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Abstracts - This paper presents a method for the pptimal
allocation of Distributed generation in distribution
systems. In this paper, the aim would be pptimal
distributed generation allocation for voltage | profile
improvement and loss reduction in distribution network.
Genetic Algorithm (GA) was used as the solving tool,
which referring two determined aim the problem is
defined and objective function is introduced.
Considering to fitness values sensitivity im genetic
algorithm process, there is needed to apply load flow for
decision-making. Lead flow algorithm is combined
appropriately with GA, till access to acceptable results
of this operation. I used Newton Raphson for load flow
algorithm and composed it with Genetic Algorithm. The
suggested method is programmed under MATLAB
software. The resuiting operation of this method on
some testing system is illuminated improvement of
voltage profile and loss reduction indexes.

Keyword — distributed generation- DG, genetic algorithm-
GA

I. INTRODUCTION

Before installing distributed generation, its
effects on voltage profile, line losses, short circuit
current, amounts of injected harmonic and reliability
must be evaluated separately. The planning of the
electric system with the presence of DG requires the
definition of several factors, such as: the best
technology to be used, the number and the capacity of
the units, the best location, the type of network
connection, etc. The impact of DG in system
operating characteristics, such as electric losses,
voltage profile, stability and reliability needs to be
appropriately evaluated.. The installation of DG units
at 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 desired. For
that reason, the use of an optimization method capable
of indicating the best solution for a given distribution
network can be very useful for the system planning
engineer. The selection of the best places for
installation and the preferable size of the DG units in
large distribution systems is a complex combinatorial

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

The objective can be the minimization of the
active losses of the feeder [1], [2]; 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 allocation
of generators in distribution networks, in order to
voltage profile improvement and loss reduction in
distribution network. The Genetic Algorithm is used
as the optimization technique.

This paper presents a method for the optimal
allocation of distributed generation using Genetic
Algorithm (GA). Therefore the voltage profile and to
reduce losses of generators allocation in distribution
networks need to improve. Besides that, it is also
important to prove that the Genetic Algorithm can
solve and minimize the losses and improve voltage
profile of the distribution system. Then, an algorithm
is created and constructed to achieve all the purposes.

II. LITERATURE REVIEW

In this section, the theoretical review related to
the proposed approach will be presented. In section A
the description of the distributed generation in power
systems, B for losses and voltage profile, C for
allocation and sizing the DG theory, D for genetic
algorithm theory and lastly E for another method for
DG allocation analysis, the problem and the solution
what method did use in this paper to optimize the DG
location.

A. Distributed Generation
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Definition: Distributed generation (DG) is related
with the use of small generating units installed in strategic
points of the electric power system and to produce
electricity, mainly, close to load centers.

Type of technologies applied in DG: Gas and oil
turbine, Hydro power plant and others technologies is
micro-turbine, fuel cells, wind and solar energy. The DG
installed by a customer or independent electricity producer
such as TNB and YTL power plant that is connected at the
distribution system level of the electric grid as example in
Malaysia.

The planning of the electric system with the
presence of DG requires the definition of several factors,
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 operating
characteristics, such as electric losses, voltage profile,
reliability, among other, needs to be appropriately
evaluated. The selection of the best places for installation
and the size of the DG units in large distribution systems is
a complex combinatorial optimization problem..

B. Losses and Voltage Profile

The installation of DG can have positive impacts
in the distribution system by enabling reactive
compensation for voltage control, reducing the losses,
contributing for frequency regulation in main system fault
cases. Two situations as examples: one of increase and
another of decrease in voltage that can happen is not
compatible of DG with the voltage regulation. A best way
of analyzing the voltage regulation of a system with
installing DG is by making a simulation using power flow
algorithms capable to analyze multiple sources of DG
together with the operation of voltage regulators. DG also
causes an impact in electric losses due to its proximity to
the load centers.[13]

Figure 1 below show that explanation of symbol
that uses in example of distribution system single line
diagram:

Power Utlity - glectricity
producer suck a3 THE s0d YT,
power plant that ks connected at
the distribution system levelof
the electric grid

Bus Bar - the point a5 the
electricity distribiutar, connect i
ather bus bar or to the load
fconsumers)

Load - the
whectricity that
consumer needs to
operete their
device

Une impedance - the line or
cable thatconpect between bus
bar Contair the resistince and
resctance

Distributed Generation (0G) -
generstor connect to the bys bar,
generated the electricky. can putat
anry hus bar, to make the electric
stabaility to the losd

Figure 1: explanation of symbol that use in example of distribution
system single line diagram

C. Allocation and Sizing of DG

Great attention should be rendered to the
problem [13] of allocation and sizing of DG. The
installation of DG units at 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 desired. For that reason, the use of a
methodology capable of analyzing the effect on some
system characteristics of DG allocation and sizing can
be very useful for the system planning engineer. It is
use when dealing with the increase of DG penetration
that is happening nowadays. Given a set of possible
expansion alternatives, the evaluation of a DG
allocation and sizing strategy should be made through
a power flow program for distribution networks with
the representation of generators.

D. Genetic Algorithm

Genetic Algorithm is a general-purpose search
techniques based on principles inspired from the
genetic and evolution mechanisms observed in
natural systems and populations of living beings.
Their basic principle is the maintenance of a
population of solutions to a problem (genotypes) as
encoded information individuals that evolve in time.
Generally, GA comprises three different phases of
search:

e  Phase 1: creating an initial population;
e Phase 2: evaluating a fitness function;
e  Phase 3: producing a new population.
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ITII. THEORETICAL BACKGROUND

The idea of GA is to do what a nature does and GA is
designed as a subset of evolutionary computation
algorithms. GA allows a population composed of many
individuals to evolve under specified selection rules to a
state that maximizes the “fitness” (i.e. minimizes the cost)
function. The method is developed by Holland [8] and
popularized by Goldberg [9]. GA approach can be divided
into two: binary and continuous real number. For this
paper, the binary GA is used.

a. Representation

If the chromosome has Npar parameters (an N-
dimensional optimization problem) given by PI1, P2, ...,
PNpar, then the single chromosome is written as an array
with 1 x Npar elements as follows:

chromosome = [ P1, Pa....., P npar) §))

b. Initialization

GA does not work with a single string but with a
population of strings, which evolves iteratively by
generating new individuals taking the place of their
parents. Normally, the initial population is generated at
random.

¢. Evaluation Function

The performance of each string is evaluated according
to its fitness. Fitness is used to provide a measure of how
individuals have performed in the problem domain. The
choice of objective and fitness function is proposed in the
next section.

d  Genetic Operators

For this paper, roulette wheel selection method is
used. The novelty of this method and others can be seen
deeply in [10]. Crossover is a process after the parents
chromosomes are selected from roulette wheel method. It
is a process that each individual will exchange information
to create new structure of chromosome called offspring. In
this paper, the single-point arithmetic crossover method is
used. The concept is modified from [11] to prevent loss of
information if extrapolation method is used. It begins by
randomly selecting a parameter in the first pair of parents
to be crossover at point:

a = roundf random* N par } )

Let
parenti = [pm,... Pmay..., PmNpar | 3)
parent: = [pai,... paa,..., Panpar ] 4)

Where m and d subscripts discriminate
between the mom and dad parent. Then the selected
parameters are combined 1o form new parameters that
will appear in the offspring, as follow:

P newl =pmn-—B[pmu"pdu] (5)
prev2 = paa—P[pma= paa] (6)

where B is also a random value between 0
and 1. The new offspring that created from this
crossover can be described as follow:

offspring 1 = [ pmi,... prew! ..., pmNpar | (7

offspring 2 = [ pdi,... pnew2 ..., PaNpar | (8)

Although selection and crossover are applied to
chromosome in each generation to obtain a new set
for better solutions, occasionally they may become
overzealous and lose some useful information. Next,
random numbers are chosen to select of the row and
columns of the parameters to be mutated. A mutated
parameter is replaced by a new random parameter.

e. GA For Optimal Allocation Of DG

In this section, GA is proposed to find the
optimal size and location of DG units in the
distribution system to minimize the total loss in the
system. By minimizing the loss, the voltage profile at
each bus is also will expected to be improved. This
method requires load flow to be run several times.
After finding the best location and the size
simultaneously for DG, the algorithm is finished. The
objective function is the results of total loss of the
system,

PLoss to be minimized, H as follows:

nline
H= ulin( Z B ] ®)

Jj=l

Where nline is number of transmission lines
in the system. Some factors need to be considered: (1)
coding the variables into a finite string or
chromosome and (2) mapping the objective function
into a fitness form. Firstly, each variable X is coded
as the continuous floating numbers that range from 0
to 1. Then, the variables are concatenated to construct
a multivariable string. The total multivariable or the
length of chromosome is equal to (mum DG x 2) as
shown in Fig. 1. Each DG representatives need to
multiple with 2 because the first variable represents
the location and the second one represents the size of
DG.
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Fig. 1 Chromosome

After evaluating each chromosome, the objective
function in equation (9) is transformed and normalized to a
fitness scheme to be maximized as follows:

- 1
1+ H

(10)

E.  Another method to optimize the DG allocation.

The Newton-Raphson and fast decoupled methods for
power flow solution have efficiently solved the problem
for well conditioned power systems. However, these
methods may fail or have problems when dealing with
distribution networks, mainly because of the following
characteristics [12]:

i) Unbalanced load operation.

ii) Radial or almost radial topology (weakly
meshed);

iii) High R/X relation of the cables;

iv) Mix of low impedance (switches, voltage

regulators,etc) with high impedance elements

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

IV. METHODOLOGY

The method proposed has been tested on 14-bus
distribution systems. The algorithm has been programmed
in MATLAB. The load flow program of Newton-Raphson
that has been developed in [11] is used. This test system
consists of one substation (power utility) and 14
distribution buses. The distribution system with a total real
and reactive power demand is 260 MW and 74 MVar
respectively.

A.  Setting the characteristics of bus and line data.

The data for this system is tabulated in the Table 1 and
Table 2.

TABLE 1. BUS INFORMATION

I Bus Characteristics I

Bus Number PMW OMVar
1 0.00 0.000
2 21.7 12.70
3 94.2 19.00
4 47.8 -3.900
) 7.60 1.600
6 11.2 7.500
7 0.88 0.499
8 0.12 0.001
9 20.5 16.60
10 9.00 5.800
11 3.50 1.800
12 6.10 1.600
13 13.5 5.800
14 14,9 5.000

Total 260 74

Bus characteristic of real power and reactive power demand on 14-bus.

TABLE 2. LINE INFORMATION

Line Data
BUS
R X
from | to

1 2 | 0.0194 | 0.0592
2 3 1 0.047 | 0.198
2 4 | 0.0581 | 0.1763
1 5] 0.054 | 0.223
2 5 | 0.0567 | 0.1734
3 4 | 0.067 | 0.171
4 5 1 0.0134 | 0.0421
5 6 | 0.045 | 0.252
4 7 | 0.116 | 0.2091
7 8 | 0.073 | 0.1712
4 9 | 0.074 | 0.5562
7 9 | 0.093 0.1
9 10 | 0.0318 | 0.0845
6 11| 0095 | 0.199
6 12 | 0.123 | 0.2558
6 13 | 0.0662 | 0.1303
9 14 | 0.1271 | 0.2704
10 | 11 | 0.0821 | 0.1921
12 | 13 | 0.2209 | 0.1999
13 | 14 [ 0.1709 | 0.348

The process of GA to optimal allocation of DG is
shown in figure 2:
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Figure 2. Flow of optimal allocation of DG using GA

To obtain the optimal location of DG, the GA properties
are set as follows:

= Selection: Roulette Wheel

= Population = 40

» Number of DG unit = 3

* DG size - P =16 MW, Q =0.001 MVar
» Maximum iteration ( Generations) = 50

To study the impact of DG installation on the
system performance, the following two cases are
considered:

Case I Calculate the distribution network losses
and minimum voltage magnitude before
the DG installation. (Without DG)

Case 2: Repeat case 1 with the 3 DGs included
once its optimal location and sizing are
followed the properties. (With DGs)

The reason of using three units of DG is due to
the cost of installation issue. Since this test system is small
in size (14-bus), it is adequate to install three units of DG.

B.  Proposed Methodology
The binary GA is used to perform the

optimization to adjust 13 values of variables. Every bus
characteristic need to adjust is from bus 2 until bus 14, but

5

bus no 1 no need to adjust because of bus 1 is the
slack bus. The variable need to adjust is type of bus
which is 1 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
need adjustment.

To calculate the losses and voltage profile of
the system, the Newton-Raphson  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 1 (without DG), only use the Newton-
Raphson method program without adjust any bus data
to find the losses and voltage profile.

Then, for the Case 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 part are presented in two
parts, which is A. for losses and optimum DGs
location and B. for voltage profile.
A.  Losses and optimum location of DGs results
For the Case 1 which before DG installation,

the losses are recorded in table 3 after performs the
Newton-Raphson load flow method is shown below:

TABLE 3. TOTAL LOSSES BEFORE DGS INSTALLATION (CASE 1)

Line Flow and Losses
Power at Line Power at Line
Bus bus Losses Bus bus Losses |
fro fro |
m to MW MW m to MW MW
1 278.269 7 0
2 195.514 7.463 4 -28.962 0
5 82763 3,958 8 0 0
2 <217 36.783 9 28.962 0
1 -188.051 7.463 ] ]
3 72.939 2.791 7 0 1]
4 54.52 1.929 9 -29.5
5 38892 0.98 4 -16.369
3 =942 7 -28.962
2 -70.148 2.791 t]] 6.24 0025 |
4 -24.052 0.519 4: 9.591 0.169
4 418 10 -9
2 -52.59 1.929 9 6214 0.025
3 24.571 0.519 : -2.786. 0.01
35 -65.112 0.682 11 -3.5
7 28.962 0 6 -6.296 0.06
9 16.369 0 :} 2.796 0.01
5 7.6 12 0
1 -18 BOG 3.958 6 -10.787 0.28
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1
37912 0.98 3 4.687 1.09
4 65.794 0.682 13 -13.5
6 43.325 [ 6 -14.512 0.19
1
6 112 2 12 7.12
1
5 43325 a 4 14 6.189
1
i 6.356 006 14 -14.9
1
2 11.066 0.28 9 9422 0.169
1 1
3 14.702 0.19 3 5478 0.081
Losses 69.634 89.378
Total Losses =
(Bus Power - Line loses )
69.634 - 89.475 = 19.277T MW
(Case 1 : without DG)

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

DG allocation on randomly selected bus using GA

Losses (Pmw)
o
T
ol
vy
T

Figure 7: 20 data of DGs allocation on randomly selected bus using GA
and the losses (PMW)

From figure 7 above, the data has been recorded
about 20 times after executed using GA. It show that, the
result after install DG at bus 3, 8 and 14, produce
minimum total losses at 11.48 MW. That’s mean the DG
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 1) which has losses P=19.277 MW for the total
power losses in the system.

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

Cumrent best individusl

Hurnbes of eanables, x

Figure 8: the current best individual (bus selected) after perform
the GA.

From the bar chart, the best individuals to
reach above 0.5 are selected according to the
minimum losses produces after install the DG. For
the value less than 0.5 until negative integer are not
selected. To get the number of bus, the variable of ‘x’
at the x-axis must sum with 1. Example:

No.ofbus=x+1
If x=13

Noofbus=13+1=14 bus-14

According to figure and formulation above,
the best bus are selected is 3, 8 and 14. That is show
that the selected bus optimized both by GA 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 50™
generation after perform the GA tool programming is
show below in figure 9:

Best minumum losses = 11.47 MW

= Losses PMW
* data legend

125

H, losses Paaw

12t

18
]

Gansigton

Figure 9: losses produce up to 50™ generation
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In above figure, simulation show the losses has
reduced until reach the 50" generation after perform the
GA. Then the final value of losses is about 11.47MW at
bus location on 3, 8 and 14. From that figure, value of
losses has reach the minimum value and stop at 46"
generation according to detail data in the GA tool
programming. Below show the proved:

Fun solver
Use rendom states from previous run
St

Current generation: 46

Statur and ety Clear Statuy

GA tarminated.
Fitrvass function vaboe: 117714207 34563758
Qptimizstion tarminabed: sverage change in tha fitness value less than option:

Figure 8.0 : the generation has stop at 46™

B.  Voltage profile results

Figure 9 below show that the comparison of
voltage profile between Case 1 (without DG) and Case 2
(with DG) on bus 3,8 and 14.

985
%.5
945
05
%05
885
85
845
85
8035

01234678 OIONRBNM

Bus

=4 (ase ] (without DG}

~B=Case 2 with DG

Voltage profile 100%

Figure 9: Voltage profile comparison between case 1 (without
DGs) and case 2 (with DG).

Before DG installation (case 1) it shows that
reduction of voltage profile from bus 1 to bus 14. After
DG installation, it is appear that the voltage profile has
increased from 90.23% to 97.75%. The comparison table
for case 1 (without DG) and case 2 (with DG) are reported
in table 4.0 below:

TABLE 4. TOTAL LOSSES AND VOLTAGE PROFILE COMPARISON

TABLE 5. THE VOLTAGE MAGNITUDE AND ANGLE IN DEGREE
EVERY BUS BEFORE AND AFTER INSTALL THE DG.

Voltage profile without
DG Voltage profile with DG
Bus Case 1 Case 2 : on bus 3,8 &14
ne Voltage Angle Voltage Angle
Mag. Deg. Mag Deg
1 1 0 1 0
2 0.96 -6.747 0.992 -5.7
3 0.91 -15.885 0.98 -12.732
4 0914 -12.684 0.975 -10.134
5 0.923 -10.789 0.977 -8.716
6 0.889 -18.441 0.973 -13.731
2 0.902 -16.896 0.979 -11.754
] 0.934 -16.896 1.000 -10.15
9 0.877 -19.206 0.968 -13.676
10 0.87 -19.489 0.961 -14.031
11 0.875 -19.157 0.963 -14.039
12 0.852 -19.881 0.943 -14.78
13 0.873 -19.697 0974 -14.564
14 0.853 -20.881 1.000 -14.763

Casel: Case 2 : with DG on
Comparison without DG bus 3,8,14
Losses (MW) 19.277 11.47
Voltage
Profile (%) 90.23 97.75
Comparison of total loses and voltage profile between case 1 and case 2.

The detail of voltage profiles every bus before and
after installation the DG are summarize in table 5 below:

7

From table 5 above, show the comparison of
voltage profile in magnitude on each bus between
Case 1 (without DG) and Case 2 (with DGs, on
location 3,8 & 14). After installation of DGs in this
14-bus distribution system, the improvement of
voltage profile on each bus is increase and voltage
angle is decreased. That is proved that after
implement the GA the voltage profile become
improved and increased.

V1. CONCLUSION

This paper has presented an approach to solve the
optimal DG allocation and sizing problem using GA.
The effectiveness of GA was demonstrated and tested
through a numerical example.. The results show that
incorporating the DG in the distribution system can
reduce the total line power losses and improve the
voltage profiles. The proposed method was tested on
14-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 % and has improved the voltage profile from
90.23% 10 97.75 %.
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