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Abstract. This paper presents a three-phase four-wire Shunt 
Active Filter that compensates power quality problems and can 
also interface renewable energy sources with the electric grid. 
The inverter stage of the active filter is based in a two-level 
four-leg inverter and its control is based in the Theory of 
Instantaneous Reactive Power (p-q Theory). The filter is 
capable of compensating power factor, unbalance, and current 
harmonics. Additionally it can also make the interface between 
renewable energy sources and the electrical system, injecting 
balanced practically sinusoidal currents (with low THD). 
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1. Introduction 
 

The growing concern regarding global heating and 
climate change has stimulated the development of 
environment friendly energy generation technologies. In 
the near future, because of the Kyoto protocol and other 
international accords, the electrical grid will include a 
very large number of small producers that use renewable 
energy sources, like solar panels or wind generators, 
among other technologies. 

One of the most common problems when connecting 
small renewable energy systems to the electric grid 
concerns the interface unit between the power sources 
and the grid, because it can inject harmonic components 
that may deteriorate the power quality. 

This paper suggests a new method that consists in 
using a Shunt Active Filter [1] that is capable of 
simultaneously compensating problems like power factor, 
current imbalance and current harmonics, and also of 
injecting the energy generated by renewable energy 
power sources with a very low THD. Even when there is 
no energy available from the power source (when there is 
no sun or wind) the Shunt Active Filter can still operate, 
increasing the power quality of the electric grid. 
Applying a control strategy based on the Instantaneous 
Reactive Power Theory, it is very simple to inject 

reactive “energy” when necessary, or to inject the energy 
with unit power factor. 

Fig. 1 illustrates the proposed system. A dc-dc 
converter can be used to adjust the value of the output 
voltage of the renewable energy sources to the voltage 
value of the dc-side capacitor of the Shunt Active Filter. 
The available energy is then managed by the controller of 
the active filter. 
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Fig. 1.  Interface system and p-q theory power 

components 
 
2. The Instantaneous Reactive Power 

Theory 
 

The control strategy is based on the p-q theory 
introduced by Akagi et al. [2] and expanded to 
three-phase four-wire systems by Aredes et al. [3]. It 
applies an algebraic transformation (Clarke transform) of 
the three-phase system voltages and load currents in the 
a-b-c coordinates to the α-β-0 coordinates. 

After the transformation, the p-q theory components 
are achieved by the expressions (1-3), where p is the 
instantaneous real power, q is the instantaneous 
imaginary power (by definition) and p0 is the 
instantaneous zero-sequence power. 
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Each one of the instantaneous power components can 
be separated into an average value and an oscillating 
value. The physical meaning of each of the instantaneous 
powers is: 

 
• p – average value of the instantaneous real power p. 

Corresponds to the energy per time unit transferred 
from the source to the load, in a balanced way 
through the 3 phases; 

• p~ – Oscillating value of the instantaneous real 
power. It is the energy per time unity that is 
exchanged between the power source and the load, 
through the 3 phases; 

• q – The instantaneous imaginary power, q. 
Corresponds to the power that is exchanged between 
the phases of the load. This component does not 
imply any transference or exchange of energy 
between the power supply and the load, but is 
responsible for the existence of undesirable currents 
imply any transference or exchange of energy 
between the power source and the load; 

• 0p  − Mean value of the instantaneous zero-sequence 
power. It corresponds to the energy per time unity 
that is transferred from the power source to the load 
through the zero-sequence components of voltage 
and current; 

• 0
~p − Oscillating value of the instantaneous zero-

sequence power. It means the energy per time unity 
that is exchanged between the power source and the 
load through the zero-sequence components of 
voltage and current. 
 

In addition to the standard power components, two 
new ones were also used in order to consider the energy 
coming from the renewable energy sources: pres and qres. 
The first one corresponds to the energy per time unit 
transferred from the renewable energy sources to the 
electric grid. As for qres, it is used because according to 
the Portuguese Law, it is compulsory to inject capacitive 
reactive “energy” during certain periods of the day, and 
therefore this must be considered in the control system. 
There is also a component, preg, which is used to regulate 
the capacitor voltage when there is no energy available 
from the renewable power sources. 

The power components that will be injected by the 
Shunt Active Filter, px and qx, include the undesired 
power quality effects to be compensated (harmonics, 
unbalance and reactive power) as well as the energy 
available in the renewable sources. 

 
pppp regresx
~+−=      (4) 

 
qqq resx +=     (5) 

 
Finally, it is possible to calculate the reference 

currents, in the α-β-0 coordinates, by applying the 
expressions (6) and (7). The reference currents are then 

translated to the a-b-c coordinates through the inverse 
Clarke transform. 
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3. Power Stage of the Shunt Active Filter 
 

The power stage of the Shunt Active Power Filter 
consists of a standard two-level Voltage Source Inverter 
with four legs, that uses IGBTs. The capacitor voltage 
can be kept constant by the renewable energy sources. If 
there is no energy available from these sources, the 
control algorithm changes and the energy required to 
maintain this voltage constant is drained from the electric 
grid. The inductors (L) are used to connect the inverter to 
the electric grid. The controller requires the three system 
voltages (va, vb, vc), the dc link voltage (Vdc), the four 
load currents (iLa, iLb, iLc, iLn), and the four inverter 
currents (ifa, ifb, ifc, ifn). When the Shunt Active Power 
Filter is connected, the source currents (isa, isb, isc), 
become balanced and sinusoidal, and the neutral source 
current (isn) becomes practically zero. 

The modulation technique used to drive the IGBTs is 
the Periodic Sampling, which is a very simple technique 
that establishes an upper frequency limit, but does not 
work with a fixed switching frequency [5]. 

The first results were obtained using a computer 
simulation tool (PSCAD), in order to validate the 
proposed control algorithm. A second phase consisted in 
implementing a laboratory prototype of the described 
Shunt Active Filter and testing the proposed control 
theory. In Fig. 2 it is possible to see the implemented 
prototype. It uses a Texas Instruments DSP, and the 
control system was implemented using only fixed-point 
calculations in order to enhance performance in terms of 
execution time. Hall-effect sensors were used to measure 
the voltages and currents. The inverter stage was 
implemented using 2 Mitsubishi IGBT modules. 

Fig. 3 shows the block diagram of the Shunt Active 
Filter. 

 

 
Fig. 2.  Laboratory prototype of the Shunt Active Filter. 

 



 

 

Fig. 3.  Block diagram of the three-phase four wire Shunt Active Power Filter in the electric system. 
 
4. Simulation and Experimental Results 
 

Several tests were made to verify the performance of 
the Shunt Active Filter in various operating conditions. 
The simulation model is accurately modelled, and 
therefore the results are very similar to the ones measured 
in the laboratory prototype. Some of the techniques used 
to make an accurate simulation model are described in 
[4]. The obtained results are grouped and presented in the 
next three topics. In each topic is presented a short 
description of the testing system, followed by the 
obtained simulation and experimental results. All the test 
cases presented were performed in a 75 V / 50 Hz electric 
system.  
 
A. Active Power Filter injecting energy in the electric 

grid 
 

This case study is used to test the active filter 
performance injecting energy in the electric grid without 
compensating any loads. Fig. 4 shows the electrical 
system used to test the active filter.  
 

 

 
Fig. 4.  Electrical system to test the Shunt Active Filter 

injecting energy in the electric grid  

The simulation results, presented in Fig. 5 and the 
measured results, shown in Fig. 6 demonstrate that the 
Shunt Active Power Filter performs well under these 
conditions. The injected currents are balanced, sinusoidal 
and only active power is injected, however it is also 
possible to inject reactive power, if necessary [6]. The 
total injected three phase active power is of about 
1100 W. 

In Fig. 6 the voltage scale is 50 V/div and the current 
scale is 4 A/div.  
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Fig. 5.  Simulated system voltages and source currents 
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Fig. 6.  Measured system voltages and source currents 

 
B.  Active Power Filter compensating harmonics, 

power factor, and injecting energy in the electric 
grid 

 
This case study is used to test the active filter when it is 

simultaneously injecting energy and compensating a non 
linear load. Fig. 6 shows the electric system used to test 
the active filter. The load is composed by a three phase 
200 mH inductor and a three phase diode bridge rectifier 
with a 60 Ω resistor in series with a 68 mH inductor at 
the dc side. 

 

 
Fig. 7.  Electrical system to test the Shunt Active Filter 

compensating harmonics, power factor and 
simultaneously injecting energy. 

 
Fig. 8 illustrates the simulated system voltages and 

load currents, and Fig. 9 shows the simulated system 
voltages and source currents when the filter is in steady 
state, compensating the current harmonics, the power 
factor, and is at the same time injecting active power. The 
phase of the source currents are inverted relatively to the 
voltages because the injected energy is sufficient to feed 
the non linear load and to inject energy in the electric 
grid. These currents are sinusoidal and present a very 
high power factor. The high frequency noise that can be 
observed is due to the switching of the IGBTs, and the 
current spikes are caused by the delays in the controller, 
that is not able to compensate the fast variations of the 
load currents. This high frequency noise and the 

compensation delay are also visible in the measured 
source currents presented in Fig. 11. 

Fig. 10 shows the measured load currents and Fig. 11 
shows the source currents after the compensation of the 
Shunt Active Filter. All figures also present the system 
voltages. It is possible to observe once again that the 
simulated and experimental results are very similar. The 
voltage scale is 50 V/div and the current scale is 2 A/div 
for figures 10 and 11. 

The total active power consumed by the loads is of 
about 530 W and the active filter is supplying a total 
active power of 1300 W, therefore the power injected to 
the source is 770 W. The active filter also supplies all the 
reactive power required by the loads. 
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Fig. 8.  Simulated system voltages and load currents 
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Fig. 9.  Simulated system voltages and source currents 
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Fig. 10.  Measured system voltages and load currents 
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Fig. 11.  Measured system voltages and source currents 
 

C. Active Power Filter compensating harmonics, power 
factor, unbalance and injecting energy in the electric 
grid 

 
This case study is used to test the active filter while 

simultaneously injecting energy and compensating a non 
linear and unbalanced load. Fig. 12 shows the electrical 
system used to test the active filter. The load is composed 
by two 200 mH inductors (applied between phases a and 
b) and by a single-phase diode bridge rectifier with a 
20 Ω resistor in series with a 68 mH inductor at the dc 
side. The bridge rectifier is connected between the phase 
a and the neutral. 

 

 
Fig. 12.  Electrical system to test the Shunt Active Filter 
compensating harmonics, power factor, unbalance and 

simultaneously injecting energy. 
 

Figures 13 and 14 present the simulated load currents 
and the simulated source currents, respectively. The 
correspondent measured currents are shown in Figures 15 
and 16. Comparing with the previous case, it is possible 
to see that the transients caused by the delays of the 
control system are not visible, because the single phase 
non linear load has a smaller di/dt. 

The voltage scale for figures 15 and 16 is 50 V/div, 
and the current scale for Fig. 15 is 4 A/div and 2 A/div 
for Fig. 16. 

The total active power consumed by the loads is of 
about 220 W and the active filter is supplying a total 
active power of 1400 W therefore the power injected to 
the source is 1180 W. The active filter also supplies all 
the reactive power required by the loads, and 
compensates the neutral current. 
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Fig. 13.  Simulated system voltages and load currents 
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Fig. 14.  Simulated system voltages and source currents 
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Fig. 15.  Measured system voltages and load currents 
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Fig. 16.  Measured system voltages and source currents 
 

5. Conclusions and Future Work 
 

This paper suggests the use of a Shunt Active Filter as 
an interface between renewable energy sources and the 
electric grid. Simulation and implementation results show 
the feasibility of the proposed control strategy. The Shunt 
Active Filter has the capability of injecting sinusoidal 
currents with low THD, and it can also compensate 
problems like current harmonics, unbalance and power 
factor. 

The authors are currently researching other switching 
techniques for the inverter of the Shunt Active Filter, in 
order to improve the performance of the power stage by 
reducing the noise injected in the electric grid. 
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