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Abstract
Globally, electric mobility is growing in popularity. The charging station appears to be an integral part of the
overall strategy. A solar photovoltaic (PV) and wind energy system as local energy sources to deliver power for
an electric vehicle charging station becomes crucial to generating profit and environmental benefits compared
to a local grid-powered charging station. An economic and technical evaluation of a charging station that
draws power from multiple sources will be carried out to assess the economic factors for charging station
operators. This investigation makes reference to the city of Santalpur in the Indian state of Gujarat. The
various types of power flow are developed based on the production of power in real time. The system is
designed to charge 60 electric vehicles at various times throughout the day. In MATLAB, the proposed system
is evaluated. The proposed method is contrasted with an electric vehicle (EV) charging station that uses only
grid electricity. The results demonstrate that the proposed method yields a 21% increase in daily profit. In
addition, there has been a 44% reduction in grid stress. The proposed system has a payback period of three
and a half years and reduces annual carbon emissions by eighty-two tonnes.

Introduction: The transition to electric mobility is one potential global strategy for lowering greenhouse gas
emissions in the transportation sector. The worldwide EV3030 movement, which has set the target of having
at least 30% of all newly sold cars be electric by 2030, is supported by just a select few nations, including India.

Wind
Turbine

Fig. 1. View of proposed system
Objectives: To reduce grid burdern. Increse profit for charging station owner. Reduce carbon emission.

Methods: As per renewable energy assessment, the four modes of energy flow are designed.
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To verify that the PV-wind hybrid system meets the load power requirement, the PPV and PW must be
calculated. The goal function is developed by taking dependability into account.

The difference between produced and demanded power is computed as follows:
AP(t) = PPV (t) + Pw (t) - PEVL (t) - PLL (t) (4)

In the event that generation from these sources is insufficient to meet load demand, electricity is drawn from
the grid at a cost of Pg (t). In addition, the excess electricity from the sources after fulfilling the load demand is
sold to the grid at Pg (t). On the grid side, it is considered that there are no constraints on selling and buying
electricity. The instances are generated as follows with respect to AP (t).

Results:
Table 1. Outcome Analysis
Parameter Unit GP- Proposed SWGP-EVCS
EVCS
Grid Solar ‘ Wind ‘ Grid
EVs charge in a day Number 60 60
EV Charging Rate INR/unit 19 19
Grid Electricity Tariff INR/unit 8.00 0 0 8.00
Amount of Energy Consume by EVs and | KWh/day 1186.6 | 227.5 | 268.2 | 691.0
Energy Purchase Cost from Grid INR 9493.2 | 0.0 0.0 5528.0
Total amount of energy sold to the Grid KWh/day -- 31.6
Revenue generate from Renewable Energy | INR -- 71.2
Amount of Energy sale for EVs charging KWh/day 1014.4 | 10144
Revenue generate from EVs Charging INR 19274.5 | 19274.5
Net Profits from EV Charging INR 9781 13746.5
Energy Profit % 50.7 71.3
Percentage of More Energy Profit % 21
Grid Stress Reduction % 44
Payback period Years 2.3 3.5
CO2 emissions reduction ( individual ) Tons/Year 64.1 17.9
Total Carbon dioxide emissions reduce Tons/Year 82.0

Conclusions: In the context of the Indian power market, this paper examines energy management and techno-
economic analysis in relation to the cost-effective strategy of solar, wind, and grid-powered EV charging
stations (SWGP-EVCS). The proposed approach is contrasted with a baseline EV charging station that only uses
grid electricity (GP-EVCS). The dynamic demand from EVs and the real-time forecasted energy from renewable
sources have been taken into consideration while creating the four modes of energy flow. As per the techno-
economic analysis, the proposed SWGP-EVCS base system has the following key findings against GP-EVCS:

e Hasa21% increase in profit on an exercised day.

e There has been a 44% reduction in grid stress.

e |t reduces carbon emissions by 82 tones in a year.
However, GP-EVCS has a payback period of 2.3 years, whereas a SWGP-EVCS has a 3.5 year payback due to the
higher initial investment.
The proposed system can be applied to large scale EV charging networks.

Keywords: EVCS Energy management, RES Based EVCS, PV, Wind tided EVCS, Techno-Eco analysis of EVCS
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1. Introduction

In this paper, a grid-connected system, solar PV,
and wind energy are used to deliver energy for an
EV charging station (EVCS). Fig. 1 depicts the
perspective of the proposed EV charging
infrastructure.

Nishanthy et al. [1] investigated the performance
of the charging station that charges 17 EVs per day
with the goal of site selection and technical and
economic analyses. The results reveal a lower net
present cost of $303 291.26 and an energy cost of
$0.072/kWh with a 50% decrease in emissions. In
Kabir et al. [2], the authors made use of a
centralised system that was built on integer linear
programming (ILP) in order to determine the
appropriate cost for EV charging. The purpose of
this research was accomplished when it was
discovered that a speedier charging process could
be carried out at the lowest possible cost. Wu et
al. [3], presented two different algorithms that
were used to evaluate the requirements for
electric vehicle (EV) charging as well as the savings
in annual expenditures that may be realised by
enterprises and office complexes. The results
demonstrated that the methods are both effective
from a computational standpoint and functional in
real time. What's more noteworthy is that they
were able to save 7.2% on average, which brought
the total savings to 6.9%. Gong et al. [4] studied a
method for charging electric cars that would not
only reduce the amount of energy used but also
save drivers money. The optimal findings showed
that there was potential for a 7.6% reduction in
charging expenditures during the winter and a
10.3% reduction during the summer. In Zhou et al.
[5], an optimization model was made to solve the
problem of how big EV charging stations should be
by combining RES, ESS, and different types of
chargers. The proposed model was made to cut
down on investment costs and make EV charging
stations more profitable. According to Singh et al.
[6], ABC and PSO optimization algorithms were
performed to obtain least levelized cost of
electricity (LCOE) and minimize the loss of power
supply probability (LPSP). According to the work
that was done by Yaqin et al. [7], an optimization
model was designed to assist with the charging of
electric cars. This model was developed so that it
could adapt to new requirements while keeping
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the cost of electricity to a minimum. An energy
management system (EMS) was developed by
Sayed et al. [8] and carried out in Egypt to govern
the flow of electricity from renewable energy
sources (RES) to electric vehicles (EVs). The
authors, Rahman et al. [9], attempted to reduce
carbon emissions by deploying solar PV, wind, and
fuel cell energy sources in HOMER software and
system analysis based on Monte Carlo simulations.
A strategy for the management of energy was
presented by Akil et al. [10] in order to facilitate
the charging of electric vehicles in industrial zones
in Turkey with the aim of charging EVs at the
lowest possible cost. Their findings suggest that
the requirements for recharging electric vehicles
might be satisfied in a variety of time frames.
Gunkel et al. [11] investigated the influence that
the Balmorel model would have on the integration
of RES with EVCS. Optimum demand response and
coordination of electric vehicle (EV) aggregators
presented by Harsh et al. [12], Liu et al. [13], a
system for conserving energy in electric vehicles,
was developed after taking into account various
driving circumstances. By taking a look at electric
vehicle management, the authors of Casella et al.
[14] produced a review for the convergence of the
transportation and smart grid industries. Zhao et
al. [15] focused on a method to reschedule the
power system that took into account electric
vehicles as well as renewable sources of electricity.
However, not only did Ouramdane et al. [16] take
into consideration EVs and renewable energy
sources, but they also included energy storage. Its
primary focus was on home energy management
rather than that of businesses. The aim of
optimising charging station revenues by limiting
grid power purchases and selling power to the grid
during periods of great solar availability was
realised through the design of the charging
algorithm by Prajapati et al. [17]. The microgrid
imbalance, variable EV demand, and the cost of
electricity were all factors that inspired the
Zandrazavi et al. [18] study's authors to create a
stochastic multi-objective optimization model.
Epsilon-constraint techniques and fuzzy logic were
used to solve the issue. Optimize energy
management and reduce energy-related costs
using the GFO-VITG method, as described in
Rajesh et al. [19]. Amir et al. [20] came up with the
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Q-learning method to lower the costs of running
microgrids with renewable energy sources and
charging stations for electric vehicles on a large
scale. In Goli et al. [21], a DC link voltage sensing-
based control approach was developed for energy
flow modes in PV, ESU, and grid-based EV
charging. This was done to lower the cost of
running the system. The droop regulation
technique was used by Raj et al. [22] to reduce grid
stress caused by fast charging in PV, BESS, and
grid-connected systems. The charging and
discharging power from the ESS, as well as the
electricity drawn from the grid, are optimised in PV
Integrated EV Charging Stations by Chaudhari et al.
[23] in accordance with price band allocation. A
stochastic model was developed by Himabindu et
al. [24] for the optimal power sharing in PV-Wind-
ESU and grid-powered EV charging stations for the
EV traffic profile, arrivals, and resource use
pattern. The PV-ESU connected electric car
charging cost can be reduced using the time-of-use
adjustment strategy.

The system consists of solar PV panels installed on
the charging station's roof and a ground-mounted
wind turbine set at a height of 10 meters. The
charging station is also connected to the grid

supply.
2. Objectives

The system consists of solar PV panels installed
on the charging station's roof and a ground-
mounted wind turbine set at a height of 10
meters. The charging station is also connected to
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Fig. 2. Schematic diagram of proposed system
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Methods

2.1. Photovoltaic (PV) System

The polycrystalline type PV panels are placed on
the roof of the charging station at a fixed tilt angle.
The charging station is designed for three chargers
of 15 KW, 20 KW, and 50 KW capacities. The size of
the solar PV plant is 50 KW on the basis of roof
area available and the energy needed at the
charging station. The Santalpur city of Patan
district in Gujarat state of India, having latitude
23.75 and longitude 71.15, was selected for the
charging station's technical and economic analysis.
For the real-time power forecast, the weather data
was taken from [25], Based on the temperature
and amount of sunlight at the site, Eq. (1) is used
to find out the PV power [26],

va = vafpv (Lj[l—i_ Olp (TC - TC_STC)] - _(1)

GTﬁSTC
Where;

Yev = PV array sizing in kW
fev= the PV derating factor in %

Estimated system loss 14.08 % including soiling
loss 2 %, Shading loss 3 %, Module mismatch loss
2%, Wiring loss 2%, Joints 0.5 %, weak radiation
1.5 %, Name plate rating 1% and avaibility 3 %.

Gt = Irradiance in kW/m?

Gr_stc = Irradiance of 1000 W/m? at standard test
conditions

aP= the temperature coefficient of power [%/°C]

Tc= the PV cell temperature in the current time
step [°C]
Tc_STC = the temperature of a PV cell under
standard test conditions [25°C].
In Table 2, the parameters of the PV system are
shown.

Table 2. Parameters of Solar PV System

Para Po | Mod | Arr | Module | W | N| N

Unit K | % deg | -- W |- |-

Value | 50 | 15.5 | 23 Polycry |30 | 1|9

2.2 Wind Turbine

The onshore ground mounted wind turbine of
50 KW capacities selected for the deliver energy to
charging station. The day of 15the April 2022
hourly wind speed data availed from [27].
The power output from wind turbine on the basis
of wind speed calculated by Eq. (2) [28];

111




Journal of Harbin Engineering University
ISSN: 1006-7043

0 vSv,0rvzv,
Kk _yk
AR
Py, =P *———— vC<v<v,
v =V,
P, Vv, Vv,

Where P: is rated power; vc is the cut-in wind
speed; v is the rated wind speed; and is the vo cut-
off wind speed.

Table 3. Parameters of PMSG Wind turbine

-(2)

Paramet | P: Ve Vr Vo Ho [N [N

er g b

Unit KW | m/s m/s m/s|im | %|%

Value 50 2 11 25 10 | 8 | 8
2.3 Grid

The grid power is taken from an 11/440 V pole
mounted transformer and supplied back when
surplus power occurs. The grid supply comes from
11 KV feeders from the 66 KV substations.
According to the GERC tariff order 2022-23 [29],
the energy tariff from the grid is considered INR
4.0 as an energy charge for HT Connection for
electrical vehicle charging stations. The gross
purchase cost of grid energy per KWh is taken at
RS. 8.0, including fix charge, energy charge, fuel
charge, and electricity duty. On the other hand,
the surplus renewable energy rate for sale to the
grid is estimated to be Rs. 2.25 [30].
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Table 5. Electric Vehicles Load Estimation

Hour No. Of | EV Model EV
EVs Battery
Plugg Capacity
ed (KwWh)
1 1 Hundai Kona 39.2
2 0 0
3 0 0
4 3 TATA NEXON 40.5
Hundai Kona 39.2
Mahindra 21.2
Initial SOC (%) Required Real Time Max EV
SOC (%) Load (KW)
15 85 27.4
0 0 0.0
0 0 0.0
0 85 34.4
10 85 29.4
15 80 13.8
77.6

The EV load for the 24 hour period is estimated as
per the above calculation.

Table 6. EVs' Load for the 24 hour time period

Hour No. of EV | EV Load (KW)
2.4. Estimation of EV Charging Station Load Plugged
The following models of Indian EV cars and their
battery capacities are considered [31]. 1 1 27.4
Table 4. Electric vehicle models and battery 2 0 0.0
capacity.
Sr. EV Model Battery Size (kWh) 3 0 0.0
No. 4 3 77.6
1 Mahindra eVerito 21.2 5 3 44.9
2 Tata Tigor 26 6 3 55.0
3 Tata Xpres-T 21.5 7 3 44.2
4 TATA NEXON 40.5 8 3 62.1
T T N —
7 Mahindra eSupro 25 10 3 47.0
11 2 335
The station's lightning load and other auxiliary load 12 2 38.2
are assumed while the EV load is estimated as per 13 3 40.4
Eq. (3). 14 3 37.2
15 3 48.3
Poy,, =(SOCq,, -SOC,,; )xEV, _BC-—(3) 16 3 39.4
17 2 394
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18 3 59.8
19 3 63.2
20 3 35.9
21 3 55.2
22 3 42.7
23 2 30.9
24 3 50.9
Total 60 1014.4

2.5 EV Charging Rate

The charging rate of electrical vehicle is
availed INR 19.00/KWh from TATA power charging
tariff in Gujarat [32].

3. ENERGY MANAGEMENT OPERATIONAL
STRATEGY

As per renewable energy assessment, the four
modes of energy flow are designed.

To verify that the PV-wind hybrid system meets
the load power requirement, the PPV and PW
must be calculated. The goal function is developed
by taking dependability into account.

The difference between produced and demanded
power is computed as follows:

AP(t) =P, () + P, (1) - Poy (O - P L () (D)

In the event that generation from these sources is
insufficient to meet load demand, electricity is
drawn from the grid at a cost of Pg (t). In addition,
the excess electricity from the sources after
fulfilling the load demand is sold to the grid at Pg
(t). On the grid side, it is considered that there are
no constraints on selling and buying electricity. The
instances are generated as follows with respect to
AP (t).

3.1 Energy Flow Operational Modes

Mode-1

Pw+Pg to EVs & Station local load

If AP (t) < 0, during night time, power generation
from PV is zero and wind power is not enough to
drive the station's total load. The deficit power for
the load is available from the grid as follows:

PG () = (Peyy (t)+P, - Py (t))mrec—(5)

Mode-2

Pw to Grid & Station local load

When no vehicle is charging at the charging station
at 2:00 am, the EV load is zero and wind power is
enough to drive the station's local load. The
surplus wind power is exported to the grid for the
revenue generation.

Vol 44 No. 5
May 2023

PYe (t) = (PW (t) - Py (t))/nmv -—(6)

Mode-3

Ppv+Pw+Ps to EVs & Station local load

If AP(t) < 0, The electricity provided by the rooftop
solar PV and wind turbines is insufficient to drive
the required power for EVs and the local electric
load. As a result, the needed electricity is obtained
from the grid as follows:

PYimp ® =P (t) - Py (@) - Py ())/mrec + P ——(7)

In this scenario, the load from electric cars (EVs) is
higher than the available power from solar and
wind, which leads to power shortages while
attempting to charge EVs from the grid. This could
also happen if there were a big jump in the
number of EVs at the charging station.

Mode-4

Ppv+Pw to Grid, EVs & Station local load

If AP (t) > 0, the total amount of power produced
by PV panels and wind turbines is enough to
charge EVs and meet local load needs. Also, the
excess power Pgexp (t) is sold to the grid, which is
calculated as follows:

Pgexp (t) = (PPV (t) +Py (t) —Pan (t))nmv —P (t) -(8)

3. Results

r (KW)

PV Powe

Fig. 3. PV Power Generation.
The highest PV power production at a site is found

at 36.25 KW at 12:00 noon, while total production
of solar PV power throughout the day is 257.8
KWh. The average sunshine hours of the available
location is 5.2 hours, as estimated.

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
ime (hr)

Fig. 4. Wind Power Generation.
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Fig. 4 shows the amount of power generated by a
wind turbine with an installed capacity of 50 KW is
at its highest point of 19.4 KW at the time of 13:00
hours, and it is at its lowest point of 1.8 KW at the
time of 18:00 hrs. Throughout the course of the
day, a daily average wind power measurement of
10.78 kilowatts (KW) was obtained. The total wind
power in a day is observed at 269.5 KW.

0 I‘

EVs Pluged F

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 2

Time (hr)

Fig. 5. Numbers of EVs plugged.
Fig. 5 depicts the total number of electric cars that
are currently being charged at an EVCS. During the
day, there are a total of sixty electric vehicles (EVs)
charged.

1 —EVs load
80 iy Local load

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 2

Time (hr)

Fig. 6. Total load at the charging station

In Fig. 6, the overall electric load at the charging
station is shown. This is the sum of the local load
at the charging station as well as the load from
electric vehicles charging.

The total load at EVCS is lowest when there are no
electric cars arriving for charging. Hence, the EVCS
load loan in that event is only 5KW due to local
load. When there is a local load and the maximum
number of electric cars is linked into the system in
further time, the load is at its greatest, which is an
instant of 83.6 kW. Over the course of the twenty-
four hours, the overall total EV load was 1014.4
KW, while the local load was 172.2 KW. As a result,
there is a total electric load of 1186.6 kW at the
charging station.

Total station load|
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7 08 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 2

Time (hr)

Fig. 7. Power imported from grid
When the EV load is higher than RES, the power is
imported from the grid to meet the charging
requirements of EVs. Throughout the day, 691 KW
of power were brought in from the grid.

Exported Grid Power (KW)

304 05 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 2

Time (hr)

Fig. 8. Power Exported to grid

In the event that demand for electricity from EVs is
lower than the quantity of energy being produced
by RES sources, the surplus energy from RES is
delivered back into the grid. This happens during
the period of time starting at midnight and going
until five in the afternoon, inclusive. In addition,
solar and wind power were used to generate
energy that was sold to the grid between the
hours of 2:00 to 3:00 am and 11:00 am to 15:00
pm. Throughout the day, a total of 31.6 KWh of
electricity exported. The highest unit, 10.3 KWh,
was exported between 11 and 12 p.m.

As shown in Fig. 8, whenever the demand for
electricity from EVs is greater than the amount of
energy that is being created by RES sources, the
surplus energy is imported from the grid. This
occurs anytime the demand for electricity from
EVs is higher than the amount of energy that is
generated.
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Pawer (KW)
5

Fig. 12. Energy Flow Mode-3

Fig. 9. System Power
Mode:3 PPV+PW+PG to EVs & Station local load

The charging station's total load is fulfilled by solar,
wind, and grid energy. In Fig. 12, mode-3, The amount of power
generated by solar PV is 121.78 kW, the amount of
power generated by wind is 148.7 kW, and the
amount of load demand is 704.7 kW; thus, 434.2
20 ‘ ‘ kW of shortfall electricity is withdrawn from the
i grid to fulfill load demand.

0 11 12 13 14 15
Time (hr)
223

Fig. 10. Energy Flow Mode-1 £
Fig. 10 depicts a potential scenario for the transfer &

of energy in mode 1. /
y 1
Mode: 1 PW+PG to EVs & Station local load 2

During this mode, the charging station I.'1as an Fig. 13. Energy Flow Mode-4
average load demand of 296.9 KW, while the
renewable energy source only provides an average
of 40.1 KW of power. The 256.8 kilowatts of power
that had to be brought in from the grid in order to
compensate for the shortfall in load demand

Mode-4: PPV+PW to Grid, EVs & Station local load
The charging station load in mode 4 is 180.1 KW,

which is more than sufficient to meet the real-time
load demand. In mode 4, the PV power is 136 KW
while the wind power is 74.4 KW. The extra 30,3
| KW was sent back into the grid, which made
money for the owner of the charging station.

4. Discussion

In Table 7. Type of charger and its capacity is
T T TR T considered as per EVCS revise guideline from
o ministry of power, government of India [33].

Fig. 11. Energy Flow Mode-2 . . .
Mode:2 PW to Grid & Station local load Table 7. Charging station Cost Analysis
Particulars Rating Costin INR | Ref.
When operating in this mode, the power produced
H 0,
by the wind turbine is 6.9 KW while the demand at (incl.  18%
the charging station is 5 KW. Therefore, the extra GST)
electricity of 1.9 kilowatts was transmitted to the CCS-2 Charger 50 KW 1200000/~ (34]
grid, and 5.0 kilowatts were given to charge the
electric vehicles. (2 Gun)
Bharat DC — 001 | 20 KW 250000/- [35]
Charger
(1 Gun)
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Bharat DC — 001 | 20 KW 250000/-
Charger
(1 Gun)
Electricity 11/440V 700000/- [36]
connection,
transformers,
Civil Works Room 300000/-
Maintenance 300000/-
and Technical
team
Management 400000/-
Software
Land Lease (INR 600000/-
50,000 per
month)
Initial 4000000
Investment(INR)
Solar PV plant | 50 KW 1911800 [37]
(Rs.38236
Rs./KW)
Wind Turbine 50 KW 2700000 [38]
Initial 8611800
Investment (INR)
Net Annual cash | GP-EVCS SWGP-EVCS
flow (INR) 1760633 2474361

5.1 Payback Period Calculation

Payback Period = Initial investment ©)
Cash flow per year
Payback Period for GP - EVCS :
Initial investment = 40,000,00.00 (As per Table 7.)

Cash flow/Y = Net profit/day x30 x 6 (Avg. Months)

reenewable power production and Electricl vehicles load.

Net profit/day =
Revenue from EVs Charging — Energy Purchse Cost
=19274.5-9493.2=9781.31] 9781.00
.~. Cash flow per year =9781x 30x 6=Rs.17,60,633.00
.. Payback Period For GP-EVCS :W
Rs.17,60,633

=2.270 2.3 Years
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Payback Period for SWGP - EVCS :
Initial investment = 86,118,00.00 (As per Table 7.)
Cash flow/y = Net profit/day x30 x 6 (Avg. Months)
Net profit/day =
Revenue from EVs Charging —Energy Cost
=19274.5-5528=13746.5

.. Cash flow per year =13746.5x30%6
=Rs.2474361.00
.. Payback Period For SWGP-EVCS
_ Rs.86,11,800

=—— " =348 3.5 Years
Rs.24,74,361

5.2 Profit Calculation

Profit of GP-EVCS :
Net Profit from EVs charging
Revenue generate from EV charging
9781

T 192745
Profit of SWGP-EVCS:

Net Profit from EVs charging
Revenue generate from EV charging
_13746.5
192745

x100=50.7 %

x100

x100=71.3 %

5.3 CO2 Emission Reduction Calculation

CO2 Emission Reduction from Solar PV

From [39], a factor of 0.932 kg is multiplied by one
KWh of electricity from a solar PV rooftop power
plant in India to get the amount of carbon dioxide
reduction in tones per year.

The data of yearly solar potential of a site,
obtained from NREL [40].

~ 7.000

6,000 "> —
5.000 S——

4,000

3,000

2,000

1,000

PV Energy (KWh

Month

Fig. 21. Month Wise PV Power Production
The aforementioned energy generation takes into
account the 23.3 percent of total system loss. In
other words, the performance ratio of the PV plant
is taken to be 76.7%.
CO:2 Emission Reduction From Solar PV Plant
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CO, Emission reduction /annum PMSG Permanente Magnet synchronous
= 0.932kg x Annaul KWh-- (10) Hh Hub height
.. CO, Emission reduction / annum Ng Generator efficiency
—0.932/1000x 68795 Nb Gearbox efficiency
CO, Emission reduction /annum = 64.1 Tons GECR Guj.arat State  Electricity  Regulation
CO2 Emission Reduction from Wind PV Plant INR lnd'?n Rupees ) )
Wind speed data from a location in Santalpur, MMPT Maximum Power Point tracking
Gujarat, was gathered from NASA [41] to compute SEPIC Single ended Primary Inductor Converter
the annual energy output from a 50 KW wind PV Photo voltaic
generator, and the project site's geographical CCS-2 Combine charging system Type-2
coordinates are 23.75° N and 71.15° E. .
CO; Carbon dioxide
6,000
= 5.000 Ke Kilogram
£ 4,000
£ 3.000 Refrences
= 2,000
Z 1,000 [1] Nishanthy, Jayasankar, Sathiasamuel Charles
- 0 Raja, Thangavel Praveen, Joseph Jeslin Drusila
\é&r&;&é‘;\é€° RNy x\\,\;’@i@:&éoi&o";@é Nesamalar, and Paramasivam Venkatesh.
% B3 < o “Techno-Economic Analysis of a Hybrid Solar
AlowLH Wind Electric Vehicle Charging Station in
Fig. 22. Month Wise wind Power Production Highway Roads.” International Journal of
CO, Emission reduction /annum Energy Research 46, no. 6 (2022): 7883-7903.
= 0.932kg x Annaul KWh ——(11) ((https://doi.org/10.1002/er.7688).
.. CO, Emission reduction /annum [2] Kabir, Mohammad Ekramul, Chadi Assi,
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