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Abstract

Integration of Distributed Generation (DG) has become one of the popular research interests in power system. DG used
small-scale technologies to generate electricity near to the consumer and the size is normally small, range from 50 MW to
100 MW. However, in order to integrate DG into the power system distribution, it is very crucial to consider several
factors such as location, size and the number of DG to maintain its benefits. This paper proposes comparison of three
techniques for optimal placement of DG in distribution system. The optimal placement was done using Evolutionary
Programming (EP), Ant Lion Optimizer (ALO) and Loss Sensitivity Factor (LSF) to minimize the power losses in
distribution system. These techniques were tested in three conditions; base case (without loading increment), 50% loading
and 100% loading to observe the performance of the techniques in various phenomena. The test was conducted using
IEEE 10-bus radial distribution system and the result shows that the integration of DG does minimize the power losses
with ALO provides the most promising results.
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1.Introduction On the other hand, microturbines are not

|ntegrati0n of DG in power System has become one enVironmenta”y sustainable since they prOduce toxic
of the main interests for researchers. This is because emissions. However, this drawback can be eliminated

DG can provide a lot of advantages to the system by using PV and wind turbine DG as they produce

such as improving the voltage profile, minimizing
real power loss, enhancing the reliability as well as
power quality [1] and at the same time a long
distance transmission of electricity can be avert [2].

There were many definitions of DG that can be found
in literature [3—6], but according to International
Energy Agency (IEA), DG can be defined as an
electrical source that is directly connected to the
distribution network in order to supply and sustain
the distribution network to a local customer [7].
There are few numbers of DG technologies that are
commonly used such as diesel generators,
microturbines, solar DG (PV), wind power,
hydroelectricity and fuel cells. The most prominent
DG technology is diesel generator because it is
convenient in standalone operation.

*Author for correspondence
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clean emission [8]. All these DG technologies can be
classified into four types as follow [9]:

Typel: Inject only active power (P) — Fuel cell, PV
and wind turbine.

Type2: Inject active (P) and reactive power (Q)-
Synchronous machine in gas turbine.

Type3: Absorb only reactive power (Q)-
Synchronous Compensator

Type 4: Inject active power (P) and consume reactive
power (Q) — Induction generator used in wind farms.

Since DG integration can provide a lot of advantages
for power system, a good planning should be
imposed in order to avoid severe impact to the overall
system. Vigorous integration of DG may affect the
grid stability and power system quality [10]. Apart
from that, improper planning may also lead to voltage
flicker, over voltages, excessive power losses,
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increase short circuit current [8] and a risk of
reclosing out of phase, which will damage the
adjacent loads and feeders of the distribution system
[11].

Thus, the main objective of this research is to optimal
allocate the DG in distribution system using three
approaches, EP, ALO and LSF to minimize the
power loss of a radial distribution system which
given by following equation [12]:

f(x) = min( Z:lzbgs Pioss) 1)
Which subject to following constraint:
0.95pu < Vi <1.05pu 2
Ppemin < Ppe < Ppgmax 3)
0<Prps<l1 (4)

2.Literature review

A proper planning in terms of sizing and placement
of DG in distribution system is a crucial process to
avoid severe impacts and to ensure the performance
of distribution network. There are many technigques
were proposed in literature for optimal placement and
sizing of DG.

These techniques can be categorized into 4 groups
which are the classic approaches, sensitivity analysis-
based approaches, metaheuristic-based approaches
and hybrid approaches [8]. Classic approaches such
as mixed-integer linear programming and mixed-
integer non-linear programming was proposed in
[13-16] to minimize the cost, power losses and
improve voltage stability. These approaches are easy
to implement and computationally efficient.
However, it requires certain decision variable and
also can lead to inaccurate solutions [17]. On the
other hand, sensitivity analysis is a technique which
used to find a proper location of DG based on
sensitivity index. This approach will find the most
sensitive location to place the DG. It also requires
small computation time but the extent of the
solution's optimality is unknown [8].

Due to these limitations, the metaheuristic-based
approach has become the popular technique used by
researchers to find the optimal location and sizing of
the DG. Techniques such as Genetic Algorithm (GA),
Particle Swarm Optimization (PSO), Tabu Search
(TS), Ant Colony Optimization (ACO), Cuckoo
Search (CS), Evolutionary Programming (EP) and
Ant Lion Optimizer (ALO) can be categorized as
metaheuristic-based approaches.

The interest of metaheuristic approaches is because it
does not require precondition in objective function
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and very efficient in solving optimization problems
[18-22]. Despite these benefits, it has the
possibilities to trap in local optima instead a global
one [8]. This paper presents the comparative study
which intends to perform an analysis of the
performance comparison in terms of power loss
minimization between three different methods; loss
sensitivity technique (analytical), EP and ALO (meta-
heuristic) under various situations. The rest of this
paper is organized as follow; in Section 2, all
techniques used are discussed. While in section 3,
result from simulation using all these techniques in
various situations are presented and analyzed.
Eventually, the conclusion is presented in Section 4.

3.Methodology

In this section, the three techniques used for optimal
placement of DG in distribution system are discussed
as follows. The objective of this research is to
minimize the power loss of a radial distribution
system using EP, ALO and LSF.

All the techniques will be tested under three different
cases: base case, 50% loading and 100% loading.
Type 1 DG is chosen since it is one of the fastest-
developed technologies providing the most assured
energy sources [23]. The algorithm was run by using
MATLAB R2020a software with 1.6 GHz Dual-Core
Intel Core i5 processor.

3.1Loss sensitivity factor (LSF)

The LSF is a technique based on loss change with
respect to generation increment [24]. This technique
determines the best bus candidate for DG allocation.
The search area and time consumption can be
reduced through this approach where the highest
index will indicate the best location for DG
installation.

This technique can be represented by the following
equations in terms of real and reactive power
respectively [12]:

— Pl%ss_PlIi)ss
LS = =, ()
— Ql[f)ss_QllZ)ss
LS, = YT (6)
Where:
LS, : Loss sensitivity at k-th bus

Real and reactive power losses
before generation incremen
Real and reactive power losses
after generation increment
Generation increment or DG’s
injected power

b b
Ploss1 Qloss
a a
Plosm Qlosss

APk! AQk
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Pre load flow simulation was run to obtain the value
of losses before DG integration. After installation of
DG at k-th bus, post load flow was run to obtain the
value of losses after DG integration. This process will
be repeated until all busses have been tested. The bus
with the highest loss sensitivity index will be
designated as a priority bus for DG integration.

3.2Evolutionary programming (EP)

EP is one of the members of Evolutionary Algorithm
(EA) under Artificial Intelligence (Al). This
technique mimics the natural evolution and genetic
algorithm [25]. It consists of four main parts which
are, initialization, mutation, combination and
selection. Figure 1 presents the flow chart for overall
process of EP.

The population is first initialized randomly and the

fitness for each solution is then calculated based on
objective function, in this case, power loss

Generate initial population

'

Calculate fitness (Parent)

v

Mutation

minimization. This fitness will act as parent before
being evaluated to the next step.

In mutation process, Gaussian distribution is used to
generate the random number to be added to the parent
(y;) to obtain offspring (y;) by using the following
equation [25] :

yl =y;+ N(0,0?),fori=12.....n )

where N(0,07) represents a Gaussian random
variable with mean 0 and standard deviation oi.

Next, the parent and offspring are combined. The
selection is then conducted to obtain the best
candidates from parent and offspring based on the
fitness quality. This process will be repeated until the
termination condition is reached.

A

v

Calculate fitness (Offspring)

|

Combination (Parent + Offspring)

v

Selection of the best fitness

'

Iteration> Max

No

l Yes

Figure 1 Evolutionary Programming algorithm
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3.3Ant lion optimizer (ALO)

ALO is a nature-inspired algorithm that was
developed by Mirjalili in 2015 [26] which mimics the
hunting behaviour of antlions in nature. Originally,
the word antlion was taken from the unusual hunting
activity of their prey, ants. Through its extensive jaw
to trap their prey, antlions can dig sand into cone
shaped as a trap. This cone shape was achieved by
tossing out sand in a spherical shape. Until the trap is
ready, while waiting for their prey, they will hide at
the bottom of this cone-shape trap. This cone has
been made sharp enough that it is easy for the prey to
slip to the bottom of the pit.

Initialization
population of ants and
antlions randomly

Calculate the fitness of
ants and antlions

i

Find best antlions = Fy.
Fhest = Fenite

/\ws

Not all prey would fall instantly to the bottom of the
pit, as this prey is going to try to escape. Antlions can
throw sand at the edge of the trap to ensure that this
prey can be trapped, making the prey slip down to the
bottom of the trap. If the prey is captured, the prey
will be dragged under the soil and devoured by
antlions. The leftover is thrown out of the pit, and the
antlions are ready for the next search by modifying
the pit. The overall algorithm for ALO is presented in
Figure 2.

>max

Select antlion using Roulette wheel
Update ¢ and d

Update the position of ant

Create a random walk and normalize

]

Ant counter = Ant counter +1

Calculate the fitness of all ants
Replace antlion with correspond ant
and become F,...

H Update F e |

End -

Figure 2 Ant lion optimizer algorithm

The optimal placement of DG starts by loading the
data that is going to be used. After the data was
loaded, the initialization will be done randomly to
generate the population of ant and antlions based on
the following equations:
X(t) — [0, cumsum(2r(ty) — 1, cumsum(2r(t,)
—1,....,cumsum(2r(t,) — 1]

239

(®)

_ (1 if rand > 0.5
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Next, the fitness for each ant and antlion will be
calculated based on desired objective function. The
fitness then will be ranked, and the uppermost fitness
will be the best fitness and is set as Fye. The antlions
correspond to this Fne Will be treated as elite.

Afterwards, the iteration will start until the
termination criterion is reached. For each ant, the
antlions will be selected using Roulette-Wheel
selection, followed by the update process of ¢ and d
parameters using the following equations:

c

Ct = T (10)
t_d
Antlion} = Ant} if f(Ant}) > f(Antlion))
(12)

Then, the random walk will be created using equation
(2, 3, 1) and normalized via the following equation:

t t
xp = Bmecal (13)
Next, the position of ant will be updated and this
process will be repeated until the maximum number
of ants is reached. The fitness for all ants will be
calculated and comparison is done such that every
antlion will replace the corresponding ant if it is fitter
(in terms of fitness quality). Again, this fitter antlion
then will be updated to replace the previous elite
antlion if it is fitter. The overall process will be
repeated until the maximum iteration is reached.

4.Result and discussions

In this section, the result obtained for loss
minimization is presented. There are two techniques
that have been utilized to observe the performance on
power loss and voltage profile which are the EP and
ALO. These two algorithms have been utilized to
minimize the power losses for IEEE 10-bus radial
distribution system. Comparison with LSF is
presented to observe the performance of the
metaheuristic algorithms. There are four situations
which are:

1. Casel : Base case (no load increment)
2. Case? : 50% of maximum loading
3. Case3 : 100% loading
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4. Overall performance

4.1Case 1: Base case

Single type 1 DG was chosen in this study and pre
load flow was run to obtain the power loss without
DG integration, which is 0.04840 MW. Table 1
tabulates the power loss for IEEE 10-bus radial
distribution system after the implementation of EP
and ALO.

From the table, it clearly shows that after DG
installation, the power losses have decreased
significantly for all buses and for both algorithms.

The result also shows that when DG was installed at
bus 8 using EP, the power loss reduces to 0.01593
MW, which is 67.08% decrease. The lowest
improvement on power loss is at bus 2 with only
18.91% decrease. This shows that by installing DG at
bus 8 with EP implementation, the power loss can be
minimized significantly compared to other buses.

The implementation of ALO also shows power loss
minimization at all busses. The losses decrease
significantly with the integration of DG into the
system. As in EP, bus 8 shows the highest
improvement in terms of power loss with 69.32%
decrease (post-loss of 0.01485 MW). Bus 2 still
records the lowest improvement of 19.33% decrease.

Hence, it is clear that bus 8 is the optimal location for
DG placement according to both methods, i.e. EP and
ALO. In addition, this result also justifies that the
placement of DG in 10-bus radial distribution system
promises an improvement on the real power loss.

On the other hand, Figure 3 presents the graphical
comparison of power loss as produced by EP and
ALO. From the figure, it shows that the power loss
decreases as the order of the bus number increases,
and this is true for both methods. However, the ALO
gives better result of power loss compared to EP for
all buses. This finding justifies the benefit of using
ALO over EP in DG placement problem. Table 2
summarizes the power loss minimization obtained
from EP and ALO.
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Table 1 Real power loss (Pjss) and percentage of losses reduction (APy) for individual placement of DG — IEEE
10-bus system, base case

Ploss (MW) APIoss (%)

EP ALO EP ALO
Without DG 0.04840 0.04840 - -
2 0.03925 0.03905 18.91 19.33
3 0.03228 0.03149 33.30 34.94
4 0.02596 0.02490 46.36 48.56
5 0.02134 0.02012 55.92 58.43
6 0.01824 0.01698 62.32 64.92
7 0.01671 0.01551 65.48 67.96
8 0.01593 0.01485 67.08 69.32
9 0.01628 0.01539 66.37 68.20
10 0.01758 0.01695 63.68 64.99

Table 2 Power loss comparison with implementation of EP and ALO -base case

Algorithms DG Location (Bus) Poss (MW) Improvement (%)
EP 8 0.01593 67.08
ALO 8 0.01485 69.32
Ploss for IEEE 10-Bus System Using EP and ALO (Base Case)
EEP mALO
0.06
0.05
0.04
S
~ 0.03
[72}
]
o
0.02
0
Without 2 3 4 5 6 7 8 9 10
DG

DG Location (Bus)

Figure 3 Improvement in power loss using EP and ALO - base case

4.2Case 2: 50% of maximum loading

In order to observe the performance of EP and ALO
in various condition, second test was conducted by
increasing the loading to 50%. The same type-1 DG
were installed to observe the overall performance.
Table 3 demonstrates the result of power loss after
EP and ALO implementation. The pre-load flow was
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run to obtain the value of power loss without DG
integration, which is 0.06088 MW By increasing the
load, the power loss has slightly increased. After the
DG integration, however, the loss has been reduced
significantly either using EP or ALO. The result from
Table 2 justifies that by installing DG at any busses,
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there will be a reduction on the magnitude of the
power loss.

The result also shows that bus 8 is the best location
for DG placement using EP and ALO, where both
methods yield to 54.08% and 55.83% power loss
decrease respectively. Once again, the ALO has
outperformed EP by providing a better result.

Figure 4 presents the graphical comparison of power
loss resulted from EP and ALO implementation.

From this chart, it shows that the power loss
decreases as the order of the bus number increases
based on both methods. It is obvious that the ALO
gives better result of power loss compared to EP.
This finding justifies the benefit of using ALO over
EP even the loading is at 50% of the maximum.
Table 4 summarizes the power loss minimization
obtained from EP and ALO at 50% loading.

Table 3 Real power loss (Ploss) and percentage of losses reduction (APloss) for individual placement of DG — IEEE

10-bus system, 50% loading

Ploss (MW) APyyss (%)

EP ALO EP ALO
Without DG 0.06088 0.06088 - -
2 0.05386 0.05148 11.53 15.44
3 0.04466 0.04386 26.65 27.97
4 0.03824 0.03717 37.18 38.95
5 0.03353 0.03230 44.92 46.94
6 0.03036 0.02909 50.13 52.23
7 0.02879 0.02757 52.72 54.71
8 0.02799 0.02689 54.03 55.83
9 0.02834 0.02745 53.45 54.91
10 0.02969 0.02907 51.23 52.26

Table 4 Power loss comparison with implementation of EP and ALO - 50% loading

Algorithms DG Location (Bus) Pioss (MW) Improvement (%0)
EP 8 0.02799 54.03
ALO 8 0.02689 55.83
Ploss for IEEE 10-Bus System Using EP and ALO (50% Loading)
EEP HALO
0.07
0.06
__0.05
% 0.04
2003
o
0.02
0.01
0
Without 2 3 4 5 6 7 8 9 10
DG

DG Location (Bus)

Figure 4 Improvement in power loss using EP and ALO-Case 2
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4.3 Case 3:100% loading

For case 3, the loading has been increased to 100%
and the power loss is observed for both EP and ALO
algorithm. Result for case 3 was tabulated in Table 5.

The power loss before DG integration was found to
be 0.08708 MW. As in Case 1 and 2, the results for
post-optimization yield to the same trend of losses
minimization, with bus 8 being the best location for
DG placement. The bus results in 38.49% and
39.76% of power loss decrease using EP and ALO

respectively. Still, the ALO outperforms EP a little
bit as its losses reduction is better. As can be seen in
Figure 5, the power loss reduces as the order of the
bus number increases, for both methods.

Table 6 summarizes the whole result on power loss
minimization as produced by EP and ALO. The result
from Case 3 is sufficient to highlight the merit of
ALO for optimal DG placement in distribution
system.

Table 5 Real power loss (Ploss) and percentage of losses reduction (APloss) for individual placement of DG — IEEE

10-bus system, 100% loading

Ploss (MW) APIoss (%)
EP ALO EP ALO
Without DG 0.08708 0.08708 - -
2 0.08001 0.07760 8.12 10.89
3 0.07068 0.06987 18.84 19.77
4 0.06415 0.06306 26.34 27.59
5 0.05932 0.05806 31.88 33.32
6 0.05605 0.05475 35.64 37.13
7 0.05441 0.05317 37.52 38.94
8 0.05357 0.05246 38.49 39.76
9 0.05393 0.05303 38.07 39.11
10 0.05534 0.05472 36.45 37.16
Ploss for IEEE 10-Bus System Using EP and ALO (100% Loading)
mEP mALO
0.1
0.09
0.08
_0.07
§ 0.06
\5 0.05
S 0.04
* 003
0.02
0.01

o

Without 2 3 4
DG

5
DG Location (Bus)

6 7 8 9 10

Figure 1 Improvement in power loss using EP and ALO - Case 3

Table 6 Power loss comparison with implementation of EP and ALO - 100% loading

Algorithms DG Location (Bus) Ploss (MW) Improvement (%)
EP 8 0.05357 38.49
ALO 8 0.05246 39.76

4.40verall performance
In order to observe the effectiveness of these two

algorithms, the optimal DG placement was also
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implemented using the analytical technique: LSF.
Based on the analysis, there are 4 buses with
significant LS indices which are bus 2,3,4 and 1 in
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descending order. The result for power loss using
LSF for these 4 buses is shown in Table 7.

It can be seen that, by using LSF, the best location is
bus 4 for all 3 cases. However, the improvement
given by LSF is not as good as EP and ALO. Figure
6 presents the overall comparison between the three
techniques. From the figure, both EP and ALO

Table 7 Power loss comparison using LSF for all cases

outperform the LSF as they offered lower magnitude
of power loss at post-optimization. This finding has
justified the capability of optimization algorithms as
a good choice of solving DG placement problem,
with better accuracy and performance, within
tolerable computation time.

DG Location (Bus) Ploss Ploss Ploss
(MW) (MW) (MW)
Case 1 Case 2 Case 3
1 0.04840 0.06088 0.08708
2 0.03928 0.05171 0.07784
3 0.03189 0.04426 0.07028
4 0.02543 0.03771 0.06360

Ploss Comparison for IEEE 10-Bus System Using LSF,EP and ALO

E|LSF WmEP mALO

0.07
0.06
0.05

Ploss (MW)
o
o
S

o

Base case
Case

0.03

0.02

N | -
[

50 % loading

100% loading

Figure 6 Improvement in power loss using EP, ALO and LSF for all cases

5.Conclusion

In conclusion, this paper has performed a thorough
comparison between three different techniques for
optimal placement of distributed generation using EP,
ALO and LSF to minimize power losses in IEEE 10-
bus radial distribution system. The findings in this
study reflect a promising output as the power loss can
be reduced significantly via the optimal placement of
DG. To highlight the merit among the three methods,
the ALO has outperformed by resulting in the highest
reduction of power loss in the system. The algorithm
was tested using small system and can be
computationally inefficient when work with large

system. Thus, for future works, this study can be
244

improved by combining the ALO with LSF to reduce
the search space and computational time when
working with large system.
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