
 

 

Capacitive-Coupling Inverter for PV Integration: 
Analysis and Implementation  

ChenPei Zheng1, NingYi Dai1, ManChung Wong1, ChiKong Wong1, Miao Zhu2 
1 Department of Electrical and Computer Engineering 

University of Macau 
Macao, SAR, P.R.China  

E-mail:zhengchenp@163.com  

  2 Department of Electrical Engineering/ State Energy Smart 
Grid R&D Center 

Shanghai Jiao Tong University (SJTU), China 

Abstract—This paper presents a capacitive-coupling voltage 
source inverter (VSI) for single-phase grid connected 
photovoltaic (PV) system, which can achieve active power 
transfer and reactive power compensation simultaneously. The 
operation principle of the capacitive-coupling VSI was analyzed 
and compared with the conventional inductive-coupling VSI. 
Theoretical study indicates that capacitive-coupling 
grid-connected VSI can achieve the required power control 
with lower inverter voltage rating, which reduces the initial cost 
and operational losses. A single-phase PV integration system 
with capacitive-coupling VSI is implemented, in which a 
boost-half-bridge dc-dc converter is used. The boost-half-bridge 
dc-dc converter is selected due to its low cost, simple control 
method and high efficiency. The adaptive duty cycle control 
method for maximum power point tracking (MPPT) is used. 
The control system of the capacitive-coupling VSI is also 
implemented, which can transfer the active power from the dc 
converter to the ac grid and keep the dc-link voltage stable. 
Simulation results are provided to verify the validity of the 
capacitive-coupling VSI for PV integration. Comparison with 
inductive-coupling VSI is also done, which show that the 
capacitive-coupling VSI is able to transfer the same amount of 
power with a much lower dc-link voltage. 
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I.  INTRODUCTION 

The concept of smart grid emerges as the times require, 
and in recent years has become a research hotspot of future 
power grid[1].With increasing concerns about energy saving 
technology and rapid development of power electronics, the 
renewable energy sources(RES) have been integrated into the 
smart grid on a large scale. Applications of RES hold 
advantages in low distribution loss, improved power quality, 
and high reliability[2]. The sources of the renewable energy 
include wind power, PV power, fuel cell batteries, etc. 
Photovoltaic (PV) power has been a promising renewable 
energy source due to its ability to operate with much less 
restriction on location, and ease of maintenance [3]. 
Nowadays, the grid-connected PV system has become an 
important means of PV power utilization [4]. 

To integrate the various energy sources into the utility grid, 
power electronic devices are vital to match the voltage levels 
between RES and grid, deliver the power and meet the power 
quality requirements of grid. Grid-connected voltage source 
inverters (VSIs) have been widely used to integrate 

renewable energy sources to the utility network [5]-[10]. 
Coupling inductors are connected between the inverter and 
the grid for smoothing the output of the pulse width 
modulated (PWM) VSI and reducing the current ripples. This 
kind of VSI is named inductive-coupling VSI in this paper, as 
shown in Fig.1. In order to inject active power from the 
renewable energy sources to the grid, the output voltage of 
the inverter needs to be higher than the grid voltage at the 
point of common coupling (PCC). Some researchers control 
the inductive-coupling VSIs to achieve active power transfer, 
reactive power compensation and harmonic compensation 
simultaneously [9][10]. However, the reactive power and 
harmonics compensation requires the voltage of the VSI 
increasing to an even higher value. As a consequence, the 
total system cost and operational losses increase.  

Instead of the inductor, the coupling branch can be set to 
capacitive at fundamental frequency, which is usually 
constructed by a capacitor and an inductor. This kind of 
grid-connected VSI is named capacitive-coupling VSI, as 
shown in Fig.2. 
 

 
Figure 1 Inductive-coupling VSI 

 
Figure 2 Capacitive-coupling VSI 
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When reactive power is injected for compensating 
inductive loads, the capacitive-coupling VSI can achieve the 
compensation with the dc bus voltage much lower than the 
system voltage. Many previous works have analyzed this and 
low cost hybrid power filters were proposed [11]-[13]. When 
the grid-connected inverter is used to transfer the active 
power from the distributed generators and compensate the 
reactive power at PCC, to apply the capacitive-coupling VSI 
may provide a low-cost alternative compared to the 
inductive-coupling VSI. Hence, a capacitor-coupling VSI for 
PV integration is studied and implemented in this paper. 

The inductive-coupling and capacitive-coupling VSIs are 
studied and compared in section II. In Section III, a power 
conversion system for the PV panels are implemented by 
using the capacitive-coupling VSI and a boost-half-bridge 
dc/dc converter. The  boost-half-bridge dc/dc converter is 
adopted to achieve galvanic isolation and maximum point 
power tracking(MPPT). The system configuration and the 
control system are presented in this section. Simulation 
results are provided in Section IV. Comparison with an 
inductive-coupling VSI is also done in Section IV. The 
conclusion is given in the last Section. 

II.  COMPARISONS OF INDUCTIVE-COUPING VSI 
AND CAPACITIVE-COUPLING VSI 

The inductive-coupling VSI and capacitive-coupling VSI 
are first compared. When these two inverters serve as the 
grid-connected inverter in smart grid, they need to inject 
active power to the grid in some applications. For example, to 
integrate distributed generators to the grid, such as PV 
generators, battery energy storage system. The power control 
capability of the two grid-connected VSIs are studied and 
compared hereinafter.It is assumed active power and reactive 
power are transferred simultaneously. The injecting current 
from the VSI to the grid is expressed as: 

                  Icf = Icfp + j Icfq,                                                  (1) 
where Icfp is in phase with voltage at the PCC; it inject or 
absorb active power from the grid. Icfq is perpendicular to the 
voltage, which correpsonds to the reactive power. 

The equivalent circuit for the inductive-coupling VSI  is 
shown in Fig. 3 (a), in which the VSI is modeled by a voltage 
source. The corresponding voltage drop across the coupling 
inductor is: 

      ( )Lf cf LV I jX= ⋅                                                   (2) 

The voltage vector is the current vector rotates 90 degree 
counter clockwise. The output voltage of the VSI is 
calculated as: 

invLf S Lf S qLf pLfV V V V V V= + = + +          .                (3) 

where VqLf = XL*Icfq, , VpLf  = XL* Icfp and Vs is the grid side 
voltage. The corresponding phasor diagram is shown in Fig. 
3(b). 

          
(a)                                        (b)               

 Fig. 3 Inductive-coupling VSI (a) Equivalent circuit  (b) Phasor diagram 
     
The equivalent circuit for the capacitive-coupling VSI  is 

shown in Fig. 4 (a). The capacitor is the equivalent 
impedance of the LC coupling circuits under the fundamental 
frequency. The corresponding voltage drop across the 
coupling capacitor is: 

( )Cf cf CV I jX= ⋅ −                                                         (4) 
    The voltage vector is the current vector rotates 90 degree 
clockwise. The output voltage of the inverter is: 

in v c f S C f S q c f p c fV V V V V V= + = + +                       (5) 
where Vqcf = Xc*Icfq, , Vpcf  = Xc * Icfp.The corresponding 
phasor diagram is shown in Fig. 4(b) 

The selected current vector in these two figures indicate 
active power is injected to the grid and reactive power is for 
compensting inductive loads. It is evident that the 
capacitive-coupling VSI is able to control the power flow 
with a lower output voltage under this circumstance. In order 
to compare the power control capability of the two 
grid-connected inverters, the power flow between the VSI 
and the grid is given in Eqs. (6)and (7) [14].   
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where  VS  is the grid voltage, Vinv is output voltage of the VSI, 
phase angle  is the phase difference between grid voltage VS 
and inverter output voltage Vinv, Z and  is the amplitude and 
angle of the coupling impedance. The power base are defined 
as Eqs. (8) and (9). 

               LVS Sbase ω/2=                                                         (8)  

   CVS Sbase ω2=                                                            (9) 

where L, C indicte the coupling impedance and  represents 
the grid frequency. The power flow in per unit form is 
deduced from Eqs. (6) to (7), as given in Eqs. (10) and (11). 
The power flow control capability of the two VSIs are 
compared based on thest two equations. 

                  
(a)                                              (b) 

Fig. 4 Capacitive-coupling VSI (a) Equivalent circuit (b) Phasor diagram 
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The variations of the power flow are shown in Figs.5 and 6. 
According to the direction of the current in Figs. 3 and 4, the 
active power is negative when power is injected to the grid. 
The reactive power is negative when reactive power is 
injected for compensating inductive loads. The horizontal 
axis in these two figures is the phase angle  between grid 
voltage VS and inverter output voltage Vinv. The angle  is 90 
degree for the inductive-coupling VSI and is -90 degree for 
the capacitive-coupling VSI. The active power in (10) is odd 
symmetrical of  and the reactive power in (11) is even 
symmetrical of . As a result, half range of  is showed, in 
which active power is injected to the grid.  

The variations of the active power flow in Figs. 5 and 6 are 
the same. When the magnitude and angle of the VSI output 
voltage is determined by the active power flow, the reactive 
power is determined accordingly. It is clear in Fig. 5 that the 
inductive-coupling VSI can only inject reactive power for 
compensating capacitive loads when its voltage rating is 
smaller than the grid voltage. On the contrary, the 
capacitive-coupling VSI can compensate inductive loads 
when its voltage rating is smaller than the system voltage, as 
shown in Fig.6. Hence, the capacitive-coupling VSI is able to 
inject active power to the power system when it also 
compensates reactive power from inductive loads at the PCC. 
The reduced voltage rating of the VSI can reduce the initial 
cost and the operational losses.  

 
Fig.5 Power flow of the inductive-coupling VSI 

 
Fig.6 Power flow of the capacitive-coupling VSI 

III.  CAPACITIVE-COUPLING VSI FOR PV 
INTEGRATION 

A. PV Integration system and its control block diagram 
The characteristic of the power flow of the 

capacitive-coupling VSI is analyzed. In this section, the PV 
integration system using capacitive-coupling VSI is 
implemented. The reactive compensation is achieved 
simultaneously by the system together with the active power 
transfer. The system configuration is shown in Fig.7, which 
consists of PV panels, boost-half-bridge dc-dc converter, VSI 
and the capacitive-coupling branch.  

The corresponding control block diagram of the whole 
system is shown in Fig.8. The output voltage of PV panel VPV, 
dc-link voltage Vdc , the grid voltage VS are sensed, the output 
current of PV panel IPV, the inverter output current ic and the 
load current iL are measured and sent to the controller. The 
boost-half-bridge dc-dc converter achieves the MPPT by the 
adaptive duty cycle control algorithm [15].  The active power 
from the PV is transferred to the grid and reactive power of 
the inductive loads is compensated. The power balance of the 
whole system is controlled by keeping the dc-link voltage 
stable. 

 
Fig.7 System Configuration of Capacitive-coupling VSI 

 
Fig.8 Control block diagram of the PV integration system with 

capacitive-coupling VSI 
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B. Boost-half-bridge  dc-dc converter and MPPT 
The circuit of boost-half-bridge converter is shown in 

Fig.7 [16]. In the boost-half-bridge dc–dc converter, Cin and 
Lin denote the input capacitor and boost inductor, respectively. 
The center taps of the two MOSFETs (S1 and S2) and the two 
output capacitors (C1 and C2 ) are connected to the primary 
terminals of the transformer Tr , just similar to a half bridge. 
The transformer leakage inductance reflected to the primary 
is represented by Ls and the transformer turns ratio is 1 : n. A 
voltage doubler composed of two diodes (D1 and D2 ) and 
two capacitors (C3 and C4 ) is incorporated to rectify the 
transformer secondary voltage to the inverter dc link. Other 
symbol representations are defined as follows. The duty 
cycle of S1 is denoted by d1 . The low-voltage side (LVS) 
dc-link voltage is Vdc1 and the high voltage side (HVS) 
dc-link voltage is Vdc.The boost-half-bridge converter is 
controlled by S1 and S2 with complementary duty cycles. 
Neglect all the switching dead bands for simplification 
[17].Therefore, (12) and (13) can be derived as follows: 

                    
1

1

P V
d c

VV
d

=                                    (12) 

                   
1

P V
d c

VV n
d

= ∗                                 (13) 

The boost-half bridge converter boosts the dc voltage 
identically as a conventional boost converter, but with the 
extra features of the galvanic isolation as well as the high 
step-up ratio. The simple circuit topology with minimal use 
of semiconductor devices exhibits a low total cost and good 
reliability [17]. 
The maximum power point tracking (MPPT) process 
[18][19] is based on the gradient approximation. Gradient 
approximation is a stochastic optimization method, which is 
used for extracting maximum power from PV generation 
system. The detailed control block diagram of gradient 
approximation process is shown in Fig.9 [15].The MPPT 
control loop runs again and again until the optimal duty cycle 
is achieved to drive the dc-dc converter to reach the 
maximum power point of the PV panels. 
 
C. Control of the capacitive-coupling VSI 

    The average reactive power required by the inductive loads 
at the PCC is selected as the power base for designing the 
capacitive-coupling VSI. Based on (9), the coupling 
impedance at the fundamental frequency is denoted as XC, 
which is calculated by [20]: 

 
Fig.9 MPPT control block diagram. 

2 2/ /C S base S averageX V S V Q= =                                          (14) 

    The inductor is then selected to reduce current ripples.    
The capacitive-coupling VSI is controlled to achieve 
simultaneous active and reactive power control. The 
minimum dc-link voltage is calculated based on the reactive 
power and active power to be transferred as follows: 

 2 2
. 2 * (1- ) ( ) *inj source

dc min s
base base

Q PV V
S S

= +
                     (15) 

where Qinj is reactive power to improve grid side power 
factor and Psource  is the active power from the PV system. 

Fig.8 shows the control system of the capacitive-coupling 
VSI. Power balance of the inverter is achieved through the 
dc-link voltage regulator, which is implemented by a 
negative PI controller. The sum of the active power generated 
from PV system and the output of the PI-controller is the final 
active power for extracting the reference currents. The 
reactive power of the loads are extracted by instantaneous 
reactive power (IRP) module IRP(a).  Current reference is 
obtained from the module IRP(b). The hysteresis pulse width 
modulation is adopted for the current tracking with fast 
dynamics. 
   

IV. SIMULATION RESULTS 

A.Comparison of inductive-coupling VSI and 
capacitive-coupling VSI 
    The inductive-coupling VSI and capacitive-coupling VSI, 
as grid-connected inverter to transfer active and reactive 
power, are first compared. To simplify the system 
configuration, the dc-link of the two VSIs is supplied by a 
constant dc source.  Simulation verifications are carried out 
in PSCAD/EMTDC. In the simulation, the loads are modeled 
by a parallel combination of a resistor and a series-connected 
branch of an inductor. The system parameters are listed in 
Table 1. The dc-link voltage of the inductive-coupling VSI is 
330V in the simulation; while the dc-link voltage of the 
capacitive-coupling VSI is 71V.  

The simulation results of the two VSIs are shown in Figs. 
10 and 11. The Is and Iload denote the source current and load 
current. The variables Psource, Pinj, Qinj, Qload indicate active 
power reference, the active power transferred to the grid, the 
reactive power transferred to the grid and the reactive power 
of loads, respectively. The detailed system parameters are 
given in Table 2. 

TABLE 1 SYSTEM PARAMETERS IN THE SIMULATION VERIFICATION 
Grid voltage Vs 220 V 

DC-link Voltage Inductive-coupling VSI: 330V 
Capacitive-coupling VSI: 71V 

Sampling frequency 20kHz 
Source inductor Ls  0.002 mH 
Inductive-coupling VSI: Coupling inductor: 7mH 

Capacitive-coupling VSI Coupling Inductor: 7.5mH 
Coupling Capacitor: 54uF 

 Linear load 120ohm; 0.17H, 17ohm 
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Fig.10 Simulation results of inductive-coupling VSI 

 
Fig.11 Simulation results of capacitive-coupling VSI 

TABLE 2 COMPARISONS OF PERFORMANCES BETWEEN THE 
INDUCTIVE-COUPLING VSI AND CAPACITIVE-COUPLING VSI 

Performance 
Indexes Load 

Performance of grid-connected VSI 
Grid-side 

Inductive-coupling  Capacitive-coupling 
Active power 661W 571W 571W 
Power Factor 0.63 1.00 1.00 
Current RMS 4.83A 2.62A 2.62A 
Current THD / 4.53% 3.49% 

 
    In the simulation, the inductive-coupling VSI and 
capacitive-coupling VSI are controlled to inject the same 
amount of active and reactive power to the grid. Results 
indicate that the dc-link voltage of the capacitive-coupling 
VSI is lower than 1/4 of the inductive-coupling VSI when the 
same power is transferred. As a result, the initial cost and 
operational losses are greatly reduced by adopting the 
proposed capacitive-coupling VSI.   

B. The PV integration system 
In this section, the proposed PV integration system with 

capacitive-coupling VSI is tested. The system configuration 
is shown in Fig. 7. The equivalent circuit of a PV cell is 
shown in Fig.12[21].V–I characteristic curve and P–V 
characteristic curve of PV model is depicted in Fig.13(a) and 
Fig.13 (b). From the P-V characteristic curve, it can be found 
that the maximum power point is located at about 
Pm=55.4W,Vm=32.1V. 

 
Fig.12 Equivalent model of the PV panel 

 

          
  (a)V-I                                  (b)P-V                                     

Fig.13 Power characteristics curve of PV panel 
The MPPT is applied to control the duty-cycle of the 

power switches at the input stage of the dc-dc converter. The 
output P-V curve of the PV model is shown in Fig.14(a) and 
the duty cycle of the upper power switch is shown in Fig. 
14(b). The output power approaches the maximum power 
point Pm=55.4W and is kept at this operating point. The 
Vdc_ref ,Vpv and Vdc denote the dc-link reference voltage ,the 
input voltage of dc-dc converter and the dc-link voltage. The 
current waveform and dc-link voltage are shown in Fig.15. It 
can be seen that the dc-link voltage is controlled to the 
minimum dc-link reference voltage and keeps stable in 
steady state. Meanwhile, the active power from the PV model 
is transferred to the grid and the reactive power is 
compensated simultaneously.  Detailed results are also listed 
in Table 3. 
 

(a) P–V curve of MPPT process        (b) Duty cycle status of MPPT process    
Fig.14 the output P–V curve of PV panel with MPPT method.  

 

 
Fig.15. Simulation results of PV integration 
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TABLE 3 PERFORMANCE OF CAPACITIVE-COUPLING VSI FOR PV 
INTEGRATION 

Performance Indexes Load Grid Side 
Active power 665W 610W 
Power Factor 0.63 0.99 
Current RMS 4.85A 2.81A 
Current THD / 3.35% 

VI. CONCLUSIONS 

A capacitive-coupling VSI for grid-connected PV systems 
has been presented in this paper. Based on the comparisons 
between the inductive-coupling VSI and the 
capacitive-coupling VSI, the capacitive-coupling VSI is a 
low-cost alternative to the existing grid-connected inverter, 
which is able to transfer the active power and compensate the 
reactive power with much lower inverter voltage rating. A 
low dc-link PV integration system is implemented, in which a 
boost-half-bridge dc–dc converter is used to achieve MPPT 
and galvanic isolation. Simulation results are provided to 
verify the validity of the capacitor-coupling VSI for PV 
integration and its control algorithm. To transfer the same 
amount of power, the dc-link voltage of the 
capacitive-coupling VSI is lower than 1/4 of the dc-link 
voltage of the inductive-coupling VSI.  
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