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Renewable energy sources have become an alternative electrical energy source for
power generation. In the last few years, the power generation using PV and wind
have been increased significantly. In this study, a hybrid energy system which
combines both solar panel and wind turbine generator is proposed as an alternative

for conventional source of electrical energy. A simple control technique which is
also cost effective has been proposed to track the operating point at which
maximum power can be coerced from the PV system and wind turbine generator
system under continuously changing environmental conditions. The entire hybrid

Article History

Article Received: 19 November 2019
Revised: 27 January 2020

Accepted: 24 February 2020
Publication: 18 May 2020

system is described given along with comprehensive simulation results that
discover the feasibility of the system.
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I.INTRODUCTION

The depletion of natural reserves such as oil coal
and other fossil fuel resources have made to the
human society to graze towards the renewable
energy sources [RES]. In nature, numerous RES
are available. Among those solar and wind plays a
vital role in power generation. They can also reduce
the pollution significantly by generating clean
energy. Hence, all the world power generations are
moving toward the RES based power generation
system. Hence, this work presents a novel hybrid
(wind — PV battery) power generation system
which can be employed for power distribution in
rural/ remote area. Most of the RES requires less
maintenance and lower operating costs when
compared to fossil fuel power generating station.
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Fig 1. Block diagram of the test system

It comprises PV, wind and battery storage unit.
Whenever the RES are not available, the battery is
designed in such a way to deliver power to the load.
Then the generated DC power is converted into AC
using an inverter and is supplied to the AC loads
which are connected with it.

Il. MODELLING OF PV SYSTEM
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A PV array consists of several number of PV
cells which may be connected either in
parallel/series combination. The diode model of a
PV cell is depicted in figure 2.

s

Fig 2. Equivalent circuit of a PV cell.

The mathematical model of a PV array is
expressed by the following equation:

I= ﬂpfg:l?: - ﬂpf.s [g-rvf-:' (L) * {F.H{ﬂ_g} - 1]

KTA
Thus the PV power can be represented as

P=IV=nIl, V(@q/KTA)*(V/n)-1]

p ph

However, the variations in the weather
condition, the output of the PV get affected. Hence,
to overcome this drawback, an efficient tracking is
developed using a MPPT tracker.Among the
various types of MPPT tracking algorithm, perturb
and observe (P&O) algorithm is commonly
implemented in all practical PV system. This is

preferred because of its simplicity.
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Fig 3. Flowchart of P&O algorithm.

Hence, in this a solar system about 10 kW is
designed for power generation. Then, the output of
this PV system is connected to the cuk converter.
Modeling of wind turbine
The modeling of wind turbine is based on the
availability of wind
Ping = fpmﬂ
Where
g - Air density
A — Total Rotor Area
V- Speed (wind)

Thus, the power generated by the turbine is denoted
For = Cp-Bying
¢, — Coefficient derived from betz limit.

111 .BATTERY DESIGN

The energy storage batteries are designed to
store the energy produced by the RES. During the
failure of RES, the energy stored in the battery is
utilized to supply the load. In this work, lead acid
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batteries of capacity 400V, 6.5 Ah is implemented
because of its long period backup.
Thus the power produced by these two sources are
combined together the total power will be equal to
Pr =Ry + Py

The combined output obtained from wind and
PV is converted into AC using voltage source
inverter.

IV. RESULT AND DISCUSSION

To demonstrate the effectiveness of the
proposed topology, simulations were carried out
using MATLAB simulation.

Fig 4.1, 4.2 represents the I-V and P-V
characteristics of a PV module. From fig 4.1 it can
be observed that that short circuit current (Is) of
PV module is approximately 8.2A and open circuit
voltage (V) is approximately 32.9 volts. From fig
4.2, the maximum power is approximately 200W
and it occurs at a current of 7.61A and voltage at
26.3V approximately.
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Fig. 4.1 V-1 curve of PV module.
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Fig. 4.2 P-V curve of PV module.
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Fig. 4.3 Effect of variation of irradiation on I-V
characteristics
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Fig. 4.4 Effect of variation of irradiation on P-V
characteristics

Fig 4.3 and 4.4 shows the effect of change in
solar irradiation on PV characteristics. From fig 4.3,
it is observed that the increase the solar irradiation
short circuit current increases. Variation in Solar
irradiation effects mostly on current, if there is an
increase solar irradiation from 700 w/m® to 1000
w/m? current increases from 5.7A to 8.2A
approximately but effect of variation of solar
irradiation on voltage is very less. Fig 4.4 shows the
effect of variation of solar irradiation on P-V
characteristics. As solar irradiation increases,
power generated also increases. Increase in power
is mainly due to increment in current.
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Fig. 4.5 Effect of variation of temperature on
I-V characteristics

The outcome of variation of temperature on 1-V

characteristics is shown in the fig 4.5. From the fig

4.5, the variation of temperature mostly effects

voltage, as the increase the temperature voltage

decreases but current remains almost unaltered. Fig

4.6 shows effect of temperature variation on the

P-V characteristics. As temperature increases

power generated decreases, because on increment
of temperature voltage decreases.
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Fig. 4.6 Effect of variation of temperature on
P-V characteristics.

V. SIMULATION RESULT OF WIND
ENERGY SYSTEM

Fig 4.7 shows turbine power characteristics at
different wind speed. From the fig 4.7 it is observed
that as wind speed increases turbine output power
also increases.
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Fig 4.7 Turbine Power characteristics (pitch
angle beta=0°)
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Fig 4.8 Three phase line output voltage of
PMSG.

VI. CHARGING/ DISCHARGING
CHARACTERISTICS OF BATTERY
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Fig 4.9. Charging characteristics of battery

Fromfig 4.9 it is observed that during charging,
SOC of the battery is gradually increasing and also
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during charging current is negative. It is found that
40% SOC battery voltage is around 26 volts, as
state of charge of battery is increased battery
voltage exceeded its nominal voltage.
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Fig 4.10. Discharging characteristics of
battery.

From fig 4.9, during discharging, battery start
supplying constant voltage and state of charge start
decreasing and also during discharging current
become positive, which shows battery is supplying
the power to the load.

VI1l. COMBINED PV AND WIND SUPPLY TO
THE LOAD

Figure 4.10 depicts the current and voltage
waveforms of system.
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Figure 4.11. Voltage and current waveform
of the system.
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Fig 4.12. FFT analysis

From the figure, the total harmonic distortion
(THD) considering the maximum frequency as 500
Hz is found out to be 6.50%. From the figure, it is
concluded that this proposed system exhibits higher
harmonics due to the presence of more switching
devices in the power generation unit.

VIll. CONCLUSION

This proposed scheme of wind-solar hybrid
system considerably improves the performance of
the WECS in terms of enhanced generation
capability. The solar PV augmentation of
appropriate capacity with minimum battery storage
facility provides solution for power generation
issues during low wind speed situations.
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