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Abstract 
 

A coordinated grid-connected control strategy for PV battery-
energy storage hybrid power system with electric vehicle is pro-
posed. PV, energy storage and electric vehicle models are built 
respectively. The front stage DC/DC converter of PV system uti-
lizes maximum power point tracking control, and the bidirec-
tional DC/DC is used for energy storage system and electric ve-
hicle to keep DC voltage stable. The after stage DC/AC parallel 
inverters of the PV battery-energy storage hybrid power system 
with electric vehicle adopt constant DC voltage and constant re-
active power control. The constant current and constant voltage 
control is adopted when electric vehicle is charged. The proposed 
control strategy is simulated by Simulink simulation platform, 
the simulation results are analyzed to verify the feasibility and 
effectiveness of the proposed control strategy. 
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Introduction 
 

With the development of distributed generation (DG) and mi-
crogrid, the scale of photovoltaic power generation is gradually 
expanding [1-2]. However, due to the disadvantages of photovol-
taic power generation such as randomness and volatility and 
weak reactive power support, it has a growing impact on the grid 
system [3-5]. Theoretical research and the practice of energy stor-
age projects at home and abroad show that the distributed energy 
storage system is an effective approach to solve the power bal-
ance, stability and power quality problems of photovoltaic access 
system [6-7]. Electric vehicles can be controlled in time and 
space. Electric vehicles can be inserted into the grid to store elec-
trical energy when the load is low and DG is sufficient, and can 
be connected to the grid to release energy when the load is high. 
Therefore, electric vehicles can be used as both micro source 
(V2G) and load (charging) [8]. In the future, a large number of 
charging and discharging equipment of electric vehicles, as well 
as the continuous development of the photovoltaic micro-grid, 
will inevitably impact the grid in different degrees [9]. Therefore, 
it is particularly important to study the parallel inverters grid-
connected control of PV battery-energy storage hybrid power 
system with electric vehicle. 

In this paper, the control strategy of the parallel inverters for 
the PV battery-energy storage hybrid power system with electric 
vehicle is studied. PV adopts maximum power point track-

ing(MPPT) control, the parallel inverters adopt constant DC volt-
age and constant reactive power control, and the constant voltage 
and constant current control strategy is adopted when electric ve-
hicle is charged. The proposed control strategy is simulated by 
Simulink simulation platform, the simulation results are analyzed 
to verify the feasibility and effectiveness of the proposed control 
strategy. 
 

PV Battery-energy Storage Hybrid Power System with        
electric vehicle 

 
The structure of PV battery-energy storage hybrid power sys-

tem with electric vehicle designed in this paper is shown in figure 
1, including electric vehicle system, photovoltaic power genera-
tion system, energy storage system, load and inverter control sys-
tem of each system.  

 
①The photovoltaic power generation system is mainly com-

posed of front stage unidirectional DC/DC and after stage 
DC/AC. The MPPT is realized by using the disturbance observa-
tion method in the front stage. ②The energy storage system is 
composed of bidirectional DC/DC and DC/AC. It is charged and 
discharged according to the instruction of inverter control. 
③The charging and discharging of electric vehicle is controlled 
mainly according to the charging and discharging control com-
mand under the condition of grid-connection operation, which in-
cludes the buck chopper and inverter. Electric vehicles can be 
used as micro source (V2G) and load by charging and discharg-
ing control switch. ④There are two types of DC/DC converter: 
unidirectional DC/DC and bidirectional DC/DC. Photovoltaic 

VD1

VD2



_

1S

batC

3ci
Di



_

.dc batU

VD

V0is

K
pvC dcC

pvL

2ci

Di


_

.dc pvU

VD1

VD2



_

EVL
1S

EVC
2S

1ci
Di



_

.dc EVU

L3

L2

L1
Load1

Load2

Load3

RL1

RL2

RL3

400V/10KV

batL
DC/DC(MPPT) DC/AC(SVPWM) controller 

Bidirectional DC/DC DC/AC(SVPWM) Charge / discharge 
controller 

BIdirectional DC/DC DC/AC(SVPWM) Charge / discharge 
controller 

Fig. 1 Structure of PV battery-energy storage hybrid power system 
with electric vehicle 
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TABLE I. The electrical performance of various channel thickness 

 
 

. Conclusion 
 

    We examined the electrical properties of the IGZO TFTs 
with various active layer thicknesses. The threshold voltage, 
mobility, on/off drain current, and subthreshold swing can be 
modified by varying the thickness of the IGZO film. The 
optimal channel thickness was 50 nm, which showed a field-
effect mobility in the saturation region of 0.2 cm2/Vs, a 
threshold voltage of 5.18 V, a drain current Ion/Ioff ratio of 
approximately 5.5×105, and a subthreshold swing of 0.15 
V/dec. Our device showed relatively low field-effect mobility, 
which was due to that we did not do the annealing process after 
the device complicated, and this might lead to the significant 
self-heating effect. 
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power generation can only be one-way energy flow, using one-
way control output; The energy storage system and electric vehi-
cle system should realize bidirectional energy flow and realize 
bilateral interaction through bidirectional control.⑤The DC/AC 
parallel inverters adopt constant DC voltage and constant reac-
tive power control. 

 
Parallel Inverter control strategy 

 
A. DC/DC Converter Control 

 
The DC/DC converter, known as chopper.as shown in figure 

2, there are two types of DC/DC converter: unidirectional 
DC/DC and bidirectional DC/DC. DC/DC topology diagram cir-
cuit mainly consists of inductance, capacitance, IGBT switching 
device K (S1, S2) and diode VD (VD1, VD2). 

Both unidirectional DC/DC and bidirectional DC/DC adjust 
the duty cycle ratio by controlling the openning and closing of 
both IGBT, so as to achieve the control of input voltage or input 
and output voltage. PV adopts unidirectional DC/DC and Boost 
converter topology as shown in figure 2 (a). The duty ratio of 
switch K in the control circuit is used to control the input voltage. 
The energy storage and electric vehicle use bidirectional DC/DC 
control. The buck-boost converter, as shown in figure 2 (b), 
through the PWM control of its conduction ratio to achieve its 
switching on and off, and then control the output voltage. The 
duty ratio of the two switch tubes are set as D1, D2, V1 and V2, 
respectively, as shown in formula 1. 

1 2

2 1

1


V D
V D

                (1) 

 
B. Maximum Power Point Tracking Control 

 

Maximum power point tracking (MPPT) refers to the maxi-
mum power output in all situations. In this paper, the disturbance 
observation method is the most commonly used by photovoltaic 
power generation system. By referring to a self-optimizing search 
program, as shown in figure 3, the constant step length disturb-
ance is added to the PV output voltage, and the change of current 
and pre-change power is compared in real time, so that PV array 
can work at the maximum power point as far as possible. 
 
C. DC/AC Grid Converter Control 

As shown in figure 4, the parallel inverters in this paper adopt 
double loop control, the outer loop is DC voltage/reactive power 
control, and the inner loop is current control. Where Uq.ref and 
Ud.ref are the instructions value of d and q axis components of the 
grid side voltage. The output voltage actual value of the unidirec-
tional DC/DC converter Udc and the network side reactive power 
actual value Q are the input of outer ring value of the grid inverter 
control system, compared respectively with DC voltage instruc-
tion value Udc.ref and network side reactive power instruction 
value Qref. The input current instruction value Iq.ref and Id.ref are 
obtained through the outer loop PI controller for synchronous ro-
tating coordinate system under the current inner loop controller. 
After coordinate transformation, the d,q components of the grid 
side DC current Id and Iq are obtained, and they compared with 
their instruction value of corresponding current d and q compo-
nent Iq.ref and Id.ref . The 6 PWM trigger pulses are obtained 
through the inner loop PI controller and PWM modulation. Fi-
nally, IGBT is controlled to realize non-static adjustment of con-
stant DC voltage/ constant reactive power. 

 
D. Constant Voltage and Constant Current Charging Control 
Strategy 

The above mentioned is the control strategy of electric vehi-
cle is the micro source (V2G) of the grid. When electric vehicle 
is used as system load, the constant voltage and constant current 
charging control strategy is adopted. The control strategy is 
shown in table 1. 

 
The current loop PI control is adopted in the constant current 

stage. By changing the duty cycle ratio, the on-off of the switch 
tube is controlled and the output current is kept constant. The 
control structure of inverter is shown in figure 5. 
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Fig. 3 Flow chart of disturbance observation method 
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Fig. 4 Structure of inverter Control  

TABLE I 
CONTROL MODEC OF HARGING MACHINE 

EV AC/DC part DC/DC part 
Control 
mode 

Inverter Constant 
DC voltage  

Converter Constant current 
constant voltage 
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Constant voltage control adopts double closed loop control of 

external power battery terminal voltage and internal inductance 
current. The function of current inner loop is to conduct current 
control according to the current instruction output by the voltage 
of the outer loop, and improve the dynamic response of the sys-
tem. The outer voltage loop is used to maintain the stability of 
the power battery terminal voltage. The structure of inverter con-
trol shown as figure 6. 

 
Simulation and Discussion 

 
In order to verify the effectiveness of the control strategy in 

this paper, a simulation study is carried out. In this paper, a com-
plete simulation structure diagram of the PV battery-energy sys-
tem with electric vehicles was built under the Simulink software 
environment. The simulation parameters are: 

1.The DC voltage of the PV is 800V, the sampling frequency 
is 1000kHZ, the Boost circuit capacitance is 60e3uF, the Boost 
circuit inductance is 50e-3mh, the DC capacitor is 750uF, and the 
converter reactor is 1Mh, and constant reactive power of PV is 
10000Var. 

2. The rated voltage of energy storage battery is 400V, the 
rated capacity is 200Ah, and the initial charging state of battery 
is 50%, charge-discharge current is ±110A, constant DC volt-
age is 800V, and its constant reactive power is 20000Var. 

3.The electric vehicle battery parameters are same as the en-
ergy storage battery when it is discharged. The constant DC volt-
age is 800V, and the constant reactive power is 0Var.When it's 
charged, the current of constant current charging is -110A and 
voltage of constant voltage charging is 440V. 

4.Load1, Load2 and Load3 are set as 0.02MW+0.02Mvar. 
 
A. Example 1, Electric Vehicle Discharge 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 7 Simulation results of example 1 
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power generation can only be one-way energy flow, using one-
way control output; The energy storage system and electric vehi-
cle system should realize bidirectional energy flow and realize 
bilateral interaction through bidirectional control.⑤The DC/AC 
parallel inverters adopt constant DC voltage and constant reac-
tive power control. 

 
Parallel Inverter control strategy 

 
A. DC/DC Converter Control 

 
The DC/DC converter, known as chopper.as shown in figure 

2, there are two types of DC/DC converter: unidirectional 
DC/DC and bidirectional DC/DC. DC/DC topology diagram cir-
cuit mainly consists of inductance, capacitance, IGBT switching 
device K (S1, S2) and diode VD (VD1, VD2). 

Both unidirectional DC/DC and bidirectional DC/DC adjust 
the duty cycle ratio by controlling the openning and closing of 
both IGBT, so as to achieve the control of input voltage or input 
and output voltage. PV adopts unidirectional DC/DC and Boost 
converter topology as shown in figure 2 (a). The duty ratio of 
switch K in the control circuit is used to control the input voltage. 
The energy storage and electric vehicle use bidirectional DC/DC 
control. The buck-boost converter, as shown in figure 2 (b), 
through the PWM control of its conduction ratio to achieve its 
switching on and off, and then control the output voltage. The 
duty ratio of the two switch tubes are set as D1, D2, V1 and V2, 
respectively, as shown in formula 1. 
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B. Maximum Power Point Tracking Control 

 

Maximum power point tracking (MPPT) refers to the maxi-
mum power output in all situations. In this paper, the disturbance 
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C. DC/AC Grid Converter Control 

As shown in figure 4, the parallel inverters in this paper adopt 
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After coordinate transformation, the d,q components of the grid 
side DC current Id and Iq are obtained, and they compared with 
their instruction value of corresponding current d and q compo-
nent Iq.ref and Id.ref . The 6 PWM trigger pulses are obtained 
through the inner loop PI controller and PWM modulation. Fi-
nally, IGBT is controlled to realize non-static adjustment of con-
stant DC voltage/ constant reactive power. 

 
D. Constant Voltage and Constant Current Charging Control 
Strategy 

The above mentioned is the control strategy of electric vehi-
cle is the micro source (V2G) of the grid. When electric vehicle 
is used as system load, the constant voltage and constant current 
charging control strategy is adopted. The control strategy is 
shown in table 1. 

 
The current loop PI control is adopted in the constant current 

stage. By changing the duty cycle ratio, the on-off of the switch 
tube is controlled and the output current is kept constant. The 
control structure of inverter is shown in figure 5. 
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TABLE I 
CONTROL MODEC OF HARGING MACHINE 

EV AC/DC part DC/DC part 
Control 
mode 

Inverter Constant 
DC voltage  

Converter Constant current 
constant voltage 
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Figure 7 shows the simulation results of example 1, where (a-
b) is the initial condition of the temperature and light intensity of 
PV array, and (c-f) are the active power of PV, electric vehicle, 
energy storage and the grid, while (g-j) are respectively reactive 
power of them. Figure.7 (k-m) are the DC voltage of PV, electric 
vehicle and energy storage system.  

It can be seen from the simulation figure that the PV can 
achieve MPPT under the control of DC/DC, and the active power 
of PV changes steadily, reducing the impact on the system. Since 
charging current is constant in energy storage and EV systems, 
their active power is constant. The active power generated by the 
grid makes up for the demand of active power load. The reactive 
power load of the system is 0.06MVar, the reactive power of the 
PV system is stable at the instruction value of 0.01MVar, the re-
active power of the energy storage system is about 0.02MVar, and 
the electric vehicle is 0Mvar. Therefore, the grid system bears 
other reactive loads as shown in figure 7 (j). The DC voltage of 
distributed generation are shown in figure 7 (k-m), which are sta-
ble at the instruction value of 800V. In summary, the proposed 
control strategy of constant voltage/constant reactive power is ef-
fective. 

 
B.Example 2, Electric Vehicle Charge 

 
Fig. 8 Simulation results of example 2 
 
As shown in figure.8, the simulation results of electric vehicle 

when it is load of the grid. The constant current and voltage are 
given when electric vehicle.is charged, the current of constant 
current charging is-110A, the voltage of constant voltage charg-
ing is 440V. 

It can be seen from figure 8 (a-b) that the charging mode is 
constant current at the beginning stage, and the constant current 
is 110A. With the deepening of charging, the battery voltage 
gradually increases to 440V, then the charging machine is 

switched to the constant voltage charging mode, the constant cur-
rent charging time is 8s. Then, the terminal voltage of the power 
battery remains at 440V. At this time, the charging current grad-
ually decreases and enters the trickling charging stage, so as to 
continue to charge the battery. 

It can be seen from figure 8 (c-d) that the charge capacity of 
the power battery increases faster in the constant current stage, 
while the charge capacity increases slowly in the constant voltage 
stage due to the reduction of charging current. The intermediate 
voltage of AC/DC inverter remains stable after charging, which 
verifies the effectiveness of the control strategy of constant volt-
age and constant current charging of power battery. 

 
Conclusion 

 
In this paper, a control strategy for PV battery-energy storage 

hybrid power system with electric vehicle has been proposed. 
The PV, energy storage and electric vehicle models were estab-
lished respectively by using Simlink, and the parallel inverters 
control was adopted. Through the establishment of simulation, it 
is found that the PV system can achieve the MPPT, the inverter 
can achieve the constant DC voltage/constant reactive power 
control, and the constant voltage constant current control can be 
realized when the electric vehicle is charged. The simulation re-
sults verify the effectiveness of this strategy. 
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