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ABSTRACT

This paper presents the embedded flower pollination
evolutionary programming-based technique for voltage
stability enhancement with distributed generation installation.
In this study, a new technique is developed which combines
the element of flower pollination into the general evolutionary
programming algorithm. The aim is to enhance the voltage
stability in power system with the presence of distributed
generation. The proposed technique was validated using the
IEEE 33-Bus Distribution System. Results obtained from the
study revealed that the proposed technique is better than EP in
terms of optimizing the sizing of DG and location.
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1. INTRODUCTION

Increasing loading condition in a power system network had
driven the power system operating close to its stressed
condition leading to unfortunate power contingencies
occurrences such as power system collapse. There are several
aspects that may lead into a power system collapse. The
impact of voltage stability in a power system stability can be
taken into consideration as it is very crucial to prevent the
power system from voltage instability while ensuring
maximum loadability could be deliver to user [1]. For this
study purposes, in order to optimize the maximum voltage
stability value, distributed generation was injected at
appropriate location with certain power sizing (MW) in order
to boost that power system efficiency [2]. Voltage stability
studies was becoming crucial as power system had to operate
near stability constraint in order to save the investment cost.
While the maximum voltage stability value is calculated line
by line and any out of range value could become major
problem in power system stability. The main purpose of
distributed generation installation serves as maintaining
acceptable voltage range during normal condition and
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disturbance occurrence [3]. Voltage instability could occur in
conjugate to contingencies occurrence beforehand thus
making it crucial to have the owverall voltage stability
monitored in a power system [1]. In accordance with the
IEEE power system committee standard, voltage stability is
also defined as the ability of power system in maintaining the
stability range of the voltage when load admittance is
increasing in the power system consulting in increasing the
overall loading condition of power system thus resulting in
making the power and voltage both controllable [4].

This paper presents the embedded flower pollination
evolutionary programming-based technique for voltage
stability enhancement with distributed generation installation.
By using the combination technique of evolutionary
programming and flower pollination algorithm the maximum
FVSI value during maximum loading condition was evaluated
and the most stable index value after placement with suitable
DG sizing was obtained. Validation was conducted on the
IEEE 33-Bus Radial Distribution System (RDS) and results
revealed that the proposed technique outperformed EP in
terms of voltage stability enhancement. Larger test system
can be the future test system using the similar proposed
technique.

2. METHODOLOGY

This section presents the research methodology of the study
including the literature study regarding the general power
system and the computational methods. There are two types
of voltage stability in small disturbance voltage stability
analysis, which are known as the static voltage stability and
dynamic voltage stability however in this project, static
voltage stability was chosen as it contained a load flow
equation for simulation purposes [5]. In calculating the
voltage stability of power system, fast voltage stability index
(FVSI) method was proposed by Musirin et. al [6]. The
voltage stability index margin ranging from zero until one.
The FVSI implies a stable system at its minimum value, close



to zero; while its value close to 1.0 implies an unstable
condition. FVSI can be mathematically expressed as in (1).
While formulating the expression, several assumptions
mentioned in (2) are taken into consideration.

47°Q,
VX 1)

sind =0,c0s6 =1, Rsind =0, X cosd = X

2.1. Distributed Generation

FVSI =

()

Distributed generation is also known as on-site generation /
dispersed generation / embedded generation or decentralized
generation [7]. DG main purpose was to solve power system
quality problem by improving system efficiency, eliminate
high cost peak load voltage profile, reducing system losses,
system continuity and reliability by contributing active and
passive power into the system [8]. However, some studies
also shown the opposite scenario which indicate that the
installation of DG could increase problem with the power
quality in power network [9]. Systematic planning strategies
are important in allocating DG unit so power system will not
be facing further increase of system losses which include high
network capital and operating cost aside from decreasing the
network losses and increasing the power quality supply
[3][10]. There are several methods and formulation involved
in finding the most optimum placement and sizing of the
distributed generation including analytical tools and also
heuristic optimization methods. In finding the most suitable
location for DG placement, some of the most common
strategies are by assessing the power losses parameter in
system or based on the voltage bus index stability [11] which
may be achieved by using evolutionary computational
technique yet for the purpose of analysis in this paper,
randomize location and sizing of DG was done and overall
voltage stability value was calculated using each injected
power by this DG which eventually resulted in the lowest
possibly voltage stability value.

In determining the best location and sizing for DG
considering the maximum loading condition, optimum
location and sizing variables were randomized and total
maximum voltage stability index (FVSI) was calculated from
each randomized value which in eventually the lowest of the
voltage stability value was considered in obtaining the
optimal placement and sizing of DG.

In this study, supposedly renewable energy sources were used
as distributed generation in the system analysis. For that
assumption made for all four DGs in the analysis were used in
this study was solar thermal type. Since the emerging of solar
farm technologies around the globe student used this type of
DG in the study with the power range for these solar farms
were set to 50MW for all four types of DGs.

2.2. Computational Technique

In enhancing the voltage stability margin, computational
method was introduced in calculating the lowest possible
maximum voltage stability index (FVSI) in conjugate to the
optimal placement and sizing of installed DG. In previous
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studies, several optimization techniques have been
implemented to solve optimal DG allocation problem such as
Bee Colony Optimization (BCO) [12] and Ant Colony Search
Optimization (ACO) [13]. In this study, the main
optimization technique used is embedded evolutionary flower
pollination algorithm, that introduces the combination of
evolutionary programming and flower pollination algorithm
for optimizing the FVSI. Comparison between the embedded
technique and existing evolutionary programming-based
technique was made to justify the most effective technique
used between the two methods.

2.2.1. Evolutionary Programming

Evolutionary Programming (EP) is a population-based
metaheuristic optimization search technique that is a part of
Evolutionary Computation technique. This technique uses the
optimization process is the development or adjusting any
fitness to improve it using a mathematical procedure that will
search for minimum and most optimum value. It was
commonly used to solve problem involved complicated
constraint and design parameter [14]. Evolutionary
programming is a more robust approached stochastic
optimization technique. This technique use a global
multiagent minimization method [15] in finding the optimal
solution using initial random guess or by creating numbers of
population over the numbers of iterations which eventually
set by the limit margin of proposed optimized criterion [16].

Initialization process where the population for the variable of
placement and sizing of the installed DGs was generated
randomly before running the load flow for the 33-Bus system
and maximum loading condition value was injected into the
system to obtain the maximum FVSI value. For fitness 1,
each data for location and sizing were obtained from the
initialization process and the value for the FVSI should be the
same. During mutation process of the 20 new individuals,
offspring, which is the latest variable value were generated
from the parent, fitness 1 value using these equations (3) and

(4):

X
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where,

Xi+m = offspring

Xij = parent

N(1,6°) = Gaussian random variable with mean p and
variance o

£ = mutation scale. 0< £ </ which can be adjusted for more
accurate result

Xjmax = maximum value of random number for each variable
Xjmin = minimum value of random number for each variable
f, = fitness for the i" of randomize number

fmax = maximum value of overall fitness



Mutated offsprings and parents were then combined and gone
through selection process depending on the smallest
maximum voltage stability value which 20 best value from
the selection process was chosen depending on the ascending
voltage stability value.

For this project the convergence criterion of the voltage
stability index was set to be less than 0.00001 so the accuracy
of result was more precise.

2.2.2. Flower Pollination Algorithm (FPA)

Flower pollination algorithm and evolutionary programming
both are known as the stochastic technique. The rules for
formulated the flower pollination is a modern optimization,
the evolutionary technique based on the characteristic of
flower pollination mechanism was inspired by nature that
effectively deal with continuous combination problem
[17][18].

In this technique, it is inspired from the flower pollination
concept and related to reproduction via pollination which
involved the transfer of pollen, the following are the
characteristic of flower pollination algorithm characteristic
[19][20]:

e Cross pollination and biotic is a global process of
pollination which the pollinators carry the pollen and
was performed by Levy flights

o Self-pollination and abiotic are the local pollination
technique.

o Flower constancy is the reproduction probability that
proportional to similarities of two flowers involved.

e In terms of controlling between the local and global
pollination, the randomized switch probability was
used which is [0,1].

Flower pollination concept and equation involved was
embedded into the evolutionary programming solution in
order to optimize the overall result. This project however also
includes the concept and formulation of the local and global
pollination in generating converged output solution and the
probability switch value used classified solution into either
the global or local pollination was 0.8. Maximum and
minimum set point for each parameter was also set so the
pollinated value will not search off the range limit. Equations
used in the analysis study are listed as follow:

As for global pollination, flower pollen is carried by
pollinators which may travel over long distance and this rule
is represented mathematically using (5) and (6):

Xit=X{+L(2)(X!-B) ©)

where;
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X =" pollen at t™ iteration.

B = current iteration best solution

L(4) = parameter correspond to the strength of pollination or
the step size

Levy flight also can be used to imitate this characteristic,
from that we use the Levy distribution formulation which
used in any flower pollination technique:

AF(A)sin(ﬂ;j 1

T S 1+A

(6)

LD (S0 S,>0)

Local pollination process can be modelled as expressed in (7).

Xi =X +U (X - X)) (7)

2.2.3. Summary

Several studies had shown combination artificial intelligent
technique of flower pollination algorithm with other artificial
intelligent techniques [21][22] which eventually each will
have different types of objective function and constraints so
does the overall performance of these combination techniques
[23] for this paper, flower pollination concept and
formulation used was embedded into evolutionary technique
and the overall performance was recorded, evaluate and
compared with the evolutionary programming technique.

Figure 1 shows the flow graph of overall step involved by
using the Evolutionary programming solution in optimizing
the overall voltage stability for the IEEE 33 bus system. The
proposed embedded flower pollination evolutionary
programming is shown in Figure 2.

Flower pollination algorithm concept and equations are
embedded into the original algorithm of the evolutionary
programming technique as seen in Figure 1. This embedded
technique used the global and local pollination formula in
generating the new solution which is fitness 3 from data
fitness 1. The data gathered from fitness 1, fitness 2 and
fitness 3 were then combined and the best optimization result
among the overall data will be displayed.

Figure 3 shows the single line diagram of a 33-bus
distribution power system. This system has 32 connecting line
between the buses with single slack bus and 32 load bus.
Maximum loading condition was added at bus 10 which
slightly further from the power source and located in centre of
the distributed system and any insignificant instability could
possibly affect the overall power system more than the one
located further from generating source supply.
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Figure 2: Flowchart of the proposed optimization technique
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Figure 3: Single-Line Diagram of IEEE 33-Bus RDS

3. RESULT AND DISCUSSION

Evaluating the overall voltage stability after DG installation
was conducted, R2017a version MATLAB software was used
to simulate the IEEE 33-bus RDS. Finalized simulation
resulting in optimal placement and sizing of DG with better
voltage stability value was recorded and compared which
fulfil the objective of the project analysis.

voltage stability vs load increament
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Figure 4: voltage stability vs load increament

Figure 4 presents the increment of FVSI value as the load
was increased at bus 10. Voltage collapse could occur when
the FVSI value had reach peak value of voltage collapse
point at 1. The maximum value of load increament before the
voltage collapse in the system takes place was recorded at
155 p.u. Maximum voltage stability point value was
recorded at 0.9161 p.u. before voltage collapse. In order to
find the best optimized voltage stability, reduction of initial
voltage stability value towards 0 must be done. Maximum
loading condition was used throughout the analysis prior to
monitoring the difference in voltage stability value before
and after distributed generation was installed.



Iterations vs number of DG installed
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Figure 5: Comparison graph on the number of iteration with
different computational method used

Embedded evolutionary flower pollination algorithm method
was better in term of number of iteration compared to
evolutionary programming as the search in the embedded
method, the parent were mutated and pollinated before the
three set of data were combined to get a better convergence
rate. For the embedded evolutionary pollination algorithm,
the iteration rate eventually become smaller with higher
number of DG installed as the search area was bigger so
smallest maximum FVSI value could be calculated was
easier.

Tabulated data in Table 1 was collected using evolutionary
programming method with installed distributed generation
power value ranging from OMW until 50MW. Increasing
number of DG installed did show a decreasing value of
maximum FVSI which eventually improve the voltage
stability of power system however the computational time for
bigger number of DG installed take much longer than smaller
number. However, more number on DG installation might
affect the overall system performance so limitation on DG
added was up to 4 DG only for this analysis. With initial
FVSI of 0.9161 it gradually lowered with the installation of
DG units which varied from 0.8857, 0.8779 and 0.8722 p.u
showing that the distributed system become more stable with
more DG unit installation.

Table 1: Comparison of number of DG installed with the value of
maximum FVSI calculated using EP

Number DG location DG sizing  Max Elapsed
of DG (bus number) (MW) FVSI time (s)
installed (p.u)
20 24.4247
2 10 23,9005 0.8857  12.9062
26 0.7934
3 28 34.4228  0.8779  13.3438
6 43.4142
26 34.4228
28 43.4142
4 6 31.4772 0.8722  16.5078
2 36.8112

Table 2 tabulates data gathered from embedded evolutionary
programming method in calculating the optimal placement
and sizing of the in conjugate with the optimized voltage
stability index, FVSI value. Comparing to the value gathered
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from table 1, the data for two DG placement and three DG
placement shown a quite differ value as the embedded
method was quite unstable as different set of value could be
obtained in the first two computation process. Based on table
1 the DG placement were quite similar for three and four DG
placement however by using this technique the different and
most optimized DG placement could be found for two and
three DG placement. This method however did show different
value for each computation, so the most frequent results were
used in tabulating the finalized data. Yet this method shown
almost the same value, iterations and computational time for
four DG installed.

Table 2: Comparison of number of DG installed using embedded
evolutionary programming method

Number DG location DG sizing  Max Elapsed
of DG (bus number) (MW) FVSI time (s)
installed (p-u)
30 40.6007
2 28 40.9514 0.8849  15.8584
18 25.9029
3 12 21.5411  0.8707 14.6332
20 12.9408
26 34.4228
28 43.4142
4 6 31.4772 0.8722  15.8510
2 36.8112

Based on Figure 6, the maximum FVSI value is better using
the embedded evolutionary flower pollination algorithm as
compared to the evolutionary programming itself. The
maximum value was slightly lower for two DG installed
however it shown quite differ during three DG installed into
the power network. The embedded evolutionary flower
pollination algorithm however had quite unstable result for
the first time running as compared to evolutionary technique
which had the same result for each computation. However,
with greater number of DG installed the system had better
stability on the convergence rate.

Comparison on the computational time taken between each
artificial intelligence methods to complete each load flow
calculation was also recorded as in Figure 7. The time taken
for EP had a constant increasing rate comparing to the
embedded evolutionary flower pollination algorithm. The
embedded method however shown quite unusual value and
quite unstable for time evaluation as each time the load flow
was calculated the time might differ so the most frequent and
similar in time computation were recorded in the result data.
The time taken for embedded evolutionary programming did
show a higher value as this method had more lines to read
during running the load flow compared to the EP.
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Figure 6: Comparison on the maximum FVSI value between
evolutionary programming and embedded evolutionary flower
pollination algorithm method

computational time vs number of DG installed
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Figure 7 : Comparison on the computational time taken between
evolutionary programming and embedded evolutionary flower
pollination algorithm method

4. CONCLUSION

This paper has presented the embedded flower pollination
evolutionary programming-based technique for voltage
stability enhancement with distributed generation installation.
Comparative studies between the technique Evolutionary
Programming and Embedded Flower Pollination Evolutionary
Programming were conducted. The computational between
the two methods were quite different in term of evaluation
and computational performance. The analyzed data show that
the embedded flower pollination evolutionary algorithm had
better finalized result for the voltage stability index and
iteration rate for the system to converge however it is quite
unstable as the final output did have slightly difference in
value during the first and second time running. In the nutshell
this project had shown a successful comparison result
between the two-method used in optimizing the voltage
stability index by installing distributed generation in the 33
distributed bus system power.
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