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ABSTRACT- This paper shows a new method to enhance the performance of loop electrical systems by finding optimal
reactive power. The Bees Algorithm and the Jaya Algorithm are used to determine the optimal settings of control variables such as
generator voltage, tap positions of transformers, and reactive power output of shunt compensators. These methods are tested on
IEEE 14 and IEEE 30 bus systems. The results show that hybridizing the Bees Algorithm with the Newton Raphson method has a
more favorable effect than hybridizing the Jaya Algorithm with the Newton Raphson method in terms of minimizing active power
losses and achieving faster convergence to the optimal solution. The performance of these proposed methods is compared with

conventional optimization techniques and presented for illustrative purposes.
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# 1. INTRODUCTION

The significant economic development that the world has
witnessed, especially in the past century, has led to an increased
demand for electrical energy. Consequently, power generation
must be increased by constructing new power plants or
expanding existing ones. Additionally, restructuring the design
of transmission and distribution networks is necessary, which
entails a substantial increase in financial costs and extended
time requirements.

Electrical networks in general, and distribution networks in
particular, suffer from a significant increase in actual power
losses and a decrease in voltage levels at nodes. Determination
of Optimal Reactive Power Flow in Electrical Networks,
especially those connected to renewable energy sources, plays
a crucial role in reducing these losses and improving voltage
levels at electrical nodes. Therefore, in recent years, modern
methods based on artificial intelligence algorithms have been
utilized to enhance the performance of electrical networks.
Reactive power flow in Loop electrical networks is necessary

for the operation of the electrical system, but exceeding the
reactive power of the permissible ranges may lead to major
problems, represented by increasing the active power losses.

Recently, modern methods based on artificial intelligence
algorithms have been used to improve the performance of
electrical networks, reducing active power loss values and
improving voltage values at network nodes. There are many
recent studies that have focused on finding the optimal flow for
reactive power in electrical networks to reduce actual power
losses at lowest possible value and improving voltages at nodes,
and we will review the latest of these studies. In reference [1],
the learning algorithm (TLBO) was used to find the optimal
reactive power flow for a standard IEEE14 - IEEE30 network
with the aim of reducing losses and improving voltage, where
the value of losses decreased by 8.4% and 8.5%, respectively.
In reference [2] particle swarm algorithm is used finding
optimal reactive power flow in a realistic network connected
with a synchronous generator in two cases: In the first case,
without adding a generator, we noticed that the value of actual
losses decreased by 15.93%. The second case: When adding a
DG generator, the best location was node 39, and the actual
losses decreased by 26.67%. As for reference [3], the particle
swarm algorithm (PSO) was also applied to an IEEE14 standard
network connected to a wind generator and with variable wind
speeds, and the losses decreased by 8.6% without connecting a
generator, but the percentage of decrease became 11.1% when
connecting the generator to node 14, while this percentage
became 11.82% when adding two generators in the generation
nodes (2 & 6). While in the research [4] the (PSO) algorithm
was used to obtain the IEEE 39 radial standard network where
the generators' voltages static reactive compensators, and power
transformer settings were used as control variables, and
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compensators were installed at nodes 11 and 12, which showed
an improvement in some node voltages and decrease in active
power losses by 3.16% and it used an algorithm based Multi-
Agent Model with Volt-VAR Control and applied it to an
IEEE14 standard network [5]. As for the research [6], it used a
new algorithm called JAYA and applied this algorithm to three
standard networks, IEEE14, IEEE30, and IEEES57, and it
obtained very good results, especially when connecting these
networks with distributed generation systems. The research [7]
used a hybrid algorithm called CPSO to improve the
performance of standard Loop networks, where the actual loss
reduction in IEEE14 and IEEE30 was 12.243 MW and 16.01
MW, respectively.

Therefore, in this research, the bees and Jaya algorithms will be
used to find the optimal reactive power flow to reduce active
power losses, enhancing the voltage profile and the response
speed in reaching the optimal solution. This paper is structured
as follows: Section 2 presents the objective function. Offers the
Bees and JAYA Algorithms in section 3. Applications of the
proposed method are in section 4. In section 5 results and
Comments. Offers the conclusions of this paper in section 6.

:72. FORMULATION OF THE
OPTIMIZATION PROBLEM

2.1. Objective function
The mathematical equation expressing the active power losses
in electrical networks is given by eq. (1) in the research [8].

Min Ploss = F(x,u) '

Ni
= ZGi(Vi2+Vj2—2*Vi*Vj
k=1
* C0S0; ]-) €Y
x _It is a vector that includes the non-independent (restricted)
variables: Load bus voltage V;, generator reactive power output
Qg, Transmission line flow) S;.

u _Itis a ray that includes the control variables, generation bus
voltages Vg as a continuous control variable, Transformer taps
ratios T, Shunt VAR compensation Qc, both of which are
discrete control variables

where Pj,s: expresses the actual power losses, G;: is the
conductance of branch 7, Ni indicates the total bus count. V;: and
V;: corresponding voltage bus of i and j, respectively,

2.2. Constraints

2.2.1. Equality Constraints

equality constraints that are achieved once the Newton-Raphson
algorithm starts working and are represented by the
relationships eq. (2) and eq. (3) in the research [7].

NB

Pgi— Py = Z |Vi|*|‘/}'|

i=1
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NB
Qi — Qu = Z Vil = V]
i=1

Here, NB represents the total number of buses in the system, the
terms P; and Qg;; denote the active and reactive power
generated at bus 7, respectively, while P;; and Q;; are the active
and reactive load demands, G;; and B;; indicate the
conductance and susceptance of the line connecting buses i and
Jj, respectively. finally, §; j refers voltage phase angle difference
between bus i and .

2.2.2. Inequality Constraints
(a) Limits of Voltage generation buses:

v <V S VM i =1,2, 4)

09 <V;<11 PU 5)
(b) Transformer tap setting constraints:

T, < T, < ™ k=12.......Nk (6)

095<T< 11 PU 7
(c) Capacity limits for switchable capacitor banks:

Q™ < Qi Q™ ,i=12.......Nc (8)

0<Q, <30 MVA )

In this context V;™™ and V;™* define the lower and upper
voltage limits. T,™" and T,™* shows the maximum and
minimum limits of the tap changing of transformers and Qcimin
and Q,;™** represents the limits of the reactive power injected

by the VAR compensators,

3, ALGORITHMS

3.1. The Bees Algorithm

The Bee Algorithm is considered one of the essential algorithms
for finding optimal solutions, which was developed at Cardiff
University in Britain in 2005 by a group of researchers led by
Professor T.D Pham. It is based on the principle of how bees
collect nectar in nature. This algorithm is characterized by its
simplicity, ease of implementation, and ability to find optimal

solutions efficiently [9]. Figure I demonstrates the main steps
of the Bees Algorithm [10].

Initially, the Bees algorithm must be prepared with the
following parameters [10].

e Population sizing is defined by the number of scout
bees(ns).

Number of best sites(m).

Number of elite sites (e).

Number of recruited bees for elite sites (7/).

Number of recruited bees for (m-e) sites (n2).

Initial size of neighborhood (7).
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e Limit of stagnation cycles for site abandonment when
reaching the maximum number of iterations or reaching a
specific absolute error value between the desired solution
and the solution obtained from applying the algorithm, and
multiple conditions can be combined.

Fitness Evaluation
Elite sites (g)

l / n2 Beesper Patch

Local Search
Global Search
New Population

Bestsites (m-e)
n1 Bees per Patch

‘ FimessE\'aluadm‘ | FfmessEvalua\:irm|

‘ Select Patch Fittest ‘ | Select Patch Fittest |

Random (n-m)

Converged?

Figure 1. Flowchart of the Bees algorithm

3.2. JAYA Algorithm

Let f{x) be the objective function. At iteration i, suppose there
are (p) design variables (i.e. j=1,2,...,p) and (¢) candidate
solutions (i.e. population size, k=1,2,...,c). The candidate
solution achieving the highest value of f(x) among all candidates
is referred to as F(x) best, while the candidate with the lowest
value is denoted as F(x) worst [11]. If X i]- represents the

current value, this value is modified according to eq. (10),
which is [12].

X' = x4+ (et — [y ]) = r2; (e — |xh]) - (10)

Where, X?¢t; is the best solution and X"°; the worst
solution, and r1; and r2; are the two random numbers in the
range [0, 1]. (r1; (X?¢¢; — |X%;|)) indicates the solution to
move closer to the best solution and ij(XW"rStj — |X i]-|)

indicates the solution to avoid the worst solution X' ;accepted.

Initialize parameter of JAVA.
(population size, number of design variables)

Construct of initial parameter

Find the best and worst sclution

Start the iteration

Find new sdlution by eq 10

NO

Is the new solation better than old?

YES
Replace the old solution with
new solution
Return the best sclution

Figure 2. Flow chart of JAYA

When a candidate solution produces a better objective function

value, it is retained. The set of accepted solutions at the end of

each iteration is used as the starting point for the next. Fig.2
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illustrates the flowchart of the JAY A algorithm. The algorithm
moves towards an optimal solution while simultaneously
avoiding failure [12].

3.3. Proposed Algorithm Workflow

3.1.1. Bees Algorithm

o Parameter Initialization: (Population size — Maximum
number of iterations — Number of control variables —

Variable boundaries — Data of the studied network,
including line parameters, bus voltages, and generation
sources.

e Random Initialization of Control Variables: Assign random
values to the control variables (generator voltages, reactive
power of compensators, voltage regulator settings of
transformers, and the size and power of the added
distributed generation systems) within their appropriate
limits.

o Objective Function Evaluation: Compute the objective
function for these random values, which represents the real
power losses. Then, sort the results in ascending order (since
the objective is to minimize power losses) by invoking the
Newton-Raphson algorithm.

o Selection of Best Locations: Select a proportion m of the
best locations from the total n, and assign n/ worker bees to
explore the neighborhood of these locations in search of
better solutions within the given constraints. Then, evaluate
the objective function.

o Selection of Elite Locations: Select a proportion e of the elite
locations from the previous m and assign n2 worker bees to
search in the neighborhood of these elite locations to find
improved solutions within the defined constraints. Then,
evaluate the objective function.

e Remaining Locations: For the remaining locations (from
m+1 to n), generate new random values and evaluate their
objective function. Finally, sort all the results in ascending
order and select the first one as the objective function result.

e Jteration: Repeat the above steps until the maximum
number of iterations is reached or the objective function
curve becomes stable, indicating the end of the optimization

process.
¢

‘ Parameter Initialization and Data for the studied network ‘

I

| Random Initislization of Control Variables and find chjective function by Newton-Raphson |

—_— Start Iteration

find objective function by

Newton-Raphson

‘ Find number of elite sites (<). ‘

‘ Find number of best sites, m ‘
]

find objective function by
Newton-Raphson

‘J

Random Initialization fr, Jusmkex of recruited bees for (m-e)
sites and find objective function

| Find the best soulation, after sort all the results in ascending |

Yes

STOP Soulation

Figure 3. Flow chart of the proposed method
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3.3.2. JAYA Algorithm

The first, second, and third steps remain the same as in the Bee
Algorithm. In the fourth step, the best and worst values are
selected, and these values are improved using eq. (10). If the new
value is better than the previous one, it replaces the old value.
Otherwise, the optimization process continues based on the
previous values.

Table 2. Parameter settings of the Jaya algorithm

Max iteration Population (n)
600 100

Table 3. Control Variables of the bees algorithm

These steps are repeated until the maximum number of iterations Voltage (pu) TAP changer (pu)
is reached or the optimal solution is found. Vi V2 V3 Vs Vs T, T, T3
1.10 1.08 1.05 1.10 1.07 1.00 | 0.93 1.00
(@ Capacitor (MVAR)
‘ Parameter Initialization andLData for the studied network | Cl Cz
1 30.00 6.9987

| Random Initislization of Control Variables and find objective fmnction by Newton-Raphson ‘

Table 4. Control Variables of the Jaya algorithm

—] Start Tteration.

’ Voltage (pu) TAP changer (pu)
1 Vi V2 V3 \/ Vs T, T; T3
o 1.10 | 1.08 | 1.05 | 1.10 | 1.07 | 1.02 | 091 | 1.00
. Capacitor (MVAR)
1 : Gy G
Replace the ol soutio it ‘ 30.00 6.9543
l
e In table 5, we can see a Comparison of the proposed approach
. with other optimization algorithms as shown below.
o ]

Table 5. Comparison of the proposed approach with other

optimization algorithms
Figure 4. Flow chart of the proposed method P g

Algorithm | TLIB[1] | PSO[3] | BA Jaya
T 4. SIMULATION RESULTS AND Piosses%o 8.41% 8.6 % 9.42% 9.42%
DISCUSSION
Both the Bees and Jaya algorithms are applied to the IEEE 14
and IEEE 30 bus systems. The IEEE 14-bus system includes 13.1 :
five generators located at buses 1,2,3,6, and 8, along with 13 71:\:,:?;3:?::'“'“
twenty transmission lines and three transformers. Additionally, )
shunt VAR compensating devices were installed at buses 9 and g 19
14 [1]. The IEEE 30-bus system comprises five generators at g 128
buses 1,2,5,8,11, and 13. 41 transmission lines and four 8 127
transformers. The shunt VAR compensating is connected at bus g 126
10 and 24 [1]. The power flow for IEEE 14 and IEEE 30 is 4 125
calculated using the Newton-Raphson method. ’
12.4
4.1. Case 1 1231
Applying the bee and Jaya algorithms with Newton-Raphson on 12.2 ‘ n :
the TEEE14 network. We can find parameter settings of the 0 % 100 “er::m 200 =0 300

bees’ algorithm in fable I and the Jaya algorithm in table 2. The
number of control variables is 10, which are (generator voltages Figure 5. The curve of the decrease in the actual loss values
number (5), compensator reactive power number (2),
transformer voltage regulator number (3).

Table 6. Result of case 1, IEEE14

Table 1. Parameter settings of the bee’s algorithm N_R+Jaya | NR+BA | N.R
Max nl | n2 | fittest | elite Population (n) 1222MW | 1221 MW | 13.49 MW Power loses
iteration bees | bees
(m) (e) 9.42 % 948% | —mmmmmmmee- Power loss reduction
200 10 | 20 30 9 50 %
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From table 6, we can see that the power losses reduce from
13.49 Mw to 12.21 Mw, i.e., 9.48%. For the Bees algorithm and
9.42 % for the Jaya algorithm, BA has faster convergence to the
optimal solution, as seen in figure 5 from the Jaya Algorithm.

4.2. Case 2

Applying the bee algorithm with Newton Raphson on the
IEEE30 network without adding generators. The number of
control variables was 12, which are (generator voltages, number
(6), compensator reactive power, number (2), and transformer
voltage regulator, number (4). They are restricted within the
following constraints mentioned in reference [1].

Table 7. Control Variables of the bees algorithm

Voltage (pu) TAP changer (pu)

Vi| Vo | V3 | Vg |[Vs |V | Ty | T, | T3 | Ty
1.1 | 1.08 | 1.05 | 1.05 ] 1.1 | 1.1 | 1.04 | 093 | 0.97 | 0.95
Capacitor (MVAR)

Cy Cz
30.0000 10.5404

Table 8. Control Variables of the Jaya algorithm

Voltage (pu) TAP changer (pu)

Vi| Vo | V3 | Vg |[Vs |V | Ty | T, | T3 | Ty
1.1 | 1.08 | 1.05 | 1.05 ] 1.1 | 1.1 | 1.06 | 0.90 | 0.98 | 0.96
Capacitor (MVAR)

Cy Cz
30.0000 10.9631

In table 9, we can see that the power losses reduce from 17.49
Mw to 15.96 Mw, i.e., 8.70 %. For the Bees algorithm and 8.6
% for the Jaya algorithm. Also, (BA) has faster convergence to
the optimal solution, as seen in figure 6 from the Jaya
Algorithm. In table 10, we can see a Comparison between the
proposed approach and other optimization algorithms.

- The Bees Algorithm
—— JAYA Algorithm

17

16.8
16.6 \

16.4

Power Losses (MW)

16.2
16 l\

15.8

0 50 100 150 200 250 300 350 400
Iteration

Figure 6. The curve of the decrease in the actual loss values

i: Table 9. Result of case 2, IEEE30

N R+Jaya | N R+BA | N R
15.9852MW | 15.9697 MW| 17.4917 MW | Power loses
8.612% 8.701% | —mmmmemee- Power loss
reduction %
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i Table 10. Comparison between the proposed method
and others

SARGA | ABC
171 171
16.09 16.59

Algorithm | CPSO [7] Jaya] BA

16.01 15.98| 15.96

Plosses

5, CONCLUSIONS

From the previous results, we conclude that the proposed
algorithm, which is based on integrating the Bees Algorithm
with the Newton Raphson method, has given effective
performance and good results in solving the problem of finding
the optimal reactive power dispatch in electrical power systems.
The desired goal of reducing actual power losses and improving
the level of efforts while maintaining the imposed restrictions
within the permissible range has been achieved, with better
results than previous similar research.
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