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Abstract. In the forthcoming gap, throughout the world storage systems will carry the leading role, the 
reason is of providing energy in distant places. The utilization of storage elements in almost all applications 
are tremendously changed by the researchers. Here, mentioning the theory to increase the quality benefits in 
all corners of power utilization. By summing potential elements such as Unified power Quality conditioner, 
fuel cell to suppress the problems at the consumer points. UPQC is capable to supporting dynamic 
conditions at combined common connection in the system. To achieve the consumer expectations in our 
country, Power Quality is a big subject as there are frequent power variations, outages and frequency. 
Hence, it is required to take crucial steps in the direction of the growth. This hybridization of different 
elements gives the research in the angle of improving several issues, for unbalanced distribution system. 
This paper comes up with a configuration of UPQC that incorporates DC –to-DC converter along with the 
fuel - cell at the DC-link side, the whole setup run under MATLAB environment. 

1 Introduction  
The nonlinear devices are increase in number every day, 
the power quality problems are multiplied by ‘n’ No.of 
times, slowly spoiling of the system and at the same time 
it is very tough for electrical engineers for eliminating 
the power issues [1].  With the continuos usage of power 
electronic converters, harmonics are injecting into the 
system.  The latest equipments that are used in home and 
industries for various commercial applications are prone 
to harmonics and also effected with the poor power 
factor. In our daily life, some of the devices are delicate 
and produce harmonics also create voltage disturbances 
cause low power factor.  This type of  disturbances 
definitely create unwanted results. As a result, there may 
be a chance of network failure or break down of devices 
which spoil the delicate loads.  

UPQC is also an acceptable approach for handling 
linear and non-linear burden on the system.  Series active 
power filter of the same acts as DVR to sort out the 
voltage problems and shunt active power filter acts as 
STATCOM takes care of current distortions, a DC link 
shared by both filters [2-4], [20].  The fuel cell along 
with super capacitor can be used on the DC link for 
smaller durations.  Fuel cells are employed in electric 
vehicles, UPS, hospitals, defence equipments and 
residential purpose [5-6] & [9], because very low 
pollution, less mass, less volume.  The rate of discharge 
is slower in batteries because of mild chemical reactions.  
Super capacitors can be observed in hybrid vehicles, 
buses, trains, elevators.  The recent trend is changed to 
super capacitors, because of faster charge and discharge  

rate. The supercapacitors store less energy, whereas 
batteries normally having frequent maintenance with low 
discharge rate. Because of the merits such as higher 
power density, good efficiency and maintenance free 
etc., super capacitor are used [7-8].   

 
Paper [10] describes the behaviour of a non-linear 

nature of a rectifier with R-C load.  In paper [11-12] 
information is about employment of Bi-directional full 
bridge DC-DC converters in UPQC. As per IEEE 519-
1992 standard accessible limit of source current THD is 
5% in all successful working conditions.   This hybrid 
system is set to reveal the importance of the UPQC, 
DC/DC converter and fuel cell system along with super 
capacitor. To nullify the harmonics in currents, voltages 
and strengthening of power factor value at the point of 
installation and also reduction of THD value. The 
operation of the presented system was simulated in the 
course of MATLAB environment.  This work is 
presented as: Section 2; explains the hybridization of 
fuel cell with super capacitor based UPQC with DC-DC 
converter. Section 3; explains the series and shunt 
converter control method. Section 4; explains about 
analysis of results. Section 5; depicts the conclusion. 
Section 6; give out the appendix. 

2 HYBRID UPQC 
The hybrid UPQC shown in Fig.1.  The active filters are 
using a dc link connected to a fuel cell along with super 
capacitor setting up by a sharing a dc capacitor.  
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The VSI form shunt - filter is perfectly manage 
unwanted signals at input side as well changes on the 
behaviour in the burden of the system. The transformers 
will inject the voltages. Fig.2 presents the electrical 
equivalent models of super capacitor and fuel cell. For 
heavy applications, fuel cells will have some difficulties. 
For heavy sytems manufacturing cost is high, where the 
catalyst is used is expensive as well low power density 
and slow dynamic response [13].  This configuration
combines a fuel cell as the basic energy source and 
another auxiliary element provide fast and extra power
source operated for running the base load during peak 
time.

The generation of electricity from the chemical action. 
The reformer generates hydrogen gas from fuels and 
then provided to the stack. The stack has number of unit 
cells that are fabricated in combinations of series or 
parallel to produce more voltage depends on the 
applications [13] & [15].

Fig. 1. Showing Hybrid UPQC [17].

(a)

(b)

Fig. 2. Equivalent circuits: (a) Super capacitor                  
(b) Fuel cell.

3. Series and Shunt Converters

3.1 Method of controlling - Series Converter

The target of the series- filter is to remove the  
harmonics voltage harmonics [17].  The phase voltages 
are given at point of common coupling which results into 
two unit vectors (sinwt, coswt). 

The source voltages Vsa, Vsb, Vsc are transformed into 

d-q-0 from abc, presented in eq. (3.1).

                           

The components of voltages in direct and quadrature 
axes are given in equation (3.1) and (3.2)

                                                

                                   

              

To retain the DC bus voltage of the series filter, a PI 
controlling mechanism is employed and the reference 
voltage values  V*

d, V*
q are given by,

            

                  
                   

To get the required compensation reactive component of 
voltage, use average RMS voltage and reference voltage 
from the PI controller.  Quadrature values are  stabilsed 
to get the required voltage at the converter of series 
active filter, so that it can be needful to retain the RMS 
voltage at point of interconnection due to RMS voltage 
loss by load reactive power. Similarly Inverse-Park 
transformation is used for getting the reference voltages.

3.2 Shunt Converter

Shunt –active  power filter is used to handle the link-
voltage at the same time maintain the load current under 
reactive, non-linear loads.  

The  I*
d, I*

q values are
                    

                         

The two reference currents (i*
d, i*

q) are used to 
generate the reference load currents, to correct the 
current magnitude at shunt APF.  Here dynamics of 
shunt active filter senses the current values and is 
examined with the reference currents to obtain switching 
pulses. The DC/DC converter is having two full-bridges 
[9], it works in the dual direction. The working voltage
of the fuel cell varies between 60 to 75V, as well to 
maintain the link voltage upto 660V. 
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4. Result Analysis

(a)  Compensation of Voltage Sag and Swells 

A sag in the source voltage is created during 0.3 sec to 
0.38 sec in the system. The source voltage & current,
load voltage & currents, injected voltage and currents  
are presented in the Fig. 3(a).  To retain the load voltage, 
the super capacitor along with fuel cell unit is injecting 
the suitable power through the series compensator and it 
can be observed.

A voltage swell is applied into the system from 0.5sec 
to 0.58sec and the compensating  voltage and the 
instantaneous voltage, load voltage, voltage injected, 
load current, source current , compen-sation current 
clearly shown in shown in Fig. 3(b).

(a)

(b)
Fig. 3. (a) Sag condion (b) Swell condition.

(b) THD Analysis

The analysis of harmonic distortion shown in Fig.4 a) 
Source Current  b) Load-end voltages shows the 
percentage THD values of the system are 1.28% and 
2.02%.
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(a)

(b)

Fig. 4. Shows the % THD values of a) Source - side -current
b) Load-side voltage of a distribution system.

Table 1. Performance of Hybrid UPQC

Control 
Technique

Parameter %THD

Hybrid UPQC

Source Current 
(Amps)

1.28%

Load Voltage 
(Volts)

2.02%

Conclusion
The concept of  hybrid configuration of supercapacitor

additionally fuel cell unit attached to UPQC.  The UPQC 
addresses the current, voltage issues.  For perfect 
running conditions, THD of source current with respect 
to standards of IEEE 519-1992 allowable scale is 5%.  
The THD of the source current is 1.28%, the 
arrangement is simulated under distorted conditions. 
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