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ABSTRACT This paper examines the perspective of developing a model for a microgrid to optimize the
utilization of local clean energy sources for a grid-connected. The suggested model for a microgrid includes
clean energy sources employing wind turbines and Photovoltaic (PV) systems and diesel generators, the grid.
This model is examined with Hybrid Optimization of Multiple Energy Resources (HOMER) software. The
capacity of the suggested micro-grid model is simulated according to the load profiles and the accessibility
of the resources. The basic objectives of energy management are to reduce costs and reduce harmful
emissions. The microgrid model with the greatest capacity produced the lowest energy costs, depending
on the simulation results, the most significant reduction in CO2 emissions, and the greatest percentage of
renewable energy.

INDEX TERMS HOMER, hybrid energy system, energy management, CO2 emissions, sustainability,
renewable energy, photovoltaic (PV) energy, wind energy.

I. INTRODUCTION
The term ‘‘microgrid’’ refers to a collection of power pro-
duction equipment and loads that are controlled in a separate
network that may work in combination with the electric grid
or independently of it. The operational viewpoint guaran-
tees the microgrid’s sustainability even while part of the
sources exits the generating cycle. Through the application of
Energy Storage Systems (ESSs) and electricity supplying the
power network, excess generation is controlled. Microgrids
may have built-in electrical capacity that can range from
just a few kilowatts to megawatts. Declining fossil fuel sup-
plies, and deteriorating network structures have encouraged
researchers intomicrogrids and grid enhancements. The basic
elements of microgrids are: (i) microgrid controllers, which
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are in charge of local and distributed control operations, (ii)
distribution energy resources (DERs) such as conventional
rotating machines and RESs like Combined Heat and Power
(CHP) plants, fuel cells, solar, and wind (iii) technologies
for separation and protection at the Point of Common Cou-
pling (PCC) [1], [2], [3], [4], [5], [6], [7], [8]. Figure 1
shows the simplified microgrid architecture which contain
DC and AC bus and each bus fed by different feeders AC
bus contain the grid and wind turbine, diesel generator,
AC load DC bud contain DC/DC converter and DC load and
battery.

An extensive automated and 24/7 system called an Energy
Management System (EMS) operates throughout a system
for distributing electricity to schedule and manage DERs
and controlled loads in the best possible way. Monitoring,
grid details, handling of data and control are all pro-
vided by the EMS for all controlled DGS and ESS of a
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FIGURE 1. Simplified microgrid architecture.

microgrid [9], [10]. The primary duties of an EMS in this
situation are [11], [12]: (i) increasing system resilience by
maximizing each customer’s energy availability, (ii) reduc-
ing energy waste, operational expenses, and greenhouse gas
emissions, (iii)maximizing the usage of clean energy sources,
and (iv) reducing the amount of electricity purchased outside
of the microgrid.

A standard EMS involves entering information like pre-
dictions of non-dispatchable generating units (i.e., renewable
resources), estimates of power and heat demands, and
predictions of energymarkets, operational, security, and relia-
bility [13], [14]. The goals of these activities include reducing
the microgrid’s total running costs, system pollutants, and
losses, as well as power quality, all of which are decreas-
ing [2].

Consequently, as shown in Fig. 2 [15] the EMS pro-
vides output data at three different levels: load level
(load shedding or curtailment), DERs level (dispatch
or connection/disconnection scheduling), and utility level
(import/export of power from/to the main grid). Figure 3
depicts the generalized structure of EMS modules, each with
its own functionality and information exchange, which might
make up an EMS [16].

Several researchers have studied energymanagement using
various methods; however, they have concentrated on iden-
tifying the oldest and most efficient microgrid operation.
A few researchers used many strategies to handle the con-
trol of energy problems and obtain the best microgrid
functioning.

Alternative storage and demand-based integration solu-
tions for renewable energy systems have been examined in
other recent articles [17].
This concentrates on two important topics: maximizing

the use of storage; and improving consumer activity. In their
review, the authors in [18] and [19] looked at EM techniques

FIGURE 2. Input-output parameters of EMS.

FIGURE 3. Generalized structure of an EMS.

for combined natural energy sources. The proposed strategy
in this paper is a mixed-generation clean energy system (more
than one renewable source) using a battery as a storage (or
diesel generators) due to considerable dependence on cli-
matic andmeteorological factors [20]. Hybrid energy systems
are widely used to expand the grid to deliver electricity for
a wide range of applications [21], [22]. These mixed sys-
tems typically provide the best stability and cheapest prices
when compared with systems that just utilize a single power
source [23], [24].

Following is how the remainder of the paper is structured:
Section (I) is an introduction, Section (II) describes the study
location and forecasting load and resources of the proposed
micro-grid models. The mathematical model of the compo-
nents is discussed in Section (III) of this paper. Section (IV)
presents the results and discussion of the study. Section (V)
introduces the limitations and future work. Finally, the con-
clusions are discussed in Section (VI).

VOLUME 12, 2024 19501



M. Abdelsattar et al.: Energy Management of Microgrid With Renewable Energy Sources

II. STUDY LOCATION AND FORECASTING MODEL
The region of study is located in Hurghada, Red Sea, Egypt.
It extends geographically over the southeastern part of Egypt
and lies between 270 5.5’ N latitudes and 330 49.7’ E
longitudes.

The EMS requires important information about load usage
and weather predictions [6]. The climate information is uti-
lized for predicting the production of energy from renewable
sources, and the demand consumption information allows
the EMS to specify the operation of the DGS and ESS. The
reliability of the predicted data is crucial to the microgrid’s
functionality [25].
Due to the insufficient spinning reserves of online sys-

tems, grid operation, and stability may be jeopardized if
the load-consuming or producing statistics have been over-
estimated. On another hand, if the amount of demand or
generation is overstated, several units are sent out, which will
raise the cost of operation. Generally speaking, the peculiari-
ties of the approach employed by the appropriatemodule limit
the accuracy of the load utilization, and climate predictions
are calculated. Some of the best forecasting systems produce
prediction errors in the range of 5 to 15% [26]. Some pre-
requisite information for the 24-hour management of energy
must be planned ahead of time. The details are as follows:

• Hourly predicted load for the following day;
• Hourly wind and PV generation estimations;
• The price operates, characteristics, and power limita-

tions of DERs.

Where all the data used, such as loads, solar radiation, wind
speed, temperature, and other data, are from a real state of
affairs.

A. ELECTRICAL LOAD PROFILE
The nature of the electrical load is affected by the devices and
operations used. For one hour every day, the power analyzer
equipment is used to directly measure the electrical load.
An inventory of existing loads and the load capacity have
been determined by reading the power meters every hour to
establish a daily load profile as shown in Table 1.

B. RESOURCES
Information about the radiation from the sun and the wind
speeds can be found on the HOMER Energy Website, which
uses the National Aeronautics and Space Administration
(NASA) Surface meteorology and Solar Energy (SSE) World
data set [27], [28]. Information about the radiation from the
sun and the wind speeds is obtained by inputting the study
location latitude, longitude, and time zone into the HOMER.
The climatic conditions affect the amount and the ability
of renewable energy sources such as wind and solar at a
specific location. Climate factors are the temperature of the
environment, sunlight irradiation, and the velocity of wind.
Figure 4 illustrates load profiles for the day, season, and year
using Hybrid Optimization of Multiple Energy Resources
(HOMER) software.

TABLE 1. Daily load.

An investigation of the features of solar radiation and wind
conditions at a potential site should be done at the stage
of genesis to enhance the utilization of the wind and solar
resources of energy for the performance simulation of these
systems, weather information with hourly solar irradiance,
temperature, and wind velocity is necessary.

The HOMER provides the global weather data as shown in
Figures 5-7.

III. MODELING OF HYBRID ENERGY SYSTEM
COMPONENTS
The mathematics model of the elements of hybrid systems
of energy is explained here before moving to computer sim-
ulation. The suggested system includes a utility subsystem,
a PV subsystem, a diesel generator unit, and a wind energy
subsystem.

A. PV POWER GENERATION MODEL
HOMER calculates the PV electricity generated by Eq. (1)
[29] as follows:

PPV = fPV ∗ yPV ∗
It
Is

(1)

where: f PV is PV’s derating factor, yPV is the PV capacity
rating (KW), is solar radiation (KW/m2), and is 1 kW/m2 (the
typical quantity of radiation). PV arrays are connected in a
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FIGURE 4. Load profiles for the day, season, and year.

FIGURE 5. Solar irradiance and cleanness index.

series and parallel configuration. HOMER should include the
capital cost per KW, which includes the cost of getting solar
panels, installing panels, controllers, cables, and setup. The
lifespan of the solar module is specified by the specification,
which is 25 years [30].

B. WIND GENERATOR MODEL
Hourly energy generated, EWEG by wind generators with
rated power output PWEG is defined by Eqs. (2) and (3) [21].

PWEG(t) =
1
2
ρWindA× V 3

× CP(λ, β) × ηt × ηg (2)

EWEG(t) = PWEG∗t (3)

where: ρWInd is the density of the air, A is the module’s
surface area in m2, v is the wind velocity (m/s), Cp is

the performance coefficient, ηt is wind turbine efficiency,
ηg is generator efficiency, PWEG is wind turbine-generated
electricity, EWEG is the amount of energy generated by a
wind turbine every hour [30]. Cp isn’t fixed, but changes by
velocity, turbine rotational velocity, and rotor blade details
such as angle of attack and pitch angle. In general,Cp is stated
to be an indicator of the ratio of the tip speed λ and the blade
pitch angle β.

C. DIESEL GENERATOR MODEL
The energy generated EDEG by a diesel generator with rated
power output PDEG is defined by using Eq. (4).

EDEG(t) = PDEG(t) ∗ ηDEG (4)
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FIGURE 6. Monthly average wind speed.

FIGURE 7. Monthly average ambient temperature.

The diesel generator is constantly operated between 80 and
100% of its kW rating for optimal performance and effi-
ciency [31].

D. UTILITY GRID MODEL
Thermal power plants that serve as a source of electricity
for the grid emit gases including CO2, N2O, SO2, NOx,
CH4, and others during normal operation. CO2 emissions are
among those that have the most impact on global warming.
As a result, the current research exclusively considers CO2
emissions. Based on the emission coefficient and the amount
of electrical energy generated by each power plant, the grid
system’s emission coefficients are computed [32], [33].
The emission coefficient can be calculated by Eq. (5) as

follows:

Emission cofficient of grid =

∑n
i=1 ECi × KWhi∑n

i=1 KWhi
(5)

where: EC i is the power plants’ emission coefficient to-i
(kg/kWh) and KWhi is power plant production to-i KWhi.

IV. RESULTS AND DISCUSSION
A. STUDY OF A BASE CASE
The current state of our network before adding any DER,
which is just loads fed from the grid only, Electrical consump-
tion is 18229 kW/day and the peak is 1417 kW as shown in
Fig. 8 obtained from HOMER.

Some of the important results such as energy consumption
and annual energy purchase and sold to the grid, production
of renewable energy sources obtained byHOMER’s program.

Figure 9 shows the annual energy consumption obtained
from HOMER.

Table 2 shows the energy purchased per month, the price
of energy per month, the peak demand every month, the peak
loads are high, and the cost of energy purchase.
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FIGURE 8. Base case (load connected to grid).

FIGURE 9. Yearly consumption of energy.

TABLE 2. Energy purchase and energy price.

The annual energy purchased from the grid is
6,655,045 kWh and the annual energy sold to the grid is
0 kWh.

Table 3 shows the quantity of emissions measured in kilo-
grams from the grid each kilowatt consumed is obtained from
HOMER, the amount of emission is very large.

B. THE PROPOSED MICROGRID
The proposed microgrid contains solar, wind, diesel, and
grid. This would reduce operating costs and emissions. The
network after adding DER is shown in Fig. 10.
This would reduce the operating costs to -$2.90M/yr. the

investment has a payback of N/A years and an internal rate of
return of N/A as shown in Table 4.

TABLE 3. Emissions from energy consumption.

FIGURE 10. Proposed Microgrid.

TABLE 4. Total cost analyses.

Total cost included initial cost and installation cost, opera-
tion and maintenance cost and replacement cost.

All of the component combinations supplied in the com-
ponent input are used by HOMER to simulate system
configurations. To achieve the most excellent results possi-
ble match between supply and demand, HOMER performs
a large number of hourly simulations and provides a list
depending upon the Net Present Cost (NPC), practical strate-
gies. The objective of this simulation is to ensure that the
electric power generation is able to meet the demand by deliv-
ering an adequate amount of electricity. This is achieved via
the utilization of a specific technique. To ascertain whether
the systemwas feasible, the grid and diesel generators worked
together with renewable energy sources. The system can also
be modelled to assess its operational options, which include
yearly electrical energy generation, annual electrical load
serviced, excess power, and pollution.

Fig. 11 shows the cash flow of energy consumption over
the project lifetime (25 years), in addition, the graph shows
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FIGURE 11. Cash flow of the energy consumption over the project
lifetime (25 years).

FIGURE 12. Energy production from microgrid sources.

the comparison of the cash flow of the current system and the
proposed system.

From Fig. 11, the current system is very expensive com-
pared to the proposed system. The proposed system offers the
desired economic solution for only 25 years, where the cost
in recent years has increased due to the replacement process
of dissolution of the system.

Figure 12 shows the energy production from microgrid
sources.

This microgrid requires 25170 kWh/day and has a peak of
2828 kW. In the proposed system, the following generation
sources serve the electrical load.

1) PV
The estimated output of the PV arrangement is 1,766 kW.
The yearly output is 3,307,821 kWh/yr. Figure 13
shows the energy production from PV and Table 5 shows the
cost analyses for the PV system.

2) WIND TURBINE
Energy generated by the wind turbine unit, rated at 1,270 kW,
is 3,293,982 kWh/yr. and Table 6 shows the cost analyses for
the wind turbine system.

FIGURE 13. (a) Energy production of PV. (b) Energy production of PV.

TABLE 5. Cost analyses for PV system.

TABLE 6. Cost analyses for wind turbine system.

Figure 14 shows the energy production of wind turbine.

3) GENERATOR (DIESEL)
Caterpillar generator system produces zero kilowatts per year
(kWh/yr.) of power, with a rating of 440 kW. The generator
hasn’t been needed; but it is kept for the purpose of continuity
in any emergency as shown in Figure 15.

Table 7 shows the cost analyses for diesel generator.

4) GRID
The yearly grid energy purchased is 2,750,176 Kilowatt-
while the yearly grid energy sold is 2,531,543 kilowatt and
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FIGURE 14. (a) Energy production of wind turbine. (b) Energy production
of wind turbine.

FIGURE 15. Generator operation.

TABLE 7. Cost analyses for generator.

the peak load is decreased as shown in Table 8. The highest
possible load is reduced as well and power purchasing is
reduced, energy produced from renewable sources almost
reaches to energy consumed, which means that energy con-
sumption from the grid is much lower than it used to be.

From Table 8, there is an exchange of energy between
the main network and our micro-grid, where, at peak times,
energy is imported from the network and the consumption is
paid for.

At times when the loads are low and the production from
the microgrid is high, the power is sold to the public grid.

TABLE 8. The energy purchase and energy sold.

FIGURE 16. Energy purchase from the grid.

FIGURE 17. Energy sales to the grid.

At the end of the year, the energy sold to the network is
higher than the energy purchased, so there’s an economic
return on the proposed system.

Figures 16 and 17 display the power purchased from the
network and the energy supplied to the network.

Table 9 shows the amount of harmful emissions from
energy consumption from the grid each kilowatt is consumed,
resulting in a quantity of emissions measured in kilograms.
The emissions in this case aremuch lower than in the previous
case presented in Table 3.

Figure 18 shows renewable penetration in micro-
grid, we also see that the amount of renewable energy
in the microgrid is large compared to non-renewable
energy.
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TABLE 9. Emission reduction.

FIGURE 18. Renewable penetration.

V. LIMITATION AND FUTURE WORK
The limitations of this study are that it is concerned only
with the economic and environmental aspects, whereas the
study is concerned with reducing the cost of consumption and
reducing emissions from non-renewable energy sources and
those using these clean energy sources.

The proposed solution could also be applied elsewhere
because the diversity and availability of renewable energy
sources would add depth to the study and help to multiply
economic solutions as well.

The shortcomings of this work are that it does not address
such important points as:

1- Stability.
2- Protection.
3- Data processing.
In addition, nor it does address hybrid vehicles that some-

times represent the load and sometimes the source as a
battery, as it is an important subject and potential area for
future research.

To enable auxiliary grid services, cooperate MG control
might include the following characteristics.

1- Power quality.
2- Flexibility.
3- Efficiency.
4- Reliability.
5- Security.
6- Resiliency.

VI. CONCLUSION
The goal of microgrid energy management is to create a
generating strategy for every system every minute of the

following day in order to decrease fuel and operating prices,
minimize emissions of gases, enhance voltage shape, and
reduce demand peak. Pollution reduction due to the deacti-
vation of supplemental engines through the implementation
of technologies and the use of sources of clean energy. Elec-
tricity bills are reduced because energy is produced locally
through clean energy sources. The proposed energy man-
agement approach guarantees an uninterruptible and stable
supply for the most important load, allowing the organization
to continue running effectively.

This solution can be applicable and expanded at other
regions by adding more solar panels and wind turbines and
exporting energy to the public grid, but provided that suffi-
cient space is available for solar panels and wind turbines to
be installed and the initial cost found.
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