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Abstract

The power demand with interest in green power has focused researcher to develop the distributed power generation using
wind energy, solar energy, etc. With the fast depleting fossil fuel reserves, energy security and environmental concerns
there is a huge requirement of alternate sources of energy to fulfill the present energy demand. Distribution generating
system can support the weak grids, maintaining grid power, managing balance power and enhancing the power quality.
Any research work base depends on the literature survey and the studies carried out by several kinds of research and their
support to research field encourages for more scope of research. The important advantages related to microgrids have led
to huge efforts to grow their dispersion in the power systems. While microgrid is fast growing but there are still various
challenges to efficiently control, design, and operate microgrids when linked to the main grid, and also when in islanded
mode, where wide research actions are ongoing to handle these issues. This paper presents a review of issues concerning
integration of renewable energy sources to microgrids and offers a description of research in areas related to economic
feasibility of microgrids system, including dynamic analysis of microgrid hybrid system in grid-connected mode,
application of power electronics, microgrid operation, and control.
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1. Introduction

The growing concern about the shortage of energy resources
and harmful outcome of fossil fuel emission has initiated a
new requirement of reliable and cleaner sustainable energy
sources. So, the solar photovoltaic and wind power system is
fastest developing sources among the different renewable
energy sources. The growth in distributed generation
technology, advancement in power electronics circuitry,
increase in cost of fuel, energy demand and the depletion of
fossil fuel for better stability, reliability and power quality are
obliging the power sector to use the renewable energy source
as an alternative energy source. Hence, the sustainable
microgrid primarily powered by renewable energy sources is
recently a conception key to fulfill the pledge to delivering
reliable power supply for upcoming power systems. It is a
very critical issue to integrate the hybrid energy system to the
microgrid and the technical issues related to control, power
balance, energy management, and operation varies from one
system to another system. The main reasons are to integrate
the different numbers, size and nature of renewable energy
sources to the microgrid in island mode or grid-connected
mode. In grid-connected mode, all parameters must be in the
limit otherwise this will damage the system and equipment’s
connected to the utility grid. Besides, the urgency of the
national policy to upgrade the existing coal-based plant as
integrated solar, wind and coal-based power plant to reduce
the carbon emission and to evaluate the feasibility of
developing grid-connected hybrid energy system in different
areas need to be investigated. Developing the low carbon
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emission plant is a critical issue to cope up with the challenges
of global warming. The overall cost of grid-connected hybrid
system for residential, industrial and commercial type loads
need to be calculated to find a cost-effective solution.
Furthermore, the dynamic analysis results provide the
guidance for the control method of microgrid hybrid energy
system and improvement in the transition between grid-
connected and stand-alone mode. Microgrids offer significant
benefits for the customers and the utility grid as a whole:
improved reliability by introducing self-healing at the local
distribution network; higher power quality by managing local
loads; reduction in carbon emission by the diversification of
energy sources; economic operation by reducing transmission
and distribution (T&D) costs; utilization of less costly
renewable DGs; and offering energy efficiency by responding
to real-time market prices. A synchronization algorithm for
three-phase microgrid application to fast and seamless
transform from islanded mode to grid-connected mode can be
found in [1]. The microgrid should not track the unbalances
and distorted voltage components. Therefore, the sliding
Goertzel transform-based filters has been embedded into the
PLL- based algorithm to inoculate imbalance grid voltages
and settle good power quality supply of the microgrid. The
voltage changes between the utility and microgrid should be
effectively controlled to understand recombination of
microgrid island mode to grid-connected mode. Parallel
operation of bidirectional interfacing converters in hybrid
AC/DC microgrids under unbalanced ac grid situations and
proposed a new strategy to improve the power transferability
with no power oscillation is discussed in [2]. Parallel operated
bidirectional interfacing converters must be kept transferred
power constant and no oscillation when grid faults happen. A
novel current sharing method has employed which presents
modifiable current reference coefficients for parallel operated
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bidirectional interfacing converters. The work focused on
unity power factor process of bidirectional interfacing
converters. A grid adaptive power management strategy to
produce current references for renewable energy system,
energy storage system and converted is discussed in [3].
Moreover, these algorithms provide effective load shedding,
continuous microgrid operation and confirming the good
power quality at local bus. The necessity for energy storage
system becomes very important for good operation of
sensitive loads. Furthermore, energy storage system needs to
be worked within safe charge limits. For the grid system, it is
necessary to keep the frequency and voltage within the set
limits at local bus under varied situations of loads, grid and
renewable energy sources. A robust optimization
methodology of microgrid for optimal operation is proposed
in [4]. The renewable energy sources inexact output variation
is addressed by the direct load control through a two-stage
complementary framework and collaboratively scheduling of
energy storage. In the robust optimization, the wind speed
variation and solar irradiance changes are involved through
the indecision sets and the vilest cases specified by the inexact
variables are produced and used to make the ultimate solution
robust for all the inexact conditions. The approach has been
verified on IEEE 33-bus distribution system over a wide range
of several tests. Moreover, a supervisory power management
system (PMS) for a grid cooperative microgrid with an energy
storage system is discussed in [5]. The number of sensors
essential to make the PMS have been reduced. The real power
transfer between dc microgrid and grid is done by voltage
source converter. Moreover, an improved voltage regulation
has been achieved and reduces the current stress on the
battery. The PMS has addressed risky operation situation such
as removal of critical oscillation of energy storage systems
power, load shedding and resynchronization with the utility
grid. Therefore, novel method of recognizing microgrid
operating modes has been proposed and confirmed in all
probable operating modes. It was presented that the PMS
confirms reliable and uninterrupted power supply to the loads
and allows the bidirectional power flow between the utility
grid and the microgrid although enhancing the power quality
features at the point of common coupling. An optimal energy
management method joining interval, sensitivities, and
probabilistic uncertainties of solar power and wind power
sources and loads in microgrid can be found in [6]. Affine
arithmetic has been used to model the interval uncertainties
and sensitivities in nodal power injections. Furthermore, the
minimization of the operational cost has been taken care by
stochastic weight tradeoff particle swarm optimization. The
power dispatch intervals and cost are made less conservative
with lower reserve requirement, allowing more accurate
network operational development.

The rest of the paper is arranged as follows: Section II
focuses on the integration of renewable energy sources to
microgrid and reviews a variety of issues associated with
renewable energy sources and methods to integrate them.
Section III discusses the economic feasibility of hybrid
energy system comprises of the wind and the solar
photovoltaic system, with a focus on wind speed prediction
model and the regression models for estimation of global solar
radiation. Section IV reviews the dynamic analysis of hybrid
system. Section V focuses on intelligent technique-based
control of microgrid hybrid energy system with power quality
enhancement capabilities. Section VI reviews the DC/DC
converters to add the wind and solar sources to the DC
microgrid and to improve the system performance. Section
VII discusses the challenges ahead in perfecting the

performances of grid-connected hybrid energy system
Section VIII concludes the paper. To make the discussions
regular in the paper, a single representation of
concepts/descriptions has been used that can appear in
different forms in different papers.

2. Sustainable Microgrid Primarily Powered By
Renewable Energy Sources

The selection of the electric power system primarily powered
by renewable energy sources is based on the requirement and
availability of the energy sources. Therefore, there is a need
to integrate all the renewable energy sources to the microgrid.
Table 1 shows the total installed capacity of India as on 31*
May 2019 and Figure 1 shows a similar thing in the form of a
pie chart.

Table 1. India’s Power at a glance

Fuel Power (MW) Percentage of
Total
Thermal 2,26,279 63.14%
Hydro 45,399 12.7%
Nuclear 6,780 1.9%
Renewable 78,359 22.0%
Energy
Sources
® Thermal
M Hydro
6,780
Nuclear

45,399 l

Fig 1. Pictorial representation of India’s installed capacity

H Renewable
226,279
Energy Sources

A microgrid is a group of different interconnected loads
and distributed energy resources within evidently defined
boundaries that act as a single handy entity with respect to the
main grid as shown in fig.1. Depending on the situations, it
can be operated either with the main grid or in islanded mode.
Micro-sources comprises diesel generators, fuel cells,
microturbines, photovoltaic panels, wind turbines, battery etc.

)

Main Grid

Microgrid

Fig. 2. Schematic diagram of the microgrid under study
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A “Plug and Play” method based on the “System of
Systems” viewpoint using distributed control approaches is
proposed in [7]. This method permits to interconnect a
number of systems to a microgrid as power sources. The
offered method can be ascendable to a much larger number of
systems. Furthermore, stability analysis is done for the whole
system, meanwhile physical restrictions are also considered.
Moreover, comparisons with the standard control method are
al-so done, showing that the nonlinear controller responds the
rapid interconnected turbulences existing in such systems. An
experimental execution of a microgrid standalone topology
based on brushless generators and voltage source converter is
provided in detail in [8]. To keep the reliability of the system,
a battery energy storage system (BESS) and a diesel generator
(DG) set are used. This topology has benefit of reduced
number of switching devices and easy control. The BESS is
used at the dc connection to assist the instantaneous power
balance under dynamic conditions. The VSC is also used to
improve the power quality of the system and mitigate the
voltage regulation problem. In [9], a co-optimization
approach for renewable energy sources scheduling to reduce
the total annual cost with maximum fuel saving is presented.
The particle swarm optimization with the Fourier transform,
the right combination of renewable energy sources is
determined to reduction in the annual cost. A case study to
validate the proposed approach for a public microgrid has
been presented. The effect of controlling constraints on
microgrid growth was also observed. In [10], a sliding mode
control based non- linear control method for a renewable
energy based microgrid with constant power load is
presented. The main aim is to regulate the DC bus voltage and
lessen the destabilizing effects of constant power loads.
Moreover, an algorithm is employed bidirectional converter
which enables three ways charging. The control scheme
guarantees preferred operation of the microgrid and keeps
system stability with constant power load un-der deviations in
the load demand and primary resource. Operation and design
optimization has been investigated in [11]. A mixed-integer
model is employed form operation from the emission point of
view and solar un-certainties are demonstrated by a
Markovian process. The entire problem is solved using
branch-and-cut and a linear model is recognized to assess the
microgrid life- time cost. The main problem is to dispatch
distributed devices with green power generation and to
minimize the emission cost although meeting the estimated
energy demand.

A new adaptive inertia control method with predictive
converter control for microgrid to resolve the low inertia
difficulty and allow the distributed units to offer adaptive
inertia support under disturbance is proposed in [12]
According to the features of corresponding micro-sources,
adaptive inertia control of wind power system, energy storage
system and utility grid is designed. Further-more, a model
predictive method is proposed to escape control hysteresis
and adjustment error. The inertia response ability is improved
by sensibly regulation of the manageable inertia coefficient
on every end. Furthermore, three-phase hybrid cascaded
modular multi-level inverter topology which is resultant from
the improved H-bridge module is presented in [13]. This
topology has advantages such as lessening the power switches
number, installation area, converter cost, and voltage stress.
Furthermore, the comparative study is done using classical
cascaded H-bridge and flying capacitor multilevel inverters.
To provide the gating signal for the switches, a nearest level
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control method is used. A simple extremely reliable grid
synchronization method based on controller area network
communication is proposed in [14]. Microgrids are equipped
with the controls essential for handling the operation in the
islanded mode or grid connected mode and provide the loads
with reliable and uninterruptible power. To minimize the
changeover transients, it is essential to synchronize each
micro sources with the utility grid. The controller related with
micro sources takes the data and permits each micro source to
empower grid synchronization.

In [15], A comparative study of three-phase four-wire
inverter connection to compensate for negative, positive, and
zero sequence components of the current given to the grid has
been proposed. The main function of the three-phase inverter
is to give power to the utility grid and active power
compensation to care unbalance and load neutral current. The
connection of single-phase loads and renewable energy
sources to the system create the unbalance in the three-phase
system. There-fore, three-phase four wire inverter was used
to compensate the unbalance locally at the point of common
coupling. In [16], home energy management system based on
model predictive control for residential microgrid in which
every concern information are taken into account such as
electricity price, load demand etc. is presented. A new finite-
horizon mixed-integer linear programming problem is
expressed to examine the optimal control activities of the
residential microgrid. Furthermore, a sensitivity investigation
is done to prove the advantage of the defined approach when
pre-dictions of associated information are flawed. In [17], a
model predictive controller for the best loads allocation of a
microgrid at an actual operational situation is presented. This
design mixes the degradation situations and penalties while
considering every components of the hybrid energy storage
system and permits to get a best performance of the hybrid
system. The results have shown a best performance of the
microgrid whose non-dispatchable units are changed into
dispatchable units by proper organization of energy storage
system. The overcharge and undercharge of the battery can be
controlled by hydrogen storage. The battery high-stress
current ratio is also reduced with the usage of hydrogen
energy storage system. In [18], a multi-objective best
compensation method for Multi-functional grid-connected
inverters (MFGCI) application. MFGCI provides a power
quality improvement facility and interfaces renewable energy
sources into the grid is proposed. Hence, additional power
quality conditioners installment can be some-what escaped in
a microgrid. Moreover, for the planned use of the partial
capacity, a multi-objective optimal compensation model has
proposed to optimize the comprehensive power quality
evaluation index and minimize the engaged capacity of an
MFGCI for power quality improvement. In [19], the work to
adopt a Hybrid Petri nets (HPNs) to model and analyze a
microgrid that comprises of renewable energy sources is
presented. The HPNs are usually used to model and analyze
different hybrid systems with discrete-event and continuous
discrete-time performances. Furthermore, to analyze the
system performance, a reachability graph for microgrid
hybrid system model is generated. Investigating the post
designs via many choices can give decision-makers many
active methods and therefore permit them to pick the greatest
one. In [20], a dynamic droop load sharing method based on
the renewable energy generation capacity is discussed. A
stability analysis on renewable energy generation units is also
discussed to find out the practical and theoretical restrictions.
Furthermore, the proposed approach recognizes the dc
working zone of inverter based energy system as solar
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irradiance variations and the droop factors conditions for an
effective load sharing based on renewable available power,
although every unit rating is also considered. In [21], an
improved dual droop scheme for two stage converters for
conditioning powers from renewable energy sources and
inverters for power directing to isolated grids is presented. To
define the essential control activities, the dual droop scheme
uses both generated power and dc voltage. The old droop
controlled system has presumed that the sources can always
provide power demanded by them. For renewable energy
system, it is possible with energy storage system. Energy
storage can be costly depending on its capacity, hence
improved dual droop scheme is used for this condition. The
droop line of converter can be lowered by drop in dc voltage
and droop power facility may be decreased the voltage or
frequency. The coordinated dispatch approaches of electric
vehicles to smooth load variations and renewable energy of
the microgrid whereas confirming the quality of logistics
facilities is discussed in [22]. Besides, microgrid model is
offered to enhance the routes of driving, fast charging time
and charging/discharging plans of the electric vehicles. The
main aim is to lower the total operation cost of the microgrid
although filling the necessities of the logistics supply
responsibilities. A scenario-based robust energy management
scheme considering the worst case renewable energy power
generation and load is developed in [23]. To increase the total
exchange cost and decrease the social assistances cost at the
same time, a robust model is formulated and the improbability
of renewable energy generation and load is defined as an
uncertain set formed by interval calculation. Furthermore, to
permit the probable testing situations, a taguchi’s orthogonal
array testing technique is used. In [24], a control system for a
mocrogrid renewable energy system is proposed. The
dispatchable and renewable energy system based distributed
generator are taken as the part of microgrids. A decentralized
two-level procedure is used to cope up the problem while
taking the irregular outputs of distributed generator, inexact
load consumption and synchronized operating points of
dependent schemes. The main aims are to keep the voltage
stability and trustworthy power supply to users. Furthermore,
mixed integer linear programming based new model for
optimization of hybrid energy system in suburban microgrids
with storage system in which manageable appliances demand
response is reasonably considered in the optimization
difficulty with reduced design loads is presented in [25].
Suitable stochastic models are chosen, hence model
considered the renewable energy sources essential stochastic
behavior and the uncertainty including electric load
calculation. This investigates the load flexibility on the sizing
of components for a residential microgrid in Okinawa. In
[26]], the growth of an intelligent dynamic energy
management scheme (I-DEMS) for a smart microgrid is
presented. For growing the I-DEMS available, strengthening
learning outline and an evolutionary adaptive dynamic
programming is presented. The -DEMS is an optimal or near-
optimal DEMS proficient of executing islanded microgrid
and grid-connected operations. The renewable energy sources
and storage systems are utilized maximum using the I-DEMS.
The I-DEMS provides the control signals of the energy
dispatch, whereas a progressive network calculates the
forwarded control signals. A time scale adaptive dispatch
technique to enhance the reliability and attain an economic
dispatch of renewable energy power system is developed [27].
To evaluate the reliability level of predictions error, the
confidence interval and coefficient are accepted. According
to the prediction error confidence interval, the time scale for
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dispatch renewable energy power system on islands is
modified. The accurate meteorological data based green
power generation in Hong Kong, and get that different
renewable energy sources show varied time-changing and
location-reliant profiles is presented in [28]. The supportive
framework takes microgrids self-concerned performances
and includes their short du-ration operational costs and long
duration investment costs over the forecasting horizon. A
reasonable cost sharing technique based on Nash bargaining
to incentivize supportive arrangement has been designed in
such way that all microgrids will be benefiting from
supporting scheduling. An active two layer model predictive
control technique for controlling the microgrid hybrid energy
systems is presented in [29]. Nonlinear mixed integer
optimization problem based control technique is used to
reduce the running cost and to enhance the robustness beside
uncertainties causing from photovoltaic power and load
demand. A new forecast algorithm is the weighting factors
update provides the reduction in the forecast error. The
microgrid operation through a stochastic linear two-stage
model in ambiguity environment is optimized in [30]. This
model is explained by mixed-integer linear programming and
compared with a deterministic model through different three
cases with demand response on a sample microgrid. The
network limits are carefully considered in the first phase while
the security limitations are controlled for every Situation in
the second phase. A unified energy management system for
renewable energy grid integrated arrangements with battery—
super capacitor hybrid storage can be found in [31].
Depending on the accessibility of the renewable energy power
and variations in the load, this scheme dynamically alterations
the modes of renewable energy grid integrated systems.
Moreover, the proposed scheme permits the transfer of real
power with auxiliary facilities such as reactive power care,
power factor enhancement, and current harmonic extenuation
at the point of common coupling. The electricity charge
minimization problem which comprises of multiple users
equipped with distributed resource based on renewable
energy is considered in [32]. A dynamic assessing model for
buying and selling of electricity from/to the grid and
bidirectional electricity communications are proposed. To
calculate the amount of electricity spent, purchased, and sold,

the optimization problems is expressed for partial
information, perfect information, and no information
availability situations. Furthermore, two distributed

algorithms are proposed for the partial information and no-
information cases by using Q-learning and Lyapunov
optimization. Besides, a model for the problem of microgrid
planning with financial and inexact physical information is
presented in [33]. This investigated the financial feasibility of
the microgrid arrangement and regulates the best generation
combination of distributed energy resources for system. A
robust optimization method is used for studying prediction
errors in load, market values, and flexible renewable
generation. The best planning results firm in key problem are
used in the sub problem to study the optimality of the key
solution by scheming the worst-case best process under
indeterminate circumstances. In [34], the implementation of a
novel repeated neural system for optimization as it is useful
to the best operation of grid-connected microgrid system is
presented. The suggested network regulates the finest amount
of power for one week for solar, wind, and battery systems.
Furthermore, the proposed system permits optimizing the
power source, reducing the power taken from utility grid, and
enhancing the power provided by renewable energy sources.
In [35], a new reconfigurable microgrid design involving
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solar, wind, fuel cell, and micro hydro based renewable
energy system is proposed. Temporary and extended power
standby are given with battery storage and ultra-capacitor. A
complex microgrid system sustainability and reliability is
confirmed by the reconfigurable microgrid control and power
network. This scheme is supported through the advisory layer
involving an advisory controller that cares long term
mocrogrid optimization operation. In [36], a rule-based
method based on IEEE Std 1159-2009 to agreement with the
assessment of voltage deviations is proposed. Moreover, a
model of a data acquisition system and supervisory control
with adaptive cleaning and filter bank is presented. The
observing of voltage deviations can be proficiently achieved
and applied in the microgrid scheme of Taiwan Institute of
Nu-clear Energy Research with the use of applied technique.
In [37], a new bus-signaling technique to attain independent
synchronized performance of arrangement according to state
of charge situations is proposed. Furthermore, a secondary
synchronized control is presented to return the voltage
changes created by primary control level without moldering
coordinated performance. In [38], a method to reduce the
harmonics from the grid parameters of the point of common
coupling for microgrid system is presented. The location of
the harmonic mitigation unit is chosen to decrease the
harmonic level of the current and voltage harmonics
unrelatedly of the uses of the renewable energy sys-tem in the
microgrid. Fast and effective algorithm has been employed
for phase recognition irrespective of the existence of
harmonics in the system. In [39], a new flow invariants-based
method to microgrid supervision and it is more natural, highly
accessible, and lees complex in comparison with existing
agent-based, droop control, and model predictive control-
based methods are presented. These stated benefits are
represented by using microgrid system for a model system
based on military onward operating base camp.

In [40], a coordinated design of islanded ac microgrids
based on smooth switching droop control is presented. Simple
power control of each renewable energy sources and and
energy storage systems unit can be got by using this approach
with continuous modes variations. Also, decentralized power
supervision can be got by performing frequency bus-
signaling.

A novel distributed real-time electricity allocation system
to decrease the electricity charges of the residential users, to
enhance the total social profit of the smart microgrid/grid
system, and to rise the reliability and energy efficiency of the
microgrid can be found in [41]. Moreover, a problem has been
formulated as a non-cooperative game with mechanism
design. Also, results are compared with a central optimal
electricity consumption system and to the result obtained
from natural arrangement structure. In [42], a coordinated
control scheme of virtual power plant which comprises
controllable loads and solar system to adaptably adjusted
combined output power of the virtual power plant is
presented. The working ways of controllable loads and output
power of the solar system are organized by using mixed
integer programming problem. Temporarily, active power
control method, every solar sys-tem can run in a dispatch
mode and calculate its available maximum power as a input
to a mixed integer programming problem. A supervisory
control method for process of a lonely hybrid microgrid,
which comprises of a DC microgrid and an AC microgrid is
presented in [43]. Bidirectional converter is used to couple the
DC and AC microgrids and act as a rectifier or an inverter.
Furthermore, the supervisory controller is dignified by a state
machine method and 15 different working modes are taken.
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In [44], a new system operation approach and the consistent
energy organization technique for a small scale dc microgrid
using hybrid energy storage based on renewable energy is
proposed. The ultra-capacitor element uses as single volt-age
source through grid connected or islanded mode and the
microgrid is organized to be an expectable port for the grid.
To send or absorb predefined power from/to the grid with
connected mode and nil with islanding mode, for this reasons
microgrid is effectively controlled. The energy managing way
is devoted to showing the total power of the micro-grid
successfully and the total power is detached into low and high
frequency modules. Furthermore, in [45], a robust control
method for decreasing the system frequency nonconformity
produced by load variation and renewable energy sources in
a microgrid system including the storage device is proposed.
Robust control technique has been developed for reducing the
frequency nonconformity, in spite of the existence of model
uncertainties. The frequency deviation are compared with the
reference system comprises of the conventional PID control
and governor to cope with renewable sources and load
variations. A structure using alternating direction method of
multipliers and model predictive control to optimize and
control a microgrid, which comprises of solar system,
limitable load, electric vehicles charge stations, and a
standing battery electric storage component is developed in
[46]. To permits the microgrid to enthusiastically adjust to
variation in the working environment, an algorithm is used
within a structure. The location works as a small microgrid
which contribute in the power grid wholesale market. In [47],
an approach of expressing a multiobjective optimization and
achieves a Pareto-optimal result which compares with the
quantified valuation tasks and explaining as a single-objective
optimization difficulty is presented. Furthermore, three
controller’s cases are shown and compared. The proposed
controller can re-duce the unstable generation negative
influences to below the level of the system load. In [48], a
modest method to synergistic control of distributed energy
sources in low voltage microgrids is presented. This method
can use the full capacity of distributed energy sources during
islanded and grid-connected operating modes. In order to
reduce the voltage changes and distribution losses whereas
completely using the renewable energy sources, the control
tracks quasi-optimum action of the microgrid. Furthermore,
quick adaptation to changes of the absorbed and generated
power is confirmed in every operational condition. A novel
technique to control the power generated from isolated and
autonomous microgrid based on existing energy sources can
be found in [49]. The technique does not want wired
communication between the renewable energy sources nor tip
loads to waste the extra power generated in the microgrid.
Furthermore, the technique estimates the power that is
generated by every source at every time for balancing of
energy into the microgrid. In [50], a new structure for energy
management based on idea of quality-of-service in electricity
is presented. The control center of microgrid goal to lower the
operation cost of microgrid and keep the outage possibility of
quality usage by electricity scheduling among energy storage
arrangements, renewable energy sources, and microgrid. The
problem is defined and a Lyapunov optimization method is
used to develop an adaptive electricity arrangement algorithm
by presenting the quality-of-service in electricity virtual lines
and storage of energy virtual lines. Moreover, in [51], a
complete analyses for reconnection, islanding, and black start
for different situations is presented. The standard IEEE 34 bus
distribution feeder is chosen and managed as a microgrid by
addition of load profiles and distributed generations.
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Supervisory power supervisions have been well-defined to
manage the changes and to lower the changes on frequency
and voltage.

3. Overview of Economic Feasibility of Microgrid
Hybrid Energy System

The hybrid energy system comprises of the wind and the solar
photovoltaic system can fulfill the power demand according
to need in the grid-connected mode as well as island mode.
This system reduces the cost of electricity for the consumers
because this is a cost-effective system for the long term.
Furthermore, carbon emission from thermal power plant also
reduces because the units generated from hybrid energy
system do not need to buy. Moreover, wind speed prediction
model and the regression models for estimation of global solar
radiation using different metrological parameters are need to
be developed.

In [52], an idea and associated execution of the services
desired by the users to empower the smart grid in a smart
home is presented. Furthermore, an economic study to
evaluate the energy cost formed by the small renewable
energy sources based installations has been performed. In
[53], an energy and backup co-optimization system based on
fuzzy logic with concern of high penetration of renewable
energy is proposed. Under the statement of a fixed indecision
set of renewables, a two phase easy system is presented for
dissipating energy in the first phase and examination of
feasibility and strength of re-dispatches in the second phase.
Fuzzy sets are presented into the optimization system to
signify the satisfaction degree of flexible improbability sets.
A procedure to examine the feasibility of green-house gas and
non-greenhouse gas emission decrease in a decontrolled
electricity market can be found in [54]. The planned model
considers the consequence of non-greenhouse gas emission
price restrictions in combination with standard greenhouse
gas emission restrictions for the planning aspects of thermal
generation companies. Then, pare-to solutions is assessed for
many probable scheduling situations. Also, a sensitivity study
of many environmental, technical, and economic features is
presented to observe the effect of non-greenhouse gas
attention and renewable energy technologies presence in
scheduling. In [55], the good communications between an
independent a thermal power plant and pumped-storage
hydropower plant to improve the power generation and
storage is discussed. A stochastic dynamic game is expressed
to describe the competition and the instant market value is
demonstrated as a Cournot duopoly game. Furthermore, in
[56], an economic feasibility study for the replacement of
power generators moved of diesel stations by photovoltaic
generation is presented. The proposal is depended on a
renewable energy with an opinion to a better environment is
auguring-discussions and results to a hopeful future. In [57],
an effective dynamic probabilistic reserve sizing method
using a kernel-based nonparametric density assessment and
clustering algorithm to get the temporary error distributions is
proposed. Also, the feasibility and economic belongings of
the better-quality model related to current values used in
Germany has been exhibited. In [58], an easy robust energy
and reserve dispatch model to implement economical and
reliable processes, in which the functioning choices are
distributed into dispatch and predispatch is proposed. A
healthy feasibility constraint set is obligatory on pre-dispatch
values, and the operation limitations can be recuperated by
altering re-dispatch subsequently wind generation grasps. The
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system is increased to more common dispatch choice creating
difficulties including uncertainties in the structure of
modifiable robust optimization. In [59], the literature which
proves the technical feasibility of the energetic contribution
of wind power in working reserves is presented. In disparity,
the contribution emphases on the financial value of
scheduling wind power as backup ability. Consequently, wind
power assets are combined in a unit assurance model
simulating the power plants day-ahead scheduling for
meeting the mandate for power and assets. In [60], an
optimization method based on a Multi-Objective Genetic
Algorithm which uses great chronological tenacity insolation
data reserved at 10 seconds data amount as a substitute of
hourly data amount is presented. The planned procedure uses
a techno-economic method to know the system design
improved using many criteria with cost, size, and
obtainability. The outcome is the starting point scheme cost
essential to meet the load necessities and can be used to
monetize auxiliary facilities that the smart DC microgrid can
offer to the utility such as voltage regulation. In [61], a day-
ahead unit commitment in coal-wind concentrated power
arrangements is presented. The coal based generators do not
give a good environment for adding flexible wind generation
due to high starting cost and long starting time. The decreased
efficiencies because of coal based generation side as stately
in enlarged the fuel intake and emissions can significantly
weaken the wind power assistances to the scheme if coal
based generation and wind generation are not correctly
coordinated. Also, unit commitment is considered using wind
power inconsistency and ambiguity separately in many wind
power dispatch modes. In [62], a new frequency
reestablishment approach in photovoltaic connected power
systems with decentralized dynamic state estimation method
and photovoltaic power system as a possibility power source
is proposed. The power output of photovoltaic panels is
increased when an unexpected increase in load demand
happens in order to recompense the real power capacity of the
generator and in order to re-establish the frequency of a
definite generator bus bar. An unscented Kalman filter- based
decentralized dynamic approximation is used to know the
frequency of a particular generator bus bar. The model of the
power sources and power load, having random components
based on the, power supply reliability and limitation situations
for the equipment numbers are considered for forming many
assessment indexes for improving the scheme performance is
established in [63]. A multi-objective optimization algorithm
is suggested for adjusting the arrangement of a standalone
wind—solar-battery hybrid power system. In [64], a joint
reliability model of voltage source converter-based high
voltage direct current linked offshore wind farms with the
duration and frequency technique is proposed. A two level
many state wind firms model is established in view of
variations in wind speed. The offered model is used to the Roy
Billinton test system for appropriateness studies. In [65], a
new neural fuzzy technique to predict the hourly wind speed.
Initially, a neural arrangement is planned for the single-input-
rule-modules attached fuzzy inference system for combining
the advantages of both the fuzzy and neural network is
presented. Furthermore, to attain the minimum training errors
and minimum parameters, a parameter learning algorithm
based on a least square method is offered for the system. The
wind speed prediction method for short term based on forecast
model, wind generation, error improvement, support vector
machines, and the prediction processes is proposed in [66].
The two dissimilar machine learning methods to evaluate the
prediction intervals of time-series forecasts are discussed in
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[67]. These methods are used for wind speed prediction for
short-term from a actual data set of hourly wind speed
forecasts for the area of Regina in Saskatchewan, Canada. The
methods that can be applied to process interval-valued inputs
with multilayer perceptron neural networks is also used [68].
The technique has been used on synthetic case study and on
an actual case study, in which the records display a high short-
term changeability. A pattern-based method to predict the
short-term wind speed can be found in [69]. Furthermore, a
generalized  principal component investigation to
spontaneously notice the designs hidden in the old data of
wind speed has been introduced. A prediction model based on
probabilistic fuzzy system for wind speed prediction in short
duration is proposed [70]. Also, the proposed prediction
model can get both deterministic and stochastic uncertainties,
and assurance a improved prediction in difficult stochastic
environment. In [71], a novel method for forecasting wind
speed and direction is presented. This technique is based on
using a linear time-series-based model involving the foretold
intermission to its equivalent one and two year historical data.
The general experiment to calculate the magnitude of solar
irradiance falling upon a photovoltaic solar field can be found
in [72]. The main goal of the study is to change a model thus
the design parameters are involved in single model that
measure the solar irradiance on solar fields.

The study in [73] presents the environment approachable
materials based on dye-sensitized solar cells based on
perovskite solar cells for the spectral necessity with changing
parameters at particular different sites. In [74], a new model
to integrate the roof-top solar photovoltaic and wind power on
the demand side and supply side respectively is proposed. A
demand response aggregator is presented to cope with
uncertainties and permitted the participate in reserve markets.
Moreover, a novel model is established considering both
clients’ choices to decrease and increase load by the
aggregator.

In [75], the united influence of temporal averaging, plane
translation mechanisms and component deconstruction on
uncertainty is analyzed. A novel technique to reallocate
hourly averaged data is suggested. This clearness index
redistribution technique is based on the numerical
rearrangement of clearness index standards and mostly
modifies the bias mistake presented by sequential averaging.
This method better the root mean square error of the extracted
beam section on average from 14.38 to 2.51% and for the
diffuse section from 15.08 to 0.79%. The enhancement in the
global in-plane irradiation accuracy was extra reasonable with
a decrease in root mean square error of global in-plane
irradiation from 3.73 to 1.31%.

In [76], a reserved overall energy cost minimization
problem and divide the problem into two parts: the user
association problem and optimal bandwidth allocation
problem, both are opposite to each other for effective use of
green energy is formulated. Furthermore, an optimal
bandwidth allocation algorithm is used to reduce the power
consumption of every base position under a particular user
association scheme. A centralized and spread user association
algorithm is proposed for the user association problem to
catch optimal feasible solutions based on the optimal
bandwidth allocation algorithm for the efficient use of the
green energy storage for energy cost minimization. In [77], a
technique to estimate the probability distribution function of
photovoltaic systems generated power based on the higher
order Markov chain (HMC) is presented. The solar system
output power is influenced by solar irradiance and ambient
temperature and both are used as key features to categories
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many operating situations of the solar system. An HMC is
presented which is based on considered historical data of solar
photovoltaic power in each operating point.Thel5-minutes
forward probability distribution function of power output of
solar system is expected through the Gaussian mixture
method by merging numerous distribution functions and by
using the factors defined based on restrictions of HMC-based
model.

In [78], the delay vector variance analysis to identify the
nonlinearity and disorder in the solar irradiance data from the
Earth Radiation Budget Satellite from October 15, 1984 to
October 15,2003 is presented. In [79], a high-precision model
of grid point value datasets based solar irradiance forecasting
using rainfall, relative humidity, and three-level cloud covers
parameterization in Hitachi, Japan is presented. The
correlation coefficient r of 0.94, 0.91, 0.91, 0.89, and 0.92
have been found using 21UTC forecast type in 2012 datasets
for Hitachi, Japan.

The Met Office station data from 1980 to 2012 to describe
the inter annual variability of incident solar irradiance across
the UK and to assess four standard past irradiance products to
define the best appropriate for use in UK solar industry for
system design and site selection can be found in [80].In [81],
a novel solar irradiance forecasting technique for the Markov
switching model based isolated microgrids is presented. This
technique uses nearby accessible data to forecast one-day-
ahead solar irradiance for energy resources planning in
isolated microgrids. The new model takes past data of solar
irradiance, Fourier basis developments and clear sky
irradiance to make linear models for three regimes. In [82],
the enhancement to the standard extended light source solar
profile model based on a better parameterization of the
circumsolar irradiance is presented. The proposed model
reduce the errors and amends for a misrepresentation of
circumsolar ratio in standard model. Also, a model extension
is offered, including the spectral sharing changes in the
essential solar and circumsolar areas.

In [83], discussed about the outcomes of the fifth spectral
irradiance measurement inter comparison and the influence
the outcomes have on the spread of spectral divergence
controls in the outdoor characterization of reference solar cell
and photovoltaic devices. Ten laboratories and marketable
associates with their personal devices were involved in the
comparison. Furthermore, defines the inter comparison
movement, defines variable statistical investigation used on
attained data, information on the outcomes, and analyzes the
influence these outcomes would have on the main adjustment
of a ¢-Si PV reference cell with normal sunlight. In [84], a
combined optimal distribution procedure of energy storage
and renewable distributed generation to get financial profits
is presented. The proposed technique reduces costs of
Distribution Company whereas promising the profits of
renewable distributed generation owner.

A new energy transaction mechanism to address the
inherent changeability of green power for grid-connected base
stations is introduced in [85]. An infinite-horizon
optimization problem is expressed to get the best downlink
convey beam formers and to reduce the probable energy
transaction cost. The feasibility of storage systems in
enhancing the financial and technical performance of the
housing renewable based energy hub is discussed in [86]. A
novel method has been planned in which economic dispatch
difficulty has been expressed for an energy hub. The planned
method defines the optimal energy supply demand and
storage system process to reduce the hub overall energy cost.
In [87], the feasibility of photovoltaic-wind penetration into
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an present utility grid for the city of Ibrahimyya in Jordan is
investigated. Two sizing approaches are offered and the
thousands of repetitions have been done to obtain the global
independent sizing solution and it is used for economic
analysis. In [88], an R-C thermodynamic model of building
that powerfully interlinked to the consumption of power of
heating ventilation air-conditioning (HVAC) system is
introduced. A building-aggregator-grid contract framework is
proposed and formulated a robust model predictive control
algorithm to increases the profit of aggregator and reduces the
expense of every contributing building to optimally state
power flexibility .In [89], a novel design of a hybrid
stochastic-robust optimization and then it is used to analyze a
safety constrained optimal power flow is presented. It is used
to reduce the carbon emissions by capably accommodating
renewable energy sources.

4. Grid-Connected Hybrid System Dynamic Analysis

The dynamic behavior of microgrid is affected due to
constantly change in solar irradiance, wind speed etc., which
causes dc bus voltage oscillation and, hence, affects in proper
system operation. Hence, Different techniques have been
used to improve the dynamic behavior of microgrid. In [90],
a grid-connected photovoltaic system is presented, which is
employed by using the neutral-point-clamped inverter.
Furthermore, a current feed-forward control loop is employed
to enhance the dynamic behavior of photovoltaic system, due
to change in the solar irradiance. In [91], an organized
parameter plan standard for the best choice of the current loop
proportional resonant controller and the extra capacitor
current feedback coefficient to improve the weighted average
current control method is presented. The acceptable range of
the scheme control parameters can be got under altered
interruption circumstances to see the system performance
conditions. In [92], a nine-level single-phase inverter
topology appropriate for grid-connected renewable energy
systems is presented. The proposed PWM technique for
inverter uses the generation of 9L waveform without having
the voltage sensor, thus dropping the difficulty of the overall
control arrangement. In [93], a pulse width modulation
controlled boost type single phase grid-connected
photovoltaic inverter with narrow storage inductance current
is proposed, thus this improves the dynamics response of the
system. In [94], the usefulness of the active damping based on
notch filter, seeing the senses of the resonant frequency is
explored. The dynamic performance of the complete grid-
connected inverter system with either inverter current feed-
back or grid current feedback has been improved. A fuzzy-
logic controller based speed controller for induction motor
drives indirect field-oriented control connected with a four-
switch three-phase inverter can be found in [95]. The fuzzy-
logic controller based control method improves the dynamic
responses and reduces calculation burden. In [96], the
theoretical calculation of total harmonic distortion of the
pulse width modulation a single-phase inverter current is
done. Besides, an asymptotic time-domain procedure for the
assessment of a single-phase PWM inverter current
excellence has been suggested.

A new adaptive sliding-mode and robust control for grid-
connected photovoltaic system based on cascaded two-level
inverter is proposed in [97]. The design of the control scheme
is established to give reactive power and active power with
inconstant solar irradiance. In [98], a better three-phase
current controller with healthiness beside the noise in the
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response path is introduced. A better acquisition method is
used to reduce the important spectral content in the area of
low-order harmonics, which eliminates any noise from the
feedback signals. In [99], a better grid-voltage feed forward
method with improved feed forward accuracy is proposed
using the open-loop basic repetitive predictor and the sensibly
planned conditioning circuit. Further, many improvements
have been made to decrease the distortion of signal and
recompense the delays. In [100], the growth of two control
approaches with an adaptive control scheme and a fuzzy
neural network control scheme for a boost inverter is
investigated. Energy management system based on an
adaptive neuro-fuzzy inference system of a grid-connected
hybrid system is investigated in [101]. The results attained by
adaptive neuro-fuzzy inference system -based inverter control
and PI-based inverter control are fairly comparable, but the
dynamic response of the adaptive neuro-fuzzy inference
system controlled inverter offerings a better dynamic
response in comparison with the PI controller. In [102], a
modest fuzzy logic controlled inverter system to control of a
grid-connected inverter circuit is presented which ensembles
good for variable speed wind turbine driven permanent
magnet synchronous generator process in a wide working
range. The dynamic performances of this scheme are
examined to show the usefulness of the control approach. In
[103], the reactive power balancing problem and voltage
stability problem in islanded electrical systems equipped with
inverters is considered. A voltage feedback controller is
suggested, permitting for the wuse of circuit-theoretic
investigation methods to the closed-loop system.
Furthermore, in [104], the regulation of frequency for an
islanded mode microgrid with flexible renewables is
addressed. The voltage and frequency regulation loops are
synchronized by a model predictive control controller, and the
manageable re-sources are consecutively dispatched.
Furthermore, the dynamic model for assessing the state of
charge of battery energy storage system under a rapid
response is presented. In [105], an evaluation approach to
measure the things of lacking protection structure on
reliability indices in microgrid is proposed. With the
suggested evaluation approach, the importance of the
influences of the protection scheme on the operational
reliability are established with a 400 V microgrid scheme. In
[106], a non-linear model of microgrid with synchronverter
controlled scheme is presented. The system state matrix Eigen
values with the involvement is-sues are investigated to decide
the main parameters which affects the stability. Bifurcation
theory is used to define the unstable occurrence as the
fluctuation of system parameters. The consequence of a
resistive super- conducting fault current limiter connected to
a microgrid with a dynamic load structure is analyzed in
[107]. The resistive super- conducting fault current limiter can
efficiently dull the fault current in microgrid by fast giving
protection and improves the transient stability. In [108], the
second ripple current reduction method with involving two
band pass filters into the output voltage and feedback of
current in the energy storage converter is proposed. The
scheme successfully mitigates the ripple current and enhances
the dynamic performance. In [109], the deduction technique
for a voltage balancers series based on study of Buck/Boost
style voltage balancer is proposed. After analysis, the inter-
leaved Buck/Boost topology is used for authentication and the
results shows the worthy dynamic characteristic of the
average current control approach. In [110], a stochastic model
to examine the transmission system dynamic coupling, the
electricity value, and microgrid is proposed. This study
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focused on the effect of microgrids on the system transient
response as well as on frequency variations. In [111], a novel
method for power/current oscillations in dc microgrids is
proposed. The efficient tuning of the voltage controlled
distribution generation forward gain can increase the
microgrid damping factor and improves the dynamic response
of the complete system. In [112], a control method for
microgrid with bidirectional converters analogized and virtual
synchronous machine to improve the inertia of microgrid and
to confine the voltage variation of dc bus is proposed. The
study in [113] presents the complex microgrids and designed
the sliding mode type advanced control approaches to control
them. Furthermore, a suboptimal algorithm based
decentralized second-order sliding mode control method is
designed for every distribution generation units. In [114], a
droop control scheme based detailed small-signal state-space
model of a microgrid is established to overcome the problem
of dynamic response with inverter and load dynamics and at
that time joint with a reference frame to achieve the whole
model.

5. Intelligent Technique-Based Control of Microgrid
Hybrid Energy System with Power Quality
Enhancement Capabilities

The hybrid energy system consists of a dc/dc converter with
the 3-phase inverter circuit, where one controls the wind and
solar power, while another is used for grid integration. For
controlling the output voltages and currents of 3-phase
inverter circuit, different control schemes are used i.e. PI, PD,
PID, fuzzy, predictive control etc. Therefore, these controllers
are used to enhancing the power quality, minimize the
disturbance in the input voltage of inverter circuit, and
improves the reliability.

In [115], a controller based on recurrent fuzzy cerebellar
model articulation neural system is proposed to control the
grid- connected photovoltaic system reactive and active
power during the faults of the grid. To fulfil the low-voltage
ride through necessities and confirm the safety limit of
injected current, the reactive and active power instructions are
known by using the low-voltage ride through current profile
grid necessities and the limit of the inverter current. In [116],
execution of space vector pulse width modulation (SVPWM)
based on random forest regression is presented for an inverter
to enhance the drive performance. Furthermore, SVPWM
arrangements based on artificial neural network and an
adaptive neuro-fuzzy inference system are used and compared
with the proposed scheme. In [117], an effective current
control scheme for grid-connected inverters is proposed to
discard the dc offsets influence and scaling grid voltage
measurement faults on the performance of the grid current.
The current controller scheme is settled with three vector PI
controllers plus a proportional integral. The grid currents are
effectively controlled to be sinusoidal, balanced, and low
harmonics. A novel control system for synchronization of a
photovoltaic system to the grid using self-tuning perception
can be found in [118]. The synchronization method is used to
eliminate the harmonics in the load current, to get the maxi-
mum power and supply it into the grid. In [119], a fuzzy logic
controller to remove present unified power flow controller’s
problems and to offer the dynamic power control through
transmission lines is proposed. While many research have
been concentrating on emerging unified power flow
controllers control approaches for control of power through
simulation hence a laboratory prototype has been established
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with two 6-pulse converters. In [120], a new nested-loop
control approach to control the grid-forming inverter system
having loads and an LC filter is proposed. The technique does
not need a specific model for the inverter and can well treat
with uncertainties and resonance of LC filter without having
any damping mechanisms. In [121], the sliding-mode current
controller based on invariable frequency pulse width
modulation is designed and applied to a grid connected
inverter. The method is based on a fixed switching frequency
operation and Gao’s reaching rule that permits chattering
compensation. Furthermore, the split capacitors de-link volt-
ages are controlled with a basic proportional-integral
controller. In [122], a state feedback control law with a
disturbance viewer is proposed to improve the disturbance
denial ability of a grid-connected photovoltaic inverter. The
resultant control law has a proportional—integral (PI)/nearly
Pl-derivative-like arrangement, which is suitable for real-
time application. In [123], an Hoo robust control of wind
turbine inverters using an inductor-capacitor-inductor filter is
proposed. The controller dynamics are planned for particular
harmonic filtering in an offshore transmission system with
parameters variations. Parameter uncertainty in the system
creates due to the number of wind turbine connected and the
grid. In [124], a vector control method based on recurrent
neural network is proposed for an inverter with an LCL filter.
The neural system is expert based on adaptive dynamic
encoding principle, and the training objective is to good
optimal control. Furthermore, the vector control method is
compared with the old control methods like conventional PI-
based vector control scheme and the PR-based control method
for single-phase inverters. The study in [125] introduces a
smart extraction of best power by using fuzzy logic control
system from a hybrid energy system consist of a wind energy
and a small concentration photovoltaic system. A fuzzy logic
is implemented to extract maximum power from the
photovoltaic system under fluctuating solar irradiance.
Besides, Power extracted from wind system is implemented
as a fuzzy function of the dc voltage error, rate of change and
the direct axis current error of the inverter.

In [126], a new controller in a fixed reference frame for
synchronous generator of grid connected wind system is
proposed. The wind energy system used a Back-To-Back
converter scheme with inverter and a phase- locked loop to
know the voltage node fundamental frequency and its phase
that is coupled to the scheme generation. Furthermore, the
adaptive PI controllers are used to control the frequency,
current, and DC-link voltage. In [127], the modelling and real
analysis of a precise fuzzy logic controller for control of a
grid-connected photo voltaic inverter is presented. The
control algorithm was executed in actual time by DSP
controller board DS1104. Al-so, the inverter is capable of
transfer the accessible extra photovoltaic power to the utility
grid. In [128], the transient stability improvement of a wind
farm using flywheel energy storage scheme based on doubly-
fed induction ma-chine is investigated. A cascaded adaptive
neuro-fuzzy controller is presented to control the frequency
converter and to improve the transient stability of the grid-
connected wind farm. In [129], a fuzzy-PI controlled grid
interactive inverter is implemented and the PI controller gains
are determined and adjusted by the fuzzy logic controller
according to need of the system. Finally, an adaptive PI
controller is got which can accept the changes because of
changed operation conditions, disturbances in grid and usual
things with fast transient response. In [130], an intelligent
proportional-integral based fuzzy logic scheme for immediate
reduction in system frequency deviation and power variations
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is implemented which essential for good operation of the
load-frequency control scheme is relating to the wind power
connected power systems. In [131], a fuzzy PI and a usual PI
controllers for controlling the battery charging is described
which is connected to a photovoltaic system. Grid-connected
inverter controls the power transferred into the grid and
controls the DC-link voltage. Also, the DC-link voltage is
regulated by a fuzzy PI or classical PI controllers to know the
amount of current and, thus, power injected or absorbed into
the grid. In [132], the photovoltaic system based on single
stage single phase current source inverter for grid connection
is proposed. The system uses the trans-former free single-
stage conversion for interfacing the photovoltaic system to the
grid and tracing the maximum power point. A proportional-
resonant controller is connected to control the grid injected
current. To enhance the power quality of the system, a double-
tuned parallel resonant circuit is used.

In [133], a new adaptive neuro-fuzzy control method for
the renewable energy system interfacing inverter is presented.
The joint capability of neuro-fuzzy controller in management
the uncertainties is showed to be beneficial while controlling
the inverter under changing operating conditions. The study
in [134] addresses a novel intelligent method using the fuzzy
logic and the particle swarm optimization methods for best
tuning of the present proportional-integral based frequency
controllers in the ac microgrid systems. The study in [135]
proposes a novel scheme consist of two Fuzzy logic systems
to make the maximum power-point-tracking algorithms. The
first fuzzy logic system is based on a improved hill climb
search algorithm to settle the power set-point. The second
fuzzy logic system is an adaptive proportional integral
controller that uses a flexible structure tuning algorithm to
know the power set-point.

In [136], the different applications of huge photovoltaic
farms equipped with a fuzzy gain scheduling of proportional—
integral—derivative controller for transient balance of a power
system is proposed. The proposed controller is applied to
control the photovoltaic inverter, hence the power output of
photovoltaic system can be controlled to calm the transient
power swing. In [137], the problem of voltage regulation in
low-voltage power supply systems integrated with the solar
photovoltaic system is discussed. Also, the new proportional-
integral-derivative control system has been proposed to
interface the inverter based on intelligent adaptive neuro-
fuzzy inference system for controlling the three-phase grid-
connected solar PV system voltage under changing operating
conditions. In [138], an intelligent control of wind power
smoothing using recurrent fuzzy neural network is proposed.
The battery energy storage system is comprised of a
bidirectional DC/DC converter and 3-level inverter. Also, the
difference of the smoothed power and actual wind power is
provided by the battery energy storage system. In [139], the
fuzzy logic controller which is combined to systematically
regulate the dwell time provision for all the switching states
of the three-phase three- level inverter is presented. Based on
this method, neutral-point voltage deviation degree is
handled, and at the same time, the most suitable dwell time
which contributes to decrease in neutral-point voltage
deviation is identified. In [140], a flexible grid link method of
a inverter based on a direct power control scheme under
variable grid situations is proposed. By examine the power
terms, three algorithms based on the different control limits
are used to make a cooperation among the active power
ripples, the current negative sequence, and the reactive power
ripples. Also, the proportional-integral-resonant type
controller is used to track the sudden power errors. The study
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in [141] presents a finite-control-set model predictive control
for a three-phase inverter under variable load condition. The
control method can eliminates the inductor current double-
line frequency ripple with a modest and in effect approach.

In [142], a new method to decentralized control of
multiple distributed generators is proposed. This method is
based on a grouping of a voltage controller by using model
predictive control and a current controller by using a discrete-
time sliding-mode controller to limit the inverter currents
under overload situations. In [143], a novel method to solve
the optimization problem in implicit model-predictive control
that has a computational difficulty about five times less than
that of explicit model-predictive control is proposed. The
implicit model-predictive control needs a large number of
calculations, whereas explicit model-predictive control
cannot directly combine real-time variations in model factors,
although still being computationally expensive than other
control methods like dead beat control, hysteresis etc. In
[144], an active power filter-integrated single-phase quasi Z-
source inverter and its model predictive direct power control
are proposed to totally eliminate the 2 pulsating power from
the dc side of the inverter. The study in [145] explores the
novel power conversion scheme for wind turbines rated at the
megawatt level. To control the grid-connected inverter and
boost converter, a simple method based on a two-step model
predictive approach is offered. In [146], a dual-active bridge
converter with a floating inverter is presented. A set of
discharging and charging switching orders have been
recognized to permit the control of the fluctuating capacitor
bridge voltage. A model predictive control method is
implemented to control the current of the load and voltage of
the floating capacitor. In [147], the use of model predictive
control to a multi-megawatt range variable speed drive system
is presented. The drive scheme consist of a synchronous
machine fed by a rectifier and a inverter. The control aim is
to adjust the dc-link current and to confirm the machine speed
follows a specified reference. In [148], the distributed model
predictive control of a wind farm connected with the short and
fast-term energy storage scheme for best active power
adjustment using the fast gradient method is presented. In
[149] a model-predictive control of four-level grid-connected
diode-clamped inverter in high power wind energy system is
presented. By using the discrete-time model of the inverter,
inductive filter, dc-link, and grid, the future performance of
the dc-link voltages and grid currents is predicted for the
likely switching states. The study is [150] presents a model
predictive control system for quasi-Z-source inverter. The
suggested topology has a wide range of voltage gain which is
appropriate for use in renewable energy systems, where the
renewable energy sources output fluctuates extensively with
operating situations such as temperature, wind speed, and
solar irradiation. In [151], a predictive torque control system
for the four-switch three-phase inverter-fed induction motor
with the offset suppression of the de-link voltage is proposed.
The three-phase balanced currents are got and the capacitor
voltage offset is suppressed in this scheme.

The study in [152] presents a model predictive control
scheme for a three-phase quasi-Z-source inverter that
completes the essential necessities without addition the layers
of control loops. The controller provides a discrete time
model of quasi-Z-source inverter for predicting the future
performance of the variables for every switching state with a
set of multiobjective control variables entirely in one cost
function. In [153], a common-mode voltages reduced model-
predictive control is proposed to eliminate the common-mode
voltages peak value by choosing best space vectors for



Iram Akhtar, Sheeraz Kirmani and Majid Jamil/Journal of Engineering Science and Technology Review 12 (5) (2019) 8 - 24

equally current-source inverter and current-source rectifier
and at the same time. In [154], a direct model predictive
current control scheme is presented for quasi-Z-source
inverters. All sides of the inverter are controlled at the same
time based on current of inductor and voltage of capacitor on
the dc and ac sides. In [155], the implementation of nonlinear
proportional- integral predictive controller for a grid-
connected inverter is presented which is used in photovoltaic
systems. A predictable cascade arrangement is chosen to
design the controller and the outer loop and inner loop is used
to control the dc-link voltage and adjusting the reactive and
active powers supplied to the grid respectively. In [156], a
novel control scheme for a grid-tied voltage-source inverter is
presented using model predictive control structure with
continuous transfer characteristics. This strategy can
decoupled power control in grid-tied mode, control the load
voltage in islanded mode and continuous transition between
operation modes through suggested synchronization and
phase adjustment algorithm. In [157], a better model-
predictive-flux-control is developed which is based on a
three-phase flux-reversal drives fed by four-switch voltage-
source- inverter with less number of switches and lesser costs.
The voltage deviations across the capacitors are suppressed
by using an analytical expression of the voltages of the DC-
link capacitor to disclose the natural relationship between
phase currents and capacitor voltages. In [158], a novel model
predictive control algorithm is proposed to lessen the number
of calculations for multi-level cascaded H-bridge inverters
and there are only three voltage vectors are used for
calculation irrespective of the level of cascaded H-bridge
inverters. In [159], a decoupled reactive and active power
control method are presented for a grid-connected single-
phase inverter by using model predictive control scheme. The
controller reduces the switching state changes number
essential to control the current whereas at the same time
obliging the harmonics distortions and caring the inverter
from overcurrent situation. In [160], the two-vector utilization
based three model predictive current control techniques is
proposed and then compared the voltage source inverters to
control the currents of load and attain a less ripple and error.
In [161], the model predictive current control is proposed to
reduce the circulating current, control the voltage of neutral-
point as well as regulate the currents with rapid transient
response. In [162], an appropriate large prediction horizon
model predictive control design for cascaded H-bridge
inverters is proposed. The model predictive control is
designed to take in the full information of steady-state system
in terms of output voltage and output current references.

The study in [163] proposes the hysteresis model
predictive control system to control a high-power grid-tied
voltage source inverter with the filter. Furthermore, the
modeling error effects on stability of the system and normal
switching frequency are investigated. The study in [164]
presents the design the wind energy system based on dc grid
in a poultry farm. A model predictive control algorithm which
offers the well transient response with variation in the
operating conditions is suggested for the control of the
inverters. In [165], a model predictive-based maximum power
extraction technique is presented for a grid-connected Z-
source inverter based a photovoltaic system. In [166], the
design of a finite-control-set model predictive control method
is presented which deals with the difficult nature of the
packed U cells. Besides, digital simulation for a 7-level grid-
tied single-phase packed U cells inverter was done. In [167],
a finite control set-model predictive control scheme is
proposed for quasi Z-source inverter. The scheme keeps the
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digital processor computational power at the time of
implementation of the complete controlling scheme. In [168],
power balancing mechanism based an effective model
predictive control method is proposed for pulse width
modulation rectifier-inverter. The fluctuation in dc-link
voltage at the dynamic step response has been reduced
successfully. In [169], a novel model prediction control based
common-mode voltage reduction approach is proposed for
inverter and it is also useful for permanent magnet
synchronous generator based control scheme. In [170], a
model predictive control scheme to decrease the common-
mode voltage of three-phase inverters is proposed. Only non-
zero voltage vectors are used to decrease the common-mode
voltage and to regulate the load currents. In [171], the
lyapunov stability ideas for finite control set model predictive
control is proposed. This controller design permits one to
describe the performance of the controlled converter, while
giving enough circumstances for local stability of a power
converters. In [172], an effective dc-link voltage fast control
method based on energy balance is presented to decrease the
variation in the dc-link voltage for a rectifier—inverter system.
The study in [173] presents a better deadbeat predictive
current controller for grid-connected inverters that reports the
matters related to execution delays. The control method based
on a system that involves the state feedback, delays, and a
prediction observer to achieve a good ripple-free deadbeat
response. In [174], a model predictive method to control the
grid-tied high-power inverter is proposed. To know the future
performance of dc link capacitor voltages and grid power
values, a discrete-time model of the inverter is established.

6. Efficient DC/DC Converters for DC Mlcrogrids

Microgrids are useful to reduce the computational and
communication burdens caused by increased number of
renewable energy sources and storage system. A DC/DC
converter is used to add the wind and solar sources to the DC
microgrid. The DC voltage generated by hybrid energy
system is regulated by using DC/DC Converter. There are
various types of converters available to integrate the wind and
solar system to the Microgrid. As voltage and frequency vary
along with the wind speed changes in wind energy system as
well as output voltage of solar photovoltaic system varies
along with the solar irradiance changes, therefore a proper
control action is desired to obtain the constant voltage at the
output of the systems.

In [175], a new multi-input DC/DC converter based on
single-ended primary-inductor converter is presented. The
converter has a two directional input port and connected with
the energy storage system and a number of one directional
input ports. This converter can be used to integrate the
renewable energy sources. In [176], a novel three-port dc/dc
converter is presented for hybrid applications. The structure
consist of a basic buck-boost and a boost converter. The
suggested converter voltage gain is more than the basic boost
converter. The study in [177] proposes a novel multi input
three-level converter for alternative energy sources which
adopts the high dc link voltage. Renewable energy sources are
added to the three-level dc/dc converter previously the
isolation step, causing the decreased part-count, defining the
level of dc link voltage and permit-ting the flexibility in
transformer design. In [178], the idea of the power efficiency
optimization of inter-leaved step-down DC/DC converter
with segmented power phases is presented. Furthermore,
usage of the segmented switches allows for maintaining all
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the power phases active during low load condition. In [179],
a combined solution of photovoltaic isolated dc/dc three-port
converter is proposed to decrease the cost and enhance the
power density of the sys-tem. The control approaches for the
single module to get the maximum power, charge control of
the battery, and main bus regulation have been proposed.

The study in [180] proposes a scheme by using a grouping

of a charging switch and a series-connected double-input
dc/dc converter. Furthermore, charge and dis-charge feature
of the bootstrap mode is examined and the charging loss is
evaluated.
In [181], the all operating modes of the boost converter and
total probable cases are presented which help in the voltage
balancing are explained to balance the capacitor voltages in a
three-level inverter. In [182], a robust sliding-mode controller
based on pulse width modulation is presented to control the
boost converter feeding the constant power load in a
microgrid situation. A non-linear surface is suggested to
confirm the constant power deliver to the load. In [183], a
novel multi-input DC/DC converter is proposed which has
high-voltage transfer gain. The converter comprises of the
conventional buck—boost and boost converters in all the
stages except the last one and the last stage is the basic boost
converter. In [184], a one-cycle control for two-input buck
converter is proposed to remove the interfaces of the control
loops easy the design of the controllers. In hybrid energy
systems, the application of multi input converter is
advantageous because of easy circuit and less cost in
comparison with single input converters.

The study in [185] presents a novel multiple output
DC/DC converter scheme that has step-down and step-up
conversion abilities. In this scheme, many output voltages can
be generated and then can be used in different applications. In
[186], a quantitative technique to calculate the microgrids
accessibility by recognizing and determining the less cut sets
existence probability for different microgrid designs and
converter topologies is presented. Besides, conventional
scheme with single-input converters and other arrangements
with multiple-input converters are considered. In [187], a
different control approach based on the precise characteristics
of islanded microgrids is proposed. Many distribution
generation are coupled to the microgrid with a power-
electronic inverter with dc link. In [188], the control method
and power management strategy is presented for combined
three-port converter which is used to interface solar input
port, bi-directional battery port, and an output port. In [189],
a multiple-input converter by disintegrating the converters
into cells, output filters, and a set of basic rules is proposed.
Hybrid energy systems supply power to the grid or load from
many alternative energy sources. For this system, the use of a
multiple-input converter has the benefit of easy circuit
structure and less cost compared with use of many single-
input converters. The study in [190] proposes the single-input
dc—dc converter scheme that is used to build the multiple-
input converter type. The study is based on many
assumptions, limitations, and circumstances.

7. Future Trends

The main challenges ahead in perfecting the performances of
grid-connected hybrid energy system are given below.

1) Proper Conversation Between renewable energy
sources and control system handling Communities:
Power engineering has been studied in the
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renewable energy sources area nowadays than in the
non-renewable energy sources area. A Proper
conversation between renewable energy sources and
control system handling Communities is supposed
to be done. A discussion between these two
communities can improve the system performance.
An example effort is combined panels at the IEEE
Power and Energy Society General Meeting.
Efficiency Analysis: Performing efficiency analysis
assistances assess the safe design of the system. This
kind of analysis is more useful in renewable energy
sources area, but it is main to apply the results to
power system applications. Different authors
present necessary and sufficient efficiency
conditions for renewable energy sources based
microgrid system. However, different power quality
techniques also improve the efficiency of the system
as well as system performance.

Output voltage of Renewable energy sources
Analysis: There is for all time need of controlling
the output voltage of different renewable energy
sources. This kind of analysis is more useful in
control area, but it helps the different loads to be
operate safely. If the output voltage is varying
according to different parameters then fluctuations
may occurs which is very dangerous to the
connected loads.

Cyber security Concerns: One of the important
consideration to protect system against cyber-
attacks is to secure the system. The communication
network is always weak to cyber-attacks by threads.
Then, attention is obligatory for developing
renewable energy sources based microgrid systems.
Implementing different techniques which comprise
storage system: The different techniques for
controlling the entire system should be implemented
but there is a need of storage system for storing
excess energy flow and when needed this storage
system can provide the energy to the microgrid
system. The storage system should also be
controlled using intelligent techniques.

Utility Revision: The Utilities and other investors
should be considered in the power area. Extensive
real-time simulation system as well as pilot project
system useful for dazed this barrier for actual
implementation.

High voltage system: There is a need of high voltage
microgrid system because there are many customers
such as residential, Industrial, commercial etc.
hence high voltage is needed for costumers. So, the
voltage profile can be enhance using different
controller based on power electronics circuitry for
controlling the voltage.

2)

3)

4

5)

6)

7)

8. Conclusion

Microgrid perception is presently growing across the world,
leading to many opportunities and challenges. There are
several microgrids which are connected to the central grid and
may be disconnected and it operates in islanded mode and
reduces central grid instability issues. Microgrids are
generally installed by the community to which it has to serve
and this is usually a low voltage ac grid. By integrating
several distributed power generators together, the protection
and control of a microgrid become a challenge. Microgrid has
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an important feature of providing several. This paper efforted
to give a review of the state of the ability in research on
microgrid hybrid energy systems, therefore leading the way
for researchers and inventers in ahead insight into this
essential topic nowadays and know a variety of hybrid energy
systems related issues under analysis by the research
community. The review included an introduction to
sustainable microgrid primarily powered by renewable
energy, an overview of economic feasibility of microgrid
hybrid energy system, dynamic analysis of the system in

enhancing grid performance, intelligent technique-based
control with power quality enhancement capabilities, and the
overview of the effective DC/DC converters for DC
Microgrids. Finally, the challenges ahead in perfecting the
performances of hybrid energy system are identified.

This is an Open Access article distributed under the terms of the Creative
Commons Attribution License
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