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ABSTRACT: Due to development in renewable energy technologies and continued rise in prices of petroleum
products hybrid renewable energy systems are gaining more importance for supplying the power to meet the today’s
increasing energy demands either as a stand-alone system or as a grid connected system. In this paper a model of grid
connected hybrid system consists of wind and solar (photovoltaic) system is studied and implemented in Simulink. The
proposed system consists of a wind turbine, a PV solar cell array, boost converter, and an inverter to convert DC to AC
of grid frequency. A relative study of hybrid model solar/wind system has been made. This Paper illustrates wind and
solar hybrid system for supplying electricity to the power grid.
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LINTRODUCTION

In the last few years, because of high depletion of conventional energy resources and environment concerns, the
renewable energy resources are becoming more important all over the world. Among different renewable energy
sources, wind and solar energy sources are most promising. Since the oil crisis of the early 1970s, the utilization of
solar and wind power has become increasingly noteworthy, popular and cost-effective. But the main disadvantage of
solar and wind energy system is that it depends on seasonal variation and it is unpredictable in nature. As both wind
and solar energy sources are not consistent and non-stable in nature. A hybrid system of wind and PV power sources
provides a stable form of power generation. Hybrid energy systems are cost effective energy solutions with high
reliability and power quality. Individual photovoltaic (PV) or wind energy system, do not generate utilizable energy for
a large portion of time during the year. This is because of dependency on variable sunshine hours in PV system and on
relatively high cut-in wind speeds. In this paper individual modeling of PV and wind energy system is done and studied
in Matlab/Simulink software. A Hybrid model of PV and Wind system is also implemented and studied.

I.MATHEMATICAL MODELING OF SOLAR PV CELL

Solar (PV) systems capture the sunlight and directly convert it into electricity. Photovoltaic (PV) cell is the basic
element of a PV system. A photovoltaic cell is a semiconductor diode whose p-n junction is open to the light. When
sunlight strikes the solar cell junction, free electrons and holes are generated and a current is delivered to the load when
it is short circuited. A grouping of PV cells forms a solar panel. To obtain large output voltage solar panels are formed
by connecting PV cells in series and to achieve large output current cells are connected in parallel. Fig.1 shows the

equivalent circuit of a PV cell.
practical PV device

Fig. 1 Equivalent circuit of a PV cell

The basic equation that describes the 1-V characteristics of the PV cell is given as:
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Where |, cen = incident light current (which is directly proportional to the sun radiation),

Id = Shockley diode equation

lo, cenl = reverse saturation or leakage current of the diode

q = electron charge (1.60217646 * 10™°C)

k = Boltzmann constant (1.3806503 * 10 J/K)

T = temperature of the p-n junction

a = diode ideality constant
The equation (1) of PV cell does not show the I-V characteristics of a practical PV array. To observe PV array
characteristics inclusion of some additional parameters to the equation (1) is necessary. Hence the equation is

represented as:
V+Rs | V+Rsl
|=|pv—|o[exp(+—sj—1} BRALP)
Wt a Rp

In this equation V. is the thermal voltage and R, & R, are the equivalent series and parallel resistances. Equation (2)
describes the single diode model shown in Fig.1.

The incident light current of PV cell depends on solar irradiation and is greatly affected by the temperature can be
expressed as:

Ipv =(1pv,n + KIAI )g (3)

Where I, , = incident light current at nominal conditions (25° C and 1000W/m?)
AT =T - T, (difference between actual and nominal temp)
G and G, is the actual and nominal irradiation respectively

The reverse saturation current lo also affects by temperature which is represented as:

3
T GEg( 1 1
lo=lo — | exp —| ——— 4
T ak (T, T
Where E4 = band gap energy of the semiconductor
I n= NOminal saturation current
Table 1 shows the electrical parameters that are considered for designing the PV array with ambient temperature (T smp)

of 28°C and solar insolation of 900w/m?.
Table.1 Electrical parameters for PV array

S. No. Parameters Values
1. Voltage at Maximum power | 75.4V
2. Current at Maximum power | 2.93 A
3. Open circuit voltage 96.8 V
4. Short circuit current 3.02A
5. Reference Temperature 60°C

111.STEP BY STEP SIMULINK MODELING OF SOLAR PV MODULE

PV cell converts the solar radiation directly into electricity with both I-V and P-V output characteristics. Based on the
above mathematical equations simulink modeling of PV module is done in following steps:

A. STEP I

A subsystem is shown in fig. 2. This model calculates the short circuit current (Isc) with inputs of Solar
Insolation/irradiance (S) = 900w/m? Ambient temperature (T.m) = 28°C, short circuit current (Isc) = 3.02A, and
reference temperature (T,e) = 60°C.
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Fig. 2 Subsystem to calculate Isc

The below figure shows the circuit of the above subsystem.

Fig. 3 Circuit of subsystem to calculate Isc
B. STEP II

A subsystem is shown in fig. 4.This model calculates the open circuit voltage (Ve ) with inputs of S = 900w/m?,
Tamp=28°C, Vo, = 2.93A, Ty = 60°C.
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Fig. 4 Subsystem 1 to calculate Vo,

The below figure shows the circuit of the above subsystem.

Vez

Fig. 5 Circuit of subsystem 1 to calculate V.
C. STEP Il

A subsystem to calculate the current at Maximum power (Im‘) with inputs of S = 900W/m?, Tomp=28°C, I, = 2.93A, Tre
= 60°C is shown in fig.6.

Subsystem=2

Fig. 6 subsystem 2 to calculate I,

The below figure shows the circuit of the above subsystem.
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Fig.7 Circuit of subsystem 2 to calculate I,
D. STEP IV

A subsystem to calculate the Voltage at Maximum power (V) with inputs of S = 900W/m’, Tom,=28°C, Vy, = 75.4V
Trer = 60°C is shown in fig.8.

Tamb
vm' B

Subsystem3

Fig. 8 Subsystem 3 to calculate V,,

The below figure shows the circuit of the above subsystem.

Fig. 9 Circuit of subsystem 3 to calculate V,,
E.STEPV

A complete connected model of subsystems is shown in fig.10. In this figure all subsystems are interconnected to
calculate the incident light current 1.

Fig.10 Interconnection of all subsystems

In fig. 11, it shows the complete model of PV array, we get after connecting all the subsystems simulated above to
calculate the photo current (l,,).
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Fig. 11 Complete model of a PV array

IV.MODELLING OF WIND TURBINE

Wind energy is an environment friendly and endless source. Therefore, a wind energy generation system may be one of
the promising sources of alternative energy for the future demand.Wind turbines convert the kinetic energy of wind into
mechanical energy. The magnitude of this converted mechanical energy depends on the air density and the wind
velocity. The wind power (P,,,) that is developed by the turbine is given by the equation:

1
Py = Ecp(x,ﬁ)pAw3 (5)

Where Cp = performance coefficient of turbine
p = air density (kg/m°)
A = area of turbine blades (m®)
w = wind velocity (m/sec)
A = tip speed ratio of the rotor blade tip speed to wind speed
B = blade pitch angle (deg)
The coefficient Cp is the fraction of kinetic energy which is converted by wind turbine into mechanical energy. It is
related to the tip speed ratio (A).
Wind turbine output torque (T,,) can be calculated using equation:
1 w
Ty ==pAC, — 6
m=5 PALp N (6)

Fig.12 shows the ideal power curve of the wind turbine showing different operating regions with three different wind
speeds i.e. cut-in wind speed, rated wind speed and cut-out wind speed.

%.

Region 1 Region 2 Region 3

Power kW

Wind Sgeed (m/s)
Veutin Veatea Veutout

Fig. 12 Ideal power curve of wind turbine

Using above equations a simulink model is implemented as shown in fig. 13.
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Fig. 13 Simulink model of wind turbine

This wind turbine is connected to a three phase synchronous generator which converts this mechanical power into
electrical power. A single turbine is used in this work.

IV. MODELING OF HYBRID PV/WIND SYSTEM

A grouping of Wind and PV energy system into a hybrid generation system may increase their efficiency by increasing
their overall energy output, by reducing energy storage requirement. This makes system less costly and more reliable as
compared to individual energy system.

A hybrid system of wind and PV connected to grid is simulated. It consists of a three phase converter with PWM
generator and voltage source converter which convert DC to AC of grid frequency. A simulink model of hybrid system
is shown in fig. 14.

Fig. 14 Simulink model of wind/PV hybrid system

A complete simulink model of grid connected Wind/PV hybrid system is shown in figure given below.
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Fig. 15 Complete simulink model of grid connected wind/PV hybrid system

V.RESULT AND DISCUSSION

Different waveforms shown below are the output waveforms of implemented simulation model. These are the
simulation results we obtained. In fig. 16, a DC output voltage waveform of simulated wind energy system is shown.
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Fig.16 DC output voltage of wind system

The below figure is the waveform of DC output voltage of simulated PV energy system.

Fig.17 DC output voltage of PV system

By combining the PV and Wind energy system, a hybrid energy system has been simulated. This simulated hybrid
model generates a DC voltage. The below figure shows the waveform of DC output voltage of simulated wind/PV
hybrid system.

. 19 Total AC output voltage of grid connected Wind/PV hybrid system
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The DC output voltage of Wind/PV hybrid system is converted into AC which is supplied to the grid. Fig.19 shows the
AC output voltage waveform. This waveform is the generated output voltage of the simulated Wind/PV hybrid energy
system that is supplied to the grid at its frequency.

VI.CONCLUSION

Individual modelling and simulation study of Wind and PV system has been carried out in Matlab/simulink. Then a
hybrid model has been simulated by combining these energy resources with the help of converter and voltage regulator.
The simulation result of implemented hybrid system shows the generated output voltages which can be supplied to the
grid. This hybrid system is more reliable as compared to single energy system.
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