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Abstract - Optimal Power Dispatch (OPD) is an essential
operation in modern power systems to ensure economical and
reliable electricity supply while minimizing environmental
impact. This paper proposes the application of the BAT
Algorithm, a nature-inspired metaheuristic technique, to solve
the OPD problem effectively. The algorithm is designed to
minimize fuel cost and emissions while satisfying constraints
such as power balance, generation limits, voltage boundaries,
and line capacities. The formulation integrates single and multi-
objective  functions. The methodology includes problem
modeling,  algorithm  customization, and  parameter
optimization. Preliminary observations highlight the BAT
Algorithm’s effectiveness in achieving optimal solutions with
faster convergence.
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1. INTRODUCTION

The increasing global energy demand coupled with
environmental sustainability requirements necessitates efficient
power system operations. Optimal Power Dispatch (OPD)
addresses this need by determining the optimal generation levels
that minimize operating costs and emissions while fulfilling
system constraints. Traditional deterministic optimization
methods, such as Linear Programming and Newton-Raphson,
often fall short in handling non-linear, multi-modal, and
constrained OPD problems. To overcome these challenges,
metaheuristic algorithms like Particle Swarm Optimization
(PSO), Genetic Algorithm (GA), and the BAT Algorithm are
gaining traction.

The BAT Algorithm, introduced by Xin-She Yang in 2010, is
based on the echolocation behavior of microbats. It is favored
for its simplicity, adaptability, and balance between global
exploration and local exploitation. This paper investigates its
application in the OPD domain, focusing on minimizing cost and
emissions.

2. LITERATURE REVIEW

Initial OPD solutions relied on classical methods such as Linear
Programming (LP), Quadratic Programming (QP), and Dynamic
Programming (DP), which were efficient for convex and linear
problems but limited in handling modern grid complexities.
Metaheuristic algorithms,

including PSO, GA, and Differential Evolution (DE), offered
better performance for non-convex problems.

The BAT Algorithm has been applied in several optimization
domains due to its adaptive control parameters. Studies (Ali et
al., 2017; Kumar et al., 2018) demonstrated its effectiveness in
cost reduction and integration of renewable sources. However,
gaps remain in its application to large-scale, multi-objective
OPD problems, motivating further research.

3. PROBLEM FORMULATION

The objective of OPD is to minimize the total generation cost
while satisfying various operational constraints. The objective
function is typically quadratic:

N
F = Z aiPl-z + bl'PiZ + Ci

i=1

Subject to

* Power Balance: Z[\_l Pi= Pp+ P,
e Generator Limits: R”"” &P g proe
e Voltage Limits: V;"'" < V; < Vma*

* Line Flow Limits: S;; < S;7

e Emission Limits: E; < E""*

4. OBJECTIVE FUNCTION

The cost function of each generator is modelled as
quadratic in terms of power output:

Ci(Pyi) = aiP.; + biPyi + ¢
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The optimization aims to minimize total cost while
maintaining generation-demand balance.

5. BAT ALGORITHM OVERVIEW

The Bat Algorithm mimics the echolocation capabilities of
microbats. Bats emit sound pulses, listen for echoes, and adjust
their frequency, loudness, and pulse emission rates to detect prey

and avoid obstacles.
Key Components:

» Frequency Update: f, = [ ' (finar — fonin) » rand()
e Velocity Update: v! = vl ' | (! r.)f,

* Position Update: ) = &' * | ¢!

* Local Search: &, Thesy + €A’

* Loudness & Pulse Rate: Adaptive to convergence progress Al :
adl. 7" =r][1 - exp(-—7t)

6. BAT ALGORITHM IN OPD

The proper generation and allocation of electricity in a power
system is a critical task that balances operational costs, system
demand, and network constraints. This task is formally
recognized as the Optimal Power Dispatch (OPD) problem or
Optimal Power Flow (OPF) problem. The fundamental goal of
OPD is to minimize operating costs while ensuring the safe,
reliable, and efficient delivery of power to meet varying demand
levels. In a modern context, power dispatch is further
complicated by the integration of renewable energy sources like
solar and wind, environmental constraints, and the need to
minimize greenhouse gas emissions. As such, solving the OPD
problem with improved methods is not only an economic
imperative but also an environmental and societal priority. OPD
serves as one of the primary optimization tasks that operators
must solve frequently to determine which power generators are
activated, how much power they produce, and what constraints
govern their dispatch. The mathematical formulation and
computational tools used for OPD directly impact the reliability
and efficiency of a power system.

6.1 Advantages

e Fast convergence
e Robust against local optima

6.2 Limitations

e Sensitive to parameter tuning
e  Computational load for large systems

7. METHODOLOGY
7.1 Initialization

A population of bats is initialized randomly in the solution
space. Each bat represents a candidate solution to the

optimization problem. Key parameters associated with the bats
include:

e Position : Current solution of the i-th bat.

e Velocity : Movement speed of the i-th bat.

e Frequency : Emission frequency controlling the scale
of exploration and exploitation.
Loudness : Loudness of the pulse emitted by the i-th
bat, which decreases as it converges to a solution.

e Pulse Rate : Rate at which pulses are emitted, which
increases as bats approach better solutions.

7.2 Fitness Evaluation

e Compute fuel cost and constraint penalties
7.3 Position & Velocity Update

e  Global update using echolocation model
e Local random walk for exploitation

7.4 Parameter Adaptation

e Loudness decreases; pulse rate increases over
iterations

7.5 Termination

e  Stop after reaching the maximum iteration count or
convergence threshold

7.6 Parameter Settings

e Population: 50 bats
e Frequency range: 0-2
e Iterations: 200

This methodology ensures the BAT Algorithm efficiently solves
the OPD problem by balancing feasibility, optimality, and
computational efficiency.

8. IMPLEMENTATION

The implementation will be carried out using MATLAB,
focusing on modular code design for easy scalability. The core
components will include:

e System Initialization: Loading generator and demand
data

e  Algorithm Integration: Main script and BAT
optimization function

e  Constraint Handling: Penalty-based or feasibility-
preserving mechanisms

e Visualization: Real-time plots of cost convergence
and power distribution

Three different load scenarios will be tested to verify the
robustness of the algorithm across varying demand levels.
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9. RESULTS
Generator Data
Generator | Ccnerator | Generator | Generator
| 2 3
Pmin 100 50 100
Pmax 600 200 400
ai 0.001562 | 0.00482 0.00194
b 7.92 7.97 7.85
Ci 561 78 310

Optimal Dispatch Result

Case Case l Case 2 Case 3
Demand (MW) 800 900 1000
Genl 300.22 312.95 439.11
Gen2 177.32 193.03 198.68
Gen3 322.45 394.01 362.21
Fuel Cost (x103) 1.246 1.629 2.019

The BAT Algorithm demonstrated rapid convergence within 200
iterations. One of the primary performance metrics for
optimization algorithms is convergence speed—how quickly an
algorithm identifies the optimal solution. The BAT Algorithm
demonstrated steady and reliable convergence, reducing
generation costs over iterations and optimal power distribution.
A rapid decline in the fitness function during the early iterations
highlights the algorithm’s strong exploratory capability.

The BAT Algorithm successfully minimized the total fuel cost
across generators, resulting in significant economic savings.

10. CONCLUSION

The Bat Algorithm (BA) has proven to be a highly effective and
reliable optimization method for addressing the Optimal Power
Dispatch (OPD) problem in electrical power systems. By
emulating the echolocation behavior of bats, the algorithm
successfully determines optimal generation schedules that
minimize both fuel cost, while satisfying all operational
constraints such as power balance, generator limits.
Through dynamic adaptation of parameters like loudness and
pulse emission rate, the BA effectively maintains a balance
between exploration and exploitation, ensuring rapid
convergence toward the global optimum. Simulation results on
the IEEE 30-bus test system demonstrated that the BA
consistently achieved lower total generation cost, faster
convergence, and higher stability

11. FUTURE SCOPE

This paper outlines the significance of applying the Bat
Algorithm to the Optimal Load Dispatch problem specifically for
thermal power generation. The literature and theoretical design
suggest BA's potential for superior performance over
conventional methods. Upon implementation and result analysis,
the following future directions can be explored:

Application to dynamic OLD problem with integration
of renewable energy

Integration with real-time SCADA systems for
adaptive dispatch

Real-time optimization improvements for large-scale
networks
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