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1. INTRODUCTION

The rapid depletion of conventional sources is increasing the demand for the use of alternating
energy sources. Mainly wind and solar with their abundance and high potential gained the attention of the
world. There are different concepts and technologies developed from years in order to utilize the available
sources. Both wind and solar power system generations change with varying weather conditions. To best
utilize the sources each are provided with some techniques. There are different MPPT techniques [1-5]
generally being used in PV systems. The Perturb & Observe (P&O) [6], [7], the Incremental Conductance
(INC), Open Circuit Voltage, Short Circuit Current are generally used MPPT techniques and each has its own
drawbacks. The P&O produce oscillations around the Maximum Power Point (MPP) even under steady state
illumination. The INC method is efficient and accurate even under varying weather conditions but its
controlling circuit is complex than P&O. The OC voltage and SC current method are simple but not efficient
for high energy generation units.

In PV system to improve the performance at any weather condition, the two-model MPPT technique
is introduced. From the generally used techniques, any two techniques are combined based on the climatic
conditions of an area and of all combinations; the Incremental Conductance and Open Circuit Voltage
combination is efficient and accurate for all weather conditions[8], [9].

The Wind Energy Conversion System (WECS) has different concepts in terms of generators, fixed
and variable speed wind turbine generators. Here, it is provided with a Permanent Magnet Synchronous
Generator (PMSG), a pitch angle controlled wind turbine and also with an MPPT technique that acts in
accordance with the wind speed. The PMSG is a variable speed wind turbine generator which is much
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efficient than Doubly Fed Induction Generator of the same type. The wind and solar power that was
generated is integrated at the microgrid. The dc power is boosted and then converted to ac using an inverter.
To control the power at the inverter end, it is provided with Space Vector PWM technique that eliminates the
distortions in output voltage and improves the efficiency.

The novelty of this paper is to improve the power generation of both the PV system and WECS with
enhanced techniques .The contributions of the paper include (1) Analysis of different MPPT techniques for a
PV system and to design a two-model MPPT technique. (2) Development of a WECS with PMSG [10-12]
and deploying the pitch angle controlling technique and an Optimal Power Controlling MPPT technique. (3)
Integrating the PV system with WECS and implementing SVPWM technique [13-15] on the inverter side in
order to improve the performance of output power.

The paper is organized in such a way that Section 2 discusses the design of the PV system, different
MPPT methods used in the PV system and the design of two-model MPPT technique. Section 3 contains the
modeling of WECS with MPPT technique. In Section 4, the integration of PV system with WECS and the
SVPWM technique are discussed. The simulation results are shown and discussed in Section 5. Section 6 is
the conclusion of the paper.

2. DIFFERENT MPPT METHODS FOR PV SYSTEM
The PV module is first modeled in Mat lab based on the following equations.
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Where,

I= PV array terminal current

Ipv = PV Cell current

I,= Cell reverse saturation current
Rs = Series resistance

Rp = Parallel resistance

Vt = Cell thermal voltage

a= ldeality factor

Npp= parallel in modules

Nss= Series in modules

Ns=cells series in a module

Table 1.Reference values for the designed PV System
G=G,=1000 Ns=54 Np=2 K=0.0032 Re=415.4 Isca=8.214
T=T,=298.15 Nss=15 Ipve=7.61 K,=-0.123 Rs=0.23 Voen=32.9

With change of irradiation and other specifications of the module, the output varies. With the
specifications stated above, the maximum output from the PV system is about 3W. To maintain the system at
its maximum production, the Maximum Power Point Tracking (MPPT) techniques are introduced. The most
generally used MPPT techniques are as:
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2.1. Perturb & observe (P&0O) MPPT Method

The P&O MPPT algorithm is a hill climbing technique in which, the operating voltage of the PV
system is perturbed by the change in voltage (dv) is carried out according to change in power (dp) such that
the variation of both the quanties need to be in the same direction. Figure 1 shows the flowchart of this
MPPT algorithm. The drawback of this method every MPPT cycle the array terminal voltage is perturbed,
resulting in a power loss in the PV system due to heavy oscillations of output voltage at the MPP.
Furthermore, it sometimes fails to find the MPP.

2.2. Incremental Conductance MPPT Method

In the second method, the PV system voltage is regulated according to the voltage corresponding to
maximum power based on conductance (1/V) and instantaneous conductance (d1/dV).The PV system voltage
is increased or decreased by verifying the positive or negative variation of dP/dV respectively.Inorder to
track the voltage corresponding to maximum power.The flow chart of the incremental conductance method
as shown in Figure 2. The advantages of the INC algorithm are of its high stability and fine control of the
system with rapid change of atmospheric conditions.
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Figure 1. Flowchart of P&O MPPT algorithm
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Figure 2. Flowchart of INC MPPT algorithm
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2.3. Open Circuit Voltage MPPT Method

This method was the linearrelationship between open circuit voltage of PV panel and voltage
corresponding to maximum power. The ratio of the aforementioned voltage quanties is indicated with a gain
whose value typically lies between 0.71 to 0.80.0pen circuit voltage or Constant voltage algorithm is a simple
MPPT technique and its flowchart is as shown in Figure 3.

V vy = K1 *V o

The type of the solar cell and its characteristics define the open circuit voltage of PV panel

Start

¥
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Figure 3. Flowchart of OCV MPPT algorithm

2.4. Short Circuit Current MPPT Method

The Short circuit current or constant current algorithm is a simple MPPT technique and its flowchart
is as shown in Figure 4. Isc is the PV Panel Short circuit current.This short circuit current depends on the
solar cell parameters. The equation of the I e is

I vepy = Ko * D
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Figure 4. Flowchart of SCC MPPT algorithm
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The relation between short circuit current and current corresponding to maximum power seems to be
simple. However, the design of gain K, is complex. Typically the value of gain K, lies between 0.78 & 0.92.

2.5. Two-Model MPPT Method
The two-model MPPT can be designed with different techniques that are available. But, the most

beneficial and efficient for the rapid changes is the combination of incremental conductance and Open
Circuit Voltage MPPT techniques. The flowchart of proposed two model MPPT algorithm is shown in
Figure 5 and Simulink model of two model MPPT method is shown in Figure 6. Here G is the threshold
value of irradiation value and G, is the irradiance value at particular value.
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Figure 5. Flowchart of two-model MPPT

O

4l

ﬁl’@

Incremental conductance new

Vor

E
]
h

Constant

| Vpv duty
Switchd
¥ lpv ';ﬂ
(2} .'-‘} 1)
constant voltage n3 N outz

Figure 6. Simulink model of two-model MPPT

3. WIND ENERGY CONVERSION SYSTEM
The wind energy is the one which is much available after solar energy and is a promising source of
electrical energy. The kinetic energy of the wind is used to rotate the turbines that generate mechanical

energy. The generators convert the mechanical energy to electrical energy.
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Figure 7. Pitch angle controller

The Wind Energy Conversion System (WECS) uses a Permanent Magnet Synchronous Generator
(PMSG). The output power is enhanced by controlling the pitch angle (Figure 7) with respect to the change
of wind speed. This is done to the pitch angle controlling technique. The WECS is also provided with an
MPPT technique (Figure 8) calle d optimal power controlling technique.
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Figure 8. MPPT algorithm for WECS

4. INTEGRATION OF PV SYSTEM TO WECS

The PV system and the WECS are integrated at a point and it is supplied to an inverter to generate
AC output. On the inverter side, SVPWM technique is provided to improve the quality of the power. Figure 9
shows the simulink block diagram of the proposed microgrid.
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Figure 9. Simulink block diagram integration of PV system & WECS
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The Space Vector PWM is preferred over sinusoidal PWM method for variable frequency drive
applications. It improves the quality of the generated output. One important advantage of this technique is it
reduces the Total Harmonic Distortion (THD) created by the rapid switching. Figure 10 show the space
vector trajectory.
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Figure 10. Space vector trajectory

5. SIMULATION RESULTS

Output characteristics of PV panels for voltage and power at irradiation of 2000W/m? without using
MPPT techniques (Figure 11), with constant voltage MPPT technique (Figure 12), with incremental
conductance MPPT (Figure 13), with two model MPPT at irradiation of both 1000W/m? and 600W/m?
(Figure 14 and Figure 15) are analyzed.

PMSG based Wind Energy Conversion System without MPPT and with MPPT at a wind speed of
12m/sec and pitch angle of 0° produced voltage of 200V and 350V, respectively (Figure 16). The output
voltage waveforms of solar wind integration system without, with MPPT techniques, and SVPWM are
depicted Figure 17.
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Figure 11. PV system at irradiation of 1000W/m? (a) Voltage (b) Power
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Figure 12. PV system with Constant VVoltage MPPT technique (a) Voltage (b) Power
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Figure 13. PV system with INC MPPT technique (a) Voltage (b) Power
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Figure 14. PV system with two-model MPPT technique at 1000W/m?irradiation (a) Voltage (b) Power
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Figure 15. PV system with two-model MPPT technique at 600W/m?irradiation (a) Voltage (b) Power
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Figure 16. VVoltage of a WECS (a) Without MPPT technique (b) With MPPT technique
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Figure 17. Output voltage of the integrated systems (a) in normal (b) with SVPWM and enhanced MPPT
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It was observed from the research carriedout that PV panel with Two model MPPT resulted higher
voltage generation of about 380V (DC). Similarly, wind generator with MPPT resulted a higher voltage of
about 300V (AC). Also, PV generator with short circuit MPPT resulted a lower voltage generation of about
120v (DC), where as wind generator without MPPT resulted lesser voltage of about 180V (AC) (Table 2).

Table 2. PV and Wind generation Voltages of different MPPT methods

PV generation Wind power generation
MPPT method Voltage(V) Without MPPT 180V
Short Circuit 120
Constant Voltage 150
Perturb &Observe 320 With MPPT 300V
Incremental Conductance 350
Two model MPPT 380

From the research results, integration of solar wind generation with MPPT and SVPWM generates
greater voltage than without MPPT and SVPWM (Table 3).

Table 3. Integration of solar wind generation Voltages of withOUT and with MPPT and SVPWM methods
Integration of solar wind generation
Without MPPT and SVPWM 300V
With MPPT and SVPWM 650V

6. CONCLUSION

This paper conferred a microgrid with an improved output from both PV system and WECS. The
PV system output is improved with the Two-Model MPPT than the generally used P&O MPPT model and
the WECS output also enhanced with a pitch angle controlled wind turbine model and an MPPT technique.
The pitch angle control technique is actuated for high wind speeds and the MPPT algorithm is for driving the
rectifier to track maximum power point. Also, the quality of AC output of the microgrid is much improved
with the introduction of SVPWM technique on the inverter side. The improvement is well observed through
the simulink results.
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