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ABSTRACT

The impact of power injection at various
electrical sensitivity caused by vammi

¢ g is not consistent due to the uneven
er acteristics. This issue requires a
buses in recursive sequence manner to
maximize the output of the fi
work addresses an objective

otovoltaic generator. The aim of this study is to
les of all the buses by controlling the power flow
bus. A photovoltaic module equipped with a pulse

of the proposed method is shown through the results obtained
ed technique at IEEE-3 bus system.

optimization, Distributed power generation, Photovoltaic cells, Pulse width
inverters, Filters.

INRRO ION

The ¢lectrical power system has undergone significant changes in recent decades, leading
to the development of industries in distribution, transmission, and generation to create a
competitive environment. Power utilities are facing challenges due to increasing power
demand that exceeds the capacity of current transmission line infrastructure. The purpose of
the power system operation is to make sure that electricity supplied across the entire network is
dependable and economical for the end user. To meet the demand, there should be the proper
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coordination of several components of the power system while maintaining stability and
efficiency. For electricity generation, energy sources like hydro power, fossil fuels and nuclear
plants are used mostly but they are centrally controlled by utility generators.

However, the use of large central power station plants is becoming progressively less
standardized because the cost is increasing, resources are declining and the process is being
deregulated, with growing environmental concerns and advancements in the technology. When
the power system networks grow to incorporate the enhanced demands, factors like power loss,
unbalanced load, voltage drop, and stability issue may arise. Distributed generation (DG) thus
provides a solution to new challenges arising in the power system through integration of small
power producers such as fuel cell, storage device and the renewable sources like wind for a
wind turbine or photovoltaic system for a solar power plant [1].

If compared with centralized generation, DG offers a range of advantages cons
decrease of power losses and emissions, the enhancement of the stability of nej
absence of network congestion. But again, the location of DG units i
inappropriate sizing, location of DG units may lead to higher costs andf€rach
Therefore, this research recommends the use of particle swarm optimizatig
for identifying the optimized location of DG units in power sy§
observed to be effective in finding global solutions and the 1
reliable means of escaping from the usual limitations associ
This strategy seeks to improve the voltages by de-creasi

maximizing the power factor as well as voltagef 10%] systems. The adoption and
applications of DG unit integration and its ugdin alreadWexisting conventional distribution
networks are becoming accept-able due to i
one can see how the DG unit is connecte

1
1 ]
1 1
1 . ional Distribution N i 0]
[ V1
1 Bus 1 Bus 2 Bu Bus n 1]
1 i1
(. _@ ..... "
1 N

I )

b CB1 CB2 AL
: ! - Power : :
i Grid Transformer '
i Supply Main 'y
: ! System Bus Load 1 Load2 Load3 Load n | 1
1 1
1 ]
1 1

gure 1. Demonstration of DG units’ integration in an electrical system.

inftallation of small-sized renewable energy sources near the load centers for localized
power production is referred to as DG [2]. This technique is therefore regarded as a dependable
alternative source of power to conventional sources especially for the heavy loaded distribution
feeders. They are commonly installed at or near the point of application making it easier to
minimize distribution and transmission losses and improve the reliability of electricity supply.
Renewable energy is also referred to as non-depletable sources and it comprises ocean energy,
wind, solar heat, biomass, falling water and geothermal energy as defined by the International
Energy Agency (IEA). Some of the advantages of DG are increased feeder hosting, reduced
power losses, improved system performance, low-cost standby generation and high-power
system stability. The environmental issues and increased demand of electrical power has seen



most DG units incorporated with green energy sources, which if deployed can increase voltage
magnitude maintain transient stability and minimize power losses.

When the percentage of DG in power networks is increased, it leads to enhancement in
voltage stability. It is important to identify the right place of the bus for DG installation since it
could affect the stability of the system. The DG units positioning can significantly affect either
the system voltage stability or the global efficiency. The studies concerning the specific
location of DGs are useful for minimizing system losses and postponing the necessity to invest
in the extension of the transmission and distribution network [3], [4]. DG placement in power
systems has been identified as placing DG at the most appropriate bus; this is an optimization
problem that can be solved by using evolutionary algorithms [5].

DG is an advantageous option in power systems for four main reasons: it can
loading and provide voltage reserve [6]; it can reduce the occurrence of an out

power network, an optimization technique consisting of a mixed 1 i glogramming
CTNNLTIQ
optimal position of the PV-DG systems, based on load g .

OP d
of DGs in power systems. To identify the most suitable combination of D %
has been utilized [10].

In the recent past, numerous approaches and techniques k
method (AM), probabilistic methods, Monte Carlo approdg agproach, genetic algorithm
(GA), imperialistic competitive algorithm (ICA), fire

based on AM, butterfly-PSO algorithm
based DG systems. This evolution o

to improve the effectiveness an 1 DG systems [12].
ented by [13], to solve the problem of optimal DG
to its tendency to get stuck in local minima and
time-taking nature. by [14], introduced a multi-objective optimization
technique using ion of honey-bee mating optimization (HBMO) method to
improve voltage MI®grease emissions and losses, and lower expenses in the distribution
system. To
location fo identified by using combination of GA and optimal power flow
spite the computational intensity of GA, it can find the best solutions.
1on techniques like simulated annealing (SA) have been used by [15], to
allocation problem to reduce emissions, power losses, and contingency.
inimize system losses and the amount of DG to reduce overall costs were
y [16]. A machine learning (ML) technique by [9] and enhanced analytical (EA)
technique in [17] have been demonstrated to address the issue of power loss, along with the
cuckoo search (CS) approach. Only a limited number of approaches are currently utilized with
renewable (DGs).

Several research works have concentrated on determining the most suitable location for DG
within power networks through the application of PSO techniques. PSO algorithms have been
extensively utilized in these studies for allocation of DG units in power systems. In [18], a
numerical method was proposed to identify target voltage support zones by reducing the search
space and improving solution accuracy. A method was introduced in [19] that considered
power losses and voltage profile as variables in the objective function for optimal DG
placement. A linear fragmented PSO algorithm was developed by [20], for optimal switch



allocation in distribution systems. For radial distribution systems, a PSO algorithm was
designed by [21] to reduce power losses through optimal DG placement. The study by [22]
introduced a methodology that utilizes the ICA and GA to optimize the allocation of DG
sources and capacitor banks simultaneously. In [23], the investigation for optimal DG
allocation using PSO to reduce losses and improve voltage was carried out. An effort by [24],
to reduce power loss, enhance voltage profile and load balancing of system using simultaneous
reconfiguration and optimal placement of distribution static synchronous compensator
(DSTATCOM) and PV array. A study to reduce power losses and enhance voltage profile
through multiple DG placements using PSO was examined by [25]. A techno-economic and
environmental approach for optimal placement of renewable DGs in distribution systems,

was used for control designing.
Significant research effort is required to further investigate the topics,
reviews have already presented survey papers with practical applications.

topics. Unlike numerous other optimization issues, the DG pl : mizZation problem

has not been adequately assessed. Figure 2 displays the re- ) on location and
sizing using the IEEE Explore Digital Library database g Bagy0ticeable increase in
published works.
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. bution of papers published on DG placement.

tdpic has been highlighted by the abundance of publications; the
 installation of a single DG unit at a PQ bus through PSO algorithm.
er factor (PF) as an objective function is motivated by its role in
power and transmission capacity which is a previously un-explored area
profile of designated buses is incorporated into the fitness function to
adjusting and situating the DG at the optimal bus. The key innovation of this
s in the thorough assessment of global maxima by treating each bus as potential DG
unit to establish a standard for comparison. Furthermore, enhancing the power quality has a
beneficial impact on the system, leading to improved performance and reduced stress on the
grid by integrating DGs into the network. In this work, the phase domain control approach is
used because it gives accurate results at the cost of higher complexity as compared to DQ mode.
The proposed system has been successfully implemented, resulting in improved power factor
and voltage profile for all buses. The outcomes closely align with the results obtained through
PSO Algorithm.

This paper is divided into four main sections. The first section consists of introduction and
literature review including the overview, problem formulation and objectives of this research
work. Further, readers are provided with an in-depth overview and current advancements in the



topic under discussion. This encompasses definitions and impacts of DG placements.
Additionally, various techniques for DG placement are also discussed. The second section is
about the methodology of proposed work. It describes the selection of an IEEE bus system and
its implementation in MATLAB with designing of PSO algorithm, controller, pulse width
modulation (PWM) inverter and LCL filter. The results of the proposed method are shown
with confirmation in subsequent section. The last section includes the conclusion, prospects,
and potential research directions.

METHODS

Initially, an IEEE-3 bus system is implemented in MATLAB/SIMULINK for the evaluation
of buses, followed by the designing of a PSO algorithm to optimize the placement of DG@with the
allocated bus evaluated for required power injection to lower grid stress and enh4§
stability. Next, a PV module is selected for the proposed PV-based DG systenmggeie
design of a phase domain controller and PWM inverter with an LCL filte RORgsed

1nterconnected via transmission lines represented by equiv ith loads being
connected at Bus-2 and Bus-3 and represented by pargie N, [ransmission line
parameters like positive sequence resistances, zero sc@ \@ jstancCes, inductances, and
capacitances are evaluated for analysis purposes. Both break®g#are utitized for integrating DGs,
with a switch controlled by a binary switch sequen re oy one DG is connected at a time

for analysis while the others remain disconnec?iu e th&uning phase.
()
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hematic diagram of IEEE-3 bus system with interconnected DGs at buses.

ed model includes a generator (G-1) and two DGs with a base voltage of 25 kV and
assuffy e system frequency of 60 Hz. The resistances and inductances of the above shown
transmisston lines are provided in Table 1. Two loads are connected at Bus-2 and Bus-3
respectively with different active and reactive power values, as detailed in Table 2

Table 1. Inductances and resistances of the transmission lines.

Bus Code | Transmission | Resistance Inductance

ST | (From-To) Line Q) (H)

1 B1 to B2 Line 1-2 0.02 106.1¢




2 B1 to B3 Line 1-3 0.01 79.58¢®

3 B2 to B3 Line 2-3 0.0125 66.31¢”

Table 2. Parameters of connected loads.

Sr. Description Load2 | Load 3
1 Voltages Vims (V) 1000 1000
2 | Active Power P (VA) 256.6e° | 138.6¢°
3 | Reactive Power (Q) (VAR) 110.2¢°

movements continuously. A two-stage PSO method@ogy Mutiliz&8 for optimizing the location of
distributed generation units and determining t dactive power values (Ppc & Qpg) at
the DG bus. The improved power factor, re Cs and enhanced voltage stability of

PDG and Qpg values by stochasticall

Both PQ buses, i.e. Bus
shown in Figure 3. FQupg
integrate a single DG
iterations (i) and g

coefficient,
and 12,
numbgr. A
tunt with the maximum voltages of the system as specified in Equations (3), (4),
d (
X = [lVDGI 5DG]N><2 (D
3 3
FF = max {Ej=1PFf 3Zj=1Vj } (2)
3 2:j=1VbaseJ]
Vier = wv; + 171 (Ppest — Xi) + €272 (Gpest — Xi) 3)
Xig1 = X + Vigq “4)

v < 25kV )



The proposed PSO algorithm is evaluated by conducting a thorough scan of each bus and
workflow of the PSO algorithm for DG placement is shown in Figure 4. This involves storing
position and FF wvalues, including switch sequences for the final evaluation of DG
configurations. Following the completion of simulations, the switch sequence is applied to
connect DG at different buses with FF values and positions saved after each iteration. The
switch sequence for connecting DGs at Bus-2 and Bus-3 are [1 0] and [0 1] respectively. After
screening all buses, the final solution is determined based on the maximum FF value,
associated bus, and particle positions (|Vbg| £0pc). By continuously connecting DG to buses
and scanning them separately, particles under PSO training gradually converge towards their
target.

Set-up DG Set-up Particle I]niﬁ?linf U[,ufh.:«le'.r
with Switch 3| Position Vector e i ﬂ:"—‘m:;“ > IPan.lcles
Sequence (|V], &) i -oumnt Velocity and
i=it+l Position

'

Execute Load
Flow With 1
DG (FF)

1

Maximum
Iterations
Reached

Plot &
Display DG
Configuration

Figure 4. WorkfloW oSO alyoriffn for DG placement.
Through an iterative switch segudgice, e bus is selected as the DG bus in a standard

PSO implementation, allowin pldration of all potential combinations of particle

Scanned?

positions. This method ens al coftvergence towards the focal point upon completion
of the entire process, alth: substantial memory, computational resources, and
time. This outcome scgf€%g rk for validating convergence precision and evaluating

the effectiveness 0§
optimization are i

\

and §uantified in Table 3, where the optimization procedures are

executed.
< 3 Table 3. Parameters for PSO algorithm.
Constant Description Value
N Number of swarms 11
C;, C, | Acceleration coefficient 1.5
w Inertia coefficient 0.9
Lower & upper bound for | 20kV,25
LBLUBI | v KV
LB>, UB: | Lower & upper bound for 6pc | -20°, 20°

The designed PSO algorithm successfully determined the optimal placement of a DG unit
in an IEEE-3 bus system at Bus-2 with a binary sequence [1 0] for maximum output. An
IEEE-3 bus system with a DG allocated at Bus-2 was utilized to obtain both powers (Ppc &
Qbc) necessary for the system. The DG bus is evaluated during optimization along with the
active and reactive powers to maximize power factor and bus voltages by connecting



generators at each PQ bus through switches. The identification of the most suitable bus, such as
Bus-2, led to the determination of the exact values of required powers. Following the PSO
implementation for optimal DG location, the active and reactive power values (Ppg & Qpg)
were obtained (see Figure 5), revealing that connecting DG at Bus-2 with [Vpg| of 25 kV and
dpc of -31° resulted in active (Ppc) and reactive (Qpg) power values of 3.284x10!° VA and
1.513x10'° VAR, respectively.

VBus 2DG V2_DG

IBus 2DG

12_DG

\—b v P 3.284e+10

=
BN

Configuration of Photovoltaic-Distributed Generator

The next stage is to design the PV based DG system tha'
the DG position (DG bus) has been evaluated g

d reactive power values required (Ppg &
f) for the control stage. Optimization of the

adjusting voltage magnitude and phase, while
the optimization process. Next, the Photovoltaic

. Main goal of the control system is to ensure effective
plementing phase domain control, which is facilitated by a
W in Figure 6.

Pl‘l:[ Qn:l'

v

PLL o »| Control Stage
(Phase Domain Control) ]
REF IEEE-3
: Bus i
' 3 —O
PV Module FN —-C0— DG ;
Vev.ne Inverter  |vpy ¢ | :

_____________________

Figure 6. Block diagram of PV integration in IEEE-3 bus system.

The connection of PV system to a grid network is more challenging since the photovoltaic
modules produce the DC output which needs to be converted into 3-¢ AC. A control interface



block that incorporates a control section along with the LCL filter, and PWM inverter is
positioned in between IEEE-3 bus specific DG bus (Bus-2) and PV module. The presence of
this interface block is important for PV systems integration into grid network and addition of
the control section, LCL filter and the PWM inverter into the interface block assists in the
control of flow of power and stabilizing the grid. Vpv pc is the desired DC output of the PV
module (ISOLTECH-STH-215P) used in this project with 120 parallel (Np) and 900 series

(Ns) strings [29].

Controller Stage

Pr.rand Qrermean the optimal active and reactive power output that is expectgguttotugiic DG

unit (Ppg and Qpg) and has been calculated using PSO algorithm. These valu@s are Wy
for the PV system located at the DG bus regarding regulating flow o iV and factive
powers in the PV module, which is both DG and grid based on the value§ of P.&aNdui@¥.r. The
RY Woduld is done by

control of the active power (Ppy) and reactive power (Qpv) in th

comparing these with the reference signals (Prer and Qrer). This cofgparisg ne by using
two proportional-integral (PI) controllers for which the ouys#t % Wged af) the input to the
proportional-resonant (PR) controller as depicted in Ei s further power
management, the PR controller then generates a voltage RV f)¥or the inverter input.

P‘rr:!f' Pl 1 »1 refl

Qper
Q
NS
jcure /. Controller stage for tuning Ppyv and Qpy.

A 3-¢ pase do ntroller is designed to generate three-phase reference voltages Vet (a,
b,c) for a -phas@ PWM inverter. The phase domain approach is used for controlling the
flo @@ injected, providing more accurate results than the DQ mode approach but

Pl —lyy,

e

lexity. Figure 8 shows a phase locked loop (PLL) block, used to determine
(ot) using DG bus voltage Vpg, which is then used to calculate active and
reac ents (Ia& Ir). These current values are input to the phase domain controller, which
consists 01 a pair of PI controllers and a single PR controller for each phase, resulting in higher
design and computational costs but improved performance compared to the DQ mode
approach.
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each phase. The phase domain as@#wo control loops, first the active power control
loop and secondly the reac control loop. In the active power control loop, a simple
computing block is fed b ctive power (Prf) required to be injected in system
and photovoltaic geng er (Ppv). In the process, PV produced active power (Ppv)
is compared to the re power (Prr) values to obtain a controlled required value of

reference curre
reference reggti (M) and PV generated reactive power (Qpv). The same process is
obtained output is inverter current (Iiv). Lastly, the Irer and Iy are
puting block and fed to the PR controller whose output is Viet. The

ust for a single phase, and it must be done for all three phases to obtain a

roach which uses only four PI controllers and two PR controllers due to which the
computational cost and time for used approach is increased but obtained results are accurate in
compete with DQ Mode. Here, the control system for the present work is completed and in the
next section the output of phase domain controller is fed to the 3-¢ PWM inverter and
designing of PWM inverter is made accordingly.

Pulse Width Modulation Inverter Design

The 3-¢ PV inverter is commonly structured as a closed-loop feedback control system to
fulfil the static and dynamic demands of the load in the DG system. Precision in capturing the



essential connection between input and output serves as the basis for examining and managing
the closed-loop control system [30]. Here, the design of the three-phase PWM inverter is
carried out to obtain a three-phase fundamental sinusoidal waveform output. The input to this
PWM inverter is the controlled DC power generated by solar, which is the output of the phase
domain controller, designed in the previous section. As shown in Figure 9, a single-phase
PWM Inverter consist of four insulated gate bipolar transistor (IGBT) connected in specific
pattern for switching purpose to get a sinusoidal output waveform, when dc input is provided.
The four PWM signals are used here for triggering at the gate of every IGBT in an inverter
design. The four switches (IGBT) are arranged in such a way that the collectors of IGBT, 3 are
connected via Vyct input and emitters of IGBT?, 4 are connected via Vc- input. Next, emitters

next section.

PWM 1 PN 3 >
m

algorithm, which represents the inverter's equivalent load, and subsequently derive
lues of resistance, inductance, and capacitance through Equations (6), (7), (8) and

VZ
R - (6)
base |Pref|
VZ
Lbase - 27Tf|Qref| (7)
1

Zpase =
\/(szse)z + (znf;base)z v
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1
C =— 9
base anzbase ( )

The determination of DC input voltage (Vpv,pc), maximum inverter current (Imax) and
voltage drop across the filter (Vy) is conducted using mathematical Equations (10), (11) and
(12). The modulation index is denoted by M = Vie/ V.. The values of Prer and Qrer obtained from
the PSO algorithm may be positive or negative, reflecting on power injection or withdrawal
from the system. Regardless of the direction of power flow, only the positive values are used to
calculate filter parameters for logical outcomes.

2\/§Vbase
VPV,DC = M—\/§

Ve =10% of Vpy pc (11)
=
max — 3Vf ‘

The ultimate calculated values of capacitance (Cy) and ind ilter are

(10)

determined using Equations (13) and (14).

Cr =5% of Cpase (13)
VPVDC

L 14

T 76 X 0.1 X fowlnax (14

RESULTS AND DISCUSSION

During the optimization phase, DGs are co
DG bus and determine appropriate active
maximize PF and bus voltage, which is i j ctlve of thls research. Once the most
suitable bus for connection is identifi units and related switches are removed.

volved choosing a case for the study of the proposed
s system as the model for implementing the proposed
odtained after implementing the IEEE-3 bus system in
out any DG placement.

method. After selecti
technique, the
MATLAB/SIMULIN

NJ

%10%

B o DG
[ Jvbase

s
wn

Voltage (V)

-

0.5
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Figure 10. Plots of voltage profile at all three buses without DG.
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Figure 11. Plots of power factor (PF) at alM&ithout DG.

In Figure 10
L
6 I

Figure 11 %

Table 4 with ion (FF) value of 0.7781.

Power Factor (PF)

Ta esultant values of V & PF without DG placement.

Sr. | Viae (V) | Vrvone (V) | PFnopc

25x10° 25x10° 0.4649
25x10° 2.098x10° 0.9188
25x10° 4.346x10° 0.9507

W [N =

When a bus (Bus-2) is selected, the parameters Prer and Qrer for the DG are adjusted using
PSO by randomly adjusting |[Vpg| and 6pg to find the optimal values for the fitness function.
The process is iterated for every bus connected to the DG, with DG location, position vectors of
particle and values of fitness function saved for comparison at the end. Figure 12 displays the
convergence plot of the fitness function, with the DG sequentially connected at PQ buses over
20 iterations until convergence is achieved. The fitness function incorporates normalized bus
voltage and power factor values, each ranging from 0 to 1, enabling a maximum sum of 1 to be
attained. The optimal fitness function value of 0.8393 is attained by connecting the DG to
Bus-2 with a voltage magnitude |Vpg| of 25 kV and a phase angle (dpg) of -31°. This
configuration results in Prr and Qrer values of 3.284x10'° VA and 1.513x10!° VAR,

Journal of Sustainable Development of Energy, Water and Environment Systems i
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respectively. It is important to highlight that Prer and Qrer values indicate the total powers that
need to be transferred across the DG interface placed between the Bus-2 (DG bus) and the PV

module for optimal PF and bus voltage.

0.84

0.82

08} ¥

L |
U | zl —&— Bus No.2
' &— Bus No.3

/ X

Fitness Function (FF)

07| |

068 |

0 2 4 6 B 10 1fL 14 16 18 2

No. of Iterations

v

eters used in PV integration module.

Sr. | Parameters Description Values
Active power reference 3.284x10'° W
reactive power reference 1.513x10'° VAR

Filter inductance 0.00162 mH
Filter capacitance 0.0077 F
DC output of PV 40.83 kV
7 Controller for Presa (Kp, Ki) | 1x107'°, 1x10®
\ Controller for Orera (Kp, K1) | 1x1071°, 1x1078
Controller for Press (Kp, Ki) | 1x107'°, 1x10®
Controller for Oers (Kp, K1) | 1x1071°, 1x1078
10 | Pl5 Controller for Prese (Kp, Ki) | 1x107'°, 1x10®
11 | Pls Controller for Qe (Kp, K1) | 1x1071°, 1x1078
12 | Np Parallel strings of PV 120
13 | Ns Series strings of PV 900

Figure 13 and Figure 14
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Figure 14. Con rwfor Qrv with Qe = 1.513x10° VAR.

It is evident that Q reacfe
target, resulting in mi
adjustments to meet
inter-connected
the control loop 1
and amplit

e inverter. The tuning of Vir by all controllers for PWM inverter
igure 15, highlighting the adjustments in amplitude and phase.
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Figure 15. PWM reference tuning as a result of control action.
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Results for Photovoltaic Placement as Distributed Generator

In this section, the results of voltage and power factor profiles for three buses are analyzed
but after placing a PV-based DG system at Bus-2 to inject required power and optimize the
voltage and power factors for all three buses in the network.

w104

2.5

- VpvasDG
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Figure 16. Plots of \(ge file A all three buses with PV placement as DG.
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Figure 17. Plots of power factor (PF) at all three buses with PV placement as DG.
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Figure 16
[
Figure 17

Table 6 with fitness function (FF) value of 0.8393.

Table 6. Resultant values of V & PF with PV placement as DG.
Sr. Vbase (V) Vv as b6 PFpvas DG
M
1 25x10° 25x10° 0.5720
2 25x10° 9.852x10° 0.9994
3 | 25x10° | 5.716x10° 0.9613 Q
Discussion

After the execution of the control program, the power fagtorsh(P cach of the three
buses in the IEEE-3 bus network are displayed as sho re 18
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Figure 18. Plot of PF profile of all three buses with no DG and PV placement as DG.
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However, due to the presence of active & reactive power losses in a standard IEEE bus network
having no DG, the resultant voltages for PQ buses are below the base voltages of the system.
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B Vbase
 VNo DG
5 15
= VPV asDG
Y]
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| >
; [] I
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Bus No.
\‘ -
Figure 19. Plot of voltage profile of all three buses with emcnt as DG and without DG.
Following the assessment of DG bus and its ¥ luesPit was observed that the bus

is trend continued even after the
pancy in voltage levels was noticed
ses presence in the PV output. This
the design of filters to address these

voltages significantly rose and eventually
introduction of PV in place of DG. Howey,
post PV integration, which was linked
highlights the importance of carefu
issues.

CONCLUSION

This study explore
incorporating renewaidic
focus is on improyine
be fine-tuned on
the process particles and selecting the DG bus for efficient system operation.
Once the apropri bus is defined, the required values of active and reactive powers to be
are obtained.
chnique that sets the DG position at one bus and iterates through each bus
ptimization, our model achieves FF values in significantly less time
its efficiency. The maximum iterations using the proposed method are 20 for

ce the performance of an IEEE-3 bus system by
s as DG at a specific bus, within the system. The main
tors and bus voltages of the entire power system, which can

after integrating DG at Bus-2 with power values of 3.284x10'° W and 1.513x10!° VAR, for Prer
and Qrerrespectively, FF rises to 0.8393 through optimization techniques. The results show that
the location of distributed generation is a critical parameter regarding improving the power
losses and voltage regulation in an electrical network. With the designed LCL filter, the total
harmonic distortion (THD) is found to be 1.14% 1.14% in the voltage and current waveforms
which is quite smaller than 1.5 specified in the IEEE standard 519-2022.

The evaluation of the DG bus involves integrating PV with a designed PWM inverter and
LCL filter to achieve consistent Prer and Qrer at the DG interface, with the goal of enhancing the
performance (power factor & voltage profiles) of the system. To assess the PWM reference
signal, a control framework is established using the phase domain approach which provides
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more accurate and fine results as compared to the dq0 mode, resulting in a 3-phase AC output
with specific voltage amplitude and phase. This study demonstrates that PV integration at the
DG bus can be effectively optimized, similar to a generator block. This study establishes a
foundation for addressing the challenges related to the controlled integration of renewable
energy sources into large networks for output optimization. Furthermore, the research paves
the way for grid integration of electric vehicles at optimum buses for demand response and
peak shaving during the high load durations. This strategy provides cost effective solutions for
grid users by utilizing the storage system of electric vehicles which are mostly parked during
the peak load timing.

NOMENCLATURE
Symbols
X Position
v Velocity
V Voltage [volts]
N No. of swarms
C Acceleration coefficient
w Inertia coefficient
UB Upper bound
LB Lower bound
P Active power Y
0 Reactive power Vo

Greek letters

) Phase ]
Subscripts and superscripts

ref Reference %

f Filter

P Parallel %

S Series

Abbreviations

PV
DG d generator
PSO @Swarm optimization
IEA Intginational energy agency
A alytic method
A row search algorithm
I Imperialistic competitive algorithm
FA Firefly algorithm
SPEA Strength pareto evolution algorithm
TLBO Teaching learning-based optimization
TS Tabu search
HBMO Honey-bee mating optimization
GA Genetic algorithm
OPF Optimal power flow
SA Stimulated annealing
ML Machine learning
EA Enhanced analytical
CS Cuckoo search
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DSTATCOM  Distributed static synchronous compensator

PF Power factor

PWM Pulse width modulation

FF Fitness function

PLL Phase locked loop

PR Proportional resonant

IGBT Insulated gate bipolar transistor
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