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Utilizing the Bat calculation, conveyed age in outspread dispersed
frameworks might be put and estimated to amplify proficiency

'S Farzana, ?P.Viswanath Reddy ,’S.Nagma Anjum

Abstract. Distribution Generation (DG) has gotten a lot of attention from Radial Distributed

Systems experts during the past several decades (RDSs). According to the Voltage Stability

Index (VSI) and Total Active Power Losses (TAPL), the ideal location and dimensions are

generally determined (TA- PLs). Both of these objectives may be met with the help of a Solving
the MOOP required a Bat Algorithm (BA) & Multi-Objective Optimization Problem (MOOP)
based on the Weight Sum Method (WSM). Next, the method known as Fuzzy Based (FB) is

employed to find the optimum compromise option. This algorithm is also compared to few

others that have been released lately.

1. Introduction

Distributed generation (DG) is becoming
increasingly important in radial distributed
systems as need for energy grows.
Generators that produce little amounts of
electricity are often referred to as "DG"
(from 1 kW to 50 MW). In addition to [2]
and [3], Wind turbines, combustion
turbines, micro-hydro turbines, solar cells,
and other small power sources are often
used in DG units.When it comes to low- and
medium-voltage cable networks, the R/X
ratio of the radial distribution network is
very high used algorithms, such as the BFS
considerable  interest  from  experts

throughout the globe because to their
efficacy in cutting losses, improving voltage
stability, and harnessing renewable energy
sources [6]. Techniques based on meta-
heuristics and classical algorithms have
been presented to handle issue of DG unit
placement and size. In [7] and [8], the
analytical technique was described as one of
the most often utilized algorithms.

An algorithm known as the Grid
Search Algorithm (GSA) was developed to
cut down on
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energy waste ([9]). Modified PSO (MPSO),
Particle  Swarm  Optimization (PSO),
Artificial Bee Colony (ABC), hybrid Ant
Colony and Atrtificial Bee Colony (ACO-
ABC) algorithm, and Flower Pollination
Algorithm (FPA) are just a few of the meta-
heuristic approaches proposed by many
authors [10], [11], and [12] to maximize
radial network performance by reducing
power losses and exploitation costs and
maximizing VSI. In addition, [5]'s authors.

With WSM, the DG placement and
size may be seen as a MOOP, which has
practical benefits, such as computational
simplicity. However, the final answer is

heavily influenced by the weighting
variables.
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Fig. 1: Two-bus line schematics.
Defining the Issue
* Specific Purposes
DG unit

optimization  focuses on
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maximizing voltage stability index in
radial distribution networks and decreasing
active power losses. In this section, we'll
go over the concept of objective functions
and constraints. Reduced power loss is the
primary goal of optimizing DG size and
position in a radiating network. It is
possible to express the objective function
in terms of a formula. DG position and size
are critical to minimizing system power
loss, which is the initial aim of the radial
network issue.

where V; = voltage magnitude

0i = angle at each bus;

(Ri + jX;) ="impedance of the line
between buses i 1 and i; P;j, Q; are the
active power injections at same bus.

Npusis the number of buses.

Stability of the voltage

Voltage stability index (SI) is key
to network security. Installing DG units in
a distribution system improves voltage
stability. Planning for distribution systems
will be impacted. If you wish to avoid a
voltage collapse, all buses' SI should be
close to 1. In the second fitness function, a
lower Sl value for a network bus implies a
better bus.

Application of the Proposed
MOBA to the Problem

DG unit location and size are seen as
an optimization issue in this research
and are addressed using the MOBA
approach. As a guide, below are the
stages involved:

Step 1: Take a look at system data
first.

Step 2: MOBA parameters, such as
pulse loudness, frequency and pulse
rate may be selected, along with the



maximum number of repeats that can
be applied.

Step 3: Start with a random population
of bats that fall within the acceptable
range. Each bat identifies a potentially
ideal position and size for DG unit in
distribution system.

Step 4: Analyze fitness function. Total
active power losses and voltage
stability index of objective function
may be estimated using BFS approach
for any solution or bat

Step 5: Make a wise choice from the
population of bats

Step 6: Eq. (17), Eqg. 18 and Eq. (19)
may be used to keep track of bats'
speed, position, and frequency (19).

Step 7: Load flow and voltage stability
index calculations should be run to
account for the additional population.

Step 8: Verify stop point. Stopping
criteria for objective functions might
be the number of iterations needed to
update the Bat Algorithm population or
a precise value. if so, advance to step
9; if not, return to step 3.

Step 9: Utilizing fuzzy set theory,
choose optimal BCS solution.

Tab. 1: the 33-bus system has a MOBA Pareto optimum solution.

# w1 | w2 | LR H2p oy H2 uk
u u
1 0| 1 1 0 |0.1110 | 0.5591 | 0.0384
2 | 01| 0.9 | 09995 |0.0331 | 0.1111 | 0.5582 | 0.0396
3 | 02| 0.8 |0.9974 | 0.0743 | 0.1113 | 0.5571 | 0.0412
4 | 03] 0.7 | 09924 | 0.1271 | 0.1118 | 0.5557 | 0.0430
5 | 04| 0.6 | 09816 | 0.1972 | 0.1128 | 0.5538 | 0.0453
6 | 05| 05 | 0.9468 | 0.3519 | 0.1161 | 0.5496 | 0.0499
7 | 06| 0.4 | 0.894 | 0.5025 | 0.1212 | 0.5456 | 0.0536
8 | 0.7] 0.3 | 0.7625 | 0.7477 | 0.1338 | 0.5390 | 0.0580
9 | 0.8] 0.2 | 0.7477 | 0.7700 | 0.1352 | 0.5384 | 0.0583
10 | 0.9 | 0.1 | 0.7477 | 0.7700 | 0.1352 | 0.5384 | 0.0583
1] 1] 0 0 | 1.0000 | 0.2068 | 0.5323 | 0.0384

Results and Discussion

Each of these test feeders' weight is taken
into account while solving the MO-OPSDG
issue. In this context, it's reasonable to
regard TAPL and VSI to be competing
objective functions.

To demonstrate WSM's MO-OPSDG
solution, we use the 33 test feeder as an
example. The projected total actual power
loss (Hlas maximum and minimum) and
voltage stability index (H2 as maximum
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and minimum) have been determined to
be 0.2068 MW, 0.1110 MW, 0.5591
MW, and 0.5323 MW. For the 21 Pareto
optimum solutions, the values for both
objective functions are shown in Table 1.

According to the final column of Tab 1,
which shows the highest value of k for
Solution#16, this is certainly the BCS
(0.0583). Accordingly, the TAPL is
0.1352 MW and the Sl is equivalent to
0.8573 Accordingly, Fig. 3 depicts the



Pareto optimum front of the two objective
functions  Additionally, the  best
compromise option (Supplment#16) is
mentioned in this figure. A total active

power loss and a stability index were
determined for each of the radial
distribution test systems, taking into
account two scenarios:

TN
( Start )
\\T/

Input data from the system is retrieved.

|

When creating restrictions, provide a lower and
higher limit for the Bat algorithm parameters, as
well as the number of iterations to use. (Nmax).

!

Generate a random bat population xi and set its
location and size to be between the two extremes.

\Adopt a fresh approach by modifying ff. It is also

v
——— False
< \|f rand >/r/>

— =

Triin

Make use of equation to find a local solution to your problem

(19)
v

Evaluate new fitness values F new & Generate a

random number (rand)
R - —— False
= If (Fnew<=Fitness(i)) & (rand<Ai) ———>
A 4
Accept new solution & change ri and reduce Ai

Update current best solution J

possible to update the velocities and positions of
solutions by utilizing Equations 16, 17, and 18.
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N
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Determine the fitness function for each bat location
based on the goal function.

|

Generate a random number (rand)

Fig. 2: MOBA flowchart for DG unit pl&
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Select the best compromise solution using fuzzy set theory
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nd sizing.

« Case 1: The existence of DG unit is not required
« Case 2: The MOBA algorithm may be used with the DG unit in the game.

Genetic Algorithm-11 (NSGA 1) [16]
is in Tables 3 and 4. Table 5 compares
existing and suggested methods to
reduce overall line losses, improve
voltage profile, improve bus voltage
stability, and increase system load
capacity (SLI). To test the MOBA

approach, Intel Core 2 Duo-powered
MATLAB was employed (2.93 GHz, 2
GB of main memory).
Total power loss (TAPL) decreased from
20.69 kW to 13.66 kKW in 12 buses and
from 211 to 135 in 33 vehicles after the DG
unit was installed (Tab. 1)

Tab. 2: Results from using the suggested approach on several platforms.

Test Without

DG

Proposed
method
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Syste . Real i Optim ) Real

¥n Vmi r?lli Power mSyste Os;[ M | Vmi |SI M | power .Sys
n Loss loadabili | Bus | Size | " "M | Loss loa

(kw) ty (M)VA (kw) d.

69- | 0.903| 0.68 225.00 3.2 61 [2.6598 | 0.97 |0.895 103. 4.24

bus |8 33 0 28 5 75

33- | 0.882| 0.66 211.00 3.4 7 [3.7150 | 0.96 |0.857 135. 3.88

bus |5 72 0 22 3 20

85- | 0.909| 0.57 316.12 2.5 25 24718 | 0.94 |0.781 180. 2.96

bus |2 64 4 02 4 77

12- | 0.943| 0.79 20.69 5.3 8 10.4350 | 0.99 |0.982 13.6 6.08

bus |4 20 0 56 7 6

Tab. 3: Positioning and sizing DGs employ Analytical Method, PSO, and NSGA 1.

Analytical PSO NSGA
Test method [11] I
Syste 7] [16]
m Optim | Optimal | Optim | Optimal | Optim | Optimal
al Size al Size al Size
Bus (MVA) Bus (MVA) Bus (MVA)
85- 8 2.20886 - - 25 | 2.48451
bus
69- 61 1.80782 61 2.0264 61 2.66380
bus
33- 6 2.49078 7 2.8951 7 3.71499
bus
12- 9 0.22715 9 0.2539 8 0.43500
bus
Conclusion

There is a new MOOP that may be used
to find the best DG location and size,
taking into account both maximizing of
VSIS and TAPL reduction into account.
Using the Multi-Objective Bat Algorithm,
this issue was successfully resolved. IEEE
85-bus, 33-bus, 12-bus and 69-bus test
systems are used to evaluate the proposed
method. Findings show that appropriate
location and size of DG units provide
network greater flexibility and help
improve the behavior of the power system.

Comparison studies were used to demonstrate
how well the proposed strategy worked and
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how applicable it was. Simulated findings
reveal the proposed methods to be more
effective, and they can boost VSI and TAPL
as well as the system'’s capacity to handle load
for all kinds of feeds.
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