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Abstract -As a result of rising concern of global
warming and the depletion of fossil fuel reserves, many are
looking at sustainable energy solutions to preserve the earth
for the future generations. Environmentally friendly solutions
are becoming more prominent than ever as a result of concern
regarding the state of our deteriorating planet. This paper
presents one of the alternate ways for the power generation,
which is clean and economical for the future generation. The
three sources which are used for power generation are solar,
wind and fuel cell. DC output of photovoltaic panel, rectified
dc output of Wind energy conversion system (WECS) and DC
output of fuel cell is fed to their individual boost converter. It
consists of wind turbines with permanent magnet
synchronous generator (PMSG). The output of boost
converter is feed to the common dc link which is connected to
the 3 phase Sinusoidal pulse width modulation (SPWM)
inverter, which converts its dc input to 3 phase AC output.

Keywords — PV system, WECS, PMSG, FC, SPWM, boost
converter.

I INTRODUCTION

As a result of rising concern of global warming
and the depletion of fossil fuel reserves, many are looking
at sustainable energy solutions to preserve the earth for the
future generations. Environmentally friendly solutions are
becoming more prominent than ever as a result of concern
regarding the state of our deteriorating planet.Now a days
Renewable Energy (RE) systems and technologies are
gaining mass importance in the world. There are various
types of RE technologies. RE generates either DC power or
AC power depending upon the type and natural behaviour.
The present scenario is tempting us to connect more and
more RE systems to Grid. Stand-alone renewable-based
systems are not reliable enough. Hence a hybrid system is
used in this paper and is connected to the grid. The three
sources which are used for power generation are solar,
wind and fuel cell.This is the aim of my thesis.

MPPT techniques automatically find the voltage
or current maximum power point at which a PV array and
wind turbine should operate. Under partial shading
conditions it is possible to have multiple local maximum at
the same points so maximum power point shifts according
to it. In order to harvest the maximum amount of energy
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from the wind, the wind turbine must have a specific
rotation speed to maintain the optimum tip-speed ratio. The
purpose of the MPPT is to maintain the tip-speed ratio of
the wind turbine as close as possible to the optimal tip-
speed ratio.

1. PROPOSED TOPOLOGY

The proposed system consist of three sources: PV,
WECS and FC as shown in fig 1. The output from PV will
vary depending on the two factors like solar irradiance and
temperature. Maximum power from PV is tracked by using
MPPT algorithm and is connected to a boost converter and
then to a DC bus. The wind turbine in WECS is connected
to a permanent magnet synchronous generator (PMSG).
The electrical output from generator is given to a three
phase full wave bridge rectifier. The dc output from
rectifier is boost and then is given to a dc bus.
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Fig. 1: Block diagram of the proposed system.

MPPT is also used in WECS to track maximum power
from wind turbine. The FC used here is a hydrogen fuel
cell, the output is taken to a boost converter and then given
to the dc bus. The dc loads can be connected to this dc bus
else this dc is converter to ac by using a three phase
inverter and is given to ac loads or grid.

www.ijert.org 1073

( This work is licensed under a Creative Commons Attribution 4.0 International License.)



Il MATHEMATICAL MODELING
A. Mathematical Modelling of PV module

The general mathematical model for the solar cell
has beenstudied over the past three decades. The circuit
of thesolar cell model, which consists of a photocurrent,
diode,parallel resistor (leakage current) and a series
resistor; isshown in Fig. 3. According to both the PV cell
circuit shownin Fig.2 and Kirchhoff’s circuit laws, the
photovoltaic currentcan be presented as follows:

o
’PhT u Rsh {’V l Load

Fig.2: single diode PV cell equivalent circuit.

The current source Iph represents the cell
photocurrent. Rsh and Rs are the intrinsic shunt and series
resistances of the cell, respectively. Usually the value of
Rsh is very large and that of Rs is very small, hence they
may be neglected to simplify the analysis.

PV cells are grouped in larger units called PV
modules which are further interconnected in a parallel-
series configuration to form PV arrays.

The photovoltaic panel can be modelled
mathematically as given in equations (1) to (4).

Module photo-current:
Iph = [[sc +K; (Tc - Tref)]G (1)
Module reverse saturation current — Irs:

_ Isc

L, = m@)

N gKAT
The module saturation current |, varies with the cell
temperature, which is given by:

Tc 3 qu(Tc - Tref)
Is= Ins (T_f) exp [( TretTeK A ®)

The current output of PV module is:
Vpy + IpyR
Iy = Npln — Nply [exp (%)] )

In this study, a general PV model is built and
implemented using MATLAB/SIMULINK to verify the
nonlinear output characteristics for the PV module. The
proposed model is implemented, as shown in Fig. 3. In this
model, whereas the inputs are the solar irradiation and cell
temperature, the outputs are the photovoltaic voltage and
current. The PV models parameters are usually extracted
from the manufactures data sheet.
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Fig. 3: Implementation of PV model
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Fig.4: implementation of PV model subsystem

Fig 4 shows the implementation of PV model
using the equations (1) to (4).
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B. Mathematical modelling of WECS
The power captured from the wind turbine is given
bythe equation (5)

Pw = C,pAsV,* (5)

Where Cp is the power coefficient, p is the air
density, which is equal to 1.225 kg/m®, Vw is the wind
speed in m/s and A is the area swept by the rotor in m?.

The volume of aerodynamic torque Twin N-m is
given by the ratio between the power from the wind and the
turbine rotor speed Wwin rad/s, as follows

Tw ="/ ©

Mechanical torque transferred to the generator is
equal to the aerodynamic torque since there is no gearbox.
The power coefficient Cp has its maximum value equal to
0.593 which means that the power extracted from the wind
is at all times less than 59.3% (Betz’s limit), this is because
of the various aerodynamic losses depending on rotor
construction. The common function defining the power
coefficient as a function of the tip speed ratio and the blade
pitch angle is given as

c2 =¢s
Cp(AB) = C1(Z €36 — C4) et +C626 (7)

Since this function depends on the wind turbine
rotor type, the coefficient ci-ce and x can be different for
various turbine designs. The coefficients are equal to:
C;1=0.5, C,=116, C5=0.4, C,4=0, Cs=5, C¢=21 (x is not used
because C,=0). Furthermore the parameter is also defined

as
1 1 0.035
B~ 21+0.089 1-93 C)

Where 9 is the pitch angle and the tip speed ratio A
is defined as
1=222 ©)

Where R is the rotor radius [m], W,,is the angular
velocity of rotor [rad/s] and Vwis wind speed [m/s].

— _Nm _" i W
= [ i

vk

Fig. 5: Wind Turbine model

The model of the wind turbine realised in
Simulink as shown in figure 5.
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Input to the wind turbine is generator speed, wind
speed and pitch angle and output is the torque which is
given to drive the generator. Fig 6 represents the simulation
results of power coefficient wversus tip speed ratio
characteristics for several blade pitch angle, figure 7 plots
the power speed curves for various wind speeds and figure
8 shows the torque speed curves for different wind speed.
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Fig.6: C, vs. Lambda characteristics for various blade pitch angle.
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Fig.7: Power vs. speed curves for different wind speeds
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Fig.9: Implementation of WECS
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C. Mathematical model of Fuel cell

The fuel cell stack block implements a generic model
parameterized to represent most popular types of fuel cell
stacks fed with hydrogen and air.

The block represents two versions of the stack model:
a simplified model and a detailed model.
Simplified Model

The simplified model represents a particular fuel

cell stack operating at nominal conditions of temperature
and pressure. A diode is used to prevent the flow of
negative current into the stack. This model is based on the
equivalent circuit of a fuel cell stack shown in Figure 10.

Internal
Resistance
e

E"O ‘ Ve

)

Fig. 10: Equivalent circuit of Fuel cell stack.

The parameters of the equivalent circuit can be
modified based on the polarization curve obtained from the
manufacturer datasheet. You just have to input in the mask
the value of the voltage at 0 and 1 A, the nominal and the
maximum operating points, for the parameters to be
calculated. A diode is used to prevent the flow of negative
current into the stack. A typical polarization curve consists
of three regions:
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Fig. 11: Ideal and Actual Fuel cell voltage and current curve.

The first region represents the activation voltage
drop due to the slowness of the chemical reactions
takingplace at electrode surfaces. Depending on the
temperature and operating pressure, type of electrode, and
catalyst used, this region is more or less wide. The second
region represents the resistive losses due the internal
resistance of the fuel cell stack. Finally, the third region
represents the mass transport losses resulting from the
change in concentration of reactants as the fuel is used.
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Fig. 12 shows the implementation of fuel cell
using MATLAB simulation.
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Fig. 11: Implementation of Fuel Cell subsystem.

D. Modelling of hybrid system.

Fig. 12: Modelling of complete hybrid system.

In simulated hybrid system the boost output of
PV, WECS and Fuel cell is connected to a DC bus. The DC
loads are connected to the DC bus and this DC voltage is
converted to AC by using an inverter and given to AC load
or to a grid.

IV.  SIMULATION RESULT

The block diagram of the integrated
photovoltaic/wind  turbine system, and the power
controllers are shown in Fig. 12. The major inputs for the
proposed PV model were solar irradiation, PV panel
temperature and PV  manufacturing data sheet
information’s.
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The I-V and P-V output characteristics for the PV
model are shown in Fig.13. The output power and current
of PV module depend on the solar irradiance and
temperature, and cell’s terminal operating voltage as well.
It was found from Fig. 13(a) and 13(b) that with increased
solar irradiance there is an increase in both the maximum
power output and the short circuit current. On the other
hand, we observe from Fig. 13(c) and 13(d) that with an
increase in the cell temperature, the maximum power
output decreases whilst the short circuit current increases
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: : ; : Although the photovoltaic voltage fluctuates due to
Ll B G e e solar radiation variations, the proposed control system of
the solar power plant successfully keeps the load voltage
0 m N = m stable at 400V. The output voltage of the dc/dc converter is
Valtage (V) depicted in Fig.15. The output voltage of the PV panel is
depicted in Fig.16. The objective of the P&O algorithm is
¢ to adjust the dc/dc control variable (Iref), so that the PV
array operates at the maximum power point (MPP). And
that done, by periodically incrementing or decrementing
the PV array operating current (Ipv = Iref).
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Fig. 15: Output voltage of DC/DC converter.

Fig. 16: output from PV panel

In this study, the stator winding is connected to the
grid and the rotor is driven by the wind turbine. The power
captured by the wind turbine is converted into electrical
power by the induction generator and is transmitted to the
grid by the stator winding. The output ac voltage from the
generator is shown in fig.17.

From Fig. 18, we observe that although the available
power from the wind generator fluctuates due to wind
speed variations, by using the MPPT technique maximum
power is tracked and by using a bridge rectifier
successfully maintains the output voltage of the WTIG at
400V.

Since the voltage of the two dc buses is kept at 400V, dc/ac
inverters are used to deliver the required power to the load
side.

Fig. 17: The output ac voltage from generator
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Fig. 18: Output from boost converter

Fig. 19 shows the DC bus voltage of the hybrid
system. The DC bus voltage as we can see bus voltage is
400V. The DC loads are connected to this bus and to
connect this to AC loads or grid the DC voltage is
converted to AC by using an inverter.

Fig. 19: DC bus voltage

Fig. 20 shows the output voltage of Fuel cell. The
output voltage of fuel cell is around 65V.

Fig. 20: output voltage of Fuel cell.

The output voltage (Vabc) and current(labc) of the
hybrid system is shown in fig. 20. As we can see the output
voltage is 800V and current is 2.6A.
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8.
9.
10.
Fig.20: Vabc and labc of hybrid system.
V. CONCLUSION
11.

In this paper, a novel PV, WT and FC hybrid power system

is designed and modelled for smart grid applications. The

developed algorithm comprises system components and an

appropriate power flow controller. The model has been

implemented using the MATLAB/SIMULINK software 12

package, and designed with a dialog box like those used in '

the SIMULINK block libraries. The available power from

the PV system is highly dependent on solar radiation. To

overcome this deficiency of the PV system, the PV module 13.

was integrated with the wind turbine system. The dynamic

behaviour of the proposed model is examined under

different operating conditions. The developed system and

its control strategy exhibit excellent performance for the 14

simulation of a complete day. '
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