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Abstract: In present scenario the Solar power generation has got tremendous role among renewable energy
resources. In which DC-DC converter is interleaved between the Photovoltaic(PV) module and the load side
because it converts unregulated DC input to regulated DC output as it works on switch mode by adjusting ON &
OFF time period that is provided to switch. In order to achieve that, a proportional-integral (PI) controller is
used to maintain the desired DC voltage of 110V at load side to accomplish the requirement of DC motor in
general practical applications. This paper describes the analysis of a solar PV fed Boost and Buck-Boost
converter regulated by a PI controller. The gain value of PI controller is obtained so, as to overcome the delay
and in providing fast control to enhance the performance of the response. Initially, by calculating the values of
Inductor and Capacitor for desired output, the analysis has been carried out for Boost converter with Pl
controller by observing output voltage, output current & output power. Later the same analysis has been done
for Buck-Boost converter. Finally, the results have also been compared and described graphically. The entire
simulation was obtained in SIMULINK/MATLAB environment. All the key findings have been presented in
tabular form and explained graphically too.
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I.  Introduction

Presently, the demand of electricity is expanding continuously in order to fulfill the requirement of
increased population routine Life’s. Although all the worldis majorly depending on conventional (fossil fuel)
reserves in the production of electricity. But now the world’s concern is changing toward renewable energy
sources such as solar, wind, tidal, etc. Because conventional sources are finite and have a negative impact on the
environment and hazardous to human health whereas renewable sources are abundant in nature and are eco-
friendly[1]. Among all the renewable energy sources the solar based PV system is one of the fast-growing
renewable energy systems in present scenario[2].
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Figure 1.Schematic module of PV equipped with DC-DC converters and PI controller

Because it is easily available as compare to other renewable energy sources. In solar photovoltaic (PV)
system, solar energy is converted into electrical energy. But this energy has a drawback in output such as
fluctuation due to environmental conditions, temperature, and irradiance. For extracting the electrical energy
from the solar PV system a dc-dc converter is introduced between PV modules to load[3-4]. In this topology, to
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obtain the desired response at the load side a PI controller is implemented which is used to generate the pulse
that is provided to MOSFET [5-6]. The PI controller adjusts the duty ratio as the set reference at load side. A
typical diagram of solar PV fed dc to dc converter having loads has been represented in Figure 1.

In this paper, I-V and P-V characteristics of solar PV module has discussed under section Il and two
DC-DC converters i.e. boost, buck-boost have been designed[7] to obtain the output voltage of 110 volts at the
load side from 1650 watts PV panel. Subsequently, the control technique of PI controller is defined in section
I11. The topologies of DC-DC converter with mathematical modeling & designing of converter is described in
section 1V. The comparative analysis of passive element with output response is presented in the tabular and
graphical form under section V.

1. PV MODULE
PV module is fabrication of PV cell which is p-n junction semiconductor arranged in structure of
installation and the function of PV cell is conversion of irradiated energy to electrical energy which is based on
particle theory of irradiation energy. PV cellgenerates dc current which varies according to light of irradiance.
The equivalent circuit of PV cell consists of diode in anti-parallel with current source and parallel resistance Rsh
and series resistance Rs as shown in figure 2.
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Figure 2: Equivalent circuit of a solar cell

2.1 Specifications of Solar PV module

A solar module can be made up of a series parallel combination of various solar cells. Further the series
and parallel combination of solar modules are formed as a solar panel or array. A solar model has been used as
an input dc source feeding into a dc-dc converter. The specification of solar PV module used for simulation
purpose has been depicted in Table 1

.TABLE 1: Specifications of solar module used

Maximum Power of PV module, Py, 213.15W
Open circuit voltage of PV module, V. 322V
Short circuit current of PV module, Isc 754 A

Current at Maximum Power, Iy 735A

\Woltage at Maximum Power, Vi 29V
Coefficient of Current temperature, Kt 0.102
Coefficient of Voltage temperature, Ky -0.36099

The mathematical modeling of solar cell, shown in Figure 2, can be represented in the following set of
in equation (1).

equations. The mathematical equation for output current of an ideal cell is shown

o)

I = Iph—1o— Ish

Where, Iy, light generated current and lo is Shockley equation.
The Shockley equation can be expressed as

lo = Is{(exp( d \711}

P ) Y @

Where,ls saturation or leakage current of diode,

g= Electron charge [1.60x10"°C], Tc=module
temperature, K=Boltzmann Constant [1.38x10%J/k] and A=diode ideality factor
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1sh = LIRS €))
Rsh
From equation (1), (2) & (3), output current can be calculated as:

*V o+ |Rs,e\711\/7+ ks (4)
J Rsh

q
AKTcNs

[
| = Iph—ls{expt
L

Where In=light generated current ,1,= diode reverse saturation current, ls,= current in parallel resistance,

Rs= series resistance, Ry,= parallel resistance, I=module output current, V= module output voltage,

Ns= no. of series connected cell in module

Here power matching algorithm is used to find the value of series resistance, shunt resistance. While the diode
ideality factor is arbitrarily chosen. The value of I, & I, is calculated by using equations (1) and (2)respectively.

2.2 Solar PV module Characteristic

To understand the behavior of PV module, there are mainly two characteristic curves which perceived
for study i.e. I-V and P-V curves. The P-V curve is a plot between power and voltage where power is calculated
by multiplying the voltage across cell with corresponding current through cell. The I-V curve is drawn between
cell current and voltage in which current is desired to have its value near to the maximum power point. This
current is called current at maximum power point. There are two factors which affect PV characteristic are
irradiance and temperature level. P-V characteristic must change the value of current and voltage at each
moment to obtain maximum output from the panel. So, in this way tracking speed and accuracy is required for
PV module. Atypical I-V and P-V characteristics

o
<
|

=N
T
|

0.5 KWim?

-~
|

Current (A)

0.1 KWim®
1 1 I 1 | I | I~ 57
T T T T T T T T

-q

0.5 Kin?

l’uw‘u)r. (W)

0.1 KWim?

1 I 1 I
0 20 40 60 80 100 120 140 160 180 200
Voltage (V)

Figure 3. I-V and P-V characteristics of solar cell

have been represented by the in Figure 3. Ideally, the value of FF is 1.To improve the efficiency of PV module
solar cell are connected in series or parallel combination. So, when cell connected in series short circuit current
would remain same and during parallel current will become twice if the cell is identical. From fig 4, a constant
irradiance of 1000 W/m?s provided to PV panels. Another parameter which is used to determine the
performance of solar cell is Fill factor which can be calculated as given in equation (5).

FF = (Vmpp * Impp)/(Voc * Ish) (5)
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Figure 4.Solar Irradiance graph of p-v panel
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1. DC-DC CONVERTER TOPOLOGIES
A DC-DC converter is a power electronic device that is based on switching mode (on & off) time
period, it transforms unregulated dc input to regulated dcoutput. For obtaining the constant voltage irrespective
of load condition, a PI controller is used its control the switching pulse that is provided to Mosfet at 5 kilohertz
through the repeating sequence. There are two types of dc-dc converter are discussed below such as(1) Boost (2)
buck-boost

3.1BOOST CONVERTER

It is also named as step-up converter because it provides the output voltage greater than the input
voltage when switch is in ON condition. The diode becomes reverse biased and hence output gets isolate from
input. The input energy is supplied only across the inductor. During the switch off condition, the output is
obtained through the input as well as from the inductor stored energy [8-9]. A typical boost converter has shown
in Figure 5.

L
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Figure 5. DC-DC BOOST CONVERTER
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And capacitor, _ _ D Vin Y (10)

LR(l—D).AVc.fJ

Where, D= duty ratio

AI = ripple in inductor current taken as 5% of output current
C= capacitor in (uf)

AV = ripple in output voltage taken as 1% of output voltage
Vin= input voltageL= inductor in Henry

\out= output voltage across load

3.2 BUCK-BOOST CONVERTER

It works both as step up or step down dc-dc converter depends on the duty cycle that is provided to
MOSFET. When the D> 0.5, it behaves as a step up otherwise step down. When the switch is in ON position
diode gets reversed biased and the input energy is supplied to inductor on the other hand in switch off condition
the output voltage is obtained from input and the stored energy in inductor [10-11]. A typical boost converter has
shown in Figure 6.
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Figure 6. Buck-boost converter circuit

V. Pl CONTROLLER
Proportional-integral (PI) is a closed loop controller that is implemented with DC-DC converter in this
article to obtain the constant condition. It is based on feedback control mechanism. So an error signal is
producing due to reference. This error signal is provided to PI controller with repeating sequence at 5 kHz to
obtain the constant voltage across the load side. The PI controller adjusts the duty cycle which is provided to
IGBT for getting the appropriate response [12]. The mathematical structure of Pl controller is depicted below. A
typical Pl controller is depicted in figure 7.

u(®) = Kp(6) + K, [ e(D)de (14)
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Figure 7. Aschematic diagram of Pl Controller

V.  Simulation Result

The simulation is accomplished in MATLAB software to represent the comparative analysis of both
Boost & Buck-boost converter. In Both the configurations two series and four parallel PV panels are
implemented as input with these converters. This PV module provided 58volt dc as input to the converters,
which is boosted to 110 volt across the load through the converter boosting mechanism. The switching pulse is
provided to the converter through P1 controller to obtain the constant voltage across the load. The calculation of
passive elements of both the converters are obtained by using mathematical analysis from equation (6) - (13),
that are presented in Table 2. The response of both the converters in the form of waveform and simulation
results are depicted in figure 8 to figure 12 and in table 3 respectively, carried out through MATLAB software.
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TABLE 2. Specification of passive elements

Resistance Inductor Capacitor
DC-DC CONVERTER RL(Q) L (mH) C (mF)
Boost 7.50 3.86 1290
Buck-Boost 7.50 10.12 1783

.TABLE 3. Summary of DC-DC converters

DC-DC Vin Vout lin lout Pin Pout Efficiency
Converters (\Volts) (Volts) (Amps) (Amps) (Watts) (Watts) (%)
Boost 61.49 110.5 26.58 14.73 1704 1628 95.53
Buck-Boost 61.39 110.5 26.77 14.74 1704 1639 96.18

From Table 3, it has shown that 61.50 volts dc is provided to Boost Converter as input that is
transferred to 110 volts dc, obtained across the load.Similarly a voltage of 61.40 volts dc is provided to Buck-
Boost Converter as input that is transferred to 110 volts dc, obtained across the load. These two waveforms of
boost and buck-boost converter have been represented in Figure 8 and 9 respectively.
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Figure 8. The voltage waveform of Boost converter
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Figure 9. The voltage waveform of Buck-Boost converter
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Figure 10. The current waveform of Boost converter

35 T ! - v T

55 Input Current
] ———— Output Current

O 1 1 1 L 1
05 1_ 1.5 2 25
Time (seconds)

o

Figure 11. The current waveform of Buck-Boost converter
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Figure 12. Output power waveforms of converters

The output current of 14.73 Amp was obtained across the load which is shown in Figure 10. Further, as
shown from figure 11, the output current of 14.74 Amp has been obtained across the load. The output power
obtained from both the converters have also been examined and it is depicted in Figure 12, stating that 1628
Watts & 1639 Watts are observed as output power through the Boost, Buck-Boost converters respectively.

VI.  Conclusion

In this paper, the performance of two types of DC-DC converters such as boost and Buck-Boost are
compared in boosting mode that is fed from solar PV energy. The comparative analysis of both the converters
are consists of output response along with required passive elements. The switching pulse is provided to
MOSFET switches by using the Pl controller to maintain the constant 110 volts dc across the load. As it is
discussed in simulation results that the output power of 1628 watts and 1639 watts are extracted through the
boost and buck-boost converter respectively at 7.50 Q resistive load. Hence, it has been found that the Buck-
Boost converter is more efficient than Boost converter in form of output power, But the required size of passive
elements are reduced in Boost converter. Various results and key findings have been tabulated and explained in a
graphical manner.
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