
0093-9994 (c) 2020 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission. See http://www.ieee.org/publications_standards/publications/rights/index.html for more information.

This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication. Citation information: DOI 10.1109/TIA.2020.2989680, IEEE
Transactions on Industry Applications

 

Abstract— In this paper, a solar PV (Photovoltaic) array, a battery 

energy storage (BES), a diesel generator (DG) set and grid based 

EV charging station (CS) is utilized to provide the incessant 

charging in islanded, grid connected and DG set connected modes. 
The charging station is primarily designed to use the solar 

photovoltaic PV array and a BES to charge the electric vehicle 

(EV) battery. However, in case of exhausted storage battery and 

unavailable solar PV array generation, the charging station 

intelligently takes power from the grid or DG (Diesel Generator) 

set. However, the power from DG set is drawn in a manner that, it 

always operates at 80-85% loading to achieve maximum fuel 

efficiency under all loading conditions. Moreover, in coordination 

with the storage battery, the charging station regulates the 

generator voltage and frequency without a mechanical speed 

governor. It also ensures that the power drawn from the grid or 

the DG set is at unity power factor (UPF) even at nonlinear 

loading. Moreover, the PCC (Point of Common Coupling) voltage 

is synchronized to the grid/ generator voltage to obtain the 

ceaseless charging. The charging station also performs the vehicle 

to grid active/reactive power transfer, vehicle to home and vehicle 

to vehicle power transfer for increasing the operational efficiency 

of the charging station. The operation of the charging station is 

experimentally validated using the prototype developed in the 

laboratory.   

 

Index Terms— EV Charging Station, Solar PV Generation, 

Power Quality, DG Set. 

I. INTRODUCTION 

  Currently, electric vehicles (EVs) are recognized as one of 

the most efficient modes of transportation with zero trailing 

emission. Considering the advantage of EVs, 3 million vehicles 

are already deployed on the road, and it is expected to cross 100 

million by 2030 [1]. However, the execution of proposed plan 

demand for huge charging infrastructure and enormous 

electrical energy. Moreover, EVs can only be sustainable when 

the electrical energy required for charging is generated from 

renewable and sustainable energy sources. However, the use of 

fossil fuels for electricity generation, does not reduce the 

emission but merely shift it from vehicles to the power plant. 

Therefore, the use of renewable energy sources for electricity 

generation can completely eliminate the emission and provides 

an environmental benefit. Among various available renewable 

energy sources, solar PV array, wind energy, hydro energy and 

fuel cell based energy, solar PV based generation is a most 

feasible solution for EV charging because it is available almost 

everywhere irrespective of the rural or urban region [2]. As far 

as the Indian region is concerned, it is available almost 

throughout the year. On the contrary to the solar PV array, the 

wind and hydro energies are location specific. The wind energy 

is mostly useful in the coastal region, and hydro energy is useful 

for hilly region.  

Though, the renewable energy based charging stations are the 

most feasible solution for the EV charging, however, their 

integration to the existing charging system introduces the 

additional power conversion stage, which increases the 

complexity and power loss in the system. Moreover, each 

conversion stage needs an individual controller, which needs to 

be integrated with the existing control. Therefore, it is 

imperative to design an integrated system with multifunctional 

and multimode operating capability, for which a unified control 

and coordination between the various sources are essential. 

Many efforts have been made to develop the renewable 

energy based charging station. Ugirumurera et al. [3] have 

discussed the importance of renewable energy for the 

sustainability of the EV charging station. Mouli et al. [4] have 

utilized the solar power for charging of EVs using the high 

power bidirectional EV charger. However, the designed charger 

does not provide the AC charging. Monterio et al. [5] have 

presented a three port converter for integrating PV array with 

the EV charger. However, the designed charger does not 

consider the current distortions in the grid current created by the 

charger. Singh et al. [6] have proposed a modified z-source 

converter for designing of PV array/grid connected EV charger. 

However, the charger is not designed for the islanded mode of 

operation. Therefore, it cannot provide the EV charging in 

absence of grid. Chaudhari et al. [7] have discussed a hybrid 

optimization model for managing the battery storage such that 

the running cost of charging station can be minimized and the 

solar PV array power is utilised maximally.  Kineavy et al. [8] 

have proposed to use the on-site PV generated power (deployed 

on the commercial building) in coordination with the EV 

charging station for maximum utilisation of solar PV array 

(under uncertainties) with less impact on the grid. Zhang et al. 

[9] have studied the optimal scheduling of the EV charging 

station in workplace with dual charging modes. The PV array 

powered charging station (CS) is also suitable for the onsite 

deployment for the best quality of service at a minimum cost 

while reducing the grid impact of charging [10]. Kandasamy et 

al. [11] have investigated the loss of life of a storage battery 

used with the commercial building based solar PV array system. 

The wind energy powered CS is also beneficial for EV due to 

its availability in both day and night time, and many 

publications are available in this area [12]-[14]. 

EVs nowadays are also used as a distributed energy resource 

for providing various ancillary services due to the huge amount 

of energy stored in EV batteries. Singh et al. [15] have 

presented a PV array based CS for providing charging facility 

along-with the vehicle-to-grid reactive/active power, active 

power filtering and vehicle-to-home. Saxena et al. [16] have 

implemented a grid tied PV array system for EV and residential 

application. Razmi et al. [17] have proposed the power 

management strategy with multi-mode control of an integrated 

residential PV-storage battery system for both grid-connected 

and islanded operation. Erdinc et al. [18] and Kikusato et al. 

[19], Hafiz et al. [20] have presented the smart household 

operation such that EV can be used as a storage for providing 
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the vehicle-to-home and vehicle-to-grid operation for the 

benefits of both utility and the consumer.  

The detailed analysis of reviewed literature, advocates that 

the work presented in the area of renewable energy based 

charging station, are mostly focusing on the optimization of 

different aspects of charging such as the size of the renewable 

energy sources, size of the storage unit, vehicle driving pattern, 

charging time, charging cost, charging scheduling etc. 

However, in present scenario only few publications have 

actually implemented the charging station using renewable 

energy sources. Moreover, the performance of charging station 

under real circumstances, is also less discussed.  

Moreover, in most of the literature, the performance of CS, 

is discussed only in either grid connected mode or islanded 

mode. However, due to the single mode of operation in grid 

connected mode, the solar PV panel becomes unusable if the 

grid is not available even if the sun (solar irradiance) is 

available. Similarly, in islanded mode, the PV power is 

disturbed by the intermittency of solar irradiance. Therefore, a 

storage battery is required for mitigating the effect of variable 

solar irradiance. However, in case of the fully charge storage 

battery, the maximum power point tracking (MPPT) has to be 

disabled to avoid the overcharging of the storage battery. 

Therefore, in this paper, a PV array, grid, energy storage and 

DG set supported CS is presented, which operates in islanded, 

grid connected and DG set connected modes, so that the PV 

array energy is utilized for all operating conditions. 

Some publications [15] have discussed both islanded and 

grid connected modes. However, these two modes are 

controlled separately and the automatic mode switching 

between two modes are not presented. Therefore, without 

automatic mode switching capability, the PV array power is to 

be interrupted and the charging of the EV is not to be 

continuous. Therefore, in this paper, an automatic mode 

switching logic is presented, so that the controller automatically 

switches between different operating modes depending on the 

power generation of PV array and the charging demand of EV.  

Due to the unavailability in the night and the intermittent 

nature of the PV array, storage battery with PV array is used for 

continuous and reliable operation of CS. However, due to the 

limited storage capacity of the storage battery, it is hardly 

possible to provide backup all the time. Therefore, the CS needs 

support of the grid in case of PV array energy is unavailable, 

and energy storage is also discharged.  

However, due to the limited availability of grid, especially in 

remote areas, the DG set may be required for maintaining the 

continuity of the charging. However, the DG set performance is 

affected by the type of loading, and it is not utilised to its full 

capacity. Generally, the DG sets are designed for very limited 

amount of harmonics in the load current [21]. Therefore, the 

DG set performance is severely affected by the EV charging, 

due to presence of harmonics in the EV current because the 

charger of the EV generally uses rectifier followed by a power 

factor correction circuit and a DC-DC converter for step down. 

However, in this paper, the DG set is always loaded to at least 

80% of the rated value because the harmonics and reactive 

current requirement of the EV charger are provided by the 

voltage source converter (VSC).  

The major contributions in this paper, are as follows.  

 Design and experimental validation of PV array, energy 

storage and DG set supported grid integrated CS, which 

uninterruptedly supports both DC and AC charging of EVs. 

 Design of a unified controller, which enables the charging 

station to operate in islanded, grid connected and DG set 

connected modes without changing the hardware and using 

only a single VSC. 

  Design of a mode switching logic using which, the charging 

station changes the mode seamlessly to provide the 

continuous charging. 

  Design of control strategy for vehicle-to-vehicle (V2V) 

power transfer for charging the EV and vehicle-to-grid 

(V2G) power transfer for supporting the grid. 

 Active power filter operation of the charging station for 

mitigating the grid current harmonics, so that the power 

exchange takes place at unity power factor. This is required 

for the compliance of the charging station with the IEEE-519 

standard. 

 Strategy for regulating the frequency and voltage of DG set 

without mechanical automatic voltage regulator. 

 Strategy to feed the surplus PV array generated power into 

the grid for avoiding the overcharging of the storage battery. 

II. SYSTEM DESCRIPTION 

The presented charging station, as shown in Fig. 1, uses a 

solar PV array, a storage battery, a DG set and grid energy to 

charge the EV and to feed the load connected to charging 

station. The solar PV array is connected at DC link of voltage 

source converter (VSC) through a boost converter and a storage 

battery is connected directly to DC link. The grid, a single phase 

SEIG (Self Excited Induction Generator), an EV and a 

nonlinear load, are connected on the AC side of VSC through a 

coupling inductor. A ripple filter at PCC, is used to eliminate 

the switching harmonics from the grid and the generator current 

and to make these currents sinusoidal. An excitation capacitor 

is connected to the auxiliary winding of the SEIG. A small 

capacitor is also connected across the main winding of the 

SEIG. A synchronizing switch is used between grid/DG set and 

PCC for controlled connection/ disconnection of charging 

station to grid/DG set.   

 
Fig. 1 Topology of charging station 

III. CONTROL STRATEGIES 

Various control strategies used in the CS, are discussed here. 
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A. Control of VSC in Islanded Mode (Absence of DG Set and 

Grid) 

The islanded control of the CS ensures the stable operation 

of the CS in absence of the grid, which means the AC as well 

as the DC charging of the EV remains intact along with the 

undisturbed solar power generation. The DC charging and the 

solar PV generation can be managed by the storage battery 

without much modification in the control. However, the AC 

charging needs a separate controller for VSC using which the 

local voltage reference is generated, because in absence of the 

grid no voltage reference is available. Therefore, the islanded 

controller generates the internal voltage reference of 230V and 

50 Hz as per the logic presented in Fig. 2, which integrates the 

frequency and pass through the sin for generating the reference 

voltage. The generated reference is compared with the terminal 

voltage of the converter, which ultimately gives the reference 

converter current after minimisation of voltage error using 

proportional integral (PI) controller. The error minimisation 

and reference current generation is expressed as, 

 * *( ) ( -1) ( ) - ( -1) ( )c c pv ce ce iv cei s i s z v s v s z v s                    (1) 

 The reference current after comparison with sensed converter 

current and after passing through hysteresis controller generates 

the gate signals of the converter. 

B. Control of VSC in DG Set or Grid Connected Mode 

In grid connected mode, the controller task is to decide the 

amount of power to be exchanged with the grid. In DG set 

connected mode, DG set operates in constant power mode for 

achieving maximum fuel efficiency. However, in both cases, 

the controller has to compensate the harmonic and reactive 

current demand of the EVs, which is achieved by estimating the 

reference current of the grid or the DG set from the EV current. 

In grid connected condition, the reference current is estimated 

by considering only the active current of the EV current. 

However, in DG set connected mode, the reference DG set 

current is estimated using both reactive and active currents of 

the EV. In this work, an adaptive notch cancellation (ANC) [22] 

extracts the fundamental frequency current of the EV. Further 

with the sample and hold logic, the fundamental current at every 

zero crossing of quadrature and in-phase unit template, gives 

the active and reactive current, respectively. 

Now, the total active and reactive currents in grid connected 

mode are as, 

2sp p ef pfI I I I                                                         (2) 

0sqI   

In grid connected mode, only active current of EV is considered 

and the reactive current is considered zero for achieving unity 

power factor operation. However, in DG set connected mode, 

both active and reactive current components of EV are used.  

Now, total active and reactive current in DG set connected 

mode is as, 

2sp p ef fp pfI I I I I                                                      (3) 

sq vq qI I I     

Where, Ip and Iq are the active and reactive currents of EV, and 

Ief2 and Ipf  are the feed-forward term of the EV2 and the PV 

array. Ifp and Ivq are the frequency and voltage regulators terms 

used in the DG set connected mode. Ief2 controls the vehicle to 

grid power transfer of the EV. Ipf is the PV array feed-forward 

term in grid-connected mode, which controls the overcharging 

of the storage battery. Since the energy storage is directly 

interfaced to DC link, the storage battery cannot be charged in 

CC/CV mode. However, it can be ensured that the storage 

battery does not get over charged in any condition. In grid 

 
Fig. 2 Unified control of VSC for standalone and grid and DG set connected mode 
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connected condition, overcharging of storage battery is 

protected by feeding the solar PV generated power into the grid. 

This is achieved by adding the solar PV array feed-forward term 

in the grid connected mode control as shown in Fig. 2. A 

variable gain ‘γ’ is also multiplied with the feed-forward term, 

which decides the percent of PV array power fed into grid. 

Constant ‘γ’ is defined between 0-1, which is decided by the 

SOC information of the storage battery. Therefore, if the 

storage battery is fully charged, the ‘γ’ takes the value as ‘1’. 

However, in case of fully drained storage battery, the ‘γ’ 

becomes ‘0’.   

Finally, the estimated reference current of grid or DG set is as, 
* * s g tp p tq qi or i I u I u                                                  (4) 

Where up and qp are synchronizing signals of the DG set or grid 

voltage (vg or vs). Using the sensed and the reference current of 

grid/DG set, the switching signals are generated using 

hysteresis controller as shown in Fig. 2. 
 

C. DG Set Control for Voltage and Frequency 

For operating the DG set at single point, the frequency and 

voltage of DG set are regulated using decoupled control of 

VSC. In decoupled control, the frequency is regulated by the 

active power and the voltage is regulated by reactive power. 

Therefore, two PI controllers are used for voltage and frequency 

regulations. The PI control for voltage regulation is given as, 

( ) ( -1) { ( ) - ( -1)} ( )vq vq vp me me vi meI s I s z V s V s z V s            (5) 

Where Vme=Vm
*-Vm  and the zvi and zvp are the PI controller 

gains. 

Similarly, the discerate expression of the frequency PI 

controller is as, 

( ) ( 1) { ( ) ( 1)} ( )fp fp fp e e fi eI s I s z f s f s z f s                    (6) 

Where fe is the error in frequency and zkfp, zfi are PI gains. 

The outputs of the frequency and voltage controllers are 

added in grid connected control as shown in Fig. 2. However, 

the outputs of these controllers become zero in grid connected 

mode as the voltage and frequency of the grid remain regulated. 

D. Control of EV2 

EV connected at DC link through a DC-DC converter is 

controlled in constant current/constant voltage (CC/CV). Until 

the terminal voltage of the EV battery reaches the voltage 

corresponding to the full charge condition, the EV charges in 

CC mode. However, after reaching near to the desired terminal 

voltage in nearly full charge condition, the charging of the EVs 

is shifted in CV mode. Here, the CC/CV mode of charging is 

controlled using two PI controllers as shown in Fig. 3. The outer 

voltage loop gives reference current for current control stage. 

 
Fig. 3 EV2 control for CC/CV charging and V2G power transfer 

The reference charging current is estimated as, 

* *
2 2( ) ( -1) { ( ) - ( -1)} ( )ev ev evp er er evi erI s I s z V s V s z V s            (7)  

Where, Ver is the EV battery voltage error and zevp and zevi are 

the controller gains. 

Using the reference and sensed battery currents, the switching 

signals of the converter are derived using the PI controller and 

PWM generator. The PI controller for duty cycle calculation is 

expressed as, 

( ) ( -1) { ( ) - ( -1)} ( )ev ev ep er er ei erd s d s z I s I s z I s                  (8) 

Where Ier is battery current error and zep and zei are controller 

gains. 

For the V2G power transfer, the EV2 battery is discharged on 

the basis of the reference power and the controller takes the 

alternate path as shown in Fig. 3. The reference power controls 

the EV2 feed-forward term in Fig. 3.   

E. Synchronization and Switching Control 

Since the charging station operates in many modes, 

depending upon the generation and the charging demand, the 

design of mode changing strategy is necessary, so that the 

switchover from one mode to another mode becomes smooth 

and the charging remain undisturbed. Islanded to grid 

connected and islanded to DG set connected modes are such 

conditions for which the mode switching logic is designed. In 

this strategy, at first the phase difference between the two 

voltages are acquired and controller brings two voltages in same 

phase for the purpose of synchronization. For this the PI 

controller changes the frequency of the VSC generated voltage 

in islanded condition using the logic shown in Fig. 2. The PI 

controller for phase minimization is given as, 

 ( ) ( -1) ( ) - ( -1) ( )pa ias s z s s z s                      (9) 

Where Δθ is phase difference, and zpa and zia are controller 

tuning parameters. 

Fig. 2 also shows the conditions for which the CS operates in 

islanded mode and under which condition, the mode transition 

has to be done. On fulfilling, all the requirements of 

synchronization, the control logic generates the enabling signal 

X=’1’, for the synchronizing switch. 

IV. RESULTS AND DISCUSSION 

The performance of the CS is discussed with both simulation 

and experimental results. 

A. Simulation Results 

Simulated results shown in Fig. 4, present the uninterruptible 

operation of the CS. Initially, the CS is operating in the islanded 

mode, and the PV array power is fed for charging the EVs 

connected at PCC. Since the PV array generation is exceeding 

the EVs charging demand, the surplus generation is stored in 

the energy storage. At 0.32s, the solar irradiance changes from 

1000 W/m2 to 300 W/m2. Due to which, the PV array power 

reduces, and the storage battery starts discharging to keep the 

charging uninterruptible. At 0.48s, the storage battery 

discharges, as the PV array power becomes zero. After this, the 

storage battery completely supports the charging, as long as the 

SOC > SOCmin. After, the complete discharge of the battery, the 

controller connects the CS to the grid after the synchronization. 
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At 0.79s, the CS has started drawing power from grid. After this 

point, CS is supported by the DG set due to unavailibility of 

grid and storage battery power as shown in Fig. 4. From Fig. 4, 

it is observed that the charging station is automatically changing 

the modes depending upon the generation and demand. 

B. Experimental Results  

The photograph of the developed experimental setup in the 

laboratory is shown in Fig. 5. Test results of charging station, 

are shown in Figs. 6-12. For a hardware implementation, a solar 

PV simulator (TerraSAS) is used as a solar PV array. A lead-

acid battery of 360V, 14Ah is used as an energy storage. A 

nonlinear load connected at PCC, is realized using a diode 

bridge rectifier followed by the resistive and inductive load on 

the DC side of the rectifier. However, an EV is connected at 

PCC through the charger. A 3.7 kW, single phase, two winding 

SEIG, is used as a diesel engine driven generator. An excitation 

capacitor of 144 µF is connected across the auxiliary winding 

of the SEIG to generate the rated voltage across main winding 

at no-load. A 7.5kW SCIM (Squirrel Cage Induction Motor) 

driven by variable frequency drive is used as a prime mover of 

the DG set. The control algorithm of the CS station, is 

implemented using the digital controller (dSPACE-1006). 

I. Performance under Steady State Operating Condition 

The CS performance under steady state conditions verifies the 

power balance capability and power quality maintenance 

capability of the charging. Since the charging station operates 

in many modes depending upon the power generation and 

charging demand, the steady state results are discussed for three 

cases, (1) islanded mode: EV charging using solar PV array, (2) 

grid connected charging, (3) DG set connected charging.   

1) EV Charging in Grid Connected Mode (Unavailable PV 

Array Power) 

In grid connected mode, the power drawn from the grid, is at 

UPF even though the load connected at PCC is nonlinear as 

shown in Figs. 6 (a), (b). 

 
Fig. 5 Experimental setup 

 
Fig. 4 Simulation results showing the different modes of operation 
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(a)                                    (b)                                    (c) 

 
(d)                                    (e)                                   (f) 

 
(g)                                    (h)                                   (i) 

 Fig. 6 Performance under grid connected mode, (a) vs and is, (b) grid power, 

(c)-(d) THDs of vs  and is, (e) VSC power, (f) vc and iL,(g) load power, (h) THD 

of iL ,(i)  EV power 

 
                   (a)                                       (b)                                    (c) 

 
                   (d)                                     (e)                                     (f) 

 
                   (g)                                      (h)                                     (i) 

(j)                                     
(j)                                    (k) 

Fig. 7 Performance of the charging station when DG set is feeding load, 

charging EV and charging storage battery, (a) vg and ig , (b) generator power, 
(c)-(d) THDs of ig  and vg, (e) load power, (f) THD of iL, (g) EV power, (h) 

battery power, (i) va and ia, (j) auxiliary winding power, (k) VSC power 

The harmonic current demand of the nonlinear load, is 

supplied by VSC as shown in Fig. 6(e). The THDs of grid 

voltage (vs) and current (is) are 2.9% and 4.1% as shown in Figs. 

6 (c)-(d). The load and EVs voltage, current, and power, are 

shown in Figs. 6 (f)-(i). 

2) EV Charging in DG Set Connected Mode (Absence of both 

Grid and PV Array Generation) 

The DG set is feeding load, charging EV and charging storage 

battery when the solar PV array generation and grid, are not 

available, and the storage battery is also discharged. In this 

condition, the DG set is always operated at 80-85% of the 

loading so that the efficiency of the diesel engine remains 

maximum. A 3.7kW DG set is generating 3.15 kW electrical 

energy. The generator voltage (vg), current (ig) and their total 

harmonic distortions (THDs) are shown in Figs. 7(a)-(d). Out 

of 3.15 kW of generated power, the nonlinear load is taking 

1.13kW and EV is taking 1.35kW. The voltage (vc), current (iL) 

and power of the nonlinear load, are shown in Fig. 7 (e). 

Whereas, the voltage (vc), current (iev) and power of the EV, are 

shown in Figs. 7(h)-(i). Remaining power of the DG set is 

stored in the storage battery. The voltage (Vb), current (Ib) and 

power of the storage battery, are shown in Fig. 7(h). The THD 

of the load current (iL) is 27.8% as shown in Fig. 7 (f). Though 

the DG set is supplying the nonlinear load, the THD of the 

generator current (ig) is only 1.7%. This is because the 

harmonics current required by the nonlinear load is supplied by 

the VSC as shown in Fig. 7(k). Here, the storage battery ensures 

that the DG set always operates at 80-85% of loading. In case, 

the combined demand of the EV and load, exceeds 80-85% 

loading of the DG set; the storage battery discharges its energy 

to supply the extra power demand. The storage battery also 

helps in regulating the generator frequency at 50Hz by 

maintaining the active power balance. The voltage (va) and 

current (ia) of the auxiliary winding of the generator, are shown 

in Figs. 7 (i)-(j). From Figs. 7 (i)-(j), it is seen that the excitation 

capacitor is supplying the reactive power to maintain the 

voltage of the generator. 

II. CS Performance under Dynamic Conditions 

The behavior of the hybrid CS is validated in islanded, grid 

connected and DG set connected mode under the irradiance 

disturbance and EV charging current change.  

1) Performance in Islanded Mode Operation 

In islanded mode, the CS operation is disturbed by the solar 

irradiance change and EV current change, and the energy 

storage compensates for all disturbances. Figs. 8 (a)-(b) are 

showing that the change in irradiance is affecting the PV array 

generation and energy storage is actively compensating the 

reduction in PV generated power, so that the EV charging 

remain undisturbed. The same is exhibited by the undisturbed 

EV current.  

Similarly, under disturbance in charging current of one EV, 

the charging of another EV is not getting disturbed. Moreover, 

the PV generation also remains stable. Figs. 8 (c)-(d) show the 

performance at the step variation in charging current of EV2.  

Figs. 8(e)-(f) show the performance under the variation in 

AC charging current of EV. From Figs. 8 (c)-(f), it is verified 

that the storage battery is compensating the power imbalance 

occurring due to the disturbance in EV charging current. Along 
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with the change in solar irradiance level, the EV is also 

connected or disconnected. In this condition also, the storage 

battery takes care of the change in demand at charging station 

as shown in Fig. 8(g). 

2) Performance in GCM  

In GCM, the performance under the variation in AC charging 

demand of EV are exhibited in Figs. 9 (a)-(b). The change in 

AC charging demand is affecting only the grid power. 

However, the PV generation remains constant as shown in Figs. 

9 (a)-(b). The CS behavior during the change in irradiance are 

exhibited in Figs. 9 (c)-(d). 

 
(a) 

 
(b) 

 

 (c) 

 
(d) 

 
(e) 

 
(f) 

 

(g) 

Fig. 8 Dynamic performance in islanded mode, (a)-(b) under solar irradiance 
change, (c)-(d) under change in DC charging (EV3) demand, (e)-(f) under 

change in AC charging (EV1) demand, (g) under EV connection/disconnection 

 

Under the disturbance in irradiance level, PV array generated 

power is changing. Consequently, the power fed into the grid is 

changing to balance the active power. However, the charging of 

the EV remains undisturbed under irradiance change as 

exhibited in Figs. 9 (c)-(d). The vehicle-to-grid (V2G) power 

transfer capability of the CS is shown in Fig. 9 (e). Due to the 

discharging of the EV2 battery power, the power fed into the 

grid increases. However, PV array generation and AC charging 

of the EV remain undisturbed. 

3) Performance Under DG Set Connected Mode 

To show the efficient operation of DG set under all loading 

conditions, the load at PCC is changed as shown in Fig. 10 (a). 

The DG set current (ig) remains undisturbed under the load 

change. Moreover, the voltage (vg) and frequency of the DG set, 

are also regulated at the reference values. However, the power 

balance under load change is maintained by the storage battery. 

This is observed by the change, in the battery current (Ib) with 

the change in load current (iL). Fig. 10 (b) shows that the VSC 

current (ic) also changes with the change in the nonlinear load. 

However, the DC link voltage (Vdc) and the charging current of 

the EV (iev), do not change. 

4) Automatic and Uninterruptible Mode Switching 

Performance of Charging Station  

The performance of the synchronization of grid voltage (vs) 

to the PCC voltage (vc) is shown in Figs. 11 (a)-(b). Fig. 11 (a) 

shows that the on the occurrence of the grid, the control of the 

charging station first synchronizes the grid voltage to the PCC 

voltage. After that, the grid starts feeding the demand at PCC 

and charges the storage battery. Fig. 11(b) shows the 

performance of control loop as discussed in Fig. 2 and 

generation of the control signal “X” for the bidirectional switch. 

Fig. 11 (b) shows that the load current remains undisturbed 

under synchronization/de-synchronization process. 

PPV=1kW/div
Pb=1kW/div

Pev2=0.5kW/div

PEV1=2kW/div

change in solar irradiance

undisturbed DC charging

undisturbed AC charging

compensation by battery
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5) Performance of V2G Reactive Power Support and Active 

Filtering  

Fig. 12 (a) shows the performance under step change in 

reactive power demand. Due to the step change in the reference 

reactive power (Qref) from -1kVAR to 1kVAR, the grid current 

(ig) becomes lagging from leading. Fig. 12(b) shows the 

harmonic compensation capability of CS. It is observed that the 

grid current becomes sinusoidal after the compensation, which 

is same as the load current without compensation. 

 
(a) 

 

(b) 

 
(c) 

 

(d) 

 

(e) 

Fig. 9 Dynamic performance in grid connected mode, (a)-(b) under change in 

AC (EV1) charging demand, (c)-(d) under solar irradiance change, (e) under 

change in DC charging (EV2) demand (V2G) 

 
 (a) 

 
                                                              (b)                                                                

Fig. 10 Dynamic performance of the charging station with DG set, (a)-(b) under 
load change 

 

                                                               (a) 

 
                                                               (b) 
Fig. 11 Automatic and uninterruptible mode switching (a) synchronization of 

grid voltage with PCC voltage, (b) generation of signal X=0/1 

 
(a) 

 
(b) 

Fig. 12 Performance of charging station (a) under V2G reactive power 

compensation, (b) under active filtering 

V. CONCLUSION 

An implementation of PV array, storage battery, grid and DG 

set based charging station has been realized for EV charging. 

The presented results have verified the multimode operating 

capability (islanded operation, grid connected and DG set 

connected) of the CS using only one VSC. Test results have also 

verified the satisfactory operation of charging station under 

different steady state conditions and various dynamics 
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conditions caused by the change in the solar irradiance level, 

change in the EV charging current and change in the loading. 

The operation of charging station as a standalone generator with 

good quality of the voltage, has been verified by the presented 

results. Whereas, test results in DG set or grid connected mode, 

have verified the capability of ANC based control algorithm to 

maintain the power exchange with the grid at UPF or the 

optimum loading of the DG set.  Moreover, the islanded 

operation, grid connected and DG set connected operations 

along with the automatic mode switching have increased the 

probability of MPP operation of the PV array and optimum 

loading of DG set along with increasing the charging reliability. 

The IEEE compliance operation of the charging station with 

voltage and current THD always less than 5% verifies the 

effectiveness of the control. Form the above mentioned point, it 

can be concluded that this charging station with the presented 

control have the capability to utilize the various energy sources 

very efficiently and provides the constant and cost effective 

charging to the EVs. 
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