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ABSTRACT:

 Power quality problems have become more complex 
at all level of power system. By using power electron-
ics devices can be effective improve the quality of 
power supplied to the distributed system. The topolo-
gy of UPQC to have a reduced dc-link voltage without 
compromising its compensation capability. This pro-
posed topology also helps to match the dc-link volt-
age requirement of the shunt and series active filters 
of the UPQC. 

The equipment corresponds to the back-to-back con-
nection of a series and a shunt active filter, solar panel 
connected to DC link by boost converter which is able 
to reduce the voltage sag and swell and voltage inter-
ruption, harmonics and reactive power control. The 
average switching frequency of the switches in the 
VSI also reduces; consequently the switching losses in 
the inverters reduce. A simulation study of the pro-
posed topology has been study by using MATLAB/
SIMULINK. 
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I.INTRODUCTION:

Power quality problems have been increasingly caus-
ing concern due to the wide use of nonlinear loads 
such as adjustable speed drives, electric arc weld-
ers, and the switching power supplies in distribution 
systems. Nonlinear loads cause harmonic currents in 
networks and consequently distort the voltage wave-
form at the point of common Coupling (PCC) due to 
system impedances.
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This distorted voltage waveform harmfully affects the 
other loads connected at the PCC. To avoid this prob-
lem and to protect loads from distortions, the har-
monic components of the voltage and current must 
be fully compensated. LC passive filters and shunt ac-
tive power filters (APFs) are regularly used to mitigate 
harmonic currents. 

The power quality is an essential customer focused 
measure and it’s greatly affected by the operation of 
a distribution and transmission network. Nowadays, 
generation of electricity from renewable sources has 
improved very much. Since most renewable energy 
sources are intermittent in nature, it is a challenging 
task to integrate a significant portion of renewable 
energy resources into the power grid infrastructure.

Fig. 1: General structure of grid connected PV sys-
tems

In order to simultaneously deal with harmonic voltage 
and current problems, an advanced solution, i.e., the 
unified power quality conditioner (UPQC) has been 
developed. 

The UPQC is composed of a shunt and a series ac-
tive power filter to ensure that both the load voltage 
and the supply current become sinusoidal, where the 
shunt APF is operated as a controlled current source 
to compensate the harmonic currents produced by 
nonlinear loads.

Simulation and Design of UPQC to Improve Power Quality 
in Micro Grid Applications
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Meanwhile, the series APF acts as a controlled voltage 
source to compensate the harmonics of the supply 
voltage. Various UPQC control schemes have been de-
veloped to mitigate harmonic voltages and currents.  
UPQC is able to compensate current harmonics reac-
tive power, voltage distortions and control load flow 
but cannot compensate voltage interruption because 
of not having sources. 

The interest in renewable energy has been increasing 
rapidly because renewable energy might play an im-
portant role in the future power system. A small dis-
tributed generation (DG) should be interconnected 
with the power system in order to maintain the fre-
quency and voltage. 

In this paper a new structure is proposed for UPQC, for 
reducing the Dc link voltage. In this case, UPQC finds 
the ability of injecting power to sensitive load during 
source voltage interruption. This proposed topology 
also helps to match the dc-link voltage requirement 
of the shunt and series active filters of the UPQC. The 
equipment corresponds to the back-to-back connec-
tion of a series and a shunt active filter, connected 
to DC link by boost converter which is able to reduce 
the voltage sag and swell and voltage interruption, 
harmonics and reactive power control. A simulation 
study of the proposed topology has been study by us-
ing MATLAB/SIMULINK. 

II. Flexible AC Transmission System (FACTS):

The objective of incorporating FACTS is into the power 
system lines are similar to HVDC but greater flexibility 
are involved like improving real power transfer capa-
bility in the lines, prevention of sub- synchronous reso-
nance (SSR)oscillations and damping of power swings 
[9]. FACTS devices have four well- known types which 
are used in many power systems in the world. Single 
type controller is the types of FACTS that installed in 
series or shunt in an AC transmission line, while uni-
fied type controller are the combined converters type 
of FACTS controllers like UPFC and HVDC. The follow-
ing types of FACTS devices are VSC type based con-
trollers:

Shunt controller: 

example device, STATCOM emulates like a variable in-
ductor or can be a capacitor in shunt or parallel con-
nection in the transmission line. This type of device is 
capable of imitating inductive or capacitive reactance 
in turns to regulate line voltage at the point of cou-
pling. Shunt controller in general controls the voltage 
injection.

Fig 2: STATCOM circuit diagram

Series controller: 

example device, SSSC emulates like a variable induc-
tor or a capacitor in series with a transmission line and 
it imitates inductive or capacitive reactance in turn to 
regulate effective line reactance between the two 
ends. Series controller in general controls current in-
jection.

Fig 3: SSSC circuit diagram

Shunt-series controller: 

can be a standalone controller as STATCOM and SSSC. 
This type of controller is a reactive Compensator with 
the exception of producing its own losses. It is also 
recognized as “unified” controller and requires small 
amount of power for DC circuit exchange occurring 
between the shunt and series converters. See Fig.2 
for shunt- series controller.

Fig.4: Block diagram of UPQC controller .
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Fig 5: Generalized Diagram of UPQC system

The UPQC consists of two voltage source inverters 
Connected back to back with each of them sharing a 
common dc link. 

Fig-2 shows the control diagram of UPQC system. One 
inverter work as a variable voltage source is called se-
ries APF, and the other as a variable current source 
in called shunt Active Power Factor.The main aim of 
the series APF is harmonic isolation between load and 
Supply; it has the capability of voltage flicker/ imbal-
ance compensation as well as voltage regulation and 
harmonic compensation at the utility-consumer PCC. 
The shunt APF is used to absorb current harmonics, 
compensate for reactive power and negative-se-
quence current, and regulate the dc link voltage be-
tween both APFs.

The proposed circuit is the combination of STATCOM 
AND SSSC ie., UPQC. The topology of UPQC to have 
a reduced dc-link voltage without compromising its 
compensation capability. This proposed topology also 
helps to match the dc-link voltage requirement of the 
shunt and series active filters of the UPQC. The equip-
ment corresponds to the back-to-back connection of 
a series and a shunt active filter connected to DC link 
which is able to reduce the voltage sag and swell and 
voltage interruption, harmonics and reactive power 
control.

Fig 6: Proposed circuit diagram of an UPQC with DC link.

IV. RESULTS:

Fig 7: Source voltage

Fig 8: Load voltage.

Fig 9: Injected voltage.

Fig 10: Power factor.
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Fig 11: THD for UPQC.

V.CONCLUSION:

In this paper, the results of analyzing operation of 
UPQC is explained. The proposed system is composed 
of series and shunt compensator, which can reduce the 
voltage sag, swell, interruption, reactive power and 
harmonics.In between series and shunt compensator 
one dc link is connected. To the DC link is connected 
with solar panel in proposed circuit.  The topology of 
UPQC to have a reduced dc-link voltage without com-
promising its compensation capability. This proposed 
system’s operation is analyzed using MATLAB soft-
ware and simulation results confirm that the proposed 
system operates correctly. UPQC system can improve 
the power quality at the point of common coupling 
on power distribution systems under unbalanced and 
distorted load conditions. This proposed system’s op-
eration is analyzed using MATLAB software and simu-
lation results confirm that the proposed system oper-
ates correctly.
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