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Abstract: It is possible to utilise EVs as both a load and provider of energy using the Vehicle-to-Grid (V2G) approach (or Grid-
to-Vehicle technique if EVs are used as a load). With this technology, industrial microgrids may have voltage and power flow
regulation and congestion management. An no of electric vehicles with a variety of charging profiles, battery states of charge
and electric vehicle counts may benefit from two separate controllers (grid regulation and charger controller), according to the
controllers, It is possible to regulate the main power flow and voltage drop in an industrial microgrid by allowing bidirectional
power flow. Simulations indicate that the suggested controllers can regulate an industrial microgrid's voltage levels and power
flow. According to industrial microgrids include solar, wind farms, electric car fleets, industrial loads, commercial loads, and a
diesel generator. MATLAB/SIMULINK is used to simulate and analyze the results.

Keywords: Electric vehicles (EV), State of Charge (SOC), Grid Regulation Power Genereation

Controller(GRPGC), Charge Controller(CC), Grid to Vehicle(G2V), Vehicle to Grid(V2G), Industrial Microgrid(IMG), Grid
Regulation Controller(GRC), Destributed Energy Resources(DER), Diesel Generators(DGS).

L. INTRODUCTION

As the world's population continues to expand, so does the need for energy. Fossil fuels have been the dominant source of energy
for a long time. There is still a shortage of these fuels across the globe despite this. As a result, the value of these resources changes
greatly depending on how much of them are used. As a consequence of global geopolitical conflicts, many nations' energy sources
face a long-term risk. Environmentally harmful emissions may also be caused by the usage of fossil fuels for electricity production.
Future power systems will need to include renewable energy sources. However, RES fluctuations make it difficult to maintain a
balance between supply and demand. With the goal of meeting expanding energy needs while reducing emissions, microgrids and
electric cars were added to the mix of renewable energy sources. At the beginning of their lifespan, electric cars (EVs) have a notion
that they are more costly to purchase than their gasoline-powered counterparts. Additionally, EVA's operations plans have been
updated to include renewable energy. Electric vehicle replacements are expected to rise as a result of rising energy and climate
change concerns [4]. Electric cars (EVs) are seen to be new energy vehicles because of their greater efficiency and performance. In
the wake of these breakthroughs, novel industrial micro grids including electric vehicles (EVs) have emerged. We're on the verge of
a paradigm shift in the transportation business thanks to electric and hybrid vehicles (HEVs). Electric utilities, on the other hand,
will be affected by the widespread adoption of electric vehicles and hydrogen-powered vehicles (PHEVs). Managing the charging
and discharging of large numbers of dispersed batteries is critical to the success of EVs and HEVs. Industrial microgrids and electric
vehicles (EVs) may now be combined in novel ways thanks to these innovations. IMGs and EVs may benefit from the vehicle-to-
grid (V2G) idea, which has been a key research topic. There has been little success with novel V2G control algorithms that focus the
regulation of EV power output based on frequency variations, as well as not considering EV energy demands while trying to attain
the estimated state of charge (SOC). Using grid regulation and charger controllers, this research focuses on developing a precise
charging method. While a charger controller manages charging, a grid regulation controller regulates frequency in the event of a
disruption in an industrial microgrid. In addition to providing voltage and frequency support for industrial microgrids throughout the
day, charging stations are constructed in a manner that allows EV batteries to be regulated while they are connected to the industrial
microgrid. Numerous writers in their research have clearly identified frequency control as a control approach and have offered
several suggestions for its implementation. Wind turbine, battery storage, neural network and sliding mode controller are all
employed to modulate the MG power and voltage drop. However, neural networks are great language expressions for small issues
that do not need a high level of accuracy. The V2G technique immediately warns grid management in the event of a frequency
disruption. A VV2G and charging/discharging station management system based on grid operator frequency modulation signals The
percentage estimate of the EV's profile state decides whether it is charging or regulated (discharging). Based on SOC, a variety of
EV charging profiles are examined. The main powerflow and voltage drop of an industrial microgrid is controlled by controllers.
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1. MODEL OF MG
An isolated MG with wind turbines, diesel generators and photovoltaic (PV) generators and loads is calculated.These number of

Prated = Prog + Prey + Pry + Zk=1 Pevso
loads are used to calculate the system's total power output. e TR (1)

Where,

Proc =Rated Diesesl generator Power

Prpv =Rated Photovoltaic Power

Prw =Rated Wind Power

Peyv =Electric vehicle Power

The MG must maintain a balance between consumption and production.

A. Diesel Generator

One of the most prevalent forms of distributed generator (DG) is the diesel generator, which may provide anywhere from 1 kW to
many tens of megawatts of electricity. Because of its dependability and effectiveness, it is frequently used. As a result, it may give a
rapid dynamic reaction to disturbance rejection, which is particularly beneficial for unexpected changes in demand. When it comes
to electricity costs and CO2 emissions, diesel generators are among the worst. Because of its rotating inertia, DG is able to swiftly
adjust to MG's frequency shift. The DG's normal capacity was 0.95. There is a range in DG's output between zero and its rated
output. Specified parameters of the device.

DG:O< P,y <P _poe-—(2)

Where,

Pps = Diesesl generator Power

Proc =Rated Diesesl generator Power

The diesel generator system's nominal power is 15MW, with a voltage of 25kV and a frequency of 50Hz. In the event of a failure of
the microgrid, the diesel generator is called upon to keep the lights on. When linked to the grid, the rotor speed of a diesel generator
equals the amount of electricity supplied and the amount of load demanded.The simulation Diagram of Diesel generator is as shown
in Fig below.
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Fig 1 Simulink diagram of diesel generator
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B. PV Systems
Zero to full power may be generated by a PV system. Sunlight or irradiance of solar is exclusively responsible for the device's

output power. PV generation's restrictions are as follows: 0 < P,, <P _ .., - (3)

Woagere,
Prv = Photovoltaic Power
Prpv =Rated Photovoltaic Power

C. Wind System

Wind farms are booming in popularity due to the clean, green energy they produce. The power grid has undergone significant
transformation as a result of the inclusion of wind power. Wind power is unreliable when compared to other RES sources. Wind, in
contrast to PV, is always accessible, however the intermittent nature of wind turbine output power poses concerns since wind
curtailment is reliant on turbine output power. The wind's power output can only go as high as its rated power rating is given in Egn
4

0<P, <P_q—®

Where,

Pw = Wind Power

Prw =Rated Wind Power

The mechanical power output of the wind turbine is given below. while the rated electrical power is obtained by multiplying Betz
constant with Pmech is as follows,

Pmech = %Cp (2, B)ApaV *y - (5)

P, _w = B"**Pmech - (6)

Where,
Cp=coefficient power
B=Pitch Angle

A=Speed Ratio

p= wind Density
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D. EVs

As a load, a generator, and a mobile energy storage unit, EVs may perform several functions (MES). EV batteries, as opposed to
traditional generators, can rapidly and effectively restore the system's frequency. To account for the linear behaviour of batteries in
this area, the lower and higher SOC limits are set at 20% and 80%. The following are the restrictions:

SOC,,, < SOC < SOC, .,

One or more local networks, either wired or wireless, link every microgrid component together. Electric cars and distributed energy

resources are shown in Fig. The restrictions and advantages of each component were considered throughout the design process:

1) Initially, microgrids and EVs operate in an islanded mode, with PV and wind powering the community load while EVs charge.

2) When the PV system can't supply the load, the clean diesel generator can.

3) If the PV fails to supply the load and the diesel generator runs out of fuel, but the EVs are charged, the EVs can step in and
supply the load.
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a) Grid Power from Electric Vehicles: From The Fig 4 The SOC (Status of Charge) of electric cars was maintained and their
energy levels were changed while charging. These two levels should thus be considered the SOC level. Electric vehicles may be
effectively used in primary frequency control (PFC) processes in such cases, according to the suggested coordination technique.
The battery's SOC level was therefore maintained in the manner outlined by the SOC level, as was previously stated.
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Fig: 4 State of charge for electric vehicles
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Fig: 5 Conceptual view of the vehicle to grid (V2G) strategy

The total Regulation control is a function of EV charging stations. The Power flow regulation tasks were then assigned to EVs based

Pjpj k+1
on SOC levels. S'jxu =S°jxia(=————) %k <0)——(7)
Pmlj,k+1+PJp2j,k+1
own
kel _ o
S =Sjen( ot 1+JF;°W’2,- k 1)(Ssj,k+1 >0)——(@)At k+1, the EV2G power from the two types of EVs dictated the distribution
JK+H JK+H

of the regulation operation. Each vehicle at the EV charging station received a command from the V2G controller in response to the
task assignment made by Equation (7, 8). Accordingly, at instant k+1, each EV's VV2G regulation power is managed in accordance
with the following strategy:
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Fig 6. V2G Control With SOC

The Electric Vehicles Operator (EVsO) will receive signals from MGO to charge and discharge EVs. If Af is positive, EVsO will
start charging all EVs with SOC less than or equal to SOCmin and stop discharging EVs. If all charging EVs reach SOCmax, EVsO
will charge all discharging EVs. When Af is negative, the EVsO will start discharging all EVs with a SOC greater than SOC, and
stop charging all EVs to counteract the effect of Af. The Layout of State of charge controller is given below in fig7.
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Fig 8 Control diagram for EVs in regulation and charging mode.

b) Grid Regulation Power Generation Controller (GRPGC): From the electric Vehicle charging and discharging mode shown in
fig 8.1t functions as an aggregater because of this V2G approach. The batteries of electric vehicles (EVs) are charged or
discharged by an industrial microgrid operator (IMGO), who connects with a regulated current source. IMG's reactive power
supply interacts with GRPGC through a GRC signal, which is generated by the GRPGC for the IMG's reactive power
requirement. For forecasting and scheduling charging and discharging, grid regulation controllers interface with IMGO. In
addition, it gives EV charging profiles for the region/area. With IMGO and electric vehicles, GRPGC works with the battery
and the amount of power available to arrange charging and VV2G activities.

1. PROPOSED CONTROLLERS
In this paper for Voltage drop and power flow regulation SMC-ANN is proposed

A. Slide Mode Controller

The controller forces system states to follow desired values, ensuring system stability in uncertain situations. Sliding mode
controllers are used to keep tabs on the voltages in microgrids that use distributed energy. This strategy’'s goal is to exit the voltage
chatter.

The voltages in the power system vary due to load variations.Slide mode controller are designed in MATLAB is shown in fig below.
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Fig 9 Simulink diagram of SMC
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B. Artificial Neural Network
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Fig 11 Layers of neural network

From the Fig 10 And 11 ,In The neural network there are three layers: the input, the hidden and the output. The number of system
inputs and outputs determines the number of input/output layers. There are several ways to determine the number of hidden layers in
a neural network. Linearity and log-sigmoidality characterise the output and hidden layer transfer functions, respectively The hidden
layer employs a log-sigmoid function, whereas the output layer employs a linear function. In a layer, there is a concealed and an
exposed layer. The transfer functions are calculated using the weight matrices W1 and Wz.

1) Simulation Analysis and Results

Tablel: parameters of devices in MG :

Parameters values

PV FARM 8MW
WIND FARM 4.5MW
DIESEL GENERATOR 15MW
LOAD RESISDENTIAL 10MW
V2G 4MW
ASM 0.16MVA
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Fig 13 Control diagram for EVs charger controller

An buck-boost DC-DC converter is used in the charging station. AC is converted to DC via the rectifier. Afterward, the DC
converter raises the voltage output. In this charging approach, electricity is supplied and used in both directions at the same time. At
lunchtime, a solar farm mimics overcast weather by tripping its generators. Faster than the speed of sound at 13.5 metres per second.
At a speed of 15 m/s, the wind farm will automatically shut down and re-start. Late night wind farm tours (22 hours). There is a
15MW diesel generator system with a 25kV and 50Hz nominal power output. When the microgrid goes down, the diesel generator
steps in to fill up the void. A diesel generator's rotor speed equals supply and demand when linked to the grid.

2) Using Slide Mode Control

Fig 13 SOLAR POWER OF 4.4MW
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3) Using ANN
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TABLE 1: Parameters comparison between ANN and SMC:

PARAMETER ANN SMC
SOURCE DATA POWER 6.1MW 7.3MW
LOAD DATA POWER ™MW 8MW
CHARGE DATA POWER 2.5MW 2.9MW

From the above data ELECTRIC VEHICLES V2G or G2V for power flow and votage drop at charge controller side. ANN
controller is advantagable than SMC.

V. CONCLUSION

The impact of EV charging on an industrial microgrid is examined. The control scheme uses charger controllers and grid regulation
to provide bidirectional power This dual power flow not only charges EVs but also regulates VVoltage drop And Injecting power into
an industrial micro-grid while improving power flow is the charging station's main function. The impact of various contingencies on
primary frequency has been studied. The simulation results show that the proposed bidirectional charging strategy helps regulate
voltage and powerflow. When charging/discharging EVs in V2G mode, the powerflow is well regulated within the acceptable
margin. Increasing the number of EVs in the fleet improves voltage and power flow in the regulation. Thus, simulation results
validate the proposed controllers.
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