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Abstract—Electric Vehicles (EV) have become popular due to
increasing oil prices and environmental issues. Vehicle-to-Grid
(V2G) system allows bidirectional electricity flow from vehicle’s
battery to power grid. In this paper, Plug-in Hybrid Electric
Vehicle (PHEV) has been considered as an option for energy
storage in a smart system where renewable energy sources (RES)
are included along with main grid. Smart charging system will
ensure that an electric vehicle owner will charge the battery
during off peak hours and discharge remaining energy back to
the grid during peak demand hours. Development of such
charging station in a smart grid network is capable of solving the
problem of peak demand crisis. PHEV and grid energy
management model has been analyzed using HOMER. A
Graphical User Interface (GUI) is built where an electric vehicle
owner will get the precise time period for charging and
discharging their vehicles and the cost of energy through smart
metering.

Index Terms— Smart Network, Smart Charging, Smart Grid,
Electric Vehicle, Vehicle-to-Grid, Priority.

L. INTRODUCTION

Vehicle-to-Grid (V2G) system is a new concept of energy
storage technology in which a PHEV transmits electricity back
to the grid [1][2]. So a fleet of electric vehicles can lead into
V2G system as distributed energy storage devices hence
increase the load factor. Vehicle to grid technology has
developed a new line where vehicle owner and power
generating station both will be benefitted [3-5].Vehicle owners
are benefitted with profit from discharging when the
electricity prices are higher. If grid fails or unable to supply
electricity during peak hours, electric vehicles will be a great
back up.

Renewable based power production is very worthy
solution for green environment. Fossil fuels can be saved for
future by using solar, wind, hydro power as for electricity
production. If production is greater than the consumption in
some specific time, storing surplus energy will give back up
when needed. A battery of an electric vehicle is capable of
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storing electricity produced by RES with the help of high
standard of operating regulation, spinning reserves [6].

For example, solar power from PV cells can be stored
using electric vehicle as well. Charging station development
has become a present concern. When vehicles will be plugged
in, it must check the batteries depletion state hence state of
charge and can display the options - charging or discharging
[7]. After confirmation from the owner it will display the
charging time and discharging time as well as cost per energy
in the developed GUI.

Electric Vehicles are not an ordinary concept nowadays.
Currently, there are three types of EVs prepared to be
launched in the markets: fully EVs, fuel cell EVs, and hybrid
EVs. Battery and fuel cell EVs are driven only by electric
power while available hybrid EV has also an internal
combustion engine [8]. The Electric Power Research Institute
(EPRI) projects that by 2050, 62% of the entire US vehicle
fleet would consist of PHEVs [9]. PHEVs are similar to hybrid
electric vehicles as this vehicle combines of electrical power
and gasoline to propel the vehicle. Hybrid electric vehicles
(HEV), which have seen commercial success as the Toyota
Prius, Honda Insight, the Honda Civic Hybrid, and others, add
a battery and electric motor to a car that uses an IC engine.
The PHEV has the additional feature that the vehicle battery
can be recharged from standard electric wall outlets while the
conventional hybrid vehicles can only be charged from the
internal combustion engines [10].

Power production using renewable based power plant,
storage of energy as a backup for grid demand in peak time,
charging and discharging depending on battery state of charge,
cost for charging and discharging, charging station
development etc are the main incentives of this work.

A model of smart network using HOMER Energy has been
designed to analyze the production of electricity using solar,
wind and grid. The vehicle’s battery will store energy from
renewable energy sources as well as get charged by renewable



energy based power production and main power grid. Later
on, a software is introduced which officiates as an Electric
Vehicle charging station. This is done by Visual Studio and
the designed software is named as ‘Vehicle UI’.

II.  MODEL SPECIFICATION FOR HOMER ANALYSIS

The software HOMER Legacy (2.68 beta) has been used to
design PHEV and GRID energy management model
demonstrated in Fig. 1. The Plug in Hybrid Electric Vehicle
consists of three Blocks: Battery (Vehicle: Toyota Prius+),
Engine and a Converter.

A. Prius+ Battery

Lithium ion PHEV battery as shown in Table I, is chosen
for Homer Analysis. Ten batteries have been integrated with
power generation sources to work as power storage device.
We have assumed for Homer analysis that battery’s minimum
state of charge is 50%. It can be varied with respect to battery
technologies.

TABLE1  Configuration of Prius+ Battery for Homer Analysis
Nominal Capacity 1250 Ah
Nominal Voltage 24V

Round Trip Efficiency 80%
Minimum State of Charge 50%
Float Life 12 yrs
Maximum Charge Rate 1 A/Ah
Maximum Charge Current 202 A
Maximum Capacity 1,277 Ah
Depth of Discharge 50%
Cycle to Failure 4000

B.  Engine

As we have considered hybrid vehicle as a storage device
so an engine has been included with the battery demonstrated
in Table II, but considered as ‘forced off” so that there will be
no fossil fuel consumption.

TABLE Il  Configuration of Engine of PHEV
Lifetime (operating Hours) 15000
Minimum Load Ratio 30%
Fuel Gasoline
Intercept coefficient 0.1
(L/hr/kW rated)
Slope (L/ht/KW output) 0.3
Density 740 kg/m3
Lower heating value 44 MJ/kg

C. Converter

A bi-directional DC converter as illustrated in Table III, is
introduced which can control the amount of power flowing
between AC grid and DC battery. In this particular micro grid
analysis an AC primary load peak demand is considered
around 8 kW as indicated in Table IV, so preferable designed
converter has been introduced. In this analysis this converter
has been worked as both inverter and rectifier.

TABLE Il  Configuration of Converter

Size Inverter Inputs Rectifier Inputs
8 Lifetime Efficiency Capacity Efficiency
KW Relative to
Inverter
15 years 95% 100% 90%

The grid of a home or an office building with a defined ac
primary load is considered as main ‘grid’ which is integrated
with “Net Metering” system. Under this arrangement when
generation of electricity is more than consumption, the meter
spins in anti clockwise direction. However in peak times
power consumption is more than generation so meter spins
clockwise. This system is able to provide net consumption as
well as surplus production of power. Table V and Table VI
demonstrate the composition of PV and Wind Turbines. This
microgrid model analysis as shown in Fig. 2 will provide
optimized result of power production and consumption
between the grid and EV. The variation of cost, depending on
energy sources are achieved successfully by HOMER's
optimization and sensitivity analysis.

TABLE IV  Configuration of AC Primary Load

Average 126
(kwh/d)
Average(KW) 525
Peak(kW) 7.83
Load factor 0.670

TABLE V  Configuration of PV for Homer Analysis

Quantity 4
Lifetime 20 yrs
Diurnal Factor 80%
Ground Reflectance 30%
Scaled Annual Average 4.79 kwh/m2/d

TABLE VI Configuration of Wind Turbines for Homer Analysis

Rated Power 1 KW
Lifetime 15 yrs
Hub height 25m
Quantity 6
Scaled annual average 4.15m/s
Weibull k 2
Autocorrelation factor 0.85
Diurnal Pattern Strength 0.25
Hour of peak wind speed 15
Anemometer Height 10m
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Fig. 1. Block Diagram of PHEV and Grid Energy Management
Model
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"Fig. 2. HOMER model of PHEV and Grid

NASA Research Center gives annual solar radiation data
to HOMER software as shown in Fig. 3. Solar data is obtained
for an area Cox’s Bazar of Bangladesh which has latitude of
21°58" North and Longitude of 92°02’cast. Unit of average
daily solar radiation (kWh/m*/day) is known as “peak sun
hours” and this defines that how much sun was shining at its
maximum on a particular location [11].
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Fig. 3. Graphical representation of monthly radiation and
clearness index of Cox’s Bazar

Wind data is also collected for same region as mass
production is possible in the southern part of Bangladesh due
to geographical advantages. HOMER gives the graphical
representation of daily wind speed as shown in Fig. 4
according to given data [12].
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Fig. 4. Graphical Representation of Monthly Wind Speed of
Cox’s Bazar

III.  RESULTS OF HOMER ANALYSIS

A. PV Output and Wind Output
Monthly variation of solar data (Fig. 5) have been taken in
different times of the day and measured in KW.
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Fig. 5. Solar Output

Wind output (Fig. 6) shows the power generated by
wind turbine in kW. Output shows monthly variation which
can be taken different times of the day.
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Fig. 6. Wind Output

B. Battery State of Charge

Battery bank state of charge as shown in Fig. 7,
indicates remaining charge status when the vehicle is used for
storage purpose. This graph as shown in Fig.8 provides an
idea of how much power can be available in a PHEV battery,
when surplus of generation occurs.
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Fig. 8. Monthly Statistics of PHEV battery State of Charge
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C. Recharging PHEYV using Renewable Sources and Grid

The solar power output is taken as 0.7kW (Fig. 9) and at
wind speed 6 m/s the power output 0.1kW (Fig. 10) in one
hour. So in order to charge a ‘4.4kWh PHEV’ grid must
provide rest of 3.6 kW power in one hour. So PHEV charging
largely depends on Grid.

daily low
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D.Power production, consumption and Storage analysis

Power production, consumption and storage analysis are
done by HOMER. Renewable sources can provide maximum
14% of total power generation. In Fig.11 the proposed micro
grid’s power generation has been observed. Power production,
consumption and PHEV storage result rate charts have been
presented in Table VII, VIII and IX, respectively.

TABLE VII Production Rate

Froduction kb 4
{P array 5. hEE 7
Wind turbines 5,558 7
Engine 0 0
Grid purchazes B4.303 85
Taotal Fh 468 100

TABLE VIII Consumption Rate

Consumption ks 4
AL primnary load 45,930 TZ
Grid zales 17.603 28
Total 63534 100

@ Monthly Average Electric Production

Power (kI

Fig. 11. Monthly Average Power Production of Proposed
Homer Model

TABLE IX PHEV Storage Rate

Lluantity Yalue U rits
Erergy in 34170 ke
Erergy aut 27 ABE ke
Starage depletion 141 kwhior
Loszes B.AE2 kuw'hdyr
Annal throughput 30,705 kW hdr
Expected life 120 wr

IV. MODEL SPECIFICATION FOR VISUAL STUDIO ANALYSIS

Visual Studio 2010 code editor has been used to
develop a self controllable Graphical User Interface (GUI)
charging station by which vehicle to grid (V2G) power flow
can be capitalized.
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Fig. 12. Flow Chart of V2G Power Flow

This process involves some crucial parameters such as the
power available from grid, charging time required for PHEV
and their initial state of charge which will ensure when the
vehicles are available to provide energy back to the grid. In
order to demonstrate the idea provided in Fig 12, battery
design is considered according to Table X.

TABLE X  Configuration of Battery for Visual Studio

Maximum Capacity 4.4kWh
Full Charging Time 180 mins
Minimum State of Charge 20%

An operator will provide data as input parameters. After
fulfilling few conditions, user’s preference will be enabled.
After analyzing state of charge of the vehicle, this interface
will be able to confirm the charging or discharging process.



V.  CHARGING PROCESS MANAGEMENT

At first Vehicle Name, Registration Number has to be
entered. Default charging time for a 4.4kWh PHEV is 40.9
min [13]. In this paper, power grid selling amount has been
assumed as 10 BDT per kWh. Then Vehicle owner will enter
the value of state of charge of the vehicle for recharging
purpose. For simplicity, this model assumes that the battery of
the vehicle is scheduled to be fully charged when they
disconnect and start driving. The vehicle user interface then
provides time, energy and cost for recharging the vehicle
illustrates in Fig. 14 and Fig. 15.
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Fig. 13. Vehicle Owner Providing Input (soc)
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Fig. 14. Result after Recharging
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Fig. 15. Result after confirmation to recharge the vehicle.

The recharging of vehicle is mainly done during off peak
hours.

VI. DISCHARGING PROCESS MANAGEMENT

The vehicle’s state of charge has been considered above
20% (Fig.16) for discharging purpose. During peak hours,
Grid’s buying amount is assumed 15 BDT per kWh so that the
owner will be encouraged to sell surplus energy. This
discharging process (Fig. 16 and Fig. 17) is mainly the vehicle
to grid process through which an electric vehicle can supply
its stored energy back to grid successfully.
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g. 16. Results after Discharging
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Fig. 17. Result after confirmation to discharge

VII. PRIORITY BASED CHARGING PROCESS

If an electric vehicle fleet to be taken into account then more
efficient management is required in charging/discharging
process. User priority can be served based on different fleet
strategies such as first come first serve, charging according to
the range, group of top priority vehicles. In Fig. 18-“11”
registration number PHEV has been set as a top priority to get
recharged first.

= Electric Car =
Vekick infemzton Hame Regitation Number Tine To Recharge
Vehicle Name: EHEW PHEV3 11 1133748
PHEVI 05 1385692
Registration Number i PHEVZ 05 773828
State OF Charge (%) 45

Defauk Charging Time per Kiowatt Hour
409

Enqueue

Fig. 18. A Queue based on Priority



VIII. CONCLUSION

This paper focused on hybrid vehicle storing energy from
renewable energy sources and monitoring power flow between
vehicle and grid. In this way an electric vehicle not only
remains as a load but also work as an alternate of power plant
or generator. However, the vehicle to grid (V2G) idea is both
incredibly simple and highly complex in terms of technology
and policy which includes national grid infrastructure, battery
life, and charging/discharging efficiency. If the development
of current electricity grid to Smart Grid is at an initiating stage
in any country, there will be much confusion on how to
coordinate and combine all the elements of smart grid
together. The opportunities to develop and modernize the grid
and all the distributed energy sources like electric vehicle are
still open for the experts and scholars for further study.
Intelligent management of the charging infrastructure and
algorithm, development of grid codes and efficient integration
management will ensure the availability of PHEVs in large
extent in future [14] [15].

REFERENCES

[1] Yinyu Ye and Nicole Taheri. (2011, December 9). “A Robust
Mechanism to Dynamically Provide Grid Services with a Fleet of Plug-
in Electric Vehicles. [Online] Available:
http://web stanford.edu/group/peec/cgibin/docs/transportation/research/P
roject%20Proposal%20%20A%20Robust%20Mechanism%20t0%20Dy
namically%20Pro  vide%20Grid%20Services.pdf. Accessed Date:
November, 2014

[2] Benjamin K. Sovacool, Richard F. Hirsh, “Beyond batteries: An
examination of the benefits and barriers to plug-in hybrid electric
vehicles (PHEVs) and a vehicle-to-grid (V2G) transition”, Energy
Policy. 03/2009; DOI: 10.1016/j.enpol.2008.10.005

[3] Haiying Wang, Shuangquan Liu, Shiwei Li and Gechen Li, “Study on
State of Charge Estimation of Batteries for Electric Vehicle” The 2nd
International Conference on Advanced Signal Processing, ASP 2013,
ASTL Vol. 18, pp. 10-14, 2013.

[4] Kempton W, Kubo T, “Electric-drive vehicles for peak power in Japan”,
Energy Policy 28: 9 — 18, 2000.

[5] Kempton W, Letendre S, “Electric vehicles as a new power source for
electric utilities”, Transportation Research, 1997, Part D 2(3): 157-17.5

[6] Kempton, Willett and Jasna Tomi¢, "Vehicle to Grid Power
Implementation: from stabilizing the grid to supporting large-scale
renewable energy". Journal of Power Sources, Volume 144, Issue 1,
June 12005, pp.280-294. Doi:10.1016/j jpowsour.2004.12.022

[7] Gareth Haines, “A Vehicle-to-home Simulation Tool for the Analysis of
Novel Energy Storage Applications”, Ph.D Dissertation, University of
Warwick, 2013

[8] Lopes, J.A.P.; Soares, F.J.; Almeida, P.M.R., "Integration of Electric
Vehicles in the Electric Power System," Proceedings of the IEEE,
vo0l.99, no.1, pp.168, 163, Jan 2011 doi:10.1109/JPROC.2010.2066250

[9] M. Duvall and E. Knipping, “Environmental assessment of Plug-in
Hybrid Electric vehicles”, EPRI, Volume 1, Final Report, July 2007.

[10] Kulshrestha, P., Lei Wang, Mo-Yuen Chow, Lukic, S., "Intelligent
energy management system simulator for PHEVs at municipal parking
deck in a smart grid environment," Power & Energy Society General
Meeting, 2009. PES '09. IEEE , vol., no., pp.1,6, 26-30 July 2009.doi:
10.1109/PES.2009.5275688

[11] Average Solar Radiation. [Online] Available:
http:/pveducation.org/pvcdrom/properties-of-sunlight/average-solar-
radiation Accessed Date: October 2014.

[12] K. T. Parvez, N. Hasan, A. Rashid, S. A. Siddiqui, “Study and analysis
of a small scale micro grid using renewable energy resources” B.Sc.
Thesis, Dept. of EEE, American International University —Bangladesh,
Dhaka, Bangladesh. August, 2014

[13] Vehicle Technologies Program. [Online]
Available: http://www.afdc.energy.gov/pdfs/52723 pdf. Accessed Date:
November, 2014

[14] Jamal, T.; Ongsakul, W., "Smart Grid in Bangladesh power distribution
system: Progress & prospects," 2012 Students Conference on
Engineering and Systems (SCES), , vol., no., pp.1,5, 16-18 March 2012

[15] Jamal, T., Ongsakul, W., Lipu, M.S.H., Howlader, M.M., Saif, A.L,
“Development of Smart Grid in Bangladesh: Challenges and
Opportunities”, Sth IASTED Asian Conference on Power and Energy
Systems (AsiaPES), 2012, Phuket, Thailand. DOI: 10.2316/P.2012.768-
047, Page: 275-282.



