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Abstract: Energy consumption is increasing rapidly; hence, the energy demand cannot be fulfilled
using traditional power resources only. Power systems based on renewable energy, including solar
and wind, are effective and friendly for the environment. Islanded hybrid microgrid systems (IHMS)
are relatively new in this industry and combine two or more sustainable sources, such as wind
turbines, solar photovoltaic (PV), and other renewable alternatives, ocean, wave, and geothermal
energy, etc. While sustainable, long-lasting power sources are the best choice to satisfy the growing
energy demands, they are still not yet ready to be used on a large scale due to their stochastic
characteristics. Furthermore, integrating these sources into the existing energy system can cause
high technical difficulties, due to the stochastic nature of solar and wind in the conventional grid
system and common stand-alone framework. A review of research and applications of the effective
hybridization of renewable energy sources is therefore essential to address those technical and
economic issues and ensure system stability, reliability, and cost-effectiveness. This article discusses
the challenges that might arise when a PV plant and a wind power station are combined to produce
power for the conventional main grid or in a stand-alone system. In addition, this analysis provides
light on optimization approaches for improving power quality and cost-effectiveness in a solar and
wind integrated IHMS. Voltage fluctuation, frequency deviation, and the uncertain nature of solar
irradiation and wind sources are significant challenges for both grid-connected and standalone hybrid
systems. This study then provides an overview of the control strategies which might help enhance
the integration of the IHMS in producing electricity for distribution to the grid-connected load and
the islanded load. In this study, the possible issues that can hinder the smooth integration of these
renewable sources have been discussed. Finally, this study discusses the recent platforms being used
in IHMS as well as the potential of dispatch strategies on solar and wind-integrated IHMS.
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1. Introduction

The advancement of industrialization, urbanization, agricultural aspects, and overall
development of a country is vastly dependent on the consistent and attenuated free elec-
trical power supply. An extra effort from conventional power sources is required for the
extended load demand to ensure uninterrupted power supply for all the ongoing sectors.
This extra effort to the conventional power plants can cause a huge amount of greenhouse
(GHG) gas emissions. Moreover, fossil fuel and petroleum prices are getting higher and
higher day by day, which increases huge electricity production costs.

For this reason, people worldwide are searching for an alternate, long-lasting energy
solutions. The most widely considered alternative energy resources are solar, wind, biomass,
wave, hydro, geothermal, etc. Due to the ease of harnessing sunshine and wind and the
energy system’s simplicity [1], solar and wind energy systems are among the most popular
renewable alternatives [2].

Over the last decade, the development of solar-wind integrated hybrid microgrid
systems (IHMS) has progressed independently and individually [3]. Microgrids are distri-
bution systems made up of decentralized energy sources such as photovoltaic and wind
turbines, which have consistently been among the most widely used energy sources [4].
Because of stochastic properties, both solar and wind energy sources have their limita-
tions [5]. The PV-wind hybrid IHMS with legitimate vitality stockpiling framework can
address this issue. The PV-wind IHMS that consolidates sun-oriented and wind vitality
sources have the limit of works in simultaneous, continuous, and synchronous modes [6,7].
The proper utilization of PV-wind IHMS has improved the working principles and effi-
ciency of power sources. Tao Ma et al. [8] provided their opinions on numerous control
techniques and optimization approaches to lessen several challenges, including voltage and
frequency instability, net present cost, and environmental pollution [9,10]. It is necessary
to analyze the impact of weather forecasting on the effectiveness and precision of hybrid
renewable energy system optimization techniques as well as the uncertainty analysis of
weather parameters. It is simple to analyze the benefits of using anticipated weather data
in place of historical weather characteristics when optimizing a hybrid renewable energy
system. This will also increase the performance of the hybrid renewable energy system. To
determine the right location and environmental conditions, on-field meteorological data
may be required, which is challenging to get in a distant place. As a result, an accurate
streamlining technique must be developed, and a geological product must be developed to
determine the probability of claiming sun-based radiation as well as wind speed.

According to the worldwide energy report published 2012-2019, it can be observed
that the usage of renewable energy reached around 32% of the total energy consumption
in these year [11]. Intriguingly, the report finds that the PV installation restricts wind and
solar control, which is irregular and can lead to specialized challenges for network control
supply, especially when the amount of wind and solar power integration increases, or
the grid is unable to handle sudden changes in generation levels. Furthermore, whether
wind and solar energy are used to power a stand-alone system, the energy storage system
achieves a reliable power distribution [12]. Some recent academics have discussed the
challenges and opportunities for integrated PV and wind energy systems. They provide an
overview of basic research to determine the best control hardware topologies, measurement
configurations, and control algorithms for wind and solar energy networks [13].

Mohammad Reza et al. presented a method for regulating the optimal sizing of
the battery-aided energy storage system (BESS) by implementing preliminary frequency
control. A microgrid is considered a part of a low voltage appropriation feeder including
sources, for example, a micro-turbine, diesel generator, power module, and photovoltaic
module with a moderate reaction for recurrence control. A BESS can assume a critical
job in re-establishing the harmony among free market activity due to the unique quick
response [14]. A New Hierarchical Energy Management System Based on Multi-Microgrid
Optimization is proposed by the authors in Ref. [15]. The effectiveness of the suggested
technique was evaluated using an IEEE 14 bus program. This study also seeks to create
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a role model to predict how dispersed energy resources on IEEE 14-node networks will
behave as a result of a change in the opening protocol to the disconnect, establishing the
power generation island. The micro-grid, which has dispersed tools, is a straightforward
example for the investigation of energy flow and smart grid efficiency variables. The results
demonstrate that, in contrast to earlier methods, the energy management system load
collection utilizing the suggested strategy enhances the performance and reduces losses.

A complete change from a fossil fuel-oriented power system to a sustainable or
hybrid system can be performed by comprising two or more sustainable energy resources.
Sustainable sources such as biomass, hydro, nuclear, geothermal, wind, sun-oriented,
hydrogen, and non-renewable energy should cooperate in various combinations as a
solitary unit to take care of typical energy demand. The IHMS can be constructed by
combining traditional energy sources such as diesel generators as well as inexhaustible
sources such as wind turbine (WT) and photovoltaic (PV) cells in different combinations
with a capacity shortage or excess energy [16]. However, without the ideal use of energy
sources, the expense of the venture for a microgrid will not be defensible.

Optimization techniques are employed to search for the optimum combination of
units and parameters with the categorized system cost, PV unit size, battery size, wind
turbine, system stability and reliability, higher system costs, and under-sizing reasons
for insufficient power distribution [12]. For a standalone microgrid with a size of a few
hundred kW, this study aims to maximize the system architecture of a proposed hybrid
solar-wind-pumped storage system in standalone mode.

Many researchers have already expressed their views regarding the dispatch strategies
with the techno-economic analysis and optimization of IHMS [17-20].

Weirong Liu and colleagues assessed and offered a method for islanded microgrid
integration using distributed economic alternative dispatch strategies [17]. Yiwei Ma et al.
examined and analyzed an effective hybrid off-grid microgrid dispatch technique while
discussing vehicle-to-grid (V2G) under time-of-use (TOU) pricing [21]. Chunxia Dou et al.,
without a communication system, developed a two-level distributed optimization power
dispatch control strategy for a standalone microgrid [22]. Md Abu et al. suggested an
operating power dispatch approach to improve the generating schedule of the wind-BESS
hybrid system [23]. Bo Zhao and collaborators used a multi-agent system (MAS) to create
an energy management system that considered real-time power dispatch methods [24].
For an interconnected gas and electricity infrastructure, Meysam Qadrdan and associates
suggested a modified operational dispatch method that considers the stochastic character of
wind power forecasts [25]. Yu Zhang and colleagues developed a robust energy distribution
plan with a distributed economic dispatch mechanism for a microgrid to handle high
renewable saturation [26]. To improve network system stability, Lin Ye et al. suggested
a dynamic active power dispatch strategy for a wind-based hybrid energy system [19].
For the islanded microgrid, Yunfeng Wen et al. created an updated multi-aged dispatch
model to maintain the system frequency within a reasonable range [20]. Using distributed
technologies, Pedro P. Vergara et al. demonstrated and improved the best dispatch method
for an unbalanced three-phase islanded microgrid [27].

The main contributions of this manuscript have been articulated as summarizing the
evolutions of renewable energy resources with the problem statement and solutions, then
continued with the optimization control techniques for the IHMS and HRES followed by
the co-relation between the optimization techniques and control strategies. Solar radiation,
wind speed, and other historical weather factors from previous years are used as the main
inputs in hybrid renewable energy system sizing optimization approaches. The location,
atmospheric conditions, seasons, time, etc., all affect the historical measured weather
parameters, which vary significantly from the actual measured weather parameters. The
impact of employing weather forecasts instead of historical data on HRES performance has
not yet been thoroughly studied.

This paper outlines the different hybrid microgrid frameworks being investigated
and the different advanced techniques and applications. The advancements in power
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electronics devices and other control units improved islanded microgrid systems [6,28].
This paper then presents a brief on the renewable energy sources evaluation in Section 2. A
review of optimization techniques for IHMS is presented in Section 3 followed by a review
of available control technologies of IHMS in Section 4. Section 5 contains a short description
of the correlation between optimization and control techniques for IHMS. The evaluation
of dispatch algorithms in IHMS optimization is discussed in Section 6 and finally, the paper
concludes the work with some future directions.

2. Evolutions and Advancements of Renewable Energy Resources to Achieve Zero
Emission Power Technologies

The energy that comes from renewable sources, such as sunshine, wind, tides, waves,
rain, and geothermal heat, is referred to as renewable energy. The energy from renewable
sources is frequently used to power four vital functions: transportation, rural (off-grid)
energy services, heating and cooling of both air and water, and electricity production. The
power generation from renewable energy resources in the world for the last few years
is shown in Table 1. From the table, it can be easily observed that hydroelectric power
generation is very high from 2019 to 2021. However, nowadays, very few countries are
interested in hydropower due to its high maintenance cost and distribution problems.
Moreover, only a few areas are suitable for hydropower in the world, as the mechanism
and technology of hydropower demands a huge depth of water in a compact area. So,
because of the great availability of solar and wind energy, both are becoming increasingly
popular day by day.

Table 1. Power generation from renewable energy resources worldwide [29,30].

Power Generation in TWh Year

Energy Source

2019-2020 2020-2021
Hydro-Electric 114 140
Bio Energy 40 72
Solar Energy 153 145
Wind Energy 175 275

Solar energy, such as solar heating, photovoltaic, concentrator photovoltaic (CPV),
concentrated solar power (CSP), artificial photosynthesis, and solar architecture, is har-
nessed utilizing various ever-evolving technologies. Using the photoelectric effect, a PV
system turns light into electrical direct current (DC). Solar PV with CSP has grown into a
fast-growing, multibillion-dollar business that continues to increase its cost-effectiveness
and has the biggest promise of any renewable technology. The primary solar technology
used to generate significant amounts of electricity is concentrated solar power, which can
also store thermal energy and provide grids with power with high dependability, high-
capacity factors, and cheap costs. However, the highest temperature permitted for the heat
transfer fluids utilized (up to 565 °C utilizing molten salts) restricts their functioning [31].

High-performance perovskite solar cells have become a new trend in the research
domain [32,33]. The use of machine learning algorithms and artificial intelligence (AI) has
been increased for solar PV-based hybrid energy systems. An Al technique based on a
multilayer perceptron artificial neural network (MLP-ANN) and a digital twin model of the
solar chimney using a multivariate regression model based on the least square method and
their comparison has been suggested in Ref. [34]. A machine learning-based autonomous
solar wind voltage regulatory system was analyzed and proposed by Ref. [35].

A rotor with two or more blades that are mechanically coupled to an electrical genera-
tor can be used to convert the wind’s kinetic energy into electrical energy. Turboelectric
nano generators (TENG) based wind energy harvesting has been discussed in Ref. [36].

To conduct a territorial-scale feasibility study for various types of floaters, a floating
offshore wind farm (FOWF) life cycle cost model and producibility analysis is implemented
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in a geographic information system. A streamlined model for a rapid life cycle cost analysis
is also suggested and calibrated in Ref. [37]. Yaohua Guo et al. introduced a new evaluation
of integrated installation methods for offshore wind turbines with the developmental trends
and state-of-the-art [38]. Zhiguo Zhang et al. demonstrated an overview of New Zealand’s
wind energy development and use [39].

In this context, wind energy conversion systems (WECS) are one of the most prevalent
and rapidly expanding technologies, and they are becoming more and more important
in the production of renewable energy [40]. Delamination, debonding, and fractures are
the most common forms of damage and flaws in wind turbine composite blades, which
are determined by the inherent structural nonlinearities, manufacturing process stage,
and harsh environmental impacts in service. These factors necessitate routine condition
monitoring of the composite blades to gauge performance deterioration and structural
health and lower the levelized maintenance costs [41].

In order to satisfy the load demand, wind and solar power fluctuate. The capacity
of hydropower to regulate itself is a crucial component of energy complementarity and
should not be disregarded. The paper suggests a hydropower complementarity evaluation
approach for a hybrid energy system taking into account the load demand volatility of the
power grid to overcome this problem. Beginning with the chance that the power output
of a hybrid energy system meets the load demand, two neutrality assessment indicators,
comprising time and magnitude, are provided. After that, the compatibility of a hybrid
energy system is evaluated in light of the various existing capacities of wind and solar
power plants [42].

In this work, the best daily operating methods for a wind-hydro hybrid system are
created. An optimization model is used in conjunction with a long short-term memory
network to estimate power prices in the day-ahead spot electricity market in order to
optimize daily earnings. To explore the advantages of future power price estimates, many
scenarios are taken into account. When projected power prices from the suggested extended
short-term memory network were utilized instead of the previous day’s electricity prices
for the wind-hydro hybrid system with a 25 MW wind turbine, the net revenue for the
one-year test period rose 3.5% [43].

This review currently examines the possibilities of wind, biomass, and hybrid tech-
nologies in the field of producing renewable energy. Our study begins by discussing the
feedstocks and their potential for producing various biofuels from biomass, including
bioethanol, biodiesel, biomethane, biohydrogen, and dithietane.

This study explores performance analysis and sustainability of wind energy systems
and biomass-based hybrid configurations with wind, and its different design consid-
erations, challenges, and gaps were addressed with an emphasis on long-term energy
sustainability. The findings suggest that biomass-based hybrid energy systems can offer
a financially sound and environmentally sound substitute, particularly for off-grid rural
electrification [44].

To increase the hybrid renewable energy system’s total energy efficiency, the biogas-
hydrogen engine has to be intelligently controlled. In order to establish a balance between
the performance and pollutant emissions of the biogas-hydrogen engine, the study offers
some simulation findings of the ideal control parameters of the engine. The ideal equiv-
alency ratio in tidy biogas fueling mode decreases from 1.05 to 1.01 as the biogas’s CHy
content rises from 60% to 80%. The best equivalency ratio almost achieves the stoichiomet-
ric value by incorporating 20% hydrogen into biogas, despite variations in CHy content.
An increase of 10% CHy in biogas results in a 2°CA drop in the ideal advanced ignition
angle under the same operating conditions and hydrogen concentration. However, when
10% hydrogen was added to biogas at a certain engine speed and biogas composition, the
ideal advanced ignition angle fell by 3°CA [45].
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The major goal of this study is to determine the best fuel cell and battery combination
for a ship’s power system in order to obtain the lowest CO, emissions while also taking
into account the number of battery cycles. The vessel examined in this article is a Platform
Supply Vessel (PSV), which transports supplies, personnel, and equipment to service
offshore oil and gas sites. The suggested plan takes into account ship refit. The ship’s
original primary generators are kept in working order, and batteries and a fuel cell were
fitted as backup power. Additionally, the ship’s demand curve is the subject of a sensitivity
study. HOMER software was utilized to create the simulations that were used to determine
the CO; emissions for each of the new hybrid setups. The load regime has no effect on
the ideal ignition angle. Auxiliary generators, three distinct battery types, and a proton-
exchange membrane fuel cell (PEMFC) with various-sized hydrogen tanks are the suggested
alternatives. The sizing of the auxiliary engines was based on earlier research, while the
PEMEFC and batteries were sized as containerized solutions. These solutions are combined
to form each arrangement. One contribution of this study is the choice of the optimum
configuration. The new configurations are divided into groups based on how much less CO,
they release when compared to the old setup. The findings suggest that the categorization
of the setup may change for various demand levels. This work’s sizing of the battery and
hydrogen storage systems is another important addition [46].

In order to increase wave energy exploitation per-unit area and lower the levelized
cost of electricity, practical solutions are offered by the hybrid idea of multi-type wave
energy converters. In order to be suited for both nearshore and offshore zones, a multi-
degree-of-freedom hybrid system comprising an oscillating wave surge converter and
two oscillating buoys is presented in this work and incorporated onto a semi-submersible
platform. By constructing a three-dimensional numerical wave tank within the context
of computational fluid dynamics theory, including a dynamic overset grid scheme, the
hydrodynamic properties of the hybrid system are investigated, with emphasis on both its
overall characteristic and the specific characteristic of each device [47].

In the framework of their technical and environmental evaluation through life cycle
assessment, our research is making an attempt to offer a thorough grasp of the potential
benefits and numerous uses of geothermal energy systems. An overview of the tools
and analysis techniques used to look at a certain system or application is given. The use
of certain geothermal technology and applications is covered in detail, along with the
environmental benefits and technical challenges associated with each. A large portion of
the geothermal energy potential is covered by district and home heating systems. The
bulk of the studies that have been presented focus on the creation of electricity as the most
significant use of geothermal energy. The study’s overall finding is that geothermal energy
is an incredibly feasible alternative that, when used in conjunction with other renewable
energy sources, may help to lessen the detrimental consequences of the world’s present
energy mix [47].

3. Optimization of IHMS

Optimization is regarded as the process of selecting the best or worst item from the
available alternative solutions. Mostly, in the cases of IHMS designs, the mission of different
optimization techniques is to find the solutions offering the least costs, sizes, and best
performance. The schematic diagram of a hybrid PV-Wind renewable network is shown in
Figure 1. The basic graphic depicts the architecture of an IHMS in general [48]. It represents
the block of each module with the connections and co-relation and synchronization. The
AC bus is connecting the sources and loads according to the sequence of transformers and
converters. The combination of AC wind turbine, AC diesel generator, DC PV, and DC
BESS create the islanded /grid connected IHMS, in which the AC and DC loads converge
each other in between the AC and DC bus system.
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Figure 1. Schematic diagram of solar-wind hybrid microgrid (a) islanded and (b) grid-connected [49].

3.1. The Evolution of IHMS Optimization Methods

Various optimization techniques have been utilized for IHMS optimization, optimal
sizing, and techno-economic analysis. To simulate the IHMS, numerous algorithms and
optimization approaches are used in conjunction with the evolutionary strategy, which is
presented in the next section.
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3.1.1. Optimization by Heuristic Methods

The best choices for building or managing a variety of complex systems can be found
using heuristic optimization algorithms for multi-objective optimization problems [50].
Streamlining of an issue alludes to finding the most extreme and least of a genuine capacity
by estimating the capacity utilizing inputs methodically chosen from inside a permitted set.
Heuristics incorporates experimentation arrangement discovering procedures for complex
issues inside the constant breaking points.

The optimization problem is solved using a metaheuristic approach. Numerous parts
of daily living might suffer from optimization issues. Ant colony optimization (ACO),
genetic algorithms (GA), and particle swarm optimization are some of the several types of
metaheuristic methods (PSO) [51,52]. The current metaheuristic calculations were created
during the 1980s and the 1990s. Since they were developed in response to natural processes,
they integrate nature-driven strategies.

Genetic Algorithm

The genetic algorithm, which is a framework for indiscriminate pursuit and improve-
ment, is guided by the common hereditary framework. The genetic algorithm is frequently
used for the optimization of many characterizations. Solar, wind, and geothermal energy
sources are getting a lot of traction in terms of analysis and modeling approaches. When
considering the transformative ideas of normal choice and inherited qualities, GA is a
flexible heuristic search algorithm. Using heredity computation with the possibility of an
energy supply loss as a constraint, Daming et al. established an elitist approach to the ideal
measurement of different mixed PV-wind control frameworks, which caps the aggregate
capital of the entire framework [53].

To identify the most accurate capacity model of a daylight-based wind mix with an
unrestricted essentialness structure and quick overall combining, Zhao et al. employed a
hereditary calculation for PSO. To supply the changeable load spotted in the vicinity of
Xuzhou, China, Zhou et al. employed GA in combination with the plan [54]. Fadaee and his
colleagues developed Fuzzy logic using GA that was used to create an ideal measurement
of a hybrid Wind /PV battery system, which picks the best number of WT, battery, and PV
panels. GA was also used to assume a flawless control design to ensure an off-network
hybrid system [55]. Tutkun and the team developed genuine energy planning from an
off-grid IHMS that was previously used for the hot water tank and street lighting. Within
this work, double-coded GA, rather than organized basic straight customizing, is used to
lower the operating unit cost of IHMS [56].

Particle Swarm Optimization

A population-based static optimization technique called particle swarm optimization
(PSO) is targeted toward individual social interaction in fish schooling and winged animal
flocking, where a flock is defined as the coordinated movement of several self-propelled
items. Zhao et al. proposed a method for improving the PSO algorithm for an optimal
limit plan based on a free wind/PV mix force supply framework [57].The PSO approach
fully relied on different sorts of data sets dependent on the parameters that were used.
Several researchers are using PSO as the ideal prediction tool for various reasons. An
ordinary non-linear included basic streamlining difficulty might be the way out for mixing
energy framework ability optimal configuration. An algorithm is also expected to look into
the framework discovered on an island. Those who cause shortages have demonstrated
their capability and efficacy [5]. By using particle swarm optimization (PSO), to enable
the dependability indicators, Dehgan et al. provide the majority of positive position mea-
surements of hydrogen manufactured wind/PV plants. A modified PSO technique with
the creation of a multi-objective strategy in a coordinated energy system was presented by
Wang et al. [58]. Affectability considerations may also be used to investigate the impacts of
claiming various framework parameters on the overall configuration execution. Sanchez
et al. described the solar-wind IHMS for agricultural application and harvesting. It is also
possible to apply the evolutionary calculation method known as PSO with those framework
costs as the goal capacity. Ardakani et al. use a PSO computation to determine the optimum
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optimal size of a grid linked hybrid microgrid [59]. This yields the perfect distribution
of wind turbines, PV modules, and battery capacity close to the inverter. Bansal et al.
demonstrated the mix PV /wind/batteries imperativeness structure streamlining using
multi-target atom swarm optimization (MOPSO). An objective endeavor to cosset the mix-
ing framework, including startup expenditures, yearly running costs, and support charges,
might be defined. MOPSO is employed to deal with the issue because of the many-sided
character of the mixture of renewable energy structure with nonlinear important analytics
planning. Keyrouz et al. developed a bound-together MPPT to manage a combination
of wind-solar and power module architecture [60]. Amer et al. employed a following
calculation-built Bayesian lion’s share of the information combined with swarm rapidity
to delineate a streamlined, looking computation. To minimize the difficulty of ensuring
imperativeness with an acceptable choice of the period taken assured nearby considering
those situations, the center of planning also requests sides to reduce the expense. According
to the conclusion, PSO execution may be quicker and can also offer a condensing design
that recovers around 10% of the entire cost of the integrated framework. Borhanazad et al.
used MOPSO to construct streamlining for micro-grid frameworks and used the energy
oversaw economy method to get the optimal configuration of the mixed framework [53].

Fuzzy Logic

Nema et al. demonstrated a flawless economic operation by using a fluffy pushed
quantum developing approach to establish a sharp network. Adhikari et al. introduced an
independent autonomous energy system with fuzzy logic controller (FLC) for frequency
regulation. In light of these fluffy base control strategies for detecting the DC voltage and
current yield of the sun, as well as the updated yield voltage of a wind turbine-driven
enduring request short of breath quick present generator, Chakraborty and associates
created a soft-moved quantum evolving framework to offer a perspective on the sharp
matrix’s speculation and activity [61].

Artificial Neural Network

A neural networking system is an interconnection grouping of simulated neurons that
occupy a logical prototype or computational archetype for evidence shifting in the light of
a relationship with an approximation estimate. Fidalgo et al. developed a linked artificial
neural networking (ANN)-based approach to deal with preventative control strategies in a
large hybrid energy system. In the progressive security design population, an ANN is a
basic element that is superior to conventional quantifiable methods and also assesses the
degree of security [62]. After Tom’s research into the distinctiveness of sun-oriented energy,
and wind vitality, Martin et al. proposed a neural control system for multi-energy regular
DC transport mixed energy supply. The energy component is familiar in the preparation,
and the Levenberg-Marquaret method interfaced with the neural system may be used [63].

Game Theory

Ogino et al. developed a non-cooperative amusement strategy on an electric producing
network that will be linked to asset and supply government-funded cooperation. The main
disadvantage of this architecture may be that it lacks whatever control component the
complete system requires [11].

A coalitional entertainment design for enjoyable micro-grid conveyance networks of
solar panels, wind turbines, and other energy sources must also be presented. This will
allow for better instrument monitoring and stock management [49]. Baeyens and Bitar
both clarified that the wind energy was gathered for the sake of a coalitional amusement
approach.

Those studies explored the extent to which a gathering for a wind constraint may
allow creators to take use of the true benefits of the stochastic behavior of meteorological
conditions, as determined by a coalitional entertainment strategy. Wang and Mei developed
strategies for organizing assisted control systems. This study uses the beguilement hy-
pothesis to model a hybrid energy system made up of wind turbines, photovoltaic panels,
and storage batteries. In terms of illustrative players and their lifetime earnings as well as
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payoffs, both non-cooperative and cooperative amusement hypothesis models require help,
which may be supplied by installing wind turbines, PV panels, and battery storage [64].

Alskaif et al. offered an amusement constructed stochastic altering on a production
ideal, providing techniques to increase the combined benefits of wind and conventional
energy producers, presenting both the vitality market and a reciprocal save the market,
where the save value may be chosen between wind and conventional energy producers.
Applying the divergence theory would be one path to go [12]. Vikas et al. developed and
tested a diversion hypothesis for sun-generated wind based on Cornet’s model. IHMS
also provides essential options for determining the appropriate reaction, starting with a
sun-oriented and wind-powered energy system. The sun-based wind mixing framework
is investigated using a game technique. Different tactics are considered and evaluated,
such as diversion hypothesis logic, Nash equilibrium, and non-cooperative diversion
hypothesis [65].

For the power microgrid optimum operations planning, this work proposes a new
enhanced version (specifically, ESSA) of the sparrow search algorithm (SSA) based on an
elite reverse learning method and firefly algorithm (FA) mutation strategy. In order to
establish grid multi-objective economic optimization, scheduling cycles of the microgrid
with a distributed power source’s optimal output and total operation cost is modeled based
on variables, such as environmental costs, electricity interaction, investment depreciation,
and maintenance system.

The proposed plan offers higher performance and feasibility in addressing microgrid
operation planning issues when compared to other literature methods, including Genetic
algorithm (GA), Particle swarm optimization (PSO), Firefly algorithm (FA), Bat algorithm
(BA), Grey wolf optimization (GWO), and SSA [66].

The research suggests an enhanced primary control technique for producing units with
inverter interfaces in islanded microgrids. The proposed method develops the principal
frequency regulation curve’s set-points while fulfilling the power balance, frequency, and
current limitations by using an off-line minimal losses optimum power flow (OPF). In this
manner, generators will arrive at an operating point that is optimum and corresponds to a
specific and particular power flow distribution, exhibiting the least amount of power losses.
The suggested method may be particularly intriguing for diesel-based island microgrids
that continually struggle to cut their reliance on fossil fuels and improve the efficiency of
their generation and distribution. A crucial heuristic method for resolving the optimization
issue is the Glow-worm Swarm Optimization (GSO) algorithm [67].

The primary goal of this study is to create a hybrid Non-dominated Sorting Whale
Optimization Algorithm (NSWOA), which combines a multi-objective, non-dominated
sorting approach with a swarm-based Whale Optimization Algorithm (WOA). This is done
to create an algorithm that can search for optimal solutions quickly and efficiently. It has
also been reported how NSWOA may be used to optimize the controller settings of an
island microgrid with both static and dynamic load. When optimizing the controller pa-
rameters of an island microgrid model with multiple objectives, SPSS software was used to
compare the performance of the proposed NSWOA method with that of the non-dominated
sorting genetic algorithm-II (NSGA-II) and Strength Pareto Evolutionary Algorithm (SPEA)
technique. It is discovered that NSWOA needs, on average, four iterations to arrive at the
best possible outcome [68].

Figure 2 graphically demonstrates the revolutionization of the hybrid energy system’s
game theory strategy.

The advantages and disadvantages of the popular optimization techniques and al-
gorithms for the hybrid solar-wind energy system are shown in Table 2. In Table 3, the
optimization and prediction of solar-wind IHMS has been represented in a nutshell.
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Figure 2. Game theory evolution-based optimization approach of typical IHMS [69].

Table 2. Stochastic optimization techniques adopted by researchers for IHMS.
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. Easy to understand; more focused  Difficult to investigate; complex; Relatively
Probability on a single system less writing accessible Slower Complex
(LPSP) [75,76] gle sy & : p
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Table 3. Optimization and prediction of solar-wind IHMS [84].

Investigation

Sizing Restraint Yield

Probabilistic [85-87]

Probabilistic analysis with optimal sizes of solar PV

Loss of Power Supply Probability (LPSP) and BESS, COE, and NPC calculation

Techno-economic [88-90]

The best and worst case in terms of LCOE, LNPC,

Total Cost/kWh, level of self-rule . .
and minimum CO, emissions.

Economic [91,92]

Lowest NPV and the best renewable energy

Net Present Value (NPV) combination for remote and decentralized areas.

Techno-economic [93,94]

Proper load supply management with minimum

Total cost and load i t : .
otal costand foad energy requiremen cost and environment friendly.

Probabilistic [95,96]

Calculation of probabilistically advanced IHMS for

Vitality file of dependability decentralized hospital and school.

Economical [59]

Lack of life cycle cost, power Optimal sizes of solar PV, wind, DG, and BESS; cost
supply probability analysis of electricity production.

Figure 3 shows the methodological approach of a typical IHMS. In the last decade,
the application of different software tools for renewable energy-oriented IHMS and HRES
has increased at a huge rate. The popularity of software tools has increased due to the
vast industrial applications and complex free conclusions. HOMER is the most efficient
and most popular software tool for renewable energy-oriented IHMS and HRES. HOMER
gained popularity due to its easy iteration steps and great convergence rates with the
highest accuracy. The results generated from HOMER Por have already been recognized
and published by many reputed international journals.

Optimal Extending Investigation

Benchmarks

Methodology

Economic| [Reliability] [Feasibility Iterative || Analytical | | Probabilistic

Computing
Utensils

Multi-

Objective

Figure 3. The methodological approach of typical IHMS [69,97-99].

Different software tools operating based on other optimization techniques are impor-
tant in designing optimum hybrid systems. The most common software tools are: HOMER,
HYBRID, RETScreen, etc. In Table 4, various types of software based on the optimization of
the hybrid system along with their pros and cons have been described.
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Table 4. Various types of software tools for the optimization of the hybrid system.

Software Used for

Optimization Advantages Disadvantages

HYBRID 2 [100] The mc?del s speaahzed precision is The model cannot advance the vitality
exceedingly high framework

PVSYST [101,102] It permits assurance of PV size and battery limit ~Confinement for sustainable vitality sources

INSEL [103] ictlig tability in making a framework model and Does not perform framework streamlining

SOLSIM [103,104] The measurement system used to determine life  Not able to locate the ideal size of the hybrid

cycle costs

framework

WATSUN-PV [105,106]

The model for DC engines is a straightforward
correlation between the voltage and current
provided by the cluster and the engine’s torque
and rakish speed

Engines and siphons are not included in the
database

PV-DESIGN PRO [107,108]

The database as of now incorporates most data
required for the PV framework plan

The module and atmosphere of the database are
extremely complete

RAPSIM [109-111]

The control elements that determine the diesel
generator’s on-off patterns

The effect of the battery SoC and DoD

RETScreen [112-114]

Battery life cycle cost, energy timeline

Complex calculation and high simulation time

Different control systems can likewise be

PHOTO [115,116] considered High simulation time
The model includes an enhancement method SOMES does not provide an optimum operative
SOMES [117,118] that searches for the framework with the lowest P P P

power consumption.

approach

HOMER [119-121]

This instrument offers an amazing UI and exact
measuring with a detailed examination of the
framework

HOMER has a low level of specialized precision
since its segmental scientific models are straight
and do not include any amendment variables

RAPSYS [103,122]

This product can re-enact a wide scope of
sustainable framework segments that might be
remembered for a half-and-half

framework setup

Usually, this tool cannot optimize the size of the
components

3.1.2. Optimization by Deterministic Methods

Optimization might be integrated anytime in the islanded or connected microgrid

to accomplish the best-working principles in meeting all fundamental imperatives. For
setting up a microgrid, its activity, support, and planning exercises include different
choice-making circumstances that require the application regions for enhancement. In
science, an enhancement issue is characterized as a problem to locate the ideal system
from a combination of practical implementation. For a less demanding investigation, the
application zones for enhancing IHMS have been generally isolated into three classifications:
control, age, and conveyance. Planning of an IHMS demands a comprehensive investigation
for choosing the ideal blend of creating and capacity frameworks per the necessities. Table 5
shows the advantages and disadvantages of various types of deterministic methods for
optimizing an IHMS.

3.2. Reliability Analysis in IHMS

The possibility of a contraption or structure carrying out its idea satisfactorily during
the regular operating period is shown as relentless quality. It similarly describes the limita-
tions of power distributions and load demand of the particular meteorological conditions
and areas.
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Table 5. Advantages and disadvantages of various types of deterministic methods on the optimization
of IHMS [1,6,65].

Optimization Techniques Advantages Disadvantages
Linear programming Less complex mathematics and easy to LPO does not include the back-energy storage
optimization (LPO) understand at battery or DG

Mixed-integer linear
programming (MILP)

Parallel factor issues are doable for an ideal
arrangement. The model was valuable for
policymakers in tropical nations to assess a
natural savvy eco-town

The model is progressively sensible and
essentially expands the trouble in order to
comprehend it

Non-linear programming
(NLP)

A numerical methodology-based model
empowers the arrangement of a mind-boggling
issue with an incredible number of basic tasks

The numerical strategy required multiple cycle
operation

Mixed-integer non-linear
programming (MINLP)

MINLP can evaluate numerical and binary

. . 1 d iterati
variable problems in both Complex and more terative

Many research scientists have already demonstrated their concern regarding the sys-
tem reliability of the IHMS [123-127]. Xufeng et al. constructed an operational reliability
index for the islanded hybrid microgrid using a model of short-term stability and out-
ages [123]. To guarantee the viability of the system, Khare et al. provided the reliability
evaluation of the distribution network of the islanded hybrid microgrid [124]. The technical
feasibility of an islanded hybrid solar-diesel-battery hybrid system created to support
Nigeria’s typical rural and decentralized locations was examined by Mokoka et al. [120].
Ruchita et al. carried out a transient component-based reliability assessment of the islanded
hybrid microgrid to ensure the viability of the distribution network [121]. Abdelsamad
et al. created an inventive autonomous energy management method to ensure the system'’s
dependability by accounting for the load voltage and converter dynamics [128]. To account
for power electronic device operational failures, Abdulkarim et al. created an enhanced
islanded microgrid and reliability evaluation [129]. A self-sufficient, hybrid island mi-
crogrid powered by renewable resources was developed by Zhong et al., who created a
reduced-order model for the dependability and dynamic stability of the islanded hybrid
microgrid by researching the band pass filter-based droop control technique [130].

Zhang et al. tended to the unwavering quality examination of little segregated sus-
tainable power source framework by decisive and probabilistic strategy [131]. Zhao et al.
manage the far-reaching target capacities that incorporate the speculation cost and the de-
pendability and ideal operation of the framework. The main contribution of this manuscript
is the optimal sizing, system stability analysis, along with reliability analysis [57]. Ardakani
and Richy built up an outline of an ideal IHMS considering unwavering quality files sub-
jected to budgetary and logical imperatives. The analogous misfortune factor verbalizes
the criteria linked with the foundation’s unshakable quality [132]. The technique gets
the progressive execution of a conspicuous evidence unwavering quality examination.
Kishore and Fernandez demonstrate a relentless evaluation of a wind-PV structure utilizing
Monte-Carlo re-foundation. The paper features the diverse elements of HES, considering
a sunlight-based and wind vitality change framework (WECS), exhibiting immovable
quality appraisals. In this study, a few methods for constant quality evaluation have been
considered [133]. Monfared et al. introduced enhancements of unwavering framework
quality with the assistance of energy hardware. Pradhan and Karki build up a probabilistic
reliability study of a matrix crossover control structure for a location in Nepal. The article
is related to the investigation of hybrid renewable structure steadiness in the context of
different continuing quality records corresponding to the cost of load request, energy once-
over of unfaltering quality (EIR), expected centrality not served (EENS), and predictable
client intrusion cost (ECOST), which are assessed using a probabilistic technique utilizing
authentic strategy [134]. Wang et al. demonstrate the feasibility of constructing a structure
that integrates power storage, PV, and wind [58]. The dependability assessment models
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of wind control and sun-oriented energy extraction are utilized as a part of successive
Monte-Carlo re-enactment. In addition, the framework’s streamlining depends on factors
such as sunlight-based radiation, wind speed, and so forth. Kekezoglu et al. provided an
unwavering quality investigation of a crossover framework introduced on the Davutpasa
grounds of the Yildiz specialized college. Unwavering quality records are ascertained
for the context [135]. Figure 4 presents the characterization flow of the techno-economic
feasibility process of the hybrid energy system in terms of COE, NPC, and other objectives.

< Start ’

\ 4

A 4

Define Inputs Data

v v v

Economics

Sizing Components and Resources Project Constraints Load Profile of the

Data Data community

\ 4

Run Simulation

Meeting Load
Requirements

Resizing Components

v

Evaluate Costs and Energy
Production

v

Select the Economically
Optimum System Sizing

v

Optimize the System
Excess Energy

\ 4

End

Figure 4. Characterization flow of the reliability process of the hybrid energy system in terms of COE,
NPC, and other objectives [136].

4. Control Strategies of Solar-Wind IHMS

Because a hybrid sustainable power source microgrid combines various sustainable
power sources, diesel-oriented power sources, and energy-saving bulk, achieving the
highest productivity and reliability is difficult without employing ideal control method-
ologies [137]. The controller completes the variable, checking, and control supply stack
for the need in the mixed sustainable power source architecture. Because the system may
be unstable due to the stochastic behavior of the power sources as well as unexpected
changes in the load profile, the dedicated voltage, current, and frequency are frequently
regulated using various control techniques. Different types of controllers are connected in
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a crossover sustainable power source framework as indicated by the necessity of different
vitality sources, yield power, and control system. Unified, appropriated, hybrid control,
and various control frameworks are the most common types of controllers [138].

Each source must have a distinct controller that can concentrate on the best course
of action for the related unit based on the most recent facts for each circumstance. The
total essentiality source’s signs and limit system are confined by the unified (ace controller)
plan in the tied-together control game plan. In the context of every available datum, a
multi-target imperativeness unit structure can achieve overall development [139]. This con-
solidated unit’s disadvantage is that it has an overwhelming count stack and is vulnerable
to single-point dissatisfactions. The second generation control unit is the one that has been
appropriated; at this point, the imperativeness source is connected to the person and the
local control unit, and as a result, the control units are connected to exchange estimation
banners and make an accurate assessment of overall progress [140].

This control strategy might be more profitable when contrasted with the concentrated
control unit since it requires a base computational load with no disappointment that the
few conditions can figure. On the other hand, this control structure suffers from a lack
of multi-faceted correspondence networks among the neighborhood controllers. Fake
estimate frameworks can bring this problem of the distributed control unit to light. The
third generation control technique is the multi-expert system, which is a victor among
the most consoling procedures for an appropriated control unit [141]. The hybrid control
unit is a strategy that combines dispersed and gathered control units. The hybrid control
unit collects sustainable sources within a coordinated framework. The hybrid control
technique allows tuning the voltage and power in contrast with the components and
worldwide meteorological conditions. This hybrid control technique allows the proper
load management steps within the dedicated voltage range [142,143].

A multi-level control unit is used in the fourth-generation control. The working
activity of this control unit is virtually identical to that of the crossover control unit, but it
has the advantage of having manager control, which considers the continual task of each
vitality unit based on the control objective within milliseconds [144].

Different types of the controlling method have been presented in Table 6.

A brief overview of the control strategy for IHMS has been given in Table 7.

Communication-based control and droop strategy-based control for IHMS and HRES
Tables 8 and 9 summarize the potential benefits and drawbacks of communication-based
approaches and droop methods, respectively.

Droop control strategies depend on nearby estimations of the system state factors that
make DG appropriate and total excess, as they do not depend on links for dependable
activity. It has numerous alluring highlights, for example, expandability, particularity, and
adaptability. A droop strategy-based controller has some drawbacks in terms of voltage
and frequency regulation under stochastic conditions of meteorology.

In any case, examination of these control methods will help enhance the plan and
use of future dispersed solar thermal and geothermal-based microgrid models. The future
patterns in charge methodologies for microgrids are identified with vitality administrations
and insurance, which incorporate the interest reaction, ideal power stream, showcase
support, stockpiling administration, etc. These advancements could be intriguing while
interfacing microgrids to the fundamental network or conveying various microgrids. In
this manner, multi-agent frameworks and hierarchical control could arrange the trade of
vitality between microgrids or, on the other hand, microgrid groups. Subsequently, the
multi-agent control and hierarchical controllers are turning into an unmistakable pattern of
research in microgrid innovations, while correspondence frameworks are becoming more
imperative to make these applications possible.
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Table 6. Summary of the IHMS solar wind control technique [145].

Objective Method Main Contribution
A data logger and remote i Examination of the vitality creation and
control of IHMS By data logger and model predictive controller execution of IHMS is contemplated in detail
*  Battery power hourly accumulation gives
oL . significant pay over-voltage dependent on Ampere hour gathering offers noteworthy pay
Maximizing hybrid system control over-voltage-based techniques for framework
availability *  Average battery voltage methods of & d

system control for IHMS Ampere hour
accumulation

control for IHMS

Microprocessor-based
control of IHMS

Microprocessor-based, Motorola 6800, ‘C’
Programming

The life expectancy of the battery is expanded
by controlling the condition of the charge of the
battery

Power control of an IHMS

By archetype system strategy

1. The framework has a few task modes:
ordinary activity, control dispatching, and
control normal to facilitate the control of the
battery vitality stockpiling framework

2. The BESS functions as a power cushion to
smoothly transition away from fossil fuels
without stopping and starting to recharge
batteries.

Control of microgrid and
optimal sizing

RHAPSODY Software, Linear Programming

1. This investigation enables the client to
consider the association between financial,
activity, and ecological factors.

2. It offers a valuable apparatus for the plan and
investigation of IHMS.

Petri-nets control design of
THMS

Petri-nets controller

A supervisory control technique streamlines the
vitality exchange as indicated by the source
control variety and the heap attributes

Dynamic control of IHMS

Particle swarm optimization (PSO)

A numerical model is produced and another
PSO calculation because of the uniform outline
and idleness change is utilized to illuminate the
scientific model that is used to control the
activity of PV-wind IHMS

Design and control of smart
IHMS

Genetic Algorithm (GA) and direct design
control

Using modified GA, a useful tool for selecting
the section of the energy framework is
developed with two important selection criteria
(price and number)

Digital signal controlling of
Wind-PV IHMS

MATLAB/embedded emulator

This IHMS can withstand sudden fluctuations
under typical circumstances and muffles the
effect of variation on the voltage under the
acceptable range

Table 7. Control strategy for PV-wind IHMS [146].

Authors

Hybrid System

Control Techniques

Sara Ghaem et al. [147,148]

PV-Wind-Engine-Battery

TRANSYS and Dispatch strategy control algorithm

Nicu Bizon et al. [149]

PV-Wind-Fuel Cell

LF Strategy and MEPT loops with Matlab Simulink

L. Suganthi et al. [150]

PV-Wind-Biomass-Engine-Battery

Fuzzy Logic controller with MATLAB

Narsa Reddy et al. [151]

PV-Wind-Battery

DC link voltage regulation control

Dan Wu et al. [152]

PV-Wind-Battery

Smooth switching droop control
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Table 8. Prospective advantages and disadvantages of the communication-based control techniques.

Communication-Based Control

Prospective Advantages

Prospective Disadvantages

Concentrated control

Frequency and voltage regulation are
always constant

Better power quality in transients and
steady-state

A high volume of bandwidth is
required
Reliability and expandability are poor

Master/Slave control

Output voltage recovery is easier
In a steady state, power-sharing is
smooth

Redundancy is very low
High bandwidth communication is
required

Distributed control

Constant voltage and fundamental
power-sharing
Symmetrical for every module

The modularity of the system can be
degraded

A complex communication bus is
required

Table 9. Prospective benefits and shortcomings of droop-strategy-based control techniques.

Droop Strategy-Based Control

Benefits

Shortcomings

Conventional frequent droop control

Expandability, modularity, and flexibility
are high

Voltage and frequency regulation is very
poor

VPD/FQB droop control

The implementation is easy without
communication

Can be affected by the physical
parameters

Complex line impedance

Active and reactive controls can be
decoupled

Line impedances and X/R ratio are
required to be known earlier

Angle droop control

Frequency regulation is constant

Poor performance in power-sharing

Simulated output impedance control

Improved and upgraded performance in
power-sharing and system stability

Requires higher bandwidth for
a controller

Adaptive voltage droop control

Improved voltage regulation

The physical parameters need to be
known earlier

Q-V dot control technique

Robust communication delay

Depends on the initial conditions

Common variable-based control
technique

Accurate reactive power-sharing

Due to the large distance it is hard to
measure the common voltage

Droop control with the constant
power band

Avoid voltage limit violation

Micro-source requires
despatched abilities

Signal injection method

Can handle nonlinear and linear loads

Causes harmonic distortion of the voltage

5. Correlation between Optimization Techniques and Control Strategies of Solar-Wind
IHMS by Implementing the Dispatch Strategies

A basic task of any IHMS and HRES is the propelled monitoring ability and control
of its benefits and functions for fulfilling the ongoing load demand with technical and
economic feasibility. Enhancement and control calculations for IHMS coordinate adminis-
tration of the supply side, BESS, and request side to locate the ideal (or close ideal) unit
responsibility and dispatch of the sustainable power source with the goal that specific
destinations are accomplished. A commonly sought-after target for a remaining solitary
method of the task is to monetarily supply a nearby load, while under a matrix-associated
mode the boost of benefit is regularly looked for as an alternative solution. Extra goals, for
example, the minimization of GHG emissions by applying heuristic and multi-objective
improvement systems, have been accounted for by the IHMS and HRES. Prior investi-
gations have detailed power administration methodologies that are receptive, acting in
light of the intensity and awkward nature between age and request. Previous research
has attempted to consolidate expectations to convey proactive unit responsibility. Huge
cost funds have been exhibited when the heap expectations and climate/encompassing
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condition estimates are being considered [153]. The levelized cost of energy, CO, emissions,
and net present cost (NPC) of the suggested microgrids have all been reduced. Following
an investigation of the five dispatch techniques for the four microgrids in HOMER Pro,
MATLAB Simulink was used to examine the power system reactions and the viability
of the microgrids. The study’s findings recommend estimating component prices and
sizes for the best performance of the suggested microgrids under various load dispatch
scenarios [154]. The study’s test microgrid was on South Australia’s Kangaroo Island.
Four different dispatch systems were considered for sizing the Kangaroo Island hybrid
microgrid system, consisting of wind, solar PV, battery storage, and a diesel engine. The
generator order, cycle charging, load following, and combination dispatching dispatch
techniques were all applied in this investigation. The islanded microgrid’s NPC, CO,
emissions, and cost of energy (COE) were all optimized. All four dispatch algorithms were
created using the HOMER microgrid platform, and the responsiveness and reliability of
the power system were examined using DIgSILENT PowerFactory. The findings offer a
framework for figuring out the right balance of power sources and resources for an island
microgrid [155]. This study offers recommendation for estimating various component
sizes and likely costs for the best performance of the suggested microgrids under different
load despatch scenarios. According to the simulation findings, “Load Following” is the
optimal dispatch method for the suggested microgrids since it provides a reliable response
from the power system while having the lowest NPC, Levelized COE, operational cost,
and CO, emission rate. The suggested off-grid hybrid microgrid architecture is shown to
have the poorest dispatch method, with the combined dispatch strategy having the highest
levelized COE, NPC, operational cost, and CO, emission [98]. The suggested methods can
be applied in companies that combine solar and cogeneration power plants for improved
optimization and to adhere to IEEE 1547 specifications. The voltage ramp index has been
developed to calculate the voltage ramp up and down with intermittent solar irradiation.
The efficiency of the cogeneration plant at various loads and the solar irradiation under
different weather conditions are also predicted using a machine learning approach. The
success of the modified heuristic approach and a few recommendations, including solutions
for industrial usage, are suggested as a conclusion to this study [156].

Figure 5 shows the comprehensive flow diagram used to describe and represent the
correlation between the optimization and control strategies with the dispatch strategy for
the IHMS. It expresses the operational sequence and interrelation between the optimization
tools and the control techniques that refer to the proper energy management system with a
proper techno-economic assessment as well as system analysis and evaluation.

Optimization and Operation of
Solar Wind THMS

v

Selection of Dispatch Strategies

Techno-Economic Analysis and Optimal Sizing

v

Control Techniques for the system stability and
reliability

v

Results Evaluation

End

Figure 5. A flow diagram of the correlation between the optimization technique and control strategy
for the solar-wind IHMS.
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6. Evolution of Dispatch Strategies in Microgrid Optimization

Integrating various renewable energy sources and loads within a certain locality forms
a microgrid [157]. The research works on microgrid operation and assessment have become
scattered and common in the last decade, but the implementation of dispatch strategies
has not yet become more common and scattered due to the lack of application of dispatch
strategies based on microgrid and IHMS solutions [97]. Dispatch strategies are defined
as some control approaches that can be implemented within the microgrid to efficiently
control the generation and distribution of electrical energy [158]. This model is used to
transform the micro-grid power dispatch issue into a multi-objective optimization issue
(MOP) that takes into account economic cost, voltage variation, and frequency stability. A
multi-objective optimization strategy based on penalty-based boundary intersection (PBI) is
created with an advanced learning mechanism to solve this issue. In the method described
above, a deep deterministic policy gradient (DDPG) is suggested to learn evolutionary
parameters with grid-tied alternating weight vectors, which may improve transmission
and distribution capacity and convergence ability [159]. According to simulation findings,
the suggested optimization technique may achieve the least economic cost while simulta-
neously meeting voltage and frequency stability. This offers a workable and promising
solution to the micro-grid dispatch issue [160]. Both real-time pricing and time-of-use
techniques can be used with the concept. Demand response and economic energy stor-
age dispatch are implemented in microgrids to improve resource self-coordination and
self-balancing. The trade between a microgrid and external microgrids is organized by
taking into account various transaction pricing and use rights, depending on whether there
is still an imbalance between supply and demand after coordination inside a microgrid.
The Lagrange multiplier approach and a co-evolution algorithm are used to solve and
evaluate a variety of cases in three distinct schemes, proving the method’s accuracy and
applicability in this study [159]. One of the crucial strategies to raise the effectiveness
of renewable energy use is to optimize th micro-grid dispatch. This study uses the PSO
technique to optimize a micro-grid system that includes PV, wind, diesel, and battery
power. The optimization scheduling issue of the microgrid is solved using multi-objective
PSO (MOPSO), which is constrained by the operating conditions and includes costs for
fuel, operations, and pollutant gas emissions. The simulation results demonstrate that the
model can support micro-grid dispatch optimization [161]. The network loss sensitivity
is used to calculate the network loss to increase the accuracy of the normal network loss
calculation. In order to verify the effectiveness of the proposed technique, a test model
based on the IEEE 33 and 69 node distribution systems is constructed. The simulation out-
comes show that the proposed method may produce an overall ideal result that is overall
more cost-effective than the centralized calculation method. This technique is suitable for
use afterwards in the actual power grid system [162]. This paper proposes a technique for
the best rule-based management strategy training. This approach is directly applicable to
the industrial controller of hybrid off-grid microgrids. Based on the anticipated operating
circumstances, the parameters defining the control rules are best optimized using various
evolutionary algorithms. Comparisons are made between the performance of the generated
management heuristics and that of more traditional methods for scheduling optimiza-
tion, such as Mixed Integer Linear Programming (MILP) optimization, direct evolutionary
scheduling optimization, and conventional non-trained heuristics. The results demonstrate
that trained heuristics outperform other approaches and provide a single-layer commit-
ment and dispatch algorithm that is simple to implement in the microgrid controller. This
performance is extremely near the global optimum discovered by the MILP solution [163].
A model predictive control integrated with the droop approach is created at the device
level to enable load sharing and flexible power dispatching among the distributed energy
resources, which is practical for both islanded and grid-connected modes. Additionally, a
system-level evolutionary PSO algorithm is created to provide the ideal active and reactive
power setpoints, which are then sent to the device level for operating inverters. Voltage
deviations may be reduced and the operating costs of the microgrid can be kept to a min-



Energies 2023, 16, 1792

21 of 30

imum using the suggested power optimization strategy. The suggested power control
and optimization strategy’s viability and effectiveness are shown through in-depth case
studies and a real-time simulator test [164]. It is suggested to use historical similarity to
formulate the microgrid’s regulation strategy in a new dispatching cycle using a method of
matching the image similarity of the source-load-storage component of the microgrid based
on CNN (Convolutional Neural Network) and ORB (Oriented FAST and Rotated BRIEF).
The characteristics are then extracted using the ORB method, which then compares the
picture similarity to the historical similarity. To reduce the size of the historical operational
state picture library’s searchable database and increase the matching effectiveness, the CNN
model is initially utilized to label and categorize photos of microgrid source-load-storage
integrated features [165]. This research considers the commissioning of three various elec-
trochemical energy storage systems, including lead acid, lithium-ion, and vanadium redox
flow battery systems, in order to satisfy the electricity requirements of a town in Australia.
Different ratios of solar PV, wind turbines, and tiny gas turbines would be used in these
systems. The non-dominated sorting genetic algorithm II approach is used to optimize each
of these hybrids with the twin objectives of reducing energy prices ($/kWh) and life cycle
emissions (kg CO;-eq/kWh) while adhering to a pre-set reliability limitation, the likelihood
of a power supply failure [166,167]. A summary for the present state-of-art of the research
domain in dispatch strategy based microgrid design and optimization is summarized in
Table 10. A summary for the present state-of-art of the research domain in a dispatch

strategy based microgrid design and optimization is summarized in the following table.

Table 10. Dispatch strategy oriented research on hybrid microgrids.

Reference Year Contribution Research Gap
C.D. Barley, Proposed an idealized predictive dispatch strategy and A diesel generator has been used
C.B. Winn 1996 compared dispatch strategies according to costs in, a quasi-state  but no environmental impact (such
in [158] time series model. as emissions) was considered.
M. A . Using ‘set points’, optimum dispatch strategies have been The system had low efficiency and
. Ashari, C. : . . .
V. Nayar 1999 proposed for a hybrid PV- diesel generator-battery system. A the inverter used h.ad a larger size.
in [168] program has been developed for the control of the generator No environmental impact was
operation for overall cost minimization. considered in the study.
A new simulation method and dispatch strategy applicable for =~ The implementation of the
PV-combined cooling, heating, and a power system based proposed system should cover more
(CCHP) hybrid system. The dispatch strategy has been named  geographic locations considering
the PV-CCHP dispatch strategy. For developing the dispatch various variable load profiles to
A. Nosrat, ].M. 2011 methodology, MATLAB coding platform has been utilized. validate its significance. Although a
Pearce in [169] Thus, a new simulation algorithm and dispatch strategy for comparison with HOMER is shown,
modeling hybrid PC-CCHP systems is developed. A other established optimization
comparison with HOMER-provided results to the proposed techniques and various dispatch
technique is also presented, showing a negligible difference strategies should have been
between them. compared with the proposed work.
An optimal dispatch strategy has been proposed for integrated
hybrid energy systems utilizing wind power and CCHP. In this
case, the optimization model has been designed to minimize the = To validate the proposed strategy’s
G.Lietal total operation cost. In addition, in this research work, the performance, a comparison between
in [170] 2017 natural gas network and CCHP are mathematically modeled. the proposed method and other

According to case studies, the suggested approach may
successfully cut costs in the PJM 5-bus power system with
seven node gas system and the IEEE 118-bus power system
with a Belgian natural gas network.

established methods could have
been studied.
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Table 10. Cont.

Reference Year Contribution Research Gap
Off-grid or islanded mode operation
A PV /wind/diesel/battery-based on-grid microgrid of the pr(;)};c.)sedtﬂlcrogtnc} w1t1;1 dthe
performance has been evaluated by using MATLAB coding for Ezzifsen sltslfc?i: d iznag(?ii:i(glrll
T hek load following and cycle charging dispatch strategies. The ther dispatch st .t . h/
oops. exan 2020 roposed strategy also performs better than HOMER's other dispatc . S r ategies, such as
etal. in [171] Propose &Y P . . HOMER predictive strategy,
pre-defined Load-following and Cycle Charging strategies. In Combined Dispatch stratoey. and
addition, sensitivity analysis is presented in the study Generator Or dir dispatch %’ﬁa te
considering various sensitive parameters. pat 8y
could have been taken into
consideration.
An integrated hybrid microgrid system was proposed,
considering five default dispatch strategies offered by HOMER. The consideration of a multiyear
Load Following, Cycle Charging, Combined Dispatch, HOMER  analysis or sensitivity analysis
Ishraque et al. 2021 predictive dispatch, and Generator Order dispatch strategies would enrich the study. The study
in [154] have been taken into consideration. The best and worst could be taken to a further level if
strategies for a certain location (considered for four divisional =~ grid-connected microgrids had been
areas in Bangladesh) have been determined by comparing the ~ considered.
dispatch strategies” performances.
A techno-economic and power system response (voltage, Onlv HOMER optimizer has been
frequency) based assessment of the designed microgrid utili}; ed in the WF(; k. Although the
(off-grid) on top of dispatch strategy-based control has been HOMER optimizer is a &
discussed. HOMER has been utilized for designing the well-acce It)e d optimizer. a
Fatin et al. 2021 microgrid and MATLAB/Simulink has been utilized for the compari pred ¢ tI; th t, hni
. parison with other techniques
in [98] power system response assessment. The best and the worst such as PSO or some other
strategies for the proposed test sites have been found in the intellicent approaches such as ANN
study according to their performances, showing a relative et v:rgoul d Erlf rich the contribution !
comparison between the strategies as well as with the work of of t.ilis stud
other researchers. Y
Sensitivity analysis, multiyear
A load following dispatch strategy-based upgradation of a analysis, grid performance, etc.,
Ishraque previous microgrid design by different researchers utilizing were not considered in the study. In
etal. [172] 2021 HOMER optimizer for the same location has been shown. A addition, the integration of
' significant amount of reduction is obtained in terms of different ~biomass-based energy production
costs and harmful gas emissions than in the previous study. would greatly impact the research
domain.
The optimized design and performance evaluation based on Grid-connected mode analysis has
optimal sizing, system costing, and power system performances been skipped in the research work.
Shezan et al. apd a reliability st.udy of a free.-standing microgrid gsing fpur In addition, the impact of sensitive
in [173] 2022 dispatch controls is presented in the study. As the simulation parameters has not been evaluated.
platform, HOMER Pro and DIgSILENT PowerFactory, were A demonstration of the proposed
used. Three-phase short circuit fault has been implemented and  design on basis of multiyear
analyzed according to different dispatch strategies. performances would be appreciated.
An improved and new dispatch strategy has been proposed by ﬁr;)fé_gr;?ezf::_ge\gff;iee?; ated
using MATLAB and HOMER, which offers a 12-h foresight on ir?this S t}; dv. A erid-connecte dg
the load demand and solar irradiation (improved cycle microerid c};ul dgalso have been
Azi charging strategy). In addition, a comparison of the newly & . .
ziz etal 2022 roposed algorithm and default Cycle Charging strategy is taken into consideration. The
in [174] prop & Y ) 8y upgrade to other default dispatch

shown to demonstrate a better performance of the new strategy.
The proposed algorithm offers better battery management
(charging/discharging cycle) as the future irradiation profile is
already predicted.

strategies such as load following or
generator order strategies available
in HOMER could be a new research
topic.
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Table 10. Cont.

Reference Year Contribution Research Gap
A PV /battery/fuel cell hybrid
system was considered. A system
A new dispatch strategy utilizing a Matlab control link file considering more renewable sources
compatible with HOMER Pro offers better performance than could have been integrated to
Laetitia et al. 2022 Cycle Charging and Load Following strategies, which are two overcome the intermittency issue of

in [175]

default strategies available in HOMER. Fuel cells have been
considered to offer maximum usage compared to any other
components in the proposed microgrid.

renewable sources. A
grid-connected microgrid could also
have been analyzed considering the

other default dispatch
methodologies.

7. Conclusions and Future Scope

Because of the expansion of human society, the electrical load demand, use, and
acceptability of wind-solar IHMS has grown in recent decades, in order to ensure an
uninterrupted power supply for the advancement of the civilized world as well as to
confirm system stability and economic and environmental feasibility of the [IHMS and HRES.
Several operational and quality challenges have arisen as a result of recent breakthroughs
in the realm of wind-solar IHMS. Some technical, economic, and environmental issues have
already been pointed out and reported to resolve the upcoming environmental pollution
due to the current power production procedure and energy shortage. There are a significant
number of drawbacks in the field of optimization techniques and proper control strategies to
create an energy management system with adequate system stability and system reliability,
and that is also cost-effective and environment friendly. The summary of the evolution of
renewable energy resources, the problem statement, and potential solutions, followed by
the optimization control techniques for the IHMS and HRES, and finally the relationship
between the optimization techniques and control strategies, are the main contributions of
this manuscript.

There is a requirement to assist various types of solar radiation and wind speed
measurement and predictions, such as the iterative approach, counterfeit consciousness
method, and so on. These solutions do not speak to the precise dynamic implementation
of a sun-oriented and wind-powered energy system. It will be necessary to develop a
unit measurement system that avoids the multidimensional character of the framework’s
planning and clearly explains the framework’s recurrent reaction as a result of altering the
execution criteria in the future.

It will be necessary to develop an integrated and layered controlling approach that
avoids the potential complexities of the correspondence architecture as well as the large
computation load that will be subjected to a single side of the point of failure. Nonetheless,
the voltage fluctuation problem caused by variable average wind speed and solar radiation
has been overcome in a realistic and viable manner. An alternative energy storage system
may be implemented to overcome this problem with the right control technique.
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