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Power quality improvement by using photovoltaic based shunt active harmonic filter 
with Z-source inverter converter 
 
Introduction. The major source of energy for a long time has been fossil fuels, however this has its drawbacks because of their scarcity, 
exhaustibility, and impossibility of reusing them. Presently, a shunt active harmonic filter-equipped two-stage solar photovoltaic system is 
showing off its performance shunt active harmonic filter. The global power system has been impacted by current harmonics during the most 
modern industrial revolution. Novelty. The proposed work is innovative, by adopting the hysteresis modulation mode with Z-source inverter 
to enhance the performance of the system. Furthermore, the shunt active harmonic filter also get assists in this system for better improvement 
in the quality of power. Purpose. By incorporating an impedance source inverter and a photovoltaic shunt active harmonic filter methods, 
harmonic issues are mitigated. Methods. Load compensation is one of the services that the shunt active harmonic filter offers, in addition to 
harmonic compensation, power factor correction, and many other functions. The current pulse width modulation voltage source inverter 
method is more expensive, requires two converters owing to its two-stage conversion, has significant switching losses, and has a low rate of 
the reaction. The new model, in which the voltage source inverter is substituted out for a Z-source inverter converter, has been developed in 
order to address the problems of the existing system. Results. Rather than using a hybrid of DC-DC and DC-AC converters, the suggested 
system uses a shunt active harmonic filter that is powered by a photovoltaic source using a Z-source inverter. Utilizing Z-source inverter 
helps to address the present issues with conventional configurations. Practical value. By using software MATLAB/Simulink, this 
photovoltaic shunt active harmonic filter technique is analyzed. Shunt active harmonic filter, which produces compensatory current from the 
reference current obtained as from main supply, is powered by the photovoltaic array. References 18, table 2, figures 13. 
Key words: photovoltaic, shunt active harmonic filter, Z-source inverter, PI controller, pulse width modulation. 
 
Вступ. Основним джерелом енергії довгий час були викопні види палива, проте це мало свої недоліки через їх дефіцит, 
вичерпність та неможливість їх повторного використання. В даний час двоступенева сонячна фотоелектрична система, 
обладнана активним шунтуючим фільтром гармонік, демонструє свої робочі характеристики шунтуючого активного фільтра 
гармонік. На глобальну енергетичну систему вплинули гармоніки струму під час найсучаснішої промислової революції. Новизна. 
Пропонована робота є інноваційною, оскільки вона використовує режим гістерезисної модуляції з інвертором Z-джерела для 
підвищення продуктивності системи. Крім того, шунтуючий активний фільтр гармонік також допомагає в цій системі для 
покращення якості електроенергії. Мета. Включення інвертора джерела імпедансу та методів активного фільтру гармонік із 
фотогальванічним шунтом знижує гармонійні проблеми. Методи. Компенсація навантаження – це одна з функцій, які 
шунтуючий активний фільтр гармонік пропонує на додаток до компенсації гармонік, корекції коефіцієнта потужності та 
багатьох інших функцій. Інверторний метод широтно-імпульсної модуляції струму дорожчий, вимагає двох перетворювачів 
через його двокаскадного перетворення, має значні втрати комутації і має низьку швидкість реакції. Нова модель, в якій 
інвертор джерела напруги замінює перетворювач інвертора Z-джерела, була розроблена для вирішення проблем існуючої 
системи. Результати. Замість використання гібрида перетворювачів постійного та змінного струму в запропонованій системі 
використовується активний шунтуючий фільтр гармонік, який живиться від фотоелектричного джерела з використанням 
інвертора Z-джерела. Використання інвертора з Z-джерелом допомагає вирішити проблеми з традиційними конфігураціями. 
Практична цінність. За допомогою програмного забезпечення MATLAB/Simulink аналізується метод активного фільтру 
гармонік фотоелектричного шунта. Шунтуючий активний фільтр придушення гармонік, який виробляє компенсаційний струм із 
опорного струму, отриманого від мережі, живиться від фотоелектричної батареї. Бібл. 18, табл. 2, рис. 13.  
Ключові слова: фотовольтаїка, шунтуючий активний фільтр придушення гармонік, інвертор Z-джерела, ПІ-регулятор, 
широтно-імпульсна модуляція.  
 

Introduction. The main issues with a practical 
photovoltaic (PV) system include power loss owing to 
variations in operating circumstances, such as temperature or 
irradiance, the significant computing burden imposed by 
contemporary maximum power point tracking (MPPT) 
techniques, and optimizing the PV array output during abrupt 
weather patterns. The perturb and observation (P&O) 
strategy is chosen for the majority of PV systems [1]. 

In [2] investigates a solar control system simulation 
model that can be applied to PV power plants or the 
construction of solar inverters. This approach combines a 
DC-DC boost converter utilizing the MPPT methods 
conductivity, iterative, and P&O. In [3] Nowadays, one of 
the key elements influencing an economic growth is power 
quality. In order to meet consumer demand, utilities must 
supply more electricity as the population increases. The 
difficulties and worries that occur from the addition of solar 
power to the grid are examined in this research. In grid-
connected solar systems, the shunt active power filter 
(SAPF) with PI controller is aimed at enhancing power 
quality. In [4] presently, among the most popular power 
electronics topology is Z-source inverters (ZSI). This 
article gives a brief introduction to the ZSI and examines its 

many topologies in depth, as well as the use of ZSI in the 
industrial applications. In [5] comprised of two control 
operations, the first of which uses a fuzzy logic controller 
to extract the maximum energy point from a PV panel’s 
DC-DC converter. The main objective of this study, as 
stated in [6], is to decrease network power loss while 
simultaneously enhancing the bus voltage stability. This 
paper presents the modeling and simulation outcomes of a 
static compensator premised on a ZSI. In [7] when the 
decoupled double synchronous reference frame theory may 
be used to extract the magnificent of currents and prevent 
double frequency oscillations induced by introducing 
positive and negative-sequence currents into unbalanced, 
nonlinear loads. A three-level voltage source converter 
design is used for SAPF implementation and will provide 
compensating at the point of common coupling (PCC). 
Shunt active harmonic filter (SAHF) is employed in [8] to 
reduce the current harmonics. The process utilized to derive 
the reference current affects the filter’s performance and 
precision. A three-phase SAHF, phase locked loop, and 
hysteresis are used in this study. The IGBT-based SAHF is 
activated by hysteresis switching [9]. 
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In [10] resents a two stage ZSI for a PV single phase 
application. Here, ZSI includes an additional mode called the 
shoot through state, which allows it to function in a single 
stage, or even as a boost converter with voltage source 
inverter (VSI). ZSI outperforms BC+VSI in terms of 
downsides. A solar PV source is linked to an interactively 
three-phase SAPF in [11] through some kind of ZSI. 

The proposed resolution aims to reduce the total 
harmonic distortion (THD) of the source current [12]. In a 
solar system that is linked to the grid, the harmonics 
caused by non-linear loads cannot be efficiently 
compensated by ordinary LC filters. The SAHF is 
presented due to its qualities and abilities for harmonic 
mitigation. The filter control system’s primary focus is on 
producing reference source current, and this paper is used 
to reduce the harmonic currents [13]. 

In [14-18] power systems are using non-linear loads 
more and more frequently. This includes equipment like 
UPSs, inverters, converters, and others of a similar nature. 
These loads result in harmonics, which are quasi and distorted 
currents, in the source current. The P&O method is used to 
track the rated maximum characteristics of the PV module. 
The harmonic injection techniques are investigated and 
analyzed for grid connected system. The OPAL-RT-5600 is 
implemented under many circumstances by multi-variable 
filter associated with synchronous reference frame controller 
to reduce harmonics and to inject active power to the grid.  

Modeling of PV & SAHF with VSI. 
A) PV module. A PV system is made up of solar 

panels that use the photoelectric effect to transform solar 
light directly into electricity. Figure 1,a shows the 
equivalent circuit diagram for a solar cell, where Rs and 
Rsh stand for series and shunt resistance, respectively. The 
properties of I-V and P-V are shown in Fig. 1,b. 
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Fig. 1. a – simplified equivalent circuit diagram of PV cell; 

b – I-V and P-V characteristics of PV cell 
 

According to the Shockley theory, the diode current is: 
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where Is is the transistor saturate current; q is the electron 
charge; V is the voltage; K is the Boltzmann constant; n is 
the ideal factor; T is the cell temperature. 

Since the two boundary elements of a PV module, 
namely Voc and Isc, are found by first reducing V=0 to 
produce Isc and afterwards Voc by setting cell current I=0, 
equation (1) results in: 
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The output of the PV cells changes with solar 
irradiation, hence the MPPT tracking algorithm is 
employed to make sure the PV system is operating as 
efficiently as possible. The formula d(VI)/dt = 0 provides 
the maximum voltage level. Then, 



























 1ln

TKn

qV

q

TK
VV mp

ococ .             (3) 

Cell junction quality can be measured by the form 
factor, which is provided by: 
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The quality is greater the closer the level of form 
factor is near unity. Furthermore, the following factors are 
used to determine the PV module’s efficiency: 
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B) Shunt active harmonic filter. SAPFs injected an 
equal but adverse harmonic compensation current to 
minimize current harmonics. The SAPF acts as a current 
source in this scenario, injecting the phase-shifted by 180° 
harmonic components produced by the loads. As a result, the 
active filter’s impact wipes out harmonic current components 
present in the load current, keeping the source current 
continuous and in phase also with proper phase-to-neutral 
voltage. Any kind of load regarded as a harmonic source can 
be used in accordance with this concept. Additionally, the 
active power filter may correct the load power factor with the 
right control strategy. The active power filter and irregular 
load are viewed as the perfect resistor by the power 
distribution network in this way. Figure 2 displays the 
SAPF’s compensating characteristic features. 
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Fig. 2. Shunt active harmonic filter 

 

A reference current is initially produced by the 
SAHF employing a PI controller. The advantage of this 
technique is that it eliminates the need for synchronizing 
with the phase voltage. The hysteresis controller design 
the switching pulse through pulse width modulation 
(PWM) from the reference current as well as the current 
needed to configure the DC link capacitor. 
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The voltage of the immediate supply is: 
   tVtV SMS sin .                           (6) 

At PCC, nodal analysis provides the source current: 
     tItItI HLs  .                           (7) 

then IL(t) is indicated as: 
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The harmonics element is the second terminology used 
here. The load current and supply voltage may be used to 
compute the instantaneous value of the load demand. 

Calculating the total power demand is as follows: 
     tVtItP SLL  .                           (9) 

As from load power, the true power may be 
calculated as follows: 
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Following compensating, the source current would be: 
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where ISM is the maximum source current magnitude. 
C) SAHF with VSI. The SAHF system, which is 

coupled in a parallel arrangement with a non linear load, is 
powered by a PV array system that is implemented with a 
P&O MPPT controller, as shown in Fig. 3.  
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Fig. 3. SAHF with VSI 

 

PWM-VSI controller is used to construct the SAHF. 
The switching pulse for VSI is produced using an adaptable 
hysteresis regulator. The reference current is extracted by the 
PI controller. To create switching pulses, the reference 
current that was extracted is then compared to the supply 
current. The source current's components are introduced by 
the nonlinear load. In order to diminish the harmonics 
present in the source current and make it sinusoidal and in 
phase with the input signal, the SAHF creates compensatory 
current that is the same size as the source current but also 
with a 180° phase shift. Sensing the baseline current taken 
from the power supply generates the compensatory current. 

Proposed topology. 
A) SAHF with impedance source inverter. 

In Fig. 4 by combining PV-based SAHF plus ZSI, the 
recommended method addresses issues with power quality. 
Researchers enhanced power quality in the prior method using 
PV-based SAHF with VSI. In this method, the maximum 

power is tracked by the P&O algorithm utilizing the MPPT 
methodology, a boost converter, a VSI, and other devices. The 
ZSI, SAHF, PV array, and other important building blocks are 
included in the recommended approach. We can reduce 
expenses, boost response rates, and just do deal with two-stage 
conversion thanks to this novel technique. Only one difference 
between the operation and the existing technique is the 
substitution of ZSI for BC+VSI.  
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Fig. 4. SAHF with ZSI 

 

Figure 5 illustrates the ZSI distinctive impedance 
network, which consists of 2 splitting inductors and 2 X-
shaped capacitors. The three-phase ZSI bridge has nine 
switching states, as opposed to the normal VSI’s eight. 
When the load connections are short circuited either via 
the bottom 3 switching devices or even the top 3 
switching devices, accordingly, the ZSI has 6 original 
states when the DC link voltage is impressing across the 
three-phase loads and 2 zero states. 

 
Fig. 5. Impedance source inverter 

 
 

 

The Z-network is in charge of accelerating and 
monitoring the MPPT. The total power received by the 
inverters from the DC supply will determine the Shoot 
through switching frequency T0/T (P&O technique). The 
MPPT tracking used in the conventional BC+VSI 
topology is the same as this. When combining it with ZSI, 
the switching frequency at MPPT uses the entire amount 
of electricity from the PV panel. 

B) Operating modes. Depending on the inverter 
bridge’s power switches, the ZSI can operate in one of 
three different ways, as seen below.  

Mode 1. Null stator zero state. In this condition, an 
open circuit is analogous to an inverter bridge. Switches 
(S1, S3, S5) or (S2, S4, S6) are in the ON position in this 
condition. 

Mode 2. Active stator non-shoot through state. Six 
states are currently operational. In the ON state are (S1, S3, 
S6), (S3, S5, S2), (S5, S1, S4), (S2, S4, S5), (S4, S6, S1), or 
(S6, S2, S3). As the load is shorted through either the upper 
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or lower 3 switching devices, the inverter bridging is from 
one of 2 zero states. In this state, as illustrated in Fig. 6, the 
bridge can be thought of as an open-circuit (current source 
with really no current flowing.  

 
Fig. 6. Equivalent circuit of ZSI viewed from the DC link 

when the bridge is in an on-shoot through mode 
 

Although there is no current flowing from the DC 
source to the load, the DC source’s voltage may be seen 
between both the inductor as well as the capacitor. 
Switches on the identical leg of the 3 phase inverter are 
activated. It resembles a short circuit. S1 through S6 are in 
the ON position. One of the 7 shoot through (ST) modes is 
being used by the inverter bridge. The bridge is regarded as 
a fault current from the inverter’s DC connection, as shown 
in Fig. 7. In contrast to zero governed by state, the 
capacitor’s DC voltage is increased to the required amount 
depending on the ST duty cycle throughout this mode, not 
across the load as it would be in zero state operation. 

 

 
Fig. 7. Equivalent circuit of ZSI viewed from the DC link 

when the bridge is in a shoot through mode 
 

C) Components design. During in the conventional 
operating mode, the voltage level is visible across the 
capacitor but not the inductor since there is no boost 
involved (only a pure DC current flows through the 
inductors). The inductor’s responsibility is to control the 
current ripple when Z-source mode (in which boost is 
used) is active. A linear rise in inductor current occurs 
during ST, and the voltage across the inductor is much 
like the voltage across the capacitor. The inductor current 
drops linearly in non-ST mode (conventional 8 states), as 
well as the voltage across the inductor seems to be the 
difference between both the input voltage from the PV 
and the voltage across the capacitor.  

The average current through the inductor is: 
I1 = P / PV,                                 (12) 

 

where P is the total power. 
Highest ST occurs when there is the greatest current 

ripple across the inductors. Hence, it is necessary to 
determine the inductors peak-to-peak current ripple. 
According to a few applied in diverse studies, it has been 
discovered that as a general rule, for the majority of ZSI 

instances, roughly 30 % (or 60 % peak to peak) current 
ripples is selected for design. 

Inductor max current: 
IL = IL + 30 %,                                 (13) 

Inductor min current: 
IL = IL – 30 %.                                 (14) 

Capacitor design. The capacitor reduces current 
swell and produces a relatively steady voltage that outputs 
a sinusoidal voltage. According to the mode 3 of Z-source 
operation and IL = IC, the capacitor charges the inductor 
throughout ST. The capacitor values may be roughly 
determined by limiting the capacitor voltage ripple to about 
3 % at peak power, which is often employed in the majority 
of applications in various publications for ZSI: 

Cl VTIC  0 ,                           (15) 

where in T0 denotes the switch primary cycle ST time; IL is 
the calculated average current either through the inductor: 

VC = V  3 %.                              (16) 
Table 1 

Operation modes of ZSI 

Mode / State S1 S2 S3 S4 S5 S6 

ON OFF ON OFF ON OFF
Zero state 

OFF ON OFF ON OFF ON
ON OFF ON OFF OFF ON
OFF ON ON OFF ON OFF
ON OFF OFF ON ON OFF
OFF ON OFF ON ON OFF
ON OFF OFF ON OFF ON

Active state 

OFF ON ON OFF OFF ON
ON ON OFF OFF OFF OFF
OFF OFF ON ON OFF OFFShoot through state
OFF OFF OFF OFF ON ON

 
Simulation results and analysis. 
A) VSI with SAHF. Using the software MATLAB / 

Simulink, the PV-SAHF system has been tested. SAHF, 
which produces compensatory current from reference 
current retrieved from the mains, is powered by the PV 
array. Figures 8,a,b, which depict the PV array’s P-V and 
I-V characteristics at 25° and 45 °C cell temperatures, 
respectively and Fig. 8,c shows the VDC of VSI. The 
resulting point on the graph corresponds to the PV array’s 
peak power. At this stage, a P/O MPPT-based controller 
controls the PV array system for optimal efficiency. The 
characteristics show that while the open-circuit lowers as 
the temperature rises, the short-circuit current rises. 

The input mains sources current of VSI with the 
inclusion of a harmonic filter in shunt mode is shown in 
Fig. 9,a. According to Fig. 9,b, the PWM-VSI creates the 
compensatory current to reduce the harmonic currents. 
Harmonics are cancelled by a compensatory current that 
has the same amplitude as harmonic components but a 
180° phase shift. 

Figure 9,c, which depicts the source current 
following SAHF integration, demonstrates how the source 
current changes to a sinusoidal shape after SAHF 
integration, becoming harmonic-free. The shunt SAHF 
system reduces harmonics while enhancing power factor. 
Figure 9,c shows that the source current improves in 
power factor and is harmonic-free when the SAHF system 
is connected to VSI . 
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Fig. 8. a) V-I characteristics of PV array; 

b) P-V characteristics of PV array;   c) VDC of VSI 
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b) Compensating current of VSI with SAHF; 
c) Power factor improvement of the supply mains by VSI with SAHF 

 
From Fig. 10 shows that the THD is reduced to a 

satisfactory level when connecting with the SAHF by VSI at 
fundamental frequency of 50 Hz, THD attained is 7.31 %. 

 
Fig. 10. THD present in source current by VSI with SAHF 

 

B) ZSI with SAHF. MATLAB / Simulink program is 
being used to test the PV-SAHF system. The SAHF is 
powered by the PV array, which creates compensatory 
current using the reference current that was taken from the 
mains. Figures 11,a,b, respectively, demonstrate the P-V and 
I-V characteristics of the PV array at 25° and 45 °C cell 
temperature. The resultant graphed point represents the PV 
array’s peak power point. For the PV array system to run as 
efficiently as possible, a P&O MPPT based controller is used 
at this stage. The characteristics indicate that when 
temperature rises, the short-circuit current increases while the 
open-circuit voltage falls. Figure 11,c shows the VDC of the 
impedance source inverter in accord with all these results. 
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Fig. 11. a) V-I characteristics of PV array; 

b) P-V characteristics of PV array; 
c) VDC of impedance source inverter 

 

In Fig. 12,a the input power supplies source current 
of the VSI is displayed with the harmonic filter included 
in the shunt mode. Impedance source inverter produces 
compensating current to lessen harmonic currents, as seen 
in Fig. 12,b. A compensating current that has a 180° 
phase shift and the same magnitude as the harmonic 
components cancels the harmonics. Following SAHF 
integrations, the source current assumes a sinusoidal form 
and becomes harmonic-free, as seen in Fig. 12,c, which 
displays the source current during SAHF integration. 

The SAHF system reduces harmonics while 
enhancing power factor. Figure 12,c shows that the source 
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current improves in power factor and is harmonic-free 
when the SAHF system is connected to ZSI. 

The SAHF system improves power factor while 
reducing harmonics. When the SAHF system is linked to 
ZSI Fig. 12,c indicates that the source current has an 
improved power factor and therefore is harmonic-free. 
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Fig. 12. a) Source current at supply mains of ZSI with SAHF; 

b) Compensating current of ZSI with SAHF; 
c) Power factor improvement of the supply mains by ZSI with SAHF 

 

Figure 13 shows that the THD is 1.76 % at 6 kHz 

when connecting with the SAHF by ZSI at fundamental 
frequency of 50 Hz. 

 
Fig. 13. THD present in source current by ZSI with SAHF 

 

Table 2 shows the comparison between existing 
topology (VSI with SAHF) and proposed topology (ZSI with 
SAHF) infers the THD is less in the ZSI. 

Table 2 
Comparison of SAHF with VSI and ZSI  

Parameters 
Inductance, 

mH 
Capacitance, 

mF 
no. Topology 

Switching 
frequency, 

kHz 
L1 L2 C1 C2 

%, 
THD

1 VSI with 
SAHF 

5 5 – 0.1 0.012 7.31

2 ZSI with 
SAHF 

5 1.1 1.1 0.5 0.5 1.76

 

Conclusions. 
The primary objectives of the proposed system are to 

utilize renewable energy sources and include the Z-source 
inverter architecture. The extra DC-DC converter makes the 
system more difficult, increases its price, and decreases its 
effectiveness. Instead of combining DC-DC and DC-AC 
converters, the suggested system in this setup is a shunt 
active harmonic filter powered by a photovoltaic source 
using a Z-source inverter. The use of Z-source inverter helps 
to overcome the difficulties that conventional topologies are 
now facing. Analysis of the photovoltaic shunt active 
harmonic filter system with Z-source inverter performance 
under various operating conditions in the MATLAB / 
Simulink environment reveals that the harmonic components 
are substantially below the stated IEEE norm, which is less 
than 5 %. Z-source inverter is employed in applications 
including electric motor drives, photovoltaic power 
production, and fuel cells because to its special ability to 
reduce dead time and boost system effectiveness. 
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