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Abstract— This paper demonstrates an electric vehicle 
charging station that benefits from renewable energy source 
which have been popular due to their environment friendly 
energy production procedures. These issues increase the 
number of studies on hybrid renewable energy systems and 
distributed electricity generation, which aim to minimize 
these disadvantages. Thus, the designed station is intended to 
make use of wind and solar power, while retaining the 
connection with electrical grid for emergency cases. Various 
conditions constituting different cases and scenarios are 
taken into consideration.  
Key Words— Electric vehicle, charging stations, renewable 
energy, power management, solar, wind, grid. 

I. INTRODUCTION 

    The demand for energy has been constantly increasing 
due to the global growth in the population and ongoing 
industrialization. 
On the other hand, transportation is one of the hugest 
sectors causing the energy consumption, resulting in 
approximately 14% of global greenhouse gas emissions 
[1, 2]. Due to these facts and the environmental concerns, 
the importance placed on environment friendly 
technologies, such as renewable energy sources (RES) and 
electric vehicles (EV), has been continuously rising. 
The charging process of EVs is considered to be one of 
the such matters concerning these vehicles. 
Thus, distributed electricity energy production from 
renewables, seems to be a good solutiton to minimize the 
mentioned disadvantages of RES and EVs [1, 3]. 
There are several studies focusing on the charging 
infrastructure of EVs, which generally focus on digital 
chargers, DC charging stations and chargers that are 
compatible with smart grids [4]-[12]. The focus point of 
the designed station is the DC charging concept, which 
works within the limits of Level 2 DC Charging Standards 
[11, 12]. The designed system is basically a fast charging 
station, which makes it preferable to be used in public 
places or workplaces. Additionally, the ability of the 
system to charge the EVs from RES, makes it also 
preferable for residential areas. 
    The charging algorithm is an important part of the 
process, because it effects the charging capacity and the 
operation life of the batteries. Thus, a two-step constant 

current charging method applied for the station. During 
the _rst step the EV is charged with 100 Amperes while 
the EVs state of charge (SOC) is less than 70%. Once this 
level is reached the second steps begins, where the 
charging current is set to be 37.5 Amperes so that a slower 
but safer charging is provided. 
 
    This two-step algorithm is for ensuring the health of 
batteries. In addition, the system can also perform a 
charging procedure by directly using the available RES, 
where it uses Maximum Power Point Tracking (MPPT) 
algorithms to extract the maximum available power from 
solar arrays and wind turbine. This method is referred as 
MPPT charging throughout the study.  
 
    While the charging duration of MPPT charging 
procedure is highly dependent on the conditions of RES, 
the former procedure aims to charge the EV in 1 to 2 
hours depending on the capacity of the vehicle. For 
example, an average EV has nearly a 22 kWh Li-ion 
battery. A battery with such size at nearly 300 Volts 
would have nearly 75 Ah capacity, meaning that 70% of 
the battery would be charged within around 32 minutes 
and the second step of the method would require nearly 36 
minutes to charge the battery to full capacity. 

 

Figure 1. Overview of the charging station 

Fig. 1 shows the overview of the system, which basically 
consists of a PV array, wind turbine, generator, grid 
connection, battery bank (storage batteries), breakers and 
power converters that are used to adjust the system 
parameters according to voltage and current requirements. 
The system can be interpreted under five stages: solar 



power conversion stage, wind power conversion stage, 
grid connection stage, storage & load (EV) stage and 
power management and control stage. The PV array and 
wind turbine produce electrical energy, when the 
environmental conditions are convenient for renewable 
energy production. The battery bank is used to store the 
produced renewable energy so that it can be consumed 
later when an electrical vehicle is to be charged. 
In addition, the possibility of an error on the renewable 
energy production stage or simply the fact that the energy 
demand might exceed the energy capacity of the system, 
lead to adapting the system to make use of electricity grid 
in these emergency cases. 
 
A.  Solar Power Conversion Stage 
    The solar power conversion stage consists of a PV 
array, a breaker, and a DC/DC converter. The PV array 
model that comprises of a controlled current source and a 
high value resistance is shown in Figure 2. The modeled 
array has approximately 8750 Watts maximum power. 
The DC/DC converter is basically a boost converter which 
increases the output voltage of the PV array so that the 
power from PV array to batteries is enabled. 

 
Figure 2. Solar power conversion stage 

 
    This converter is controlled with an implementation of 
Incremental Conductance Algorithm for MPPT [12]. The 
algorithm makes use of power versus voltage curve and 
defines the point, where dP/dV=0, as the MPP. As a 
modification for this method a PI controller is added so 
that the controller is able to perform a more sensitive 
approximation to MPP. 
 
B.  Wind Power Conversion Stage 
The wind power conversion stage is comprised of a wind 
turbine, a synchronous generator (SG), an uncontrolled 
three phase rectifier and a buck converter with an MPPT 
algorithm. The technical specifications of the turbine and 
generator are given below. 
• Wind Turbine: 14.5 kW, 12 m/s Base Wind Speed, 
• Generator: 42.09 Nm, 560 Vdc, 3000 RPM, SG 

The converter uses Perturb & Observe (P&O) Algorithm 
that makes use of turbine speed versus turbine output 
power curve for determining the MPP [27]. The 
implementation of the method can be seen in Figure 3. 
Briey, the algorithm observes the change in the output 
power as the duty cycle changes and decides whether the 
duty cycle needs to be increased or decreased by 1 %. 
 

 
 

Figure 3. Implementation of P&O algorithm 
 

C.  Grid Connection Stage 
    As mentioned before, the system includes a three phase 
connection to the grid so that the system can continue to 
supply the needed energy in emergency cases. 
This stage consists of an uncontrolled rectifier and a 
DC/DC converter. The DC/DC converter is a Cuk 
Converter so that the voltage output can either be 
increased or decreased. The converter uses a PI controller 
in accordance with the two step constant current charging 
algorithm. 
 
D.  Storage and Load Stage 
    The storage batteries and the EV are modeled using 
battery block from SimPower Systems. The nominal 
voltage and the capacity of the storage batteries are chosen 
to be 200 volts and 150 Ah, while the nominal voltage and 
the capacity of the EV is set to be 300 volts and 75 Ah. 
This stage includes a boost converter, which is used to 
condition the power for charging the EV. The controller 
regulates the output voltage of the boost converter so that 
it charges the load compatible with the two step constant 
current charging method mentioned before. In this stage, 
there is also a bypass switch, which can be seen in Figure 
1, that enables a direct charging either from grid or RES. 
 
E. System Controller  
    The system controller contains one main controller and 
three subsystem controllers. The subsystem controllers 
evaluate the input parameters of the main controller. 
These subsystems controllers are, wind cut-in & cut-off 
speed check, PV array irradiation check and storage 
evaluation systems. The wind cut-in & cut-off speed 
check subsystem checks if the wind speed is suitable for 
energy generation. The cut-in speed is defined to be 2.5 
m/s and the cut-off speed is defined to be 24 m/s for this 
study. The solar irradiation check subsystem decides if the 
solar irradiation level is able to produce energy, which is 
defined as 300 W/m2 in this study. 
    The third subsystem is the storage evaluation, which 
decides if the battery bank used as storage is available to 



supply energy to load by checking the SOC of storage 
batteries. The SOC always needs to be above a minimum 
level, so that the battery can remain healthy. If the SOC 
value drops under this minimum level, the controller acts 
to charge the batteries to a safe upper level. For this study, 
the minimum limit is defined as 20% and the upper level 
is defined as 25%. In addition, this subsystem also warns 
the system when the battery bank is fully charged. The 
implementation of this subsystem is shown in Figure 4. 
 

 
Figure 4. Implementation of two step constant current charging 

algorithm 

II. SIMULATION SCENARIOS AND RESULTS 

For the simplification, four different scenarios covering all 
possible cases are created by defining different input 
parameters.  
In the figures displayed within this section, a positive 
value of current or power implies that energy is drawn 
from the component, whereas negative values present that 
energy is supplied to the component. 
 
A. Scenario 1 
For this setup following parameters are chosen: G = 250 
W/m2, Vwind = 2m/s, SOCstorage = 20.001%, SOCEV = 
70 and a charging is demanded from the beginning to the 
0.30 seconds. The SOC of EV is 70%, meaning that the 
boost converter adjusts the voltage so that the current 
drawn by EV is equal to 37.5 A. The results for this 
scenario are shown in Figure 5.  
 

 
Figure 5. Results for Scenario 1 

 
B. Scenario 2 
For this setup following parameters are chosen: G = 1000 
W/m2, Vwind = 12m/s, SOCstorage = 19%, SOCEV = 

99.95% and a fast charging is demanded from the 
beginning to the 0.15 seconds. The results for this scenario 
are shown in Figure 6. 
 

 
Figure 6. Results for Scenario 2 

 
C. Scenario 3 
This scenario consists of Case 8 and Case 7. For this setup 
following parameters are chosen: G = 615 W/m2, V wind 
= 10 m/s, SOCstorage = 90%, SOCEV =10% and a 
charging is demanded from the beginning to the 0.15 
seconds. The results are presented in Figure 7. 
 
D. Scenario 4 
In this scenario the last two cases, Case 9 and Case 10, is 
be observed. For this setup following parameters are 
chosen: G = 1000 W/m2, Vwind = 13 m/s, SOCstorage = 
19.998%, SOCEV = 1% and MPPT charging is demanded 
for all the time. The results are shown in Figure 8. 
 

 
Figure 7. Results for Scenario 3 

 



 
Figure 8. Results for Scenario 4 

 

III.  CONCLUSIONS 

This work suggests an environment friendly way to supply 
the needed charging energy for EVs. The designed 
charging system, equipped with a battery bank, uses solar 
and wind power so that the electric vehicles can be 
charged with the energy generated on the spot. The system 
is also supported with the electrical grid, which ensures 
energy in emergency cases. The designed system works in 
the limits of Level 2 DC Charging Standards. The ability 
of the system to provide either a fast charging or a MPPT 
Charging makes it preferable especially for both 
residential and public applications. In this work it is 
shown that, it is possible to build more environmental 
friendly systems for use with EVs. Such systems will also 
minimize the effects on the electricity grids, which are 
caused by EV charging procedures, while making use of 
RES. 
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