A ] 77 A 2 5, FL R B VR R/l 2
PR AN E I E SO QU E R R AT G A N
F Digsilent/PowerFactory 4%} IEEE 33 %5 &
AR GEHATIREY H BT 7O AL E L %
3 45 AR A0 X T R 1) HAL T B A9 52 )
2.1 BAMEEZERNNREBERENF I

R RIEOGAR K i Y K b B A e AR Mk 3 52
it F & A A B R s A, B A OG0
Z R EE ol 3 A ) 85 R KA E R LG AR
U5 L D) 2 G AT R AT R A A D) 2l 28, At 3
A KGR TT DL ORI — 1 PQ . K
FHIEEE 33 5 s Wik & e kA7 05 540 17 . HL 254 1#]
VLB A AL

R B 43 AT 5 B0 A SR FH T T R AR R 3 3 2o B
T DR AR, 220 W H S I 58 AT TR HL 3 P S e
BRI A 38 I 5T 7 A= %) 3 D8 P, S BBk 1 HL i T
FBAMIMER B I R . RGEAMER RN 12.66 kV, 5
WA 10 MVA, SR KA AR 3.715 MW,
MR RIS AN 2.3 Mvar, fix /N6 R S f K 17
ff B 50 % .

TEH 6 & 0.5 MW (Ui Ty 52 (1% 396 75 4% 45 41 73
A AOCR IR AR TP ATESY 0 1,5,10,17, 0
FEAT AL B AT L R S I Y S )

WE 1 B, 6K H TR B 42 A7 B B A O 4k B
A i o FEXT L v e b (B 19 SCAE AR A0 ] i

44

- RFE -

24 e OR i P L s i 22 R A 5y 0BR[] P o R 3
P 745 7K St S ofe g ) o 2R T i AR
UK 28 B B 1 (FL 7 2 vl e i T o 2 R i
RS i 22 3 AT BE R FR

1.15¢

—— AN
1.10} —— AT S
—— A0
. 1ost BAT
nay —— AT
2 100
0.95]
0.90
038
N —— B
¥ 0.6 L BATES
i —— A0
= 04 —— BATELT
= 02 /S
B
0 4 8 12 16 20 24 28 32

RNt TR

1 BANCETUXNBERIEEAZMN
Fig.1 Influence of different access positions
on voltage and harmonic
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Fig.2 Influence of different access positions
on three-phase voltage unbalance
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Fig.3 Time-varying photovoltaic output
from actual measurement
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Table 3 Harmonic currents
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16 0.036 17 0.082
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Table 4 Allowable value of
harmonic current injecting in PCC
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8 5.12 9 5.44
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12 3.44 13 6.32
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22 1.84 23 3.60
24 1.68 25 3.28
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Fig.4 Limit capacity with a single-bus access
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Table 5 Comparison of limit capacity between
single-bus access and multi-bus access
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Table 6 Maximum power output scheme
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Table 7 Three-phase voltage unbalance
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11 1.8 12 1.8
13 1.9 14 1.9
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17 1.9 18 1.9
19 1.9 20 1.1
21 0.6 22 0.5
23 0.5 24 1.7
25 1.7 26 1.4
27 1.4 28 1.2
29 1.3 30 1.0
31 0.6 32 0.5
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Table 8 Limit access photovoltaic capacity of
urban distribution network

F T4 A AW PR A/ MVA
LS A% B 2% C.D% E % F 2%
LGJ-120 — — — 1.2 0.7
LGJ-150 — — — 1.6 0.9
LGJ-185 5.7 4.3 2.8 1.7 1.1
LGJ-240 6.5 4.8 3.2 1.9 1.3
YJLV-240 7.4 7.4 5.0 — —
YJLV-300 8.3 8.3 6.0 — —
YJLV-400 9.6 9.6 6.9 — —
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Limit Peak Capacity Calculation of Distributed Photovoltaic with Power Quality Constraints

LI Bin, PAN Guochao, CHEN Biyun, LI Peijie
(Key Laboratory of Guangxi Electric Power System Optimization and Energy-saving Technology
(Guangxi University), Nanning 530004, China)

Abstract: With the large number of distributed photovoltaics (PVs) dispersedly accessed in middle-low voltage distribution

network, power quality problems of distribution network are becoming increasingly conspicuous, making the limit peak

capacity of distributed PV accessed in distribution network the focus of attention. Following a study of the influence factors and

the influence level of distributed PV on the power quality, an optimal calculation model based on the current injection method is

proposed to meet the need of limits of power quality. The model is constrained by power quality indices of multiple national

standards, with the peak value of the distributed generator accessed given for both new and expanded cases of limit peak

capacity. The validity and practicability of the model are verified by the test results of the IEEE 33-bus system and actual LCX

system. For the features of typical 10 kV line, the safety limits of distributed PV with power quality constraints are given

according to different line types in different regions. The results can provide reference for the power supply enterprise in

checking the grid-connected application of distributed PVs.

This work is supported by National Natural Science Foundation of China (No. 51407036) and National Basic Research

Program of China (973 Program) (No. 2013CB228205).

Key words: distributed generator (DG); photovoltaic power generation; distribution network; power quality; limit peak

capacity

50



