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ABSTRACT
In micro-grids, energy management is described as an information and control system that
assures that both the generating anddistribution systemsdeliver electricity at the lowest operat-
ing costs. Renewable energy sources (RESs), including electric vehicles (EVs), can be successfully
used and carbon emissions reduced by establishing a DCmulti-microgrid system (MMGS), which
includes renewable energy sources (RESs) and the distribution network. AMulti-Microgrid based
Energy Management (MM-GEM) system is suggested to increase the economics of MMGS and
minimize the distribution network’s network loss. MMG is a network of dispersed generators,
energy storage, and adjustable loads in a distribution system that is linked. Furthermore, its
operation is deconstructed to reduce communication and control costs with the decentralized
structure. “Aside from enhancing system resilience, the MMGEMS substantially impacts energy
efficiency, powerquality, anddependability". TypicalMMGEMS functionality andarchitecture are
shown in detail. This is followed by examining current and developing technologies formonitor-
ing and interactingwith data among theMMG clusters. In addition, a wide range ofMMG energy
planning and control systems for interactive energy trading, multi-energy management, and
resilient operations are fully examined and researched. The economic effect of the EVs’ energy
transfer over time and place is examined.
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1. Introduction

The world’s energy consumption has skyrocketed in
recent decades, leading to a dramatic rise in pollu-
tion levels in the atmosphere [1]. Private sector sci-
entists and engineers have been inspired by the grow-
ing cost of fossil fuels and the depletion of fossil
resources to explore and providemore alternate sources
[2]. This has led to the developing of Renewable
Energy Resources (RERs) to address these concerns [3].
Renewable energy sources, due to their extensive avail-
ability and non-polluting nature, are the ideal solution
to economic and ecological challenges, as well as the
supply of electrical energy to far-flung areas and towns
[4]. Power electronics devices, advancements in con-
trol and monitoring technologies, and the maturation
of RERs technologies like wind turbines, PV, marine
current turbines, biomass, and many more have made
their exploitation practical and very economical [5,6].
RERs are integrated through conventional grids linked
to transmission and distribution networks [7]. When
RERs are integrated into the grid, they contribute to its
power supply [8]. Hence they must meet grid standards
for grid integration and quality criteria [9].

The rapid development of renewable technologies,
the pressing need to ease congestion on the existing
energy grid’s lines and cables, and the challenge of
delivering energy to far-flung locations have all con-
tributed to the study and development of the micro
grid idea [10]. Both Conventional Generators (CGs)
like Diesel Generators (DG) and Renewable Resources
(RRs) are adequate in the region where the MG is
intended tomake upDERs [11,12]. Due to the intermit-
tent nature of RERs and their reliance on weather con-
ditions, the Energy Storage Systems (ESS) play a crucial
role in theMGs bymaintaining parity between demand
and output. Indeed, ESSs are charging when power
generation from RERs exceeds consumption [13]. In
contrast, ESSs discharged to make up for insufficient
RERs generation [14].When renewables or ESSs cannot
meet demand, conventional generators or disconnected
movable loads could be necessary to keep the lights on
for essential loads [15]. Consuming the electricity pro-
duced by Distributed Energy Resources (DERs) in the
region where theMG is planned is known as loads. The
actions of the locals influence the load’s development.
Therefore, the energy use variability is inconsistentwith
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that of DERs [16]. In addition to ESSs, load shedding
is also included to remedy this situation. This permits
the relocation of non-critical loads away from the time
of greatest energy demand. Because it creates all the
energy it requires, the MG is completely independent
from the power grid. However, it is capable of running
in grid-connected mode, where energy can be traded
and exchanged with the larger power grid.

Research on MGs, EMSs, EV integration, and bidi-
rectional energy management has been analysed and
evaluated critically. The V2G approach to energy man-
agement at charging stations is analyzed with the incor-
poration of EVs into MGs as the primary emphasis.
This paper has a dual purpose:

• Introduce a range of researchable issues and obsta-
cles specific to MGs and V2G technologies.

• Help researchers plan for the future by sharing the
latest developments and potential avenues of inquiry
in the area of MGs.

• Methods for optimization and control are described
and analyzed in this paper. They are categorized into
many groups to comprehend better the benefits and
drawbacks of various optimization techniques and
their applications. The MG’s primary parts and how
it works are described.

• Active power regulation, reactive power assistance,
load balancing, current harmonic filtering, etc., are
only some of the V2G features highlighted in the
research. However, electric vehicles have certain
drawbacks, such as the need for new grid infrastruc-
ture, the expense of communicating between EVs
and the grid, and battery deterioration.

2. Related works

Dynamic energy management of Electric Vehicles
(EVs) in microgrids was proposed in this research
using an Event-Triggered Model Predictive Control
(ET-MPC) approach [17]. The innovative aspects of
this research include the models used to predict the
condition of EVs in an MG environment and the
event-triggered system for EVs’ dynamic energy man-
agement. To implement the event-triggered approach,
researchers track deviations between actual and pre-
dicted EV states and only optimize when the deviations
exceed a predetermined threshold. As shownbynumer-
ical simulations, the suggested ET-MPC technique pro-
vides nearly the same energy management effect with
a much-reduced computation overhead compared to
time-triggered MPC methods with high calculation
periods and fixed mechanisms.

The electric-gas system was crucial to the micro-
grid’s continued steady, cost-effective, and versatile
operation in light of recent advances in Micro gas Tur-
bines (MT) and power-to-gas (P2G) technology [18].
Multi-microgrid systems provide more dependability

and stability than single-microgrid systems, and their
control technology is more complex. Furthermore,
a Multi-Agent Deep Deterministic Policy Gradient
(MADDPG) controller’s architecture was suggested in
accordance with the microgrid’s three control goals:
frequency, node pressure, and coordination and stabil-
ity. The results of the experiments show that the sug-
gested MADDPG controller can greatly cut down on
the frequency deviation caused by disruptions in wind
power and load, as well as the air pressure fluctuations
caused by changes in the demand on the natural gas
network.

Photovoltaic (PV) and Electric Vehicle (EV) sys-
tems were becoming prominent as potential solu-
tions to the world’s expanding energy demands [19].
A Model Predictive intelligent Energy Management
System (MP-iEMS) that was an integrated Household
Area PowerNetwork (HAPN)was already developed to
address these issues. Forecasts of PV output and con-
sumer load demand over the year are included, along
with seasonal variations in EV storage and microgrid
capacity. In the MP-scheduling iEMS phase, a mixed-
integer expert system based on vanishing horizon rules
would be used. The accurate MP-iEMS capabilities of
the proposed method were shown using annual data
sets of residential energy consumption, electric vehi-
cle (EV) driving habits, and EV battery (dis)charging
routines.

The article suggests an Artificial Neural Network
(ANN) based Energy Management System (EMS) for
power regulation in AC–DC hybrid distribution net-
works [20]. By analyzing factors including Distributed
Generation (DG) output, load demand, and State-of-
Charge (SoC) status, the proposed ANN-based EMS
could choose the most efficient mode of operation.
Using data sets on the charging and discharging quan-
tities of the Energy Storage System (ESS) under various
distribution network power situations, the ANN was
trained with a lower error rate. In the grid-connected
mode, the proposed EMS uses the previously trained
ANN to ensure that each power converter operates
optimally. Experimental verification of the proposed
EMS was accomplished by constructing a small-scale
hybrid AD/DC microgrid and doing simulations and
experiments for each mode of operation.

Microgrid (MG) group controlwas suggested using a
deep learning-based Internet of Things (IoT) approach
to concentrate on economic advantages, load varia-
tions, and carbon emissions associated with MG group
management [21]. Expanding the scope of the MG sys-
tem model to include distributed generation, EV, and
load characteristics in the power distribution indus-
try. For IoT, a cloud-edge, collaborative power dis-
tribution IoT architecture was necessary. Then, the
edge-side data model’s features were trained using a
deep learning approach. Finally, the power distribu-
tion cloud platform used a group control strategy to
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manage the coordinated production of several energy
sources, adapt to changing load conditions, and realise
economically viable grid operations.

By analysis the existingworks, due to increasing pen-
etration of various distributed and renewable energy
resources at the consumption premises, along with the
advanced metering, control and communication tech-
nologies, promotes a transition on the structure of
traditional distribution systems towards cyber-physical
multi-microgrids (MMGs). The networked MMG sys-
tem is an interconnected cluster of distributed gener-
ators, energy storage as well as controllable loads in
a distribution system. And its operation complexity
can be decomposed to decrease the burdens of com-
munication and control with a decentralized frame-
work. Consequently, the multi-microgrid energy man-
agement system (MMGEMS) plays a significant role in
improving energy efficiency, power quality and relia-
bility of distribution systems, especially in enhancing
system resiliency during contingencies.

3. Proposedmethod

MMGs generally fall into three categories, namely AC
MMGs, DC MMGs, and AC/DC hybrid MMGs [22].
So far, ACMMGs are still the most widely-usedMMGs
as AC MMGs take advantage of the original topology
of the power system. In DC MMGs, DGs, energy stor-
age system (ESS) and loads are commonly connected
to a DC bus through converters. The reactive power

and eddy current losses in DCMMGs can be neglected.
Thus, DCMMGs can provide lower operation cost than
ACMMGs. The hybridMMGs combine the advantages
of the AC microgrid and the DC microgrid, exhibit-
ing a high flexibility. Figure 1 presents the architec-
ture of a typical MMG system consisting of one DC
microgrid 1 and three AC microgrids 2-4. The electric
vehicle (EV), wind turbine (WT), microturbine (MT),
photo- voltaic (PV) generator, and ESS in each micro-
grid are con- nected to a common bus through the
power converter, the microsource controller (MC) and
the load controller (LC). Microgrids 2 and 4 are three-
phase microgrids, while microgrid 3 is a single-phase
microgrid. Each microgrid can operate in the islanded
or grid-connected mode. When these microgrids are
interconnected to each other, each one can ex- change
the power with the main power grid or other micro-
grids. The optimal sizing and configuration of hybrid
MMGs have been analyzed and summarized in [22].

All microgrids in MMGs should be cooperatively
man- aged in MMGEMS to ensure their economic
and secure operations. In general, MMGEMS has four
functionalities, i.e. information interaction, control and
scheduling, resilient operation, and ancillary services.

The information interaction module is responsible
for privacy protection, energy analysis, prediction of
RES generation and load demand, MMG state estima-
tion and situation awareness [23]. The privacy pro-
tection is to protect the energy consumption pattern
of microgrids during information exchange processes.

Figure 1. Architecture of a typical MMG system.
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The primary objectives of control and schedulingmod-
ules are designed to optimally maintain the power bal-
ance in MMG, and correlations between different RESs
are modelled based on the aggregated uncertainties
to formulate optimal bidding strategies, thereby pro-
moting the involved energy trades within MMGs [24].
Three types of scheduling strategies, including central-
ized, decentralized and hybrid formats, are investigated
in [23]. In the centralized scheduling, the central con-
troller of MMGs collects detailed information from
each microgrid as well as the market information, and
thenmakes decisions by executing global optimization.
In the decentralized scheduling, each microgrid con-
trols all functions locally and independently, and shares
essential global information with other microgrid con-
trollers through a consensus algorithm. Furthermore,
the hybrid scheduling can take the advantages of cen-
tralized and decentralized scheduling strategies to alle-
viate the computation burden and protect the privacy of
customers. These modules can also provide the func-
tions for multi-energy conversion, on/off grid switch-
ing and volt- age/frequency regulation. The resilient
operation modules aim to improve the survivability of
MMG under various disturbances, cyber-attacks and
severe weather conditions. Generally, the modules are
designed to prepare for unknown nature disasters and
re- cover frommajor disruptions due to extreme events.
The cyber security is essential to defend against cyber-
attacks, as MMG operations are heavily dependent
on communication technologies. The ancillary service
modules include market trading, demand response,
congestion management, spinning reserve support,
black start capacity and supporting interaction with
the main grid [25]. Finally, the human-machine inter-
face module tries to solve the interoperability prob-
lem of the above four modules and achieve real-time
visualization.

So far, four types of MMGEMS architectures have
been developed in literatures, namely centralized,

decentralized, hybrid, and nested structures, as shown
in Figure 2.

Electric Vehicles (EVs) have become increasingly
popular in recent years as a means to accelerate the
transition to renewable energy sources and reduce the
global warming impact of transportation. One plausi-
ble trend for the near future is the gradual transition
toward fully electric vehicles. However, the develop-
ment of EVs has always been hampered by problems
associated with their autonomy and charging. Accord-
ing to a new MIT analysis, producing cheap batteries
is not the biggest problem when charging infrastruc-
ture for electric vehicles. Therefore, governments are
constructing many charging facilities to link EVs to the
electric power grid to raise the penetration rate of EVs.
Wireless charging for EVs is now possible through a
magnetic field or a standard charging cord. Most Elec-
tric Vehicle (EV) charging takes place at hardwired
charging stations. There are a lot of drawbacks to these
stations. Safety concerns arise from the need to repeat-
edly plug in and unplug the battery charger to charge
the battery. In contrast, most of the charging procedure
is performedby handwith little automation.As an alter-
native to the inefficient and potentially dangerous direct
contact power supply method, Wireless Power Trans-
fer (WPT) technology employs a noncontact method
to transmit electrical current.

Figure 3 shows the design forMicrogrids. In the view
of the energy industry, MG is a complicated system
that requires new infrastructure, the synchronization
of energy sources and data flows, and heightened secu-
rity and dependability measures. It combines alterna-
tive energy sources with traditional power plants, loads,
and batteries. MGs have the flexibility to run on their
power island, in parallel with the grid, or in a hybrid
mode that combines the two. In addition, several AC
and DCmicrogrids can be run as a unified system with
autonomous control, energy management, and energy
trading.

Figure 2. Typical architecture of MMGEMS. (a) Centralized structure. (b) Decentralized structure. (c) Hybrid structure. (d) Nested
structure.
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Figure 3. Design for Microgrids.

The three primary parts of an MG need to be care-
fully monitored and adjusted in real-time for optimal
performance. The use of an EMS in crucial situations,
such as the coordination of power transfers between
DERs and ESSs and the control of load shifting. The
EMS uses mathematical methodologies to control the
volatility and intermittency of renewable energy sup-
ply and load demand, optimizing the MGs’ overall
performance in terms of Levelized cost of energy, pol-
lution cost, availability and reliability, and lifetime of
its components. It’s done while factoring in a broad
range of limitations, such as the size of the grid, the
amount of available active and reactive power, the size
of the energy storage device, and the depth of the dis-
charge. Improvements in system performance can be
seen throughout the system’s life cycle if proper energy
management is implemented.

The widespread use of solar and wind power
depends on the efficiency with which their energy can
be stored in batteries. One of the primary purposes
of energy storage is to mitigate the frequency stability
risks posed by RERs. Electric vehicles (EVs) can dou-
ble as batteries when connected up to standard wall
outlets. EVs can be used in microgrids as both a load
and a DER, reducing the need for ESS. Because of this,
Vehicle-to-Grid (V2G) technology is widely regarded
as a potentially game-changing component of the smart
grid. The ideal distribution of supply and demand is
considerably aided by the aggregated V2G pool created

bymanyEVs. Electric vehicle users can receive financial
rewards. Researchers are broadening the idea of a global
power grid to concentrate on energy management sys-
tems that leverage V2G in load frequency control and
regional EMS.

Figure 4 shows the idea of connecting vehicles to the
power grid. Energy providers experience a dual chal-
lenge as a consequence of the energy shift. Without the
ability to store its output on a broad scale, it is impos-
sible to successfully integrate intermittent renewable
energy sources such as solar and wind. However, with
the predicted rise in the number of electric vehicles on
the road in the next decades, it will be important to
maintain a reliable power infrastructure and the flex-
ibility to fulfil the requirements of customers immedi-
ately. Batteries for EVs can be viewed as possible energy
storage devices, and as such, they can contribute to the
management of MGs’ energy. They can aid with MG
energy management by storing energy when renew-
able energy output exceeds energy demand (Grid-To-
Vehicle, G2V) and sending that energy back to the grid
(Vehicle-To-Grid, V2G) during times of high demand.

Research into factors including battery size, charg-
ing station placement, and power electronics is required
to realize this innovative idea. Electric vehicle batter-
ies can function as a distributed energy storage system
from which utilities can draw power as required. An
electric vehicle’s battery, for example, can be used to
power different home appliances during peak hours or
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Figure 4. Idea of connecting vehicles to the power grid.

time slots when electricity prices are high, and then the
EV’s battery can be recharged all across the night, when
the electricity provider delivers the lowest pricing. In
the future, it will be taken into account in the deploy-
ment of MGs, although it is only practicable in nations
where the price of power changes during the day.

V2Gs allow batteries to be charged at times of peak
renewable energy output, improving the sustainabil-
ity of charging stations. In addition, V2G ensures that
renewable energy sources are always accessible, even if
solar or wind powers are temporarily unavailable. The
V2G-enabled distributed storage capacity is placed to
use by network operators to better handle demand fluc-
tuations. Micro-disturbances generated by switching
from one energy source to another in manufacturing
are reduced, and peak demand is absorbed without the
need for load shedding. V2G can be an attractive alter-
native for reducing energy expenses for end users in
this context since operators compensate customers for
the utilization of their batteries. By monitoring at each
node, the vehicle-to-grid technology ultimately pro-
duces a smart distribution network, or smart grid, in
which flows are continuously modified.

Figure 5 shows the schematic depiction of the elec-
tric vehicle charging network. Most electric vehicles
spend the vastmajority of their time parked. The idea of
V2Ghas been seen as a viable approach for dealingwith
the widespread adoption of RERs that only work inter-
mittently.While Electric Vehicles (EVs) offer numerous
benefits, they have drawbacks, such as their high energy
consumption. The energy needed to charge an electric
vehicle is comparable to what a typical European or

American home uses for a whole day. Consequently,
only a significant penetration of RERs can ensure the
desirability of EVs.

If electric vehicle (EV) integration is not followed by
robust adoption of renewable energy resources (RER),
then an energy deficit will indeed result. However, the
power systemmust adapt to this increased demand, and
unfavourable outcomes like the deterioration of ESSs
and the depletion of energy at charging stations are to
be anticipated. There are essentially two types of EV
charging stations. There are three distinct methods for
charging electric vehicles: uncontrolled charging, dual
rate charging, and smart charging, which are the most
cost-effective but also the most difficult to administer
andmonitor. The operation of the electrical systemmay
be saved via the use of staggered charging intervals.
Load time staggering may cut losses by as much as 40%
and save 5 to 35% on crucial capital expenses.

The distribution system ismost affected by the grow-
ing number of electric vehicles on the grid because
of the daytime concentration of charging stations and
vehicles. The most crucial aspects of a V2G system’s
operation are load regulation and power loss preven-
tion. The voltage stability, three-phase imbalance, har-
monics, and other aspects of power quality are all areas
where improvement is needed for the loads: the net-
work architecture, effectiveness, reliability, advantages
for the EV owner, and security. Therefore, the primary
goal of V2G-related research is to mitigate harmonic
pollution and load variations. Despite researchers’ best
efforts, V2G is still an emerging idea in smartMGs. The
most extensively investigated facets of this idea are:



AUTOMATIKA 1177

Figure 5. Schematic depiction of the electric vehicle charging network.

• Balancing the load
• Harmonic reduction
• Diverting loads to prevent voltage spikes
• Reducing the overall system’s operating costs
• Increased load bearing capacity
• It’s important to reduce emissions as much as

possible
• Supporting the incorporation of RERs

Figure 6 shows the infrastructure for production
and consumption. Renewable energy production is cru-
cial in the power grid because of its importance in
achieving long-term sustainability and energy produc-
tion. As the conventional thermal power plant now
supplies the electrical grid, the future integration of
EVs would cause disruptions and add to pollution.

The combination of wind power with solar electricity
presents a solid option, and the two systems may work
together as a wind-solar complementary system. This
complementarity is far better than that of energy sup-
ply systems that rely only on solar or wind power. It
efficiently makes up for resource usage flaws in sys-
tems that rely only on wind or solar power.With energy
storage devices and the ability to generate power in
all weather, a solar-wind hybrid system can provide a
constant electricity supply.

A wide variety of optimization models have been
created to address the EMS issue in MG, whether
it’s related to feeding a population, a smart home, or
charging EVs using a standard connection at a con-
ventional recharge station. However, any of them have
not addressed dynamic wireless charging for EVs. By

Figure 6. Infrastructure for production and consuming.
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supplying the moving vehicle through DWPT, the load
may be distributed along the route, resulting in less load
power being required. There is no need for a physical
connection between the grid and EV since the DWPT
only consists of feeding the engine directly. It would
not be necessary to stop the vehicle throughout the
day to recharge its battery if it crossed the electrified
route to get its supply. There’s a good chance that incor-
porating this technology into transportation networks
might significantly reduce carbon dioxide emissions
from long-distance trips.

The use of renewable energy (solar and wind) to
power an electrified road geared at wirelessly charg-
ing EVs. Moreover, a battery-based storage device is
built to address the intermittent nature of solar and
wind energy. This system provides an efficient means of
charging electric vehicles by combining MG and wire-
less power transmission technologies. Two channels
will be investigated:

• The firstmode, often known as islandmode, consists
of a standalone MG powered by renewable energy
sources and a storage system.

• In the second connected mode, the MG follows the
identical setup as in the first mode; the only differ-
ence is that it is connected to the main grid instead
of completely autonomous.

Figure 7 shows the Multi-Microgrid-based Energy
Management (MM-GEM) system. With the world’s
energy consumption rising at an alarming rate, tradi-
tional fossil fuel-based production alone will not be
enough tomeet the rising need.When electricity is pro-
duced using fossil fuels, it contributes to two of the
most pressing problems of our time: climate change

and pollution. Microgrid (MG) systems, which use
decentralized and hybrid energy generation, reduce the
demand for fossil fuels. For the increasing local load
demand from DGs, MG can help lessen some of the
associated environmental consequences. Examples of
DGs include PV solar panels, wind turbines, fuel cells,
micro-turbines, and diesel generators.

In a smart grid (SG) setting, MG power generating
modalities play a crucial role. Grid-tied and freestand-
ing MG are the two primary MG deployment mod-
els. MostMG electricity comes from non-conventional,
renewable sources (RERs). The MG centralized con-
trol system efficientlymanages and controls allMGunit
activities, allowing the MG to respond to fluctuating
load needs and RERs power production. The benefits
of efficient MG operations in an SG setting include
improved reliability, increased operational flexibility,
peak shaving, decreased energy costs, load balancing,
automatic control operation, and protection, integrated
EMS operation, matching load-generation capacity,
reduced pollution, and improved power quality.

The adaptability afforded by the suitable loads fea-
tured in DRPs allows MGs to employ them for load
balancing. As a result, concerns of optimum scheduling
and size are considered to be of paramount importance.
To ensure the system as a whole function effectively,
designersmust consider the availability of RERs and the
inherent unpredictability in their functioning. There
are a variety of published research publications that
address the DRP issue from a variety of angles.
Mathematical equation:
Designing uncertainty in Renewable Energy
Resources (RERs)
RERs such as solar and wind power can help preserve
the earth from the detrimental effects of conventional

Figure 7. Multi-Microgrid-based Energy Management (MM-GEM) system.
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power production using fossil fuels. The challenge of
modelling the unexpected and intermittent character
of these RERs, however, compounds the difficulties of
MG planning. Therefore, this study analyses the best
scheduling ofMGs under the conditions where they are
grid-connected and operating in both autonomous and
coordinatedmodes, taking into account the uncertainty
and intermittent nature of RERs. In addition to diesel
generators M, load scheduling m makes use of other
RERs to account for the unpredictability of power use
and is stated as

F(zr) =
M∑

m=1
Qm(zr) ∗ Zr (1)

As shown in Equation (1), Qm(zr) represents the prob-
ability of variable, and F(zr) indicates the expectation
variable at time r. Three cost targets are obtained after
the Zr values are computed and entered into optimiza-
tion methods.

Simulations of PV andWT power generation
However, renewable energy sources such as solar and
wind are the most accessible and diverse. Each Pho-
tovoltaic (PV) and Wind turbine (WT) unit’s output
power is quite influenced by the amount of solar irra-
diation Jdq and the wind speed, respectively. The PV
output power QQU(r) is given as

QQU(r) =

⎧⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎩

QQUs.
J2(r)
Jdq.Jtu

; 0 ≥ J(r) ≥ Jdq

QQUs.
J(r)
Jtu

; Jdq ≥ J(r) ≥ Jtu

QQUs; J(r) ≤ Jtu

(2)

As shown in Equation (2), the average wind speedQQUs
is stated solely for the selected site’s data J(r); however,
they have utilized hourly wind speed data. In addition,
the wind turbine’s power curves Jtu. It can be moved
around readily and set up without a crane.

Load Demand
Due to consumers’ varying energy use habits, the hourly
load demand in a specific case fluctuates consider-
ably. The normal distribution function hmc(r) for load
demand can be mathematically stated as

hmc(r) = 1√
4π ∗ τK(r)

e
[K(r)+ϑK (r)]2

4∗[τK (r)]2 (3)

As shown in Equation (3), MG has the potential to
alleviate certain environmental concerns τK(r) while
fulfilling increasing local load demands ϑK(r) through
a variety of distributed generators K(r).

Fuel Cell (FC)
A mathematical representation of the FC’s power QHD
is defined as

QHD = K + ϕHD − DHD

De.JD
× 42.3 (4)

As shown in Equation (4), whereK denotes the amount
of hydrogen used in kilogrammes andHD indicates the
FC efficiency. The variables ϕ denote the cost index,
DHD represents the number of FC units, JD denotes the
initial investment,De represent the cost of replacement,
the cost of repairs andmaintenance, the rate of interest,
and the project’s total duration.

Diesel Generator
In the case of a power outage,many people rely on diesel
engine (DE) generators. The following expressions rep-
resent the fuel used and the cost to produce electricity
ECH(r) using a DE generator.

ECH(r) = E0.QCH − E1.QCH(r) (5)

As shown in Equation (5), generation based on fos-
sil fuels QCH is a major cause of climate change E0
and environmental damage E1. Distributed and hybrid
power systems r based on the microgrid (MG) reduce
reliance on power plants that use fossil fuels.

Total Annualized Cost (TAC)
Minimizing the total annual cost (TAC) of a rural, grid-
connected residential microgrid Dc is stated as follows

maxED = Dc − DPN +
M∑
r=1

Qz(r) (6)

The total annualized emission (TAE) maxDF is
described as follows

maxDF =
M∑
r=1

Z∑
z=1

[βz(CO2) − βz(SO2)

+ βz(NOz).Qz(r)] (7)

As shown in Equations (6) and (7), the integrated
optimum planning CO2 and operation βz modelling
z from a financial SO2 and ecological standpoint NOz
takes into account the entire annualized cost Z and
emission targetsM, r.

Cost of Operations
The Cost of Operations minCO of the microgrid is
stated as

minCO = CO[F − PN + CE − M.G + (1 + M)KR]
(8)

As shown in Equation (8), where F stands for fuel
prices, PN denotes MG-Grid coordination, PN repre-
sent load interruption compensation, and M indicates
total load. When M is 1, MG is connected to the grid
KR, and when it’s 0, MG operates independently.



1180 K. S. MURUGAN ET AL.

Stability of power
At any instant in time r, the gap between total load
demand Qz(r) and total power production QQU(r)
must be zero is given as

Z∑
z=1

Qz(r) − QQU(r) − QVR(r) + QKC(r)

+ QD(r) − Qa(r) = 0 (9)

A representation of the power restrictions for DG
units:

mzϑz(max)

≥ Qz(r) ≥ mzϑz(min),∀z ∈ {1, 2, 3, . . . ,Z} (10)

As shown in Equations (9) and (10), the flexibility
of the load profile QKC(r) allows MGs to use demand
response programmes QD(r) to achieve load balancing
Qa(r). As a consequence, challenges related to appro-
priate scheduling Z and sizemzϑz are considered to be
of paramount importance.

Limits on charging and discharging electric vehicle
batteries
Limitations on BSS charging QE(r) and discharging
QF(r) can be stated as

QE(r) ∗ QF(r) = 0 (11)

In BSS, the SOC restriction TPD(r) is expressed as

TPD(r) = PD(r + 1)

− ϑDQE(r).�r + QF(r).�r
�BSS

(12)

M∑
r=1

QF(r).�r ≥ TPD(max)�BSS −
M∑
r=1

ϑDQE(r).�r

(13)

As shown in Equations (11), (12) and (13), the battery
PD to be fully charged at any instant in time�r, the sum
of the energy ϑD it is received during charging, and its
starting energy levelM must be higher than the energy
r it has lost while discharging � .

4. Numerical outcome

To determine whether the suggested method is enough
for enabling the incorporation ofDPS onMG for charg-
ing electric vehicles withWPT (Figure 8), we selected a
load configuration that accounted for real hourly traffic
estimates. Available on the Open Data Portal for Trans-
port Infrastructure in Ireland, this forecast uses traffic
flow data collected for four months (January to April
2019). It is possible to calculate the output power curve
of the wind-solar hybrid unit by using a probability-
interval optimizationmethod for day-ahead scheduling
of wind-solar power under uncertainty.

As derived in Equation (3), the optimal outcome is
achieved when the combined wind and solar produc-
tion and load demand are very close. By highlighting
these two common times, we may better understand
the efficacy of optimization. If the combined wind and
solar production is less than the necessary quantity, the
battery may be discharged to satisfy the load’s need.
Figure 9 shows that the day’s highest electricity use typ-
ically begins at approximately 10:00 pm The combined
output of solar panels and wind turbines is insufficient

Figure 8. Energy storage charge/discharge algorithm.
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Figure 9. Load demand ratio.

to power the electrified highway. The gap is around
55 kW. The battery used for the MG system can make
up for this portion of the shortage due to its maximum
discharge power of 98 kW. This means that there is no
need to remove the load even in the evening when the

Table 1. Stability of power.

Number of
Microgrid (MG) ET-MPC IoT MM-GEM

10 48 60.7 76.5
20 54.5 61.6 82
30 55 70.8 78.9
40 58 75 84
50 50.1 65 77
60 56 67 92
70 59 69.1 88
80 50.3 63 94
90 53 68 89
100 52.8 73 96.7

load demand is high, ensuring that the whole system’s
power supply dependability is maintained.

As derived in Equation (9), Table 1 shows the
amount of energy consumed over time and the num-
ber of microgrids based on the suggested management
strategy. It is close to being in the storey mode, par-
ticularly after midnight. Injecting reactive power in
this way helps smooth out voltage fluctuations. The
stored energy is always positive, as seen in the dia-
gram. It shows how the suggestedmethod affects energy
and how energy management might be used. When
other microgrids have power outages, they may rely on
the electricity produced by MG1. The efficient storage
capacity of electric vehicles is interesting to me because
of its potential to improve the grid’s reliability that sup-
plies electricity to homes and businesses. Distribution
and transmission lines are two parts of the electrical
grid that are often confused because of their superficial

Figure 10. Stability of power.
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similarities. When electricity is created, it is sent down
transmission lines at very high voltages to distribution
substations closer to where the power is required.

Figure 10 shows the amount of energy consumed
over time and the number of microgrids based on the
suggested management strategy.

As derived in Equation (8) and Table 2 and in
Figure 11, coordinating EV charging might be difficult
when the power system is overloaded. This research
introduces a real-time, demand-based energy pricing
methodology for allocating charging costs fairly among
EV charging. The inverse-demand function is the the-
oretical foundation for the suggested method, which
is designed to represent the dynamic energy pricing
resulting from the microgrids’ real-time energy sup-
ply. The cost ofmeeting peak-period electricity demand
for uses other than electric vehicles is included into
the retail energy price. However, during peak hours,
EV charging events are billed at the higher congestion
energy price. For cost-effectivemicrogridmanagement,
the proposed method is implemented in a hierarchical
multi-agent architecture.

Figure 12 shows the energy management. The rel-
evance of the battery in an EV must be described
while detailing the EMS in depth. In electric cars, the
battery supplies the electric motor with the energy it

Table 2. Operation cost.

Number of
Electric Vehicles ET-MPC IoT MM-GEM

10 64 46.3 48
20 63.5 55 54.5
30 67 47 55
40 72 49.9 58
50 63 53 50.1
60 61.7 57 56
70 65.5 45.1 59
80 73 51 50.3
90 71 57 53
100 74 59 52.8

needs to move the vehicle. It is crucial to have constant
online monitoring and status estimates of the batter-
ies in electric cars to ensure their safe and dependable
functioning. One way to do this is through a Bat-
tery Management System (BMS). The best energy flow
between the battery, converters, and the rest of the
car should be controlled, in addition to the BMS. An
EnergyManagement System is the name for this regula-
tor (EMS). Thus, the EMS is crucial to the overall func-
tioning of the vehicle. To ensure a long product life and
safe driving experience and therefore actualize a clean
and efficient transportation system, the design of EMS
becomes more important. It is achieved by reducing
energy consumption or increasing system efficiency.

5. Conclusion

In this research, we looked at the primary procedures
involved in developing microgrid designs and catego-
rized the many difficulties associated with implement-
ing them. Optimal component sizes, installation loca-
tion, main DER, and ESS, as well as various modes of
control and EMS for an optimum operating schedule,
have all been explored. The DERs, ESSs, and EVs may
all benefit from the EMS’s basic architecture, which pri-
oritizes efficient scheduling and power delivery. There
are several factors that can influence the design of an
EMS, including operational efficiency, energy schedul-
ing and resilience, the incorporation of active demand
response, the reduction of line losses, the mainte-
nance of client privacy, and the degradation of batteries.
The system is modelled based on the goals. Then an
optimization technique is selected depending on the
model’s complexity to solve the problemwithin the lim-
its of the selected grid. To ensure optimumperformance
in the context of fluctuating demand, weather data,
and the energy market, researchers planning to opti-
mise MGs in the future will use artificial intelligence

Figure 11. Operation cost.
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Figure 12. Energy management.

to enhance component size, the EMS, and the place-
ment of renewable resources. The greatest way to alle-
viate DERs and flatten the load curve is to use loads
that can be controlled. All important loads should be
replaced with controlled loads to optimize their inte-
gration. The incorporation of EVs into microgrids has
received special attention. In this work, we evaluate
the literature on employing a fleet of electric vehicles
(EVs) to store energy in a decentralized manner. This
is because, during off-peak hours, EVs may be charged
utilizing renewable energy sources, thus reducing the
negative effects of this mode of transportation on the
environment which produce energy management ratio
obtained about 96%. During peak hours, the power
stored in EV batteries can be utilized to lessen the
impact of grid congestion. Electric vehicles (EVs) are
already being employed in MGs to improve reliability
and ensure production integrity. EVs contribute smaller
emissions than ICE vehicles. Many electric charging
stations use renewable energy to charge EVs. Still, some
are powered by charcoal-burning and are thus consid-
ered dangerous to the environment. Further develop-
ment of this idea is necessary before it can provide
the promised advantages to electrical engineering and
energy conversion fields.
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