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I. INTRODUCTION:

Renewable energy is generated from natural resources 
which are replenished such as wind, wave, solar, biomass 
and tidal power. The demand for renewable generation has 
grown exponentially in the last few years. This rush of re-
newable generation has been attributed to the increase of 
fossil based energy costs and the push for cleaner sources 
of energy in the country. 

Governments and companies around the world are in-
vesting heavily in developing technologies to harness the 
power of clean renewable energy sources because of their 
potential to produce large quantities of energy without 
generating greenhouse gases which can contribute to cli-
mate change During recent years, due to the increase in 
fossil fuel prices and the environmental problems caused 
by the use of conventional fuels, we are reverting back to 
renewable energy sources. 

Renewable energies are inexhaustible, clean and they can 
be used in a decentralized way (they can be used in the 
same place as they are produced). Also, they have the 
additional advantage of being complimentary, the inte-
gration between them being favorable. The Penetration 
level of distributed generation (DG) units is increasing on 
power distribution networks across the world .

With the increasing concerns on conventional energy cost, 
energy security and greenhouse gas emissions , the ener-
gy industry is experiencing fundamental changes as more 
distributed energy-resource-based distributed generation 
(DG) units are being connected to the grid. In order to 
improve power quality, power industries are concentrat-
ing more on Distributed Generation Systems.

 

Abstract:

In this paper using distributed generation system in resi-
dential areas to improve power quality. To compensate a 
harmonics resonance in residential areas, active and pas-
sive filters are used in distribution network. To improve 
the distribution generation (DG) using photovoltaic in-
terface inverter the harmonics was compensated. The 
increased non-linear loads in today’s typical home are 
a growing concern for utility companies. This situation 
might be worsened by the harmonic resonance introduced 
by the installation of capacitor banks in the distribution 
network. To mitigate the harmonic distortions, passive or 
active filters are typically used. In general increasing uti-
lization of electronic devices in homes is a growing con-
cern for utility companies due to harmonic distortions. 
Besides the degrading power quality, the harmonic cur-
rent flow may interfere with the adjacent telephone lines. 
The harmonics in a residential system is difficult because 
of the dispersed nature of the residential loads.  In this pa-
per, the potential for using photovoltaic (PV) interfacing 
inverters to compensate the residential system harmon-
ics is explored. A system model including the residential 
load and DG is first developed. An in-depth analysis and 
comparison of different compensation schemes based 
on the virtual harmonic damping impedance concept are 
then carried out. The effects of the capacitor banks in the 
system are also studied. The effectiveness of the harmon-
ic compensation strategies under different conditions is 
verified through analysis and simulations.

Index Terms:

Distributed generation (DG), photovoltaic (PV), power 
quality improvement, harmonic compensation, renew-
able energy, residential distribution system.

P.B.Adi Shakthi
PG Student,

Dept of EEE (EPS),
SITS, Kadapa, AP, India.

Seetha Chaithanya
Assistant Professor,
Dept of EEE (EPS),

SITS, Kadapa, AP, India.

G.Venkata Suresh Babu
Associate Professor & HOD, 

Dept of EEE (EPS),
SITS, Kadapa, AP, India.

Power Quality Enhancement in Micro Grids Using Harmonic 
Compensation by PV Interfacing Inverter



             Volume No: 5 (2015), Issue No: 1 (December)                               ISSN No: 2320-3706              Volume No: 5 (2015), Issue No: 1 (December)                               ISSN No: 2320-3706

                      yuva engineers  | DeCeMBer 2015                                                                                        Page  2                       yuva engineers  | DeCeMBer 2015                                                                                        Page  3

 
Fig.1. Residential system with PV installations

Besides the degrading power quality, the harmonic cur-
rent flow is also a concern for the telecommunication in-
dustry as this harmonic current flow may interfere with 
the adjacent telephone lines. Compensating the harmon-
ics in a residential system is difficult because of the dis-
persed nature of the residential loads. Therefore, lump 
compensation at a few locations is not every effective. 
As a result, finding an effective way to compensate the 
dispersed load harmonics and improve the residential dis-
tribution system power quality is an important topic. In 
addition to having increasing concerns about power qual-
ity, the power industry is experiencing a paradigm shift 
as more renewable energy based distributed generation 
(DG) systems are being connected to the power distribu-
tion network. As shown in Fig. 1, these PV systems are 
connected to the grid through DG-grid interfacing invert-
ers, which are used mainly to convert the voltage from the 
energy source to the voltage that can be readily connected 
to the grid, and to transfer the real power to the grid. 

If controlled properly, these DG-grid interfacing convert-
ers are able to provide a number of ancillaries Functions 
such as power factor compensation, voltage support, 
flicker mitigation, system harmonic compensation, and 
unbalance voltage compensation in addition to the pri-
mary function of real power injection. This potential for 
ancillary services can be realized by properly utilizing 
the available apparent power rating from the interfacing 
inverters. Doing so is feasible as most of the time these 
inverters are not running at their maximum power due to 
the intermittent nature of renewable energy (such as PV). 
The concept of system harmonic compensation using grid 
interfacing PV inverter has been reported in the literature. 
However, the system considered in the previous work is 
usually too simple (e.g., the system is often comprised of 
only a few lines and loads) to provide realistic results.

II. SYSTEM MODELING:

In this work, the PV inverters are controlled as virtual 
harmonic impedance at the harmonic frequencies to com-
pensate the residential system harmonics. Therefore, be-
fore the residential system model and harmonic compen-
sation performances are discussed,

To avoid the effects of different current control tech-
niques on the PV inverter, controlled current sources at 
the desired harmonic frequencies are used in the rest of 
this paper to model the PV inverter with virtual imped-
ance control. In this section, the system model including 
the residential house load, distribution systems with PFC 
capacitors, and PV inverters (with virtual harmonic im-
pedance control) is first developed. The developed mod-
els are then used in the rest of the paper for the analysis 
of harmonic distortions and compensation performances 
by using different approaches. Residential PV system lo-
cations are usually not controllable as they depends on 
which residence has the system installed. However, coor-
dinated control of the PV inverters in a system is possible, 
and an optimal compensation strategy should be identified 
to obtain the best harmonic compensation result. The two 
strategies for harmonic compensation using the DG inter-
facing inverters are the end-of-distribution-feeder (or end 
of line) compensation, and distributed compensation. 

In a distribution system with multiple PV systems, the 
end-of line compensation strategy can be implemented 
by assigning harmonic compensation priority to the PV 
inverters connected at the end of the feeder. On the other 
hand, the distributed compensation approach can be im-
plemented by operating all PV inverters in the harmonic 
compensation mode with equal priority. Capacitors are 
often installed in distribution systems for voltage regula-
tion and reactive power compensation. These capacitors 
may cause harmonic resonances and affect the harmon-
ic compensation performance. This section extends the 
analysis in the previous sections to include the effects of 
PFC capacitors. The voltage profile along the distribu-
tion line with a capacitor is influenced by the capacitor 
location and the capacitor’s reactance value. Generally, a 
capacitor connected at the end of a distribution network 
provides the best performance for improving the voltage 
profile along the distribution line by improving the power 
transfer capability, voltage regulation, and power factor. 
However, the most efficient capacitor placement also de-
pends on the load, load power factor, line parameters of 
the distribution network, and reactance value.

III. SIMULATION RESULTS:

Time domain simulations of an 11-node system were also 
conducted by using Matlab/Simulink to verify the above 
analysis using the developed models. In the time domain 
simulations, the home model has harmonics up to the 
13th, so the situation will involve the relatively low fre-
quency range. The harmonic current and voltage content 
throughout the distribution line for different compensa-
tion strategies are shown which show that the low-order 
harmonics are lower throughout the entire distribution 
line for end-of-line compensation.

the virtual impedance control concept is introduced in this 
section. Virtual impedance emulates the effect of physi-
cal impedance, without the need to connect any physi-
cal component to the system. In the DG inverter control, 
the virtual impedance is implemented by modifying the 
voltage or current reference or the PWM signal, through 
digital control of the inverters. Virtual impedance can be 
either at the fundamental frequency or at the harmonic 
frequencies. The fundamental frequency virtual imped-
ance is used mainly to facilitate DG power flow control 
and grid disturbance ride through. The harmonic virtual 
impedance is mainly used for active damping and distri-
bution system harmonic compensation. As this paper is 
focused on the system harmonics compensation using PV 
inverters, the virtual harmonic impedance and its control 
schemes are discussed in the following subsections.

Fig.2. Harmonic damping with R-APF based DG.

The virtual harmonic resistance control, the PV inverters 
work as R-APF. A block diagram of the system harmonic 
damping control is shown in Fig. 2. The PV system in this 
example is a two-stage conversion system, which includes 
a DC-DC converter that steps up the PV output to the DC 
link voltage level with maximum power point tracking 
(MPPT) control, and an inverter that connects the system 
to the grid. The PV system output current reference has 
two components: (i) the fundamental component, which 
is produced from the DC link voltage control and power 
factor control loops (which are not shown in Fig. 2 as 
the focus here is harmonics compensation), and (ii) the 
harmonic components, which are used for harmonic com-
pensation.

The modeling of the distribution system is presented in 
the following section, and the aforementioned PV invert-
er system is then connected to the developed distribution 
system model to investigate the harmonic compensation 
performance.

Fig.3. Current through distribution line

 
Fig.4. current flowing from node 11 to primary side of 

distribution transformer 11

 

Fig.5. Distribution voltages at node 1

It shows the Distribution voltages at node 1 in distri-
bution system by using the PV interfacing inverter and 
shows the improvement of the power quality. It shows 
the Voltage at node 11 in the distribution system using 
PV interfacing inverter and shows the improvement of 
the power quality.

Fig.6. Voltage at node 11

Fig.7. hot wires 1 to neutral voltage of distribution 
transformer 11
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Besides the degrading power quality, the harmonic cur-
rent flow is also a concern for the telecommunication in-
dustry as this harmonic current flow may interfere with 
the adjacent telephone lines. Compensating the harmon-
ics in a residential system is difficult because of the dis-
persed nature of the residential loads. Therefore, lump 
compensation at a few locations is not every effective. 
As a result, finding an effective way to compensate the 
dispersed load harmonics and improve the residential dis-
tribution system power quality is an important topic. In 
addition to having increasing concerns about power qual-
ity, the power industry is experiencing a paradigm shift 
as more renewable energy based distributed generation 
(DG) systems are being connected to the power distribu-
tion network. As shown in Fig. 1, these PV systems are 
connected to the grid through DG-grid interfacing invert-
ers, which are used mainly to convert the voltage from the 
energy source to the voltage that can be readily connected 
to the grid, and to transfer the real power to the grid. 

If controlled properly, these DG-grid interfacing convert-
ers are able to provide a number of ancillaries Functions 
such as power factor compensation, voltage support, 
flicker mitigation, system harmonic compensation, and 
unbalance voltage compensation in addition to the pri-
mary function of real power injection. This potential for 
ancillary services can be realized by properly utilizing 
the available apparent power rating from the interfacing 
inverters. Doing so is feasible as most of the time these 
inverters are not running at their maximum power due to 
the intermittent nature of renewable energy (such as PV). 
The concept of system harmonic compensation using grid 
interfacing PV inverter has been reported in the literature. 
However, the system considered in the previous work is 
usually too simple (e.g., the system is often comprised of 
only a few lines and loads) to provide realistic results.

II. SYSTEM MODELING:

In this work, the PV inverters are controlled as virtual 
harmonic impedance at the harmonic frequencies to com-
pensate the residential system harmonics. Therefore, be-
fore the residential system model and harmonic compen-
sation performances are discussed,

To avoid the effects of different current control tech-
niques on the PV inverter, controlled current sources at 
the desired harmonic frequencies are used in the rest of 
this paper to model the PV inverter with virtual imped-
ance control. In this section, the system model including 
the residential house load, distribution systems with PFC 
capacitors, and PV inverters (with virtual harmonic im-
pedance control) is first developed. The developed mod-
els are then used in the rest of the paper for the analysis 
of harmonic distortions and compensation performances 
by using different approaches. Residential PV system lo-
cations are usually not controllable as they depends on 
which residence has the system installed. However, coor-
dinated control of the PV inverters in a system is possible, 
and an optimal compensation strategy should be identified 
to obtain the best harmonic compensation result. The two 
strategies for harmonic compensation using the DG inter-
facing inverters are the end-of-distribution-feeder (or end 
of line) compensation, and distributed compensation. 

In a distribution system with multiple PV systems, the 
end-of line compensation strategy can be implemented 
by assigning harmonic compensation priority to the PV 
inverters connected at the end of the feeder. On the other 
hand, the distributed compensation approach can be im-
plemented by operating all PV inverters in the harmonic 
compensation mode with equal priority. Capacitors are 
often installed in distribution systems for voltage regula-
tion and reactive power compensation. These capacitors 
may cause harmonic resonances and affect the harmon-
ic compensation performance. This section extends the 
analysis in the previous sections to include the effects of 
PFC capacitors. The voltage profile along the distribu-
tion line with a capacitor is influenced by the capacitor 
location and the capacitor’s reactance value. Generally, a 
capacitor connected at the end of a distribution network 
provides the best performance for improving the voltage 
profile along the distribution line by improving the power 
transfer capability, voltage regulation, and power factor. 
However, the most efficient capacitor placement also de-
pends on the load, load power factor, line parameters of 
the distribution network, and reactance value.

III. SIMULATION RESULTS:

Time domain simulations of an 11-node system were also 
conducted by using Matlab/Simulink to verify the above 
analysis using the developed models. In the time domain 
simulations, the home model has harmonics up to the 
13th, so the situation will involve the relatively low fre-
quency range. The harmonic current and voltage content 
throughout the distribution line for different compensa-
tion strategies are shown which show that the low-order 
harmonics are lower throughout the entire distribution 
line for end-of-line compensation.

the virtual impedance control concept is introduced in this 
section. Virtual impedance emulates the effect of physi-
cal impedance, without the need to connect any physi-
cal component to the system. In the DG inverter control, 
the virtual impedance is implemented by modifying the 
voltage or current reference or the PWM signal, through 
digital control of the inverters. Virtual impedance can be 
either at the fundamental frequency or at the harmonic 
frequencies. The fundamental frequency virtual imped-
ance is used mainly to facilitate DG power flow control 
and grid disturbance ride through. The harmonic virtual 
impedance is mainly used for active damping and distri-
bution system harmonic compensation. As this paper is 
focused on the system harmonics compensation using PV 
inverters, the virtual harmonic impedance and its control 
schemes are discussed in the following subsections.

Fig.2. Harmonic damping with R-APF based DG.

The virtual harmonic resistance control, the PV inverters 
work as R-APF. A block diagram of the system harmonic 
damping control is shown in Fig. 2. The PV system in this 
example is a two-stage conversion system, which includes 
a DC-DC converter that steps up the PV output to the DC 
link voltage level with maximum power point tracking 
(MPPT) control, and an inverter that connects the system 
to the grid. The PV system output current reference has 
two components: (i) the fundamental component, which 
is produced from the DC link voltage control and power 
factor control loops (which are not shown in Fig. 2 as 
the focus here is harmonics compensation), and (ii) the 
harmonic components, which are used for harmonic com-
pensation.

The modeling of the distribution system is presented in 
the following section, and the aforementioned PV invert-
er system is then connected to the developed distribution 
system model to investigate the harmonic compensation 
performance.

Fig.3. Current through distribution line

 
Fig.4. current flowing from node 11 to primary side of 

distribution transformer 11

 

Fig.5. Distribution voltages at node 1

It shows the Distribution voltages at node 1 in distri-
bution system by using the PV interfacing inverter and 
shows the improvement of the power quality. It shows 
the Voltage at node 11 in the distribution system using 
PV interfacing inverter and shows the improvement of 
the power quality.

Fig.6. Voltage at node 11

Fig.7. hot wires 1 to neutral voltage of distribution 
transformer 11
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It shows the hot wires 1 to neutral voltage of distribution 
transformer 11 in the distribution generation system us-
ing the PV interfacing inverter and also shows the reduc-
tion of the harmonics. It shows the hot wires 1 to neutral 
voltage of distribution transformer 11 in the distribution 
system by using the PV interfacing inverter and shows 
the reduction of the harmonics.

 
Fig.8. hot wire 1 to hot wire 2 voltage of distribution 

transformer 11

 
Fig.9. current flowing through hot wire 1 of distribu-

tion transformer 11
The current flowing through hot wire 1 of distribution 
transformer 11 in the distribution system by using the PV 
interfacing inverter and shows the harmonic compensa-
tion with the increasing of the power quality. It shows the 
distribution generation system harmonic current at 11th 
node in the distribution system using the PV interfacing 
inverter and shows the improvement of the power qual-
ity.

Fig.10. DG harmonic current at 11th node

Capacitors are often installed in distribution systems for 
voltage regulation and reactive power compensation. 
These capacitors may cause harmonic resonances and 
affect the harmonic compensation performance. This 
section extends the analysis in the previous sections to 
include the effects of PFC capacitors. It shows the Cur-
rent through distribution line in the distribution genera-
tion system using the PFC capacitor and it is shows the 
less power quality improvement than the PV interfacing 
inverter.

of different harmonic compensation schemes were con-
ducted to provide a guide for determining whether distrib-
uted compensation or end-of-line compensation should be 
used. After such a determination has been made, proper 
priorities can be assigned to the inverters in the distribu-
tion system for optimal compensation performance. Spe-
cifically, the analysis and simulation results showed that 
the end-of-line compensation provided better damping 
for low order harmonics, whereas distributed compensa-
tion provided better damping for high-order harmonics 
if the equal equivalent rating of the DG was maintained. 
In the system without PFC capacitors, this crossover fre-
quency was quite high, and end-of line compensation 
performed better. However, the presence of capacitor in 
the system could significantly reduce this crossover fre-
quency to around the 7th order harmonic, so the decision 
about which compensation strategy to use must be made 
according to the system load characteristics. Moreover, 
the effects of capacitor sizes, line impedance, and length 
on the crossover frequency were also analyzed in this pa-
per. With the information about a distribution system, the 
crossover frequency between the two compensation strat-
egies can be determined by using the model developed 
in this work, and proper priority can be assigned to the 
PV inverters at different locations. In our future work, 
we will consider a supervisory control system of the DGs 
with communication in order to control the participation 
from each PV inverter automatically according to the 
identified priority. Also, to provide an accurate effective-
ness analysis of the harmonics compensation by using 
PV inverters throughout the day/season/year, the use of 
a statistical home model of a residential system and solar 
irradiance historic data could also be considered.
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transformer 11 in the distribution generation system us-
ing the PV interfacing inverter and also shows the reduc-
tion of the harmonics. It shows the hot wires 1 to neutral 
voltage of distribution transformer 11 in the distribution 
system by using the PV interfacing inverter and shows 
the reduction of the harmonics.

 
Fig.8. hot wire 1 to hot wire 2 voltage of distribution 

transformer 11

 
Fig.9. current flowing through hot wire 1 of distribu-

tion transformer 11
The current flowing through hot wire 1 of distribution 
transformer 11 in the distribution system by using the PV 
interfacing inverter and shows the harmonic compensa-
tion with the increasing of the power quality. It shows the 
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inverter and shows the improvement of the power qual-
ity.

Fig.10. DG harmonic current at 11th node
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ducted to provide a guide for determining whether distrib-
uted compensation or end-of-line compensation should be 
used. After such a determination has been made, proper 
priorities can be assigned to the inverters in the distribu-
tion system for optimal compensation performance. Spe-
cifically, the analysis and simulation results showed that 
the end-of-line compensation provided better damping 
for low order harmonics, whereas distributed compensa-
tion provided better damping for high-order harmonics 
if the equal equivalent rating of the DG was maintained. 
In the system without PFC capacitors, this crossover fre-
quency was quite high, and end-of line compensation 
performed better. However, the presence of capacitor in 
the system could significantly reduce this crossover fre-
quency to around the 7th order harmonic, so the decision 
about which compensation strategy to use must be made 
according to the system load characteristics. Moreover, 
the effects of capacitor sizes, line impedance, and length 
on the crossover frequency were also analyzed in this pa-
per. With the information about a distribution system, the 
crossover frequency between the two compensation strat-
egies can be determined by using the model developed 
in this work, and proper priority can be assigned to the 
PV inverters at different locations. In our future work, 
we will consider a supervisory control system of the DGs 
with communication in order to control the participation 
from each PV inverter automatically according to the 
identified priority. Also, to provide an accurate effective-
ness analysis of the harmonics compensation by using 
PV inverters throughout the day/season/year, the use of 
a statistical home model of a residential system and solar 
irradiance historic data could also be considered.
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