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Optimal Allocation of DG Units for Power Loss
Reduction and \oltage Profile Improvement of
Distribution Networks using PSO Algorithm

K. Vares

Abstract—This paper proposes a Particle Swarm Optimizatioparticular bus, as the size of DG is increased,ldBses are

(PSO) based technique for the optimal allocationDistributed
Generation (DG) units in the power systems. In pisiper our aim is
to decide optimal number, type, size and locatiérD@ units for
voltage profile improvement and power loss redurctiodistribution
network. Two types of DGs are considered and te&ibution load
flow is used to calculate exact loss. Load flowoaifym is combined
appropriately with PSO till access to acceptablsulte of this
operation. The suggested method is programmed udddarLAB
software. Test results indicate that PSO method atztain better
results than the simple heuristic search methother80-bus and 33-
bus radial distribution systems. It can obtain mraxin loss reduction
for each of two types of optimally placed multi-DG¢€loreover,
voltage profile improvement is achieved.

Keywords—Distributed Generation (DG), Optimal Allocation,

Particle Swarm Optimization (PSO), Power Loss Miaation,
Voltage Profile Improvement.

|. INTRODUCTION

HE share of distributed generators (DGs) in power m

systems has been slowly increasing in the lastyfeavs.
According to CIGRE report, the contribution of D@ i
Denmark and Netherlands has reached 37%
respectively, as a result of liberalization of povmearket in
Europe. Electric Power Research Institute's (EPRUdy
forecasts that 25% of the new generation will t=tritiuted by
2010 and a similar study by the National Gas Fotioda
believes that the share of DGs in new generatidhbei 30%
by the year 2010. With the Kyoto protocol put imge where
there will be a favorable market fo DG that are sapfrom
"Green Technologies", the share of DGs will inceeasore
than before. The planning of the power electricesyswith
the presence of DG requires the definition of salvéactors
such as: the best technology to be used, the nuarizkthe
capacity of the units, the best location, the tgpddG units
and network connection, etc. The problem of DG caitmn
and sizing is of great importance. The installa@éiDG units
at non-optimal places can results in an increassystem
losses, implying in an increase in costs and, thezghaving
an effect opposite to the desired. Figure 1 showsoa of
typical power loss versus size of DG at two diffeérBusses in
a typical 30-bus distribution network. It is obvgothat for a
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and 40%

reduced to a minimum value and increase beyondeacdiDG

at that location. If the size of DG is further irased, the
losses start to increase. So given the charadtsrisf the

distribution system, it is not advisable to constrsufficiently

high DG in the network. So as mentioned beforeinugtsize

and location of DG units play an important rolenimimizing

the system power loss.
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Fig. 1 System power loss Vs size of DG placedvat t
differentbus bar in a typical3C-busbar distribution netwo

In this paper, two types of DG units are considered as
follows:

Type 1: DG is capable of supplying only real power.

Type 2: DG is capable of supplying both real aractiee
power.

The optimal placement of the DG units has beenirtootisly
studied in order to achieve different aims. Theeotiye can
be the minimization of the active losses of thetriftigtion

network, or the minimization of the total networkpgply costs,
which includes generators operation and losses ensgtion.
In this paper PSO algorithm is used as the optititiza
technique to allocate DG units optimally in orderimprove
voltage profile and reduce power loss of distribnthetwork.

The organization of this paper is as follows; Ictem 1, a

brief discussion of distributed generation issiepriesented.

Section Il addresses the problem formulation. iBactV is
an introduction to the particle swarm optimizatiaigorithm
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used in the methodology proposed in this paper.proposed
solution method is discussed in section V. In secil, two
test systems used for simulations, is introducechultion
results on the test systems are illustrated ini@estll. Then,
the conclusion is given in section VIII. [1]-[8].

Il. DISTRIBUTED GENERATION

The definition of distributed generation takes eliént
forms in different markets and countries and isirchef
differently by different agencies. Internationalegy Agency
(IEA) defines distributed generation as generatiplgnt
serving a customer on-site or providing support &o
distribution network, connected to the grid atrilsttion-level
voltages. CIGRE defines DG as the generation, whashthe
following characteristics: It is not centrally plaed; It is not
centrally dispatched at present; It is usually @med to the
distribution network; It is smaller than 50-100 M\V@ther
organizations like Electric Power Research Insdit(EPRI)
defines distributed generation as generation fronfea
kilowatts up to 50MW. In general, DG means smathlsc
generation. The most general and simplest defmiébDG is
as follows: "Distributed Generation is an elecfraver source
connected directly to the distribution network on t¢he
customer site of the meter".

In this paper, the number, location and size of if@s are
decided in such way that minimum system power lmsg
desired voltage profile is obtained. So it is nekte define
system power loss as a function of DG size anderydius
voltages. So we have:

PROBLEM FORMULATION

m

I:Toss = z

line(i j)=1

P

line(i,j)

1)

In this equationP, is the real power loss and m is the
number of branches in the power system.
Pieiy =F -F 2
P=Rq B V2| VI[ & cos{ -6 )+ sin@ -4 )] 3)
Q =Qoei - A V2|V [[ g sin@ -6, )+, cosq -4, )] @)

i is the location of DG unit (i=1, 2, 3..., n) ard is the
total number of bus bars in distribution networks@for DG
type one, we haveQ,; =0.

P and Q, are net real and reactive power injection in kius '
' respectivelyV, and §, are the voltage magnitude and
voltage angle at bus 'i' respectivady,, and Q. are the real
and reactive power generations of DG at buBji'and Q,,
are the real and reactive power demand at biBo'ibbjective
is to minimize P, considering following constraints:

loss

'mm

\/

< |Vi | S |Vimax

line(ij) = Mline(ij)max

Proper settings f(#vimm ‘ and‘vimax

, results in better voltage
profile of system [1]-[13].

IV. PARTICLE SWARM OPTIMIZATION (PSO)

Particle Swarm Optimization (PSO) was first introed by
Kennedy and Eberhart as an optimization method for
continuous nonlinear functions. It is a stochaspitimization
technique based on individual improvement, social
cooperation and competition in the population. RS@spired
of the behaviors of social models like bird flodakior fish
schooling. Since its introduction, PSO become apoitant
tool for the optimization problems. It is famous fits fast
convergence to a solution close to the optimalpalancing
the local search and global search i.e., exploitatand
exploration, respectively. By its nature it is vexyitable for
continuous optimization problems but it can alsoubed for
combinatorial problems. PSO is a population-basethad in
which a swarm includes several individuals calledltiples.
Each particle has a position and a velocity. Theitfpm of a
particle is a candidate solution and updated &t @acation by
using the current velocity. The velocity of a pa#j is
reevaluated by using the particle's inertia as aglthe social
interaction (swarm's experience) and personal éxpes of
the particle. The quality of a position is measupbeded on a
fitness function. The experience of each particleusually
captured by its local best position. The experienEehe
swarm is captured by the global best positionhendourse of
the several iterations, particles make use of éxigerience
and are supposed to move towards the optimum positi

Procedure PSO
Initialize parameters
Initialize population

For each particle
Evaluate
Update local best
Update global best

Do

For each particle
Update velocity and position
Evaluate
Update local best
Update global best
While (Mot Terminated)
End Procedme

Fig. 2 Basic PSO algorithm used in the proposed
methodolog

First, the initial population is formed with respeo the
PSO parameter setting. Individuals can be initelizcandomly
or to predetermined locations. After the initialaglk, several
iterations of update and evaluation steps are pagd until a

stopping condition is met. Generally, the stoppiogdition is
the attainment of a maximum number of iterationsttee
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maximum number of iterations between two improvetsi
During the update stefipr each particle, the velocity and t
position of the particle at iterationl are calculated by usir
the Equationg¢5) and (6).

®)
(6)
In these equationsy' and p' are the velocity and tr
position of a particle at iteration t, respectivelfhe
parametersc, and c, are coefficients of learning factol
which are the weights of contribution personal experience
and social experience. Appropriate valuesc, andc, arel
to 2 but 2is the most appropriate in many ce The
stochastic behavior of PSO is achievedr, and r, which are
random numbers generally {0-1). The parameter w is tt
inertia weight which is the balancing factor betw
exploration and exploitation. For faster convergenioertia
weight is usually selected to be high at thginning (which

lets PSO to explore) and decreased in course ghiation.
The following weight function is usually used in shcase:

@)

are the minimum an

X

VH':l:W,Vt +q N '(pnest 'FS )+C2 b '(gest _b )
pt+1:pt +Vt+l

W oW i
— max min
W—wmax—T.lter
max

In this equation,w, ,, and w,_,
maximum weights respectively. Appropriate values w

and w,_ are 0.4 and 0.9 respectiveBiso iter and iter,

are current number of iteration and maximum numbg
iterations, respectively. After the update stepe ftlitness
function value is calculated for each particle blasm its
position (candidate solution represented by theighe@). The
local best positionp,,,, of each particle and the global b

position g, are updated using these fitness va[9].

V.PROPOSEDMETHODOLOGY

The proposed PS®ased technique for optimal allocati
of DG units in the powesystems, is as follow

Step 1:Input the line and busbadata and ksbar voltage
limits.

Step 2:Calculate the system power loss using distributi
load flow.

Step 3:Randomly generate an initial populati(array) of
particles with random positions awélocities on dimensior
in the solution spaceSet the iteration counter=0. n is the
number of DG units used in the system for DG t1, each
particle consist of 2n parts) for sizes and another n 1
locations of DG units. But for DG typ& each péicle consist
of 3n parts, 8 for real and reactive power size of DG ul
and n parts for locations of DG units.

In this paperSimulations are done for=1,2,3 separately.
Maximum sizes of real and reactive power of DG sumite
considered to b&.5 MW and 6.5 Mvarrespectivel.

Step 4: For each particlé,the bus voltage is within limi,
calculate the total system power loss. Otherwisat, particle

is infeasible.
Step 5: For each particleompare its objective value with
the individual best, ithe objective value is lowethan p,,

set this value as the currepy..,, and record the corresponding

particle position.
Step 6:Choose the particle associated with the minin
individual bestp,,, of all particles and set the value of t

Ppes: s the current overall bi (g,.q)-

Step 7:Update the velocity and position of particle us
(5) and (6) respectively

Step 8:If the iteration number reaches the maximum lii
go to step 9ptherwise set iteration inde)=k+1 and go back
to stepd.

Step 9:Print out the optimal solution to the target proh.

The best position includes the optimal locationd size ol
DG units and thearresponding fitness value representing
minimum total real power los

This procedure is for just one DG unit. For allaegiof two
DG units, this procedure is followed and then optisize anc
location for first DG unit is decided. This DG unitith
optimal size is put in the decided optimal locatamd agair
the solution method is used to decide optimal aimtlocatior
for second DG unit. This algorithm is used for oyl
allocating of multibGs in the power syste

Soméimes just one DG unit placed in power system for
achieving desired goals but after years it is neeide adc
another DG unit(s). Usually, because of econonsass, the
place of first DG unit is kept unchanged. 1is why we have
used such eethodology in this pap(10]-[15].

VI. CASE STUDIES

In this paper simulations are carried out30-bus [1§ and
33-bus [17 test distribution networl. First, a type 1 DG unit
is put in the test system and the methodology roead in las
section is applied in order to find optimal si:nd location of
DG unit. Then a type DG unit is use, applying proposed
methodology, optimal size and location of DG usitlecided
This process is exactly repeated 2 and 3, type 1 and type 2,
DG units, separately. After the evaluating the ltesoptimal
type, size, number and place of DG unit(s) is damdi
Schematics of the twB80 and33-bus test systems used in this
paper are shown in Fig
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Fig. 3 (a) 30-bus and (b) 33-bus test systems istils paper
for simulations

VII. SIMULATION RESULTS

As mentioned before, a distribution load flow igfpemed
on the 30 and 33-bus test systems in order to ledécthe P,

and Q.. in absence of DG unit(s) in the system. Obtained

results are shown in table 1. Then during 3 stémsnumber
of DG units used in the test power system, varesifl to 3.
In each step, the type of DG unit(s) is also chdrfgem 1 to
2. Using the PSO algorithm, optimal size, locatitype and
number of DG units are decided. The results obthiinem
simulations for DG type 1 and type 2 for system poVoss
reduction, are shown in tables 2 and 3, respegtivieshould
be noted that, results obtained for system voltpggfile
improvement are shown in Figs 4, 5, 6 and 7.

TABLE |
SYSTEM POWER LOSSES IN ABSENCE 0BG UNITS
System
(# of busbars) Poss (kw) Q)oss (kvar)
30 137 41
33 211 143
TABLE Il

OPTIMAL SIZES AND LOCATIONSOF TYPE ONE DG UNITS USEDIN 30 AND
33-BUSTESTSYSTEMS

System ]\31;5 32 ]il: g;;e 5? ZZ PLoss QLoss Loss Rg;?lufnﬂﬂ
- ) : onv) - (Kw) (Kvar) Real  Reactive

58 16 57.6 60.9

50 13 63.5 68.29

49.7 12.8 63.7 68.78

112 83 46.44 41.96

96.2 69 544 51.75

25 0637 15 0.473 6 2.591 88.6 63 58 55.94

TABLE IlI
OPTIMAL SIZESAND LOCATIONSOF TYPE TWO DG UNITS USEDIN 30AND
33-BUSTESTSYSTEMS

sptem D1 DG DG gy D6 DG DG DG PT QL e REQucﬁon
5 No. Size Size No. Size Size No. Size Size Loss ! 058 i
Q) b (M) _(Miar) (W) (Mvar) (W)  (Kva) - Regl  Reactive

29 55 788 802
7 19 4 8613 904
40022 008 17 L1092 0730 25 1810 LI%0 18 3 8686 9268

777 6L
1203

25 0685 0310 15 0463 0272 6 1551 L755 43 34 7960 761

e85
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Voltage mgnitude (pu)

P11 S [—

BOT| —Be— r e
206

9065 —Ye— 5o H H H :
5 e Is 28 25 2
DG place
Fig. 4. Voltage profile of 30-bus test systempiasence of type 1
DG unit(s).
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Fig. 5 Voltage profile of 33-bus test system ingarece of type 1
DG unit(s)
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Fig. 6 Voltage profile of 30-bus test system ingerece of type 2
DG unit(s,
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Fig. 7 Voltage profile of 33-bus test system ingarece of type
2 DG unit(s)

Results obviously show that the more the numbebDGf
units the less the system power loss and the hbesystem
voltage profile. In practice, Due to economicaliss, it is not
advisable to use more than 3 DG units in poweresyst
Adding 4" DG unit to the system does not make
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considerable change in system power loss reductiot
voltage profile improvement. These results can hearty
obtained from tables | and Il and Figsh46 and 7.

Table | and Il show thafor 30-bus test system, maximum
reduction in system real power losB_( ), for 3, typel and

type 2, DG units are about 63.7&6d 86.6%, respectively.
These two tables also show thiatr 33bus test system, using
3 type 1 DG units, leads to 58%duction in system real
power loss. Similar value fo8 type 2 DG units, is about
79.62%. From results it can be figured out thgpe 2 DG
units, decreases system real power loss ab@Ut more than
type 1 DG units. So optimal allocation of DG uriiispower
systems, not only reduces power loss and improwitage
profile, but also increases the active power tmsépacity of
transmission lines.

VIIl. CONCLUSION

Increasing the number of DG units in power systan c
reduce system power loss and improve voltage prdiffpe of
DG units is another important factor. Results prtheat using
type 2 DG units has better impact on system powss |
reduction and system voltage profile improvemersing type
2 DG units reduce system power loss ab2flo more than
type 1 DG units. Place and size of DG units are aither
important factors that affect on system power g voltage
profile. In this paper a PSO algorithm for optinpddicement
of multi-DG is proposed which efficiently minimizéise total
real power loss, satisfying transmission line Igniand
constraints. The proposed methodology is so fastedficient
and at the same time so accurate in determiningittee type,
number and location of DG unit(s).
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