’,/ International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395 -0056

JET Volume: 03 Issue: 09 | Sep-2016

www.irjet.net

p-ISSN: 2395-0072

Harmonic Analysis of Fuel Cell System Connected to Grid and Harmonic

Elimination by using Passive Filter

Satbir Singh, Neha Sharma, Kuldeep Singh Beddi

1#1M.tech (EE), 3Assistant Professor, Kuldeep Singh Bedi,
2Department of Electrical Engineering, GGSCMT Kharar, PTU, Punjab, India

3 Assistant Professor, Departments of EEE, UIET, Punjab University India

Abstract - This paper deals with the modelling, analysis and
control scheme of grid connected fuel cell system with single
stage DC-AC link. The output of the Fuel Cell system is
connected to the DC side of the Voltage Source Inverter (VSI)
for interfacing to the utility Grid. Fuel cell system supply active
power as well as reactive power compensation to utility grid
having local load. The behaviour of a fuel cell by varying DC
link voltage which makes change in the output of the active
power has been investigated. Analysis for THD due to variation
in DC link power of grid connected fuel cell system has been
carried out. Behavior of passive filter to eliminate the
harmonic generated by fuel cell is also studied in this work.
Passive filter may lead to power losses, which will be overcome
by using optimal value of R, L, and C. Variable active/reactive
power flow can be made as per requirement of the local load.
The entire system is modelled in MATLAB/Simulink
environment and various simulation results are presented for
the proposed grid connected fuel cell system.
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1. Introduction

According to the rate of the increasing population
our requirement of everything is also increased. To
meet the basic necessities the large number of
sources is required to fulfill our all needs. The
resources of energy are not much sufficient
according to our increasing requirement day by
day. Now a day we require large amount of
resources by which we can generate desired
energy to fulfill the present and future needs. There
is various way of generating energy; it may be by taking
help of renewable source of energy or by the help of
nonrenewable source of energy. So we required more

and more types of renewable sources by which, we can
generate energy with more efficiency and more
economically, clean and pollution free.

Now a day we use various types of source of energy such
as solar energy, nuclear energy, hydropower energy, and
geothermal energy. According to our present
requirement we suggest to utilize the fuel cell in the
form of energy generation. It will give better generation
of energy among all others various resources [5, 11].
This form of energy is highly efficient, economical, and
flexible and pollution free.

Fuel cell is device which is used for the conversion of
chemical energy into electrical energy with the help of
electrochemical reaction. There are various types of fuel
cell such as Aqueous Alkaline fuel cell (AAFC),
Phosphoric acid fuel cell (PAFC), Molten carbonate fuel
cell (MCFC), and Solid oxide fuel cell (SOFC), Proton
exchange membrane fuel cell (PEMFC) .From all kind of
fuel cell the PEMFC is mostly used for the large
generation of the power supply [6]. [t has various merits
due to which it is used, it has high energy density due
which it have low working temperature, have high
efficiency and it has simple structure.

2. Modeling of Fuel Cell

Fuel Cell parameters in the following equation,
through which output voltage model simulated, are;

T

Vee = E, . -7 act-"ohmic - Yog

E, .= Reversible voltage
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",«=Voltage loss due to activation polarization

" onmic =Voltage drop due to Ohmic polarization.
1= Drop produced by concentration polarization.

Modeling PEMFC obtains by using the following

equation:

23RT_  Ifc Rint Irc
Vre = Erew - onr 11 [E] - Rine-Irc -]
Parameters

R= Gas constant

F =Faraday’s constant

T=Stack t

emperature

y = Transfer coefficient

N = Number of electrons

I¢ .= Fuel

cell current

R;,..=Total sum of all resistances

I, = Exchange current

I¢ = Fuel Cell limiting current
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Fig. 1.1(b) Stack Power v/s Current

(a) Stack Voltage v/s Current

The above graphs in figure 1.1(a) and (b) shows the
variation of stack voltage and stack power with respect
to currentrespectively and the figure1.2 represents the
graph of changing the voltage of fuel cell with respect
to time. As in figure at the starting the wattage is very
high and our time goes increasing and the rating is
getting decreasing. We can calculate the nominal and
maximum operating point by this polarization curve.
This curve divided into following three Region
activation region, ohmic region and Mass transport
region
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Fig.1.2 Polarization Curve of Fuel Cell

3. Power Conservation System of Fuel Cell
The figure 1.3 shows the block diagram of complete

power conversion scheme. This system consists of fuel
cell connected to inventor, then to local load and
further to the grid. In this scheme 3 Phase -3 levels VSI
inverter [13, 14] is used with LC filter to reduce
harmonics. Rating of fuel cell is nearby local load
demand and also reactive power compensation is
provided as per local load demands [5, 11]. Control
scheme abc to dqo, dqo to abc conversion scheme, P- 1
controllers and SPWM technologies has been used[7].
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Fig.1.3 Block Diagram of Complete Power Conversion
System of Fuel Cell
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4. Control Scheme

The complete control scheme consists of different PI
controller to control the dc link voltage& active power
and reactive power flow. To control dc link voltage
reference value of dc link voltage are predefined for a
particular output power requirement [1, 2]. Reference
and actual value of dc link voltage are compared and
given to dc voltage regulator(PI controller) which is
further to current regulator(PI controller).To control
active power reference value of I4 and actual value of I4
are compare and similarly I reference value is compare
with Iq actual given to current regulation. The figure 1.4
shows the flow diagram of complete control schemes as;

Measured linv
Vinv and Vde
2nd Order low pass filter ‘
L'

v

Discrete 3 phase | inv Transformation to ld and Ig
PLLP(PI) (abe > dgo )
Variable DC referance
- 1
voltage Vde
Veasured Load DC Regulator error-
and Vload |— Discrete i

of
3-phase
Measured Vg | JPPLiPI)
andLg

linvtransformation
told andlg

g Ref | v
I'd _ReflqRef v ldlg
Two DC regulator- Pl =
va l Vo

Modulation index,
ma= 4/ (Vdz Vgz )

Tothree phase IGBT
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Fig. 1.4 Algorithm of Control Scheme of Grid
Connected Fuel Cell System.

4.2 Power Circuit Parameters and their Analysis

Table 1.1 Various Power Circuit Parameters

F grid V dc C dc Vv grid Vinv
50Hz | Variable 1500 | 440V | 440
\%

Table1.2 Control System Parameters

Parameter Kp Ki

DC Voltage control(volts) 0.2 0.6

Current control(A) 10 10

The Active power flow depends upon the power angle
between invertor voltage and grid voltage.Reactive power
flow depends upon the voltage magnitude[1,2] .The reactive
power generation is obtained with grid connected convertor
due to which the impact of absence of active power and
convertor losses get controled and obtain regulated DC
voltage.When active power is not present than DC link
capacitor get charged and by inserting required reactive
power to voltage level get maintained.(power quality
improvement.09)[9]

Vinp?

Vinw
P= Tfﬂsﬁ — VTP_;,COS (LI J—— (1)
— Vinw .
Q= z? Sing — % V;Sin (8-B.@)  -emmeoeeeee (2)

For unity power factor operation at, = 0, assuming R is very
small for

P ]

P= Vi? Vzsin &

Q= ¥y, V_Coso)
= inw — 'g ,

Convertor current,

25 pZenz

'Fz'?w= %:4-@3 """""""""" (3)
From equation no 3 we can analysis this thing that value of
real power is dependent on the value of §, and the value of
reactive power is dependent on the Value of Vinv .This
shows that both positive and negative real power plays a
role to supply active power to grid system and drawing
power from the grid system respectively.

The below fig no.13 shows us the power output of the
fuel cell. In this we can see the output graph of fuel cell active
power, graph of active power of load and graph of grid active
power.
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Figure 1.5 shows the Behavior of Reactive Power (P)
with Time per Sec
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Figure 1.6 shows the Graph of Active Power (Q) with

respect to Time per Sec
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5. RESULTS & ANALYSIS

We have to decide value of L and R for LC filter .In this we
analysis harmonic for different values L&R at different level
of Fuel Cell output power. All results are shown in table
given below:

Case 1 Inductance 1500 Henry and by changing the value of
Resistance

Table 1.3 Power Output and Harmonic by Varying
Resistance and Inductance

Case1(a) R=0.01lohms L=1500mH

DC Voltage 950 | 900 850 800

Power 3.64 | 448 5.111 | 5.612
Output X(
10* Watts)
Harmonic 1.91 | 1.55 1.35 1.21
Fundamental 0.76 | 0.9163 | 1.041 | 1.138
31

harmonics

Case 1(b) R=0.050hms L=2000mH
Power 3.60 | 4.435 5.057 | 5.542
output X(
104 Watts)
Harmonic 1.94 | 1.57 1.36 1.23
Fundamental 0.75 | 0.9085 | 1.03 1.125

76

harmonics

Case 1(c) R=0.50hms L=2500mH
Power 3.292 4.04 | 4567 | 4.968

4

output X(

10* Watts)
Harmonic 2.16 1.81 | 1.62 2.39
Fundamental 0.7081 | 0.83 | 0.935 | 1.014
Harmonics 41 2

Above result show that by increasing the value of resistance
harmonic distortion increased and power output gets
decreased. In order to reduce harmonic distortion the value
of R should be low as described in above results. Here the
value of inductor 1500 Henry. When resistance gets changed
from 0.01 to 0.05 Ohms the output of power decreases. Again
by increasing the value of R from 0.05 to 0.5 the power
output will decrease. And other variation, when the DC
voltage is decreased than the power output get better whose
comparison is shown in Case 1(a), Case (b) and Casel(c).

Case 2 Inductance 2000 Henry and by changing the value of
Resistance

Here by changing the value of inductor 1= 2000, and
then keeping the value of inductor constant and by varying
the value of resistance as same as in our above case 'the
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harmonic get decreased which is shown below and the Table 1.5 Power Output and Harmonic by Varying
output power also get improved by decreasing the dc voltage Resistance and Inductance
Table 1.4 Power Output and Harmonic by Varying Case3(a) R=0.01 L=2500

Resistance and Inductance

DC Voltage 950 900 850 800

Case 2(a) R=0.01lohms L=2000 mH
Power Output | 3.683 | 4.494 | 5.115 | 5.613

DC Voltage 950 900 850 800 X( 10* Watts)
Power output 3.661 4.484 5.113 5.608 Harmonic (%) | 1.81 0.95 0.82 0.75
X( 10* Watts)

Fundamental 0.765 0.9188 | 1.04 1.138
Harmonic (%) 1.46 1.17 1.02 0.92

Case3(b) R=0.05 L=2500

Fundamental 0.7636 0.9168 | 1.04 1.138
harmonics Power Output | 3.628 4.455 5.08 5.568

X( 10* Watts)

Case 2(b) R=0.050hms L=2000mH

Harmonic (%) | 1.27 1.00 0.87 0.80

Power output 3.611 4.438 5.058 5.542
X( 10* Watts) Fundamental 0.7628 1.034 | 1.131
Harmonic (%) | 1.48 1.19 1.04 0.94 Case3(c) R=0.5 L=2500
Fundamental 0.7636 0.9088 | 1.031 1.125 Power Output | 3.219 | 4.041 | 4598 | 4.976
X( 10* Watts)
Harmonics
Harmonic (%) | 1.35 111 1.00 2.14

Case 2(c) R=0.50hms L=2000mH

Fundamental 0.7139 | 0.8341 | 0.935 | 1.015

Power output 3.292 4.042 4563 4.963
X( 10* Watts)

Harmonic (%) 1.64 1.37 1.23 2.12

Fundamental 0.7114 0.8341 | 0.9353 1.014
Harmonics

Case 3 Inductance 2500 Henry and by changing the value of
Resistance

By increasing the value of inductor 1= 2500 H from 2000 H,
and by taking the minimum value of resistance the power
output and harmonic get better.
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By observing all three cases find that by taking the
minimum Value of resistance ( 0.01ohms )and by taking the
maximum value of Inductance (2500Henry) maximum
power output obtained.As same by making same change in
our parameter by taking minimum value of Risistance and
maximum value of inductance our harmonic distortions get
improved. And other variation we can see when we change
the DC voltage, when the DC voltage is decreased than the
power output getincreased as per comparison in Case 1(a),
Casel(b), and Casel( c).

Signal to analyze Available signals
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Fig 1.8 shows the Output of Power and Harmonics, when
R=0.5 and I=1500 H
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Above fig 1.9 shows the Output of Power and Harmonic
when R=0.01 and I=2500H

We concluded that when R=0.5 which is maximum value of
resistance and I= 1500 which is minimum value of
inductance than the harmonic is more which is 1.21%, and
power output is less which is 4.968 W as showed in Case

1(c). By taking minimum value of resistance R=0.01 and
maximum value of inductance 1=2500 than less harmonic
distortion is obtained which is 0.74%, and more power
output (5.289W) which showed in Case 3(a) showed in
below figure 4.3(b)

7.CONCLUSION: This paper represents a simple control
scheme in which output power of fuel cell is varied by
varying dc link voltage. This system can control the active
power as well as reactive power as per demand of the load
.Harmonic analysis has been done for different value of
output power of fuel cell system. To reduce the harmonic
system is analyzed for different value of LC filter parameter
inductor and resistance value of LC filter is varied in such a
manner that harmonic reduces to minimum value. From this
analysis optimum value of R&L is obtain.
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