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Abstract

In the prospect solar energy will be extremely
significant energy source. Over 45% of necessary
energy in the world will be generated by photovoltaic
module. So, it is necessary to focus our forces in
order to reduce the application costs and to increase
their performances. In order to reach this last aspect,
it is important to note that the output characteristic of
a photovoltaic module is nonlinear and changes with
solar radiation and temperature. Therefore a
maximum power point tracking (MPPT) technique is
required to track the peak power in order to make full
operation of PV array output power under varying
conditions. In the power generation sector, Natural
Resources like Solar, Wind, Tidal, Geothermal,
Hydro etc have forever played a very important role.
Out of these solar PV (photo voltaic) is most popular
due to its considerable compensation. Conventional
boost converter and interleaved boost converter are
widely used topologies in photovoltaic systems.
However, they have negative sides of varied
efficiency level under changed weather conditions.
Therefore, this paper proposes, interleaved boost
converter with MPPT & novel switch adaptive
control to maximize efficiency.
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I. INTRODUCTION

Photovoltaic (PV) creation is gaining increased
importance as renewable source due to a number of
advantages such as absence of fuel cost, low
maintenance, and pollution-free operation [1] [2]. The
energy productions of PV generators vary
significantly depending upon temperature and
irradiance. Renewable energy sources with low
output voltage, such as the fuel cell stacks and photo-
voltaic (PV) generation system, have received a
great attention in research fields because they appear
to be the possible solutions to the environmental
problems [3]-[5].

Energy sources with low output voltage such as fuel
cell stacks and photo-voltaic (PV) generation system
attracts many researchers because they appear to be
the possible solutions to the environmental problems.
DC-DC converters are an important component as
power electronics interfaces for photovoltaic
generators and other renewable energy sources. Most
renewable power sources, such as photovoltaic power
systems and fuel cells, have quite low-voltage output
and require series connection or a voltage booster to
provide enough voltage output [6]-[9].

Figure 1 shows a block diagram of used standalone
PV system
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Figure 1: Block diagram of introduced standalone
PV system with MPPT controller

In stand-alone PV system applications, it is of
much importance that maximum power is
extracted from the solar panel and delivered to the
load whenever possible. For this reason, a dc-dc
power electronic converter is incorporated into the
system such that the load is connected to the solar
panel through it, controlled by a Maximum Power
Point Tracking (MPPT) algorithm. Unfortunately,
in practice, the efficiency of the power electronic
converter stage is heavily dependent on the
operating point of the solar panel which is mainly
determined by solar irradiation and temperature
[10]. Nature decides whenever irradiation and
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temperature changes, hence the output power of
the solar panel might change at any time.

Due to the non-linear nature of the PV output
power, it is of essential that its maximum power
which can be obtained from it is tracked at all
times and fed to the load. An MPPT is used for
tracking the PV maximum power under any
operating condition and the dc-dc boost converter
is used to step up the voltage and fed to the load.
The two main types of dc-dc converter topologies
that are predominantly employed in stand-alone
PV system are the conventional dc-dc boost
converter and interleaved dc-dc boost converter.

One of the two dc-dc boost converters
aforementioned offer better efficiency under weak
operating point of the solar panel, whilst the other
offer improved efficiency under strong operating
point of the solar panel [10]. The standalone PV
system developed can be used to power TVs,
Compact Disc (CD) players, Laptops, etc. A
perturbation and observation algorithm is used to
guarantee maximum PV power that is generated
from the PV panel; also the proposed switch
control is used to operate the interleaved boost
converter at high efficiency all times under
changeable weather [11].

One of the most commonly utilized converter
topology in PV applications is the simple boost
converter shown in Figure 3. The disadvantages of
conventional boost converter are high voltage
stress for the switch and large peak current for the
power devices and passive components [35]. This
problem can be overcome by using an alternative
power converter topology, such as an interleaved
boost converter [2].

Il. PV SYSTEM WITH MPPT

In this paper, an analysis of a PV-fed interleaved
boost converter (IBC) has studied. An IBC with
two boost converters connected in parallel has
considered for this work. The component of the
studied system include the PV panel, a boost
converter (conventional or IBC), load, maximum
power point tracking (MPPT) using the Perturb
and Observe (P&O) algorithm method and
maximum power point tracking (MPPT) using the
Perturb and Observe (P&O) algorithm method
with novel switch adaptive control .

1. MAXIMUM POWER POINT TRACKING
Maximum Power Point Tracking, frequently

referred to as MPPT, operates Solar PV modules in
a manner that allows the modules to produce all
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the power they are capable of generating. MPPT
algorithms are used to obtain the maximum power
from the solar array based on the variation in the
irradiation and temperature. Among several
techniques, the Perturb and Observe (P&O)
method and the Incremental Conductance (IC)
algorithm are the most commonly applied
algorithms. The flow chart is explaining Perturb
and Observe (P&0O) method as
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Figure 2: Flow chart of perturb and observe method
IV. DC-DC BOOST CONVERTER
In a boost converter, the output voltage is greater

than the input voltage — hence the name “boost”. A
boost converter is shown below:
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Figure 3: Circuit diagram of Conventional Boost
Converter

Power for the boost converter can taken from any
suitable DC sources, such as DC generators, batteries,
solar panels and rectifiers. The method that changes
one DC voltage to a different DC voltage is called
DC to DC conversion. Generally, a boost converter is
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a DC to DC converter with an output voltage greater
than the source voltage. It is sometimes called a step-
up converter since it “steps up” the source voltage.
Since power (P = V 1) must be conserved, the output
current is lower than the source current. [10]

The function of boost converter can be divided into
two modes, Mode 1 and Mode 2. Mode 1 begins
when switch 1 is switched on at time t=0. The input
current rises and flows through inductor L and switch
1.

Mode 2 begins when switch 1 is switched off at time t
= t1. The input current now flows through L, C, load,
and diode D. The inductor current falls until the next
cycle. The energy stored in inductor L flows through
the load.

Vout = Vin/ (1- D)

So, it is clear that the output voltage is related directly
to the duty cycle. The main challenge when designing
a converter is

the sort of inductor to be used. The inductance is
inversely proportional to the ripple current. So, to
reduce the ripple, a larger inductor should be used.
[11] [12]

I11. DC-DC INTERLEAVED BOOST
CONVERTER

A two phase interleaved boost converter is mainly
used in high input to high output voltage conversion
applications and also the interleaved boost converter
is used to reduce the current ripple in both input and
output. In interleaved boost converter the number of
phases is increased with the ripple content in input
the complexity of the circuit is increased thereby the
cost of implementation also increasing [13].

Therefore to minimize the ripples, size and cost of
input filter a two phase Interleaved boost converter
fed photovoltaic generation system is simulated using
MATLAB/Simulink software in this paper.
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Figure 3: Circuit diagram of Interleaved Boost
Converter
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Figure 4: Block diagram of introduced standalone PV
system with MPPT & Novel switch adaptive control
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Figure 5: Interleaved boost converter with novel switch
adaptive control

The advantages of interleaved boost converters are
reducing input current ripple, increasing efficiency,
improving reliability etc. The number of switching
devices, number of inductors and diodes are same as
the number of phases used in the circuit [14]. The
circuit diagram of two phase interleaved boost
converter is shown in figure 3. The gating pulses of
the power electronic switches are shifted by,

360°/n

Where ‘n’ is the number of phases

36072 = 180

The controller has several advantages; it minimizes
system losses, and helps the interleaved converter to
operate with maximum power conversion efficiency
at all times, and under a wide range of atmospheric
conditions. Moreover, the control scheme can be
achieved with no significant additional hardware and,
in terms of microprocessor implementation it is
computationally light [15-34].
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Figure 6: MATLAB Simulation Model of Interleaved
Boost Converter

PV module parameter

At Irradiation G = 1000 w/m?, Temperature T=25°C,
Pmp=50 W, I;c=3.07 A, V=221V, Ip,=28A,
Vinp = 17.9 V.

IV. SIMULATION RESULT & ANALYSIS

Table 1: Simulation Model Parameter of Conventional
Boost Converter with MPPT Controller

S. No | Parameters for an BC Value
1. Switching Frequency 20kHz
2. Inductor (L) ImH
3. Capacitor (Ci, & Cou) 9.4 uF

& 44 uF
4. Resistance (R) 195Q
5. Switching devices MOSFET
6. Switching devices Diode

Table 2: Simulation Model Parameter of Interleaved
Boost Converter with MPPT Controller

S. Parameters for an IBC Value
No
1. Switching Frequency 20kHz
2. Inductor (L; & L)) 1ImH
3. Capacitor (Cin & Cout) 9.4 uF

& 44 uF
4. Resistance (R) 195Q
5. Switching devices 2*MOSFET
6. Switching devices 2*Diode

Table 3: Simulation Model Parameter of Interleaved
Boost Converter with MPPT & Novel switch adaptive

control
S. Parameters for an IBC Value
No
1. Switching Frequency 20kHz
2. Inductor (L,, L,) 1mH

3. Capacitor (Ci, & Cou) 9.4 uF

& 44 uF
4. Resistance (R) 195Q
5. Switching devices 2*MOSFET
6. Switching devices 2*Diode
7. | Switch-connection (Sc) MOSFET
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Figure 7: The PV system with resistive load (a)
Irradiation in rise with 25°C; (b) Solar panel power
under increasing irradiation; (c) Efficiency of
conventional and interleaved boost converters; (d)
Efficiency of interleaved boost converters with novel
switch adaptive control

The simulation result has shown the efficiency
performance of presented converters under change in
irradiation condition. The presented converters are
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simulated with resistive load 195 Ohm and supplied
by a solar array rated at 50 Watts maximum with a
rising irradiation profile as shown in figure 7(a) and
figure 7 (b). As can be seen in figure 7(c), the
conventional boost shows a reduction in efficiency
when the PV power reaches approximately 24 Watts,
whilst the interleaved boost still shows an improving
efficiency characteristic when the PV power increase.
Figure 7(d) shows that the interleaved boost converter
with novel switch adaptive control has a stable
efficiency of around 95%.

V. CONCLUSION

The efficiency of a interleaved boost converter
with novel switch adaptive control has improved in
photovoltaic system under changeable irradiation
condition. The interleaved boost converter circuit has
extremely attractive characteristics, such as low
current ripple at the input and output stages, low
device stress. In this paper, an analysis of a PV-fed
conventional boost converter, interleaved boost
converter (IBC) and interleaved boost converter
(IBC) with novel switch adaptive control has studied.
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