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I. INTRODUCTION
Microgrid (MG) is one of the most effective

solutions to integrate renewable generation into
power system. However, microgrids also have some
limitations, such as increasing renewable energy
accommodation, promoting multi-energy
complementarity, and improving energy efficiency.
Further, incorporation of electric vehicles (EVs)
into residential/industrial microgrids (MGs)
presents some limitations such as fluctuations in
voltage, frequency, and lack of power supply.

Fig 1 Micro-grid Configuration

A micro-grid (MG) is a localized energy system
that operates independently or in conjunction with
the main electrical grid. It consists of distributed
energy resources (DERs), including renewable
energy sources, energy storage systems, and
controllable loads. A typical block scheme of MG is
elaborated in Fig. 1.
Vehicle-to-Grid (V2G) technology refers to the

process of utilizing electric vehicles (EVs) as a
means of energy storage and supply, integrating
them into the power grid infrastructure. V2G
enables bidirectional power flow, allowing EVs to
not only consume electricity from the grid but also
to deliver excess electricity back to the grid when
needed. This concept transforms EVs from simple
energy consumers to active participants in the
electrical system.
The block scheme of the proposed Micro-grid

(MG) used for the study is shown in Fig. 2. It
consists of generators two buses namely MG-Bus-1
and MG-Bus-2. MG Bus-1n and MG Bus-2 are
connected to each other through a transformer T-
MG. MG Bus-1 is operated at 25kV voltage and
MG Bus-2 is operated at voltage of 600V.The
generators such as solar PV plant (SPVP), a wind
power plant (WPP) and a Diesel generator (DG) are
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connected to MG Bus-1. The load and V2G
Technology are connected to MG Bus-2. Microgrid
is operated at 60Hz frequency.

Fig. 2 Block diagram of proposed Micro-grid

II. DESIGN AND IMPLEMENTATION OFMG AND
V2G TECHNOLOGY CONTROL

Microgrid is designed in MATLAB using
Simulink blocks as per block diagram detailed in
Fig. 2. Overview of the connections of all
components of MG in MATLAB environment are
shown in Fig. 3. The WPP, SPVP, Loads,
transformers, and DG are realized using the
Simulink models.

Fig 3 Overview of the connections of all components of MG

Vehicle to grid (V2G) system is proposed to
regulate the frequency of Microgrid when events
occur on a full day of 24 hour interval. V2G
controls the charge of batteries connected to it and
uses available power to regulate the when an event
occurs during the day. Following five car-user
profiles are implemented in this study:-

a) Profile-1: Peoples are going to office with
possibility to charge their car batteries at work.

b) Profile-2: Peoples are going to office with
possibility to charge their car batteries at work
but with a longer ride.

c) Profile-3: Peoples are going to office with no
possibility to charge their car batteries at work.

d) Profile-4: Peoples are staying at home.
e) Profile-5: Peoples working in night shift.
The above five different profiles has been

simulated and can be modified. The user can set the
number of vehicles following each type of profile.
The user can also decide the rated capacity, the
rated power and the efficiency of the power
converter.
The cars of V2G are rated at 40kW and 85kWh

with system efficiency of 90%. Since there are 100
cars in all the profiles, hence total rated capacity of
the V2G technology is 4MW. Different scenarios
are considered for the study with details given in
Table I.

TABLE I
Scenarios for Case Study

S. No. Profile Number of Cars
Scenario

1 Profile-1 35
2 Profile-2 25
3 Profile-3 10
4 Profile-4 20
5 Profile-5 10

III. SIMULATION RESULTS AND DISCUSSION

The proposed Microgrid is simulated for the
Scenario illustrated in Table I considering 35, 25,
10, 20, and 10 cars in the profile-1, profile-2,
profile-3, profile-4 and profile-5 respectively.

Fig. 4 Power supplied by generators during Scenario
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Power supplied by the DG, WPP, SPVP, and total
power injected into the MG is recorded and shown
in Fig. 4. This is observed that total power is the
summation of power supplied by the DG, WPP and
SPVP
The pattern of residential load variations and

industrial load variations is illustrated in Fig. 5.

Fig. 5 Industrial and residential load for Scenario

This is observed that industrial load is turned on
approximately near 3AM and then continues to take
load from the MG. Residential load has maximum
value of 10MW and it varies over the entire period
of 24 hours. Small magnitude sudden changes are
also seen on the load pattern curve.
Frequency of the MG during the Scenario is

illustrated in Fig. 6.

Fig. 6 Frequency for during scenario

This is observed that frequency normally remains
at the nominal frequency of 60Hz. However, small
magnitude changes have been observed when either
the generation suddenly changes or the charging
power taken by the V2G Technology changes.
However, the frequency immediately regains the

nominal value following a sudden change in the
frequency.

The charging and regulation power taken by the
V2G Technology from MG during Scenario is
shown in Fig. 7. This is observed that charging
power taken by the cars of V2G technology
changes depending on the profile of cars. Further,
regulation power is only taken or supplied
depending on the nature of disturbance in the MG.
Hence, it is established that V2G technology is

effective to regulate the any sudden or dynamic
change in the MG.

Fig. 7 Charging and Regulation Power of V2G Technology during Scenario

The charging and regulation reactive power taken
by the V2G Technology from MG during Scenario
is shown in Fig. 8.

Fig. 8 Reactive power for charging and regulation of V2G Technology

during Scenario

This is observed that charging reactive power and
regulations reactive power taken or supplied by the
cars of V2G technology changes when sudden
changes are observed in the pattern of load or
generation.
During normal operating conditions, the reactive

power exchange is zero. Hence, it is established that
V2G technology is effective to regulate any sudden
or dynamic change in the MG in terms of reactive
power.
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Fig. 9 State of charge during Scenario (a) Profle-1 (b) Profle-2 (c) Profle-3 (d)

Profle-4 (e) Profle-5

The state of charge during Scenario for the cars
included in Profle-1, Profle-2, Profle-3, Profle-4
and Profle-5 are shown in Fig. 9. This is observed
that SOC of cars for Profle-1, Profle-2, Profle-3,
and Profle-5 depending on the status of cars.
However, SOC for cars included in Profile-4 is
constant and equal to 90%. Negative values of SOC
indicates that car is on road and not plugged in.
Positive values of SOC indicates that cars are
plugged in.

CONCLUSIONS

From the result discussion, it is concluded that
proposed MG is effective to maintain the load-
generation balance. Variations of generation of one
generator have been mitigated by the other
generators and load variations have been effectively
absorbed by the proposed MG with V2G
Technology. Proposed control of V2G technology
effectively maintained the MG frequency to rated
value of 60% with deviation less than 1%. Proposed
control of V2G Technology is effective to provide
bidirectional power flow depending on the cars in a
profile. Profiles of V2G technology have been

realized effectively and tested for operating
scenario of the profiles.
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