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Abstract

This article examines the utilization
of soft computing techniques to enhance the
optimization of economic load distribution
within microgrids. Microgrids, with their
distributed energy resources (DERs) and
localized energy management, offer
promising solutions for resilient and efficient
power systems. However, the complex and
dynamic nature of microgrids, along with
uncertainties in renewable energy sources
(RERs), challenges traditional optimization
techniques. Soft computing methods, such as
Genetic Algorithms (GA), Particle Swarm
Optimization (PSO), Ant Colony
Optimization (ACO) and Differential
Evolution (DE), have demonstrated their
ability to handle non-linear and multi-
objective optimization tasks. This review
explores the benefits and limitations of soft
computing techniques in microgrid economic
load dispatch, highlighting their potential for
enhanced economic benefits, reduced carbon
footprints, and improved grid stability. The
study underscores the need for tailored
approaches to maximize the potential of soft
computing in microgrid optimization and
presents valuable insights for researchers and
practitioners in the field.
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I. INTRODUCTION

Microgrids have emerged as a promising paradigm in modern power systems, offering
a decentralized and resilient approach to energy generation, distribution, and consumption [1,
2]. By integrating diverse DERs, energy storage systems, and smart control technologies,
microgrids empower local communities and industrial facilities to manage their energy needs
efficiently and independently, while also contributing to grid stability and sustainability [3,
4]. One of the critical challenges in microgrid operation is achieving optimal economic load
dispatch (ELD), where the objective is to judiciously allocate power generation among
various sources to minimize operational costs while meeting local demand and grid
constraints [5-10].

Traditional optimization techniques, though valuable for certain power system
applications, often face limitations when applied to microgrid ELD [11-13]. The
decentralized nature of microgrids, coupled with the variability and uncertainty of renewable
energy sources, calls for innovative approaches that can handle the complexity and non-
linearity of this optimization problem. In recent years, soft computing methods have gained
significant attention for their adaptability and effectiveness in addressing such intricate and
dynamic tasks.

Soft computing methods encompass a diverse set of computational techniques
inspired by nature and human-like reasoning. GA, PSO, ACO, DE, and other soft computing
techniques offer unique strengths in tackling multi-objective, non-linear, and uncertain
optimization problems, making them promising candidates for microgrids ELD optimization
[14-18].

This article provides an extensive overview of how soft computing techniques are
employed to optimize the economic load allocation in microgrids. The objective is to provide
a thorough understanding of the various soft computing techniques and their suitability for
addressing the challenges posed by microgrid ELD. Each method's underlying principles,
advantages, and limitations will be explored in the context of microgrid operation, shedding
light on their potential contributions to enhanced economic efficiency, reduced environmental
impact, and improved grid stability.

Furthermore, the review will emphasize the need for tailoring soft computing
approaches to the unique characteristics of microgrids. Considering the diverse energy
resources, load profiles, and operational constraints encountered in microgrids, the paper will
discuss potential hybridization and customization of soft computing methods to maximize
their effectiveness in solving ELD problems.

As microgrids continue to evolve and gain traction as viable energy solutions, the role
of soft computing in optimizing their operation becomes increasingly significant. By
providing insights into the state-of-the-art soft computing techniques for microgrid ELD, the
intention of this review is to offer guidance to researchers, power system operators, and
policymakers, aiding them in making well-informed choices regarding the identification and
adoption of suitable optimization strategies. Ultimately, harnessing the potential of soft
computing methods in microgrid ELD is crucial for realizing the full potential of these energy
systems in creating sustainable, resilient, and economically efficient power networks.
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II. MATHEMATICAL FORMULATION OF ELD PROBLEM

In the context of microgrids, the ELD problem involves determining the optimal
allocation of power generation among diverse DERs and energy storage systems to minimize
the operational cost while meeting local demand and grid constraints. The primary objective
is to achieve an efficient and cost-effective power generation schedule that accounts for the
intermittent and uncertain nature of renewable energy sources and varying load profiles
within the microgrid.

1. Conventional Generator Cost Function: The primary goal of economic generator
dispatch is to determine how to allocate the available load demands among the online
units available for dispatch [31]. The main objectives include minimizing generator fuel
costs while meeting load requirements and adhering to operational limitations. The
mathematical representation of the cost function for a conventional generator can be
found in reference [32].

Cr = X, G (P) (1)
Where Cr — Fuel cost, Ng - Generator’s Number

C,;(P;)- Fuel cost and power generation of the I generator.

The C;(P,;) is defined as,

C;(P) = (WP} + ¢ P+ w)) (2)
where ug, @k and wgare used as cost coefficients of the 1o generator.

Min(Cp) = 216516(#11312 + @ P + w)) (3)

Valve point loading introduces complexity to the cost function of conventional
generators, rendering it both non-linear and non-smooth. The formulation of the
economic dispatch cost function considering valve point loading can be found in
reference [33].

Min (Cp) = X, PP + ¢,P + w;) + abs(8; x sin (y; X (P™™ — P;) 4)

The operation of conventional gas or diesel generators leads to the emission of
particular pollutants. From an environmental standpoint, it becomes imperative to confine
these emissions within defined thresholds. Simultaneously, optimizing generator costs
while minimizing emissions becomes a multi-faceted task. To address this multi-objective
issue, the notion of a penalty factor is introduced. This factor serves to convert the multi-
objective problem into a singular function formulation.

The cumulative emission level for the given system is aggregated as follows:

N
Cp = 2,55 PP+ P+ 6)) (5)
Where {;, n;, and8; are used as coefficients of emission for I generator.

The accurate depiction of generator cost attributes considers the inherent
complexity of higher-order nonlinearity. Sudden shifts in the cost function predominantly
result from valve point loading (VPL), and this influence is incorporated into the main
objective function. This function is subsequently subjected to supplementary nonlinear
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restrictions including minimum fuel requirements (MF), disallowed operational regions
(POZ), start-up ramping (SR), and ramp rate limitations (RRL). The entirety of this
problem formulation is classified as a static economic dispatch (ED) problem, as it
customarily functions within a predetermined timeframe.

Cost Function for Solar Power: The expression representing the cost function related to
solar power is detailed in reference [9].

C(Sp) = 547.7483 X Sp (6)
Where Sp is the solar power in MW.

Cost Function for Wind Power: The calculation of the cost function for wind energy is
performed as follows:

C(Wp) = 153.3810 x Wp (7)
Where the value of Wp represents the wind power in megawatts.

Therefore, the power balance equality constraint is formulated as follows:
N
PL: I=61PI+SP+WP (8)

Where P represents the cumulative power generated by conventional generating
units, Sp signifies the output derived from solar sources, Wp represents the output
harnessed from wind sources, and Py corresponds to the total connected load within the
microgrid.

ITII.SOFT COMPUTING TECHNIQUES

Due to the complexity, non-linearity, and uncertainty associated with microgrid

operations, traditional optimization methods may not be sufficient to obtain the global
optimal solution. Hence, the application of soft computing methods, such as GA, PSO, ACO,
and others, becomes essential to address the challenges posed by microgrid ELD effectively.
These soft computing techniques can efficiently navigate large solution spaces, consider
multi-objective criteria, and adapt to the dynamic nature of microgrids, resulting in improved
economic efficiency, reduced environmental impact, and enhanced grid stability.

1. Classification and Application of Soft Computing Techniques: Soft computing

techniques can be broadly classified into three main categories based on their underlying
principles and approach to problem-solving:

e Evolutionary Algorithms (34): Evolutionary algorithms draw inspiration from the
principles of natural selection and genetics. They employ the concept of evolution to
iteratively improve a population of potential solutions over generations. The fittest
individuals in the population are selected, undergo genetic operations (crossover and
mutation), and produce offspring that inherit their traits. This process simulates the
survival of the fittest and drives the population towards optimal or near-optimal
solutions. Examples of evolutionary algorithms include GA, Genetic Programming
(GP), and DE.

Copyright © 2023 Authors Page | 270



Futuristic Trends in Artificial Intelligence

e-ISBN: 978-93-6252-155-2

IIP Series, Volume 3, Book 7, Part 2, Chapter 7

A REVIEW ON SOFT COMPUTING APPROACHES FOR
OPTIMAL ECONOMIC LOAD DISPATCH IN MICROGRIDS

Methods Rooted in Swarm Intelligence (34): Algorithms that use swarm
intelligence are inspired by the group behavior of social organisms, such as ants,
birds, and fish. They involve a population of agents (particles, ants, bees, etc.) that
interact with one another and with their environment to find solutions to complex
problems. These algorithms often use simple rules for communication and movement,
leading to emergent behavior that guides the search towards the optimal solution.
Examples of swarm intelligence-based techniques include PSO, ACO, and Firefly
Algorithm (FF).

Fuzzy Systems (1): Fuzzy systems deal with uncertainty and imprecision in data and
reasoning. They are based on fuzzy logic, a mathematical approach that allows
variables to have partial membership in a set. Instead of crisp binary values
(true/false, 0/1), fuzzy logic uses degrees of membership (between 0 and 1) to
represent vague or uncertain information. Fuzzy systems can handle linguistic
variables and provide more human-interpretable solutions in uncertain environments.
Examples of fuzzy systems include Fuzzy Logic Controllers (FLC) and Fuzzy Rule-
Based System:s.

These classifications highlight the diversity of soft computing techniques and
their versatility in solving complex problems across various domains, including
optimization, control, pattern recognition, data analysis, and decision-making. The
choice of which technique to use depends on the specific problem requirements and
characteristics, and researchers often explore hybridization and customization to tailor
soft computing methods to the particular needs of a given application.

2. Application of Soft Computing Techniques: Soft computing techniques have been
successfully applied to ELD in microgrids to optimize the power generation schedule and
achieve economic efficiency while satisfying various operational constraints. Here are the
details of some commonly used soft computing techniques for ELD in microgrids:

GA [19-20]: GA is a popular evolutionary algorithm inspired by the process of
natural selection and genetics. In the context of microgrid ELD, GA starts with a
population of potential solutions, where each solution represents a set of power
outputs for the distributed energy resources. Utilizing selection, crossover, and
mutation operations, GA iteratively evolve the population across consecutive
generations, aiming to discover the optimal power generation schedule that achieves
the dual objectives of minimizing total operational cost and adhering to demand and
constraints.

PSO [21]: Particle Swarm Optimization (PSO) is an optimization technique rooted in
swarm intelligence, drawing inspiration from the social behaviors observed in birds
flocking or fish schooling. In the context of microgrid Economic Load Dispatch
(ELD), PSO emulates a population of particles, symbolizing potential solutions. Each
particle refines its position by considering its individual experience and the collective
experience of neighboring particles. This cooperative motion guides the particles
toward the optimal power generation schedule, achieving cost minimization while
satisfying operational limitations.
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e ACO [22-23]: ACO is an optimization algorithm inspired by the foraging behavior of
ants. In the microgrid ELD context, artificial ants are used to explore the search space
of possible power generation schedules. Ants lay down pheromone trails representing
the desirability of certain solutions. Over time, these trails guide other ants to
converge towards the optimal power output distribution that minimizes the cost and
meets the load demand.

e DE [24-26]: DE is a population-based optimization algorithm that employs a
differential mutation strategy to generate new potential solutions. In microgrid ELD,
DE iteratively improves the power output distribution by creating trial solutions based
on the differences between existing solutions. The best-performing solutions are
retained for further optimization, leading to the convergence towards the optimal
economic load dispatch.

e Simulated Annealing [27-28] (SA): SA is a probabilistic optimization technique
inspired by the annealing process in metallurgy. It allows the algorithm to accept
worse solutions with a certain probability, which helps escape local optima and
explore the search space effectively. In microgrid ELD, SA finds the optimal power
generation schedule by gradually reducing the acceptance probability for worse
solutions as the optimization progresses.

e The Grey Wolf Optimization (GWOA) [29-30] is an optimization algorithm
inspired by the social hierarchy and hunting patterns of grey wolves. In the context of
microgrid Economic Load Dispatch (ELD), GWOA emulates the leadership and
hunting strategies observed in wolf packs. This enables the algorithm to converge
towards the optimal distribution of power output, aiming to minimize costs while
fulfilling load demands and adhering to system constraints. These soft computing
techniques have shown significant promise in solving the economic load dispatch
problem in microgrids. They offer advantages in terms of adaptability, robustness, and
ability to handle the complexities and uncertainties associated with microgrid
operations. Additionally, researchers often explore hybrid approaches, combining
multiple soft computing methods or integrating them with other optimization
techniques, to achieve even better results and overcome potential limitations.

Table 1: Table Presents a Comparative Analysis to Monitor Various Soft Computing

Techniques
Soft co
Computing Optlmlz-atlon Test Constraints Reference
. Technique Systems
Technique
Evolutionary Genetic algorithm | 3 units Non linear constraints | 36
Algorithms(34) with VPLE
Genetic algorithm | 3 units Non linear constraints | 37
binary with VPLE
Improved genetic | 40 units | Non linear constraints | 38
algorithm with VPLE
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Genetic algorithm | 3, 6, 11, Non linear constraints | 60
— Sequential 13, 15, 20 | with VPLE, POZ, VF
Quad. Prog. and RRL
Differential 13,15, Non linear constraints | 39
evolution 40 units with VPLE, POZ, VF
and RRL
Modified 13,15, Non linear constraints | 40
differential 40 units with VPLE, POZ, and
evolution RRL
Adaptive real 10, 40 Non linear constraints | 50
coded genetic units with VPLE and VF
algorithm
Shuffled 3, 13,40 | Non linear constraints | 51
differential units with VPLE
evolution
Conventional 3,10, 13 | Non linear constraints | 52
genetic algorithm | units with VPLE and VF
- multiplier
updating
Classical 3,13,40 Non linear constraints | 53
evolutionary units with VPLE
programming
Crow Search IEEE 37 | Non linear constraints | 61
Algorithm Node
feeder
Swarm Ant colony 10, 13, 40 | Non linear constraints | 41
Intelligence- optimization units with VPLE and VF
based
Techniques(34)
Bacterial foraging | 13, 15, 40 | Non linear constraints | 42
algorithm units with POZ and RRL
Modified particle | 3, 10,40 | Non linear constraints | 43
swarm units with VPLE and VF
optimization
Artificial bee 10, 13, 15 | Non linear constraints | 44
colony algorithm | units with VPLE, POZ and
VF
Quantum inspired | 3, 13,40 | Non linear constraints | 54
PSO units with VPLE
New particle 40 units | Non linear constraints | 55
swarm with VPLE, POZ, VF
optimization and RRL
Self-Organizing 3, 10,15, | Non linear constraints | 56
Hierarchical 40 units with VPLE, POZ and
Particle Swarm RRL
Optimization
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Dynamic 6, 40 Non linear constraints | 62
Differential units with VPLE, POZ and
Annealed RRL
Optimization
Fuzzy Fuzzy Logic 3 units Non linear constraints | 31, 45
Systems(35) Controller
Pareto criterion 6 units Non linear constraints | 46
and fuzzy logic with POZ and RRL
Fuzzy Logic 6 units Non linear constraints | 47
Controlled
Genetic
Algorithms
Genetic algorithm | 10 units | Non linear constraints | 48
and Fuzzy logic with POZ and RRL
Fuzzy logic 13, 40 Non linear constraints | 49
controlled units with VPLE
differential
evolution

IV.CONCLUSION

This paper offers an extensive review of recent research endeavors centered on
addressing three pivotal problems: classical dispatch, dynamic dispatch, and Economic
Emission Dispatch. The study delves into practical ELD challenges that encompass both
convex and non convex cost functions, while accommodating the intricate nonlinear
inequality constraints of modern generators.

The exploration commences from a vantage point of centralized optimization,
tackling computational hurdles such as premature convergence, entrapment in local minima,
convergence behaviors, and implementation time associated with diverse optimization
methods. The discourse then expands to encompass various strategies for managing equality
and inequality constraints in both single-objective and multi-objective ED scenarios.

Moreover, the article delivers a comprehensive survey of a wide spectrum of
optimization techniques, evaluating their performance across multiple nonlinear operational
constraints including Valve Point Effect (VPE), Valve-Fuel Interaction (VF), POZ, RRL, and
Start-up Ramp (SR), all while benchmarked against IEEE standard test systems.

The paper deeply investigates considerations revolving around computational
efficiency, communication congestion, and potential topological alterations in forthcoming
power systems. What sets it apart from preceding works is its holistic coverage of
advancements in centralized, decentralized, and distributed optimization approaches,
presenting an intricate categorization and their practical applications within economically
efficient operations of deregulated power systems.

Copyright © 2023 Authors Page | 274



Futuristic Trends in Artificial Intelligence

e-ISBN: 978-93-6252-155-2

IIP Series, Volume 3, Book 7, Part 2, Chapter 7

A REVIEW ON SOFT COMPUTING APPROACHES FOR
OPTIMAL ECONOMIC LOAD DISPATCH IN MICROGRIDS

The author emphasizes upcoming patterns obtained from the reviewed literature, highlighting
the following points:

e Although the classic dispatch problem has been extensively explored and improved,
there is still an opportunity to employ decentralized and distributed approaches that
could lead to substantial operational and decision-making transformations.

e A comprehensive investigation into a variety of market-based approaches within
deregulated environments is imperative to effectively tackle security, privacy, and
economic considerations in multi-area interconnected systems.

e With the proliferation of communication-based technologies, the notion of operations
management in future power systems is poised to remain interdisciplinary. The
integration of these technologies into the hierarchical control level holds substantial
promise.

In summary, the article offers a comprehensive and forward-looking
perspective on solving economic dispatch problems, spanning both current challenges
and future prospects in the domain.

REFERENCES

(1]

(2]

(3]

(4]

(7]

(8]

[10]

X. Zhou, T. Guo and Y. Ma, "An overview on microgrid technology," 2015 IEEE International
Conference on Mechatronics and Automation (ICMA), Beijing, China, 2015, pp. 76-81, doi:
10.1109/ICMA.2015.7237460.

A. Hirsch, Y. Parag, J. Guerrero, “Microgrids: A review of technologies, key drivers, and outstanding
issues", Renewable and Sustainable Energy Reviews, vol 90, no. 1,pp.402-411,July 2018, doi:
https://doi.org/10.1016/j.rser.2018.03.040.

F. D. Santillan-Lemus, H. Minor-Popocatl, O. Aguilar-Mejia, and R. Tapia-Olvera, “Optimal Economic
Dispatch in Microgrids with Renewable Energy Sources,” Energies, vol. 12, no. 1, pp. 181, Jan. 2019, doi:
10.3390/en12010181.

N. Karthik, A. K. Parvathy, R. Arul, R. Jayapragash and S. Narayanan, "Economic load dispatch in a
microgrid using Interior Search Algorithm," 2019 Innovations in Power and Advanced Computing
Technologies (i-PACT), Vellore, India, 2019, pp. 1-6, doi: 10.1109/i-PACT44901.2019.8960249.

S. S. Shuvo and M. M. Islam, "Optimal Dispatch for A Microgrid with Distributed Generations and EV
Charging Load," 2023 IEEE Power & Energy Society Innovative Smart Grid Technologies Conference
(ISGT), Washington, DC, USA, 2023, pp. 1-5, doi: 11109/ISGT51731.2023.10066388.

6. H. Wang, R. Gao, P. Yang and Z. Ren, "Integrated operation mode of grid-connected microgrid
considering double-layer demand response,” 2019 IEEE Innovative Smart Grid Technologies - Asia (ISGT
Asia), Chengdu, China, 2019, pp. 1628-1632, doi: 10.1109/ISGT-Asia.2019.8881357.

J. Shi, P. Cui, F. Wen, L. Guo and Y. Xue, "Economic operation of industrial microgrids with multiple
kinds of flexible loads," 2017 IEEE Innovative Smart Grid Technologies - Asia (ISGT-Asia), Auckland,
New Zealand, 2017, pp. 1-6, doi: 10.1109/ISGT-Asia.2017.8378361.

L. Lanqing and T. Murata, "Economic Optimal Dispatching Method of Power Microgrid under
Environmental Uncertainties," 2016 5th IIAI International Congress on Advanced Applied Informatics
(IIAI-AAD), Kumamoto, Japan, 2016, pp. 1036-1041, doi: 10.1109/1TAI-AAL.2016.74.

S. Ramabhotla, S. Bayne and M. Giesselmann, "Operation and Maintenance Cost Optimization in the
Grid Connected Mode of Microgrid," 2016 IEEE Green Technologies Conference (GreenTech), Kansas
City, MO, USA, 2016, pp. 56-61, doi: 10.1109/GreenTech.2016.18.

F. Adinolfi, F. Conte, F. D'Agostino, S. Massucco, M. Saviozzi and F. Silvestro, "Mixed-integer algorithm
for optimal dispatch of integrated PV-storage systems," 2017 IEEE International Conference on
Environment and Electrical Engineering and 2017 IEEE Industrial and Commercial Power Systems
Europe (EEEIC / I&CPS Europe), Milan, Italy, 2017, pp. 1-6, doi: 10.1109/EEEIC.2017.7977430.

Copyright © 2023 Authors Page | 275



[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

(22]

(23]

(24]

(25]

[26]

(27]

(28]

[29]

Futuristic Trends in Artificial Intelligence

e-ISBN: 978-93-6252-155-2

IIP Series, Volume 3, Book 7, Part 2, Chapter 7

A REVIEW ON SOFT COMPUTING APPROACHES FOR
OPTIMAL ECONOMIC LOAD DISPATCH IN MICROGRIDS

Y. Yumin, L. Bolin and L. Shuai, "A New Optimization Algorithm and Its Comparison on Traditional
Optimization Algorithms," 2019 Chinese Control Conference (CCC), Guangzhou, China, 2019, pp. 2698-
2701, doi: 10.23919/ChiCC.2019.8866517.

K. Naulak, A. Kumar and S. Tongbram, "Power System Stabilization Using Optimization
Technique," 2021 2nd Global Conference for Advancement in Technology (GCAT), Bangalore, India,
2021, pp. 1-6, doi: 10.1109/GCATS52182.2021.9587735.

Yudong Zhang, Shuihua Wang and Genlun Ji, "A comprehensive survey on Particle Swarm Optimization
Algorithm and it’s Applications", Mathematical Problems in Engineering, vol. 2015, pp. 38, 2015,
[online] Available: https://doi.org/10.1155/2015/931256.

J. G. Vlachogiannis and K. Y. Lee, "Economic Load Dispatch—A Comparative Study on Heuristic
Optimization Techniques With an Improved Coordinated Aggregation-Based PSO," in /[EEE Transactions
on Power Systems, vol. 24, no. 2, pp. 991-1001, May 2009, doi: 10.1109/TPWRS.2009.2016524.

K. T. Chaturvedi, M. Pandit and L. Srivastava, "Self-Organizing Hierarchical Particle Swarm
Optimization for Nonconvex Economic Dispatch," in IEEE Transactions on Power Systems, vol. 23, no. 3,
pp. 1079-1087, Aug. 2008, doi: 10.1109/TPWRS.2008.926455.

I. Ciomnei, and E. Kyriakides, “Recent methodologies and approaches for the economic dispatch of
generation in power systems,” Int. Trans. Electrical Ener. Sys., vol. 23, no. 7, pp. 1002-1027, April 2012.
M. A. Abido, "Environmental/economic power dispatch using multiobjective evolutionary algorithms,"
in [EEE Transactions on Power Systems, vol. 18, no. 4, pp. 1529-1537, Nov. 2003, doi:
10.1109/TPWRS.2003.818693.

Qu BY, Zhu YS, Jiao YC, Wu MY, Suganthan PN, Liang JJ. A survey on multi-objective evolutionary
algorithms for the solution of the environmental/economic dispatch problems. Swarm Evol Comput.
2018;38:1-11.

S. D. Immanuel and U. K. Chakraborty, "Genetic Algorithm: An Approach on Optimization," 2019
International Conference on Communication and Electronics Systems (ICCES), Coimbatore, India, 2019,
pp. 701-708, doi: 10.1109/ICCES45898.2019.9002372.

A. Lambora, K. Gupta and K. Chopra, "Genetic Algorithm- A Literature Review," 2019 International
Conference on Machine Learning, Big Data, Cloud and Parallel Computing (COMITCon), Faridabad,
India, 2019, pp. 380-384, doi: 10.1109/COMITCon.2019.8862255.

T. M. Shami, A. A. El-Saleh, M. Alswaitti, Q. Al-Tashi, M. A. Summakieh and S. Mirjalili, "Particle
Swarm Optimization: A Comprehensive Survey," in IEEE Access, vol. 10, pp. 10031-10061, 2022, doi:
10.1109/ACCESS.2022.3142859.

Y. Pei, W. Wang and S. Zhang, "Basic Ant Colony Optimization," 2012 International Conference on
Computer Science and FElectronics FEngineering, Hangzhou, China, 2012, pp. 665-667, doi:
10.1109/ICCSEE.2012.178.

Z. Zhang and K. Zou, "Simple ant colony algorithm for combinatorial optimization problems," 2017 36th
Chinese  Control  Conference  (CCC), Dalian, China, 2017, pp. 9835-9840, doi:
10.23919/ChiCC.2017.8028925.

R. Thangaraj, M. Pant and A. Abraham, "A simple adaptive Differential Evolution algorithm," 2009 World
Congress on Nature & Biologically Inspired Computing (NaBIC), Coimbatore, India, 2009, pp. 457-462,
doi: 10.1109/NABIC.2009.5393350.

K. V. Price, "Differential evolution: a fast and simple numerical optimizer," Proceedings of North
American Fuzzy Information Processing, Berkeley, CA, USA, 1996, pp. 524-527, doi:
10.1109/NAFIPS.1996.534790.

Xinran Ma and Jinliang Ding, "A preferred learning based adaptive differential evolution algorithm for
large scale optimization," 2016 IEEE Symposium Series on Computational Intelligence (SSCI), Athens,
Greece, 2016, pp. 1-8, doi: 10.1109/SSCI.2016.7850254.

R. A. Rutenbar, "Simulated annealing algorithms: an overview," in /EEE Circuits and Devices Magazine,
vol. 5, no. 1, pp. 19-26, Jan. 1989, doi: 10.1109/101.17235.

T. Guilmeau, E. Chouzenoux and V. Elvira, "Simulated Annealing: a Review and a New Scheme," 2021
IEEE Statistical Signal Processing Workshop (SSP), Rio de Janeiro, Brazil, 2021, pp. 101-105, doi:
10.1109/SSP49050.2021.9513782.

B. M. Kumar and R. B. Ashok, "Soft Computing Using GWO (Grey Wolf Optimization) for the
Performance Improvement of High Speed Brushless DC Motor," 2018 International Conference on
Emerging Trends and Innovations In Engineering And Technological Research (ICETIETR), Ernakulam,
India, 2018, pp. 1-6, doi: 10.1109/ICETIETR.2018.8529001.

Copyright © 2023 Authors Page | 276



[30]

[31]

[32]

[33]

[34]
[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

Futuristic Trends in Artificial Intelligence

e-ISBN: 978-93-6252-155-2

IIP Series, Volume 3, Book 7, Part 2, Chapter 7

A REVIEW ON SOFT COMPUTING APPROACHES FOR
OPTIMAL ECONOMIC LOAD DISPATCH IN MICROGRIDS

X. Liang, D. Wang and M. Huang, "Improved Grey Wolf Optimizer and Their Applications," 20/9 [EEE
7th International Conference on Computer Science and Network Technology (ICCSNT), Dalian, China,
2019, pp. 107-110, doi: 10.1109/ICCSNT47585.2019.8962504.

C. C. Thompson, K. Oikonomou, A. H. Etemadi and V. J. Sorger, "Optimization of data center battery
storage investments for microgrid cost savings, emissions reduction, and reliability enhancement," 2075
IEEE Industry Applications Society Annual Meeting, Addison, TX, USA, 2015, pp. 1-7, doi:
10.1109/T1AS.2015.7356940.

I. N. Trivedi, D. K. Thesiya, A. Esmat and P. Jangir, "A multiple environment dispatch problem solution
using ant colony optimization for micro-grids," 2015 International Conference on Power and Advanced
Control  Engineering (ICPACE), Bengaluru, India, 2015, pp- 109-115, doi:
10.1109/ICPACE.2015.7274927.

F. Tariq, S. Alelyani, G. Abbas, et. al., “Solving renewables-integrated economic load dispatch problem by
variant of metaheuristic bat-inspired algorithm,” J. Energies, vol. 13, no. 1, Nov. 2020,
doi:10.3390/en13236225.

J. Brownlee, “Clever Algorithms: Nature-Inspired Programming Recepies,” 1st ed. North Carolina, United
States: LuLu.com; 2011.

N. Khobragade, V. Varghese, and P. Khot, “Optimization under fuzzy technique,” International Journal of
Applied Mathematics, vol. 1, no. 1, pp. 1-9, Jan. 2009.

D. C. Walters and G. B. Sheble, "Genetic algorithm solution of economic dispatch with valve point
loading," in I[EEE Transactions on Power Systems, vol. 8, no. 3, pp. 1325-1332, Aug. 1993, doi:
10.1109/59.260861.

N. Sinha, R. Chakrabarti and P. K. Chattopadhyay, "Evolutionary programming techniques for economic
load dispatch," in IEEE Transactions on Evolutionary Computation, vol. 7, no. 1, pp. 83-94, Feb. 2003,
doi: 10.1109/TEVC.2002.806788.

S. H. Ling, F.H.F. Leung, "An Improved Genetic Algorithm with Average-bound Crossover and Wavelet
Mutation Operations," J. Soft Comput, vol. 11, no. 1, pp. 7-31, Jan. 2007, doi:
https://doi.org/10.1007/s00500-006-0049-7.

N. Nasimul, Iba Hitoshi,"Differential evolution for economic load dispatch problems,"J. Electric Power
Systems Research, vol. 78, no. 8, pp- 1322-1331, Aug. 2008, doi:
https://doi.org/10.1016/j.epsr.2007.11.007.

N. Amjady, H. Sharifzadeh, "Solution of non-convex economic dispatch problem considering valve
loading effect by a new Modified Differential Evolution algorithm," Int. J. of Electrical Power & Energy
Systems, vol. 32, no. 8, pp. 893-903, Oct. 2010, doi: https://doi.org/10.1016/j.ijjepes.2010.01.023.

S. Pothiya, I. Ngamroo, and W. Kongprawechnon,"Ant colony optimisation for economic dispatch
problem with non-smooth cost functions," Int. J. of Electrical Power & Energy Systems, vol. 32, no. 5, pp.
478-487, June 2010, doi: https://doi.org/10.1016/j.ijepes.2009.09.016.

B. K. Panigrahi and V. R. Pandi, “Bacterial foraging optimisation: Nelder—-Mead hybrid algorithm for
economic load dispatch,” J. IET Gene.r Transm. Distrib., vol. 2, no. 4, pp. 556-565, Jan. 2008.

Jong-Bae Park, Ki-Song Lee, Joong-Rin Shin and K. Y. Lee, "A particle swarm optimization for economic
dispatch with nonsmooth cost functions," in IEEE Transactions on Power Systems, vol. 20, no. 1, pp. 34-
42, Feb. 2005, doi: 10.1109/TPWRS.2004.831275.

S. Hemamalini, S. P. Simon, “Expert Artificial Bee Colony Algorithm for Economic Load Dispatch
Problem with Non-smooth Cost Functions,” J. Elect. Power Components and Systems, vol. 38, no. 7, pp.
786-803, Dec. 2010.

J. Fossati, A. Galarza, A. Martin-Villate, J. Echeverria, and L. Fontan, “Optimal scheduling of a microgrid
with a fuzzy logic controlled storage system,” Int. J. of Electrical Power & Energy Systems, vol. 68, pp. 1-
7, June 2015, doi: 10.1016/].ijepes.2014.12.032.

B. Taheri, G. Aghajani, and M. Sedaghat, “Economic dispatch in a power system considering
environmental pollution using a multi-objective particle swarm optimization algorithm based on the Pareto
criterion and fuzzy logic,” Int. J Energy Environ. Eng., vol.8, pp. 99-107, April 2017, doi:
https://doi.org/10.1007/s40095-017-0233-9.

V. K. Sharma and B. Kasniya, “Economic Load Dispatch Using Fuzzy Logic Controlled Genetic
Algorithms,” Int. J. of Scientific and Engineering Research, vol. 6, no. 10, Oct. 2015, doi:
http://www.ijser.org.

S. Singh, “Economic load dispatch using fuzzy logic controlled genetic algorithm,” June. 2009, doi:
10.13140/2.1.3030.9444.

Copyright © 2023 Authors Page | 277



[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

(58]

[59]

Futuristic Trends in Artificial Intelligence

e-ISBN: 978-93-6252-155-2

IIP Series, Volume 3, Book 7, Part 2, Chapter 7

A REVIEW ON SOFT COMPUTING APPROACHES FOR
OPTIMAL ECONOMIC LOAD DISPATCH IN MICROGRIDS

A. H. Zade, S. M. A. Mohammadi, and A. A. Gharaveisi, “Fuzzy logic controlled differential evolution to
solve economic load dispatch problems,” J. of advances in computer research, vol. 2, no. 4, pp. 29-40,
Nov. 2011.

N. Amjady and H. Nasiri-Rad “Solution of nonconvex and nonsmooth economic dispatch by a new
adaptive real coded genetic algorithm,” J. Expert Sys. Appl., vol. 37, no. 1, pp. 5239-5245, July 2010.

A. S. Reddy and K. Vaisakh, “Shuffled differential evolution for economic dispatch with valve point
loading effects,” Int. J. Electr. Power Energy Sys. vol. 46, no. 1, pp. 342-352, March 2013, doi:
https://doi.org/10.1016/].ijepes.2012.10.012.

Chao-Lung Chiang, "Improved genetic algorithm for power economic dispatch of units with valve-point
effects and multiple fuels," in IEEE Transactions on Power Systems, vol. 20, no. 4, pp. 1690-1699, Nov.
2005, doi: 10.1109/TPWRS.2005.857924.

N. Sinha, R. Chakrabarti, P. K. Chattopadhyay, “Evolutionary programming techniques for economic load
dispatch,” IEEE Transactions on Evolutionary Computation, vol. 7, no. 1, pp. 83 — 94, March 2003, doi:
10.1109/TEVC.2002.806788.

K. Meng, H. G. Wang, Z. Dong and K. P. Wong, "Quantum-Inspired Particle Swarm Optimization for
Valve-Point Economic Load Dispatch," in IEEE Transactions on Power Systems, vol. 25, no. 1, pp. 215-
222, Feb. 2010, doi: 10.1109/TPWRS.2009.2030359.

A. 1. Selvakumar and K. Thanushkodi, "A New Particle Swarm Optimization Solution to Nonconvex
Economic Dispatch Problems," in IEEE Transactions on Power Systems, vol. 22, no. 1, pp. 42-51, Feb.
2007, doi: 10.1109/TPWRS.2006.889132.

K. T. Chaturvedi, M. Pandit and L. Srivastava, "Self-Organizing Hierarchical Particle Swarm
Optimization for Nonconvex Economic Dispatch," in IEEE Transactions on Power Systems, vol. 23, no. 3,
pp- 1079-1087, Aug. 2008, doi: 10.1109/TPWRS.2008.926455.

I. Ahmed, U-E-H. Alvi, A. Basit,T. Khursheed,A. Alvi, K-S Hong K-S, et al., “A novel hybrid soft
computing optimization framework for dynamic economic dispatch problem of complex non-convex
contiguous constrained machines,” J. Plos one, vol. 17, no.l, pp. 1- 32, Jan. 2022,
https://doi.org/10.1371/journal.pone.0261709.

A. Askarzadeh and M. Gharibi, “A novel approach for optimal power scheduling of distributed energy
resources in microgrids,” Soft Computing, vol. 26, no. 8, pp. 4045-4056, April 2022.

M. Shafiee, A. A. Zamani, M. Sajadinia, “Using improved DDAO algorithm to solve economic emission
load dispatch problem in the presence of wind farms,” Int. J. of Industrial Electronics, Control and
Optimization, vol. 6, no. 3, pp. 1-9, July 23.

Copyright © 2023 Authors Page | 278



