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Optimal placement of DG unit in distribution system
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Abstract: Interconnection of distributed generators has obvious impacts on line loss in distribution system and the effects depend on
interconnected location and power injection of DG. Optimal DG unit placement under objective of minimizing the line loss is
proposed. Based on radial distribution system structure, this paper illustrates the line loss expression of single DG unit placement
under evenly distributed load condition and finds the optimal siting and sizing algorithm for single DG unit and multiple DG units. The
proposed method is compared with Genetic algorithm based on same simulation sample, and the result confirmed the validation of
proposed method. The proposed method is very simple and has practical value for distribution system planning. It shows that in the
constraints of loss optimum, the interconnected location and power injection have explicit principle.
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Fig.1 Power flow along radial feeder line in distribution system
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Fig.2 Optimal placement of single DG in distribution

system and power flow alone radial line
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Fig.3 Relationship between line loss, injection power of

DG and interconnected position

2 % &AD6HIMHKEE

BRI BT LR R RS DG AT
FRENALE A, T 4 B2 &
DG ML E . B H n & DG HERE, Hiz
FEME P DG BHEATIR By AL X ;5

ERFEBFER A W By, Xy, MFRIEAN -

2
Yo =——1 (14)

=—P i=L- n (15
DG,i 2l’l+1 load

& DG AL B WK 4 frs, Had NThEA
AP E AR (14) (15) g, I M2 %
TS I AR e, B e/ ME

s (4) mT%n, oA A H B FE 5 A A
DI b, 25450 (14). (15D, B
MEFES L (16) HIFE:

L 2
R e
n+



236- U RS R R

WA
X(Zi

Ppa,1 T Ppaa PpGa T\J&ﬁ)

LNXDGAI lxDG,Z xDGJi L
o Hs FEL U 2n+l

T A s I I I;I I III I Igl

4 n DG EANEREMBMRLEERBRS T
Fig.4 Optimal placement of » DGs in distribution system and

power flow alone radial line

Ty IALfaiar 45,
P> L
PlOSS m% (17)
3(2n+1)

i (7)) "7, A n G DG Z)h, BRI
MR BEIFES n+1) BPE R . G B e
fiugr B, T, 7570 DG H IO T e S E L

BEAFE N 100% P, W% (14D, (15) FEAAA

loss
e, ARZBEM DG G, BRERARLE ST L2
P 5. mE 5 ATLLE H, DG I fig KR 5 PR
BRIk ikE, N 1 & DG, FXFHFEAH 2 A
FENI 11%, FRIGT 89%: A 2 4 DG, Hix}
WFEN 4%, FHIKT 96%.

120
- 100
3
® 80
E;\f
£ 60
&
7 40
=
E 20
=
0 * P PS
0 1 2 3 4 5
WADGH R /G

5 BoMEx L 45 FERE DG ME T REE
Fig.5 Relationship between line loss reduction and number of

interconnected DG

XA U5, BALLE X, 72 ALK
AR A BN s B BRI, XM TR N T
FC WA s e A S0 T BURE RS, JF H LB ] T
W 2 it B A S BH LRSS AN B o A SR vt B
AR ASHUREI I, LR (14) 505 00

2i .
ZDG,i=2n+1(ZT+Zline) i=Ln

Forbt: zpg  ARKRRMAS S5 i £ DG A
SONEREIIL: 2, ISR 2,

AR W) 2 i 5 HR TG BH B

I EUH e DG I AL B 0] LA AR R 4
BHAT T HIFERI M, AR 2 T L AR BN
LK PR KPR BUOR AR (M 2 AR o bl T8
RFZL (P FE, I 2 sy 7 A PR I S KT oK o, i
R I 248 s PRV T AR BN T4, DRLTT B K R 1)
PR AE 2 o kA A0 1k

AT 2.3 H53 BT H 2 I Y 2R B B FE AL AL
FLE DG [Mikse AR TR RINHES, Friam)
ZME, LTS A U ORDIR 2R B 3 A1 A S S
TR . ESEBR A, DG A AL
AN T HL R 2 F R FERLR , T8 A ) Bk e N
B, FEAS BRI AT HEN IS T . (HSE SR AL Ty 2
7520 L B FE A I DG BC B 7 AR T H A
FURIFIE BN A B S, g T LLs i AE
AT 22 by BCHUAS [ F F R B N 9 FH A5 2 05 T B
513 DG BV ET5 e GG kb s 223 DG AT
P DG Ak & SR SO, N 7
fAj o, ANFFEEE A B OPF 1M, AR iEH]
TC L BT . R RIAAE BN B R T
WAL

3 FEEHEH

TEHCRHE 4 MR GRAEA S . 1
AR EWT, MW ETLESK 30 km, fidf
WIS oA, B E AT E ) 1/30 pu., S
(R4 4 1 pou, AL H bR DG HL 45 FE SR /N, KR
M A7) %R,

ALBEE TN 1~4 £ DG 1EAAR R
5t AP ARSI B TV ERE RS TE (GA) T
HIHE, R RSHEE 1.

K1 KBS 4. R AT, PFEE
DAL 45 0 DG A B AR 1R 22 1 HEAE 0.64% ~
13.5%2 [f], DG AR SR ZEF LA 2.22%~
14.2%2 1) o A5l it A I O 22 B8R RIS 00, 2 ph
PRI 325 T Bt L8 22 32 B

PR ER I E 2 R T U S I 6, Kl
FEARRRARR NN E, PALFRACRRALELE DG 11
AT, LEARRACEENBES R, Bk
RE GA FILMELE LS . WA R AR Z L
O ZHE T,



kE, & 3 AT RO LR R FE I AR A -37-
" 40
—> RHTESS
——> GASLIEG R 2 30
—> 26DGHEA N
0.6 —> 3HDGIA é i
. —> 45DGHEA =
205 =
9 3 .
03 | " i z : :
0.2 i AA] i i 0 ! 2 3 M 5
R A A 5
0.1 h R I [ ® -10 N
Ll 1 11 Il Ll »
5 10 15 20 25 x/km -20
DGl
6 BEHAEZERILE B 7 BHIEXHRE LR
Fig. 6 Comparison of simulation result Fig.7 Comparison of relative error of proposed method and GA
algorithm
=1 HEEHER
Tab. 1 Simulation result
DG n=1 n=2 n=4
VN @RI
. 1.11K 0.400K 0.204K 0.100K
B Y 453
GA PiC P4
1.11K 0.416K 0.238K 0.184K
ﬁ
DG LA
. 20.000 12.000 24.000 8.571 17.140 25.710 6.667 13.330 20.000 26.670
B OR30
DG AL
20.000 12.620 25.190 9.000 15.100 26.250 9.875 14.390 20.130 25.970
' (GA)
DG V%%
. 0.667 0.400 0.400 0.286 0.286 0.286 0.220 0.220 0.220 0.220
& N'D)
DG A%
0.668 0.438 0.350 0.259 0.298 0.241 0.225 0.210 0.281
& (GA)
\ ZHAO Yu, YU Er-keng. Study on retail electricit
4 ZEig & U Y

ASCR BB AL BEIBF TR DG A L
BRI A B LI . TR R
BOTHLLER, S5 AT SRR, HE S T 0
L DG B BRI 05 A A, I8 T
R B4 A F (1 DG (RALBEFIHEE AR . BIF S
ACRET FEE 512 £ DG AR, 460
SCSE, B T A SR AL, P
KWtr, WAl T BRI RN B AR i
PR, (AT S B SR, A
P, TR R A GO TR
A5 T
5% it

(1] B, T/RER B hRENBHIR- O 4HElkd
X RG MW B RE HABME, 2005, 27
(15) : 25-28, 48

market—part six: influence on the electric power

system by distributed generation[J]. Automation of
Electric Power Systems, 2003, 27 (15) : 25-27.

(2] EEHE, RSTE, FAXGE, S5 AU IR AL
AN = BREI T[] 0 R4 831k, 2005,17
(1) : 53-58.

WANG Zhi-qun, ZHU Shou-zhen, ZHOU Shuang-xi,
et al. Study on location and penetration of distributed
generations[J]. Automation of Electric Power Systems,
2005, 17 (1) : 53-58.

(3] ZFMRW, Bk — PR T EIRSRAR K A Uk LA
BCE 7V[0]. kAR, 2006, 34 (24) @ 33-37.

LI Gen-fu, Lii Lin. A figure-based method of optimal
placement of DG[J]. Relay, 2006, 34 (24) : 33-37.

(T4% 43 W continued on page 43 )



W, 55 RTARY R GEEREINA T F B () RGBT A S R RE T &

- 43 -

RE ] A A2 DGV ) A s o AT H I MIAHRAT T %6
(RSB IARR ) 0 B A R4 R G R BE T ]
AHEESHNAE, hII L A TEARTEAR AR

FL S T PR A e iy O B R HES R 3

Sk

(11w, skl B0 A A8 vt 2 SR ORRFIE R DG B L
AR HEMEA, 2006, 30(23): 67-71.

GAO Xiang, ZHANG Pei-chao.The main features and
key technologies of digital substation[J]. Power System
Technology, 2006, 30(23): 67-71.

(2] BGE R )TN b ik 5. —FPAE IEC 61850 Fruk

(R T B TC [RE M SEIURT 7 k0], W RS H Ak,
2004, 28(11): 57-61.
YIN Zhi-liang, LIU Wan-shun, YANG Qi-xun, et al. New
method for implementing the synchronization of merging
unit according to the IEC 61850 standard[J]. Automation
of Electric Power Systems, 2004, 28(11): 57-61.

[3] IEC 61850 communication networks and systems in
substation-part 9-2: specific communication service
mapping(SCSM)-sampled analogue values over ISO
8802-3[S].

(4] gk, e FH . B A A i ol R G A M (0] L K
2006, 30(24): 73-77.

ZHANG Pei-chao, GAO Xiang. System architecture of
digital substation[J]. Power System Technology, 2006,
30(24): 73-77.

(5] ERI, 1%, A, S BUT AR RE AR
W o B AL TR 224K, 2004, 24(7): 47-52.
WANG Gang, DING Mao-sheng, LI Xiao-hua,et al.
Reliability analysis of digital protection[J]. Proceedings
of the CSEE, 2004, 24(7): 47-52.

(6] BAKZE, BUAL, M, 5. R Ry STt S 3h

PEREDT L[], HMER, 2004, 28(9): 18-22.

HE Jia-li, GUO Zheng, YANG Xiao-jun, et al. Reliability
and dynamic performance simulation of protective
relayings[J].Power System Technology, 2004, 28(9):
18-22.

(7] KWW, b, wde. 4k i ORI 38 ] SE vk M A
AR S IR ST [I]. 0 [ HB L C R 2230, 2001, 21(6):
63-65, 71.

LI Yong-li, LT Zhi-zhong, YANG Wei. Study of reliability
and optimal routine test interval of protective relays[J].
Proceedings of the CSEE, 2001, 21(6): 63-65, 71.

[8] Anderson P M, Agarwal S K. An improved model for
protective system reliability[J]. IEEE Trans Rel,
1992,41(3): 422-426.

[9] Anderson P M, Ghajar R F, Chintaluri G M, et al. An
improved reliability model for redundant protective
systems -Markov models [J]. IEEE Trans on Power Sys,
1997, 12(2): 573-578.

[10] Schweitzer I E O, Anderson P M. (1998) Reliability
analysis of transmission protection using fault tree
methods[J/OL]. http: //www. Selinc. com/ techpprs/6060.
pdf.2006-04-21.

WS HEA: 2010-03-26;
EE &I

#oom o (1985-) , &, WMEHRA, AT OQAHT
AT b, sh 4k B AR H AR B-mail: li.yang-3@hotmail.com

REE (1955-) , 5%, #4t, HEAEFF, HLr@
ACHRGR BRI FFACTSEST AR H A% F o) A4
A

Peter A. Crossley (1956-), ¥, #4%, LA F)7,
B @) ) Bk AR Ao v T B A AR R K.

&E HHR: 2010-04-29

(_E4#% 37 W continued from page 37 )

(4] Fpl, BRd, w2, S5 R MR R T oA
AR HERE AT RS A s, 2006, 30

(3) : 38-42.
WANG Cheng-shan, CHEN Kai, XIE Ying-hua, etal.
Siting and sizing of distributed generation in distribution
network expansion planning[J]. Automation of Electric
Power Systems, 2006, 30 (3) : 38-42.

[5] Mardaneh M, Gharehpetian M B. Siting and sizing of
distributed generation units using GA and OPF[C].//IEEE
Region 10 Conference Tencon. Chiang mai(Tailand):
2004

[6] Lakshmi Devi A, Subramanyam B. Optimal DG unit
placement for loss reduction in radial distribution
system-a case study[J]. ARPN Journal of Engineering
and Applied Sciences, 2007,2 (6) : 57-61.

Wis BHEA: 2009-09-02;
fEEE T

Ko A9720), F, #HIF, AE, KESAXLE.
THAERBEFEHTIHEFEHGHAR TA; Email:
zhangf701@126.com

% 09720, B, TR, At, AESAXL D
Fafie. w1 § Shibor @ a9 A5 TAE.

&E HEF: 2010-01-03



