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Abstract: - Due to advantages such as abundant energy sources, environmentally friendly perspectives, and
straightforward power extraction, there has been increasing research on integrated microgrids incorporating
photovoltaic (PV), wind, and biogas systems. Efficient utilization of renewable energy sources (RES), backup
distributed generators (DGs), and storage devices within the microgrid is essential to meet power demands.
Consequently, Energy Management Systems (EMS) have been introduced to microgrids, focusing on monitoring
various energy resources and regulating energy consumption at specific locations. In this manner, the EMS
effectively coordinates the integrated DGs within the microgrid to ensure optimal power supply to loads with
minimal operational costs. The aid of decision-makers lies in comprehending a location’s strengths and constraints,
enabling them to regulate usage effectively. To enhance productivity, all potential distributed generators (DGs)
must be integrated into the microgrid and optimized. Despite numerous global research efforts in devising energy
management systems, certain challenges persist. Ensuring a microgrid provides reliable, high-quality power is
demanding, primarily due to geographical dispersion, restricted availability of distributed resources, and the
seasonal and intra-day variability inherent in renewable resources. Managing a microgrid becomes intricate given
these factors.
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1 Introduction such as a hospital, school, university, or military base.

A microgrid is a small-scale power-generating system However, a single-generation system, often known as

that supplies the electricity needed locally. The first a nano-grid, is any power production system that
microgrid in the United States was a 64 MW plant supplies a single building, whether it is commercial,
built at the Whitling Refinery in Indiana in 1955, mfiustrl:e'll, or residential, [2]. The initial goals of -the
according to [1], however, the idea behind microgrids mlcrogrld 1deg were to addrgss _energy  scarcity,
dates back much further. Beginning in the late 1700s, improve the integration of distributed renewable
the microgrid idea uses a tiny local power generating energy sources, and reduce the .enV1r0nmental impacts
system to fulfill demand measured in kilowatt-hours. of traditional power production systems, such as
A decentralized power production and storage system, greenhouse gas emissions and carbon footprint.
able to balance supply and demand and provide El.ect.rlfylng rural _ areas, effectlve.ly. integrating
dependable service within its boundaries, should be a Distributed Generation (DG), and relieving pressure
feature of every conventional microgrid. Although on the transmission and distribution systems by
there isn't a set minimum or maximum size for a producing electricity where it is required are other
microgrid, it should be big enough for a small town, incentives, [3], [4]. By offering an efficient platform
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for integrating and monitoring the DG sources,
microgrids may be defined as the conversion of the
conventional power generating system into a more
dependable, less carbon-intensive, and cost-effective
energy system. Being a scaled-down version of the
main grid, the microgrid also offers closer proximity
between the source and consumption of electricity,
increasing efficiency and lowering transmission
losses. Renewable energy sources including solar,
wind, small hydro, geothermal, waste-to-energy, and
combined heat and power systems can all be
integrated into a microgrid. Based on how they
operate, microgrid technologies may be divided into
two categories: (i) stand-alone or decentralized
modes, and (ii) grid-connected or centralized modes
[5], [6]. The goal of this research project is to assess
the local potential of renewable energy sources, such
as solar and wind power, and to suggest an integrated
energy management system that would enable
microgrid operations to be highly reliable and low-
maintenance. To achieve this, the following objectives
are defined:

I.  Using the meteorological information that is
currently available, create a model for
mapping and forecasting the local potential
for solar and wind energy.

II.  Estimate ideal land available in the regions
with higher renewable energy potential for the
installation of solar fields and wind farms and
develop a generalized methodology for solar
field and wind farm layout to maximize the
power generation.

Investigate an integrated renewable energy
system for stand-alone microgrid operations.

III.

The goal of this paper is to design an energy
management system that takes into account locally
accessible renewable energy sources for microgrid
operations at the local scale. The goal of microgrid
development is to reduce greenhouse gas emissions
while meeting the energy needs of the present and the
future with high dependability and minimal cost in
[7], [8]. The paper defines the process for accurately
assess the potential for renewable energy, settling the
best location for installing an energy system, and
maximize the use of available energy resources. A
new area is select for the arrangement of IRES, and
the method used in this study can also be applied to
other locations with locally acquirable renewable
energy resources and energy desire.
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2 Microgrid Architecture

2.1 System Configuration

An endeavor has been created to model Photovoltaic
Solar and Wind Power as Distributed Generation
power sources with energy storage system are
interconnected to the grid in Figure 1 and the system
is tested through the HOMER pro software. This
software simplifies the examination of multiple
configurations of the whole system, considering
different capacities for each component. These
configurations were appraised to determine their
capability to execute the load requirements. The
HOMER Pro software was employed to generate a list
of viable configurations capable of meeting the
demand, which were then organized based on
economic indicators such as the Levelized Cost of
Energy (LCOE) and Net Present Cost (NPC).

AC e

Fig. 1: Proposed microgrid with control system

2.2 Modelling Of Photovoltaic System
The calculation for the AC output of a
photovoltaic panel be expressed as follows:

I:)PV (t) = A><77>< NPV X |”(t)><77inv x 1:temp (1)

where A denotes the panel's area, n denotes panel
efficiency, Irr stands for global horizontal irradiance
(GHI) expressed in W/m2, and nin stands for inverter
efficiency. is the derating factor caused by the
temperature that modifies the output power of a PV
panel. It's computed as

ftemp =[1—a(' =Ty )] ()

where, I' is the module temperature which is
calculated as
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=T +0.035Irr(t) 3)

where T is the atmospheric temperature.

The monthly predicted solar radiation was
compared with the measured values and plotted for
two test locations (T1) and (T2) in Figure 2. The
result indicates better fitting of value, and prediction
for each month is very near to actual value for all test
locations.
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Fig. 2: Comparison between measured values and
predicted values of solar radiation for two test
locations (T1) and (T2) in a year

2.3 Modelling Of Wind System

Temperature, pressure, and relative humidity are the
three meteorological characteristics that have been
considered in order to examine the impact of various
components on wind speed prediction.

Pwind=0.5-p-A-Cp-V3 (4)

Where A is the swept area of the wind turbine
blades, V is the wind speed, Cp is the power
coefficient, which indicates the turbine's efficiency,
and Pwind is the power taken from the wind.

Figure 3(a) and Figure 3(b) represented measured
and predicted value of wind speed for two test
locations (T1) and (T2). The result shows a closer
approximation between measured and predicted
values of wind speed. As it can be seen in the Figure
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3(a) the predicted values of wind speed follow the
trend and are reasonably close to the measured values
of wind speed.
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Fig. 3: Comparison of measured values and predicted
values of wind speed for two test locations (T1) and
(T2) in a year

The analysis focuses on wind turbines with a
capacity of 3 kW from Diamond Engineering
Enterprises, India, characterized by a capital cost of
Rs. 50,000/-. The predicted monthly mean wind speed
is based on the methodology. Power generation profile
of a chosen wind turbine is shown in Figure 4.

Power Outpat (kW)

Wind Speed (mv's)

Fig. 4: Power output Vs wind speed

2.4 Modelling Of Battery Energy Storage
System (Bess)

For the battery bank in our investigation, we use

gelled electrolyte-sealed batteries, a particular kind of

valve-regulated lead-acid (VRLA) battery. There is a

connection between the PV panel's output power, the
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load demand at time t, and the battery bank's state at
hour t. A valve is built into every VRLA battery cell
to keep airborne oxygen out and let out any gas
produced during overcharging. Lead acid-sealed
batteries are another name for these VRLA batteries.
In [9], [10], [11] configuration, batteries are connected
in both series and parallel to establish the battery
bank. The total number of batteries is determined by
an Equation which accounts for the arrangement of 83
batteries in series and 48 batteries in parallel.

Every hour, the battery's charge state is updated
by the power that is being charged and discharged.
Equation of charge:

SOC(t) = SOC(t — 1) x (1 - &) + 7 2 )
Char XV
SOC(t) = SOC(t — 1) x (1 - &) — yen CPba_tit\)/ ©
bat

SOC(t) and SOC (t -1) are the state of charge of the
battery at hour (t) and (t -1), respectively, ¢, = the

capacity of the battery at hour t hour,
Np =NgxNp (7

Ns is the number of batteries in series, Np is the
number of batteries in parallel, and Ny is the total
number of batteries.

V is the nominal battery voltage, o is the
discharging factor (2.8%) per month, me is the
charging efficiency (97%), and naen is the discharging
efficiency (94%). The battery power exchanged
during the simulation is plotted in Figure 5.
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Fig. 5: Power exchange from the battery

2.5 Modelling Of Load

The monthly average electrical energy demand of
khordha village, is presented in Figure 6(a). Also,
Figure 6(b) shows the hourly load profile for June,
which has the maximum energy demand in the year.
To develop and analyze IRES at the study location,
the electrical energy demand of 100 households along
with the energy demand at a medical center and a
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school is considered, which have an approximate
yearly energy demand of 317 MWh.
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Fig. 6: Annual and hourly load profile for Khordha
district (2023)

3 Energy Management System

To reduce the cost of the energy supply in both modes
of operation, the ideal combination of power
generation from various generating sources is
required. Energy management systems handle the
ideal blend of power generation (EMS). To guarantee
the dependability of the energy supply, the EMS
advises the operator on how to use the system power
efficiently. It is a supply-demand balance, which
forms an optimization problem. When this problem
considers real-world constraints, rather than just an
abstract mathematical function, it becomes more
complex, [12]. The size of the microgrid varies with
applications, however, it is designed/operationalized
to match the supply 13 demand requirements. For
efficient implementation of EMS, it would be
beneficial to have a unified communication interface.
In [13], [14], A typical approach adopted in the sizing
of energy management systems is presented in Figure
7.

Volume 23, 2024



WSEAS TRANSACTIONS on CIRCUITS and SYSTEMS
DOI: 10.37394/23201.2024.23.11

Meteorological Load Specification
Input | dempand of system
J \ -

"
’_"{ Configuration of proposed system ]

]

Optimal configuration with maximum
power reliability and minimum cost

t

No

Optimized
Combination?
.

—

Select result

Fig. 7: Typical approach adopted in sizing of energy
management systems

4 Problem Formulation

The innovative energy management system assists in
assessing the viability of each scenario through the
implementation of an economic analysis. This
analysis encompasses economic factors, including the
Levelized Cost of Electricity (LCOE) and Net Present
Cost (NPC) in [15], [16]. The LCOE is computed
using Equation (8) in units of Rs/kWh.

LCOE = (Cann,total—Cboiler Hserved)

Eserved ®

In this context, where Cann, the total represents the
total annual cost (Rs/yr.), Cooiler signifies the marginal
cost of the boiler (Rs/kWh), Hserved stands for the
overall thermal load served (kWh/yr.), and Eserved
denotes the total electrical load (kWh/yr.). Our study
employs the Social Group Optimization technique to
identify optimal solutions, maximizing the objective
function, as outlined in [17], [18]. The objective
function in this case is the analysis of the financial
benefits associated with Integrated Renewable Energy
Systems (IRES).

where CB is the financial benefit which can be

calculated as follows:
365 24

CB =) benf (d,t)

d=1 t=1

(10)
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benf (d,t) = price(d,t) x Pyiq(d,t) (11)
where benf is the hourly financial benefit, Pgyrig is the
hourly power transacted between the utility grid and
the microgrid.

5 Simulation Results

Hourly solar irradiation data for the year 2023-24 in
Khordha, Odisha, serves as the input for the
simulation. The MATLAB platform is utilized for
conducting the simulation. To address the
optimization problem, a Single-Objective Social
Group Optimization (SGO) algorithm has been
applied. The parameters of the SGO algorithm are
detailed in Table 1.

Table 1. Parameters of Sgo

Dimension of the problem, D 50
Population Size, N 50
Maximum Iteration, it€rmax 270
Limit [0,20]
Self-introspection parameter, ¢ 0.26
5.1 Comparison of Scenarios and IRES

Analysis
Figure 8 depicts the comparison of the optimal
choices in each scenario concerning Net Present Cost
(NPC) and Initial Capital Cost (ICC). Meanwhile,
Figure 9 provides a comparison of the Levelized Cost
of Electricity (LCOE) among all considered scenarios,
each representing the best combination.
Scenario A: wind + diesel + li-ion battery + AC-DC
Scenario B: PV + diesel + li-ion battery + AC-DC
Scenario C: PV + wind + li-ion battery + AC-DC
Scenario D: wind + fuel cell + electrolyzer +
hydrogen tank + DC-AC
Scenario E: PV + fuel cell + electrolyzer + hydrogen
Tank + DC-AC
Scenario F: Biogas generator
Scenario G: PV + wind + li-ion battery + diesel+
biogas + DC-AC

In Scenario A, where wind turbines are utilized,
both LCOE and NPC experience an increase due to
the turbine's dependency on favorable wind
conditions, rendering them ineffective during low
wind speeds. Conversely, Scenario B exhibits lower
LCOE and NPC values, attributed to the greater
reliability of PV panels and the reduced variability in
solar radiation compared to wind speed in
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Bhubaneswar, Odisha. In Scenario C, where a
combination of wind turbines and PV panels is
employed, there is a slight increase in LCOE and
NPC. Scenarios D and E introduce fuel cells alongside
wind and PV systems, resulting in considerably higher
LCOE and NPC values. This is attributed to fuel cell
technology being relatively new and necessitating
further development as an alternative solution. Thus,
these scenarios (D and E) are regarded as futuristic.
Scenario F, featuring a biogas generator, emerges as a
promising energy resource, displaying the lowest ICC
among all scenarios. However, due to limited
resources, the biogas generator falls short of meeting
the total energy demand. Scenario G (Integrated
Renewable Energy System - IRES), which integrates
various renewable energy sources into a microgrid,
boasts the lowest LCOE and NPC. Figure 8 illustrates
the contribution of different renewable energy sources
in meeting energy demands, with 85% met by PV
panels, followed by 11% and 4% from biogas
generators and wind turbines, respectively. This
underscores that the PV system is the most
economical and feasible option for power generation
in the Khordha district.

(0
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ENAC wnitial Capetal Comt

Fig. 8: Comparison of all scenarios based on NPC
and ICC

LOCOE (KokWh)

Scenanis

Fig. 9: Comparison of LCOE in all scenarios
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Scenario 'C in Figure 8 and Figure 9 was devised
to examine the feasibility of meeting electrical
demand solely through the combination of PV and
wind with a battery, excluding the use of a diesel
generator. This configuration utilizes both wind and
PV, resulting in a renewable energy fraction of 100%.
However, the LCOE for this scenario stands at Rs.
20.75, which is comparable. Still, it has an NPC of Rs.
8.41 crores and an ICC of Rs. 6.81 crores, rendering it
economically less competitive.

5.2 RES for Microgrid Operation

An Integrated Renewable Energy System (IRES) was
developed for a microgrid system to fulfill the
electrical demand of Khordha village, focusing on the
energy requirements of 100 existing houses. The
analysis incorporated various energy generation units,
including photovoltaic (PV), wind, and biogas,
coupled with energy storage units such as batteries.
Seven scenarios, encompassing both realistic and
futuristic options, were formulated with diverse
combinations of energy sources and storage systems
in Table 2. These scenarios were assessed using
HOMER Pro software, considering their Levelized
Cost of Energy (LCOE) and Net Present Cost (NPC).
The futuristic scenarios involved Valve-Regulated
Lead-Acid (VRLA) batteries in conjunction with wind
and/or solar generation systems. The optimal futuristic
scenario exhibited a maximum LCOE of 63.64 Rs.
/kWh. In contrast, the realistic scenarios utilized PV,
solar, wind, and biogas as generation systems, with
the lowest LCOE recorded at 14.49 Rs. /kWh, as
depicted in Figure 9.

Table 2. Analysis of Different Scenarios

Scenarios COE NPC ICC RE (%)
(Rs/kWh) | (Cr. Rs) (Cr. Rs)
A 41.78 17.10 1.10 27.39
B 16.62 5.56 3.61 87.32
C 20.74 8.41 6.81 100
D 63.64 25.89 11.43 23.64
E 62.1 25.26 14.8 39.8
F 20.04 8.18 1 100
G 14.49 5.91 4.57 100

6 Conclusion

The study underscores the cost-effective power
generation aspect, indicating that the optimal number
of wind turbines decreases with an increase in wind
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speed for a given size of the wind farm. Furthermore,
a 30 m x 40 m solar field in Khordha district can
generate 1.2 MWh/day with an average solar radiation
of 5.26 kWh/m?/day, capable of meeting the energy
demand of 100 households. In the investigation of
seven different Integrated Renewable Energy System
(IRES) scenarios, it is determined that the IRES
combining PV, wind, and biogas achieves a Levelized
Cost of Electricity (LCOE) of 14.46 Rs/kWh without
subsidies or policy interventions. The feasibility
analysis, considering policy interventions and carbon
abatement costs, results in a reduced LCOE of 8.6
Rs/kWh, establishing it as a sustainable option for the
study region. The application of Social Group
Optimization (SGO) is proven to be a fast, efficient,
and reliable method for solving the optimization
problem.
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