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Mesh grid power quality enhancement with synchronous
distributed generation: optimal allocation planning using
breeder genetic algorithm

Abstract This paper drscusses oplimal allocation ning of synchronous distnbuted generation (SDG) on mesh gnd power system, using breeder
genetic algorithm (BGA) mathad. This optimization 5 hnigue was built 1o aliocate SDG units for ohisining the smaffest power losses, while all buses
vollage awakens in siandard walve. Fudhemmore, the popased method was tested on JEEE 30 bus test system, and the optimal solution was
reached for theee SDG unil instalfation an 2773 MW + j1.502 MVAr iotal power, with 22 46% power losses reduction

Streszczenie. W arykue omowiono optymaine planowame alokacy synchromczne] generacy rozproszoney (SDG] w  systemie
elektrosnergelycanym sieci kialows z wykorzystaniem metody algorytmu genetycznego rozplodnika (BGA). Ta techmika oplymalizacy zostala
zhudowana w celu alokagi fednostek S0OG dia uzyskania naymmejszych strat mocy, podczas ody napigcie wszystiich magistrali zawiera sig w

mosci standardowe). Ponadio zapmponowans metoda zostala prieiestowsna na systemie testowym magistrall IEEE 30 | osiagmieto optymalne
gwemre dla instalagi tzech fednostek SDG o facznef mocy 27,73 MW + 1,502 MVAr, przy comzemu strat macy o 22 46%. (Poprawa jakosci

gif siect k e deighi
genetycznego).

¥ g AN

! = alokacji prry uiyciu algorytmu
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Introduction

The unaccompanied load growth with network
expansion and additional generation causes a decline in
distribution system gualily, which is especially significant in
voltage drop [1]. This problem is commonly encountered on
radial type distribution network, especiaily if the load center
is located far from the generation center, and overcoming it
requires the use of closing line lie switches, The effect is a
change on each branched cument, further, associaled with
the effeclivity of power received on each node [2]. Based on
this condilion, it is termed mesh network. In comparison
with radial types, it possesses belter reliability and voltage
profiles without significantly thriving, especially in the event
of additional loads.

wﬁaga reduction is strongly influencad by the adeguacy
of active and reactive power, suppliedi[# slectrical plant to
the ioad. In conventicnal syslems, voltage and reactive
power are usually controlled by adding on load lap
changers (OLTC), and capacitors bank [3, 4]. This model
adopts a passive distribution system because of the
centralized location of the generator, which serves the load
around. Furthermore, a shift in paradigm from passive lo
aclive systems, encouraging the distributed generation
{DG) integration.

In recent years, this development is shown o be very
altractive in the energy sector worldwide [5, 6]. and its
presence as an eleclrical source with close proximity to the
load center impacts significantly on the distribution network
[7. 8,9, 10, 11]. In addition to the factors, it is also imporiant
to consider types of DG unit, which are classified based on
construction and technological approach [12). as well as its
power injection or absorption [13]. Furthenmore, the DG
ought to ffiksess the ability of injecting active power, which
injecting or absorbing reactive power depends on the
technology applied.

Each type contributes a different effect in power quality,
in terms of voltage profile improvement ap&leciine in
network power losses. DG type 1 injects active power o the
network. The solar power generation is one of lhe
Efbmples. The impact of DG type 1 placement to offer
power losses derivation and voltage profile refinement has

been investigated by [10]. The synchroncus machine is

calegorized as DG lype 2, based on ils capacity fo inject
both aclive and reaclive power [13]. It is applied to mini
hydro and thermal generalor. This integralion allributes
positive impacls, among other economic benefils, bus
vollage improvement, reduction in line losses. heat wasle
utilization, emission reduction, and fuel cos! minimizaficn
[14)

To obtain maximum benefit, DG inlegration intc a
distribution network requires a number consideration
&lars. including the number, location, and size of unit. The
artificial intelligence methods like simple genetic algorithm
(SGA) has widely been used for oplimum placement
searching of distributed generation [15, 16, 17, 18].

Meanwhile, this technique is faced with the weakness of
best chromesome survival, in order to pass the selection,
mutation and cross over processes. The breeder genetic
algorithm {BGA) is able to overcome this chailenge through
the use of probabi index thal maintains the best
chromosomes in next ration.

This paper therefore confribules a method based on
improved genetic algorithm, namelf] BGA. which was
applied to fulfill the most suitable lacation and size of

chronous distributed generation (SDG) with smallest
power loss values in a mesh distribution network. The
answers alaned to the aim of this study requires that the
method be lested on IEEE 30 bus system, using SDG.

Distributed Gener{Eglin

The DG injects aclive and reactive power, based on the
synchronous machine, represented by a simple system in
Fig. 1, where one bus was connected o the centralized
generalor and another to load and DG.

The voltage at node "' was determined using:

(1) ¥, =F,—1 %R +jX, )

where: I, - receiving voltage, I’ - sending voltage, /, - line
current. R, - conductor resistance, .\, - conductor reactance.

The real and reactive branch power losses were
determined using formula:
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(2) P __;f-.__:_g:.__.eg

18
where: I, - active power losses. O, - reactive power
losses, P, - active power, (), - reactive power.

Hence, the total was calculated by the addition of each
brarnch, as specified:
=37

(T

4y K

The voltage drop is further calculated via equation:

RIP,— P, )= X(O,~0,)

(8) A =by-F] = =

where: P, - load aclive powsr, Py, - generator aclive powsr,
O, §5lkd reactive power, O,; - generalor reactive power.

Based on the assumption thal the DG power is constant,
its integration in system, therefore, reduces woliage
changes, which is due 1w load modilicaion, as
mathemalically stated in Eq 2.

Breeder{iknetic Algorithm

The genetic algorithm {GA) method is a searching
technique, based on natural selection and genelic
mechanism, picneered by John Holland, and applied widely
in various fields of science. This technique extensively uses
practical issues, will cus on finding oplimal parameters,
with the advaniage of implementation ease, and the ability
to gquickly discover a good or acceptable solution to high
dimensional problems. Furthermore, Fig. 2 dlustrates the
steps in the form of pseudocode.

the: initialization of population, N chromosames
loop
ioop for N chromosomes
chromaosomes decoding
chromosomes evaluation
end
create one or two best chromosomes (eiilism)
Ioop until the N of new chromosomes oblamed
seiection of two chromosomes
CIOSS OVer
mutation
end
and

Fig.2. Pseudocode of genetic algorithm method

The unselecfion of chromosomes with good feasibility
values in the next generation occurs as a result of the
random selection process. Meanwhile, in the SGA method,
these possess the possibility of nol being able to follow the
process in the next generation because they were nol
chosen. Relatively, BGA method was proposed by
Muhlenbein as an improvement of the SGA [19].

The number of chromosomes that lead to the solulion
was well maintained by breeding probability value, and the
best were preserved through random replacemented on the
generation, when a arbitrarly generated value is less than
probability vaiie. The scheme adopted in fhis praciice,
further, distinguishes the lechnique, as the SGA requires
the entire N chromosomes in a generation to be replaced at
once by that of the new type, from crossover and mutation
results

However, this is nol realistic from a hiological
perspective. as the real world indicates the possibility for
individuals of different generations lo exist at the same time,
and also the facl of their constant appearrance and
disappearrance, nol on a specific generation. Furthermore,
the flowchart of process oplimization, using BGA is shown
in Fig. 3.

D L L
P TIMESIR B

FREEVTE SELECT (Y
PP

Fig 3. Optimization process using BGA mathod

The optimization @}jecﬁva funclion using in this
research was achve power losses mimimizalion in power
system. The objective funclion expressed as:

i=123..N,

B  MnF=-YpP, .
where: F - objective function, N; - number of line, F.... -
aclive losses al line - .

This was. therefore, subjected to the constrainis in

equali below:
!i-:]w splglEl. i=823.N,

(7)
Vo = 0.90 pu.i =105 pu

Trata,
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(8)  OI=h, <E,,
(9) 0i<0,. 20,

where, 17, - minifiin limit of voltage, 17, - maximum
limit of voltie, 1~ the voltage of bus #, V- lotal number of
line, P, - real power of DG, (J,,, - reactive power of DG,
P - otal lcad,

In the simulalion based on BGA method. maximum
generation was 100, while the crossover, mutation, and
breeding probability were 0.75, 0.25, and 0.2, respeclively,
wilh data of technique parameters are shown on Tabie 1.

Tablel. Parameters of BGA method

Par Value
: Number of bit capacity 10
'Wumberof bit loeation | 8§ |
| Totai of population 25
| Maximum generation 100 |
[Cross over probabity | 075 |
| Mutation probabiity 028 |
| Breeding prabability 0.2

Simulation and Result
a. Test System
This sludy used a grid mesh of IEEE 30 bus test syst

power oulput of 261 MW - j17.021 MVEEland 40 MW +
j48.8 MVAr, respectively. Furthermore, the total load and
active power losses of the network was of 300.998 Mw +
i125.144 MVAr, and 17.9773 MW, respectively.

The Newlon Raphson program was used to oblain a
power flow analysis [20], where the penetration of three
SDG units was observed to be maximal. Morerover, the
proposed algorithm was  built using the program,
encompassing load flow study, oplimal power losses
calculations, as welf as SDG location and size exploration,

25
b. Determination of size and location of SDG

The changes in power losses due o DG integration
occurs at a function of the direction and magnitude of real
and reaclive power flow modi n within a system.
However, the charactenistics also depends on the size and
location of the DG, which subsequenlly has an impact on
voltage deviation (positive or negafive) values, in relation
with the base worth.

The optimization objective funclion was slated as
minimum power loss this proposed method, and BGA
technique was used to find the ideal size and location of
SDG integration. in addition, the data applied in this
simulation are shown in Table 2.

Table 2 Data of SDG

[13], and the single line diagram of the plant under
investigation is shown in Fig. 4.

@" Cama Genaaton
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Fig4. %e 1EEE 30 bus test system

This unil consisted of 5 generator and 24 load buses,
where bus 1 and 2 were connected with a generator, with a

2.

Parameter Value
Total DG Unit 3
Minimum ae power of DG 0.1 MW
Maximum active power of DG 1
Minimum reactive power of DG 0 ':ﬁﬁr_
Maximum reactve power of DG 20Mvar |
c. DG li5pacts on the quality mesh grid

wion-Raphson load flow study was used to obtain
bus vollage, as well as real and reactive filver losses as
the basic condiions of the system. The oplimal size and
location of SDG al certain bus was indicated by smallest
power losses value on system. This was the soluion based
on Eq. 3 and 4. where the SDG size range was 0.1 - 10 MW
and 0.1-20 , and the outcome on the three load
buses are shown in Table 3.

Table 3. The optimal solutions for installing of three DG units

{ Case Bus | SDGPower | Powerlosses
| | (MW + {MVAr) (MW)

{25 i hig BDi -1 - I wam

i 19 | B.870 +j0.637

| wihspe 22 | 9590 +j1.502 13.841

| 30 | 9.270 +0.981

The resulls indicate the installation of 1" SDG unit on
bus 19, with B.870 MW and 0.637 MVAr as active and
active power oulput, respectively. The 2™ SDG unit was
dstalled on bus 22, wilh 9530 MW and 1.502 MVAr as
aclive and reactive power oulput, respeciively, while the 3",
which was on bus 30, was with 9.270 MW and 0.921 MVAr
power outpul.

The real power losses reduction was aboul 22.45%,
based on the decrease from 17.977 MW to 13.941 Mw,
while the reactive alsc showed a decline from 22.230 MVAr
to 7.220 MVAr (15.01%), all of which are shown indepth in
Fig. 5, where the aclive of each was generally decreased.
Furthermore, the 1°' line that connects bus 1 to 2, however,
showed largest reduction (12.05%), after the integration of
three units SDG.
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Fig.5. The line power losses of IEEE 30 bus test system

During the process of defining an optimal solution, the
system bus voltage was a constraint that could not be

Ll -
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Table 4. Performance comparison between BGA and SGA

. 2 7 thod:
violated. The obtained solution showed that the m = Method
simultaneous placement of three SDG units had an impact | Mo Aspact BGA | 8GA |
on voltage improvement comparad to the system condition ;| SO total power 27730 + 27,980 +
without SDG as shown in Fig. 6. { (MW + MV AR j3.313 5,584
Furthermors, this increase was noticed after SDG || SDG iocation (bus Do it ]
instaliation, though maintained within the standard range, | ° | number) S )
as its presence delivered 27.73 MW + j1.502 MVAr fotal | 5 | Powerlosses 4037 b 2915
power, and also improved the voltage profile by 148% on |~ :‘1"‘*?" M) : Tl
300.998 MW +[125.144 MVAr load. ' o
] . 4 raduction (%) 22458 i 21.780
f Simulation I
= | 8 e (s} 30661 | 77.608
HODG | Convemence |
Ho DG { 1~ i
1 8 | goneration () 5 =
.{‘E 1 _ Comar gunice Chieatigssis
= \ y§5 — el
§
£ A | 1
i = ] | 1
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. . ‘_‘:“}8.‘5 Mumoer 2 I:_ |
Figf The voltage profile of IEEE 30 bus test system TS e :
“l’ S _—-——\_._._.__
The pedomance of BGA method was compared with .

S5GA method based on a number aspecits: lotal output
power, power losses reduction, simulation processing time
and convergence generation, as shown in Table 4. All
simulation paramelers were idenfic except of breeding
probability variable addition for BGA method.

The comparison results showed the BGA method
performance better than SGA for all of aspects. The SDG
total power oulput with BGA was lower (27.730 MW +
i3.313 MVAr) than SGA (27.980 MW + [5.584 MVAr).
Eventhough output power value was lower, power losses
reduction was higher (4 037 MW or 22 455%) versus 3.815
MW or 21.780%. For simulation processing time, the BGA
method was faster (30.661 s) versus 77.609 s The
convergence had been achieved in 25" generation for BGA,
while SGA in 26" generation. A comparison of convergence
characleristic belween the two methods is shown in Fig. 7.

2 5 1 15 23 2 30 35 4 45 80
Genuraion

Fig..7. Companscn of convergence characteristic between BGA

and SGA methods

Cnpsiuns

his paper proposed a BGA method to determine the
optimal location and power output of SDG. This method is
an improvement of SGA which has weakness to maintain
the best chromosome survival, in order to pass the
seleclion, mulation and cross over processes by means of
probability index utilization.

The SDG oplimization process had power system active
power losses minimization as an objective function, The
system bus voltage was the main constraint that could not
be violated during simulation process. The simulation was
conducted under constant system load condition.
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The oplimization technique with BGA method in an
atlempt to successfully identify an ideal planning allocation
of multiple SDGs, was able 1o improve IEEE 30 mesh grid
power guality. In addition, SDG supplied real and reaclive
power, with a total of 27.73 MW + [1.502 MVAr on the
syslem, and the impact was a reduction in aclive power
losses by aboul 22.45%, with the entire bus vollage
remaining within standard values.

The BGA method showed better performance than SGA
method for all aspects: total output power, power losses
reduction, simulation processing time, and convergence
generation. The BGA method indicated a higher system
power loss reduction with lower power oulpul of SDG. Il
also provided a fasler simulalion lime processing and
convergence.
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