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Active Power Filter for PV Systems Supplying 

Power to Non Linear Load 

 

Abstract: 

The power quality demand for the typical loads 

is high so, photovoltaic generation is commonly used 

now-a-days. Fundamentally, the one PV generator 

which provides supply to the non linear load is desired 

to be integrated with a function to get an active power 

filter. Here, a PV generator, DC/DC boost converter and 

dc/ac voltage source converter is used. So that the 

system may also be called as three phase three wire 

systems. The grid-connected photovoltaic (PV) 

generator has the ability to generate power from clean 

energy     resources. By using a maximum power point 

tracking controller, the dc/dc boost converter is 

connected to the dc output voltage of PV arrays to 

increase their produced energy. The DC/AC voltage 

source converter (VSC) is then connected to that 

converter to make the PV system push electric power to 

the AC utility. The MATLAB tool is used to simulate the 

project and helps to prove the resultant system can 

implant the maximum power from PV unit concurrently 

and commit the harmonic current drawn by nonlinear 

loads. 

Index terms: Active power filter (APF), instantaneous 

power theory, photovoltaic (PV), power quality, renewable 

energy. 

 

I.INTRODUCTION 

 

       Now a days, the most important issues in power 

systems are the power supply and the quality of the power. 

In order to resolve those issues, the PV generators are 

commonly used .It is considered to be reliable because of its 

ability to produce power from the natural energy sources 

which is free, abundant, clean and also distributed over the 

earth(1-3).Here a grid connected PV generators are used 

because it will extract maximum power from the PV array. 

The DC/DC boost converter uses the maximum power point  

 

 

 

 

 

tracking to connect with the Dc output voltage of PV arrays 

to obtain maximum energy(5). Usually the maximum power 

point tracking is coupled together with the   DC/DC  boost 

converter. The electric power to the ac utility by the PV 

system. Normally the local load of the PV system is non 

linear load like computers, compact fluorescent lamps, 

home appliances which needs distorted currents(4). Mean 

development ignored to compensate the distribution system 

harmonics is equally essential. Therefore the PV generator 

have to include the utility with distorted compensation 

function so that it will make the currents absorbed by the 

utility to be sinusoidal[7].Then the harmonic function can 

be found out by the applicable control of dc/ac VSC. 

      The designing of the active power filter has been 

completed by the instantaneous power theory which results 

a good performance   level[8].The PV-APF combination has 

been gently formulated for several years [9].This 

combination can be used to compensate the current 

imbalance ,power factor, current harmonics and also helps 

to inject the energy generated from the  PV with low total 

harmonic distortion. This combination can be operable even 

when there is no energy available from PV which will 

increase the power quality of the utility. According to the 

study of Kim et al.[10],the cost of the system will get 

increased because of the need of storage   elements, also 

there is no sufficient mathematical demonstration is 

provided. Later some other control techniques are provided 

to design the PV inverters having the real power injection 

and APF features. Their research does not provide any 

confident result and also it is suitable only for the single 

phase PV. The basic notion of the paper is the concept of 

dc/dc controller. Also the proposed PV-APF controller have 

some improvement in theory and provides a reliable control 

topology. 
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      It will help the utility to provide a unity power factor 

and pure sinusoidal current to nonlinear loads by producing 

the oscillating and imaginary components. The PV will 

maintain the average power to the utility even when there is 

excess power. 

 

Fig.1.Proposed design of PV-APF combination. 

      Therefore this combination can also be considered as the 

distributed APF and shown in Fig.1. 

       The important contributions of this paper includes the 

following points 

      1. A complete PV-APF combination system has been 

presented.  

      2. The traditional dq current controller has been replaced 

by the instantaneous power theory for a PV unit 

      3. Adaptable operational modes are possible in the 

proposed PV-APF System. 

II.PV-APF COMBINATION SYSTEM 

      The configuration of the PV-APF combination system 

has been specified as follows: 

      1. The PV consists of 5 series -66 parallel array i.e.) Sun 

power SPR-305-type which produces a maximum of 

100-[kW] power at 10000W/m2 solar irradiance ( on 

the assumption of no battery storage system) 

      2. An incremental conductance integral regulator 

technique is used by the MPPT that changes the duty 

cycle automatically for the production of required 

voltage to get the maximum power 

      3. A two level three phase dc/ac VSC is linked to the dc 

bus via CVSC capacitor. So that it will convert 500[v] 

dc to 260[v]/60[Hz] ac which is supplied to non linear 

loads and connects to a stiff utility. 

      4.The switching harmonics generated by the dc/ac VSC 

can be filtered out by the 10-kVAr capacitor bank. 

      5. A three phase diode rectifier is used to supply a 

current of 450 or 50 [A] at dc side and a one phase 

diode rectifier with 50[A] dc current is used as a 

connection between the phase A and B to balance the 

unbalanced load. 

        To implement shunt active filter, The combination 

system is directly connected to the utility. 

A.DYNAMIC MODEL OF PV ARRAY 

      The PV array consists of N strings of modules that are 

connected in parallel and each string involves m modules 

that are connected in series in order to get the reliable power 

rating. The terminal current I should be equal to the light 

generated current Il. The diode current Td and the shunt 

leakage current Ish should be greater than the output terminal 

current. The internal resistance to the current flow is 

represented by the series resistance Rs. there is a inverse 

relation between the shunt resistance and the leakage 

current the ground. Rs=0 and Rsh=infinite for an ideal PV. 

When there is a small variation in Rs, it will lead to change 

in the PV conversion and also it will affect the PV output 

(ie) if it gets increases the PV output will get decrease. But 

the PV conversion efficiency does not get affected for the 

changes in Rsh. 

      There are two parameters such as Open circuit voltage 

and short circuit current Isc which will describe the 

performance of the cell. There is open circuit voltage if 

Voc=Vout+RsI is obtained when I=0 i.e.)load current. The 

short circuit current under the condition like ignoring the 

small diode and ground leakage currents under zero 

terminal voltage is known as the photocurrent Il. Based on 

the electrical analysis the PV modules are designed 

approximately as a constant current source. 

      The Basic equation is as follows, 

𝐼 = 𝐼𝐿 − 𝐼𝐷 − 𝐼𝑠ℎ = 𝐼𝐿 − 𝐼𝐷 [𝑄
𝑄𝑉𝑂𝐶

𝐴𝐾𝑇
− 1] − (𝑉𝑜𝑢𝑡

+ 𝐼𝑅𝑆)/𝑅𝑠ℎ 

.                                                                                                                              (1)                       

where   

   Q = Electron charge 

   K = Boltzmann constant 

   A = Diode emission factor 

   T = Temperature 

   Id = Saturation current of the diode 

6. 

http://www.ioirp.com/


                              International Journal of Innovative Research in Technology, Science & Engineering (IJIRTSE)  

 www.ioirp.com                                                                                   ISSN: 2395-5619, Volume – 2, Issue – 5. May 2016 

 

23 

 

      Ish can be ignored if it is smaller than Il and Id. 

Experimental verification of diode saturation current can be 

done by having the voltage Voc in Il=0  and by measuring 

the current entering the cell. This is also known as the dark 

current. 

B.MPPT IN DC/DC CONVERTER 

      The knee points in the IV curve diagram represents the 

maximum power at a voltage produced by the cell (i.e.) 

Vmax and Imax. The MPPT algorithm will set the operations 

of the dc/dc converter to be done in a optimal voltage so 

that the converter will achieve maximum power. Here by 

using the incremental conductance and the integral regulator 

technique, the MPPT controller will optimize the switching 

duty cycles. This method depends on the power slope of the 

PV i.e.) At MPP point the slope is null, positive is left and 

negative in the right. 

                          dp/dv= d(vi)/dv= i+vdi/dv= 0                 (2)  

 

                               dv/di=-i/v 

                               dv/di>i/v  :left                                    (3) 

                               dv/di<i/v  :right                 

 

C.INSTANTANEOUS POWER BALANCE 

      The figure shows the compromise between technical 

constraints and designed targets and also the power flow 

among the parts of the PV-APF. To get the maximum power 

produced by the PV array, the semiconductor switches are 

regulated by the dc/dc boost converter. Other than the 

converter with the power output Pdc, the dc/ac VSC plays a 

important role in the implementation of the control duty. 

The power concept should be coherent at the dc side. The 

instantaneous power contains both the active part and the 

imaginary part at the ac side. The dc/dc boost converter and 

the dc/ac VSC losses are ignored 

                                   PPV  =PVSC=PDC                                               (4)    

      There are two parts in the real and imaginary power 

which are included in the load demand such as i.average one 

and ii.an oscillating one which are concluded by the low 

pass filter. 

                          pVSC      =      pʹVSC+Pʹ VSC 

                          pL            =     PʹL+PʹL                                         (5) 

                          qL           =     qʹL+qʹL 

 

      The harmonics and the imaginary parts for the nonlinear 

loads are supplied by  the dc/ac VSC which will convey the 

active power from the PV unit. Not like the pure linear load 

consuming only average power component, the non linear 

load consume both the average active power component and 

the oscillating components. The result of  the APF function 

is a sinusoidal current from the utility. Also the oscillating 

components and a part of both real and imaginary power 

demand for the utilization of PV output power has been 

supplied by the PV-APF combination. 

      Normally there are two possibilities of utility power 

flow such as: 

      The PV will provide necessary power for local nonlinear 

loads and draw its excess power to the utility. 

      The consumption for the non linear loads can be of two 

parts, (i.e.) one part from the PV and the other part from the 

utility. 

       case 1 : If there is no loss, the calculation of the real 

power can be done by using V,I at the ac side of the PV that 

is same as the dc side Vpv * Ipv. The imaginary power is also 

calculated at ac side only. If there is no enough power 

supply to the load demand by the PV, then it will be 

provided by the utility which is based on the work 

conversion from the representation of energy flow per unit 

time in one direction (i.e.) average real power pʺ and the 

oscillating energy flow per time is represented by oscillating 

real power pʺ. The power qʺ complements to the normal 

three phase reactive power. when q” power is exchanged 

between three phases, it does not provide to transferred 

power. If the oscillating component does not provide any 

contribution to instantaneous or average energy flow and 

also the average values is zero means, it has to resupplied 

by the PV-APF combination via dc/ac. There is a better 

advantage in the PV-APF because it can supply real power 

when compared to the normal APF configuration. 

      The Point of common coupling (PCC)is used as a 

instantaneous power balance between the three parts. If 

there is a undesirable power supply by the PV-APF 

combination then there is a supply if average part of the real 

power only in the utility. Based on this criteria, sinusoidal 

currents are generated. The definition of the undesirable 

power from the power should be defined by the controlling 

mechanism which is then used to make the PV-APF 

combination to generate it and the remaining powers is 

supplied from the utility. 

      case 2:The diagram represents the scenario of the case 

2.Here the utility should inject one part of active power for 

http://www.ioirp.com/
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the load. The APF function will realize the pure fed current 

from the utility i.e.) it generates only average components. 

The PV-APF combination supplies both the oscillatory 

components of the real power and all components of the 

imaginary powers of the load. 

      The following equation shows the balanced relation 

among instantaneous powers: 

PUti  = pUti 

qvsc  = qL  
pvsc+pUti  = pL                                             (6) 

p’vsc+p’uti         = pʹL 

p’vsc  = pʹL                                                                         

 

D.CONTROLLERS FOR DC/AC CONVERTER 

      In the traditional way, to maintain the unity power factor 

of the utility, the dq-current controller is used to inject 

maximum real power from PV and zero reactive power. The 

PV -APF controller is used to compensate the harmonics 

and also assists to transfer the PV power when a non linear 

load is connected close to the PV position. If there is no PV 

array means then the APF controller is changed to the 

system so that it can operate the Cvsc capacitor only for an 

APF purpose. 

E.PV-APF CONTROLLER 

      The harmonic elimination and the reactive power 

compensation should be provided by the dc/ac VSC which 

is integrated by the APF function. Also it should 

simultaneously inject the maximum power generated by PV 

units. The controller is designed based on the instantaneous 

power theory in which all the parameters are processed 

instantaneously. The utility voltage, non linear load 

currents, utility injected currents, DC link voltage and the 

output currents of dc/ac VSC should be included in the 

input signal of the controller. 

           pL=pVSC+pUti                                                                                    

           pL=qVSC+qUti                                                                (7) 

 

      The consuming  power is simultaneously measured and 

analyzed because  the target only depends on the load. The 

instantaneous real power pl and the imaginary power can be 

calculated using the Clarke transformation which is 

represented in the following equations 

                  [
𝑣𝛼 𝑣𝛽

𝑖𝛼 𝑖𝛽
] = √

2

3
[
1 −

1

2
−

1

2

0
√3

2
−

√3

2

] [

𝑉𝑎(𝑖𝑎𝐿)
𝑉𝑏(𝑖𝑏𝐿)

𝑉𝑐(𝑖𝑐𝐿)
] (8)               

                       [
𝑃𝑙
𝑄𝑙

]      = [
𝑉𝛼 𝑉𝛽

−𝑉𝛽 𝑉𝛼
]      [ 

𝑖𝛼
𝑖𝛽

]               (9) 

      There exists two parts in the real and imaginary part 

which is realized through an LPF such as an average one 

and an oscillating one. During transients there must be 

careful selection of LPF cutoff frequency so that it will 

inhabit dynamic of loads that may lead to compensation 

errors. There will be degradation of controller performance 

due to the unavoidable time delay of the LPF. Based on the 

spectral components in the oscillating part, a fifth order 

butterworts LPF with a cutoff frequency between  20 and 

100 Hz. 

                                       pL = pʹL +pʹL 

                                       qL =pʹL +qʹL                            (10) 

 

      The fundamental components of the non linear load 

current gives the average part and the harmonics and the 

negative sequence components gives the oscillating part. 

The dc/ac VSC derives the imaginary power and the 

oscillating part of the real power at the end of the successful 

completion. Based on that case the utility will give only one 

fraction of the average power needed from the load and the 

remaining are supplied from the PV array. Also an 

additional amount of real power will be determined from the 

dc link voltage regulator that will produce additional flow of 

energy to the dc link capacitor to make its voltage around 

the fixed reference value. The utility should provide the real 

power. And then To filter out the switching harmonics 

remaining in the dc capacitor voltage ,the dc link voltage 

regulation should be passed through  the PI controller via 

the LPF. The current reference calculation block is based on 

the reference power and gives the following equation. 

pʹL+PʹL= pʹvsc +pʹvsc+pʹuti+pʹloss 

qʹL+qʹL=qʹvsc+qʹvsc+qʹUTi 

                             pʹVSC=pʹL-PʹUti-Pʹloss 

                            qʹVSC=qʹL-qʹ-qʹUti                               (11) 

                            pʹVSC=pʹL 

                            qʹVSC=qʹL 

                            pref
VSC =pL-pʹUti-pʹloss 

                            qref
VSC=qL-qʹUti                                              (12) 

                            pref
VSC =pL-pʹUti-pʹloss 

                            qref
VSC=qL                                                            (13) 

             [
𝑖𝛼

𝑟𝑒𝑓𝑣𝑠𝑐

𝑖𝛽
𝑟𝑒𝑓𝑣𝑠𝑐

]  = [
𝑣𝛼 𝑣𝛽

−𝑣𝛽 𝑣𝛼
]
−1

[
𝑝𝑣𝑠𝑐

𝑟𝑒𝑓

𝑞𝑣𝑠𝑐
𝑟𝑒𝑓

]                    (14)                  
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             [

𝑖𝑣𝑠𝑐
𝑟𝑒𝑓

𝑣𝑠𝑐

𝑖𝛽
𝑟𝑒𝑓

𝑣𝑠𝑐

𝑖𝑐
𝑟𝑒𝑓

𝑣𝑠𝑐

] = √
2

3

[
 
 
 

1 0

−
1

2

√3

2

−
1

2
−

√3

2 ]
 
 
 

[
𝑖𝛼
𝑟𝑒𝑓

𝑖𝛽
𝑟𝑒𝑓]                    (15) 

 

      The compensation of oscillating real power, oscillating 

imaginary power and supplies real power of load is shown 

in the simulation diagram that represents the complete 

algorithm of the controller for the three phase three wire 

dc/ac VSC. To switch insulated gate bipolar transistor, the 

hysteresis control technique is used. 

F.APF CONTROLLER 

      The topology of the APF controller based on the 

instantaneous power theory is described in this section. Here 

Akagi technique is used, The controller measures only the 

load current and the output currents of the APF, not the 

utility currents. The difference between the APF and the 

PV-APF controller depends only on the calculated reference 

value generated from Cvsc,so the oscillating power is defined 

as                   {
𝑝𝑣𝑠𝑐

𝑟𝑒𝑓
= 𝑝𝐿 + 𝑝𝑙𝑜𝑠𝑠

𝑞𝑣𝑠𝑐
𝑟𝑒𝑓

= �̃�𝐿

}                                (16) 

III.SIMULATION MODEL OF THE SYSTEM 

 

 

Fig.2.Simulation model of the system 

      The overall simulation diagram of this paper is shown in 

Fig.2. drawn using MATLAB/SIMULINK software  

IV.RESULTS & DISCUSSIONS 

 

Fig.3. MPPT Duty cycle. 

      The Duty cycle generated by the maximum power point 

is given in the fig.3. 

 

Fig.4. Panel output voltage 

http://www.ioirp.com/
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      The measured output voltage without influence of boost 

converter is shown in fig.4. 

 

Fig.5.  DC output voltage of Boost converter. 

      The Fig.5. is the output of boost converter taken for 100 

seconds which we get 140V DC. 

 

Fig.6. DC link voltage 

      The above Fig.6.  is the DC link voltage which could be 

measured across CVSC. 

 

Fig.7. AC output without active power filter 

      The output waveform of the DC/AC VSC without active 

power filter influence shown in fig.7. 

 

Fig.8.APF current injection 

      The current waveform which generated by the active 

power filter and to be injected to power system to reduce 

harmonics is shown in the Fig.8. 

 

Fig.9. AC output with active power filter 

      The output waveform of the DC/AC VSC with active 

power filter influence shown in fig.9. 

V.CONCLUSION 

      The contribution of this paper is dynamic grid connected 

PV unit and the PV-APF combination system with a local 

controller based on the multifunctional DG concept. The 

implementation of the controller has two purposes such as 

giving power from the PV unit and filtering the harmonics 

of the local non linear load.  
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