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Fig.1 Characteristic curve of wind
turbine generator output power
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Tab.1 Probability distribution of wind
turbine generator output power

v/(m-s™) FREL/INHE /b P, R

0~4 % =25 2428 0 0.2772
5 941 0.1Py 0.1074

6 946 0.2Py 0.1080

7 896 0.3Py 0.1023

8 805 0.4Py 0.0919

9 690 0.5Py 0.0788

10 565 0.6Py 0.0645

11 444 0.7Px 0.0507

12 335 0.8Py 0.0382

13 243 0.9Py 0.0277
14~24 467 Py 0.0533
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Tab.2 Reliability parameters of components

Jelf A r

R 0.015 K /a 200 h/¥X

2k % 0.065 X/ (a-km) 5h/Ik

*3 &BESH
Tab.3 Parameters of lines
Eqiias KB /km el KB /km
a.c 0.60 2.6.15.19.22 2.5
b.e 0.75 1.10,13.18.21.25 2.8
d 0.80 9.14 .16 .20 .24 3.2
4.8 0.90 11 3.5
3.5.7.12.17.23 1.60
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Tab.4 Parameters of load point

0 2 s T L} T
(A 1 faf /MW (A i faf /MW
LP1(2) 0.1659 LP13(3) 0.2501
LP2(3) 0.1808 LP14(3) 0.1554
LP3(3) 0.2501 LP15(2) 0.1929
LP4(3) 0.2633 LP16(2) 0.1585
LP5(1) 0.2070 LP17(3) 0.2501
LP6(2) 0.1659 LP18(3) 0.2633
LP7(1) 0.3057 LP19(3) 0.1554
LP8(3) 0.1554 LP20(2) 0.1929
LP9(1) 0.2831 LP21(1) 0.2831
LP10(2) 0.1585 LP22(2) 0.1585
LP11(3) 0.1554 LP23(1) 0.3057
LP12(2) 0.1585
VELAR SO 1 23 AR E— SR

Casel: FBLHL M JC DG # A [ IFE AR RG] &
£ 48 b5 ENSI=50.079 5 MW -h/a, ENSI, = 1 690.602 4
MW -h/a, TR IRBR & A SCAH H— 2 1 g s 19
AR AR AN 5 s,

&5 T DG BB S 1 AT AR AR
Tab.5 Reliability indexes of load points without DG

—RKAM AR A/ (Keah)  r/(h-K) U/ (hea™)
LP5 1.6725 3.9332 6.5783
LP7 1.7213 4.6601 8.0213
LP9 17115 5.8374 9.9907
LP21 2.5110 5.4659 13.7250
LP23 2.5110 6.1649 15.4800

FH 2 5 AT 78 TG DG 432 AR B A% T I AL O K
i P4 B A i HL T M R 25

Case2: DG ZH Jg Wy K& B bl T3k B AN R &
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MAFLZENRRE R R =1 MW, REARTFHEAN
R EHEHLEAA S R=2 MW, " %255 H M=3,

H A5 pR R K (6) , B A SCRE AL 5 07 7445 2]
IR AL R B 25 R 3R 6 i, R 7 4 il
TIZBCE T N — 2 far ST SRR AR

*6 RENARKEES R

Tab.6 Optimal allocation scheme of
wind turbine generators

7 A LR R/ MW
24 1
25 1

x7 RERBIARH G ST EEER
Tab.7 Reliability indexes of load points
with wind turbine generators

—EKNM ST A/(K-a?) r/(h-RTY U/ (hea™)
LP5 1.6725 3.9332 6.5782
LP7 17213 45523 7.8357
LP9 17115 5.4789 9.3771
LP21 25110 4.0125 10.0755
LP23 2.5110 4.0988 10.2922
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PEIK P #4521 T $2 T, 0 O FE i R oK St 1 2
fopr AT SE PR B BOCR O R 6 AT,
IR 2 ML A 2 2 v A A0 T b IR 0, L T
G il Bl

Case3: L ABIPRE B DG, A KM S Case2
FHF . % DG R PRI o] 2R ECH 0.98, D
K (6) M HEr A%, 53] DG AL HC S 45 5F a0 % 8 fr
TN, 9L TR T S T SRR AR

RS DCRIMEEAR
Tab.8 Optimal allocation scheme of DGs

S/ VA YRR/ MW
8 0.7
10 0.3
25 1.0
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Tab.9 Reliability indexes of load points with DGs

—ERMERD A/ (Keat) r/(he ) U/(hea)
LP5 1.6725 2.5963 43424
LP7 1.7213 2.6784 4.6101
LP9 1.7115 2.8897 49457
LP21 2.5110 1.9499 4.8962
LP23 2.5110 2.1009 5.2753

H br bR 8L H ENSI, =797.448 1 MW -h/a, R4
HL N FE 8 ENSI=37.3471 MW -h/a, tifb45 3%
W TR DG % % T e L W o R g | A7) 3R AR AR
R AT AT FLAH BTG R AT R R R
ML, % R AT S OB ROR B ay it mT WL %7
DG REB PR F e ) D 28 | S i v IR R g & F AL
fi 115 2y 2 0 B ATL P 55 TR) BRCPE | T AR O A BB AR A5 T
1) AT 5 P KT

Cased . ¥ AME YR 55t 19 DG, LA (5) m B w
PRECHEAT DG By hE 5 7 Hat R 45 R ik 10,
11 i,

R ] FEPEFE R ENSI, =1079.3941 MW -h/a,
ENSI=34.0592 MW -h/a, HFRRECAR, FLE TR S
FEEVERR AR A A R] %007 58 BOA] DAARAS T 47 1Y)
AU AN R bR (H X B B ey (A0 LP5 . LPT .
LPO) 1 ] SEME O SR RN B & PRk 19t DA

F 10 EFENSIH DC RREEFR

Tab.10 Optimal DG allocation scheme
based on ENSI

LA LR/ MW
14 0.7
20 0.3
25 1.0
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Tab.11 Reliability indexes of load points

—RHM RS A/ (Keat) r/(h-K) U/ (hea™)

LP5 1.6725 3.9332 6.5783
LpP7 1.7213 4.6601 8.0213
LP9 1.7115 5.8374 9.9907
LP21 25110 1.9499 4.8962
LP23 25110 2.1009 5.2753
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SES AR AL, BRI S N T ik
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Fig.5 Comparison of iteration curve among
different DG allocation optimization algorithms

5 #it

AR SN Bl 3 T L 0 43 H T A Y A B R R R
it e F, P 3 A7 S92 B R XL T & H AL ) A TR s 2 A
PR S IR 5, I I AT SE DT AG A A A
SRR N T A RS LAk 53k, DA 7 faf AL
Y R G0 ST AR ENSIL, o8 H A% R BT DG 1Y
Whk5E s, EGREFILL TS0,

a. DG 19227 B A T i i 099 o oA oy | L 55 i i
W f 7 fuf 347 B e SR BERR I L DG RIS OG

b. SR N TARRR A BRI T AR Y
FRASH R PR A SN T R A A UK
AN IS Y AR SR A AR T G RROR

c. WX A JC DG $2 A M TC H 9 AT Sk R A,
AT AT H DG WA S T RGETFEMH L
Hout A P SR O ORI B, Ik AR
M4 A DG X4 = e H A 4 T S L R

FiHb  Case2 Fl Case3 M HA5 R LR R 7E R
GUT ALV A DG B2 i A A 24 51 2% 14 A1 1) 19 1%
LT AH LT 00 Ak TEC AT TR R B ) XL
L BC S E T S DGRBS 45 e L I A o T 4T
BT EEMEERE . UL, 7R B BT RE TR DG B AT LUE
BC A fifh B 150 A8 B A S W | A2 T Ak iy | i — 2D 4
T C FEL DO R M Y [ B A R R AR R e AR | B8 1 BR
RYERE

SE .

[1] EsFAH, B8 A E. ook BRI E & ssk ()], Bl

R8¢ H 3116 ,2009,33(18) :110-114.
WANG Shouxiang, WANG Hui,CAI Shengxia. A review of optimi-
zation allocation of distributed generations embedded in power
grid [J]. Automation of Electric Power Systems,2009,33 (18):
110-114.

[2]BAE In-su,KIM Jin-o. Reliability evaluation of distributed genera-
tion based on operation mode[J]. IEEE Trans on Power Systems,
2007,22(2) :785-790.

[3] ABU-MOUTI F S,EI-HAWARY M E. Optimal distributed gene-
ration allocation and sizing in distribution systems via artificial
bee colony algorithm[]J]. IEEE Trans on Power Delivery,2011,
26(4):2090-2101.

[4] WANG Caisheng, NEHRIR M H. Analytical approaches for optimal
placement of distributed generation sources in power systems[] ].
IEEE Trans on Power Systems,2004,19(4):2068-2076.

[5] BORGES C L T,FALCAO D M. Optimal distributed generation
allocation  for reliability,losses,and  voltage improvement [J].
Electrical Power and Energy Systems,2006,28(6):413-420.

[6] FBimte S5 UKL S, B IEAE R a1 Uk B2 B

MM E (1], P HALT R A4, 2009,29(13) :23-28.

ZHENG Zhanghua,Al Qian,GU Chenghong,et al. Multi-objective

allocation of distributed generation considering environmental

factor[J]. Proceedings of the CSEE,2009,29(13):23-28.

XU, sRAE B 8. WO B RL T RO AR SR AE 43 A X PR e B A

SEARTRIRI )], H THE AR, 2008 ,23(2) :103-108.

LIU Bo,ZHANG Yan,YANG Na. Improved particle swarm

—
-
[

optimization method and its application in the siting and sizing
of distributed generation planning [J]. Transactions of China
Electrotechnical Society,2008,23(2):103-108.

R D5 A R A, AR T A IS N AR SR T SR A 40 A X
HLIR BT AR E (J]. FUIEEAR 2011,35(6) 1 155-160.

YE Deyi,HE Zhengyou,ZANG Tianlei. Siting and sizing of

distributed  generation planning based on adaptive mutation

—
o]

particle swarm optimization algorithm[J]. Power System Technology,
2011,35(6):155-160.

(9] X FE W, XU R B A= 0, 43 A =Xk F A S 5 T R R 1 O AL T
(1. R4 A sk ,2009,33(1) : 85-88.
ZHAO Guobo,LIU Tianqgi,LI Xingyuan. Optimal deployment of
distributed  generation as backup generators [J]. Automation of
Electric Power Systems,2009,33(1):85-88.

[10] XfE4 k. 31 Ko A =0 R TG F P ik e TS [, L g

48[ 811k ,2007,31(22) :46-49.



20) ® 0 8 & iR B

F34 %

LIU Chuanquan,ZHANG Yan. Distribution network reliability
considering distribution generation [J]. Automation of Electric
Power Systems,2007,31(22) :46-49.

PREE , 5 30 skAA W] 45, BT 237 50 HOR (A R IC v 10 4
PEVEAS [J]. P LT R % 4) ,2012,32(34) . 67-72.

CHEN Can,WU Wenchuan,ZHANG Boming,et al. An active

distribution  system reliability evaluation method based on

—
[

multiple scenarios technique[J]. Proceedings of the CSEE,2012,
32(34):67-72.
[12] TREZ RBOH. 5 X Ty & i 52 m i IS s Il 5 PR T4l (],
ML AR 2011,35(4) :154-158.
XU Yuqin,WU Yingchao. Reliability evaluation for distribution
system connected with wind-turbine generators[J]. Power System
Technology,2011,35(4) :154-158.
ol B0, 2 A N 25 AU A A B L A T F g T PR
AP [T, P E AL TR 254 ,2010,30(13) : 16-22.
HE Yuqing,PENG Jianchun,SUN Qian. Fast algorithm for

distribution system reliability evaluation considering the random

[13

—

energy output of wind power generators [J]. Proceedings of the
CSEE,2010,30(13):16-22.

MASTERS G M. &80T R A U R GE[M ], £ 52 HH
Wi, dbat BTl R 2010 133-135.

VE [N e B G w3 O DN N TR = B U R - S
AL R 2006,30(7) : 50-54.

YI Xin,LU Yuping. Islanding algorithm of distribution networks

(14

[

—
—_
W

[

with distributed generators[J]. Power System Technology,2006,
30(7):50-54.
[16] MAO Yiming,MIU K N. Switch placement to improve system

reliability for radial distribution systems with distributed ge-

neration[J]. IEEE Trans on Power Systems,2003,18(4):1346-
1352.

SUDIPTA G,GHOSHAL S P,SARADINDU G. Optimal sizing
and placement of distributed generation in a network system
[J]. Electrical Power and Energy Systems,2010,32(8):849-856.
BEA R KA, BRI, R RN TARER S RS [T,
THEALS RIS ,2009,26(10) : 1257-1261.

LUO Dexiang,ZHOU Yongquan,HUANG Huajuan. Hybrid

[17

[

[18

[}

optimization algorithm based on particle swarm and artificial
fish swarm algorithm [J]. Computers and Applied Chemistry,
2009,26(10) :1257-1261.

WEHESG, R, ZEmk g, N T A B S5 ok B IR A Ak B0 (7).
THRBLNHRFSE ,2010,27(6) :2084-2086.

YAO Xiangguang,ZHOU  Yongquan,LI Hybrid
algorithm with artificial fish swarm algorithm and PSO [J].
Application Research of Computers,2010,27(6):2084-2086.

-
o

Yongmei.

EE R .

M (1974-), F @l =& A AL,
WEHRAEFIF WL AR T EAHE N Z
ZoA %) 5 T 4 % (E-mail . yuanzhao@msn.cn) ;

AT 4% (1989-), %, vl 35 M A A+
BIRA R FT AN RGEAR 5 TR
(E-mail: heyuancq@foxmail.com) ;

18 B R (1969-), %, W@l H.h A & 4

R
TN AF B RLMNR 5 T M @ ) HF % TAE (B-mail ;
591191976@qq.com) ,

Effect of distributed generation on power distribution system reliability

and its optimal allocation
ZHAO Yuan',HE Yuan',SU Xiaolan?,XIE Kaigui'
(1. State Key Laboratory of Power Transmission Equipment & System Security and New Technology,
Chongging University, Chongging 400044, China;2. Urban Power Supply Branch Company of
Chongging Electric Power Corporation,Chongqing 400013, China)
Abstract: The siting and sizing of DG (Distributed Generation) are analyzed based on the power supply
reliability of distributed system. During system fault,the optimal islanding scheme is generated according
to the actual pre-fault operating conditions,and the reliability of each load point is calculated together
with the DG output model to obtain the energy insufficiency index of system,based on which and
aiming at the premature convergence of PSO (Particle Swarm Optimization) algorithm and the slow
convergence speed of AFSA (Artificial Fish Swarm Algorithm) ,the particle and artificial fish hybrid
optimization algorithm is improved in the adaptability to effectively enhance the calculation efficiency of
DG siting and sizing optimization for power distribution system. The main feeder F4 of IEEE-RBTS
Bus6 system is analyzed,which verifies the effectiveness and correctness of the proposed method.
Key words: electric power distribution; reliability; siting;  sizing;

distributed generation; assessment ;

particle and artificial fish; optimization



