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Abstract:
Aiming to reduce operating expenses and emissions while satisfying system restrictions, optimal power
flow, or OPF, is essential for effective and sustainable power system management. Quasi-Oppositional
Based Learning (QOBL) is added to the butterfly optimization algorithm in this research to improve
convergence and solution accuracy when solving the OPF issue. When tested on the IEEE 57-bus
system, the suggested QOBOA outperforms current optimization methods in terms of transmission loss
and voltage profile improvement. Combining renewable energy sources is crucial for efficient electricity
generation because fossil fuel sources are becoming more and more improved every day. The
suggested solutions integrate renewable energy sources, such as tidal and electric vehicles, to reduce
the demand for fossil fuels in the generation of electricity. Furthermore, the suggested approach has a
great deal of promise for improving the adaptability and resilience of contemporary power grids,
particularly in light of the growing integration of decentralized energy resources (DERs) and renewable
energy sources. This strategy can help future smart grid systems operate more effectively, sustainably,
and dependably by facilitating quicker decision-making and enhancing the coordination of dispersed
assets.
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I. Introduction
A network that transfers energy from generators to loads is called a power system. The power system network allows
the transfer of energy from generators to loads.Modern power system networks are becoming more complex to plan
and operate due to factors such as significant power transfers over a greater distance, intricate coordination,
challenging interactions between different system controllers, and reduced power reserves. Power system operators
have always put a high premium on the safe and dependable operation of the system.When a power system can
endure abrupt disruptions with little loss of quality of service—that is, when a disturbance happens, the system endures
the resulting transient and transitions into an appropriate stable state where all operating limitations are within
acceptable bounds—it is considered secure.To satisfy the specific load demand with the lowest fuel costs in an
integrated power system, the generators’ true and reactive powers must fluctuate within operational bounds.

Sign in to Continue Reading

Need

Full-Text
accesstoIEEEXp/ore
foryourorganization?

CONTACTIEEETOSUBSCRIBE›

(

ADVANCED SEARCH

All &

Browse ) My Settings ) Help ) Institutional Sign In

Personal Sign In

https://www.ieee.org/
https://ieeexplore.ieee.org/Xplore/home.jsp
https://standards.ieee.org/
https://spectrum.ieee.org/
https://www.ieee.org/sitemap.html
https://innovate.ieee.org/Xplore/Subscribebutton
https://ieeexplore.ieee.org/Xplorehelp/ieee-xplore-training/working-with-documents#interactive-html
https://ieeexplore.ieee.org/browse/conferences/title/
https://ieeexplore.ieee.org/xpl/conhome/10969142/proceeding
javascript:void()
https://ieeexplore.ieee.org/author/37088651777
https://ieeexplore.ieee.org/author/626796148185469
https://ieeexplore.ieee.org/author/813284121123512
https://ieeexplore.ieee.org/author/38248195300
https://ieeexplore.ieee.org/author/37085760523
https://ieeexplore.ieee.org/author/38247266800
javascript:void()
https://innovate.ieee.org/interested-in-a-subscription-for-your-organization/?LT=XPLLG_XPL_2020_SUB_Conferences300x250_Sub-NFT
https://ieeexplore.ieee.org/document/9334843/
https://ieeexplore.ieee.org/document/9236597/
javascript:void()
https://www.ieee.org/profile/changeusrpwd/showChangeUsrPwdPage.html?refSite=https://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/payment/showPaymentHome.html?refSite=https://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://ieeexplore.ieee.org/articleSale/purchaseHistory.jsp
https://www.ieee.org/ieee-privacyportal/app/ibp?refSite=https://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/profedu/getProfEduInformation.html?refSite=https://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/tips/getTipsInfo.html?refSite=https://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
tel:+1-800-678-4333
tel:+1-732-981-0060
https://ieeexplore.ieee.org/xpl/contact
https://www.facebook.com/IEEEXploreDigitalLibrary/
https://www.instagram.com/ieeexplore_org
https://www.linkedin.com/showcase/ieee-xplore
https://www.youtube.com/ieeexplore
https://twitter.com/IEEEXplore?ref_src=twsrc%5Egoogle%7Ctwcamp%5Eserp%7Ctwgr%5Eauthor
https://ieeexplore.ieee.org/Xplorehelp/overview-of-ieee-xplore/about-ieee-xplore
https://ieeexplore.ieee.org/xpl/contact
https://ieeexplore.ieee.org/Xplorehelp
https://ieeexplore.ieee.org/Xplorehelp/overview-of-ieee-xplore/accessibility-statement
https://ieeexplore.ieee.org/Xplorehelp/overview-of-ieee-xplore/terms-of-use
http://www.ieee.org/web/aboutus/whatis/policies/p9-26.html
http://www.ieee-ethics-reporting.org/
https://ieeexplore.ieee.org/Xplorehelp/overview-of-ieee-xplore/ieee-xplore-sitemap
http://www.ieee.org/about/help/security_privacy.html
https://www.ieee.org/give
https://www.ieee.org/cart/public/myCart/page.html?refSite=https://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/public/createwebaccount/showCreateAccount.html?ShowMGAMarkeatbilityOptIn=true&sourceCode=xplore&car=IEEE-Xplore&autoSignin=Y&signinurl=https%3A%2F%2Fieeexplore.ieee.org%2FXplore%2Flogin.jsp%3Furl%3D%2FXplore%2Fhome.jsp%26reason%3Dauthenticate&url=https://ieeexplore.ieee.org/document/10969440
javascript:void()
javascript:void()
javascript:void()
https://ieeexplore.ieee.org/document/10969440
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
https://ieeexplore.ieee.org/document/10969440/authors
https://ieeexplore.ieee.org/document/10969440/figures
https://ieeexplore.ieee.org/document/10969440/references
https://ieeexplore.ieee.org/document/10969440/keywords
https://ieeexplore.ieee.org/document/10969440/metrics
https://doi.org/10.1109/ISACC65211.2025.10969440
https://ieeexplore.ieee.org/xpl/conhome/10969142/proceeding
https://ieeexplore.ieee.org/search/advanced
https://ieeexplore.ieee.org/Xplore/home.jsp
javascript:void()
javascript:void()




Using quasi-oppositional butterfly optimization
algorithm, a probabilistic optimal power flow for a

combined tidal and electric vehicle renewable
energy system

Arijit Chakraborty
Electrical Engineering

Dr. B. C. Roy Engineering College
Durgapur, India

arijitchakraborty407@gmail.com

Dibakar Sarkar
Electrical Engineering

Dr. B. C. Roy Engineering College
Durgapur, India

sarkardiba2k@gmail.com

Arka Ghosal
Electrical Engineering

Dr. B. C. Roy Engineering College
City, Country

ghosalarka039@gmail.com

Sourav Paul
Electrical Engineering

Dr. B. C. Roy Engineering College
Durgapur, India

sourav.p01@gmail.com

Sneha Sultana
Electrical Engineering

Dr. B. C. Roy Engineering College
Durgapur, India

sneha.sultana@gmail.com

Susanta Dutta
Electrical Engineering

Dr. B. C. Roy Engineering College
Durgapur, India

susanta.dutta@bcrec.ac.in

Provas Kumar Roy
Electrical Engineering

Kalyani Government Engineering College
Kalyani, India

roy provas@yahoo.com

Abstract—Aiming to reduce operating expenses and emissions
while satisfying system restrictions, optimal power flow, or
OPF, is essential for effective and sustainable power system
management. Quasi-Oppositional Based Learning (QOBL) is
added to the butterfly optimization algorithm in this research
to improve convergence and solution accuracy when solving
the OPF issue. When tested on the IEEE 57-bus system, the
suggested QOBOA outperforms current optimization methods
in terms of transmission loss and voltage profile improvement.
Combining renewable energy sources is crucial for efficient
electricity generation because fossil fuel sources are becoming
more and more improved every day. The suggested solutions
integrate renewable energy sources, such as tidal and electric
vehicles, to reduce the demand for fossil fuels in the gener-
ation of electricity. Furthermore, the suggested approach has
a great deal of promise for improving the adaptability and
resilience of contemporary power grids, particularly in light
of the growing integration of decentralized energy resources
(DERs) and renewable energy sources. This strategy can help
future smart grid systems operate more effectively, sustainably,
and dependably by facilitating quicker decision-making and
enhancing the coordination of dispersed assets.

Index Terms—Probabilistic optimal power flow (POPF), trans-
mission system, butterfly optimization algorithm (BOA), quasi
oppositional based learning (QOBL).

I. INTRODUCTION

A network that transfers energy from generators to loads
is called a power system. The power system network allows
the transfer of energy from generators to loads.Modern power

system networks are becoming more complex to plan and
operate due to factors such as significant power transfers
over a greater distance, intricate coordination, challenging
interactions between different system controllers, and reduced
power reserves. Power system operators have always put a
high premium on the safe and dependable operation of the
system.When a power system can endure abrupt disruptions
with little loss of quality of service—that is, when a distur-
bance happens, the system endures the resulting transient and
transitions into an appropriate stable state where all operating
limitations are within acceptable bounds—it is considered
secure.To satisfy the specific load demand with the lowest fuel
costs in an integrated power system, the generators’ true and
reactive powers must fluctuate within operational bounds.

II. LITERATURE SURVEY

An essential instrument for power system management, con-
trol, and planning is optimal power flow (OPF).It was initially
presented by Dommel et al. [1].The goal of this non-linear
programming problem is to find the best steady-state behaviour
of a power system in order to minimise a specified objective
function while still meeting the system’s inequality constraints
and power balancing equations. Insufficient reactive power
exacerbates voltage instability brought on by growing power
demand, transmission expansion, and generation, which results
in significant transmission losses. OPF should so take voltage
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