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1. INTRODUCTION

DG and capacitor placement are nonlinear optinanatiroblems with many variables and equality
and inequality constraints. There are many metfimd®G and capacitor placement for different pugssA
distribution network operation can be improved dygiag DG and capacitor. Also, they can appropryabel
controlled with existing equipments, too. Differepapers have shown a lot of fithess functions in
distribution control. The previous studies in tfidd can be categorized into three parts:

a. Capacitor Placement

Historically, improving of the system first initiaed with the placement and the appropriate size of
capacitor selection. A lot of studies on capagilacement have been done. The recent works irctisie are
as follows: In [1],determining the place and the sizecapacitor banks in distorted distribution systesns
discussed and genetically optimized fuzzy is usedptimization. The fitness function is referredréduce
loss, optimize power and capacitors placement’s, cosnsidering load voltage constrains and THD.
Capacitor placement and reconfiguration for loskicgion of distribution networks are used in [2] day ant
colony search algorithm. Also a heuristic consimectalgorithm for capacitor placement in distriloumti
systems is applied in [3].

b. DG Placement

In recent decades different kinds of DGs have bewle and different methods have been
introduced for DG placement. In [4] a method faaigdment of a single DG on the distribution netwak
been proposed. This method is based on the dettioninof most sensitive buses with voltage collaj$e
analysis was done to reduce losses and improvevdhege profile. ATC also has risen. In [5] a multi
objective optimization method for DG placement hasn associated. One of the main factors in thatpia
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network loss. A heuristic DG optimization method €listribution network is proposed in [6] and tleach
space is reduced significantly. In [7] a methodsétect the load buses for the DG placement basddssn
reduction and voltage improvement sensitivity @& flystem have been presented. An analytical apprfoac
optimal placement of distributed generation souingsower systems are aimed to reduce loss by tically
methods in [8].

c. Simultaneous DG and Capacitor Placement

Nowadays different kinds of DGs and capacitors saineultaneously used in a lot of distribution
networks. In [9] placement of DG and capacitorsetduce losses and improve the voltage profile uGiAg
has been studied. In [10] two optimization modeés @roposed to improve the voltage profile. Fitisg DG
placement problem is formulated. Then the capapitrement problem is modeled and solved.

In this paper one GA is applied to the multi-obijeeffitness function includes: loss reduction, load
voltage profiles optimization and ATC maximizatiofhe objective oDG andcapacitorplacement is to
determine the place and size D6 and capacitorDG andcapacitorare placedand the tap of ULTC
transformer is set, so the system loss reduced,Doliage profiles optimized and ATC increas&tiere are
some constraints on the voltage magnitude at eashahd passing apparent power through at eachlfine.
should be mentioned that, other articles less @temave been paid to DG and capacitor placeméhttap
settings of ULTC simultaneously. In other artictap of ULTC is usually assumed one and didn't atten
set adapting tap. The IEEE 41 bus radial distrdruthetwork is used to illustrate the effectivenass
feasibility of the proposed method. Simulation tessghow that system contraletermining the location
and size oDG and capacitor and the tap setting of ULTC tramsgér simultaneously, give more favorable
results. The results show that the voltages irbadles remained within the desired range, loss eztiand
ATC increased.

2. RESEARCH METHOD
The problem, which is formulated through a multjestive mathematical model with three
objectives, is as follows:

2.1 Determining the fitnessfunction to decrease line loss

In the power distribution network, loss dependstwn factors: line resistance and line current.
Variations of the line resistance are low and rggigke. Overall line loss is related to the currantl the line
current depends on system topology and loads, lysmabossible to reduce the value of the load, Img
currents can be reduced with DG and capacitor placé Therefore with optimal DG and capacitor
placement, line loss can be decreased.

Power flow and loss can be formulated as:

Pl' = Vi Z;‘l:l YUV} COS(Si - 8] - YU) (1)
Qi = VL 27}:1 Y”V] Sil’l(Si - 5] - YU) (2)
Where,P; andQ are active and reactive power of the i'th bus eesigely, V; is the i'th bus voltage,

Y; is the system admittance matrix elemenis the bus voltage angle, anpdis the angle of the system
admittance matrix element. The first objectivedin functionf() is defined as:

f1 = Pioss = Xiq PGi —Xie1 PDi 3)
This fithess function shows the total line losghe entire systemP(,s9. Pg; is the injected active
power from power system to distribution networki'thr bus generated power by i'th D@p; represents the

total connected load.

2.2 Determining thefitnessfunction to improve load bus voltages
Voltage constraint of load buses is shown as:

Vimin < VL < Vimax i€ Nb (4)
N, stands for the total number of all the buses.Vimi" andV;™** are i'th bus voltage magnitude,

lower and upper boundaries of voltage magnitudétiofbus respectively. Second fitness function his t
voltage magnitude at load buses that is shown)ad (s fithess function must be decreased.
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fo = S Vi Vp)? (5)
V, is the nominal voltage value which is conside@tée one p.u. for all the buses in this article.

2.3 Determining thefitnessfunction to increase ATC

ATC is one of the important factors in DG and cajmaicplacement in distribution network. The
capability of transmission lines is limited by ATi€ the distribution network. DG and capacitor plaeat
are appropriately increased ATC, because they rgeeted active and reactive power in the distritnuti
network. The third fithess funtion (f3) is used itewrease the available transfer capability thatie§ined
as (6)

f; = Zin=1(sbase - Si—j) (6)
Spase = S1_p = 6.9860 MVA (8)

S, andSy.scare described as (7) and (8); is the value of apparent power flow of i'th busj'th
bus. Syasc is the Total Transfer Capability (TTChyase Value is considered to be 6.9860 MVA, which is
achieved from simulation the IEEE 41 bus systenhauit any DG or capacitor, for all of lines, whem th
system doesn't have any DG and capacitor. Maxing8yms S;., and equal to 6.9860 MVA. Bus one is a
substation buf;j andQ,; are the value of active and reactive power flowtbfbus to j'th bus.

2.4 Multi-objective fitness function

GAs can make possible simultaneous convergencedi@ rfhan one optimum in a multimodal
search. It is possible to adapt the genetic algarifor determination of the global or near globptimum
solution [11]. In this article GA is applied for D@nd capacitor placement and determining active and
reactive power value of DG, value of capacitor eegllation of tap settings of ULTC toDG andcapacitor
are placedind the tap of ULTC transformer is set by GA, sat the multi-objective fithess function can be
improved. It is described as:

F=fit+f,—f3 9)

Where, F, f;, f, and f; are multi-objective fitness function, loss redanti load voltage profiles
optimization and ATC maximization, respectively.
f; andf, must be minimized budt must be maximized.

3. RESULTSAND ANALYSIS

The proposed method is applied to the IEEE 41 hdml distribution network. The structure of the
system is shown in Fig. 1. Bus one is a substdtienand distribution network has one ULTC transfarat
the first bus. This network has 41 load buses d@hdransmission lines. Total active and reactivel$oare
4.635 MW and 3.250 MVar, respectively. The paramseté the network are given in the appendix A.

Fig. 1. Structure of the IEEE 41 bus distributiatwork
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In this paper one DG and four capacitors are asdumadd in the network. DG and capacitor charisties
are given in the Table 1. ULTC characteristicsgiven in the Table 2.

At first stage, load flow was performed on the IEBE bus distribution network. The voltage
conversion ratio of the ULTC was set to one in 8imulation. Power consumptions in distributionwaatk
are supplied only by the power system. At this stédg distribution Network have not any DG and citpa
Numerical values of three fitness functions arenshon Table 3.

Table 1. DG and Capacitor Characteristics

Numb Max. Active ~ Max. Reactive Table 3. Numerical values of three fithess
umber - Power (MW)  Power (MVar) functions without DG and capacitor
DG 1 4.0 20 variable  value
_ f, 1.0075
Capacitor 4 - 04 f, 1.8238
fs  228.7923

. Somve  6.9860

Table 2. ULTC characteristics Vianep. 100

Tap Numbers ~ Min. (WMVy)  Max. (Vi /Vo)
ULTC 6 1.00 1.05

In Table 3, the network seems to have relativeghHosses. Load bus voltages aren’t desirable.
Also relatively a high power passes through thset fiines of the network. Therefore active and rigact
power generators are needed to improve network.

At second, third and fourth stages load flow was again adding a DG and four capacitors in the
network. The GA attempts to minimize the valued;qfavailable in equ 3) anfj (available in equ 5) and
maximize the value of; (available in equ 6). In the second stage, althaihis fitness function is reduced
loss, but the effort has not been done to impraté the bus voltage profile and increasing the ARGo at
third and fourth stages, each step is only consitles a fitness function; voltage profiles or AT@e results
are shown in Tables 4 up to 6.

Table 4. Numerical values of three fitness fundion Table 5. Numerical values of three fitness function

with loss reduction function with improving voltage profiles function
F=fl F=f2
F 0.1114 F 0.0057
f1 0.1114 f1 0.1678
fa 0.0575 fa 0.0057
fa 259.9215 fa 258.4299
Sz mve 2.386 Stz mve 1.556
Vtrans—pu 105 Vtrans—pL 101
|:)DG MW 2.4 |:)DG Mw 3.4
QDG Mvar 13 QDG Mvar 11
DG Place 10 DG Place 9
Cl Place 27 Cl Place 30
CZ Place 29 CZ Place 32
C3 Place 31 C3 Place 33
C4 Place 38 C4 Place 41

Table 6. Numerical values of three fithess fundaiaith increasing ATC function

F=13
F 261.4437
fa 0.1335
f2 0.0152
fa 261.4437
Si2mve 1.870
Vtrans-pL 1.03
Pboc mw 3.1
QDG Mvai 0.9
DG Place 9
Cl Place 30
Cz Place 31
C3 Place 38
C4 Place 39
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Main fitness functions of eachage are highlighted with gray color in tables. Canipg Tables IV
and V, it is clear that in Table 1V, losses are dovbut bus voltage profiles are undesirable. Caalgy in
TableV losses are higher and bus voltage profiles areenfavorable. AddincDG and capacitors ar
comparing Table VI with two previous tables, it d@nseen that ATC is improved, with any fithesscfion
selection. Comparison of the apparent power flotwben bus 1 and 2 ;.,) in all tables with Table II
shows that line curre in the distribution network with DG and capacigignificantly reduced. With onl
the ATC fitness function, the ATC considerably imsproved, but losses are still considerable andbtis
voltage profiles are more unfavorable. Accordinghe mentiond results, using a mo-objective function
cannot improve the network staf

In the next stage, the relative improvement fitn&gsction is described for all three previc
functions. The multbbjective function presented in (9) is used. Inl€ahkV, V and VI minimumf; andf,
and maximumf; are highlighted with gray color. Following equatomepresented minimization a
maximization results:

Min(f,) = 0.1114 (10)
Min(f,) = 0.0057 (11)
Max(f;) = 261.4437 (12)

Considering the optimized numerical values, théedinces between three mw-objective function
values (equations 101-2) are considerable. Therefore per unit systeraedsired. Equations (1- 15) have
shown base values of each funct

f1pase= 0.1114 (13)
f>.pase= 0.0057 (14)
fapase= 261.4437 (15)

Thus a multiebjective function using a combination of three w-objective functions is mad
Placement results by using this fitness functienmesented in Tab7. Table 8hows the normalize
values of Table VII. By comparing the gray ared able4up to Table 8it can be shown that using t
multi-objective function, each of the three functionsriproved to acceptable values. In the other w
using an intelligenbptimization algorithm with a mu-objective function, it is possible to improve |
overall network status. Fig. 2 shows the resultsusf voltage magnitudes using the proposed meth
shows that, voltage magnitudes in all the buse$aaxgrable

Table 7.Per unit values of three fitness functic Table 8.Normalize values of three fitness functic

with multi-objective functiol with multi-objective functiol
Fou = fipt fop - fapu p.u. normal
F 1.293: p.u. f1 1.2184 0.1357
f1 1.218< p.u. fa 1.0675 0.0061
fa 1.067¢ p.u. fa 0.9927 259.5351
fs 0.992' p.u.
Sz mve 2.46¢
Vtrans-pL 1.0z Lo 1
PDG MW 2.4 i
Qbc Mva 1.C oy 1
DG Place 1C 3 Lo1p 1
C1 place 30 ‘%—' 1.005 )
C2 place 31 g1
C3 Place 33 % 0.995[ u \l 1
C4 Place 4C a 0.99F 1
0.985}
0.98f L i L i i " i L
5 10 15 20 25 30 as 40

Bus number

Fig. 2. Bus voltage magnitudes using the propt
methoc

4. CONCLUSION

In this paper, an improved GA based method for ergggacement of a DG and capacitors and
tap setting of ULTC transformers are proposed. pitmgosed algorithm is based on a new r-objective
function, which is matched with three no-objective functions to reduce losses, improve the Woltage
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profiles and to increase ATC. A multi-objective @tion of several p.u. Objects are created. To ydhg

proposed method, simulations have been used bastttdEEE 41 bus distribution network. The capsgpbil
of this method is well shown by the results. Thawdation results using multi-objective fitness ftioo has

validated the effectiveness of the proposed apjroac

APPENDIX
A. Parameters of the IEEE 41-bus distribution gyste

Table 9.Parameters of the IEEE 41 bus radial Oistion network
Line ToBus From Bus bus load bus load

Index Index Index R(ohm)  X(ohm) P(KW) Q(KVar)
1 1 2 0.0992  0.0470 100 60
2 2 0.4930 0.2511 90 40
3 3 4 0.3660 0.1864 120 80
4 4 5 0.3811 0.1941 60 30
5 5 6 0.8190 0.7070 60 20
6 6 7 0.1872 0.6188 200 100
7 7 8 0.7114 0.2351 200 100
8 8 9 1.0300 0.7400 60 20
9 9 10 1.0440 0.7400 60 20

10 10 11 0.1966  0.0650 45 30

11 11 12 0.3744  0.1238 60 35

12 12 13 1.4680 1.1550 60 35

13 13 14 0.5416 0.7129 120 80

14 14 15 0.5910 0.5260 60 10

15 15 16 0.7463  0.5450 60 20

16 16 17 1.2890 1.7210 60 20

17 17 18 0.7320 0.5470 90 40

18 2 19 0.1640 0.1565 90 40

19 19 20 15042 1.3554 90 40

20 20 21 0.4095 0.4784 90 40

21 21 22 0.7089  0.9373 90 40

22 3 23 0.4512  0.3083 90 50

23 23 24 0.8980 0.7091 420 200

24 24 25 0.8960 0.7011 420 200

25 6 26 0.2030 0.1034 60 25

26 26 27 0.2842  0.1447 60 25

27 27 28 1.0590 0.9337 60 20

28 28 29 0.8042 0.7006 120 70

29 29 30 0.5075 0.2585 200 600

30 30 31 0.9744  0.9630 150 70

31 31 32 0.3105 0.3619 210 100

32 32 33 0.3410 0.5302 60 40

33 10 34 0.2030 0.1034 60 25

34 34 35 0.2842  0.1447 60 25

35 35 36 1.0590 0.9337 60 20

36 36 37 0.8042 0.7006 120 70

37 37 38 0.5075 0.2585 200 600

38 38 39 0.9744  0.9630 150 70

39 39 40 0.3105 0.3619 210 100

40 40 41 0.3410  0.5302 60 40
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