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ABSTRACT 
 
Voltage source inverters (VSI) have been widely used in 
Uninterruptible Power Supplies (UPS), Unified Power 
Quality Conditioners (UPQC) and Distributed 
Generation Systems (DGS). VSIs are inherently efficient, 
compact and economical devices to control power flow 
and provide quality supply. VSIs can be classified as 
voltage controlled VSIs (VCVSI) and current controlled 
VSIs (CCVSI) depending on their control mechanism. In 
this paper, a detailed comparison of VCVSI and CCVSI 
for DGS applications is presented. This paper examines 
the advantages and limitations of each control technique 
for different conditions and loads. The design 
consideration, theoretical analysis, computer simulation 
and experimental results are presented. 

1. INTRODUCTION 

Due to improvement in technologies, electrical power 
can be generated more efficiently and closer to the point 
of consumption. Additionally, Distributed Generation 
Systems (DGS) enable Alternative Energy Sources 
(AES) to easily utilize and supplement fossil fuels. One 
group of AES is Renewable Energy Sources (RES) (eg, 
Solar, Wind, Biomass, Wave, Hydro power, etc.).These 
can play a major role in the preservation of our 
underground resources and the reduction of air 
pollutants. Distributed generation systems using RES 
have been known to be one of the most cost-effective, 
reliable and durable power systems to provide energy 
saving and non-interrupted power with high power 
quality [1, 2]. DGS can be classified into stand-alone and 
grid connected systems (series and parallel processing), 
according to their output and connection to other AC 
sources and loads. Typical examples of other AC sources 
may be the available grid (strong, weak or diesel grids) 
or other DGS sources. Recently, the parallel processing 
system using power conditioning units (PCU) has 
become more popular. As it is inherently efficient, 
compact and economical, it offers numerous functions 
requiring a minimum number of power conversions [3-
7]. 

The parallel processing DGS mainly controls the power 
flow and quality by controlling the power conversion 
between the DC voltage source of bi-directional VSIs 
and the grid.  These bi-directional VSIs can be further 

classified into VCVSI and CCVSI, depending on their 
control. VCVSIs in DGS use the amplitude and phase of 
an inverter output voltage relative to the grid to control 
power flow. In VCVSIs, the desired current flow within 
a decoupled inductor can be generated by controlling the 
voltage across the decoupled inductor. The CCVSI uses 
switching instants to generate the desired current flow in 
the VSI’s inductor filter, using instantaneous current 
feedback. In this way, the power flow can be controlled.  

There are advantages and limitations associated with 
each control mechanism. For instance, VCVSIs can 
provide voltage support to the load, while CCVSIs can 
provide current support. The CCVSI is faster in response 
compared to the VCVSI as its power flow is controlled 
by the switching instant, whereas in the VCVSI the 
power flow is controlled by adjusting the voltage across 
the decoupling inductor (fundamental frequency). Active 
and reactive power are controlled independently in the 
CCVSI, but are coupled in the VCVSI. Generally, the 
advantages of one type of VSI are considered as a 
limitation of the other type. In this paper a detailed 
comparison of VCVSIs and CCVSIs is investigated for 
DGS under various conditions. The simulation and 
experimental results on a scale down version (1kVA) 
DGS, confirm the validity of the theoretical study.   

2. PARALLEL PROCESSING DISTRIBUTED 
GENERATION SYSTEMS 

 
Figure 1. Parallel processing DGS  

The typical configuration of the parallel processing DGS 
using VSI is shown in Figure 1. This system consists of 
a VSI, which is connected in parallel to the grid for a 
CCVSI and through a decoupling inductor for a VCVSI. 
The PCU generally connects to batteries and / or RES 
such as solar cells and fuel cells. The parallel processing 
DGS has two operating modes, parallel processing (grid-
tied) and stand-alone. Generally, it is expected that the 
PCU will perform the following functions [3, 8, 9]: 



1) Load voltage stabilisation (±5% voltage 
regulation) in both parallel processing and stand-alone 
modes; 

2) Uninterrupted power supply (UPS); 

3) Reactive power support - grid power 
conditioning including power factor correction (>0.9) 
and harmonics mitigation (<5%) (only in parallel 
processing mode); 

4) Active power support - load power conditioning 
including demand side management (DSM). In this 
mode the bi-directional VCVSI is responsible for 
controlling the active power flow between the DC bus 
(including batteries, solar cells, fuel cells, etc.) and the 
AC grid. 

The advantages and disadvantages of each PCU (VCVSI 
and CCVSI) are examined in the following sections. 
Based on the capability of each PCU, recommendations 
for a single phase parallel processing DGS are made.  

2.1. VOLTAGE CONTROLLED VSI  IN DGS 

Figure 2 shows the simplified schematic diagram of a 
VCVSI in the parallel processing DGS (Figure 1).  

 
Figure 2. The equivalent circuit diagram of a VCVSI 

based DGS 

As the output voltage of the VCVSI is filtered (Figure 
1), this voltage contains only the fundamental frequency 
component and is sinusoidal. The decoupling inductor 
(

mX ) is an essential part of any VCVSI, which makes 

the power flow control available. In a VCVSI, the power 
flow of the DGS is controlled by adjusting the amplitude 
and phase of the inverter output voltage with respect to 
the grid voltage to produce the required voltage drop 
across the decoupled inductor (

xV ), which generates the 

desired current and power flow. The decoupling inductor 
also prevents large amounts of current flow caused by 
any small mismatch in their voltages, to or from the PCU 
to the grid. Hence, it is important to consider the proper 
sizing of the decoupling inductor and maximum power 
angle to provide the required power flow when 
designing VCVSIs.  

As the AC load is in parallel to the VCVSI (Figure 2), 
we can omit the load effect at this stage for simplicity. 
Assuming the maximum permissible voltage fluctuation 
in the grid voltage is 20%, the phasor diagram of the 
VCVSI based on DGS can be shown as Figure 3. In this 
figure, it is assumed that the voltage of the inverter has 
to be kept constant (Vc1= Vc2= Vc3) for the critical 
load. 

 
Figure 3. Phasor diagram of VCVSI based DGS when no 

load 

Figure 3 shows that, as the VCVSI voltage remains 
constant, the only parameter that can control the power 
flow is the SRZHU�DQJOH�� �.  The power angle could be 
both leading or lagging, which provides the power flow 
from the grid to the VCVSI or vice versa. The phase 
DQJOH� � � � EHWZHHQ� WKH� JULG� YROWDJH� DQG� FXUUHQW� and the 
amplitude of the current is determined by the magnitude 
and phase of the decoupled inductor voltage (Vx1, Vx2 
and Vx3).   

Figure 3 shows that the leading power angles result in 
active power from the grid to the inverter, regardless of 
the grid voltage amplitude. In this case, the required 
reactive power flow by the grid and decoupling inductor 
has to be supplied by the VCVSI. Unity power factor 
operation (

11 ggp II = ) is only possible if the grid voltage 

reduces to 
1gV  and the specific power flow corresponds 

to
1xV . Therefore, power factor correction is not possible 

using VCVSI.  This is one of the main drawbacks of the 
VCVSI based DGS.  

The fundamental grid current can be expressed as (1):   
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Where Vg and Vc are respectively the grid and VCVSI’s 
fundamental voltages, and Xm is the decoupling 
inductor impedance. Using per unit values (Sbase= 
Vbase

2/Zbase, Vbase=Vc and Zbase = Xm) where Vbase, Zbase 
and Sbase are the base voltage, impedance and complex 
power values respectively, the grid apparent power can 
be expressed as (2):  

)cos(sin 2 dd gpugpugpugpu VVjVS -+-=   (2) 

Using per unit values, the complex power of the VCVSI 
and decoupling inductor are: 

]1cos[sin -+-= dd gpugpucpu VjVS    (3) 

)1cos2( 2 +-= dgpugpuxpu VVjS    (4) 

Where Sgpu , Scpu and Sxpu are per unit values of the 
grid apparent power, VCVSI and decoupled inductor 
respectively, and Vgpu is the per unit value of the grid 
voltage,. 



 
Figure 4. Phasor diagram of VCVSI based DGS with the 

load 

Figure 4 shows the phasor diagram of the VCVSI based 
DGS in the presence of an inductive load. This figure 
shows that even when both voltages of the grid and 
VCVSI are identical, in order to supply all the active 
power from the grid, the VCVSI has to supply the full 
reactive power demanded by the load. In this case, the 
grid will supply the required reactive power for the 
decoupling inductor. This is another drawback for the 
VCVSI, which leads to over sizing the PCU in DGS and 
its dependency on the size of the decoupling inductor.  

As addressed above, since the load voltage must remain 
constant, the only controllable parameter in the VCVSI 
is the power angle � � . Hence the power angle is used in 
a VCVSI for DSM operation. For DSM operation it is 
important to extract the maximum power from RES and 
supply this power to the load or DGS. Assuming that 
both RES and the grid are supplying the demanded 
active power by the load, the power angle can be 
calculated from (5):   
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Equation (6) explains that as the available RES energy is 
increased, the power angle is reduced. This means that 
the RES penetration will increase. Figure 5 shows the 
block diagram of a VCVSI control system based DGS 
including the DSM function ((6)):  

 
Figure 5. The control block diagram of the VCVSI based 

DGS 

In this figure, the Phase Locked Loop (PLL) is 
responsible for synchronising the inverter output voltage 
with the grid voltage. The sampling from the load 
current, RES voltage and current is also used to generate 
the required power angle ( *

ref) (for DSM operation). 
Then, after comparing the required/reference values and 
the actual variables the error signal is generated to feed a 

PI controller. After generating the desired reference 
signal, it is given to the Pulse Width Modulation (PWM) 
generator block.  

2.2. CURRENT CONTROLLED VSI  IN DGS 

The CCVSI is used in the parallel processing DGS as 
shown in Figure 1.  Figure 6 shows the equivalent 
schematic diagram of a CCVSI. As a CCVSI controls 
the current flow using the VSI switching instants, it is 
modelled as a current source. It is important to note that 
in this case, as the CCVSI controls the current there is no 
need for decoupling inductor. As the output voltage of 
the CCVSI is filtered, this current can be assumed to 
have only a fundamental frequency (50/60Hz) 
(sinusoidal). As the current generated from the CCVSI 
can be controlled independently from the voltage, the 
active and reactive power controls are decoupled. Hence 
unity power factor operation for the whole range of the 
load is possible. This is one of the main advantages of 
CCVSIs. 

 
Figure 6. The equivalent circuit of the CCVSI based 

DGS. Note that in CCVSI, Xm=0  

As the CCVSI connects parallel to the DSG, it follows 
the grid voltage. Figure 7 shows the phasor diagram of a 
CCVSI based DGS in the presence of an inductive load 
(assuming the maximum permissible voltage fluctuation 
in the grid voltage is 20%, the same as a VCVSI and grid 
to supply the load active power). 

 
Figure 7.  Phasor diagram of CCVSI based DGS with 

inductive load 

Figure 7 shows that when the grid voltage increases, the 
load active power consumption increases and the CCVSI 
compensates the increase in the load reactive power 
demand. The CCVSI essentially becomes an AC current 
source, which controls the current magnitude and phase 
with respect to the grid voltage. Therefore, the CCVSI 
cannot maintain the load voltage in the presence of a 
grid. This limitation on the load voltage stabilization is 
one of the main drawbacks of CCVSI based DGS.  

The load current (Figure 6) is continuously supplied by 
the DGS and RES and can be expressed as (7): 

cgL III +=                  (7) 

Assuming the load active current demand is supplied by 
the grid (reactive power support function), the required 
grid current can be rewritten as follows: 
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For grid power conditioning, it is preferred that the load 
operate at unity power factor. Therefore, the CCVSI 
must provide the remainder of the required current (9):  

 *
gLc III -=                     (9) 

However in DSM, in the presence of the RES the active 
power has to flow from the DC to the AC bus (grid 
and/or load). In this case, both grid and RES supply the 
load active power. The remaining load reactive power 
will be supplied by the CCVSI. Hence (8) can be 
rewritten as (10):  
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(9) and (10) show that in the worst case, the CCVSI has 
to supply both the active and reactive power demanded 
by the load. This means that the CCVSI sizing can be 
rated at full load without a need to oversize. This is 
another advantage of CCVSI based DGS compared to 
the VCVSI. The control block diagram of the CCVSI 
based DGS using (9) and (10) is shown in Figure 8. 

 
Figure 8. Control block diagram of the CCVSI based 

DGS 

The CCVSI control scheme samples the DGS voltage 
(Vg) for synchronisation using a PLL. The samples of 
load current (ILoad), RES current (IRES) and voltage 
(VRES) are used to generate the desired inverter current 
amplitude (I*

d) (reference current) using (9) and (10). 
After generating the reference current signal (Ic-ref), it is 
compared to the instantaneous CCVSI current, in order 
to generate the error current (Ierr). This error current is 
then given to the current regulator block to generate the 
desired instantaneous switching PWMs. 

3. SIMULATION RESULTS 

PSim software was used for the simulation. To compare 
the performance of the parallel processing DGS using 
VCVSI and CCVSI, a 1kVA system including linear and 

non-linear loads were simulated.  Table 1 shows the 
different parameters and selected values identical with 
the experimental hardware to compare the results.  

In the following simulation it is assumed that the load 
voltage must be kept constant at its nominal value 
(200V). Figure 9 shows the power conditioning of DGS 
in the presence of an inductive load (Z= 40 36.7°�> @�, 
using different PCUs.  Figure 9(a) shows that the grid 
can supply the load active power when the grid voltage 
is almost the same as the VCVSI voltage at a low power 
angle. In this case, the required reactive power (600Var) 
can be supplied by the VCVSI (good power factor). 
Figure 9(b) shows that the CCVSI can supply the 
reactive power required by the load while the active 
power is supplied by the grid in the same way as a 
VCVSI. 

 
(a) 

 
(b) 

Figure 9. Waveform results of power conditioning of DGS 
in the presence of an inductive load (Z= 40 � � �� ƒ> @ ), 

a) VCVSI and b) CCVSI 

Where Vg and Vc are the voltage waveforms of the grid 
and inverter, and Ig, Ic and Iload are current waveforms 
of the grid, inverter and load respectively.  

Figure 10(a) shows the simulation results of the VCVSI 
as a power conditioner for a DGS in the presence of a 
nonlinear load (a diode bridge rectifier with RLC). The 
VCVSI cannot maintain pure sinusoidal voltage across 
the nonlinear load. Hence, a small amount of low order 
current harmonics will be injected into the grid (Figure 
11(b), THD=10.9%). Figure 10(b) shows that the CCVSI 
can provide all the reactive power demanded by the 
nonlinear load and hence the grid supplies only the 
remaining active power (unity power factor operation). 
In this case, the CCVSI prevents any low order 
harmonics from being injected into the grid (Figure 
11(c), THD=1.1%). Figure 11(a) shows the DGS in the 
absence of PCUs. In this case, all the reactive power 
associated with low order harmonics must be supplied 
by the grid (THD= 60.8%). 

Table 1 Simulation condition and parameters 

Parameters Values Parameters Values 
Vac 200±40V Vdc 180V 
Frequency 60Hz Fsw 5kHz 
full load 1kVA Lp 1.3mH 
Lx 29mH Cp 3uF 
Maximum 
power angle ( ) 

20° Transformer 
turn ratio 

1:2 

Where Lx is the decoupled inductor, Lp is the filter 
inductor and Cp is the filter capacitor. 



 
(a) 

 
(b) 

Figure 10. Waveform results of power conditioning of 
DGS in the presence of a nonlinear load (a diode bridge 

rectifier with RLC), a) VCVSI and b) CCVSI 

 

 
(a) 

 
(b) 

 
(c) 

Figure 11. The harmonic spectrum of the grid current: a) 
without power conditioning, b) VCVSI and c) CCVSI 

The above signifies that a VCVSI cannot meet the IEEE 
standard (less than 5% of THD) when a non-linear load 
is used, while a CCVSI can achieve unity PF and 
satisfies THD of voltage and current in the whole load 
condition, without the need for an additional controller. 

 

 

4. EXPERIMENTAL RESULTS 

Figure 12 shows a DGS that was prototyped to examine 
the above analytical and simulation analysis. The system 
specifications are given in Table 2. 

 
Figure 12. Photograph of the prototype DGS 

Table 2. The specifications of the prototype DGS 
Specification Model & value 

Battery bank voltage 180 [VDC] 

Battery bank capacity 1440 [Wh] 

IGBT module 2MB50L-60 

DSP Processor TMS320C31 

Voltage sensor LEM LV25P 

Current sensor LEM LA25P 
The Voltech (PM3000A) power meter measures a power 
factor of over 0.99 for a CCVSI and for a VCVSI, from 
0.97 to 0.99, depending on the load and grid voltage 
fluctuation. The Tektronix (TDS3054B) digital scope 
has been used to capture the following results.  Figure 13 
shows that the when the grid voltage is almost the same 
as the VCVSI voltage, a slight adjustment to the power 
angle will enable the grid to supply the load active 
power, and the required reactive power (600Var) can be 
supplied by the VCVSI (good power factor). Figure 
13(b) shows that, at unity power factor, the CCVSI 

 
(a)  

 
(b) 

Figure 13. Experimental waveform results of power 
conditioning of DGS in the presence of an inductive 

load (Z= 40 � � �� ƒ> @ ) 



supplies the reactive power demanded by the load and 
the grid supplies the load active power. These results 
comply with the simulation results (Figure 9).  

 
(a) 

 
(b) 

Figure 14. Experimental waveform results of power 
conditioning of a DGS in the presence of a nonlinear load 

(a diode bridge rectifier with RLC), a) VCVSI and b) 
CCVSI  

Figure 14 is also similar to the simulation results (Figure 
10). It confirms that the CCVSI has better performance 
in the presence of a nonlinear load for low order 
harmonic mitigation and provides unity power factor 
operation (Figure 14(b)), compared to the VCVSI 
(Figure 14(a)).   

The grid current and the relevant FFT results for 
different cases are shown in Figure 15. This figure 
shows that the CCVSI offers the best performance in 
reducing the grid’s current harmonic distortion. These 
results confirm the validity of the simulation (Figure 11).  

 
(a) Without power conditioning control 

 
(b) VCVSI 

 
(c) CCVSI 

Figure 15. Experimental results for the grid current and 
its FFT harmonic spectrum  

5. COMPARISON OF DIFFERENT PARALLEL 
PROCESSING DISTRIBUTED 
GENERATION SYSTEMS  

The comparison of the VCVSI and CCVSI based DGS 
can be summarized as follows: 

1) Load voltage stabilization 

It is shown that the VCVSI can regulate the load voltage 
within ±5% as per standard. In contrast, as a CCVSI is 
connected directly to the grid it cannot compensate the 
grid voltage fluctuations without additional hardware 
and control feedback algorithm. A decoupling inductor 
is essential to decouple the effect of grid voltage 
fluctuation, which can be achieved by using standard 
VCVSIs.  

2) Uninterruptible power supply 

As a VCVSI is by nature the same as a voltage source, it 
can maintain voltage support for the load in the absence 
of a grid (stand-alone operation). It is shown that the 
VCVSI cannot provide a pure sinusoidal waveform in 
the presence of a nonlinear load, without extra control. 
However, as is shown [4]  wave shaping of the VCVSI is 
possible with extra feedback and hence the sinusoidal 
output voltage is guaranteed even in the presence of 
nonlinear loads. The CCVSI cannot provide proper 
voltage support as by nature it is a current source. 

3) Reactive power support and power factor 
correction 

As the active and reactive powers are coupled in a 
VCVSI, it generally offers a poor power factor at low 
load or when the grid voltage is different from the 
voltage of the load or VCVSI. In contrast, a CCVSI can 
provide good reactive power support and decouple from 
the active power. Hence unity power factor and low 
order harmonic mitigation is possible. Although CCVSIs 
with high switching frequencies can mitigate high order 
harmonics, this is not the main problem facing DGS 
power systems and is beyond the scope of this paper. 

4) Active power support or DSM 

Both the VCVSI and CCVSI can offer bi-directional 
power flow between the DC and AC bus. The power 
flow control in a VCVSI is very sensitive, and is 
dependent not only on a limited power angle but also on 
the size of the decoupling inductor. However, as the 



phase and amplitude are controlled separately in a 
CCVSI, controlling the power flow in a CCVSI is easier.  

5) Sizing the PCU 

Due to the existence of a decoupling inductor, a VCVSI 
must supply both the active power demanded from the 
load as well as the reactive power required by the load 
and decoupling inductor. This means that the VCVSI has 
to be oversized (>100%). However, the CCVSI can be 
rated at full load as there is no decoupling inductor and it 
only needs to supply the active and reactive power 
required by the load (100%).  

6. CONCLUSIONS 

Voltage source inverters have been widely used in 
Uninterruptible Power Supplies and Distributed 
Generation Systems. Inherently VSIs are efficient, 
compact and economical devices to control power flow 
and quality of supply. VSIs can be further classified into 
voltage controlled VSIs and current controlled VSIs 
depending on their control mechanism. In this paper, a 
detailed comparison of VCVSIs and CCVSIs for DGS 
applications is presented. It is shown that none of the 
VCVSIs or CCVSIs can offer all the functions required 
in DGS. Hence, the most appropriate PCU can be chosen 
based on its application. This paper examines the 
advantages and disadvantages of control techniques for 
different loads. The experimental results verify the 
design consideration, theoretical analysis and computer 
simulation.  
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