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1. INTRODUCTION

Distributed generation (DG) is a method for improving the qualities of power systems in a
distribution area which employs small-scale technologies near to the end users to produce electricity. DG
technology offers a number of potential benefits and it often uses a renewable energy to produce electricity.
The lower cost and higher power quality and security offered by using DG including fewer natural outcomes
than the conventional power generators have resulted more research that are developing the best methods to
fully utilize it in the future [1]. DG is expected to be widely used in electric power system planning and
market operations, and is showing an important role with the demand for it increasing sharply over the years.
Therefore, to meet the rising demand, a more stable and reliable way is needed as economic and
environmental concerns have limited the construction of new transmission lines and power plants which may
result in voltage instability and power loss [2]. Optimization techniques over the recent years have shown
promising results in obtaining an optimal solution for power systems problems. Numerous researchers have
been developing new methods to solve various types of problems in power systems and the commonly used
method is Genetic Algorithm (GA) which is also similar to Evolutionary Programming (EP) [3-4]. However,
although it may show some results, a stand-alone methods may not give a significant result in finding the best
solution for overall power system problems Hence, the combination of an index with an optimization
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technique such as in [5] have been proposed for the enhancement of the method for the constrained
optimization problems. With proper information being fed into the optimization technique, an optimal
solution for location and sizing of DG which gives a significant difference in the distribution area is
achievable.

2. RESEARCH METHOD

Traditionally the distribution system is designed to operate with a unidirectional power flow and
only the transmission is designed for a two-way power flow. It is assumed that electric power always flows
from secondary winding of the transformers in the substations to the end feeders when it comes to planning
and operation. In [6-8], the authors stated that due to the integration of DG in a distribution network, the
network power flow has changed. Ever since the DG method was introduced, the distribution system has
become an active system with both energy generation and energy consumption at the load nodes. Therefore,
the hierarchical network design and its operation criteria should now be incorporated with bidirectional
power flows. The system changes from inactive to an active network with the integration of DG and affects
the reliability and operation of the power system network [9-12]. The optimal placement and sizing of DG
can improve the voltage stability and decrease power losses while a non-optimal placement and sizing of DG
can result in an increase in power losses, and thus affecting its voltage stability by making it higher than the
allowable limit. To enable reactive power compensation for voltage control and reducing losses, a correct
implementation of DG is needed to give a positive impact in the distribution system.

2.1. Different cases for DG unit implementation

Based on Table 1, different cases of DG problems provide different approaches to solving the
problem. In this study, Case 3 is considered where the DG units’ location and sizing are unknown and there
are five DG units to be installed in the system. For determining the location of the DG units, an index-based
technique will be used for finding the optimal solution to assess the voltage stability of the line so that
voltage collapse can be avoided when the DG units are installed. Then, GOA will be implemented to find the
optimal sizing of the DG units that has been installed to further enhance their performance by reducing the
power losses of the system.

Table 1. Types of cases in solving DG problems

Case Location Sizing Variable Remark
Casel 0 O O 1 1 1 x1, X2, x3 Known optimal sizing and determine the optimal location of DGs
Case2 1 1 1 0 0 O x1, x2, x3 Known optimal location and determine the optimal sizing of DGs
Case3 0 0 0 0 0 0 xl x2 x3 xd x5 x6 Optimal location and sizing need to be determined for

implementation of DGs

2.2. Placement of DG units based on FVSI

For the placement of the DG units, since the study focuses on the increment of reactive power load,
FVSI is used. Based on the author in [5], FVSI is sensitive towards reactive power load changes. Therefore,
FVSI is suitable in this study to calculate the point of voltage collapse of the system in order to determine the
location of the DG unit. The fast voltage stability index, FVSI [5] can be defined by:

41z12Q,

FVSI = 353 (1)
where:

X = line reactance

V4 = line impedance

Vi = sending end voltage

Q2 = reactive power at the receiving end

The reactive power load at every load bus is increased and power load flow is used to compute the
FVSI of the buses. The maximum loadability for each bus will be sorted in descending order with the
smallest value being ranked lowest and conversely. The highest rank implies the weak bus in the system that
has the lowest sustainable load. A number of weak buses from the ranking are selected depending on the
number of DG units to be installed. The process of the placement of the DG unit is shown in Figure 1.

Index-based transmission for distributed generation in... (Fareed Danial Ahmad Kahar)



246 a ISSN: 2252-8938
analysis without DG

Rank FVEl and sort it
in descending order

[ Select 5 recsiving buses from J

the top 5 wezsksst bus

i

compare all buses in the
selection for similar bus

‘

changs bus to the next
weakest bus

i

Suggest location for the DG
unit
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2.3. GOA for sizing of DG unit

Grasshopper optimization algorithm is a swarm intelligence algorithm that was recently
developed by [13-16]. GOA is a population-based technique that mimics swarms' conduct and social
interaction with a grasshopper. According to the research in [17-20], GOA managed to outperform several
algorithms that iares widely used around the world. The results show a satisfactory rate of exploitation by
GOA in solving unimodal test functions and exploring for multi-modal test functions is also intrinsically
high. GOA also correctly balances exploration and exploitation when solving composite test functions. In
addition, GOA has the ability to outperform several present algorithms in solving present and new
optimization issues. Currently, GOA is best suited for single objective problems but the research for
developing multi-objective problems has already beguan for better enhancements ion finding the global
optimum solution in the future [21-22]. Therefore, this algorithm can contribute into different optimization
problems in the real world and it also may be beneficial when tuning the main controlling parameters of
GOA. There are three forces that influence the position of each grasshopper. These are the social interaction
between the swarm and grasshoppers, gravity forces acting on the swarm, and the wind advection. The
mathematical model used for simulating grasshoppers' swarming behavior can be presented as follows [23]:

where X; is defined as the position of the i-th grasshopper and S;, Gi and A; represents the social interaction,

gravity force on grasshopper and the wind advection, respectively. From (2), the position of the grasshopper
can be derived and defined as follows:

X; = Z?’zlsﬂxj - x| i 6> + ue, 3)

To solve the optimization problem and prevent the grasshoppers from reaching the comfort zone
quickly, and so that the swarm does not converge on the target, from (3) can be modified as follows:

Xi=cX¥i,c (ubd; 1bd5(|x1{1 - xdex;ijxi) + Ty 4)

where ubg is the upper bound in the Dy, dimension, Ibq is the lower bound in the Dy, dimension, T is the Dy,
dimensional value in the target (the best solution found so far), and c is a decreasing coefficient for shrinking
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comfort zone, repulsion zone and attraction zone. Note that the wind advection is assuming the direction of
the wind is always towards the target (T,) and gravity is not considered (no G component). The coefficient ¢
will be reduced proportionally to the number of iterations for balancing the exploration and exploitation and
is calculated as follows:

cmax—cmin
— 7 ®)

c=cmax — 1

where cmax and cmin is the maximum and minimum value respectively while | indicates the current iteration
and L is the maximum number of iterations. In this work, we use 1 and 0.00004 for cmax and cmin
respectively.

The proposed mathematical model requires that grasshoppers gradually move towards the target
during iterations. Nevertheless, there is no target in a real search space because the main target, or the global
optimum, is unknown. Therefore, in each step of optimization, finding a target for grasshoppers is a must. In
GOA, the fittest grasshopper (the one with the best objective value) is assumed to be the target during
optimization. This will allow GOA to save in every iteration the most promising goal in the search space,
allowing the grasshoppers to push towards it.

Through creating a set of random solutions, the GOA starts the optimization. Search agents are
updating their positions on the basis of (4). In each iteration, the position of the best target achieved so far is
updated. Furthermore, the factor c is calculated using (5) and in each iteration the distances between the
grasshoppers are normalized in range of [24-25]. The position update is carried out iteratively until an end
criterion is satisfied. Finally, the best target position and fitness is returned as the best approach to the global
optimum. For the sizing of the DG, the algorithm is used and modified to suit the objective which is to reduce
the power loss of the system by determining the size of DG units to be installed in the power system [26].
Therefore, the power loss of the system is updated as the target for all the search agents to reach. As shown in
Figure 2, the process starts by initializing the swarm and then calculating the first fitness of each search
agent. The power loss is set as the target and factor c is updated using (5) as discussed above. The distance
between all search agents is normalized and the position of each search agent is updated. The search agent
that went outside of the search is then relocated and the calculation of fitness is done using the updated
information. The process continues until the maximum number of iterations has been reached and global
optimum is achieved. Therefore, the DG size is based on the position of grasshoppers at the target fitness.

Initialize the swarm
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power loss for each s2arch agent
+
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—— Update valus c
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*
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YES
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+
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+
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Figure 2. Flowchart of using GOA for DG sizing
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3. RESULTS AND DISCUSSION

This section presents the loss profile for before DGs are inserted and after DGs have been inserted
with the sizing done by the GOA algorithm. The test results using GOA will then be compared by using the
Evolutionary Programming optimization technique. The line voltage stability index, sizing of DGs and loss
profile by using both methods are observed and discussed. The test were all done on the IEEE 26-Bus RTS.

3.1. Behavior of GOA in finding optimal solution

The range of the parameter space is set from 0 to 1000 as shown in the search history in Figure 3. As
per the results shown in Figure 3, grasshoppers appear to eventually investigate the promising regions of the
search space and cluster around it when the global optima are found. In this IEEE 26-Bus RTS, this trend can
be observed. Such results show that exploration and exploitation are beneficially balanced by the GOA
algorithm to move the grasshoppers to the optimum region. Furthermore, the attraction between grasshoppers
can be observed as all the grasshoppers converge at one point which is the red dot. This is due to GOA's
adaptive parameter, which reduces the area of repulsion proportionally to the number of iterations. Therefore,
in the final stages of optimization, grasshoppers avoid local valleys in the initial stages of iteration and cluster
around the global optimum. The trajectory curves in Figure 3 indicate that in the initial steps of optimization,
the grasshoppers show big, abrupt changes. This is because of the high rate of repulsion that causes GOA to
explore the search space. It can also be seen that during optimization, the fluctuation gradually decreases due
to the adaptive comfort zone and the attraction forces between the grasshoppers. This ensures that the GOA
algorithm explores and exploits the search space and eventually converges to a point. Figure 3 shows the
average fitness of grasshoppers and convergence curves to support that this action increases the fitness of
grasshoppers. The curves clearly show a downward behavior on all reactive load increment. This shows that

GOA increases the initial random population and, in the course of iterations, improves the precision of the
estimated optimum.
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Figure 3. Behavior of GOA on different reactive load increments of (a) 0 MVAR, (b) 18 MVAR,
(c) 36 MVAR, (d) 54 MVAR, (e) 72 MVAR and (f) 90 MVAR (continue)
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Figure 3. Behavior of GOA on different reactive load increments of (2) 0 MVAR, (b) 18 MVAR,
(c) 36 MVAR, (d) 54 MVAR, (e) 72 MVAR and (f) 90 MVAR

3.2. Application of the proposed method

3.2.1. Location suggested using FVSI

Table 2 shows the weakest lines in the power system using the calculated FVSI which indicates that
line 1 to line 5 is the top five weakest lines in the power system. Therefore, the location of the DG inserted is
at the receiving end of the line since the DG should be located near to the end user to enhance the voltage

stability of the system.

Table 2. Five weakest line selected using FVSI

Transmission Line

Quoao (MVAR) Line 1 Line 2 Line 3 Line 4 Line 5
0 0.0972 0.0939 0.0867 0.0839 0.0829
18 0.1923 0.1771 0.1740 0.1638 0.1466
36 0.3283 0.2761 0.2553 0.2550 0.2427
54 0.4947 0.3819 0.3694 0.3453 0.3405
72 0.6864 0.5341 0.5069 0.4861 0.4535
90 0.9081 0.7978 0.7449 0.6634 0.6277

3.2.2. Loss profile using optimization for DG sizing

The test is done by adding the reactive power load accordingly to all load buses of the test system.
As shown in Figure 4, the power loss curve before inserting DGs is quite high and it increase proportionally
when the reactive load is increased. In contrast, when inserting DG by applying the optimization technique
for the DG sizing, it shows a significant difference from before the insertion of DGs into the system.
However, although the GOA algorithm achieves the lowest total power loss of the system, the gap with the
EP optimization technique is not that significant. The GOA and EP curves of the loss profiles are slightly off
to each other. In Table 3, the average difference of the loss profile for GOA and EP is just under 2 MW.
Therefore, GOA still gives the lowest total loss by estimating the best DG size to be inserted into the power
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system. For DG size, the higher the reactive load increase, the higher the overall average size of the DGs.
This can also be referred to Figure 4 at the search history of the grasshopper where the higher the increment
of the load, the higher the point at which the grasshopper will converge and cluster around. Based on the
observation made for the sizing of DG between GOA and EP, the size of the DG for both methods has
around 100 to 200 MVAR range of difference on average. Nevertheless, the total loss from the given sizing
of both methods are not too far off from one another. Hence, both methods show promising results in finding
the right sizing of the DG unit but GOA gives the best global optimum result in total power loss for all load
increments.

Table 3. Sizing of DG and the loss profile

Quoap (MVAR) 0 18 36 54 72 90
Before DGs 15.14 20.62 30.84 46.89 71.99 118.65
Loss Profile (MW) GOA 13.80 16.37 20.54 31.33 41.02 50.33
EP 13.81 17.27 21.66 32.13 42.10 53.47
DG, 52.21 39.40 66.64 86.93 111.10 114.07
. . DG; 28.10 108.70 199.40 242.80 181.30 440.11
Size Of(i)AGV”ASg;g GOA DG; 99.28 68.91 325.60 100000 34160  542.75
DG, 138.70 192.00 118.10 235.10 391.50 324.40
DGs 45.3 92.27 169.00 133.70 284.10 186.70
DG, 52.52 22.78 46.67 125.90 125.90 89.17
Size of DG using EP DG; 22.89 138.20 267.90 246.80 199.60 569.90
(MVAR) g DG; 131.90 6.36 450.80 886.20 319.00 565.70
DG, 126.20 337.20 127.80 195.90 629.00 126.40
DGs 37.47 139.90 110.90 162.80 126.40 329.00
Loss Profile Before insert DGs ——Loss Profile GOA Loss Profile EP
140
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Figure 4. Loss profile for before and after inserting DGs using GOA and EP

4. CONCLUSIONS

This paper has presented the index-based transmission for distributed generation in voltage stability
and loss control incorporating optimization techniques. It can be concluded that the GOA provides a slightly
better result compared to the EP optimisation technique for the IEEE 26-Bus RTS. The proposed index-based
technique using FVSI provides adequate information in determining the location of DGs throughout the
system in order to maintain its stability of voltage and prevent a collapse. The result shows that this technique
is able to perform well for the finding a solution for the optimal location and sizing of DG units.
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