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I. INTRODUCTION

Before installing distribt,lt€d generation, its
effecb on voltage profile, line losses, short circuit
curren! amounts of inj€'cted hamonic and reliability
must be evaluatEd s€parately. The planning of th€
electric system with the presence of DG requires the
deffnition ol sevoral fsciots, such as: the bgst
technologli to b€ used, the number and the capocity of
the units, the best location! the type of network
conn@tion, etc. The impact of DC in system
operEting characteristics, such as electric losws,
voltage profile, stability and reliability ne€ds to be
appropriately evaluated.. The installation of DG units
ar non-optimal places can result in an increase in
system losses, implying in an increase in costs and,

therefore, having an effect opposite to the d6ired. For
that reason, the us€ ofan optimization method capoble
of indicating the b€st solution for a given distribution
network can be very useful for th€ system planning
engineer. The selection of the best places for
installatior and the preferable size of the DG units in
large dislribution systems is a complex combinatorial

optimization problem. The optimal placement and
sizing of generation units on thc distribution network
is the main purpos€ for this final year project.

The objective can be the minimization of the
active losses of the feeder I I ], [2'l; or the minimization
of the total network supply costs, which includes
generators operation and losses compensation [3], [4],
[5] ,[6]; or even the best utilization of the available
generation capacity [7]- As a contribution to the
methodology for DG economical analysis, in this
proposal it is presented an algorithm for the allocstion
of generatoB in distribution networkg in mder to
voltage profile improv€ment and loss reduction in
distsibution network. The Oenetic Algorithm is used
as th€ optimization lechnique.

This paper presents a method fo the optimal
allocation of distributed generstion using Genetic
Algorithm (GA), Ther6ffi6 th€ voltag€ profile and to
reduce losses of genemtors allocation in distribution
networks need to improve, Besides that, it is also
important to proys that the Cenetic Algorithm can
solve and minimize the losses and improve voltage
profile of the distribution system. Then, an algorithm
is c-r€ated and consEucted to achieve all the purposes,

II. LITERATURE REVIEW

In this seation, the theoretical review relaled to
the proposed approach will be presented. In s€ction A
the description ofthe distributed geneBtion in power
systems, B for loss€s and voltage Fofile, C for
allocation and sizing the DG theory, D fo genetic
algorithm theory and lastly E for another method for
DC allocation analysis, the problem and the solution
what metlod did us€ in this paper to oFimize the DC
localion.

ls

A. Diit bded Generation
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Definition: Distribut€d generation (DC) is related
with the use of small generating units installed in strategic
points of the elcctric power system and to produce
electricity, mainly, close to loed c€nlers.

Type of technologies applied in DG; Cas and oil
turbine, Hydro power plant and others technologies is
microturbine, fuel cells, wind and solar €ner$/. The DG
installed by a customer or independent electriclty producer
such as TNB and YTL pow€r plant that is conn€cted at th€
distribution system level of the electric grid as example in
Mslaysia.

The planning of th€ elect ic system with the
presence of DG requires the definition of several fsctors,
such as; the best technology to be used, the number and
the capacity of the units, the best location and the network
connection way, The impact of DG in system op€rating
characteristics, such as electric losses, voltage profile,
reliability, among oth€r, needs to be appropriately
evaluated. The selection of the b€st pl&ces for installation
and the size ofthe DG units in large disaibution systems is
I compl€x combinatorial optimization problem.,

The installation of DG can have positive impacts
in the distribution system by enabling resctive
compensation for voltage control, reducing the loss€s,

contributing for frequency regulatioi i\ nain syslern fau
coses. Tloo situalions as exanples: one o/ ircrcase and
another of d€crease in voltage that can happen is not
compatible of DC with the voltage regulation. A best way
of analyzing the voltage regulation of a syslEm with
installing DC is by making a simulation using power flow
algorithms capable to analyze multiple sources of DG
together with the operation of vohage regulators. DC slso
caus€s an impact in electric loss€s due to its proimity to
the load centers.n3l

Figure I below show that explanation of symbol
that uses in example of distribution system single line
dlagram:

mcrfi.l<t6 rEnri

Figurc I : explaratioi of s)mbol that use in example ofdisEibudon
3)stern sinBle lioe diagrM

C. Allocotion and Sizing of DG

Creat attention should be rendered to the
problem [3] of allocation and sizing of DG. The
installation of DG units at non optimal places can
result in an increas€ in system losses, implying in an
increase in costs an{ th€refore, having an effect
opposlte to the desired. For that reason, the use of a
methodology capable of snalyzing the effect on some
system characteristics of DC allocation and sizing can
be very useful for th€ system planning enginesr. It is
use when dealing with the incr€ase of DC penetration
that is happening nowadays. Givefl a set of possible
expansion altematives, the evaluation oF a DG
altocstion and sizing stratE$/ should be made through
a power flow progiam for distribution networks with
th€ representation of generators.

Cenetic Algorithm is a general-purpose search
teahniques bas€d on principles inspired from the
gen€tic and eyolution mechanisms observed in
natural systems and populatiors of living beings.
Their basic principle ls the maintenance of a
population of solutions to a problem (genoo,p€s) as

encoded information individuals that evolve in time.
Crenerally, CA comprises three differcnt phases of
search:

2

B. Losses and Yohage Profile

D. Gercric Algorirhm

o Phase l: creating an initial population;
. Phase 2: evalualing a fitness function:
. Phase J: producing a new population.
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III. THEORETICAL BACKGROT'ND

The idea ofGA is to do what a nature does tuid GA is
designed as a subset of evolutionery computation
algorithms" GA allows a population composed of many
individuals to eyolve under specified sel€ction rules to a
stete that maximizes the "fitness" (i.e. minimizes the cost)
firnction. The method is developed by Holland [8] and
popularized by Cotdberg [91. CA approach can be divided
into two: binary and continuous real number. For this
paper, the binary GA is used.

a, Re prese ntation

If the chromosome has Npar parameters (an N-
dimensionsl optimizstion Foblem) given by Pl, P2, ...,
PNpar, then the sinSle chromosome is written as an array
with I x Npar elements as follows:

"*o-^ors = f P t, pt....., P ry,1 (l)

b. lnilializalion

GA do€s not work with a single string but with a
population of strings, which evolves iteratively by
geneft ing new individuals taking the place of their
parents. Nonns.lly, the initial populalion is generated at
random.

c. Evaluolion Fwvtion

The p€rformance of each string is evaluat€d accordiog
to its fitn€ss. Fitness is used to provide a measure of how
individuals have pcrformed in the problem domain. The
choice of objective and fitness function is propos€d in the
next section.

d Genetic Operators

For this pap€r, roul€tt€ wheel selection method is
used. The novelty of this method and others can be seen

deeply in nol. Crossover is a process after the pareots
chmmosomes are s€lected fiom roulette wh€el m€thod. It
is a process that each individual will exchange information
to create new struchfe of chromosome called offspring. In
this paper, the singlcpoint arithmetic crossover method is
used. The conc€pt is modified from I l] to prevent loss of
information if extrapolation method is used. lt begins by
randomly selecting a parameter in the first poir of par€nts
to be qossover at point;

o= roundl random, Np, I (2)

Whc'c m and d subscripts discriminate
between the mom and dad parent. Then the s€lected
pafffir€tefs afe coffbined to fbfm new [antunercns that
will appear in the offspring as follow:

ofrpring t =lpnt,.,.pnevr "." P^N'(,,'l

offspring 2 = l pdt,... p,ws2 ,..., p,t NN,l

(5)

(6)

where p is also a random value between 0
and l. The new otTspring thst created from this
crossover can be descriM as follow:

(7\

(8)

Alrhough selection and crossover are applied to
chromosome in €ach gereration to obtain a oew set
for better rclutions, occasionally they may become
overzealous and los€ some useful information. Next,
random numbers are chos€n to sel@t of the row and
columns of the parameters to be mulated. A mutated
parameter is replaced by a new random parameter.

GA For Oprirrral All&alion Of DG

In this section, GA is Fopos€d to find th€
optimal size and location of DC unis in the
distribution syslem to minimize the total loss in the
system. By minimizing the loss, the voltage prolile at
each bus is also will expected to be improved. This
method requires load flow to be run several times-
After finding th€ best locstion and the size
simultaneously for DC, the algorithm is finished. The
objective function is the results of iotal loss of the
system,

Ploss to be minimized, H as follows:

H= Pr. (e)z

Let

parenh = alt-1,,.- p-o,-- p.N..,l

parent2 = [pa;... Pac,.-., Pary,l

(3)

(4)

J

p*r = p.".-plpno - padl

p Eez = pdo+lpna- pdil

Where nline is number of aansmission lines
in th€ system. Some factors need to be consid€red: ( I )
coding the variables into a flrite string or
chromosome and (2) mapping the objective function
into a fitne.ss form. Fir3tly, each varisble X is coded
as th€ continuous floating numbers that range from 0
to I. Then, the variables are concatenaled to construci
a multivariable string, The total multivariable or the
length of chromosome is equal to (run DG x 2) as

shown in Fig. l. Each DO representatives oeed to
multiple with 2 because the first vadable repres€nts
the locatioo and the second one represents the size of
DC.
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Fig. I Chromosorne

Aftsr evaluating each chromosome, the objective
funclion in equation (9) is transfomed and normalized to a
fitn€ss scheme to be maximized as follows:

4lr'l+H- (to)

E. Anolle tethod lo optimize ,he DG all@qlion.

The Newton-Raphson and fsst dccoupled methods for
power flow solution have efficiently solved the probtem
for well conditioned power systems. However, these

methods may fail or havc problons whcn dcaling with
distribution networks, mainly because ofthe followirg
chamcteristics I2l:

i) Unbalancad load operalion.
ii) Radial or almost radial topolory (weakly

meshed);
iiD High R/X rclation of the cables;
iv) Mix of low impedance (switches, voltage

regulators,etc) with high impedance elements

So, in this paper the solution is to us€ both mdllod
load flow using Newton-Raphson and optimized it using
Genetic Algorithm (GA).

IV. METHODOLOCY

The method proposed has been tested on l4-bus
distribution systems. The algorithm has been programmed
in MATLAB. The load flow program of Newton-Raphson
that h8s been developed in I ll is us€d. This test system
consists of ooe substation (power utility) and 14
distibution buses. The disEibution systcm with a total r€al
and r€activ€ power demand is 260 MW and 74 MVar
respectively.

BLs Characterhtks

1 0.00 0.000

2 2t.1 t2.70

l 942 19.00

4 418 -3.900

5 7.60 I 600

t1.2 7.500

'| 088 0 499

8 0 t2 0 001

29.5 16.60

l0 900 5.8m

ll 3.50 r.800

t2 6.t 0 1.600

l3 t3.5 5 800

l4 149 5.000

Tot l 26{) 11

TABLE I, BUS IMOIIMATION

x1(s)

A. Setting tle charqcterisrics ol bus and line data

The data fo. th.is system is tabulated in the Table I and
Ta,ble 2^

B€ dE&lailnc ordl poEi nn ddiE po*a .kEn o l4+u5.

to

0.05v2

0.r98

0.1763

0.223

0.1734

0.t71

0.042 r

0.2s2

0.2091

0.1112

0.5562

0.1 I

0.0845

0. t99

0.2558

0. t 303

0.2704

0- l92l

0,1999

0.348

The procrss of GA to optimal allocation of DG is
shown in figure 2:

4
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Figure 2. Flow of optimal allocatim of DG using GA

To obtsin the optimal location of DG, the GA prop€rties

are set as tbllows:

. Selection: Roulett€ Wh€cl

. Population = 40

. Number of DG unit = 3

. DC size - P = 16 MW , Q =0.001 MVar

. Maximum it€ration (Generations) : 50

To study the tmpact of DG In$alladon on the
system performance, the following two cases arE

considered:

Case ,l: CalculatE the distribution network losses

and minimum voltage magnitude b€fore
the DC installation. (Without DG)

Car? 2: Repeat caso I with the 3 DGs included
onc€ its optimal location and sizing ar€
followed the properties. (With DGs)

The reason of using three units of DG is due to
the cost of installation issue. Since this t€st system is small
in size (l,l-.bus), it is &dequate to install three units ofDG.

B. Proposed Methodologt

The binary GA is used to perform the
opimization to adjrat 13 values of variables. Every bus
chera€teristic need to sdjust is fiom bus 2 until bus 14, but

bus no I no ne€d to adjust because of bus I is the
slack bus. The variable need to adjust is type of bus
which is I for the slack bus,2 for bus with generator,
0 for load bus. The value of real power (P in MW)
and reactive power (Q in MVar) at every bus also
ne€d adj ustm€nt.

To calculate the losses and voltage profile of
the syst€m, the Newton-Raphsol method
programming is used in MATLAB software. After
perform the programming the losses at every bus,
line and also voltage profiles are calculated and
recorded in the command window.

For Case I (without DG), only use the NeMoo-
Raphson method program without adjust any bus data
to find the losses and voltage profile.

Then, for the Cas€ 2 (with DGs) the GA will adjust
the bus data and use the Newton-Raphson method to
calculate the new losses value with random DGs
allocation.

V. RESULTS AND DISCUSSION

Results and the discussion palt are presented in two
psrts, which is A. for losses and optimum DGs
location and B. for voltage profile.

A. Losses and optimum location oJ DGs results

For t}le Case I which before DG i[stallatiorL
the losses are recorded in table 3 after performs the
Newton-Raphson load flow mcthod is shown below:

TABr"E 3. TorAL LocsEs BEroRr DCrs INsrALtATloN (CASE I )

I

-xt 1

2
I

I

ll

I

t2

I

5
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Then, for the Case 2 (with DGs), figure 7 below
show that 20 data's of loss€s on selected bus are recorded
using GA after install DG.

DG alloration on nndomly selected bususintGA

FiguE 8: the curent b€3t individual (bus selecEd) afrer perform
rhe GA.

From the bar chart the b€st individuals to
reach above 0.5 are selected according to the
minimum losses produccs after install the DG. For
the value less than 0.5 until negative integer are not
selected. To get the numbef ofbus, the variable of'x'
at tlte x-axis musl sum with l Example:

No.ofbus=x+l

If x= 13

Noofbus=13+l=14 : bus44

According !o figu.e and formulation above,
the best bus are sele{ted is 3,8 and 14. That is show
that the selecled bus optimized both by CA and GA
tool simulation are proved,

For simulation of total losses versus the
number of generation. the result of losses produce
during the DG allocation randomly up to 50s
generstion aller perform the GA tool programming is
show below in figure 9:

E C @ruh lo.ios : lt 47 i&

,t rl 1? o

0 5lD 15 l! 6 !0 !6 rO '6 50

tattl

,:

o

t?.4

l2.z

t2

l1.s

ll.6

u.{

ltl
1l

.n .t .u ,1 -t .! .t .t .1 .i .t .t .I .t .t .t .1 
^D 

.| .t
,f ',f ;f 

',?'.!;t,e;f +;+rr'rri9;9 
"t'rr' 

rt'"t rt',r'

But

Figure 7i 20 data ofDcs allocation on randomly selected bus using GA
and the los6e (PMW)

From figure 7 above, the data has b€en r€corded
about 20 times after executed using GA. It show that, the
result afler install DG at bus 3,8 and 14, produce
minimum total losses at I1.48 MW. That's mean th€ DC
location at bus 3, 8 and 14 is the best location to put DG
which is produce less losses. The installation DG at bus 3,

8 and 14 has improved about 40.45 % compared to base

case ( case I ) which has losses P= 19.277 MW for the total
power losses in the system.

For the simulation part using Cenetic Algorithm
Tool ftom MATLAB toolboxes, Figure 8 below show that
the best individual (most selected) versus th€ no. of
variable (bus location):

12

3

1i

6

r3

-t45t2
I
2-lt 2

I

I

2
I I

l

Totol L6.6 =
(Blr3 Powcr- Line 106€r )
69.634 - E9.475 = 19.277 MW

(Case l:withoutDG)

Figure 9: loss€s poduce up to 506 generation



In above figurc, simulation show the losses has

reduced until reach the 506 generation after perform the
GA. Then fte final value of losses is about ll.47Mw ar
bus location on 3, 8 and 14. From that figure, value of
losses hEs reach Lhe minimum value and sop at 46n
genenlion according to detail data in th€ GA tool
programming. Below show the pmved:

tt. 'LG*rrahrrwhuM
th',I '.,,.

65tu6d- !.rr.:l/r*r,r,r,t&ld&dn.e.c-t hrLl!-{llrdln-!re!.

Figur. 8.0 : the generation has stop at 466

R. Voltage profile results

Figure 9 below show that the comparison of
voltage profile betwe€n Case I (without DG) and Case 2
(with DG) on bus 3,8 and 14.

TABr-E 5, TIE VoLTAGE M^oNmlDE AND ANoLE tN DEGREE
EvERy BUS BEFoRE AND AFr€& NsT rL THE DG.

BUJ
tro

VolLg. p.{llL vluo
DG

Csc I
VoLrg. proftlc wtft Irc
Cr!. 2 : or brr 3,a &t4

Volt ge
Mr&

Arglc
Ih&

Vol&gc
Maa

AoSle
D.t

I I 0 l 0

096 4747 0.992 -5.1

3 0.9r -15 E8s 0.98 -12.732

4 0.914 -r2.684 0.975 -r0. t34

s 0 923 -10.789 o.911 -8 716

6 0 889 -t 8.441 0.9't3 -13.731

1 0 902 -t6.896 o 919 -ll.154

8 o 934 -16.896 L000 -10 t5

0.877 -19 206 0 968 -t3 676

l0 0.87 - 19.489 0 96t -t4.031

ll 0.875 -t9.lJ7 0 963 -t4 039

t2 0 852 -19.881 0.941 .t4.18

l3 0.873 -19.697 o.974 -t4.564

t4 0.853 -20.88r t.000 -t4.763

From table 5 above, show th€ comparison of
voltage profile in magnitude on each bus betw€en
Case I (without DG) and Cas€ 2 (with DGq on
location 3,8 & l4). After installation of DGs in this
t4-bus distribution system, the improvement of
voltage profile on each bus is increase and voltage
angle is decreas€d. That is proved that after
implement th€ CA the voltage profile become
improved and increased.

VI. CONCLUSION
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Figurc 9i Voltage prcfile c.mparison betw€en a{se I (wi$out
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Before DG installalion (case l) it shows that
reduction of voltage profile from bus I !o bus 14. After
DG installatiorl it is app€ar that the voltage profile has
increased from 90.23o/o to 97.75o/o. T\e comparison table
for case I (without DC) and case 2 (with DG) arc reported
in table 4.0 below:

TAELE 4.TmAt LoasEs AND Vot racE pRofl-E mrpAirsoN

Comparisoo
C.se I :

without DG
Crsc 2 l with DG on

bu! 3,8,14

l,os.cr (MW) 19.2',t7 I1,47
Voh.gc

Profllc (oi) 90.23 97.15

The detail of voltage profiles svcry bus bcfore and
after installation the DC are summarize in table 5 below:

7
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This peper has preselted an app.oach to solve the
optimal DG allocation and sizing problem using GA.
Thp effectiveness of CA was demonstrated and tested
through a numerical exampl€., The r€sults show that
inaorporating the DC in the distribution system can
rcduce the total line power losses and improve the
voltage profiles. The proposed metlod was t€sted on
l+bus distribution system and has been solved and
the optimum location for DG is on bus 3, 8 and 14
with minimum total losses of 11.47 MW reduces of
40.45 Vo and has improved the voltage profile from

.23o/o to 97.75 o/o.
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