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Abstract- This paper proposes power management strategies for a grid tied PV storage system in electric vehicle charging
station (EVCS). The strategy is designed to be implemented in the power control system of the CS. The control proceeds
depending on the integration of renewable energy sources by adopting an optimization algorithm, in order to minimize stress
on existing power and to reduce the cost of consumed energy based on the electrical grid in standalone mode. This work
explains in detail the approach via simulation results of a 15kW PV-Grid system connected with 40kWh lithium-ion battery
and a load flow of five EVs. However, a power predictive model is described in this research, it is based on a real time
monitoring of power demand and supply, where a reliable data communication between the CS and the plugged EV is
achieved. Additionally, various parameters are involved in the approach to set the optimal operation mode of a charging
process for instance, the instantaneous power of the PV array, the available energy in the battery storage buffer and the limited
power the grid can offer. MPPT algorithm with the voltage source converters (VSC) and also the current control loop are all
pillars to build the adopted power forecasting model. To test the validation of this model, simulation results of several charging
scenarios express the effectiveness of the proposed CS effectively.

Keywords Electric vehicle charging station, management algorithm, power predictive model, switches control, battery storage
buffer.

1. Introduction its power system efficiency and the low operating costs [3].

In order to get more revenues, V2G (Vehicle to Grid)

The worldwide adoption of electric vehicles (EVs) is
significantly on the rise over the classic fossil fuel vehicles.
However, the purchase price of an EV may still the main
constraint in the market since the batteries are found to be
significantly more expensive. Advantageous reasons make
the customers prefer EVs such as low ecological impact with
no greenhouse emissions and performance improvement, etc.
[1]. The energy sustainability requires consumers with
environmental awareness and vision to electricity based on
renewable, recent research confirms that one percent increase
in renewable energies would lead to nearly 2—6% increase in
EV demands [2].

The smart grid concept of integrating renewable energy
sources (RES) with the grid utility becomes more and more
used owing to its reliable outcomes e.g. the improvement of

technology can also be combined where EVs owners can
achieve a balance of demand via charging/discharging modes
i.e., charging during non-peak hours and discharging during
peak hours. However, this approach would cause a short
lifetime of the EV battery and other unsolved issues [4].

This paper focuses on an optimization algorithm of CS
power to be allocated to charge EVs, the goal is to use
minimum energy from the utility by implementing a
subsystem gathered the RES with the energy storage unit.
Several research papers have been published to compare
between numerous strategies and topologies for a grid tied
PV storage system in an EVCS application [5]. From a
power management standpoint, is that the EVs are wholly or
partially charged by RES with quite level of efficiency.
Another perspectives of wireless CS are discussed in order to
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increase the reliability of a charging process with less human
intervention [6].

Due to the efficiency property and the low investment
cost of adopting the PV system, The PV source is recognized
as one of the effective alternatives among all the RES to be
integrated into the charging station (CS) system. Yet the PV
power still suffering from discontinuity over a day [7].
Besides, high charging rates lead to high power demand,
which may not be supported by one of the energy sources in
a standalone mode [8]. To secure the regulated targets from a
robust hybrid electrical system, the intervention of grid is
paramount in many levels, as in compensation mode, when
an urgent high power demand appears in the CS. So as to
optimize the cost and to gain from solar irradiance, the
injection of extra energy into the grid from PV-Battery
system is also implemented in this management approach.

To some extent, the group gathering the PV array and
the battery storage buffer (BSB) to charge EV batteries [9], is
considered as a potential strategy for charging EVs when AC
load (residential, commercial and industrial customer) is
given high priority to be power up from the electrical
network. The required purpose of all electrical power system
is to achieve an energy equilibrium between demand and
supply at any interval of time mostly during peak hours when
a further AC load is usually come out [10]. However, the CS
costumers are willing to charge their EVs batteries so that
some requirements are insured especially, a short time to
obtain the required SOC with an appropriate charging cost.

This strategy is based on the change of DC link power,
the idea is to make a power forecasting model and observe
how fast the controller unit reacts. On one hand, to maintain
the continuity of service for the overall system with quite
level of efficiency. On the other hand, to decrease the
consumption of grid power in order to obtain the required
financial outcomes. The CS performance would be improved
using an optimization algorithm [11], therefore, the power

flow is determined from control switches provided by the
energy management unit (EMU). Despite the overloading
issue on the grid and the fluctuations of PV power, the EMU
must create an alternative solution depending on the
available stored energy in the BSB [12]. In this case, the CS
would gain as much as possible from the solar irradiance and
use the grid as long as the maximum current rate of the
distribution Transformer (DT) is not exceeded [13].

2. Architecture of the EV-CS System

The Figure 1 shows the overall CS diagram, it consists
of a grid tied PV with BSB. The PV array is tied to DC link
via MPPT algorithm based boost converter to extract the
maximum power from solar irradiance. The BSB is also
connected to the DC link through a buck/boost converter,
which adjusts the medium voltage of the battery to a higher
rate of DC voltage. Transferring electricity at high power
scale during one of the charging modes would requires CS
system that meets the appropriate customer needs,
technically, buck converters are used to adapt the DC voltage
and the current by which the power demand would be
achieved [14]. Each charging point is tied in parallel
configuration to PV and BSB, it contains a human control
panel (HCP) to insert manually specifications to be
processed by the controller e.g., the selected SOC of the EV
battery and the duration time since the vehicle is connected.
Other information is automatically sensed by the HCP as the
name of the vehicle company/model and the battery capacity.
In this respect, the EMU analyzes the data so that it can
determine the optimal scenario of charging the plugged EVs
with a smart scheduling of power from the EVCS.

There are two forms of links i.e., AC and DC. This work
provides another perspective to frame the problem, where the
grid power is assumed limited and shared with other loads
via AC link. Therefore, when the PV/BSB is injecting power
into the grid, AC/DC converter will be operated in inverter
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Fig. 1. Block diagram of different block of CS for EV.

mode, and when the CS is absorbing power from the
electrical grid, the converter will run in rectifier mode. Smart
charging operation should be reliable by enabling a two-way
communication between the customers and utilities in order
to establish an effective power flow calculation by the EMU
[15]. The stochastic process of plugging EVs that
occasionally causes a high power demand for the CS, is a
major factor to add further complexity in the principal
optimization algorithm.

2.1. DC link power

The DC link is the main pillar of the control strategy, in
which real time monitoring of its state allows utilities to
evaluate the accuracy and the speed at which the EMU
responds [16]. Basically, the power flow is generated by
PV/Grid and is supported by BSB. Fig.2 depicts the upstream
part of DC link which contains PV plugged in EVs and BSB,
and the downstream part which consists in grid utility and
AC load.

PV-BSB system Grid system

tied up with

with plug-in
EVs ACload

Upstream Downstream

Fig. 2. Power flow at DC link level.

The formula regroups the two units is described in Eq. (1).

Ppie = Pyps — Pons 1)

Where, Ppc is the DC power, Pyps is the total power
delivered by the upstream unit, while the AC load and the
DT of electricity network have gathered the Ppns.

The estimated power of the DC link is calculated using
Eq. (2), where V¢ is the DC link voltage.

dVpe
Ppe = CVie T?( )

Actually, the power rate is basically related to the
change of PV cells temperature and solar irradiance, and to
the load demand from plugged in EVs and the AC load.
Overall, the equation (3) expresses the power flow between
sources and loads.

Ppc = Ppy + Pysp + Pgria — Pevs — Pact (3)

The optimization approach is intended to solve conflict
issues when energy sources are under simultaneous power
demand from either, EVs batteries or AC load. The purpose
is to achieve a compromise between the two types of load,
while considering other criteria i.e., priority level and limited
rate of allocated power of each load [17].

2.2. AC link power

In the adopted architecture, the electricity network is
connected to the CS via AC link, where the power is limited
due to the extra burden caused by additional loads, especially
in peak hours. Even after installation of high power
transformers, an energy management is still necessary to
maintain the AC link stable [18]. However, the channelized
power flow in the AC part is described in Eq. (4).

(4)
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Where, Pac is the exchange of power between the DT
that represents the grid limitations, and the AC load.

2.3. Battery Storage Buffer

Compared with traditional technologies of battery,
lithium-ion charges faster, last longer and has a higher power
density for a large number of charging/discharging processes
[19]. As per the specification of solar system and electricity
network mentioned above, voltage link of 500 VDC is
needed to adjust the RES for future power injection mode
into the national grid and charging a plugged EV battery as
well. Moreover, a medium voltage storage of lithium ion
battery is tied to DC link through a bi-directional DC/DC
converter, where two transistors are operating under a buck
mode and a boost mode.

The control signal of the battery charger uses two kinds
of strategy i.e. constant voltage and constant current by
which an EV battery can be charged [20]. In order to avoid
sudden injection of high current rate when a load connected
to DC link, it is recommended at first, to charge it through
constant current control, and then to switch the control to the
constant voltage. Fig.3 depicts the battery charger operating
under the constant current strategy to load the BSB.

i
LR

Fig. 3. a) bi-directional DC/DC converter b) Constant
current control.

To enable the proper battery charging and discharging
via bidirectional converter, a Pl control scheme is employed
to regulate the margin error between the charging current and
the reference value, followed by pulse width modulation
(PWM) technique to the switching pulses Spoost and Spyck.
Among the main goals of the EMU is to stabilize the DC link
along with sustaining SOC within preventive limits [21].

3. Power Predictive Model (PPM)

In compliance with the applied demand from EVs and
the available power in the CS, the charging modes selected
by EV customers have been divided into three different rates
of power i.e. small, medium, and large. Consequently, a
Power Predictive Model (PPM) is built in order to get the

EMU quick and efficient to respond when a huge power
demand appears for the CS. The SOC of storage systems i.e.,
BSB and EV battery are also involved in the optimization
approach via equations to settle the optimal power flow for
the scheduled charging mode.

The power required for charging ith EV is depicted in
Eqg. (5).

_ (Sl:",’l,!c.‘q = Slz'l"() X C.’:'VL

= 5
Pev = ©)

Where, Sevireq is the required SOC applied by an ith
customer using the HCPi, PTey; is the plugged time set to
adapt the matched charging mode, Cevi is the battery
capacity of ith EV.

Thus, multiple EVs add further extra power demand as it
is mentioned in Eq. (6).

Pb"r’.s = EI?:I PEw (6)

Once the ith EV is connected to the charging point, The
EMU will read the plugging-in time data from the ith HCP
and accumulate it to the others in order to test if the battery
storage would be enough to compensate the lack of power of
PV system during EVs charging process.

The Eq. (7) expresses the real time monitoring of the
BSB power versus PTeyi.

(Sgse — Sgspopt) X Cpsp %
XL PTey;

Pgsp =

Where, Sgsgopt is the rate of SOC that BSB should be off
service, Cgsg is the BSB capacity and Sgsg is the
instantaneous SOC.

The PPM takes measurements of each CS block power
and calculates the others, the goal is to provide the EMU all
the data required to determine the optimized power flow for
both, the EV user and the CS owner.

The flowchart of the Fig.4 describes the proposed
strategy of energy management at the DC link, the algorithm
is started by powers sensing and testing if there is an EV
plugged in the CS, which leads the EMU to apply one of two
scenarios. No EV plugged will active the charging scenario
(Case 2) where the PV power would be used to maintain the
full charge of BSB, otherwise (Case 1) to inject the extra
power in the national grid. At least one EV connected to the
system (Case 3) is able to adjust the algorithm to adopt the
PPM in the activated charging point. At this case, an
instantaneous calculating of EVs power demand using the
HCP allows the EMU to set the optimized charging process,
taking into account the various powers of PV, BSB and also
the real time monitoring of grid.
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Fig. 4. Flowchart of the energy management approach

Depending on the HCP data, several power switches
would be activated to meet the forecasted need of energy.
However, the national grid is controlled by two power
switches i.e. GridRecOn for rectifying mode (Grid to CS),
and the injection mode of extra power from the CS system
using GridlnvOn switch (CS to Grid). Furthermore, the
storage batteries are equipped with a management system to
isolate them when a full charge is attended, typically, a
BSBOn switch is controlled by a calculated margin of SOC
[22]. LoadOni switch refers to an ith plugged in EV.

The optimization approach aims to integrate all the
energy sources in a hybrid electrical system. In order to get
simulation results similar to the proposed goals, and to apply
efficiently the approach, the algorithm of energy
management requires call control programs i.e., MPPT for
boost converter, the voltage source converters (VSC) for
inverter and the constant current for buck/boost converter.

The system behavior is evaluated with respect to power
tracking reference and solar irradiance perturbations in
accordance with developed techniques [23]. MPPT control
with INcremental Conductance (INC) method has a good
compromise between performance and complexity of

implementation that fits this kind of applications [24]. The
adopted MPPT technique is followed by an integral regulator
to minimize the error of the duty cycle. Additionally, the
voltage source converters (VSC) method used for inverter
control is another parallel task of the EMU, is composed of a
phase-locked loop (PLL) and a V. regulator in cascade with
a current regulator, followed by a PWM generator to dispatch
the gating pulses to the inverter switches [25]. To apply the
PPM approach, static and dynamic parameters are
implemented in the EMU. Fig.5 depicts the two kinds of
control, the first one is dedicated to sending the calculated
cyclical ratios to each converter switches of the CS, the
second part is where the power switches are controlled.
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Fig. 5. a) Converters control b) Energy management unit

4. Simulation results

In this section, the validation test of the proposed
topology is designed through a 15kW PV array in (5%10)
configuration linked to a boost converter delivered 500VDC.
The DC link is tied to a 40kWh storage system represented
the BSB of 160V/250Ah. In order to get concrete simulation
results of the integration of RES in EVCS, we employ the
meteorological scenario of temperature and irradiance
mentioned in Fig.6.

Tarmp (deg C)

= ]

Fig. 6. climatic scenario of solar irradiance and temperature

To depict the control strategy, the system has been
modeled and simulated on Matlab/Simulink software, which
is carried out to test the CS operation mode via three cases:

Case 1: No EV at the CS, the BSB is already fully charged,
injection into the grid from PV system.

Case 2: No EV at the CS, the BSB is in a charging mode via
PV system.
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Case 3: At least one EV is connected to the CS, the EMU
will select the optimal charging process (meet the need of

energy for the EV with less relying on the grid) for both, the
CS customer and owner.

15 kW Grid-Connected PV and Battery Storage Bank for charging station
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Fig. 7. PVGS of the EVCS

Based on the previous steps to model the PV-Grid
system (PVGS) with optimization approaches, Fig.7
illustrates the designed PVGS using Matlab/Simulink
interface, the flowchart of power algorithm is converted to a
source code program implemented in the EMU block.

The proposed CS is developed for a study case of a
small parking place consists of five charging points, each
point is equipped with a HCPi so that the user could insert its
required power demand. Three types of energy converters
(dc-dc, dc-ac, ac-dc) are used to adapt the voltage of each
power block to the DC link reference voltage.

Case 1: PV to Grid (P2G)

Since electricity is not stored on a large scale,
consumption peaks have a direct influence on the volatility
of wholesale prices. The temporal fluctuations remain very
marked in the day/night alternation for solar energy where
this mode is only possible in a daylight.

At this case, the total energy produced by the 15 kW PV
peak power is injected into the national grid, the power curve
in Fig.8a matches exactly the variation of solar irradiance in
the climatic scenario mentioned above. At t=1.75h the
irradiance is up to 1000W/m2 which made the PV system
deliver 14.87kW. At t=4h, it is clearly observed once the
temperature rises from 32°C to 40°C the power is falling to
14.45kW. The same reaction is noticed after t=4.8h.
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Fig. 8. PV system in P2G mode versus time a) power b)
voltage

As shown in Fig.8b, the PV voltage is slightly affected
by the temporal variations of temperature and irradiance. The
VSC control of the inverter based on IGBTS sustains the DC
bus voltage at 500VDC, the transient state fluctuations are
minimized with quite level of efficiency as shown in Fig.9

O link: ‘Veitage: )

a3 1 15 L. 5 2 L L) L) Ll 5
Time {hrj

Fig. 9. DC bus voltage versus time

As long as this mode is activated via PVOn and
GridinvOn switches, the grid benefits from all power
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provided by the PV. Fig.10 shows the data supervision of the
electricity network where generation and demand are similar
since the PV is considered the main power source of this
case.

Fome (35

Fig. 10. Grid curves versus time a) current b) power

In order to eliminate the harmonics after the inverter
using filters, the modeling of injection mode in Fig. 7 has a
capacitor bank to reduce the effective value of AC voltage
and to increase the losses in forms of heat. Fig.11 shows a
stable AC voltage despite the variations of irradiance of the
climatic scenario.

A Grd Viltage A

;-u.u;.
Fig. 11. Grid voltage versus time
Case 2: PV to BSB (P2B)

During a sunny day with no EVs plugged into the CS,
the P2B is given high priority to gain energy from the
available solar irradiance to load the BSB. Fig.12 shows the
power flow of this case describing the curves of SOC, power
and current of the 40 kWh storage system.

The power supplied to the BSB via its charging
converter together with the evolution of the SOC of its
storage cells is depicted in Fig.12b. The curve slope is
featured by the SOC inclination which is obviously not
constant throughout the charging phase, which is explained
by the variation of PV current to be allocated to load the
battery as is described in Fig.12c. As soon as the battery
voltage is boosted to the DC link voltage, the converter
would limit its current to prevent an excessive dissipation of
energy and to maintain an accurate charging rate.

BSB Power (kW)
e T i i T T

i [ I I I [ 1 I [

B38 Current (A)

0 T T T T T T T T T

| | | | ! | | 1
05 1 15 2 28 3 3§ 4 45 §
Time (hr)

40

Fig. 12. Charging process of CS storage system versus time.

The SOC values are updated according to the required
power flow either charging or discharging [26]. Additionally,
the PPM adds further degrees of optimization to have a
safety use of BSB by avoiding, on one hand the depth of
discharge and on the other hand to operate in the harmful
phase of saturation.

Case 3: PV/BSB/Grid to EVs (PBG2V)

The CS system is simulated under this scenario where
there is a need to accumulate a calculated amount of power
to charge a plugged in EVs batteries. In this mode four
switches (PVOn, BSBOn, GridRecOn, and LoadOn) are
activated occasionally following the algorithm guidelines.

To move forward in this methodology, a load flow
consists of five EVs is proposed in this simulation to set the
optimal charging scenario to each charging point from the
available energy sources. The HCPs information is given in
Table 1.

Table 1. EVs HCPs information for a charging process

Battery Plugged  Initial SOC(%) Final SOC(%) EV demand
EV  Capacity (kih)  Time (Hrs) (few)
1 4 15 55 87 93
2 60 25 45 75 72
3 35 15 50 8 81
4 0 2 60 % 6
5 55 2 70 100 82

The next step is to apply the PPM control on every time
interval and observe the load process of various EVs, time of
entering and leaving are treated in the Fig.13 via plugged
time data of the table above. In the meanwhile, the EMU
would continuously update the calculation of Pevs so that the
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allocation of energy sources can be made, taking into account
the energetic criterion of gaining from solar energy in the
first place, the BSB and the electrical grid respectively.

Number of EVs
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Fig. 13. Load flow of EVs connected to the CS versus time

For finding the appropriate proportion of PV power to be
integrated into EVs CS, results of the previous load scenario
have been plotted in the Fig.14. The energy stored in the
BSB is considered as a second alternative when the PV is
unable to meet the required EVs power demand.

From the load flow of EVs above, at t=2.5-3.5h, four
EVs are plugged at the same time into the CS, as it can be
seen in the results of Fig.14d, there is a 30 kW of power
demand from the tied load flow, hence the grid compensates
the gap of power between the CS supply and the applied load
by providing 7 kW in Fig.14c.

PV Power (kW)
)

T T T T

T T T T

0 05 1 15 2 25 j 35 B 45 5
I'ime (hr)

Fig. 14. Powers of charging operation of EVs versus time a)
PV b) BSB c) Grid d) EVs

At t=0-0.5h and t=4.5-5h there is no connected EV
(Casel and 2), at these cases the calculation of BSB power
based on EVs duration time is not available which leads the
EMU to adjust the CS to work on its own power
management. Moreover, the goal is to ensure the full charge

of BSB via either, a PV standalone working under high solar
irradiance or the grid at off peak hours. Once the CS battery
is fully charged, the PV power would be injected into the
national grid.

In this case, the EVs enter and leave the CS in different
times or at the same time, at t=2.5h four EVs are plugged
which made the system behaves as a workspace parking
when all employees would enter in the same work timing.
The proposed control method ensures that the PV system
delivers maximum power energy available via MPPT
algorithm, it monitors the injected current in the EV battery
within the HCP data provided by the customer.

5. Profitability Analysis

Unlike traditional charging operation from one energy
source in standalone mode, that causes inconvenient
outcomes e.g., the inefficiency of PV array in low irradiance,
the stress on the grid especially during peak hours, and the
limited SOC of BSB. As an alternative solution, a hybrid
electrical system is considered being solid power supply
owing to their beneficial energy features and financial
outcomes.

During this study case, there would be a scheduling of
sources depending on the instantaneous sensing of powers.
Furthermore, at any circumstances and even the load flow of
EVs is arriving in different intervals of time, the EMU
control will achieve financial goals with less investment in
an installed PV power and with a minimal level of relying on
the grid. The Fig.15 shows the energy compensation between
PV, BSB and grid during the three cases of processes.

Number of energy sources

(PV/BSB/Grid) 3 1 t 4

(PV/BSB) 21 1
Mo 1

I} | Tlme lh3

&5 1 { &5 $

> e re—»

Case 112 Case 112

Fig. 15. Intervention of PVV/BSB/Grid according to EVs
power demand

In addition of the reliable quality of the proposed
approach, a financial analysis is identified to test whether or
not the CS would achieve a better cash flow comparing the
traditional process, using the national grid (NG) in
standalone mode, to the adopted topology of a grid tied PV
storage battery with optimization algorithm. In France, the
price of the Tesla superchargers is set at 0.20 €kWh [27].
However, the CS purchases its main service supply from the
NG according to the power subscribed rate, from 36 kVA the
cost is set at 0.1483 €/kWh [28]. Table 2 expresses the
percentage rate of profitability of this solution, which is
increased to 92.4% instead of 25.8%.
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Table 2. Overall profitability comparisons of PVGS

CS based on NG CS Based on PVGS
Grid PV BSB Grid
Consumed energy
72,5 2475  37.25 105
(kWh)
Purchase (€) 10.75 3.67 5,52 1.55
Sale (€) 14.5 495 745 21
. 495 745 055
Gain (€) +3.75
+12.95
Benefits 25.8% 924 %
6. Conclusion

In this paper, a power predictive model was presented to
forecast EVs power demand and to enhance the CS
performance, in order to avoid an extra burden on the grid
during peak hours. PV array with storage battery supported
by the grid increased the reliability and flexibility of the
system.

From the above study case we can adopt the strategy
while considering some criteria, as the installed PV array, the
BSB capacity and the power rate of the distribution
transformer. Simulation results had tested the validity of the
adopted optimization algorithm working under three
scenarios were: P2G, P2B and PBG2V. In terms of reducing
the cost from purchasing a high rate of kwh from grid and
for a beneficial integration of RES, the model would select
the optimal charging scenario from the PVGS based on a
smart scheduling of power.

References

[1] A. Moro and L. Lonza, “Electricity carbon intensity in
European Member States: Impacts on GHG emissions of
electric vehicles”, Transp. Res. Part D, DOI:
10.1016/j.trd.2017.07.012, pp. 1-10.

[2] P. Grahn and L. Soder, “The customer perspective of the
electric vehicles role on the electricity market”, 8th
International Conference on the European Energy
Market, pp. 141-148, 25-27 May 2011.

[3] F. Viola and M. Longo, “On The Strategies for the
Diffusion of EVs: Comparison Between Norway and
Italy”, International Journal of Renewable Energy
Research, vol. 7, no. 3 (2017), pp. 1376-1382.

[4] D. T. Hoang, P. Wang, D. Niyato, and E. Hossain,
“Charging and Discharging of Plug-In Electric Vehicles
(PEVs) in Vehicle-to-Grid (V2G) Systems: A Cyber
Insurance-Based Model”, in IEEE Access, vol. 5, pp.
732 — 754, January 2017.

[5] J. Hossain, N. Sakib, E. Hossain, and R. Bayindir,
“Modelling and Simulation of Solar Plant and Storage
System: A Step to Microgrid Technology”, International
Journal of Renewable Energy Research, vol. 7, no. 2
(2017), pp. 723-737.

[6] V. Castiglia, L. D. Noia, P. Livreri, R. Miceli, F.
Pellitteri, and F. Viola, “An Efficient Wireless Power

Transfer Prototype for Electrical Vehicles”, in 2017
International Conference on Renewable Energy
Research and Application (ICRERA), 2017, pp. 1215 -
1220.

[71 K. Engeland, M. Borga, J. Creutin, and B. Francois,
“Space-time variability of climate variables and
intermittent renewable electricity production - A
review”, Renew. Sustain. Energy Rev, DOI:
10.1016/j.rser.2017.05.046, vol. 79, pp. 600-617.

[8] N. Sakib, J. Hossain, E. Hossain, and R. Bayindir,
“Modelling and Simulation of Natural Gas Generator
and EV Charging Station: A Step to Microgrid
Technology”, Int. J. Renew. Energy Res., vol. 7, no. 1,
pp. 399-410.

[9] A. Fotouhi, D. J. P. Auger, T. Cleaver, N. Shateri, K.
Propp, and S. Longo, “Influence of Battery Capacity on
Performance of an Electric Vehicle Fleet”, in 2016
International Conference on Renewable Energy
Research and Application (ICRERA), 2016, pp. 928 —
933.

[10]H. Shi, F. Zhuo, H. Yi, and Z. Geng, “Control strategy
for microgrid under three-phase unbalance condition” J.
Mod. Power Syst. Clean Energy, DOI: 10.1007/s40565-
015-0182-3, vol. 4, no. 1, pp. 94-102.

[11]A. Luo, Q. Xu, F. Ma, and Y. Chen, “Overview of
power quality analysis and control technology for the
smart grid,” J. Mod. Power Syst. Clean Energy, DOI:
10.1007/s40565-016-0185-8, vol. 4, no. 1, pp. 1-9.

[12] A. Hassoune, M. Khafallah, A. Mesbahi, and T.
Bouragba, “Smart topology of EVs in a PV-Grid system
based charging station”, 3rd International Conference on
Electrical and Information Technologies, Rabat, pp. 1-6,
15-18 Nov 2017.

[13]J. P. Torreglosa, P. Garcia-trivifio, L. M. Fernandez-
ramirez, and F. Jurado, “Decentralized energy
management strategy based on predictive controllers for
a medium voltage direct current photovoltaic electric
vehicle charging station”, Energy Convers. Manag.,
DOI: 10.1016/j.enconman.2015.10.074, vol. 108, pp. 1-
13.

[14]J. Lopez, S. . Seleme Jr, P. F. Donoso, L. M. F. Morais,
P. C. Cortizo, and M. A. Severo, “Digital control
strategy for a buck converter operating as a battery
charger for stand-alone photovoltaic systems”, Sol.
Energy, DOI: 10.1016/j.solener.2016.11.005, vol. 140,
pp. 171-187, 2016.

[15] T. Kamal, M. Nadarajah, S. Z. Hassan, H. Li, F.
Mehmood, and I. Hussain, “Optimal Scheduling of
PHEVs in a PV based Charging Station”, International
Conference on Emerging Technologies, Islamabad, pp.
1-6, 18-19 October 2016.

[16]P. Goli and W. Shireen, “PV powered smart charging
station for PHEVsS”, Renew. Energy, DOI:
10.1016/j.renene.2013.11.066, vol. 66, pp. 280-287.

[17]K. D. Mercado, J. Jiménez, and M. C. G. Quintero,
“Hybrid Renewable Energy System based on Intelligent
Optimization Techniques”, in 2016 International
Conference on Renewable Energy Research and
Application (ICRERA), 2016, pp. 661 - 666.

[18] K. Arulkumar, K. Palanisamy, and D. Vijayakumar,
“Recent Advances and Control Techniques in Grid

859



INTERNATIONAL JOURNAL of RENEWABLE ENERGY RESEARCH

A.Hassoune et al., Vol.8, No.2, June, 2018

Connected PV System — A Review”, International
Journal of Renewable Energy Research, vol. 6, no. 3
(2016), pp. 1037-1049.

[19]S. Rivera and B. Wu, “Electric Vehicle Charging Station
with an Energy Storage Stage for Split-DC Bus Voltage
Balancing”, IEEE Trans. Power Electron., vol. 23, no.3,
pp. 2376 - 2386, March 2017.

[20]G. Naveen, T. Yip, and Y. Xie, “Modeling and
Protection of Electric Vehicle Charging Station”, 6th
IEEE Power India International Conference, Delhi, pp. 1
— 6, 05 -07 December 2014.

[21]V. Castiglia, P. Livreri, R. Miceli, F. R. Galluzzo, G.
Santelia, and G. Schettino, “Design and simulation of a
fast DC recharging station for EV”, in 2017 International
Conference on Renewable Energy Research and
Application (ICRERA), 2017, pp. 1198 - 1203.

[22]Y. Guo, Z. Zeshuang, and L. Huang, “SoC Estimation of
Lithium Battery Based on AEKF Algorithm”, 8th
International Conference on Applied Energy, Beijing,
vol. 105, pp. 41464152, 08-10 October 2016.

[23]1H. Nademi, Z. Soghomonian, and L. Norum, “A Robust
Predictive MPPT Strategy: An Enabler for Improving
the Photovoltaic Conversion Source”, in 2017
International Conference on Renewable Energy
Research and Application (ICRERA), 2017, pp. 1086 -
1091.

[24] A. Dandoussou, M. Kamta, L. Bitjoka, P. Wira, and A.
Kuitché, “Comparative study of the reliability of MPPT
algorithms for the crystalline silicon photovoltaic
modules in variable weather conditions”, J. Electr. Syst.
Inf. Technol., DOI: 10.1016/j.jesit.2016.08.008, vol. 4,
no. 1, pp. 213-224.

[25]N. Muangruk and S. Nungam, “Direct Power Control of
Three-Phase Voltage Source Converters using Feedback
Linearization  Technique”, International Electrical
Engineering Congress, Chiang Mai, vol. 86, pp. 365—
368, 02-04 March 2016.

[26] A. Rios, J. Guamén, C. Vargas, and M. Garcia, “Design,
Dimensioning, and Installation of Isolated Photovoltaic
Solar Charging Station in Tungurahua, Ecuador”,
International Journal of Renewable Energy Research,
vol. 7, no. 1 (2017), pp. 234-242.

[27] “Tesla superchargers.” [Online]. Available:
http://www.automobile
propre.com/dossiers/recharge/cout-prix-recharge
voiture-electrique/. [Accessed: 27-Oct-2017].

[28] “The purchase price of kWh in France.” [Online].
Available: https://www.kelwatt.fr/guide/prix-electricite-
france. [Accessed: 29-July-2013].

860



