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Abstract - Power quality problem deals with multitude of 
individual types of power system disturbances. The presence of 
harmonics in power supply network poses a severe power 
quality problem that results in greater power losses in the 
distribution system, interference problems in communication 
systems and sometimes in operation failures of electronic 
equipment. This paper presents a three -phase UPQC base 
integration of proton exchange membrane fuel cell (PEMFC) . 
Which consists of a series compensator and a shunt 
compensator. Synchronous Reference Frame (SRF) theory is 
implemented for the generation of reference current signals 
for the controller. Matlab/Simulink is used for simulation. 
Simulation results confirms  that the filter topology is capable 
of compensating the harmonics in load current, holding the 
voltage distortion within the stipulated limits as laid down by 
the IEEE 519 standard.  

 
Key Words:  Shunt active power filter, series active power 
filter, voltage harmonics, current harmonics, nonlinear load. 

1.INTRODUCTION  
 
Power-electronics circuits are widely used in industrial 
equipment, such as frequency changers, motor-drive 
systems (AC voltage controller, chopper), etc. Such 
equipment presents nonlinear impedance to the utility, 
generating large harmonic currents and voltages 
withwell-known adverse effects, such as low power 
factor, low efficiency and destruction of other 
equipment. Also, some precision instruments and 
communication equipment will be interfered with the 
EMI.The effects of current harmonic distortion are poor 
utilization of distribution wiring and plant, increased 
power loss, high current flow in the neutral line and 
dangerous cable overheating. Voltage harmonic 
interrupts the proper operation of digital electronics 
mainly communications and process control, which 
needs sinusoidal supply voltage. Harmonic problem 
may result in mal-operation of protection equipment, 
which does not; itself draw harmonic currents from the 
supply. 

 

Unified Power Quality Conditioner (UPQC) is   
a multi-function power conditioner that can be used to 
compensate various voltage disturbance of the power 
supply, to correct voltage fluctuation, and to prevent 
harmonic load current from entering the power 
system. It is a custom power device designed to 
mitigate the disturbances that affect the performance 
of sensitive and/or critical loads. UPQC has shunt and 
series compensation capabilities for (voltage and 
current) harmonics, reactive power, voltage 
disturbances (including sag, swell, flicker etc.), and 
power-flow control .Normally, a UPQC consists of two 
voltage-source inverters with a common dc link 
designed in single-phase, three-phase three-wire, or 
three- phase four-wire configurations. One inverter is 
controlled as a variable voltage source in the series 
compensator(APF or DVR).The other inverter is 
controlled as a variable current source in the shunt 
active power filter (APF). The series compensates for 
voltage supply disturbances (e.g. ,including harmonics, 
imbalances, and negative and zero sequence 
components, sag, swell, and flickers).The shunt APF 
converter compensates for load current distortions 
(e.g., caused by harmonics, imbalances) and reactive 
power, and perform the dc link voltage regulation. 

         Fuel cell is a device that Directly converts the 
chemical energy of fuel to electric Energy. Recent 
advances in the fuel cell technology Significantly 
improved the technical and economical characteristics 
of this technology. Environmental Friendliness, 
practically noise free operation, and very High 
efficiency combined with the forecasted shift to 
Gaseous fuels make fuel cells a very sound competitor 
on The future electricity markets This paper deals with 
the effective exploitation  of the integration of PEMFC 
stack as a energy storage for UPQC for PQ enhancement 
in distribution system. The DVR is used to obtain the 
power from PEMFC stack and to compensate voltage 
sag/swell, current harmonics. 
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2. CONFIGURATION OF THE PROPOSED SYSTEM 
  
     The proposed topology consists of a series and shunt 
active power filter. The active filter connected in series 
to a source acts as a harmonic isolator between the 
source and load whereas the shunt active filter is 
connected in parallel with a load and suppresses the 
harmonic current produced by the load.The PEMFC 
based  UPQC  compensates the voltage flaws  and 
harmonics in the system and it is almost sustained to 
the reference value. The balanced and unbalanced 
voltage sag/swell and controller harmonics are 
mitigated with a closed loop controller 
 

 

 

Fig -1: Combined operation of UPQC and PEMFCs 
 

    The proposed PEMFC based UPQC is analysed with 
the balanced and unbalanced voltage disturbances in 
MATLAB/Simulink 

3. PROTON EXCHANGE MEMBRANE FUEL CELL  
             PEMFC uses a solid polymer electrolyte which 
has an exemplary behaviour in proton absorption an 
electron rejection. At the anode, hydrogen atoms split 
into electrons and positive ions in the presence of 
platinum catalyst . The positive ions travel through the 
membrane and are engrossed to the cathode, while the 
electrons ramble through the external load, generating 
a voltage across the load. Recombination of positive 
and negative ions takes place again with the help of the 
catalyst. The schematic diagram of PEMFC is taken 
from and is shown in fig. 2. The chemical reaction 
entangled in the PEMFC is given by the equ. (1), equ. 
(2) equ. (3). 
 

H2 = 2H+ + 2e-                         (1) 
½ O2 + 2 H+ + 2e- = H2O       (2) 
H2 + ½ O2 = H2O                     (3) 

 
 
 
 
 

The number of fuel cells are combined together to form 
a fuel cell stack. Fig. 2. Schematic diagram of PEMFC 
Due to the chemical reactions involved in the fuel cell, 
charged layers of opposite polarity are formed across 
the periphery of the porous cathode and the 
membrane. These layers are known as electrochemical 
double layer which behaves like a super-capacitor and 
stores electrical energy. 
 

 
 

Fig -2:  PEMFCs 
 

4.1 SRF-BASED CONTROLLER FOR CURRENT 
COMPENSATION  

  In this method the measured load currents are 
transformed into the rotating reference frame (d-q 
frame) that is synchronously rotating at the line 
voltage frequency using (4) and (5).The line frequency 
components of the load currents become DC quantities 
and the harmonic components are frequency shifted by 
ωt  in the d-q reference frame. 

4.1.1 Clark’s Transformation 

It transforms sensed source current signal 
from a-b-c stationary to α-β stationary coordinate 
system by following equation 
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4.1.2 Park’s Transformation 

Now this signal α-β is converted in d-q frame by 
using equation 

 5
cossin

sincos




































I

I

tt

tt

I

I

q

d

 
 

A low pass filter   in the d-q frame, with a cut-off at the 
line frequency can be used to extract the DC 
components as show in fig 

4.2.2 Reverse Park’s Transformation (α-β to d-q) 
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Currents to transform them back to original frame, 
the inverse transformation from d-q to α-β frame, and 
then to a-b-c frame is carried out utilizing (6) and (7). 
4.2.3Reverse Clark’s Transformation (d-q to a-b-c) 
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Reference compensating currents(ica*,icb*,icc*) generated 
using current SRF controller which shown in fig 3 

 

Fig 3 Reference compensating currents generated 
using SRF theory 

 

 

 

4.2  SRF METHOD FOR VOLTAGE SAG SIGNAL 
GENERATION  

In this method the measured voltages are 
transformed into the rotating reference frame (d-q 
frame) that is synchronously rotating at the line 
voltage frequency using (1) and (2).The line frequency 
components of the voltages become DC quantities and 
the harmonic components are frequency. 

By using Clark’s and park’s  the voltage signals 
va,vb,vc are converted to vd,vq (stationary 
quantity)equ(3)and equ(4) . This stationary quantity 
vd,vq is used to calculated volt1age sag signals. This 

voltage equation   .the voltage vdq 

varies with the grid voltages then the voltage sags can 
be detected from value of Vdq . Vdq is filtered by high 
pass filter (HPF) for 2ω or 100-Hz . As shown in figure 
The output of high pass filter is subtracted from vdq. 
.compared to low pass filter by using high pass filter we 
are getting better results mainly in current imbalances . 
The comparator output is a sag signal, which initiates a 
voltage sag compensation process when the voltage sag 
occurs. 

 

Fig 4.Reference compensating sag voltages signal using 
modified method 

5.HYSTERESIS CURRENT CONTROLLER 

    Hysteresis current control method of generating the 
switching signal for the inverter switches in order to 
control the inverter output current . It is adopted in 
active filter due to best among other current control 
methods, easy implementation and quick current 
controllability. It is basically a fed back current control 
method, where the actual current continuously tracks 
the reference current in the hysteresis band(Fig 5). 
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The actual current with in this hysteresis 
band. The reference and actual current or voltage is 
compared with respect to hysteresis band which 
decides switching pulse of voltage source inverter 

 

Figure 5.Hysteresis Controller 

As the current crosses a set hysteresis band, the upper 
switch in the half-bridge is turned off and   the lower 
switch is turned on (Figure 5). As the current exceeds 
the lower band limit, the upper switch is turned on and 
the lower switch is turned off. The switching frequency 
depends on how fast the current changes from upper 
limit to lower limit and vice versa. This, in turn 
depends on voltage vd and load inductance. 

6.SIMULATION RESULTS 

 

Fig 6.1 simulation model without compensator 

 

     Fig 6.2 simulation model with  upqc with PEMFC 

 

Fig 6.3 voltages sag in line without compensator 

Fig 6.4 voltages sag in line with compensator 

 

 Fig6.5 current harmonics in line without  compensator 

 

Figure 6.6 FFT analysis for current wave without 
compensation 

 

Figure 6.7 compensating current   
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Figure 6.8 Current in line with compensator 

 

  Figure 6.9 FFT Analysis for current wave with 
compensator 

 6.1: Results 

 

PARMEMTER 

 

Without 
compensator 

 

With 
compensator 

 

Current 
harmonics 
(THD-I %) 

. 

19.5 

 

3.7 

 

Reactive power 
(KVAR) 

 

1198 

 

581 

 

Power Factor 

 

0.87 

 

0.95 

Table 1 comparison of without compensation and with 
compensation  

7.1 CONCLUSION 

      The proposed PEMFC based UPQC is capable of 
reducing the voltage sag and current harmonics. After 
compensation of current harmonics, the source current 
is Sinusoidal waveform, having THD 3.7%. It 
compensates harmonics present in the power system 

and the percentage of current thd values is reduced 
and reactive power is decreased and power factor is 
improved. 
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