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Abstract— Microgrid is the small grid which consists of the
large number of micro sources. These micro sources are the
source of energy mainly the renewable energy sources. The
main purpose of this project is to connect the microgrid with
the main utility grid. The microgrid is connected with the
utility grid in parallel. The MG will work in two modes of
operation which are the grid connected mode and the
Islanding mode. In grid connected mode the Micro grid will
work in power control mode whereas during islanding mode
the microgrid will work in droop control mode. The behavior
of micro grid is analyzed under different loading conditions
like with equal loading and the unequal loading. In this paper
the micro grid will work in synchronism with the utility grid.
The power supplied to the loads is via main utility grid as well
as by microgrid as per the demand of the loads. If the load
increases than the extra power is supplied by the main grid.
When the intentional islanding takes place or due to any other
power quality issues than the micro sources have to generate
extra power to fulfil the demand of the local loads all these
conditions are analyzed and shown with the help of
MATLAB on simulink.
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l. INTRODUCTION

MGs, using renewable power resources, have various times
used as an alternative to expansion of utility grids to supply
electricity in remote areas of developing countries.
Previously, these MGs have operated in isolation from the
main grid, now it is changing as Main grids are extending
their reach into rural areas, offering the opportunity to
interconnect with MGs with national or regional energy
infrastructure. For customers, the main grid offers an
electricity supply constrained neither by the MG’s generation
capacity nor by renewable energy resources availability. This,
in turn, can expand the customer base in step with growing
village population and expanded use of electricity such as
cooking, space, water heating, and industrial loads. For MG
operators, grid interconnection may provide an opportunity to
increase their revenue by selling surplus electricity to the
utility grid. A MG operator faces several opportunities when
the main grid reaches their doorstep. The operators can
connect their MG to the grid, for becoming a small power
producer (SPP). They can purchase electricity from the grid
and resell it to end users using the present distribution
network and become a small power distributor (SPD). They
can do both of these, becoming both an SPP and an SPD.
They can behave as an SPD when the main grid is operational,
maintaining their MG only for backup use when the main grid
is under faulty condition. Finally, the MG operator can
abandon all its MG and distribution assets, requiring their
customers to start from a point with the main grid. A grid-
connected non-conventional energy MG includes a locally
available energy source (e.g. solar panels or small dam MG),

a device for converting energy produced by these sources into
AC electrical power, a small distribution network, and a point
of common coupling(PCC) where the customer-owned
equipment interfaces with the main utility system. In MGs,
three types of devices generate alternating current (AC)
synchronous generators, induction generators, and inverters.
While synchronous and induction generators directly
generate AC power whereas on the other hand the role of
inverters is to convert DC Power produced from devices such
as photovoltaic cell into AC.

Today, many mission critical loads are present on
the power systems which require quality power for their
proper functioning [1], [2]. Popular technologies which
provide quality power, in the case of failure of the mains,
include micro turbines [3], fuel cells as well as renewable
energy sources like solar and wind power [4]. These small
generators dispersed throughout the power system were
primarily for back up and were not synchronized to the grid
power supply. Furthermore, they are mostly not
interconnected. There has been a trend to change the role of
these distributed generations (DG) from back up to primary
energy supply and to have flexible connection strategies. The
concept of Micro Grid (MG) has grown out of this desire for
a flexible interconnected system [5]-[7]. A MG on the low
voltage (LV) distribution is an appropriate solution for
sensitive loads. The DGs are emerging as new paradigm to
produce onsite highly reliable and good — quality power [1].
Power System is going through rapid growth in the
connection of distributed generation (DG). Transmission of
energy through pipes is slowly and surely replacing the age
old concept of transmission through wires [1]. One of the
most promising applications of this new concept corresponds
to the combined heat and power (CHP) application leading to
an increase of the overall energy utilization in the whole
system [6]. This is because compared to electricity
transmission, transporting low grade recovered heat is
prohibitively expensive relative to its net economic value.
Thus generating electricity close to potential user of waste
heat has a compelling attraction [8]. The installation of DGs
has enabled the DNOs to postpone incurring expenditures on
expansion of the Transmission and Distribution networks [9].
For installing a new DG unit at a particular point in the
distribution networks, the DNO need to quantify the capacity
of the DG. If the customer has a DG of defined capacity, then
the DNO should be able to identify the optimal location for it
[10]. A variety of approaches have been suggested for
achieving flexibility of operation of the MG. An overview is
provided by [11]-[15]. Control strategies for MG islanded
operation have been discussed by Lopes et al [13]. AC-AC
matrix converter has been utilized to interface high speed
micro-turbine generator to utility grid as distributed
generation unit [15]. In this paper, an attempt has been made
to model the MG in a manner which is simple and involves
less expenditure. Any addition or removal of a DG from the
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MG is a plug and play matter. Furthermore, the paper
investigates the performance of the proposed MG both under
grid connected and islanded condition.

Il. MICRO GRID STRUCTURE

MGD structure is shown in fig.1. It displays Group of feeders.
Main Distribution utility known as point of common coupling
(PCC) has only single point of connection. MGD can be
immediately disconnected by the SD during the occurrence
of fault in the distribution grid. Feeders (1, 2) consist of
sensitive loads which needs local generation. Feeder 3 has
conventional loads connected to it and does not possess any
local generation. LC is on the particular generation. Local
control is provided by the controller that represents a
conventional  controller (ex. AVR or Governor).
Conventional controller achieves advanced control due to
presence of network communication function which can
easily interchange information among other LCs and upper
central controller. Central controller performs the operation
of distributed generator which is installed in MGD. MGD
technology plays a crucial role in nation’s energy portfolio.
The need of base load power, remote power, power quality,
backup power, and peaking power, cooling and heating are
fulfilled by MGD. Incase entire customer’s need is not
furnished by distributed generator; another method is to use
either distributed energy storage device or local grid in
conjunction with the distributed generator for backup power.
MGD resources have supported and enhanced central-station
model. This model depicts electricity generation,
transmission and distribution. Fig.1 demonstrates the grid in
conjunction with the distributed resources. Central generating
plant has provided power to grid and distributed resources
have fulfilled the requirement of local distribution feeder
lines or customers. Distributed generators are operated by the
computerized control systems and generate electricity
according to the requirement.
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Fig. 1: Micro Grid Structure

I11. CONTROL STRUCTURE

Two micro sources (through inverter & filter), grid & all
loads are connected to a common bus system. So, voltage of
load & output of micro sources are same and it is equals to
grid voltage. Our objective is to inject the power from micro
sources to common bus. This is done so that load demand
power can be supplied from micro sources (until the micro
sources are capable enough to provide those demands). To
achieve this objective, consumed power of load is compared
with injected power of micro sources. This error of power is
equivalent to current difference of load current and inverter

output current. Then this error is passed through the PI
controller. The PI controller output is the reference current of
inverter. Then this reference current is tracked with HCC.
This is shown in the fig.2.

After comparing error signal and hysteresis band,
we get the triggered pulses as required. This method is called
as the HCC method. This method controls VSI. The reference
current waveform shown in fig.3 is followed by output
current generated by the filter.
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Fig. 2: Hysteresis Current Control

In order to ramp current through inductor, this method
controls the switches of VSI asynchronously. Hence it
follows reference current. For implementation in real time, it
is an easiest method for control .Ramping of current between
two limits is shown in the fig.3. Either the sum of maximum
error and reference current or difference among reference
current and upper limit is called upper limit of hysteresis.
Moreover, hysteresis lower limit is subtraction among
reference current and minimum error in case when minimum
and maximum error values are same. Hence twice time of
error is equal to the hysteresis bandwidth.
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Fig. 3: Current Tracking in Hysterisis Control
In accordance to the inverter’s operating principle, each phase
output voltage is significant to the switches switching pulses
in each leg. Hence active power filter switching gates is
obtained. The frequency of the switching is shown by the
voltage across the inductors and by adjusting hysteresis
tolerance bandwidth, this frequency can be altered.

IV. MODELING OF MICROGRID & SIMULATION

The proposed Micro Grid Distribution system (MGD) is
simulated in Matlab/Simulink environment as shown in the
fig.4. Two identical PV based micro source (MS) connected
to a common bus through 3 phase VSI and filter (R-L). The
MGD is further connected to the main grid (which is modeled
by the 3 phase ac source) through circuit breaker. The
performance of the MGDis observed by measuring the. Grid
voltage (Vgrid), Grid current (I grid), Inverterl output
voltage (Vmsl), Inverterl output current (Imsl), Inverter 2
output voltage (Vms2), Inverter2, Output current (Ims2),
Voltage at load bus of MCS 1 (Vloadl), Current at load bus
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of MCS 1 (lloadl), Voltage at load bus of MCS 2 (Vload2),
Current at the load bus of MCS 2 (lload2) and Total load
power (P_total). Here MGD operates in both grid connected
and islanded mode. For grid connected mode, Hysterisis
Current Control (HCC) method is used and for islanded mode
sinusoidal pulse width modulation (SPWM) is used as shown
in fig 5.
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Fig. 5: Control in Islanding Mode

V. RESULT & DISCUSSION

The performance of the MGD is observed by measuring the.
Grid voltage (Vgrid), Grid current (I grid), Inverterl output
voltage (Vmsl), Inverterl output current (Imsl), Inverter 2
output voltage (Vms2), Inverter2, Output current (Ims2),
Voltage at load bus of MCS 1 (Vload1), Current at load bus
of MCS 1 (lloadl), Voltage at load bus of MCS 2 (Vload?2),
Current at the load bus of MCS 2 (lload2) and Total load
power (P total). Here MGD operates in both grid connected
and islanded mode. For grid connected mode, Hysterisis
Current Control (HCC) method is used and for islanded mode
sinusoidal pulse width modulation (SPWM) is used. First of
all, the system starts in the grid connected mode. The load of
30kw is placed on the both micro sources. The frequency of
grid is 50Hz. At time setting of 0.15s, load is increased by
130kw. At 0.2 sec, the main grid is isolated from the system
by circuit breaker. Now the power has to be provided by the
two MCS. Here the role of solar module comes into play. The
solar module with the help of inverter is providing the power

demands of the loads. Again at the time setting of 0.3 sec,
additional load of 100 kilowatt is added to MCS1 and 100kw
is added to the MCS2. The power demand is still provided by
the MCS as shown in the fig.6. It is also observed that injected
inverter current is with same phase of grid voltage hence
unity power factor operation is achieved in grid connected
mode.

Furthermore inverterl output voltage (Vmsl),
inverter2 output voltage (Vms2), voltage at load bus of MCS
1(Vloadl), voltage at load bus of MCS 2 (Vload?2) during the
grid connected and islanded condition under equal load
conditions are shown in fig.7. It is observed that at islanding
mode load voltage maintain at around 239 V RMS (L-N). It
proves that PI controller with SPWM working perfectly. It is
also observed that due to droop control load voltage
frequency is varied due to change in load demands.

Furthermore inverterl output voltage (Vmsl),
inverter2 output voltage (Vms2), voltage at load bus of MCS
1(Vloadl), voltage at load bus of MCS 2 (Vload2) during the
grid connected and islanded condition under equal load
conditions are shown in fig.7. It is observed that at islanding
mode load voltage maintain at around 239 V RMS (L-N). It
proves that PI controller with SPWM working perfectly.

Fig. 6: Operation of Micro grid with equal Loads

During Unequal loads, the system also starts in the
grid connected mode. The load of 30kw is placed on the both
micro sources. The frequency of the grid voltage is also 50Hz
which is provided by the grid. At time setting of 0.15, load is
increased by 130kw. At 0.2 sec, the main grid is isolated from
the system. Now the power has to be provided by the MCS.
Here the role of solar module comes into play. The solar
module with the help of inverter is providing the power
demands of the loads. Again at the time setting of 0.3 sec,
additional load of 100 kw is added to MCS1 and 50 kw is
added to the MCS2. The power demand is still provided by
the MCS as shown in the fig.8.
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Fig. 7: Voltage Waveforms during Equal Loads (Vmsl,
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Fig. 8: Operation of MGD during Unequal Loads

VI. CONCLUSION

Now a day’s not only emphasis is given on reliability of
energy sources but also on cleanness on energy sources.
Micro grid based distribution energy resources is used for
sensitive loads to improve the reliability of system. In current
scenario of competitive energy market, photo voltaic (PV)
based renewable energy sources is getting attention for low
maintenance, pollution free & low running cost. So, PV based
micro grid system is optimal solution for different
distribution energy sources. Hysteresis current control &
SPWM voltage controller is used in the system for different
mode of operation. The Performance of this model has been
studied in grid connection mode and under islanded mode.
The effectiveness of proposed control strategies is studied in
simulation for different grid connection mode and different
loading condition.

VII. FUTURE SCOPE

Although smart grid enable power grid to be empowered with
intelligent and advanced capabilities, it also opens up many
new challenges and risks. Hence Hysteresis current controller
and SPWM controller have been employed and performance
can be visualized with the simulation results. Still there are

risks and shortcomings in both topics, and there is need of
possible solution to overcome it. One important control task
in power systems is to maintain balance between power
production and consumption which means keeping the power
system’s frequency at an appropriate level. This process is
becoming more and more challenging due to an increase in
the penetration level of intermittent power production. Hence,
future work can be carried out to balance between power
production and consumption so distribute equal loads.
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