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Typically, diesel or other fossil fuel-based related applications meet electricity demand. Nonetheless, as the cost of fossil fuels rises, as do
their harmful emissions, there is a sudden transition toward stand-alone hybrid renewable energy systems (HRESs).Te proposed project
proposes electrifying VIT University in Vellore, Tamil Nadu, India, using an of-grid HRES.Te goal of enhancing hybrid energy system
(HES) regulation, size, and component selection is to provide societywith a cost-efective power supply.Tis article’s primary purpose is to
show how to utilizeHOMERPro Software to reduce total net present cost, cost of energy, andCO2 emissions. After that, the fndings were
compared to four diferent HRES confgurations.Te efcient solution for transmitting power at the lowest energy cost is confguration 1
(solar+ fuel cell +battery+wind+diesel generator) which is found to be the optimal solution for supplying energy with 0% unmet load at
the least cost of energy, which is at 24.91Rs/kWh.Tese data are used to calculate the optimal size of energy storage components based on
long-term system behavior using HOMER and to forecast short-term generation and demand changes while maintaining system
dependability and grid voltage. Using and incorporatingmodel predictive control (MPC) for an interlinking converter (ILC), the proposed
HRES design is validated for the study area in a novel way that sequentially applies HOMER and MATLAB simulations.

1. Introduction

Wind, fuel cells, biogas, and biomass are sustainable, eco-
logically friendly, and renewable resources that can be used
to create an economy that is more energy efcient. Yet,
renewable resources are subject to a wide range of limita-
tions when utilized in a stand-alone, fexible structure. Solar
and wind energy resources are combined with other sources
to create an HRES to address these issues. As a result, using
their benefts makes it feasible to produce energy more
efciently [1–3]. Numerous techniques have been suggested
to restore energy balance in microgrid (MG) due to the
constraints of the usage of renewable energy sources (RESs)
[4]. RESs are integrated with energy storage to solve the
issues produced by energy imbalances. Demand response
management has been achieved by using software that

optimizes demand-side resources, in addition to recent
advancements in smart grid (SG) technology.

Programs for energy management have taken into ac-
count residential loads, which make up the majority of the
electricity demand [5]. Te physical attributes of the
structure, such as its location, architecture, and construc-
tion, afect how much energy is used at home [6]. Two broad
categories can be found in the recent articles regarding the
orbit of power plants [7, 8].

(i) Te frst category includes the involvement and
production plans of power plants to meet the an-
ticipated load and includes a specifc amount of
reservations or load response plans to account for
consumption or production uncertainties in wind
power sources.
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(ii) Te second category of articles relates to establishing
efective random optimization techniques for the
program’s unit placement.

Hybridized energy can be evaluated using a variety of
software packages, the most well-known of which is the
National Renewable Energy Laboratory’s Hybrid Opti-
mization Model for Electric Renewables (HOMER) [9].
HOMER is just a simulation software program that in-
cludes an economic analyzer for evaluating and opti-
mizing a system’s economic feasibility. However, in the
hybrid system, the software’s ability to simulate the
system at a high level to test alternative control tech-
niques or rapid load adjustments to study instantaneous
system behavior is limited. In works like [10, 11], linear
programming methodologies within MATLAB were
used to build microgrid (MG) models and examine their
fndings in contrast to dynamic performance, necessi-
tating mathematically derived models of every element
within the network. Numerous analyses utilized HOMER
to size, optimize, and study the efectiveness of the
complete system while using Simulink to operate the
device [12], execute a load fow analysis [13], or in-
vestigate the dynamic nature of the system’s various
sources [14]. Diferent confgurations of HESs were
developed with four confgurations, and the economic
feasibility solution can be determined using HOMER
software. Of the four confgurations, confguration 1 is
the most economically viable option with a COE of
24.91 Rs/kWh.

Te usage of MPC is justifed by the fact that this
algorithm is generally regarded as one of the most potent
nonlinear programming and artifcial intelligence
techniques. MPC is well suited to solve the problems of
power systems and power plants because of its advan-
tages in handling the systematic processing of restricted
multivariable [15]. By predicting future control actions,
hierarchical and distributed MPC is more efective at
addressing signifcant and complex power system issues.
Due to its ease of use and excellent accuracy, fnite
control set MPC (FCS-MPC) is the most popular MPC
control [16]. MPC has several benefts in electrical drives,
including speed, position, torque control, torque ripple
reduction, and feld-oriented control [17]. It is also used
in load frequency control to increase dynamic response
under various disturbances. Te proposed FCS-MPC is
preferred to the other control techniques in the following
ways: (1) it is simple to adjust the control parameters; (2)
it can conduct multiobjective optimization and take
constraints into account; (3) the decoupling procedure is
not necessary; and (4) PMW modulators are not
needed [18].

On the other hand, this research does not collect in-
formation from of-grid villages obtained through socio-
logical analysis with low-level simulation and complete
system optimization. Te following are the paper’s most
important contributions:

(i) In remote locations, a novel HRES was built for size
and cost minimization considerations.

(ii) Te system’s stability was confrmed by comparing
it to four diferent stand-alone HRESs with the least
NPC and COE values.

(iii) A network that combines PV, wind, FC, diesel
generator (DG), and batteries is efcient.

(iv) With COE and NPC, sensitivity analysis will be
carried out for variations in yearly wind speed and
DG fuel price.

(v) Te proposed model signifcantly benefts the en-
vironment, has a short payback period, and pro-
duces fewer emissions.

Te structure of the study is broken down as follows.
Section 2 goes through the hybrid AC/DC MG system in
detail, while Section 3 deals with the case study site of the
research. Section 4 is intended to have a detailed description
of techno-economic analysis utilizing HOMER, along with
the ideal design purpose and restrictions supported by
a complete fowchart. Section 5 explains the HOMER
software-based optimization, and Section 6 discusses the
results obtained. Section 7 gives an overview of the future
research direction and open issues in the hybrid AC/DC
MGs.Te conclusion of the research is depicted in Section 8.

2. Overview of Microgrid System

A specifc hybrid AC/DC MG is depicted in Figure 1. Four-
quadrant three-phase AC/DC converters and transformers
connect DC and AC distribution networks. DC/DC boost
converters integrate DC power generators to DC networks,
such as PV panels and FC stacks. DC loads such as speed
control motors and electric automobiles were coupled to the
DC grid via DC/DC buck converters. Bidirectional DC/DC
converters, like supercapacitors and batteries, integrate DC
energy storage devices to the DC grid. A transformer
connects the hybrid grid’s three-phase AC network, an
operational low-voltage distribution network, to the utility
grid. Transformers connect AC power generators to the AC
grid, such as WTGs and DGs. AC motors and other AC
loads are connected to AC networks. Te AC grid voltage is
either 200 or 400 volts. For the DC grid, there are no typical
voltage values. Several testing methods now use voltage
levels ranging from 12V to over 1000V, depending on the
converter and system needs.

3. Case Study Site: Vellore Institute of
Technology (VIT), Vellore, India

3.1. Site Information. Te hybrid AC/DC MG system pro-
posed in Section 3 is demonstrated using a feldwork ex-
ample. Te chosen site is VIT University in Vellore, India, as
indicated in Figure 2. Because a university campus has its
own distributed energy resources (DERs) that may be
designed to function as an MG to optimize and enhance
energy consumption, this location was selected as a case
study. Numerous universities have been researching smart
MGs on their campuses and using them as a testbed to
investigate the implementation, verifcation, and validation
of innovative concepts and technologies due to their
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multiple benefts. Te community’s goal is to produce its
electricity domestically using renewable sources, allowing
them to manage system costs and avoid relying on the
interrupted fuel supply chain. Te feld research evaluated
present and potential of-grid supply sources and provided
background info to aid in determining future demand and
MG construction needs in this area.

3.2. Demand Modelling during 24 h Period. Te feld study
has reported analyses of daily municipal energy usage which
is shown in Figure 3. Te instantaneous power consumption
over the course of a day will be unpredictable over the span
of a day.

3.3. PV Power Modelling. Te mechanism for modelling
solar panels was adapted from [19–22]. NASA’s daily av-
eraged solar data are combined with GPS coordinates from
the site. Te location delivers a mean insolation energy of
5.29 kWh/m2/day for a year, rising to 6.730 kWh/m2/day in
April. It is then fed into solar panel models, which are then
analyzed daily.Te temperature impacts PV panel efciency,
so it is accounted for in the solar panel model. Because no
local temperature data are available, an average temperature
depending on the area was utilized. In-built NASA models
have obtained the PV input values for HOMER modelling

based on Vellore’s site and altitude, as indicated in Figure 4.
Total energy generated by PV (EPV) is stated as

EPV(t) �
NPV × VPV(t) × IPV(t) × ∆t􏼁

1000
, (1)

where NPV � no. of PV modules; VPV(t)�PV module volt-
age; IPV(t)�PV module current; and ∆t� step time.

3.4. Wind Power Modelling. During a 6-month duration at
VIT, wind data were collected every 10minutes and then
averaged once 2 hours. Te averaged wind speed data are
coupled with blast modelling, which uses a tiny Gaussian
distribution value output with an average of 0m/s and
a variance of 6m/s to estimate the wind speed. Instead of
designing a unique manufacturer’s wind turbine (WT),
a generic WTmodel was used to represent the 10 kW WTs
expected to be installed in the future. 10 kW WTmodels are
considered under HOMER’s optimization parameters. As in
HOMER modelling, monthly average wind data are
employed. As shown in Figure 5, the wind speed data
collected for HOMER modelling relied on in-built NASA
models depending on Vellore’s site and altitude. Equation
(2) expresses the total energy produced by the WT system
(EWT) [23]:
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Figure 1: Hybrid AC/DC MG system.

Figure 2: Site map of VIT, Vellore.
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EWT(t) �
NWT × PWT(t) × ∆t􏼁

1000
, (2)

where NWT �no. of WT and PWT(t)�WT power.

3.5. Fuel Cell Modelling in HOMER. Like all RESs, the FC
system is a viable option, especially on standby in remote
applications. Such devices are extremely clean; no emissions
are produced, and they are quite efcient. FC provides af-
fordable, scalable, and extremely dependable energy, which
is clean, enclosed, modular, quiet, and friendly to the en-
vironment. Hydrogen is the principal fuel employed in FC
systems, which transforms the stored energy of fuel in-
stantaneously into electricity using an oxidant like methane,
ethanol, biomass-based fuels, and so on, based on the type of
FC system. Proton exchange membrane (PEM) FCs, among
several FC systems, are employed in industrial and com-
mercial applications and have a quick dynamic response
time of 1–3 seconds [24]. It performs well even when the
supply is imbalanced. FCs of this type is used to generate

signifcant amounts of electricity. Equation (3) was used to
calculate the output power of an FC [25].

PFC � Ptank−FC × ηFC. (3)

3.5.1. Hydrogen Tank/Electrolyzer. Te electrolyzer operates
using the electrolysis process, in which electricity passes
from one electrode to other through water and decays into
oxygen and hydrogen. In most studies, the electrolyzer
output is perfectly matched to the hydrogen storage tank
[26, 27]. Equation (4) is used to calculate the amount of
power delivered from the electrolyzer to the hydrogen
storage tank (PElec− tank).

PElec−tank � Pren−elec × ηelec, (4)

where PElec− tank � electrolyzer power output and
ηelec � electrolyzer efciency.

Equation (5) expresses the output energy stored by
a hydrogen tank.

EH2−tank(t) � EH2−tank(t − 1) + PElec−tank(t) −
Ptank−FC(t)

ηstorage
􏼠 􏼡⎡⎣ ⎤⎦ × ∆t, (5)

where Ptank− FC � FC output power and ηstorage � hydrogen
efciency.

3.6.Modelling of Load inHOMER. In HOMER, two diferent
loads were modelled: an AC load and aDC load. In HOMER,
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Figure 3: Hourly load profle of (a) AC load and (b) DC load.
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Figure 4: Daily averaged solar data.
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the AC load has been estimated hourly, which is depicted in
Figure 3(a) as a bar graph. Likewise, a bar graph is given in
Figure 3(b) for DC load. Troughout the year, the combined
DC load and AC load are constant.

3.7. Storage Modelling in HOMER. Te amount of energy
produced and consumed depends on the number of batteries
connected and the state of each battery at any time. Power
generation surpasses load demand when the battery is
charged. Strings of 3,201 numbers of 1 kWh have been
chosen to give the appropriate bus voltage for HOMER
modelling. Tese batteries have a capacity of 3,201 numbers
of 1 kWh each, providing 32, 036 kWh of energy storage in
the string.

4. FCS-MPC for Interlinking Converter

FCS-MPC is recommended to control DC-AC ILC to reg-
ulate the magnitude of the load voltage. Tis study analyzes
FCS-MPC for two-level three-leg voltage source inverters
(VSIs). Out of the seven conceivable switching states, the
control strategy described chooses the best state to minimize
the cost function. Simulation tests of the MPC-based control
strategy reveal that output voltage continuously follows the
reference value while compensating for load, source, and
flter changes without impairing normal inverter function-
ing. Te following section covers specifc control and
management strategies in detail.

Te MPC control scheme’s principle is depicted in
Figure 6. V represents the variables required to handle and
solve a particular situation. Te number d symbolizes the
disturbance.Te control variable is denoted by the letter c. w
represents the processed variable’s predicted value. Te
optimizer can be simulated using measurements of the
current system (v) and disturbances/forecast values (d). Te
interlinking voltage source inverter’s primary control, in-
cluding power droop regulation, the reference generator
(three-phase), and the inner control loop, is carried out
using the FCS-MPC scheme. Unlike conventional control-
lers, FCS-MPC does not require PI controllers to execute the
inner current and outer voltage control loops or other
complicated modulation steps (such as PWM and SVPWM),
and it has a faster dynamic response than standard control
schemes. Te following sections discuss the FCS-MPC
control mechanism’s operating theory.

Te inputs for the inner loop, voltage signals from abc to
α-β reference, are converted using the Clarke transformation

in the frst step. Te switching signals for interlinking the
VSI are produced using the measurement of the RLC flter.
Te instantaneous powers (P and Q) and fundamental
powers are then estimated using the measurements of RLC
flters obtained from primary control. For managing the AC
bus voltage, a droop control method using P-V and Q-V is
used. Utilizing a three-phase sinusoidal generator to regulate
the voltage, the fnal reference signals for VSI transistors
(MOSFETs) are produced. Discrete-time state space (DSS) is
the framework in which the continuous state-space (CSS)
model is developed. Te MPC algorithm predicts voltage
vectors for each conceivable combination for the upcoming
sample time. Te objective functions, input voltage vector,
and CSS and DSS models are expressed in [28]. Te best
voltage vector and its accompanying signals for the IGBT
switches of VSI are tested over seven switching states.

Te flter model shown in Figure 7 for the predictive
voltage control of Figure 8 is

d
dt
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where vc, vi, io, if, rf, and L are load side voltage vector, output
voltage of inverter, output current of inverter, flter current,
flter resistance, and inductance. CSSmodel can be expressed
as

dx

dt
� Ax + Bvi + ud(k). (7)

DSS modelling is used to predict voltage as

x(k + 1) � Aqx(k) + Bqvi(k) + ud(k). (8)

By using the DSS model, we determine,
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where Aq � eATs, Bq � 􏽒
Ts

0 eAτBdτ, and Vi is input voltage
vector with seven possible switching states for VSI switches
(Sa, Sb, Sc):
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Figure 5: Average monthly wind inputs.
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Vn �

2
3
Vdce

j(n− 1)π/3
, forn � 1, 2, . . . . . . 6,

0, forn � 0, 7.

⎧⎪⎪⎪⎨
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(10)

Te following cost function is suggested for the load
observer:

ginv � v
∗
cα − vcα( 􏼁

2
+ v
∗
cβ − vcβ􏼐 􏼑

2
. (11)

Te implemented algorithm’s fowchart for inverter
control in islanded mode is shown in Figure 9. Te inverter
output voltage magnitude regulates the active power, and the

inverter frequency regulates the reactive power. In an AC
microgrid, power fow (active and reactive) across distrib-
uted energy resources (DERs) is controlled using voltage
amplitude (Vnom) and angular frequency (ωnom) of the in-
verter output voltage as specifed in expressions (12) and
(13).

ωi � ωnom − miPi, (12)

Vi � Vnom − niQi. (13)

Te coefcients (m and n) are selected based on the
following relations to ensure system stability.
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mi �
∆ω

Qmax
,

ni �
∆V

Pmax
,

(14)

where Pmax and Qmax are the maximum powers supplied by
the inverter and Δω and ΔV are maximum deviations of
frequency and voltage amplitude of the inverter output.

5. Optimization of MG Using HOMER Software

5.1. HOMER Pro Software Helps with Optimization. A reli-
able techno-economic optimization program called HO-
MER [29] enables the analysis and simulation of techno-
economic models and the design optimization of HRES
units. With the help of its optimization algorithms, the
developer and decision makers can determine alternative
technical solutions and economic viability while considering
changes in technology costs and available resources. To fnd
the best model to meet the load demand of the specifed
location, HOMER is considered for techno-economic
analysis.

HOMER analyzes numerous possibilities quickly and
readily in search of viable and desirable alternatives. Te
sizes of PV panels, the quantity of WTs, the amount of
battery storage, and the number of converters are all opti-
mized using HOMER [30]. Te objective function of the
HOMER optimization strategy is total NPC, which is based
on input parameters such as load demand, energy resource
data, economic and technical aspects of each component,

design constraints, proposed management, and control
strategy, emission data, and design constraints. Te tech-
nical, environmental, and economic aspects of HRES are
evaluated using HOMER analysis based on one-year opti-
mization [31]. Following that, all expenditures are extrap-
olated over the remaining years of the project’s lifetime,
based on linear depreciation and themost practical strategies
for ensuring an uninterrupted power supply and an energy
demand balance based on hourly length [29]. All possible
HRES plans are tested, and the workable confgurations are
then identifed and ranked according to the design goals.

5.2. Simulation Analysis. Te modelling system is primarily
dependent on the designer’s selection of components.
HOMER is in response to the system’s overall operations; as
a result, the system generates large amounts of elements and
develops in size. In this research, the HES must also be
evaluated as the total sum of PV, WT, DG, battery, FC, and
converter. Te simulation study selects the most efcient
dynamic planning and system design based on the electricity
demand. HOMER even calculates the entire cost of a hybrid
system, including the capital, replacement, operation and
maintenance, and fuel costs, among other things.

5.3. Sensitivity Analysis. Sensitivity evaluation is a factor
over which the manufacturer has no control. HOMER
reintegrates the HES based on the manufacturer’s spec-
ifed sensitivity factor. Te costs of a WT, battery, and
generator fuel are all sensitivity considerations. Te list of
distinct HRES elements will be examined for improve-
ment, from the lowest to the highest total system NPC.
Te system’s result shows the best elements obtained by
the least total system NPC thus attained. In the proposed
model, HOMER Pro software analyzes the consumption
of RESs in the studied area, as illustrated in Figure 5. PV,
WT generator, FC, DG, electrolyzer, hydrogen storage
tank, converter, and battery systems are part of the
proposed HRES network. Te suggested network com-
prises two types of load buses: AC and DC. Te power is
produced by an AC bus coupled to DG and WTGs;
however, energy is produced by a DC bus coupled to PV,
battery, and FC systems. When the battery’s excess power
exceeds the load on the electrolyzer, the electrolyzer
energizes and produces hydrogen (H2), which is deposited
in hydrogen tanks.

6. Results and Discussion

Te system’s primary goal has already been established: to
optimize the cost and size of an of-grid HES for distributing
the study region’s essential energy demand. Depending on
the information supplied, the proposed design is simulated
with HOMER Pro software. After hourly simulation, al-
ternative cost parameters and size confgurations are ob-
tained, as seen in Figure 10. Four diferent confgurations are
suggested, with the results of each confguration
analyzed below.

Start

Set initial gopt = ∞

for i = 0:7

Predict voltage vcαβ (k+1)

Predict voltage vcαβ (k+2)

Calculate cost function ginv

ginv < gopt?

ginv = gopt, opt = i

i = 8?

Yes

Yes

No

No

Stop

i=i+1

Disturbance Observer

Real Time Measurement of ioαβ (k), ifαβ (k), vcαβ (k)

Figure 9: Te fowchart of the implemented FCS-MPC algorithm.

International Transactions on Electrical Energy Systems 7



6.1. Confguration 1: PV-WTG-DG-FC-BATT. In confgu-
ration 1, the distribution of energy sources for providing the
necessary energy demand in the study region included PV,
FC, DG, battery, and WT generators, as illustrated in
Figure 10(a). Te system’s various ratings were 2.75MW,
250 kW, 25 kW, 3200 numbers of 1 kWh, and 115 numbers
of 10 kW, respectively, with an estimated energy demand of
5,965,198 kWh/yr.

6.2. Confguration 2: PV-WTG-DG-BATT without Fuel Cell.
PV, DG, battery, and WTGs are all considered in confg-
uration 2, as illustrated in Figure 10(b). Te system sizes of
considered PV, DG, battery, and WTGs were 2.75MW,
25 kW, 3200 numbers of 1 kWh, and 115 numbers of 10 kW,
with a total energy consumption 5,425,165 kWh/yr.

6.3. Confguration 3: PV-DG-FC-BATT without WTG.
PV, DG, FC, and battery systems are all considered in
confguration 3, as illustrated in Figure 10(c). Te system
sizes of PV, DG, FC, and battery systems were 2.75MW,
25 kW, 250 kW, and 3200 numbers of 1 kWh correspond-
ingly, with a total energy consumption 4,685,167 kWh/yr.

6.4. Confguration 4: PV-DG-BATT without WTG and Fuel
Cell. In confguration 4, PV, DG, and battery systems are
taken into account here, as shown in Figure 10(d). PV, DG,
and battery system sizes were 2.75MW, 25 kW, and 3200
numbers of 1 kWh, respectively, with an estimated energy
demand of 3,455,324 kWh/yr.

6.5. Breakdown of Cost. Te net cost estimation of all the
components of confguration 1 is illustrated in Figure 11.
Te lead-acid battery has the greatest net cost of Rs.
1,014,869,656, while FC has the least net cost of Rs.
2,803,456.78. Figure 12 depicts various confgurations’ NPC,
COE, and operational cost optimization fndings.

6.6. Generation of Electricity per Year. Figure 13 depicts
monthly energy production for HRES during the scheduled
period.Te annual energy produced by theWTs, PV system,
DG, and FC is 1,919,480 kWh/yr, 4,845,216 kWh/yr,
90,343 kWh/yr, and 1,469,306 kWh/yr, correspondingly.

Te modelling proposal developed as a result of this
research facilitated the simulation of the performance of an
HRES case study integrating PV, WT, FC, DG, and batteries
in VIT, Vellore, respectively. With the RESs considered, the
evaluation is to identify the optimal one out of four con-
fgurations. Iterative results of specifc components are
shown in Figure 14.Te optimization has been acquired with
confguration 1 with minimal operating cost.

Figure 15 depicts the randomly chosen seven-day energy
production and consumption scenario during the HMG’s
one-year operational period. Figure 15 examines the load,
battery, fuel cell, and PV power generation. Figure 16 depicts
the energy used over the course of seven days by DC and AC
loads separately. Figure 16 also shows the overall amount of

renewable energy that is obtained from the HMG. Table 1
shows the COE of the four scenarios that were analyzed and
optimized in the HOMER system.

Figures 17 and 18 depict the output power of an inverter,
rectifer, solar panel, and wind turbine at various hours of
the day in relation to its capacity and generation over various
months of the year. Te microgrid’s storage system, which
consists of a fuel cell and a battery, is where excess solar and
wind energy is stored. Te battery has a responsibility
throughout the year as a backup resource. In times of need
and insufcient power, the battery produced electricity.
Figure 17 shows the output of the inverter and rectifer with
2,664,657 kWh/yr and 226,705 kWh/yr. Te losses for this
inverter and the rectifer are 140,245 kWh/yr and
11,932 kWh/yr. Similarly, for the 24 hours in a day in the
case studies of VIT and Vellore, respectively, Figure 18 il-
lustrates the PV and WTpower output year-round. In MG’s
storage system, which is made up of a fuel cell and a battery,
the excess energy produced by solar and wind power is
stored. Figure 18(a) makes it clear that the PV panel runs
from 6 a.m. to 6 p.m. (during the day) at a levelized cost of
Rs. 7.63/kWh while the WT operates continuously
throughout the day (24 hours) at a levelized cost of Rs. 13.4/
kWh.

6.7. Emissions Generated from the Proposed System. To
achieve CO2 emissions, no expenditures are taken into
account in this analysis. Table 2 lists the harmful emissions
produced by RESs in confguration 1, in which CO2 emis-
sions are the highest and particulate matter emissions are the
lowest in the listed emissions.

7. Future Scope of the Research

Future SG implementation will require rectifying techno-
logical, fnancial, and environmental issues. One of the most
crucial ones is ofering a high level of protection in both grid-
connected and islanded modes of operation. Intelligent
coordination across the communication, control, and pro-
tection areas is required to develop hybrid AC/DC MGs as
an integral component of SGs. It will be vital for these three
felds to grow simultaneously in MGs.

7.1. Development of Communication Infrastructures. By
enabling a two-way link between network components and
the management unit, communication technologies are
crucial to the operation of MGs. Home area networks
(HANs), feld area networks (FANs), and wide area net-
works (WANs) are the three basic clusters into which the
communication networks in an MG can be divided. Using
bidirectional communications between the customers’
electrical equipment and smart metres, which typically have
a bandwidth of between 10 and 100 kbps, HANs are widely
used to provide customers with information about their
electricity consumption. HANs can use various communi-
cation technologies, including Bluetooth, Zigbee, and Wi-Fi
[32, 33]. Te acquired data from smart metres must be sent
to the control centre via HANs and FANs. Wi-Fi, WiMax,
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radio frequency (RF), power line communication (PLC),
general packet radio service (GPRS), and Enhanced Data
Rates for GSM Evolution are among the communication
technologies that can be used in FANs [34]. WANs are large-
scale networks that enable two-way communication between
MGs and the main grid. Tey can also be used as external
networking devices to replenish information operators. Te

most popular technology for these networks is WiMax
because of its broad coverage [35].

7.2. Development of Integrated Control and Protection
Strategy. Future hybrid AC/DC microgrids can efectively
address the following issues by combining control and
protection schemes: (a) self-healing, which refers to the
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Figure 10: Proposed HRES. (a) Confguration 1. (b) Confguration 2. (c) Confguration 3. (d) Confguration 4.
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ability to quickly restore resilience of the power system in
response to short-circuit conditions [36], (b) low-voltage
ride through, which is defned as the ability of generators

to remain connected in brief periods of lower electric
network voltage, and (c) driving current to zero before it
reaches zero. Nevertheless, integration with
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Figure 11: Net cost summary of the component.
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communication and information infrastructures is
necessary for the formation of combined control and
protection strategies.

7.3. Development of Smart Control and Protection Devices.
In past years, solid state transformers (SSTs), one of the most
innovative technologies, have received a lot of attention [37].
In addition to having the capacity to step up or down voltage

levels, SSTs, which are made up of high-power semi-
conductor components, high-frequency transformers, and
control circuitry, can also ofer the following benefts: power
fow can be managed, AC and DC connections are available,
short-circuit currents can be limited, and switching among
MG operating modes is simple. Furthermore, employing
SSTs in hybrid AC/DCMGs of the future requires additional
economic and reliability evaluation.

Figure 14: Optimization results using HOMER.
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Figure 15: Hourly operation of electrical sources according to HOMER.
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Figure 16: Hourly operation of both AC load and DC load according to HOMER.

Table 1: Hybrid confgurations and COE.

Sl. No Confguration NPC (billion Rs/kWh) Operating cost (million
Rs/kWh) COE (Rs/kWh)

1 PV-WTG-DG-FC-BATT 1.92 83.7 24.91
2 PV-WTG-DG-BATT 1.93 83.9 27.88
3 PV-DG-FC-BATT 2.19 96.8 28.41
4 PV-DG-BATT 2.21 97.5 28.69
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Figure 17: (a) Inverter output and (b) rectifer output.
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8. Conclusion

According to techno-economic analyses conducted using
HOMER and MATLAB along with FCS-MPC of an ILC to
meet the electrical needs of VIT in Vellore, Tamil Nadu,
a stand-alone HRES with confguration 1 is ofered as the fnest
and most economically feasible system. Te design of a system
operating strategy considers several issues, including source
allocation, economic comparisons, energy demand estimation,
and system emissions. In addition, the HOMER Pro software
was used to test four diferent HES confgurations. Four
confgurations, namely, (1) PV-WTG-DG-FC-BATT, (2) PV-
WTG-DG-BATT without fuel cell, (3) PV-DG-FC-BATT
without WTG, and (4) PV-DG-BATT without WTG and fuel
cell, were analyzed. Based on the total NPC and COE in the
study region, these four confgurations are investigated and
evaluated. To begin, the four HRES combinations are assessed
using HOMER. Te frst of these confgurations yields the
lowest NPC and COE of Rs. 1.92 billion and Rs. 24.91, re-
spectively. In addition, CO2 emissions are examined.
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