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= ABSTRACT- The primary goal of this research is to design on electric vehicle charging station with less emission in
Chennai due to an increase in electric vehicles. The wind and solar are common renewable energy sources which produces green
power. These renewable sources can also be implemented with diesel generator and grid connection to run the Electric Vehicle (EV)
charging station. This research also focuses on the cost of energy and the total cost of the system for different sources to operate EV
charging station. The sources to operate an EV charging station in various period of time to charge the vehicle are analyzed. The
sensitivity analysis like derating of solar also done to examine the status of different parameters in entire system with low cost. The
design of low-cost system for Electric VVehicle charging station will be a useful implementation to Chennai city for charge various
EV vehicles. The result shows that the price of energy and total cost of the system are 0.176 $/kWh and $ 363,094 respectively for
entire system which considers to charge different EV bike and EV car through EV charging station. The simulation for this research
work is carried out in HOMER Grid software.
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supplying power and sensitive variation of various derating of
solar is conducted. The energy efficiency issue is due to usage
i of solar panel with dust particle and shading effect. The solar
# 1. INTRODUCTION panel with dust particle will have less output. This proposed
simulation has solar panel with better efficiency. The renewable
operated electric vehicle station gives emission free
environment. The main contribution of this paper is that the real
time solar radiation and wind data are considered to optimize
the hybrid renewable system-based EV charging station with
low cost and less emission. For optimizing the system
components, HOMER grid is used.

Lo =T shortage [1] The HOMER grid software is used to optimize the
e = EV charging station with low cost [2]. The objective of this
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Electric Vehicles are important in current research since they
are future. The main goal of using electric vehicle is to avoid
surrounding emission which is produced in petrol/diesel
vehicles. The lack of resource is Electric VVehicle (EV) charging
station. This EV charging station is not available everywhere
like petrol bunks. More number of electric vehicles is not
possible to charge at a particular period of time in any area with
less hours of charging. In this research, the EV charging station
is investigated in Chennai, India. The number of EV’s is i

charged at a time with low cost. Usually, the grid is used for = 2. LITERATURE SURVEY ) )
charging the vehicle through EV charging station but, in this The Qatar |s_powere_d W|th_ renewable based electric vehicle
research, renewable sources (solar and wind) also included to ~ charging station which estimates the cost of energy to and

Website: www.ijeer.forexjournal.co.in Green Power Ev Charging Station Design and Analysis for


http://www.ijeer.forexjournal.co.in/
https://doi.org/10.37391/IJEER.120203
https://ijeer.forexjournal.co.in/archive/volume-12/ijeer-120203.html

. FOREX
Publication

Open Access | Rapid and quality publishing

electrical values of hybrid power system [3]. The microgrid is
designed for EV powered application which is utilized with
energy storage technique [4]. The electric vehicle is charged
with hybrid renewable source and this charging station operates
15 hours in a day by charging 10 EV vehicles [5]. The optimal
sizing also performed in calculating hybrid power source EV
charging station results. The quality of power is addressed and
it can be applicable for small change in variation of load. The
result also shows that the microgrid is suitable with better
performance for fault in the system [6]. The diesel generator
operated with solar and battery with suitable planning and
validation process [7]. The effect of emission is avoided due to
implementation of renewable in Maldives. The different
strategies are compared and the result shows that the load
following strategy produces less carbon emission than other
strategies [8]. The future source of energy focussing on
renewable sources all over the globe especially in remote areas.
The total price of hybrid renewable system is higher than the
centralized power production to the Island area. The
construction cost of the centralized power production is higher
than the hybrid renewable system. So, the non-conventional
source has low cost of each unit energy [9]. The high capacity
microgrid system is developed in Thailand using DIgSILENT
software. The hydro, solar, generator and battery are rated more
than 1 MW capacity [10]. The feasibility, stability of renewable
system provides reliable power supply for remote location [11].
The reactive power and active power response for load
following dispatch strategy which is best strategy in
optimization process. The frequency and voltage variation and
stability study of hybrid microgrid system are analyzed [12-17].
The active power and frequency of wind, solar and generator
and emission (CO2) discharges are analyzed in Islanded area of
microgrid system [18]. The response of bus voltage, cost and
power flow in Maldives are analyzed [19]. The system is
simulated with low cost of energy 0.02 $/kWh when connected
to grid supply. The microgrid is designed with various
protection scheme for various kind of faults in the system [20].
The lifetime cost and cost of reliability is evaluated based on
unmet load in microgrid system [21]. The result shows that the
microgrid has low lifetime cost in optimization process. The
fuel cell is used in microgrid for charging electric vehicles [22].
The future trends for optimization in remote areas are discussed
with energy management system [23]. The microgid power
flow method is necessary to understand the AC and DC power
flow in the system [24]. The renewable based microgrid system
for supplying power is highlighted [25-27]. The microgrid is
designed in rural area for development with low cost [28].

3, BLOCK DIAGRAM DESCRIPTION

Figure 1 illustrate the structure of EV charging hybrid sources.
The following are the power which is produced to satisfy the
EV charging station and AC primary load. The various sources
are solar energy, wind energy, grid, diesel generator. The
lithium-ion battery is used in DC bus as bi-directional device.
The converter is used for proper functioning of hybrid system
with low cost. Whenever the AC to DC or vice versa
transmission required, this converter is used to fulfil the EV
charging station and load.
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Figure 1: Structure of EV charging hybrid sources

4. METHODOLOGY
i Table 1. Specification of Electric Vehicle

EV’s Quantity Max. charging Average
of EV power per EV (kW)  charging time
(min)
EV 30 120 260
Car
EV 70 30 260
bike

Table 1 shows the specification of Electric vehicle. The number
of chargers considered is 20. The charging power considered is
12 kW. The electric vehicle is visited one time during 6 a.m.
and between 11 a.m. to 3 p.m. The electric vehicle is visited 2
times on 7 a.m. and 9 a.m. and 3 times on 8 a.m. The average
energy for charging EV’s is 258 kWh/day. The EV car and bike
are distributed with 30% and 70% respectively.

The figure 2 shows the proposed HOMER grid methodology.
The inputs like cost of components, wind speed and solar
radiation need to give HOMER grid. Then sensitivity and
optimization are performed to determine the total cost and cost
of energy.

Figure 3 shows the daily profile data of electrical load demand
for EV charging station. To power electric vehicles in charging
station, control room which requires fans, tube lights which
operating during entire hours in a day. The load power varies
from 1 kW to 1.5 kW of load in a day.
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Figure 2: Proposed HOMER grid methodology
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Figure 4: Solar radiation of Chennai in a year

Figure 4 shows the average solar radiation of Chennai in a year.
The average solar radiation is highest during the month of April,
which is 6.72 kWh/m2/day. The average solar radiation in
Chennai is 5.23 kWh/m2/day. The average clearness index
variation for each month in a year varies.

Figure 5 shows the average wind speed of Chennai in a year.
The average wind speed is highest during the month of June,
which is 6.31 m/s. The overall average wind speed in Chennai
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is 5.51 m/s. The average wind speed in Chennai is only 4.53 m/s
during October month.
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Figure 5: Wind speed of Chennai in a year

The objective of this research based on EV charging station is
given in equation (1),

Min cost= Min (TC) 1)

where, TC is the total cost which is to be minimized for
charging Electric vehicle through various sources. The wind
turbine output “WTO’ be contingent mainly on speed of wind
and it is evaluated by the following equation (2),

3 .
WTO = (%) * 5,C in watts )

where, s is Chennai wind speed in m/s, p,;. is air density, S, is
swept area of rotor WT in m? and C is power coefficient of WT.
The capital, replacement and O&M cost for 1 kW wind turbine
are $ 3200, $ 3200 and $ 100 respectively.

The solar panel produces power and
mathematically as shown in equation (3),

it is represented

= [0 (TP — TS) + 1] DF + PR+ R 3) (3)

where, @ is solar coefficient in %/°C, ‘R’ is the radiation of solar
in KW/m?2, S is the standard radiation in kW/m?, DF is derating
factor, PR is the rated PV power in kW, TP is PV temperature
in °C and TS is the PV standard temperature. The capital,
replacement and O&M cost for 1 kW solar are $ 650, $ 650 and
15 $/year respectively. The converter which processes the
different conversion from AC and DC and it is mathematically
represented in equation (4),

P (D) = R0 *nc (4)

where, P,(t) and P, (t) are the input and output of converter and
N is converter efficiency. The capital, replacement and O&M
cost for converter are $ 290, $ 290 and $ O respectively.

The battery capacity ‘B'is evaluated using the equation (5),

_ ba*L
¢~ C+snNp*DOD (5)
where, C is the battery capacity, ba is autonomy of battery, L is
the EV vehicle charging and electric load, DOD is discharging
depth of battery and n, is efficiency of battery. The capital,
replacement and O&M cost for 1 kWh battery are $ 150, $ 150
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and 10 $/year respectively. The consumption of fuel in DG is
from equation (6).

Ft)=Ic*Pr+ Is *Po(t) (6)

where Isis the fuel curve slope, Ic is the intercept coefficient, Py
is the rated power of DG and Po(t) is the real power of DG. The
capital, replacement and O&M cost for 1 kW generator are $
250, $ 250 and 0.010 $/kWh. The total cost ‘TC’ is represented
by equation (7).

L) ™

RFcapacity (i)

TC = cayT<

where, Camual, T IS the annualized cost in $, RFcapacity IS the
capital recovery factor, r; is discount rate and | are 25 years
lifetime. The cost of energy ‘COE’ is the ratio of annualized
cost ‘Ca 1’ to the sum of EV charging and electric load ‘L’ as
given in equation (8).

_ cal,T
LEC = —Ziio o (8)

7 5.SIMULATION RESULTS
5.1 Optimization result of hybrid system
“ Table 2. Result analysis of EV charging station

Session per  Annual Energy  Session  Peak power
year energy per per day (kw)
served session
(kWh) (kWh)
1825 94,128 51.6 5 83.8

Table 2 shows the result analysis of EV charging station. The
number of sessions per year is 1825 with 51.6 kWh energy per
session. Maximum power obtained from the EV charger to
charge vehicles is 83.8 kW which is on 17th August. Based on
the EV charging vehicle values, the renewables, DG and grid
gives power at low cost.

200
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Energy (kwh)
3

Average energy per
session

o

Energy served

Figure 6: Result analysis of EV charging station on 7th February

Figure 6 shows the result analysis of EV charging station on 7th
February. The number of sessions on this day is 3 and total
charging time for 3 sessions is 13.93 hrs. The total energy
served and average energy per session are 167 kwh and 55.7
kWh respectively. For each and every day, the energy served to
electric vehicle will change based on the power demand of
electric vehicle.
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Table 3. Cost for various solar derating in hybrid model

PV Derating DF Total cost Cost of Energy ($/
(%) (%) kwWh)
80 DF1 370,525 0.186
82 DF2 366,790 0.181
85 DF3 363,094 0.176

Table 3 shows the cost for various solar derating in hybrid
model. The cost of energy is 0.176 $/kWh when solar derating
is 85% which is low compared to 80% and 82% solar derating.
So, the results of 85% solar derating are considered as best case
and optimization results analysed based on 85% solar derating.

Table 4 shows the optimization results of EV charging station-
based hybrid system. The capacity of different components in
the system is evaluated. The suitable power required from
different renewables during particular period of time based on
climate condition and diesel generator and grid to charge the
electric vehicle required for each day is shown in Table.4. The
solar is used in larger capacity in this system as 107,834
kWh/year for charging electric vehicle when it requires.

Table 4. Optimization result of hybrid system

System Values System Values
parameters parameters
PV capacity 78 kW Battery capacity =~ 95 kWh
PV Production 107,834 Autonomy 142 hrs
kWh/yr
WT capacity 24 kW Energy sold from 55919
grid kWh/yr
WT Production 44201 Energy purchased 1481
kWhlyr from grid kWh/yr
DG capacity 250 kW Converter 56.7 kW
DG production 8000 kWh Renewable 94.4%
Fraction
80
c
-260
o
3
©40
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0 || N
Solar PV Diesel Generator  Wind Grid Purchases

Figure 7: % of Production from various sources

Figure 7 shows the production of electricity from dissimilar
sources of power. The solar and wind are frequently used in
generation power to supply power to various electric vehicle
(Car and bike) and load power. The power shortage is overcome
by implementing diesel generator and purchasing power from
grid. The solar power generated 114125 kWh in a year which is
higher power source used to power electric vehicles. The wind,
diesel generator and grid purchases are 44,201 kWh, 7562 kWh
and 1321 kWh in a year. This diesel generator produces 61,252
kg/year CO2 emission.
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Figure 8: % of Consumption

Figure 8 shows the consumption of AC load, grid sales and EV
charger served. Based on the demand of various vehicles in
Chennai, the power is supplied from source to EV charging
station in a year. The excess power is fed to the grid for saving
cost. The highest consumption is from EV charging station of
94,128 kWh/year with 59% of total consumption.
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Figure 9: Cost for various sources in hybrid system

Figure 9 shows the different cost parameters for various hybrid
sources in EV charging station model. The generic 1 kW wind
system has more capital cost compared to DG, solar and
converter. Similarly, replacement cost of wind system also
more compared to other sources. Since, the lifetime of wind
turbine is only 20 years, it should be replaced for 25 years
lifetime project. The salvage cost is the additional income which
is more in battery due to less lifetime.
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Figure 10: Energy balance for EV charging station & load

Figure 10 shows the energy balance for EV charging station and
load. The EV charging station is the primary load, which is to
be satisfied. The EV car and bike are charged through various
sources from EV charging station. This energy balance graph is
drawn for 7th February. To supply power to the EV vehicles,
the solar used during 7 am. and 5 p.m. Wind power also
supports to give power to EV chargers during this time. The
maximum wind speed flow in this day is 10.31 m/sat 11.00 a.m.
and wind turbine produces 20.62 kW power. Mainly wind
power supports the AC load during 12.00 a.m. to 6 a.m. The
demand for EV charging station starts between 8 a.m. and 8
p.m. The diesel generator produces power at 7 p.m. of 62.5 kW
to supply power to the Electric vehicle. The excess power can
be given to battery and if required power sold from grid through
converter. The excess power can be used from battery when all
renewable fails. The average wind speed on this day is 5.49 m/s
in which wind turbine power produces 0 kW at minimum wind
speed of 1.67 m/s.

5.2 Sensitivity analysis

Figure 11 shows the change in total cost (TC) and solar
production for various derating factor. The derating factor is
adjusted from 80% (DF1), 82% (DF2) and 85% (DF3) to
analyze the performance of solar energy production based on
cost in EV charging based hybrid power system. The TC
reduces from $ 370525 to $ 363094 when increasing derating
factor of solar. The solar energy production increases from
107834 kWh/year to 114125 kWh/year while increasing
derating factor of solar.

375000 115000
S D
g o 370000 ~— 110000 &
T 2 365000 \ 3
= <
53 360000 105000 g
m N

S 355000 100000

DF1 DF2 DF3

e Total cost (3$) Solar Energy Production (kKWh/yr)

Figure 11: Change in cost and solar production for various derating
factor
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Figure 12: Change in energy sold and purchased from grid for
various derating factor

Figure 12 shows the change in energy solar and purchased from
grid for different derating factor of solar. The grid is also
connected in hybrid system to supply power to EV charger
when required. When solar derating increases then energy sold
from grid increases from 55919 kWh/year to 61267 kWh/year.
Similarly, when solar derating increases, then the energy
purchased from grid drops from 1480 kWh/year to 1321
kWh/year. The table 5 shows the comparison of proposed
results with existing system. The proposed result shows that the
cost of energy and emission is less compared to existing system.
The renewable fraction is more in the proposed system.

izt Table 5. Comparison of results with existing system

Parameters Existing system  Proposed
system

0.176 $/kWh  [29]

Reference

Cost of Energy  0.27 $/kWh

($/kWhr)

Emission 459,370 kglyr 61,252 [30]
kglyear

Renewable 87.9% 94.4% [31]

fraction (%)

:6. CONCLUSIONS

The electric vehicle charging station is designed using
renewable sources with diesel generator at low cost. Due to
increase in Electric Vehicle in Chennai, India, the suitable
charging station design is necessary and which has to be
installed with low cost and less emission. This research
highlights the importance of renewable sources necessary of
electric vehicle charging station necessity, derating of solar with
variation in cost parameter and involvement of wind energy
system for charging electric vehicle. The grid is also used in
hybrid system to sold and purchase power with reasonable cost.
The sensitive results show that for different solar derating, the
energy sold and purchase from grid are also discussed. The solar
derating varies as 80%, 82% and 85%. The proposed EV
charging station produces 83.8 kW peak power for the
corresponding electric vehicle charging demand. The optimal
sizing result shows that the solar and wind capacity are 78 kW
and 24 kW respectively. The proposed design has the cost of
energy and the total cost as 0.176 $/kWh and $ 363,094
respectively. The renewable fraction for this electric vehicle
charging station with hybrid sources is 94.4%, which shows that
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the proposed system will produce maximum green energy to
supply electrical power to the vehicle.
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