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Abstract

The electric car charging station, which is one of the infrastructure elements used to recharge electric vehicles (EVs), has not
been developed in Iran. Therefore, in the present work a hybrid wind turbine-electricity grid system is simulated to supply
electricity to an EV charging station in Bandar Abbas, located in the southern coastline of Iran. Technical, economic,
environmental and energy surveys using HOMER software have been conducted over 25 years using NASA's website climate
data. The use of 12 different types of wind turbines (horizontal axis, vertical axis and bladeless), many of which are not
available in the software database and have been added to the database by the authors of the present work, has made the present
work a comprehensive study in this field. The use of three-time electricity tariffs, considering the incentive purchase price of
renewable electricity, the use of up-to-date price and financial data, and the fines for pollutions of national grid electricity,
have made the present work differs from previous works and the results will be very close to reality. The results showed that
the Invelox wind turbine is very economical and its LCOE parameter is negative, but it cannot be used due to the high initial
investment cost. The most economically viable wind turbine is the Generic 10 kW, which costs $ 0.023 per kWh of electricity
generated. The most environmentally friendly wind turbine is the WES 5 Tulipo, which will reduce emissions by about 35
tons per year and has the highest amount of renewable electricity generation with 10% of the total electricity required by wind

energy.
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1. Introduction

Dangerous  emission  characteristics  of
greenhouse gases (GHGs) based on the road
vehicles create a warning situation for urban
communities [1]. With the rapid increase in GHG
emissions [2] and fuel prices, gasoline vehicle is
gradually being replaced by EVs [3]. Governments
promote the use of EVs in every possible way, such
as encouraging entrepreneurs to set up charging
stations, creating government incentive policies for
customers and manufacturers, and so on [3, 4]. The
construction of charging stations is very important
to meet the demand for EVs and the construction of
charging station infrastructure for EVs is also
necessary [5, 6]. However, the idea of EVs will only
be sustainable if they are charged using renewable
energy [7]. Demand for various types of renewable

energy EV charging stations is growing in many
countries [8]. Global acceptance of EVs has
increased significantly in the last decade [9]. After a
decade of rapid growth, by the end of 2020, there
were 10 million EVs on the world's roads, and of
course demand for EVs increased by 41% by 2020
(Figure 1) [10]. To further expand the global reach
of EVs, public perceptions of EV acceptance must
be strengthened through the widespread distribution
of EV charging stations. The reason is to ensure that
owners of EVs can safely travel long distances with
easy access to charging facilities whenever they
need to.

Electric vehicles charged at renewable energy-
based charging stations offer lower GHG emissions
and lower charging costs than grid-based charging
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stations [11, 12]. Iran has a huge potential for
renewable energy sources such as solar and wind
[13-16], biogas/biomass [17, 18], hydropower and
so on. These renewable sources can be used to
charge EVs, which can help reduce pollution.

Iran is the second-largest country in the Middle
East in the center of fossil fuel reserves, and the
share of solar and wind energy in its electricity
sector is less than 1%, and fossil fuels account for
83% of the installed capacity of electricity [19].
According to international and domestic renewable
energy experts, Iran has the potential for renewable
energy sources, especially wind energy [20, 21].
Iran has 302.2 MW of wind capacity installed by the
end of 2019 (Figure 2) [22]. According to the Sixth
Plan for Socio-Economic and Cultural Development
of Iran (2016-2020) and the Paris COP21
Agreement in 2016, Iran is committed to supplying
10% of its electricity needs from renewable energy
sources [23]. The government strongly supports
renewable energy incentive policies in addition to
the establishment of several organizations such as
SATBA (Renewable Energy and Energy Efficiency
Organization) and IRREA (Iranian Renewable
Energy Association). These organizations support
the participation of the private sector in the
operation of renewable power plants, especially
wind power, which has made Iran the only center for
the production of wind turbines in the Middle East
[24, 25]. Iran's wind energy market is expected to
grow by more than 7% in the forecast period 2020-
2025 with Compound Annual Growth Rate (CAGR)
due to factors such as increased demand for
renewable energy, increased investment in wind
farms, government policies and reduced wind
energy costs [22].

Steps have been taken to expand the use of EV's
in Iran, and even measures have been taken to build
these cars. But it must be admitted that Iran in the
field of EVs is far from the global situation and has
a long way to go to expand these vehicles in front of
this country. Of course, the lack of sufficient
infrastructure to use this type of vehicle has also
been further caused. One of these required
infrastructures is an EV charging station, of which
there are currently only two pilot charging stations
in the country. Iran's first EV charging station was
launched in May 2019 by MAPNA Group in Milad
Tower, Tehran, which has an area of more than 700
m2 (Figure 3, right). The station includes a 43-kW
alternating current (AC) fast charging output that
can be used for all standard EVs in the world and a
50 kW direct current (DC) fast charging output that
can be used for East Asian vehicles, including
Mitsubishi, Kia, Nissan and others. The station also
has a 4.7 kKW electric vehicle slow charger that can
power all standard EVs, as well as two 5.5 kW
electric motorcycle chargers [26]. For the first time
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in Iran, on July 18, 2021, the first charging station
for electric vehicles based on solar energy was
unveiled by the experts of MAPNA Group in the
Fardis city of Alborz province (Figure 3, left). This
solar power station has a capacity of about 4 kwWh
and is connected to an EV charger with a discharge
capacity of 3.7 kwWh [27].
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Fig. 1.  Global electric vehicle stock by region, 2010-2020 [10].
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Fig. 2. Wind power installed capacity in mw, Iran, 2015-2019
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Fig. 3.  The first EV charging station in Iran and the first solar
EV charging station in Alborz province
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The following is a review of recent studies in
the field of EV charging stations in the world.

In 2022, Al Wahedi and Bicer conducted a
feasibility study for a new fast-charging station
based on stand-alone renewable energy using
HOMER software in four cities in Qatar [28]. The
design includes a concentrated PV/thermal system,
a 60m high wind turbine, a converter, an
electrolyser, a backup bio generator, H, and NHs
fuel cells. The annual electricity generated by the
optimal configurations in the east, west, north and
south of the country is 1003 GWh, 967 MWh, 984
MWh and 1003 GWh, respectively. The total net
present cost (NPC) of optimized configurations for
East, West, North and South are $ 2.53 million, $
2.63 million, $ 2.92 million, and $ 2.53 million,
respectively. The levelized cost of energy (LCOE) is
also $ 0.285, $ 0.296, $ 0.329 and $ 0.285,
respectively.

In 2021 [9], Ekren et al. studied the design and
optimization of an EV charging station consisting of
a 200-kwW wind turbine and a total of 250 kW of
photovoltaic panels for lzmir, Turkey. The
optimization study was performed by HOMER
software. 44.4% and 55.6% of the energy produced
are supplied by wind energy and solar energy,
respectively. The cost of electricity generated is $
0.064 per kWh for an EV charging station.

In 2021, Kim and Hur analyzed a grid-
connected EV charging station for Jeju island, Korea
[29]. The proposed algorithm was based on the EV
charge demand forecast using probabilistic random
sampling considering the weight of the charge
frequency for each season. In addition, wind power
outputs were predicted using the improved
ARIMAX model. The obtained results confirmed
that the proposed algorithm can help to create an EV
charge distribution scheme. The proposed method
can effectively solve the problems of imbalance
between supply and demand and power system
uncertainty that may occur due to increased
penetration rates of wind farms and EVs.

In 2020, Noman et al examined the possibility
of using wind as a direct energy source to power EV
charging stations [30]. The results showed that
direct charging by wind using DC fast charging
technology is more preferred due to the significant
reduction in power conversion steps.

In 2017, Fathabadi surveyed a new charging
station for grid-connected EVs where the coastal
wind blows at an average speed of 41.6 km/h almost
all year round [31]. The system consisted of a 10 kW
vertical wind turbine, a one-way DC/DC converter,
an MPPT and 15 two-way DC/DC converters. Based
on the obtained results, it showed that the average
power generation by the charging station on a sunny
day in summer is equal to 8 kwh and on a cloudy
day in winter is equal to 7 KWh. Experimental results
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from the day-to-day operation of the built-in EV
charging station show that it not only provides
electricity for charging EVs but also helps the local
utility distribution grid. In particular, around 20:00
to 23:00, when the demand for electricity in the grid
reaches its peak.

According to the above works and other
studies of the authors of the present work, so far no
technical-energy-economic-environmental
evaluation has been done to find a suitable wind
turbine for an electric vehicle charging station in
Iran. Therefore, in the present work, 12 types of
wind turbines (three different generations: vertical
axis, horizontal axis and bladeless) were evaluated
by HOMER software for Bandarabbas station. The
hybrid system under consideration is the wind
turbine-electricity grid and has the following
advantages:

- Exchange with the national electricity
network through a three-time tariff and considering
the incentive price of buying wind power,

- Having the up-to-date price of equipment and
other economic information,

- Considering the fines of pollutants for the
national electricity grid,

- Review of important parameters such as
return on investment, LCOE and etc.,

- Comparison of the results of the present work
with the average world price of electricity.

2. Wind energy potential in Iran

Iran has more than 100,000 MW of potential
installed capacity in the wind power sector [32],
which by the end of 2021, the share of wind energy
from 904.07 MW of renewable electricity generated
from various renewable power plants in Iran, was
equal to 310.2 MW [33] (Figure 4). However,
according to a well-planned plan, it is predicted that
the development of renewable energy capacity in the
wind sector in Iran will be 1600 MW by 2027 [34].
Figure 5 shows the wind atlas of Iran, which
indicates the very good potential of this country in
the field of wind energy utilization. Figure 6 also
shows the status of renewable power plants installed
in Iran by the end of February 2022 [35]. According
to Figures 5 and 6, the main wind farms in the
country are in the northern one-third of the country,
which has good wind energy potential. This
indicates the need for further research in the south of
the country in order to develop wind energy.

3. The place under study

The study site is the city of Bandarabbas
located in southern Iran, which has coordinates of
56' 27° east and 27' 18° north and an altitude of 10m
above sea level. Bandarabbas is the largest port in
Iran, the capital of Hormozgan province and also
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one of the southern metropolises of Iran.
Bandarabbas is one of the economic hubs of Iran due
to its location in the strategic and economic region
of the Strait of Hormuz [37]. The location of
Bandarabbas on the map of Iran is shown in Figure
7.

4. Methodology
A) Software used

The software used for the present work is
HOMER, which is the most used in the field of such
works [38-41]. Figure 8 provides a flowchart of
software performance to illustrate the various stages
of simulation. The inputs are known and the
economic optimization and how to find the optimal
systems are presented in Figure 8 [42]. Finally,
HOMER software offers the best possible
configurations economically based on the input data
[42]. Software results validation has been performed
by many researchers around the world [43].

B) System under study

The schematic of the studied system is shown
in Figure 9. It is clear from the schematic that there
are three charging lines for AC fast charging
vehicles, DC fast charging vehicles and AC slow
charging vehicles.As it turns out, the system is
connected to the national grid and can buy electricity
from it or sell surplus electricity to it. Regarding
wind turbines, it should be noted that 12 different
types of wind turbines (horizontal axis, vertical axis,

34.31% 50.38% 1.17% 11.58% 0.44% 2.12%
! L 4 e
@ o m ®
Wind Solar Biomass Small Waste Heat  Expansion
310.2 MW 455.5 MW 10.56 MW hydropower  Recovery (WHR) Turbines
104.7 MW 4 MW 19.2 MW

Fig. 4.  Share of renewable power plants in the total renewable
electricity of the country until the end of 2021 [33].

Fig. 5.  Wind Atlas of Iran in terms of Mean power density
[36].
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Fig. 6. Installed renewable energy power plants situation up to
end of February 2022 in Iran [35].

Fig. 7. Location of Bandarabbas on the world map, Iran and
Hormozgan province.

Input data

v

Simulation and optimization

Objective function: net present cost (NPC)
Constraint: power balance constraint ant technical constraints of
resources

Fig. 8.  Software performance flowchart [42]

bladeless) were used in the present work and
their performance was compared. Some wind
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turbines were AC and some were DC. The names of
the wind turbines used and the power output curve
of each according to the wind speed are given in
Table 1.

C) Governing equations

Table 2 shows the equations governing the
various parts of the wind-grid hybrid system. The
parameters used in Table 2 are described in the
Nomenclature.

D) Required data

The study site is a wind turbine-electricity grid
charging station for EVs located in Bandarabbas.
Figure 10 shows the average monthly wind speed for
the study site, which is an average of 20 years [54],
and is obtained from the NASA website. According
to the figure, the average wind speed during the year
is 6,013 m/s. The annual interest rate in Iran is 18%
[55] and the useful life of the project is 25 years [56].
Also, the price of electricity exchange with the
electricity grid according to the times used is shown
in Figure 11. Also, considering that the generation
of electricity in the national grid in Iran is through
the consumption of fossil fuels in power plants, the
information of pollutants produced by the national
grid and their penalties are given in Table 3.

Figures 12 show the amount of electric charge
of the under study charging station of EVs. Figure
12a shows the daily electrical charge diagram for
fast DC charging, Figure B shows the daily electrical
charge diagram for fast AC charging, and Figure C
shows the daily electrical charge diagram for AC
slow charging.

Table 4 provides information on the price of
equipment used, their size and other technical
characteristics. It should be noted that this
equipment has been selected based on access to the
Iranian market and the limitation in the number of
available equipment has been due to technical and
economic issues.

—> Fast charge (DC)
600 kWh/d
95 kW peak ‘
ik — O Wind
turbine 5 .
4 turbine
Fast charge (AC)
516 kWh/d
81 kW peak

- @
Slow cl'mrge (AC)
St 221 kWh/d
LA 18 kKW peak

Grid
H@ s M

Converter

AC DC T-105

Fig. 9.  Schematic of the simulated system in HOMER software
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Fig. 10. Average monthly wind speed for the study site
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Table.3.
Information on pollutants produced and their penalties
Item Properties
Grid [57] Carbon dioxide: 632 g/lkWh, Sulfur

dioxide: 2.74 g/kWh,
Nitrogen oxide: 1.34 g/kWh

Emission
penalty [58]

Carbon dioxide: 3.1 $/t, Sulfur dioxide:
560 $/t, Nitrogen oxides: 184 $/t
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electricity price in Iran. Compared to the world
average commercial electricity price of $0.123 [61],
the national electricity grid-wind turbine is very
cost-effective. The point about the payback time
from Table 5 is that only the Invelox and Generic
10kW wind turbines have a payback time. The
payback time for Invelox and Generic 10kW wind
turbines is 4.73 years and 9.7 years, respectively. It
seems that the use of wind energy on a small and
home scale is not cost-effective, which can be
considered as suggestions for further work.

With the removal of the Invelox wind turbine
due to its very high initial price, the wind turbine
power output is between 11184 kWh/y (TSWT) and
55376 kWh/y (WES5 Tulipo). In terms of wind
power generation percentage, TSWT and WES5
Tulipo wind turbines with 2% and 10% of total
electricity generation, respectively, have produced
the lowest and highest wind power percentages.

Load (kWh/d)

Jan Feb  Mar

Month

v De

Apr May Jun Jul Aug Sep Oct No

Fig. 12.  Electricity profile a) DC fast charge b) AC fast charge

5. Results

c¢) AC slow charge

The results of technical-energy-economic-
environmental simulation of using 12 types of wind
turbines are presented in Table 5. The results show
that the lowest LCOE with $ -0.002 is related to

Invelox wind turbine and the highest LCOE with $
0.063 is related to Turby wind turbine. The reason
the LCOE is negative for the Invelox wind turbine is
that the amount of electricity it generates is so high
that it can be profitable by selling it to the national
electricity grid. It should be noted that this type of
wind turbine cannot be used in Iran due to the very
high initial cost of purchasing its equipment.
Therefore, for usability, a 10kW Generic wind
turbine with an LCOE of $ 0.023 is recommended.
Due to the most expensive price of electricity in Iran
(peak time) which is $ 0.012, using the national
electricity grid system-wind turbine in Iran is not
economical, which is due to very cheap grid

Table.4.
Equipment information of wind turbine-electricity grid hybrid
system
Cost Q
m 3
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o 2L =
= s & 5
E o B Bp = g
> &0 3
5 88 28 58 2 5
g 3 8% 5
=] =}
~—
Lifetime: 10y
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59] 200 200 10 0-5 90%
Rectifier Efficiency:
85%
Battery Lifetime: 845 kWh
Trojan T-105 174 174 5 0-25 Nominal specs: 6V,
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Bladeless 0.1 Lifetime: 25 years
KWDC[44] 2% 22 12 12 ibheight 2.75 m
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kwDC[g6] 2307 18451012 height: 25 m
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1875000018750000502000 25000
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Also, the highest and lowest capacity factors with
values of 50.6% and 10.9% are related to WES5
Tulipo and TSWT wind turbines, respectively.

An important point that can be seen from Table
5 is the price of each kWh of generated wind power,
which, excluding the Invelox wind turbine, is
between $ 0.0472 (Generic 10 kW wind turhine) and
$ 1.28 (Turby wind turbine). Due to the average
commercial price of electricity in the world, the use
of wind turbines BWC XL.1, EOLO, Generic 10
kW, Spiral and WES5 Tulipo is recommended.
Another point from Table 5 is that no battery storage
is required when using the Invelox and WES5
Tulipo wind turbines. The maximum and minimum
battery losses are 21 kWh/yr (TSWT wind turbine)
and 1 kWh/yr (BWC XL.1 wind turbine),
respectively. Regarding the inverter losses, it should
be noted that because the TSWT and WESS5 Tulipo
wind turbines generate AC power, the inverter
losses in these two turbines are zero (no DC power
is generated to convert to AC). In terms of rectifier
losses, the Spiral wind turbine with 34156 kWh/yr
has the lowest losses. The highest losses in rectifier
are related to WES5 Tulipo wind turbine with a
value of 38646 kWh/yr.

In terms of electricity sales to the grid, except
for the Invelox wind turbine, which cannot be
purchased due to high costs, the WES5 Tulipo wind
turbine with 5203 kWh/yr has the highest electricity
sales to the electricity grid. The Turby wind turbine
with 1636 kWh/yr has made the lowest electricity
sales to the electricity grid.

In terms of emissions, the Invelox wind
turbine, because of its high electricity sales to the
grid, prevents the production of CO, emissions and
its amount is negative. The WES5 Tulipo wind
turbine is in the second category with the lowest
level of pollutants with an emission of about 298
tons/year. The highest amount of pollutant
production, which is related to the lowest amount of
wind power generation with about 326 tons/year, is
related to the use of TSWT wind turbine. According
to the simulation results, the production of all
electricity required by the national electricity grid
leads to the production of about 332.8 tons of CO,
pollutants.

The output power contours of the studied wind
turbines are presented in Table 6. Based on the
contours, it is clear that the highest average output
power after the Invelox wind turbine, which is not
economically affordable, with 6.3 kW is related to
the WES Tulipo 2.5 kW wind turbine. The lowest
average output power with 1.3 kW is related to
TSWT 11.7 kW wind turbine.
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6. Conclusion

There are several ways to charge an EVs that
have different costs. Governments welcome plans to
charge EVs using renewable energy. Despite the
good potential of wind energy in Iran, so far no
feasibility study has been conducted to study a
hybrid wind turbine-national electricity grid to
supply electricity to a charging station for EVs. In
the present work, technical-economic-energy-
environmental analyzes have been performed by
HOMER software for Bandarabbas. Three different
generations of wind turbines (12 different wind
turbines) were used for the simulations. The prices
used for the equipment have been updated, penalties
have been included for the pollutants of the
electricity grid, and the electricity exchange has
been three-time, with an incentive tariff for the
purchase of renewable electricity. The main results
of the present work are:

- Generic 10 kW wind turbine with LCOE
equal to $ 0.023 is the most economical wind
turbine.

- Only Invelox and Generic 10 kW wind
turbines have a payback time of 4.73 years and 9.7
years, respectively.

- In terms of wind power generation
percentage, TSWT and WESS5 Tulipo wind turbines
with 2% and 10% of total electricity generated,
respectively, have produced the lowest and highest
percentage of wind power.

- The price of each kWh of generated wind
power (excluding wind Invelox turbine), is between
$ 0.0472 (Generic 10 kW wind turbine) and $ 1.28
(Turby wind turbine).

- Due to the average price of commercial
electricity in the world, the use of wind turbines
BWC XL.1, EOLO, Generic 10kw, Spiral and
WESS5 Tulipo is recommended.

- Unlike other wind turbines, when using
Invelox and WES5 Tulipo wind turbines, no battery
storage is required.

- WESS5 Tulipo wind turbine with 5203 kWh/yr
has the highest electricity sales to the electricity grid.

- In the field of production of pollutants, WES5
Tulipo wind turbine with an emission of about 298
tons year is in the first category the lowest amount
of pollutants and the highest amount of pollutants
with about 326 tons/year is related to the use of
TSWT wind turbine.
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Table.5.

Simulation results of different scenarios based on wind turbine
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