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Abstract.  
Supply systems to the electrical vehicles are becoming 

extremely important in the actual context. Thus, this paper 

presents a DC supply system for electrical vehicles. It can 

be used for fast or slow charge. This system was developed 

taking into consideration the use of Renewable Energy 

Sources (RES). Thus, a wind generator and a Photovoltaic 

(PV) system connected to the DC bus were also considered. 

Due to the intermittent nature of the energy generated by the 

RES storage systems were also considered. In this case were 

considered batteries and supercapacitors to support the 

system during the fast transients. A connection of the DC 

supply system with the grid was also considered in order to 

support the charging system, when the energy generated by 

the generators and storage systems are not enough. Besides 

that, this connection is also made in order to support the 

grid, when necessary. So, in situations in which is required 

the support of the grid, the system can provide active and 

reactive power. The active power can be supplied by the 

RES and storage systems, but also by the electric vehicle 

when available. The models of the several systems are 

presented. The control of the all components of the system 

is also provided. Several results are presented in order to 

verify the effectiveness of the global system.   

 

1. Introduction 

Nowadays, due to environmental concerns and changes in 

the governmental policies, electrical vehicle has gained a 

new interest. Actually, there are different types of vehicles 

driven by electrical motors. The main part of these 

electrical vehicles uses batteries to store chemical energy 

and convert it to electrical energy in order to supply the 

electrical motors. Due to the scarcity of oil and a better 

environmental awareness, electric traction solutions have 

been adopted during the last couple of decades. Despite 

other solutions, one of the most common electric traction 

systems is battery based. On the other hand, despite the 

initial investment and random availability, renewable 

solutions, as for instance photovoltaic or wind power 

plants can help facing the increasing power demand due to 

the transportation sector. In addition, renewable energy 

solutions help reducing the energy dependence from 

traditional power plants and/or from other places/power 

producers. 

Being the most recent electric traction solutions attractive 

from the point of view of the power consumption, they still 

have an unsatisfactory autonomy. In order to overcome 

partially this issue, new and faster charging solutions are 

being developed [1]. Assuming the availability of 

photovoltaic panels and wind generators, the model and 

https://doi.org/10.24084/repqj16.444 722 RE&PQJ, Vol.1, No.16, April 2018



2 

 

control of the DC interface of a fast charging electric vehicle 

system using different subsystems of power generation and 

energy storage throughout batteries and supercapacitors, are 

analyzed in this paper. Among several solutions for 

charging systems under different specifications [2-4] the 

proposed electric vehicle charging system uses local storage 

(supercapacitors and batteries) and renewable energy 

sources (photovoltaic panels and wing generators) [5-8 ] 

that will be connected to a common DC bus, [9]. The 

operation of the proposed solution is analyzed through 

simulation tests, where is possible to verify the control that 

is made through several dedicated controllers, in order to 

obtain the maximum output energy and transfer it to the EVs 

when in charging mode. 

 

2. Modelling of the DC Supply System 

Several systems supported by RES have been proposed for 

the support of the charging electric vehicles. In this work, 

besides two different types of renewable energy sources, it 

is also considered the interconnection to the grid and storage 

systems. In Fig. 1 is possible to verify the block diagram of 

the proposed infrastructure for the electric vehicle charging 

system. As can be seen by this figure, the system consists in 

a wind generator, a photovoltaic generator, a storage system 

with batteries and supercapacitors and an interconnection to 

the grid. The system allows for a slow or fast charge of the 

vehicle. In order to increase the lifetime of the batteries, it 

are also considered supercapacitors to give support during 

the fast transients [10-12]. 

 

 

Fig. 1. Block diagram of the infrastructure for the electric vehicle 

charging system 

 

In order to adapt the characteristics of the several systems it 

are required power electronic converters. For the storage 

system it was adopted the bidirectional Buck-Boost power 

converter, as can be seen by Fig. 2. This converter will be 

used for the batteries and for the capacitors [13]. 

 

 

Fig. 2. Power converter used for the storage system 

 

This power electronic converter can be modeled through 

the use of a boolean variable, as presented by equation (1). 

According to that, the model of this converter can be 

described by equation (2). 

 





=
ONisSandOFFisSif1

OFFisSandONisSif0
α

21

12  (1) 

 

BUSst
L

st VV
dt

di
L st α−=  (2) 

 

For the photovoltaic system it was adopted a Boost DC-

DC power converter as can be seen by Fig. 3. This 

converter will adjust the DC voltages of the PV panels and 

DC buses and will integrate a MPPT algorithm, [14]. 

 

 

Fig. 3. Power converter used for the PV system 

 

In order to obtain the model of the power converter it is 

also considered a boolean variable (equation (3)). Thus, 

the model of the converter will be given by equation (4).  
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For the wind generated it was adopted a three-phase 

permanent magnet synchronous machine, as can be seen by 

Fig. 4. Thus in order to control this machine it was adopted 

a three-phase PWM voltage source converter. This 

converter will control de machine in order to obtain the 

maximum power and adapt to the DC voltage bus [15]. Fig. 

1 shows the scheme used for this renewable source. 

 

 

Fig. 4. Power converters used for the wind generator  

 

In order to obtain the model of the power converter it was 

used again Boolean variables associated to the switches. 

Thus, the switches of the three-phase rectifier where 

modeled according equation (5), considering i=1..3 and 

j=1..3. Using (5) the model of the rectifier is given by 

equations (6), (7) and (8), where Rs and Ls is the resistance 

and inductance of the windings of the machine. 
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Since the renewable sources are not sufficiently to support 

all the time the charge of the electrical vehicle, an 

interconnection to the grid was provided. This 

interconnection is presented in Fig. 5. From this figure is 

possible to verify that a three-phase inverter is used [16]. 

This converter is identical than the one used for the wind 

generator. Thus, the same model that was used for the 

converter of that generator can represent it. 

 

 

Fig. 5. Interconnection into the grid 

  

For the charge of the electrical vehicle it was considered a 

bidirectional Buck-Boost power converter as the one used 

for the storage systems. The adoption of this converter was 

made tacking into consideration the possibility of the 

charge and discharge of the batteries of the vehicle. The 

discharge mode was also considered in order to provide 

support to the grid when necessary. Since the power 

converter is identical to the one used for the storage 

system, the model of this converter can be given by (1) and 

(2). 

 

Fig. 6. Power converter used for the PV system 

 

3. Control of the System 

The control of the systems will be made through the 

controllers associated to each of the converters. For the 

storage system it was adopted a current controller. Thus, 

taking into consideration the order of the system, a bang-

bang controller was adopted. In equation (9) is given the 

control law, in which ist is the current in the inductor and 

ist_ref their reference. In order to limit the switching 

frequency a histeresys is considered. Thus, the reference 

will be achieved through the switching condition 

presented in (10). 
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However, in the case of the supercapacitor, its voltage is 

controlled throughout a PI controller having the DC bus 

voltage as reference. A PI controller will also be used for 

the batteries, but in this case only when the charge of the 

battery is near of their defined minimum or maximum 

values. 

For the power converter associated to the PV panel will also 

be used a current controller. Thus, a control law given by 

(9) and (10) is used, but in this case the variables will be iLPV 

and iLPV_ref. The switching function will now be function of 

the variable β. Besides that, the reference of the current 

controller will be defined by the Maximum Power Point 

Tracking algorithm (MPPT). Several MPPT algorithms 

have been presented for this type of applications. In this 

work it was adopted one of the most used, more specifically 

the incremental conductance [17-19]. In the case of the 

power converter of the wind generator, it was also used a 

MPPT since for variable speed operation, each wind 

velocity has a maximum power point. The wind generator 

will be controlled by a current controller. For the current 

controller was adopted a hysteretic controller, with a similar 

law presented in (9) and (10), although adapted for the 

three-phase system. The maximum power is achieved 

through the MPPT that will give the references of a current 

controller. For the MPPT it was adopted the classical P&O 

[20-22].  

For the voltage source inverter associated to the grid 

connection, it was adopted a cascaded structure in which is 

used two loops, a voltage outer loop and an inner current 

loop. As adopted for the power converter of the wind 

generator, for the inner loop was also used a hysteretic 

current controller. This controller has two references in the 

stationary reference frame, namely the d compoment and q 

component (id_ref and iq_ref). The PI regulator used in the 

outer loop will give the reference of the d component of the 

current controller. Since the d component is considered in 

phase with the voltage grid then the reactive power that the 

inverter inject/absorb from the grid in order to give it 

support, is defined by the q component.  

As described in the previous section, the power converter 

used to charge/discharge of the batteries of the electric 

vehicle is a bidirectional DC-DC Buck-Boost identical to 

the one used for the storage systems. Thus, a similar control 

system was used, namely, a current bang-bang controller 

defined by the control laws given by equations (9) and (10).  

 

4. Results of the System 

In order to verify the behavior of the DC supply system to 

charge the electric vehicles several tests were made using 

the program Matlab/Simulink. For the storage system was 

considered lead-acid batteries with 40 Ah and 

supercapacitors with 15 F. In the first test it was verified the 

stability of the DC bus voltage. Fig. 7 presents the obtained 

voltage in the DC bus. It should be noted that the reference 

voltage was set to 700 V. This test was performed taking 

into consideration a full day and during that period there 

were three charges and one discharge of the electric vehicle. 

For the PV system it was considered a typical irradiance 

profile whereas the speed of the wind generator was variated 

during the test period. From this result is possible to 

confirm the stability of the DC bus voltage and following 

the reference. 

 

Fig. 7. Voltage in the DC bus  

  

Figs. 8-10 show the obtained results when there is a 

suddenly change in the solar irradiance at 5 s (from a 

change in the generated power from 1400 W to 2500 W) 

and with the wind generator injecting a 1500 W, the 

electric vehicle charging with 15 A, the grid in off mode 

and the storage ensuring the difference between the 

generated and absorbed power. The results are related with 

the injected currents into the DC bus by the wind 

generator, PV system and absorbed current from the DC 

bus by the supercapacitor. Since in this situation the 

supercapacitor can handle with all the remaining energy 

the storage system associated with the batteries is on off 

mode. It should be noted that only when the 

supercapacitors does not have capability to store or supply 

the required energy, the storage system associated to the 

batteries will switch to the on mode.   

 

Fig. 8. Injected current by the wind generator  

 

Fig. 9. Injected current into the DC bus by the PV system  
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Fig. 10. Absorbed current from the DC bus by the supercapacitor   

 

In order to verify the capability of the system to give support 

to the grid it was also made some tests in that condition. 

Figs. 11 and 12 shows the AC currents of the three-phase 

inverter connected to the grid. From this figure is possible 

to verify that at 0.6 s the system changes suddenly from the 

situation of the absorption to the injection of the active 

power to the grid (current in phase with the voltage and in 

opposite phase when starts to inject active power to the 

grid). At 0.6 s the system starts to inject reactive power into 

the grid (when injecting reactive power the current is not 

anymore in phase with the voltage).  

 

 

Fig. 11. Voltage grid and AC current of the grid connected 

inverter of phase a when the system changes from absorption to 

the injection of the active power to the grid  

 

Fig. 12. Voltage grid and AC current of the grid connected 

inverter of phase a when the system starts to inject reactive 

power to the grid 

 

A test where the charging system changes from the state of 

the charge mode to the discharge mode to support the grid 

was also made. In Figs. 13-16 are presented the obtained 

results of the test. Should be noticed that the charging 

system of the vehicle changed from -15 A to +20 A at 8 s. 

Both supercapacitors and batteries also support the grid 

with 40 A. Through Fig. 13 is possible to verify the inject 

current to the DC bus by the supercapacitor system. From 

this result is possible to verify that after the transition the 

amplitude of the current increases in order to support the 

grid. In Fig. 14 is possible to verify the inject current to the 

DC bus by the battery system. Before the transition the 

battery system is disable since the stability of the DC bus 

is ensured only with the supercapacitor and RES. 

However, as defined, after the transition the battery system 

starts to inject current in order to support the grid. The 

three-phase AC currents that the inverter injects into the 

grid are presented in Figs 15 and 16. Through the first 

figure is possible to verify that after the transition the 

inverter starts to support to the grid with active power. It 

is also possible to verify that the amplitude of the currents 

is not constant. This is due to the fact that in this condition 

only the inverter is responsible to maintain the stability of 

the DC voltage bus. A detail of the three-phase AC 

currents injected to the grid during the transition is 

presented in Fig. 16. This result shows the sinusoidal 

waveforms of the currents and the suddenly change from 

near zero to near 75 A.   

 

Fig. 13. Injected current into the DC bus by the supercapacitor  

 

 

Fig. 14. Injected current into the DC bus by the battery system 

 

Fig. 15. Three-phase AC currents of the grid connected inverter 

when the system changes to support the grid 
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Fig. 16. Three-phase AC currents of the grid connected inverter 

when the system changes to support the grid (detail of the 

transition) 

 

5. Conclusion 

In this work it was presented a DC supply system to 

charge/discharge an electrical vehicle. This charge system 

is supported by renewable energy sources, namely a wind 

generator and a PV system. Since the RES are not constant 

and during several periods not enough to support the charge 

of the vehicle, it was also considered charging systems. The 

charging systems consist by batteries and supercapacitors to 

support the system during fast transient changes. It was also 

considered a connection to the grid in order to support the 

charging system when the generators and storage systems 

cannot provide the required energy. Besides that, this 

connection is also made in order to support the grid when 

necessary. There are some situations in which are necessary 

to support the grid with active power. This active power can 

be supplied by the RES, storage systems but also from the 

batteries of the electrical vehicle if available. The model of 

the charging system was presented, as well the control 

systems used for the several systems. To verify the 

effectiveness of this charging system, several results were 

also presented. 
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