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Abstract—Electrical power demand is increasing at a relatively
fast rate over the last years. Because of this increasing demand
the power system is becoming very complex. Both electric utilities
and end users of electric power are becoming increasingly
concerned about power quality. This paper presents a new
concept of distributed power flow controller (DPFC), which has
been implemented with a proton exchange membrane (PEM) fuel
cell. In this paper, a PEM fuel cell has been simulated in
Simulink/MATLAB and then has been used in the proposed
DPFC model. The new proposed DPFC model has been tested on
a IEEE 30 bus system.
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1. INTRODUCTION

Power quality improvement is a major concern of the power
industry [1]. To improve power quality, custom power devices
are used [2]. FACTS devices, such as unified power flow
controller (UPFC) and synchronous static compensator
(STATCOM), are used to alleviate the disturbance and improve
the power system quality and reliability [3, 4]. The distributed
power flow controller (DPFC) is a device in the FACTS
family, derived from the UPFC. Compared with the UPFC,
DPFC has the same controlling capability to change all the
parameters within the transmission system. In case of DPFC
the commonly connected DC link between series and shunt
converter is eliminated. Fuel cells are electrochemical devices
that convert chemical energy of a fuel directly to electric
energy, without any moving parts [5, 6]. Compared with the
other fuel celltypes, PEMFC show promising results with
advantages such as low temperature, high power density, fast
response, and zero emission if run with pure hydrogen [7]. In
this paper, the DC source that is used in DPFC has been
replaced by a PEM fuel cell. The performance of the proposed
new model of DPFC is then compared with some existing
conventional DPFC models to check its performance.

II.  PROTON EXCHANGE MEMBRANE FUEL CELL

There are several models of fuel cells available in the
literature. These range from stationary to dynamic models [8-
10]. PEM fuel cell consists of a solid polymerelectrolyte
sandwiched between two electrodes (anode and cathode). In the
electrolyte, only ions canexit and electrons are not allowed to
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pass through. So, the flow of electrons needs a path like
anexternal circuit from the anode to the cathode to produce
electricity because of a potential difference between the anode
and cathode. The overall electrochemical reactions for a PEM
fuel cell fed witha hydrogen-containing anode and an oxygen
containing cathode are:

Anode: 4H* + 4e™ = 2H,
Cathode: 0, + 4H™ + 4e~ = 2H,0
Overall: 2H, + 0, = 2H,0 + electricity + heat

The output stack voltage V is given by the expression
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Where Py, is partial hydrogen pressure, Pq, is partial oxygen
pressure, Pyyo is partial water pressure, Ry, is the internal
resistance, I is the fuel cell current, B and C are constants, F is
the Faraday constant, R gases wuniversal constant.The
SIMULINK block of PEM fuel cell is shown in Figure 1.
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Fig. 1. PEM Fuel cell.

III.  Z SOURCE INVERTER

In the proposed model of DPFC with PEM fuel cell, a Z
Source Inverter (ZSI) has been used. The ZSI has the unique
feature that it can boost/buck the output voltage by introducing
shoot through operation mode, which is forbidden in traditional
voltage source inverters [11]. With this feature, ZSI provides a
cheaper, simpler, buck-boost inversion by single power
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conversion stage, strong EMI immunity and low harmonic
distortion [12]. The model of Z source inverter for fuel cell
application is shown in Figure 2. The DC link voltage of Z
source inverter is shown in Figure 3. The alternate output
voltage of the z source inverter without filter is shown in
Figure 4. The FFT analysis of Z source inverter is shown in
Figure 5. As shown, THD=287.23% and fundamental=36.35.
To compensate this, an LC filter is employed. The filtered
output is shown in Figure 6. As shown, THD is now 0.66%
and fundamental=1056. The FFT analysis of Z source inverter
with filter is shown in Figure 7.
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Fig. 2. Simulink Model of ZSI with PEM fuel cell
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Fig. 3. DC link voltage of ZSI

Veltage (V)

Fig. 4. Alternating Output Voltage on Inverter.

Fig. 5. FFT analysis of Z source Invereter.
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Fig. 6. Filtered Output Voltage of Z Source Inverter.
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Fig. 7. Filtered Output Voltage of Z Source Inverter.

IV. PROPOSED MODELOF DPFC

The block diagram of DPFC is shown in Figure 8. It mamly
consists of five units namely, fundamental frequency model, 3™
harmonic model, series converter model, shunt converter model
and control unit. In the Figure, V; is the sending end voltage, V,
is the receiving end voltage, I; is the first harmonic current, I3
is the third harmonic current, V. is the voltage at fundamental
frequency injected by the series converter, V.5 is the voltage at
third frequency injected by the series converter, Vgyer is the
modulated amplitude of the reference AC signal, generated by
series control unit, Vg, ,r is the modulated amplitude of the
reference AC signal, generated by shunt control unit. Vg,; and
Va3 are the voltage magnitudes of the i harmonic of the shunt
converters [10].

Ve — | freguency

Iy 13 V,—s{ model

l Fundarnental
c
o
n
t
v
o
|

Is

[y shunt
converter

madel

Fig. 8. Dlock diagram of DPFC.

The implementation of the five mentioned above blocks is
presented below. The model of the fundamental frequency
network has been modeled from (2):

V] =[] - [Vse,l] = [Z,] x [I1] (2)
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whereVy, V,, V.1, Z; and I, are the matrices of the three phase
voltages, impedance at first harmonic and current respectively.
The MATLAB/simulink model of the third harmonic network
has been modeled from (3):

[Vsh,3] - [Vse,s] = [Z5] x [I5] 3)

Where Vy,3,Vse3, Z3 and I; are the matrices of three phase
third harmonic voltages, impedance and current respectively

The series converter model has been modeled modeled
from (4).

2=,

Fig. 9.

V. RESULTS

The simulated results for the proposed circuit are shown in
Figures 10-15 whereas the performance of the proposed DPFC
when used in the IEEE 30 bus system is shown in Figures 16 to
19.
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Fig. 10.

DPFC steady state line current

avy, 1
Cse ﬁ = E(Vse_l_d_ref Xlgq+ Vse_l_q_ref X Iq_l) +

1
2 (Vsej,d,ref X Id,3 + Vse,s,q,ref X Iq,s) (4)

The shunt converter model is obtained from (5):

dVgc 3
h _
sh dts - E(Vsh_l_d_ref X lsh_d_1 + Vsh_l_q_ref X Ish_q_l) -

1
E (Vsh_3_d_ref X Ish_d_3 + Vsh_3_q_ref X Ish_q_3) (5)

The complete DPFC model with PEM fuel cell and Z
inverteris shown in Figure 9. The model is then used on a
IEEE 30 bus system.

Proposed DPFC Model
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Fig. 11.

DPFC steady state series converter voltage
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Fig. 12. DPFC steady state bus voltage and current at delta side of the
transformer.
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Fig. 13.

Series converter voltage
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Fig. 14.  Line current

Fig. 15. Active and reactive power injected by series conveter at
fundamental frequency.

Fig. 16.

Load voltage without DPFC

Fig. 17.  Load voltage with DPFC

Fig. 18.  Realand reactive without DPFC

Realand reactive with DPFC

Fig. 19.

VI. CONCLUSION

In this paper, a new model of DPFC with a PEM fuel cell
and a Z source inverter has been presented. The performance of
Z source inverter was tested and then it was used in the DPFC
model with PEM fuel cell. The proposed model was applied to
an IEEE 30 bus system. The performance of the system was
checked with and without the proposed model. The simulations
were performed in MATLAB/Simulink. The result shows that
the proposed DPFC gives an acceptable performance in regard
of power quality improvement. To further improve the model,
the optimal placement of the proposed DPFC model should be
considered.
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