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Optimal Allocation Planning of Dispersed Generation Systems
in Distribution System

Kyu-Ho Kim* Yu-Jeong Lee®’
*Ansan College of Tech.

Abstract - This paper presents a fuzzy-GA
method to resolve dispersed generator placement
for distribution systems. The problem
formulation considers an objective to reduce
power loss costs of distribution systems and the
constraints with the number or size of dispersed
generators and the deviation of the bus voltage.
The main idea of solving fuzzy nonlinear goal
programming is to transform the original
objective function and constraints into the
equivalent multi-objectives functions with fuzzy
sets to evaluate their imprecise nature and solve
the problem wusing the proposed genetic
algorithm, without any transformation for this
nonlinear problem to a linear model or other
methods. The method proposed is applied to the
sample systems to demonstrate its effectiveness.

1T.M 8
BFax], daAx, HAARA 28 (BESS), 9 ¢y
Mo gL -ﬁm_ Ao X F47bl FHFEAR A
gxd T8 f& dge vk 2oL L F87bd
AR AXE § Jernz wWAHAS AFs] dAsHY

AYed g %‘3——1 F 3
g 4 A1),

BAEAAL v AAFd A=A
ch. Griffin® Tomsovice ¥4+
s &% LuAFE A&
A BAEALAL] HAe 4% 4‘3’54-"4 R AR
(capacity savings)dl & ULE ZAzIAAR(2).
Celli®t Pilo® GAE ol &3l AFY koA s
Zo] A, ALEES 33 dFAFY 22 Jled Ay
& nejsled HEAS BAIAY dXde HJ2E D
nel &S Asigch(3). Nara®d Hayashit €4 &
gle] BH o ZHE tabu search® ZH&s] EAFAYEL
AAste SPE AASA 4],

E d7oME WAAES] E249 4L dsd A

77t wol A
A9 AH4A % &
So WEAE

)ﬂ..
‘Oc&,’.

YA 48 A7) 4 SRS BAFAY
9 =7 2 ZAMAGE Agez nAstgnt. o] EHE

49 AgzAde F BAGLE Wi, 284
(imprecise) A2A& Hrisl7] ftd A JFPez B
93 3tgct. 53], goal programming® GAE AH§8
d tF BT BYHE 4& & ok ASE P
o] #84E 4Fs7 Astd 2dAF 3 &3}AH.

2. 2H 2 FAg
HAA s AHEAd S HAssr] Hstd Folz A3

Sang-Bong Rhee*”
**Haqyang Univ.

Sang-Keun Lee™™* Seok-Ku You**
***Wonju College

naid Fart g, RIJAEE o4t
A} EHA 7]_'11 Bale 4ysA ®stddn 7}755}
14 2ZM(load duration curve) & 7818
(piecewise linear function)2 TAME}gH

e
ol
g
N

2.1 853%

pogAe 42 2Aol Yold TAYFE

o] disf Ay &4 Lo oz FARC)
Min.objective func. = K, g:oTi Pl

7} 23

(1)

A71M KE 0 $/kwh B9 oy ¥l &Ageln
P wetEd jold fEAEed. T'e %ty
Eote]l A &A|zteln], we 7t Faage] Folr}

2

#ol

F'x,, Po = 0
71 PL,e BA koA 2AEAde A7),
ol x& ¥EHEE o Ui Zedgeolnh
eHEFt =A
Viin € V' € Vi (3)
71 viE ZAALAY], max® mind & #3Ed
ol A 4 - 8}ek gholr),
BMYF AL &= % FAT0f] Oist Mot
Piwmn € Poi € Pt (4)
A7 Py B BeEE oA B2 ko HXAE 28
PAe & T Avjeln,

=
=

offt

CEMYEA HXE fist g02E
3.1 25 .J—rgi Hetxziol Fuzzy +4

AAEY AFEA wES FaAT BAPALY
+9 mHugel e Agzdoz paAsAc. o &
Ao} AF2ARE AT, WY, ¥3%
3 EAL Hrksly] 98 HAAFe= %i@fs}%iﬂ}[S].

3.1.1 M2A&N 82 Hay

Max f,(X) =K, i;ﬁuv;,g—m,,) (10)

o ZJﬁ-’-'\‘—)éH]%,] “’17]"’]“‘ ng}‘ Pbsc \.\.‘%ﬂ
J% A 57) Ao Rapd oA AHEHol)

- 127 -



w0

0 P.\o fl(X)

s

lo:
a3 ) MHELu| 89 Hsto] e AW S

3.1.2 BNEHY $9 2|9 Has}

Min f(X) = ’"a:‘ |[4P ¢ Jk=1,2,- N (11)

ANM, AP x=Phx — PER. No= H3had i oA
BEAEALS Foln, fE BAEALY & =& =79

A Aol ok,
1000

0 v 150

a8 2 2AYTHY = £5 3019 ALdtof e A #5

APRY

3.1.3 dtE A2 At

Min f(X)= " [4v)1=1,2,~,N, (12)

A7 4V,=V,—1.0, NE 28 Folu v A
Mgl At pe 2RALGY AdAR et a7 694

max® mine ALHAALY - FAE 9w j},
pRiReT

X)
¢ AV, __ AV, 5H®

hmin I mex

" 3 yetuxie 2o o Wud #@5

2z HA¥ goal programming dYe FE o]&L
L] ZA R} AGZHUES HA L o) &l F
7R gdFEXgss WHsld 2PHF EHE Hrlele
Aolck, EF, A vlHPEAE MFrdou} &
WYPEE o83 a3 WY glo]l GAE AHEstd 3

g T3t Ao,

3.2 78 L4125

FA L8 & (Genetic Algorithms : GA)S AAAH
7 AA FAe] dEld ZAL AHHLN S Fol
tt. GA= HAEASY EXYsRREH IFPxE T
HAgxo] wet S Add A& 228 AFSE Aol
9(6). €xF AASY AN A3 o3 2},
AA 1 273

Z4zbe] Raldo] @3d NS AAZE 2713A7
9. Z AN SARE 4 Wsd o AL@
HAWA delz dyA et

A 2 A¥= B7}

N7jel iAo Wt Zzte] A KFAAE o]
st MAAE ZFAAL PF T AFzAo o

ALE ST Aesn, A (13)7 2ol AYEE YA
=

Finitness func. = glwkpk(fk(X))
k= 1,23

(13)
02, <1
EEERELES
7 AdAdeld, 2
'}, ohi®, HA 42 o
Azl 4 NAe 2EE =F
FALRFY BAl, @A U EAWe] Te FAYE
A% olgdted 7 AAE FEAA ¥, AP 22 Y
(8).

4. Apefdat

E dFdMNE AAEd ol il
Ao o3 4744 2 F8FHA $HE AT ute
AA gt AL duFe] EEAPLT AFs s
o 1224 11¥2 24454 AL, gz 44
< e 2.

AUz ¥ LQE K, = $0.06/kWh,

DGse] AA # : 4

DGssl £ : 10, 20, 30, 40, 50

SRLECEIEE:

4PEE" 1 DGso HA 83

4Pi7 : DGsY A3 £x50

4Vimn - 0.03

4V, e - 0.05

Time period (h}: 8(9:00 ~ 17:00)
Year : 10

29AF doHE ¥ 13 20 Yshiglen, 19 4
o ABEE YEiT. 2 Fatedel GE FekxSA
e E 39 el E 4t ALY F2Fl o3
of 2 psegd wse BugARe] AA A} =)
§ Uehd solch E) ATHRH A 113 129 ¥
4ol 41 Bask 982 ¢ # Utk 24 119
£ 50kW 2719 BAFALo] Aol % gl
g3 spamez Fhselor Bk . 110% 34
50kW7t A Figojok ki, 90%9t 70% F-stel 7
$+E UEdde $34Y 2ash gl BY 129 7
%, 110%. 90% R 70% stedes 50kwW7h AP
Fsolor BEHUE & 4 UG, Y 8L A ¥
el o eAv g % AGE RS el WaE U
@ Bl

112248 NE7|M Aladel M2 oolg

Branch| Sending | Receivin
oy s 4 "€ | R (ohms) | X (ohms)
1 1 2 1.093 0455
2 2 3 1.184 0.494
3 3 4 2.095 0.873
4 4 5 3.188 1.329
5 5 6 1.093 0.455
6 6 7 1.002 0.417
7 7 8 4.403 1215
8 8 9 5.642 1597
9 9 10 2.89 0.818
10 10 11 1514 0.428
11 11 12 1.238 0.351
F3, E SeMe EAE Adde Ax A Fo &4

g3 AgArie vizsdted JeEiAS. Vi, Ve &

- 128 -



substation

b

a8 4 2240 MR A8
E 2 1224 Alaglel 23t cfold
Node no. of
Receiving end PL (kW) QL (kVAR)
1 0 0
2 60 60
3 40 30
4 55 55
5 30 30
6 20 15
7 55 55
8 45 45
9 40 40
10 35 30
11 40 30
12 15 15
2 3 RETEN BEXEHAMU
Load Level(%) 110 90 70
Time interval(hours) 7300 14600 7300
E 4 Mgeold H
Load Level(%)|Bus no. 11| Bus no. 12
Total 110 50 30
capacity of 0 0 50
DGs [kW] 70 0 50
E 5 BN Mx Mzo Metar) &4 sl Ee sla
I Comparison between pre and post installation
Pre installation ﬁ’ost -installation
- Load fevel - 110%
Vm 0.9937 0.9984
V.. 0.9654 0.9761
Y in 0.9367 0.9604
| Sys. LosslkWi 2559 168 |
Load level - 90%
Vo 0.9949 0.9954
‘ Vs 09720 09764
Vo 09488 0.9587
Sys. LosslkW] 16.80 1349
) Load level - 70%
Vmx 0.9961 0.9964
Voo 09784 0.9818
Vesin 0.9606 0.9682
;’ Sys. Loss[kW] 9.97 8.03
’Tota] Joss cogtfﬁi] $30208.37 $22.743.87
L _of 10 years
SAdul g Ay FaEdd AX dele $30.298.37

& A=A 2

olglet, HA Foli $22,743.877F HAm A5 10d
7+ $7.554.557F BE & ¢ 4+ Uk

26000 ¥ : v v 1 40E+008
jupon
25000 § ~a-Loss Cosls [ 1208008
L —e— Penaity Function Vaiue o
. % 1 00E+008 2
& 240007 4 =z
® L8 OOE+007 —
223000 - g
%) i | 6.00E+007 3
§ 22000 H
° 4.00E+007 <
210004 | 20064007 §
20000 ' " v i 0.00E+000
0 20 40 60 80 100
Generations

3F 5 248183 HYE ¥

5 8 8

a7 °ﬂ"i wakd WAA S oA fuzzy-GA
sto] FAEALE HAAste PYbhg A4
AFe E&3Q £3& sotd AYEHYNLE
"5'? % 2y BAgAHA 9 20 2 BY
#g-g Adoz g, o] BEXgsd Mgz
o 2EGS2 HWYsdn, B84 (imprecise) 43 %
F4e] fEed HxA Aoz mdFYEHug. 53,
goal programming® GAE Al&3ld AE Agdua
v e B gyd e, Mg 0EL9 HE G
g & et

i_okjr"‘ dT2E 34 %8 WAASAA BRg L
3R] E EAYEAY AXY 3 4P dgdtd SgHg ga
7} Ak,

op e

_E_o

_‘rzi"“

# 1 o2 ¥

{1} R. C. Dugan and S. A. Thomas et. al, "Integrating
Dispersed Storage and Generation (DGS) with An
Automated Distributed System”, IEEE Trans. PAS,
pp.1142-1146, 1984.

(2] Griffin, T, Tomsovic, K. Secrest. D and Law, A, ”
Placement of dispersed generations systems for
reduced losses”, System Sciences, 2000.
Proceedings of the 3rd Annual Hawail International
Conference on, 2000, pp.1446-1454

(3} Celli, G and Pilo, F, "Optimal distributed
generation allocation in MV distribution networks”,
22nd IEEE Power Engineering Society International
Conference on, 2001, pp.81-86.

{4} Nara, X, Hayashi, Y. lkeda, K and Ashizawa, T,
“Application of tabu search to optimal placement of
distributed generators”. Power Engineering Society
Winter Meeting, 2001, IEEE, Vol. 2, pp.918-923

{(5) Gen. M, Ida, K and Kim, J. "Fuzzy goal
programming using genetic algorithm, Evolutionary
Computation”, 1997, IEEE International Conference
on, pp.413-418

{6) Z. Michalewicz, “Genetic algorithms + Data
structures = Evolution Programs”, Second Edition,
Springer Verlag, 1992

- 129 -



