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Abstract— Microgrid provides electricity to the grid-
connected as well as the remote location areas. Renewable
energy like solar can provides clean electric power to the
connected microgrid. In this paper, a model is proposed
for an off-grid microgrid. Parameters of the equipment
connected in the microgrid are studied. In the end, optimal
scheduling of microgrid connected to solar photovoltaic is
done with the islanded microgrid. Its environmental
impact is also calculated in the proposed model.
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I. INTRODUCTION

Energy demand 1is increasing exponentially,
requiring energy resources to meet these
requirements, causing potential pollution of the
atmosphere and global warming[1]. On the other
hand, renewables today are pure Limitless sources
of energy attracting the researchers[2].

Remote areas and some of the villages are still
facing the issue related to the reliability of power
supply in their houses[3]. To overcome this problem
most of the Indian villages are connected to the
centralized grid but still, there is lack of power
supply which can be met by using a microgrid
connected with the power generated locally with in
the area[4]. Connecting microgrid with renewable
energy is a viable and beneficial solution to the
problem, but at the same time, optimal scheduling
of power sources is important[5].

There are two types of microgrid on the basis of
connection to the main grid[6]. Microgrid
connected to the main grid along with distributed
power sources located nearby the microgrid is
known as a grid-connected microgrid[7]. The
microgrid modelled in this study is an islanded
microgrid. An islanded microgrid is not connected

to the main grid[8], as islanded microgrid can to be
used in rural, India, to meet demand[9]. The reason
for selecting a microgrid is due to the fact that there
is currently no distribution network at the site, so
the special line that leads to it would require a large
investment[10]. An autonomous microgrid would
certainly entail some investment, but from the point
of view of energy usage being free during the
project, it would be more efficient than constructing
a near-distribution substation line[11]. Furthermore,
microgrid which are primarily based on renewable
energy sources can help minimize greenhouse gas
emissions and thereby create a  better
environment[12][13].

In this paper, an islanded microgrid is considered in
Madhya Pradesh region, the average solar
irradiance of this area is 5.61 kWh/m2/day taken
into consideration[14]. Solar Photovoltaic (PV)
modules are considered as a supplementary source
of electrical power in addition to the diesel
generator, which is connected as a base power
source to the islanded microgrid. A load of a
residential area having 5kWh/day load. Consisting
of basic loads like illumination, fan, television to
meet the day-to-day requirement.

Simulation of islanded microgrid model is
completed using HOMER software. The daily load
profile is provided as an input in the software
combined to form monthly data. Peak loads are
considered in the simulation. Environmental data
like solar irradiance, wind speed and temperature
were taken from National Renewable Energy
Laboratory[15].

This paper discusses the model of the islanded
microgrid in section II, parameters of peak load
demand and solar are discussed in section III, IV
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section deals with the calculation of harmful gases
in the environment.

II. ISLANDED MICROGRID MODEL

Modelling of an islanded microgrid is represented
in fig.1. For the rural area. The residential load
considered with Solar PV of 300W connected with
an islanded microgrid. A diesel generator is taken as
a base power source, a lead-acid battery of 1kWh is
taken as an energy storage device for the microgrid.
In the daytime when solar PV produces electrical
power, this power can be stored in the lead-acid
battery connected on the DC bus. Two busses are
also considered for connection purpose. Diesel
generator, solar PV modules and AC loads
connected on AC bus and batteries are connected on
DC bus. Converters are considered into account so
that power can be converted from AC to DC and
vice-versa. The converter includes rectifiers and
inverters. When power needs to be transferred from
AC bus to DC bus rectifier are used and when it is
transferred in the opposite direction, it acts as an
inverter.
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Fig.1. Solar PV Connected Microgrid

III. PEAK LOAD DEMAND AND SOLAR PV

The residential load of basic electrical equipment
connected to the microgrid like Fans, LED bulbs,
television is SkWh/day. Demand is also not fixed as
different types of equipment are switched on and off
in at a different time. However, peak demand can be
determined for a particular interval of time. In the
simulated model, the peak demand graph is
increasing form the month of January to June and

decreases until December. It is minimum in the
month of December to January and maximum in the
month of May and June as represented in fig.2.
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Fig. 2. Peak Demand

In the proposed microgrid modelling, optimal
scheduling is done by using a generic solar PV
module of 570W. PV penetration of the PV module
is 23.2%. it will operate 4,364hrs/year as in Table I.
Power produced by the solar PV is not constant as
solar irradiance is dependent on the climatic
condition throughout the year[16]. In cloudy days
solar irradiance is at a minimum value and in
summer noon with clear clouds, it attains its
maximum peak[12].

TABLE |
GENERIC SOLAR PV ELECTRICAL SUMMARY

Quantity Value Units
Minimum Output 0 kW
Maximum Output 0.570 kW

PV Penetration 23.2 %
Hours of Operation 4,364 hrs/yr
Levelized Cost 0.0910 $/kWh

Total production per year by 570W solar PV
module is 1180kWh/yr as shown in table III, other
parameters such as rated capacity, mean output,
capacity factor are also calculated.

TABLE II
GENERIC SOLAR PV STATISTICS
| Quantity _ _____ Value ____ Units |

Rated Capacity 0.570 kW
Mean Output 0.124 kW
Mean Output 3.85 kWh/d
Capacity Factor 17.9 %
Total Production 1180 kWh/yr

Fig. 3 represents the Solar PV output, i.e the output
power is given by the solar PV module during 24hrs
for the complete one year. As per the graph, it is
maximum in the summers and minimum in the
rainy season.
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Fig. 3. Generic Solar PV Output (kW)

IV. EMISSION OF HARMFUL GASES

Various types of harmful gases are produced by the
diesel generator[17][18]. Fossil fuels are limited on
earth. Connection solar PV to the microgrid will not
only shares the load but also beneficial for the
environment[19]. The reduced harmful gases are
calculated in the simulated model, details of the
various types of gases with their emissions in
kg/year are shown in Table III.

TABLE II1
Total Emissions
Pollutant uanti Unit
Carbon Dioxide 912 kg/yr
Carbon Monoxide 0 kg/yr
Unburned Hydrocarbons | 0 kg/yr
Particulate Matter 0 kg/yr
Sulfur Dioxide 4.97 kg/yr
Nitrogen Oxides 1.98 kg/yr

V. CONCLUSION

Solar PV, as a power generating source integrated
with a microgrid, is a better solution for an islanded
microgrid with the residential load connected to it.
Optimal scheduling of solar PV with a diesel
generator in an islanded microgrid can be concluded
from the table I. Solar PV supports the islanded
microgrid as observed in table II. The detailed
results are shown in Fig.3. Environmental impact of
the microgrid is also studied. Harmful gases
creating pollution in the environment are calculated
in TABLE III for the simulated model. These
results will be helpful in modelling and planning of
island microgrid with solar PV, for balancing the
electrical power demand by the consumers.
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