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I. INTRODUCTION and heuristic methods have been put forward to determine the
optimal capacitor location.

The Cuckoo-Search Algorithm (CSA) is presented over the
Particle-Swarm Optimization (PSO) technique for the optimal
capacitor placement determination in the article [30]. The
suggested algorithm is tested on IEEE-33 & 69 buses and then
compared to the PSO to prove its superiority. A new technique of
Multi-Verse Optimizer (MVO) has been presented in [5] to identify
the fair allotment of the capacitor banks tested on IEEE-10, 33 &
69 buses using MATLAB. “Plant Growth Simulation Algorithm
(PGSA) in [6] decides the best locations and size of the capacitor
to upgrade the voltage profile and bring down the power loss.”
Tested on IEEE-33, 34 & 69 systems, this algorithm avails loss
sensitivity factors to identify the possible locations of the
capacitors followed by the algorithm for the prime allocation of the

1.1 CAPACITOR BANKS

Reactive power flow is observed as the sole basis for the
power quality issues like increased power losses, higher voltage
drop, and deprivation of power factor in the radial distribution
systems [1]. “It is also estimated that of the entire power
generation, 13% is dissipated as I2R loss in the distribution
networks; hence, the optimal placement of capacitors can enhance
the voltage stability and lower the power losses [2].” The entire
system control gets endangered by improper placement of the
capacitor [3, 4]. Hence, defining the optimal site and size, and the
number of capacitors in the radial distribution systems to place a
capacitor is necessary. Over the past few years, many algorithms
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same. [7] Proposes the Flower Pollination Algorithm (FPA) to
determine the optimal capacitor positioning tested on IEEE-10, 33
& 69 bus systems in MATLAB. Interior Point (IP) method and
Simulated Annealing (SA) methods are proposed in [8] and
compared the obtained results with the Gravitational Search
Algorithm (GSA), tested on IEEE-33, 69 & 85 bus systems. “New
techniques of the Two-stage method, Practical Approach method,
and Locust Search method (LS) are proposed in [9,10] for the
optimal capacitor placement(OCP), tested in MATLAB for
standard IEEE test bus systems.” [12] Presents a Plant Growth
Simulation Algorithm (PGSA) and a two-stage method for the best
placement of the shunt capacitor in the radial distribution systems
tested on the IEEE-69 bus system in MATLAB, similarly [13]
proposes PSO for optimal capacitor placement. Genetic Algorithm
and Heuristic approaches are proposed in the works of [14, 15] to
pick out the finest positioning of the capacitor in the radial
distribution system.

1.2 DISTRIBUTION GENERATION

The Distribution Generation, shortly DG, is the non/less-
pollutant alternative to electricity production. According to [16],
DG is the electricity generation nearer to the customer. In that way,
the transmission losses are reduced; also, it is an economical
option. DG technologies can be classified into traditional and non-
traditional types. Micro-turbines and natural gas turbines come
under the conventional variety of DG technologies, while fuel cells,
PV generation, Wind turbines, flywheels, and batteries fall under
non-traditional DG technologies [17]. Of all sorts of DG
technologies, solar PV-type DG technology is anticipated to play a
vital role in meeting the inevitable requirement [18]. Wind turbines
are the other advancement in green energies. Since DG is
expounded based on its location [16], it is essential to find its ideal
allocation in the distribution network.

The optimal DG allocations may be discovered utilizing a
variety of specified heuristic and meta-heuristic approaches. For
optimal siting of wind and solar farms, [19] researchers have
suggested using a Gray-Wolf Optimizer. The Lagrange multiplier
approach is applied to identify the ideal site for PVV-DG [20], which

was assessed using the IEEE-37 bus system. On common IEEE-
118, 85, 69, 33, and 15 test bus systems, the Whale Optimization
approach is utilized to calculate the best allotment of DG operating
at 0.9pf[21]. For the prime DG placement, [22] recommends a
hybrid approach using GA and PSO. “In order to decrease real
power losses and enhance voltage profiles, the Ant Lion
Optimization (ALO) algorithm for the RE-DG (Renewable Energy
based Distribution Generating) was assessed on IEEE-33 & 69 bus
systems [23].” A unique backtracking search optimization method
(BSOA) is described in [24] to govern the best DG placement
implemented on the IEEE-94 and 33 bus systems, pondering
various DG Kinds. A novel approach of Effective -Analytic Ideal
Power Flow (EA-OPF) is examined in [25] to identify the optimal
DG placement evaluated on IEEE- 33 and 69bus systems using C
++ considering three kinds of DGs. Through the use of the cutting-
edge Ant Bee Colony (ABC) optimization method, the best
location of DG is defined in the article [26]. The technique is
implemented on an IEEE-33 bus system and tested for four
situations with a single DG, two DGs, and three and four DGs with
a goal of maximum active power loss curtailment.

The Hunter-Prey Algorithm (HPO), tested on the IEEE-33
and IEEE-69 bus systems, was used in this paper's study to
determine the best location for capacitors and the integration of
PV-DG. Its effectiveness was proven by comparing it to other
previous studies. The subsections of the article are divided into the
following groups: 2. Formulation of the mathematical issue; 3.
Proposed Hunter-Prey Algorithm (HPO); 4. Results and
discussions; and 5. Drawn conclusions.

Il. PROBLEM FOMULATION
11.1 POWERFLOW ANALYSIS

The Backward/Forward Sweep (BFS) was taken on to
perform the load flow on the IEEE-33 bus system considered due
to its analytic performance, and mastery of convergence [27].

The branch currents are calculated using Kirchoff’s Current
Law (KCL) from the ending node and proceeded back to the first
node comprising a backward sweep.

node 'm' node 'm+1'
\ > Rm+jXm >
Vm+1 i
Vm |
Sm+1 =Pm+1+jQm+1
Sm=Pm+jQm
Figure 1: Sample Distribution Network.
Source: Authors, (2023).
Ipsr = Pign+1) =) Qum+1) (1) Vie1 = Vi — (U X (Rpy + jXin)) 2

Vm+1

From the above equation, one can determine the end bus
current from the known load data of the considered system and then
the other branch currents are determined moving backward using
the KCL. After determining the branch currents the node voltages
are determined in the forward sweep.

The power loss can be calculated as,

Pross = anzl irzn Ry (3)

n gives the number of buses of the system taken. For,
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Se =VoX1Io (4)

Sc is the generated Power, Vo and Iy are the voltage and the
current values at the generating node and

Sioaa = Xm=1(Pim *+ jQim) (5)

Sieig is the total load demand which is obtained by summing
up all solitary loads at all the buses. The system losses can be
determined from

=S¢ — Sioad (6)

Slosses

Slosses = Plosses +leosses (7)

11.1.1 Objective Function

Lessening the true power loss with Voltage Stability
improvement is considered as the objective function to estimate the
ideal positioning and capacities of the three shunt capacitor banks
and three PV-DG units.

F; = min(P,,s,) + max(VSI) (8)

Sloss = Sgenerated - Stotal load (9)

Pioss = real(Sioss) & Quoss = imag(Sioss) (10)

Sgenerated IS the power fed at the substation and Sotal 10ad IS the
total load on the distribution system given by

Sgenerated =V X E (112),

Where V;is the generated voltage at the substation and 1,
is the conjugate of the current through the first bus obtained from
the load flow analysis.

Stotat load = Xio1 Pi +JQ; (12)

Where P; and Q; are the active and reactive powers at the

‘i bus respectively.

11.1.2 System Constraints
1. Equality Constraints:

Sgenerated - Slosses = Sdemand (13)
Pgenerated - Plosses = Pdemand (14)
Qgenerated - Qlosses = Qdemand (15)

The above equations pertain to the power balance in the
considered system.

2. Inequality Constraints:
The inequality conditions set the limits for the shunt
capacitor capacity, for the safe run of the system.
a. Operating limits of generation:
The generation of active and reactive powers should be
within the permissible limits,

(16)

Qg min < Qg < Qg max (17)
Where, Pgmin, Pgmax, Qqmin, and Qg max are the minimum and
maximum active and reactive power generation limits
b. Shunt capacitor limits:
Qmin < Qsize < Qmax (18)
Where Qmin = minimum capacitor size,
Qmax = maximum capacitor size, and
Qsize = selected capacitor size for reactive power
compensation
Qc < Qtotal (19)
Equation (7) states that reactive power injected should be
less than the total reactive power load.
c. Bus Voltage limits:
Vinin < Vi < Vipax (i = 1,2, ....n — bus number)  (20)
Usually, the least and crest voltage limits are taken as
Vipin = 0.95 & V.0, = 1.05

1.2 MATHEMATICAL PROBLEM FORMULATION FOR
SYSTEM LOSSES AND VOLTAGE STABILITY INDEX

Let us consider two nodes of a radial distribution network
for the calculation of system losses and the voltage stability index.

V2

R1+X1

‘ 1
r2+jQ2
V1

Figure 2: An electrical equivalent network of a radial distribution
system considering two nodes.
Source: Authors, (2023).

node 1 ‘

From the figure we can evaluate I, as

_ (n1-np)
LT (Re+ixn) 1)
Also,we have,
S=P+jQ, (22)
we can also get from,
[ ="20% _ P2ti%) (23)

V2 V2

V1 is the voltage at node 1,

V2 is the voltage at node 2, 1, is its conjugate.

P2 and Q2 are the real and reactive powers at node 2,

R2 and X2 are the resistance and reactance of the branch
bridging the nodes 1 & 2
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11.2.1 Active Power Loss Reduction

active power losses, Pjyssos = I°R, (24)
from (3),
(P2+Q2)
Piosses = (%)2 X Ry (25)
R1(P2*+Q2%)
Plosses(l) = % (26)
Similarly, we can get the reactive power losses as,
X1(P22+Q22)
Qlosses(l) = % (27)

For, Plosses (1) and Qlosses (1) are the real and reactive
power losses through the branch tieing nodes 1&2,

2 2
_ Ri(Pi+1°+Qi+17)

Plosses(i) - Vi+12 (28)
Xi(Pix1°+Qit1%)
Qlosses(i) = (29)

2
Vigr

11.2.2 Voltage stability index

Voltage stability index is proposed to identify the feeble
node prior to voltage collapse [28].
Equating (21) and (23),

_ Vi—Va _ P—jQ2

L7 Ritixs T (30)
(P, —jQ2) * Ry +jX1) = (V1 = V) x 1, (31)
taking the voltage angles into consideration we have
V;481 and V,£62
Thus, the above equation becomes,
(P2Ry + Q2X1) + j(PXy — Q2Ry)
= (V1461 = V,262) * V,262 (32)

= (V,V, cos(81 — 62) — V,%)
+ j(V,V,sin( 81 — 62))

(Since x26 = x (cos 6 + jsin®))

Now, equating the real parts and imaginary parts on both

sides of the equation, we get,
V,V, cos(81 — 82) — V,% = P,R; + Q,X; (33)
V1V2 Sll’l(51 - 52) = P2X1 - Q2R1 (34)

On squaring and adding on both the equations (33) & (34),
(we know(cos 8)? + (sinf)? = 1)

V22 = (V)" + (PoRy + QuX1) 2 + 2 (V,2(PoRy + Q2X1)) +
(PX1)? + (QzR1)? — 2P, QR X, (39)

On getting the above equation in quadratic equation form,

V,* + V22 (2P,Ry + 2Q,X, — Vi?) + (P2 + Q%) (R, +
X,?)=0 (36)

On comparing it to the standard form of ax? + bx + ¢ = 0,
—b+yb2%-4ac

with roots of x;, x, = p”

We have,x = V,% a = 1,b = (2P,R; + 2Q,X, — V;?),c =
(P* + Q%) (R* + X,%)

Since, the solution is unique as the root term is square, and
only positive value is applicable we consider b? — 4ac > 0, thus
we get,

(2P,R, +2Q:%, = V;2)" = 4{(P,% + Q) (R + %)} = 0
On simplifying,

Vi = 4(PXy — QuR.)* — 4(PR + QX )Vi* 2 0 (37)
Thus, defining Stability Index, in generalized form for ‘i,

VSIG+1) =V*— 4’(Pi+1)2(i = Qi+1R)?* — 4(Pis1R; +
Qi1 X))V =20 (38)

The node at which the value of VSI is least, is more feeble
and prior to the voltage fall-out.

I1l. HUNTER-PREY OPTIMIZATION (HPO)

Choosing the hunting and protection mechanisms of various
flora and fauna for effective optimization can be termed the Nature
Inspired Optimization Algorithm (NIOA). There are many
scenarios of animal hunting behaviour considered for optimization
algorithms [29]. The Hunter-Prey Optimization (HPO) algorithm
mimics the hunting behaviour of carnivorous hyenas, tigers, and
lions for their prey like deers and gazelles.

111.1 ALGORITHM

The scheme of the optimization algorithm involves three
steps. Step1l initializes of the population arbitarily. Step2 calculates
the fitness function (local best solution), constricting the search
area or exploration. Step3 is exploitation that mostly involves
crucial operations executed amongst the whole population to
evolve eminent individuals.

There are two stages to the search process, and they are
called "exploration" and “exploitation,” respectively. The
algorithm's propensity for very erratic behaviors and substantial
solution variations is referred to as "exploration." The striking
shifts in solutions prompt more exploration of the search space,
leading to the identification of previously unexplored potential
regions. Once the favorable areas have been located, random
behaviors must be reduced so that the algorithm may explore the
areas around the bright spots (also known as exploitation).

Step 1: Population Initialization:

The population is randomly initialized as(—>) ={>+->+
X X1 X2

- +...,—, >}, for each random variable is bounded between
X3 Xn-1 Xn

lower and an upper limits and thus defining the search space as

x; =rand(1,d) * (ub —lb) +1b (39)
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Where, ub and Ib are the upper and lower boundaries
defining the minimum and maximum values, d is the dimension or
the number of variables. x; Is position vector.

For every variable we define, there will be a minimum and
a maximum for each, i.e.

Ib = (lby, lb,, ... .. 1by) And ub = (uby, ub, .....ub,) (40)

Step 2: Calculation of Fitness function/ local minima
(Exploration):

After the initialization of population variables and their
respective lower and upper limits, the fitness function is calculated
by using the objective function. O = f(;>). It is be noted that a

search procedure must be repeated numerous times to pilot the
search agents to the best position as single run cannot give an
optimal solution.

X (t + 1) = Xy (6) + 0.5 (2CZPposny = Xmn(8)) +
(201 = OZty = xma(®)] (41)

The above equation defines the hunter prey mechanism,
which updates the position of hunter at every iteration.

Xmn(t) is the current position of the hunter
Xmn(+1)gives the updated position of the hunter for
next it Pposn) defines the prey position,

“u” is the average (mean) of all position and is given by

1
u=-

n

m=1Xi (42)

In this algorithm, the hunter targets the prey which is away
from the rest of the praise and how the prey reaches its group before
getting attacked by the hunter. P is a random vector between [0, 1],
Z is an adaptive parameter and C is a balance parameter between
the steps 2 &3, i.e., exploration and exploitation.

C=1-—iter (&)
Maxiter

Where iter is the current iteration and Maxiter is the
maximum number of iteration user defines; the C value decreased
from 1 to 0.02 during the run of iterations.

For R1 be any random number between [0,1] and Rz and R3
be any any random vectors defined within the same range, INX
defines the index number of vector Rs ,the values of P and Z are
calculated as

(43)

Z = (R, * INX) + (R7'* INX) (44)

P =R < C,satisfying INX = (P == 0) (45)

Step 3: Exploitation:

“We discusses earlier that the prey far from the group is
considered by the hunter, but if we consistently suppose the search
agent with the longest distance from the average position in each
iteration, the algorithm will have a delayed convergence.”

Ppos = xilmaximum Of (Deuclid)l (46)

Deyciia = \/Zgzl(xm,n — ) "2 (47)

Deuciia IS the prey-to-searcher distance as measured by the
Euclidean algorithm. When the hunter catches his prey, kills it, and
moves on to another target, he solves the problem described by the
hunting scenario.

kbest = round(C X N) (48)
Using which the position vector is updated as
Pyos = xilmaximum of Deyciq(kbest)| (49)

, and the search agent equation is updated as

xm,n(t + 1) = (Tpos(n) + CZCOS(ZT[R4) X (Tpos(j) - xm,n(t)))
(50)

Where Topsis the optimal global position, and R4 is a random
number between [-1, 1].

For the question of how to choose hunter and prey, we
define another random number Rs between [0 and 1] and get it
compared with B (a regulator parameter fixed at 0.1);

X (1) + 0.5[(2CZBy05 — xm(t)) +
A =c)Zu—xp(t), forRs<p
Tyos + CZ cos(2mR,) X (Tpos — %, (t)),

for Ry > f

{ Initialize the hunter and prey }

( \|
Xt +1) = { ¥ (51)
| |
)

population, and set the boundary
limits (Eqn.38)

Evaluate fitness of each hunter and
prey

Does it meet the
termination criterion?

Update the position
(Eqn.51b)

Produce the best
solution

update the position
(Egn.51a)

Figure 3: Flowchart of the HPO algorithm.
Source: Authors, (2023).

IV. RESULTS AND DISCUSSIONS

The proposed algorithm of the Hunter-Prey Optimization
(HPO) is assayed on typical IEEE-33 and 69 test bus systems using
MATLAB2021b. The main aim is the reduction of active power
losses by determining the optimal siting and sizing of the capacitor
banks and solar DG placement. In this work, the following cases
are considered for both 33 and 69 test bus systems to compare and
identify the efficiency of the suggested algorithm.

Page 46



Pappu and Janamala, ITEGAM-JETIA, Manaus, v.9 n.43, p. 42-53, Sept./Oct., 2023.

Casel: is the base or nominal case,

Case 2: is the active power loss reduction considering three
shunt capacitor allocations,

Case 3: power loss reduction with three PV-Daunts in the
considered radial distribution system. And an internal comparison
is made within the studied cases for each system. The IEEE-33 and
69 bus systems are considered for the study.

The attained values from the performed algorithm (HPO)
are compared with other existing heuristic and meta-heuristic
algorithms taking the parameter of active power losses, with a
tabulated comparison of the data below.

IV.1 IEEE-33 BUS SYSTEM

1V.1.1 Base or Nominal Case

The load flow analysis is calculated using the Backward-
Forward Sweep algorithm and the results are taken into
consideration for the comparison. It is to be noted that, for the
active loss two values of 202.65kW and 210.8kW are taken into
consideration.

Table 1: Nominal values of a 33-bus systems (for 202.65 kW).
Ploss(kW) | Vmin(p.u.) | VSI

202.65 0.8541 0.6821
Source: Authors, (2023).

Table 2: Nominal values of a 33- bus system (for 210.0kW).

Ploss(kW) | Vmin(p.u.) | VSI

210.0 0.9038 0.6685
Source: Authors, (2023).

IV.1.2 Three Shunt Capacitor Banks Allocation

In this case, the system performance with three shunt
capacitor bank is analysed using the proposed algorithm of HPO,
and the obtained results are compared with that of existing
algorithms to highlight the effectiveness of HPO.

Table 3 and 4 gives the comparison among Particle Swarm
Optimization (PSO), Cuckoo Search Algorithm (CSA) [30], Multi-
Verse Optimizer [5], Plant Growth Simulation Algorithm (PGSA),
and Flower Pollination Algorithm (FPA) with the proposed
algorithm of Hunter-Prey Optimization (HPO) for the nominal
value of active power loss 202.5kW and with Interior Point (IP)[6],
Simulated Annealing(SA)[6], Practical Approach[7], Two-Stage
method and Locust Search(LS) [8] for nominal active power loss
of 210.8kW and the HPO can be found more efficient in loss
reduction of other all.

Table 3: Comparitive Analysis for Active power loss for a 33-bus system using HPO and other algorithms.

Parameter base case | Compensated values
Two-stage Practical Approach
IPI8] | ASIB] | jethod [10] | method [9] LS[10] | HPO
Active power loss (kW) 210.8 KW 171.78 151.75 144.04 138.61 139.23 138.43
% loss reduction ' 18.5% 28.01% | 31.67% 34.25% 33.95% | 34.33%
Optimal site (bus number) 9 450 |10 450 |7 850 12 500 12 450 |12 450
and size of three capacitor 29 800 |14 900 |29 250 24 500 25 350 |24 450
banks (car) 30 900 |30 350 |30 900 30 1000 30 900 | 30 1050
Source: Authors, (2023).
Table 4: Comparative Analysis for HPO algorithm with other algorithms for 33-bus system (Extended).
Parameter Nominal values Compensated values
PSO [30] | CSA [30] MVO [5] | PGSA[6] | FPA[7] | HPO
Active power loss (KW) 202.65 133.12 133.0851 132.68 135.40 134.47 132.37
%loss reduction 34.31% 34.32% 34.53% 33.18% 33.64% 34.68%
. . . 14 300 |10 600 |12 450 |6 1200 6 250 |12 450
nga%gz{l‘oar'sgsznd size(kVAT) 24 600 |24 600 |24 600 |28 760 |9 400 |24 450
30 1050 |30 900 |30 900 | 29 200 30 950 | 30 1050

Source: Authors, (2023).

Relative Results for IEEE-33-bus system with Capacitor bank
allocation

The proposed algorithm of Hunter Prey Optimization is
tested for decreasing the active power losses for the standard IEEE-
33 bus system. The obtained results of real power loss reduction
from 202.6kW to 132.37kW subjecting to 34.68% are compared
with  other existing algorithms of Particle  Swarm
Optimization(PSO) [30] for active power loss reduction from 202.6

kW to 133.12 kW with 34.31% reduction, Cuckoo Search
Algorithm (CSA) [30] for 34.32% reduction from 202.6kW to
133.08kW, Multiverse Optimizer(MVO) [5]with a loss reduction
of 132.68kW from 202.6kW accounting to 34.53%, Plant Growth
Simulation Algorithm(PGSA)[6] with 33.18% of active power loss
reduction, i.e., real power loss reduced from 202.6kW to 135.4kW
and Flower Pollination Algorithm(FPA) [7] lowering losses from
202.6kW to 134.47kW for 33.64%. The variation can be
graphically observed as:
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Ploss reduction with 3 capacitor banks placement (33 bus 202.65kW base loss)
HPO 132,37
(9]
S FPA 134,47
T
=
o PGSA 1
5 35,4
0]
-
< MVO 132,68
}_
0
o CSA 133,0851
L
m
a PSO 133,12
base 202,65
0 50 100 150 200 250
ACTIVE POWERLOSS (PLOSS KW)

Figure 4: Bar diagram representing active power loss reduction with CB placement (33 bus_202kW).
Source: Authors, (2023).

The comparison is also made with other algorithms of
Interior Point (IP)[8,12] for a loss reduction of 171.78kW from
210.8KW (18.5%), Simulated Annealing(SA)[8,10] 151.71 from
210.8kW(28.01%), Two-stage method[11] for deduction of

Approach[9,10] method reducing the real losses from 210.8kW to
138.61kW(34.25%), Locust Search(LS)[10] algorithm reducing to
139.23kW from 210.8kW(33.95%); while the proposed algorithm
reduces the active losses to 138.43kW from 210.8kW accounting

31.67%,i.e., from 210.8kW to 144.04kW, Practical- to 34.33% reduction proves to be effective in comparison.
Ploss reduction with 3 capacitor banks placement (33 bus base loss 210.8kW)

HPO 138,43
[%2]
2 LS 139,23
T
o Practical Approach method 138,61
3
< Two-stage method 144,04
=
o SA 151,75
L
LL
S
& IP 171,78

base 210,8

0 50 100 150 200 250
ACTIVE POWER LOSS (PLOSS KW)

Figure 5: Bar diagram representing active power loss reduction with CB placement (33 bus_210kW).
Source: Authors, (2023).

1V.1.3 Three PV-DG Allocation

The performance analysis of the IEEE-33 bus system with
three PV units is considered for this case. Applying the proposed
HPO algorithm, the results are obtained of which, the active power
losses are compared with the of other algorithms to test the
efficiency of the HPO algorithm.

From the tabulated data, it can be noticed that the active
power loss reduction using HPO is more, i.e., from 210kW to
71.45kW comprising to 65.97% while GA accounts for 49.38%,
PSO for 49.85%, GA-PSO for 50.76%, EA for 65.34%, while EA-

OPF and Exhaustive OPF account for 65.33%, upon ABC
algorithm there is a loss reduction of 61.08%. Also, we can observe
the total DG capacity is also less comparatively with the other
algorithms. The sum of the three PV DGs size owing its total
capacity using HPO is 2925kW, while it is 2951kW for EA,
2947kW for EA-OPF and Exhaustive-OPF methods, 3114 kW
using ABC, 2994 kW using GA and 2988.1kW and 2988kW using
PSO and GA-PSO respectively. We can also notice that the total
PV-DG capacity is minimum, 2925kW using the HPO algorithm,
which is less than that obtained from other algorithms.
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Table 5: A comparative Table of active power loss with PV_DG placement within algorithms for 33 bus system.

Efficient Efficient Exhaustive Ant Bee Genetic Particle
Method | Analytic Optimal . Colony . Swarm GA-PSO
Parameter Power flow Algorithm AN HPO
(EA) Power Flow(EA- method [25] (ABO) (GA) [22] Optimization [22]
[25] OPF)[25] [26] (PSO) [22]
Active Power 72.78 72.79 72.79 79.26 106.3 105.3 103.4 71.45
loss(kW) (65.34%) (65.33%) (65.33%) | (61.08%) | (49.38%) (49.85%) (50.76%) | (65.97%)
DG site(bus 13 798 13 802 13 802 6 1756 11 1500 13 981.6 32 1200 14 754
number) and | 24 1099 24 1091 24 1091 15575 29 422.8 32 829.7 16 863 24 1100
size(kVAr) 30 1054 30 1054 30 1054 25 783 30 1071.4 8 1176.8 11 925 30 1071
Total capacity | )q 2947 2947 3114 2994 2988.1 2988 2925
(kVAr)
Source: Authors, (2023).
Graphically the comparison among various algorithms for PV placement can be shown as a bar graph.
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Figure 6: Bar diagram representing comparison among algorithms for PV integration (33 bus) Case.
Source: Authors, (2023).

IV.2 IEEE-69 TEST BUS SYSTEM

1V.2.1 Nominal or Base Case

The Backward-Forward Sweep algorithm is used to
evaluate the load flow analysis and the value of active power loss
of 225.0kW is taken into consideration for the comparison.

Table 6: Base values of a 69-bus system.
Ploss(kW) | Vmin(p.u.) | VSI
225.0 0.9093 0.6838
Source: Authors, (2023).

1V.2.2 Three Shunt Capacitor Banks Allocation

In this case the performance of the 69-bus radial system is
analysed with three capacitor banks allocation and the results
derived are compared with the existing algorithms.

The results of the HPO algorithm are compared to that of
PSO, PGSA, Fuzzy-GA, Two-Stage method and heuristic
approach. Table 7 depicts the comparison for active power losses
also the optimal CB locations also noted.

Comparative results for 69 bus system

The preferred algorithm is assessed for 69 bus system and
the results are compared for actual power loss with other
contemporary algorithms. Particle Swarm Optimization (PSO) [12]
with power loss reduction of 32.23% loss reduction from 225.0kW
to 152.48kW. Plant Growth Simulation Algorithm (PGSA)
proposed in [13] has a loss reduction of 147.40kW from 225.0kW
comprising to 34.49%. Two-stage method [13] and Fuzzy-GA in
[14] has 33.82% and 32.17% of loss reduction from 225.0kW to
148.91kW and 152.62kW respectively. The losses are decreased
from 225.0kW to 148.48 kW comprising 34.01% using Heuristic
Approach [15]. The proposed HPO has an active loss reduction of
145.228kW from 225.0kW accounting to 35.43%.

1V.2.3 Three PV-DG Allocation

The proposed HPO algorithm is executed on the IEEE-69
bus system and the active losses derived results are collated to the
other existing algorithms of Effective  Analytic(EA),
EA_OPF(Effective Analytic-Optimal Power Flow), Exhausted
Optimal ~ Power  Flow  algorithm, Particle ~ Swarm
Optimization(PSO), Genetic Algorithm(GA), a combined GA-
PSO and tabulated in table no. 8.
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Table 7: Comparative results of active power loss for 69-bus system for different algorithms with HPO.

Parameter Nominal values Compensated
Two-Stage Fuzzy- Heuristic
PSOTI2] | PGSA[L3] method [13] | GA[14] | Approach [15]

Active power loss (kW) 225.0 152.48 147.40 148.91 152.62 148.48
%loss reduction 32.23% 34.49% 33.82% 32.17% 34.01%
The optimal site and 46 241 | 57 1200 19 225 59 1100 8 600
size(kVAr) of capacitor 47 365 58 274 62 900 61 800 58 150
banks 50 1015 61 200 63 225 64 1200 60 1050

Source: Authors, (2023).
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Figure 7: Bar diagram representing comparison among algorithms for CB integration (69 bus).
Source: Authors, (2023).

Table 8: A comparative table of active power loss with PV-DG placement within algorithms for 69 bus system.

Efficient Efficient Analytic Exhaustive Genetic Particle Swarm GA-PSO
Parameter Method Optimal Power Power flow Algorithm Optimization [22] HPO
(EA) [25] Flow(EA-OPF)[25] | method [25] (GA) [22] (PSO) [22]
Active Power 69.62 69.45 69.45 89.0 83.2 81.1 69.43
loss(kW) (69.05%) (69.13%) (69.13%) (60.44%) (63%) (69.35%) | (69.14%)
DG site(bus 61 1785 61 1719 61 1719 21 929.7 61 1199.8 63 884.9 11 574
number) and 18 380 18 380 18 380 62 1075.2 63 795.6 61 1192.6 18 380
size(kVAr) 11 467 11 527 11 527 64 984.8 17 992.5 21 910.5 | 61 1719
Total capacity
(kVAT) 2632 2626 2626 2989.7 2987.9 2988 2623

Source: Authors, (2023).

The productivity of the proposed algorithm of HPO is  the HPO algorithm is applied, 2623kW using HPO, 2632kW using
efficient in reduction of active power losses compared to that of EA, 2626kW using EA-OPF and Exhaustive-OPF, 2989.7kW
other algorithms can be noticed from the table 8. There is a  using GA, 2987.9kW using PSO and 2988 using GA-
reduction of 69.43kW from 225.0kW comprising to 69.14%. It is PSO. Also from the last column that gives the DG
69.059%(69.62kW) using EA, 69.13%(69.45kW) using EA-OPF  capacities, we can notice that the total capacity of DGs is minimum
and Exhaustive OPF,60.44%(89kW) using GA, 63%(83.2kW)  using the HPO algorithm comparing with the other optimization
using PSO and 63.95%(81.1kW) using GA-PSO. It can also be technique. The comparison can be graphically depicted as in figure
noted that the total DG capacity (sum of all 3 units) is less when 8.
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HPO(Hunter Prey Optimization)
GA-PSO[22]

PSO(Particle Swarm Optimization)[22]
GA( Genetic Algorithm)[22]

Exhaustive Optimal power flow method[25]

various algorithms

EA-OPF[25]
EA(Efficient analytic method)[25]

base

Active power loss reduction with 3 PV units integration(69 bus system)
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Figure 8: Bar diagram representing comparison among algorithms for PV integration (69 bus).
Source: Authors, (2023).

1V.3 PERFORMANCE ANALYSIS OF HPO FOR IEEE-33
AND 69 BUS SYSTEMS WITH SWITCHED CAPACITOR
BANKS, FIXED CAPACITOR BANKS AND PV-DG
PLACEMENT

The simulations are done for IEEE 33 and 69 standard test
bus systems using the proposed algorithm of HPO (Hunter-Prey
Optimization), for the integration with fixed capacitor banks,
switched capacitor banks, and solar PV DG integration. Switched
capacitors are the automatic capacitors where the kVAr can be
varied, while the fixed capacitors supply a constant amount of
correction kVAr. The obtained results for each case with loss
reduction, both active and reactive power loss reduction and
voltage profile improvement are tabulated in tables 9, 10 and 11.

The above tables give results of HPO application which
clearly depicts the ease and efficiency of the algorithm. The
parameters of active power loss, reactive power loss, minimum

voltage and voltage stability index are neffectively varied, with a
notable loss reduction and voltage profile amplification. The same
can be observed in all three cases of fixed capacitor bank, switched
capacitor bank and solar DG integrations in the 33 and 69 bus
systems from tables 9, 10 and 11 respectively. The optimal
allocation of CBs and DGs are also tabulated.

According to the theory of the algorithm, the prey dies when
hunter attacks and Kills it and thus the safe position of the hunter
will be the best solution. In this context, the bus with minimum
number of losses will be the ideal or optimal location for a DG or
a CB. The algorithm is found efficient for loss deduction and
voltage profile amelioration when compared with other
contemporary techniques and nominal values. From the tables of 5
and 8, the total capacity of PV DGs using the algorithm is found
minimum but not in case with CBs which could be counted as the
limitation of the algorithm.

Table 9: Parameter tabulation of IEEE-33 & 69 bus systems with fixed CBs using HPO.

Parameter-fixed CB (3 units) | 33 bus (202 kw loss) | 33-bus (210 kW loss) 69 bus
Ploss (kW) 132.4238 137.1657 145.2824
Loss (KVAr) 88.4249 93.4183 67.7404
Vmin p.u.(bus) 0.9362 (18) 0.9309 (18) 0.9308 (65)
VSlI(bus) 0.7483 (16) 0.7312 (16) 0.7120(63)
DG site (bus no.) 24 30 11 12 24 30 11 61 18
DG size (kVAr) 450 1050 450 450 450 1050 300 1200 300

Table 10: Parameter tabulation of IEEE-33 and 69 bus s

Source: Authors, (2023).

stems with switched CBs using HPO.

Parameter-switched CB (3 units) | 33- bus (202 kW) | 33-bus (210 kW) 69-bus
Ploss (kW) 132.1726 138.2644 145.2876
Qloss (KVAr) 88.3306 94.2155 67.7227
Vmin p.u.(bus) 0.9377 (18) 0.9317 (18) 0.9314 (65)
VSI(bus) 0.7533 (16) 0.7337 (16) 0.7173 (63)
DG site (bus no.) 24 13 30 30 24 13 17 66 61
DG size (kVAr) 544 379 1037 | 1037 544 388 | 267 341 1238
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Table 11: parameter tabulation of IEEE-33 and 69 bus systems with PV-DG integration using HPO.

Parameter-three units of PV-DG | 33-bus (202 kW) | 33-bus (210 kW) 69-bus
Ploss (kW) 71.4572 74.0870 69.4284
Qloss (kVAr) 49.3909 51.3923 34.9618
Vmin p.u.(bus) 0.9686 (33) 0.9646 (18) 0.9790 (65)
VSlI(bus) 0.8485 (30) 0.8053 (29) 0.8521 (60)
DG site (bus no.) 24 30 14 12 24 31 11 61 18
DG size (kW) 1100 1071 754 | 932 1101 899 | 527 1719 380

Source: Authors, (2023).

V. CONCLUSIONS

To determine where and how big capacitor banks and solar
DGs should be installed in a radial distribution ssytem, a novel
methodology called Hunter- Prey Optimization (HPO) is
presented. The fundamental motivation for this optimization
approach is the ability to pull a target away from the rest of the
pack and strike it in the direction of the pack leader. The algorithm
is tested on the IEEE-33 and 69 test bus systems, and the results
are compared to those of other popular algorithms to determine
where to put the capacitor banks and the PV type DG. For a more
thorough evaluation of the radial distribution system's
competitiveness, simultaneous installation of PV-DG and capacitor
banks may be expanded.

V1. AUTHOR’S CONTRIBUTION

Conceptualization: Varaprasad Janamala.

Methodology: Varaprasad Janamala.

Investigation: Varaprasad Janamala.

Discussion of results: Soundarya Lahari Pappu.

Writing — Original Draft: Soundarya Lahari Pappu.

Writing — Review and Editing: Soundarya Lahari Pappu.
Resources: Varaprasad Janamala.

Supervision: Varaprasad Janamala.

Approval of the final text: Soundarya Lahari Pappu and
Varaprasad Janamala.

VII. REFERENCES

[1] Devabalaji, K. R., Thangaraj Yuvaraj, and Kuppan Ravi. "An efficient method
for solving the optimal sitting and sizing problem of capacitor banks based on
cuckoo search algorithm." Ain Shams Engineering Journal 9.4 (2018): 589-597.

[2] Lee, S. H., and J. J. Grainger. "Optimum placement of fixed and switched
capacitors on primary distribution feeders." IEEE Transactions on Power
Apparatus and Systems 1 (1981): 345-352.

[3] Baran, Mesut E., and Felix F. Wu. "Optimal capacitor placement on radial
distribution systems." |IEEE Transactions on power Delivery 4.1 (1989): 725-734.

[4] Haque, M. H. "Capacitor placement in radial distribution systems for loss
reduction." IEE Proceedings-Generation, Transmission and Distribution 146.5
(1999): 501-505.

[5] Mtonga, Thomson PM, Keren K. Kaberere, and George K. Irungu. "Optimal
shunt capacitors’ placement and sizing in radial distribution systems using
multiverse optimizer." IEEE Canadian Journal of Electrical and Computer
Engineering 44.1 (2021): 10-21.

[6] Sarma, A. Kartikeya, and K. Mahammad Rafi. "Optimal selection of capacitors
for radial distribution  systems using plant growth  simulation
algorithm." International Journal of Advanced Science and Technology 30.5
(2011): 43-54.

[7] Abdelaziz, Almoataz Y., Ehab S. Ali, and S. M. Abd Elazim. "Flower pollination
algorithm and loss sensitivity factors for optimal sizing and placement of capacitors
in radial distribution systems." International Journal of Electrical Power & Energy
Systems 78 (2016): 207-214

[8] Shuaib, Y. Mohamed, M. Surya Kalavathi, and C. Christober Asir Rajan.
"Optimal capacitor placement in radial distribution system using gravitational
search algorithm." International Journal of Electrical Power & Energy Systems 64
(2015): 384-397.

[9] Hung, Duong Quoc, Nadarajah Mithulananthan, and R. C. Bansal. "A combined
practical approach for distribution system loss reduction." International Journal of
Ambient Energy 36.3 (2015): 123-131

[10] Diaz, Primitivo, et al. "A swarm approach for improving voltage profiles and
reduce power loss on electrical distribution networks." IEEE Access 6 (2018):
49498-49512.

[11] Prakash, K., and M. Sydulu. "Particle swarm optimization-based capacitor
placement on radial distribution systems." 2007 IEEE power engineering society
general meeting. IEEE, 2007.

[12] Sarma, A. Kartikeya, and K. Mahammad Rafi. "Optimal selection of capacitors
for radial distribution systems using plant growth simulation algorithm."
International Journal of Advanced Science and Technology 30.5 (2011): 43-54.

[13] Abul’Wafa, Ahmed R. "Optimal capacitor allocation in radial distribution
systems for loss reduction: A two-stage method." Electric Power Systems Research
95 (2013): 168-174.

[14] Das, D. "Optimal placement of capacitors in radial distribution system using a
Fuzzy-GA method." International Journal of Electrical Power & Energy Systems
30.6-7 (2008): 361-367.

[15] Hamouda, Abdellatif, Nadia Lakehal, and Khaled Zehar. "Heuristic method for
reactive energy management in distribution feeders." Energy conversion and
management 51.3 (2010): 518-523

[16] Pepermans, Guido, et al. “Distributed generation: definition, benefits, and
issues”; Energy policy 33.6 (2005): 787-798.

[17] El-Khattam, Walid, and Magdy MA Salama. “Distributed generation
technologies, definitions and benefits.” Electric power systems research 71.2
(2004): 119-128.

[18] Pandey, Shashi Kant, Soumya R. Mohanty, and Nand Kishor. "A literature
survey on load—frequency control for conventional and distribution generation
power systems." Renewable and Sustainable Energy Reviews 25 (2013): 318-334.

[19] Kamel, Salah, et al. “Optimal DG allocation for enhancing voltage stability and
minimizing power loss using hybrid gray wolf optimizer” Turkish Journal of
Electrical Engineering and Computer Sciences 27.4 (2019): 2947-2961.

[20] Costa, José¢ Adriano da, et al. “Optimal sizing of photovoltaic generation in
radial distribution systems using Lagrange multipliers”; Energies 12.9 (2019):
1728.

[21] VC, Veera Reddy. “Optimal renewable resources placement in distribution
networks by combined power loss index and whale optimization algorithms.”;
Journal of Electrical Systems and Information Technology 5.2 (2018): 175-191.

[22] Moradi, Mohammad Hasan, and M. Abedini. “A combination of genetic
algorithm and particle swarm optimization for optimal DG location and sizing in
distribution systems.” International Journal of Electrical Power &amp; Energy
Systems 34.1 (2012): 66-74.

[23] Ali, E. S., S. M. Abd Elazim, and A. Y. Abdelaziz. “Ant lion optimization
algorithm for renewable distributed generations.” Energy 116 (2016): 445-458.

Page 52



Pappu and Janamala, ITEGAM-JETIA, Manaus, v.9 n.43, p. 42-53, Sept./Oct., 2023.

[24] El-Fergany, Attia. "Optimal allocation of multi-type distributed generators
using backtracking search optimization algorithm." International Journal of
Electrical Power & Energy Systems 64 (2015): 1197-1205.

[25] Mahmoud, Karar, Naoto Yorino, and Abdella Ahmed. "Optimal distributed
generation allocation in distribution systems for loss minimization." IEEE
Transactions on Power Systems 31.2 (2015): 960-969

[26] Lalitha, M. Padma, N. Sinarami Reddy, and VC Veera Reddy. "Optimal DG
placement for maximum loss reduction in radial distribution system using ABC
algorithm." International journal of reviews in computing 3.1 (2010): 44-52

[27] Das, Do, D. P. Kothari, and A. Kalam. "Simple and efficient method for load
flow solution of radial distribution networks." International Journal of Electrical
Power & Energy Systems 17.5 (1995): 335-346.

[28] Murthy, G. V. K., et al. "Voltage stability analysis of radial distribution
networks with distributed generation." International Journal on Electrical
Engineering and Informatics 6.1 (2014): 195.

[29] Naruei, Iraj, Farshid Keynia, and Amir Sabbagh Molahosseini. "Hunter—Prey
optimization: Algorithm and applications." Soft Computing 26.3 (2022): 1279-1314.

[30] Idris, R. M., and N. M. Zaid. "Optimal shunt capacitor placement in radial

distribution system." 2016 IEEE International Conference on Power and Energy
(Peon). IEEE, 2016



