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INCREMENTAL CONDUCTANCE BASED MAXIMUM POWER POINT
TRACKING CONTROLLER USING DIFFERENT BUCK-BOOST
CONVERTER FOR SOLAR PHOTOVOLTAIC SYSTEM
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Day to day increasing energy demand, depletion of conventional energy sources and harmful effect of global warming open a
vent to search alternative energy sources like solar, wind, biomass etc. Now a day, solar energy is one of the prime renewable
energy sources because of availability around the globe. The nonlinear 1-V characteristic of a solar photovoltaic (SPV) cell
reduces the efficiency of the overall SPV system during variable solar irradiance and continuous changing temperature. Hence,
to maximize the efficiency of the overall SPV system an efficient power conversion technique is compulsory. To maximize the
overall efficiency, a dc—dc converter is normally used which is controlled by a maximum power point tracking (MPPT)
controller. Here a compar ative analysis between different buck-boost converter (conventional buck-boost converter, Cuk, Zeta,
and Sepic) is presented for solar photovoltaic application. All the analysis is done in Matlab /Simulink environment and

compar estheresultsat the constant temper atur e condition at variableirradiance and different load are presented here.

1. INTRODUCTION

The conventional sources of electrical energy are insufficient
to fulfill the increasing energy demand. In this situation, the
renewable energy sources (such as solar, wind biomass etc.)
are the only alternative to overcome the energy crisis [1, 2].
Besides them during operation the conventional energy
sources which emit harmful greenhouse gases and pollute
the environment, but the renewable energy sources do not
pollute our environment. Among the renewable energy sources,
solar energy grabs the importance because of availability,
less maintenance and noiseless operation [3]. The solar
photovoltaic cell shows a nonlinear |-V (current Vs.
voltage) and P-V (power Vs voltage) characteristic. Hence,
to maximize the efficiency a dc-dc converter is very much
necessary with a suitable control system to obtain the maximum
power at a different solar irradiance, as well as temperature
and under variable load.

Instead of conventional boost converter a various buck-
boost converter is introduced here to observe the superiority
of MPPT technology. To obtain the comparative analysis, a
mathematical model of SPV system has been simulated
using Matlab/Simulink and compares the obtained result by
different dc—dc buck-boost converter. To find out the suitable
converter the simulated model has been tested using variable
solar irradiance and different load condition. So far, different
maximum power point (MPP) finding algorithms are there,
among them incremental conductance (IC) algorithm is used
here to control the de—dc converter for simplicity, faster
response and easy implementation.

2. BLOCK DIAGRAM
OF THE PROPOSED SYSTEM

Figure 1 shows the overall configuration of the solar
photovoltaic system.

The system contains an SPV panel which converts
solar energy into electricity. The MPPT controllers sense
the voltage and current of the SPV panel and deliver a
signal to the pulse width modulation (PWM) unit.
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Fig. 1 — Block diagram of proposed system.

The PWM unit delivers a signal to the dc-dc converter
which maximizes the power level during variation of solar
irradiance as well as variable temperature and load. The
filter unit smoothed the output voltage and current profile.

2.1. SOLAR PHOTOVOLTAIC SYSTEMS

The solar energy is converted into electrical energy using
solar photovoltaic cells. To obtain a large amount of
electrical energy series-parallel connection of multiple solar
cells is required, which is termed as an SPV array. Figure 2
shows the equivalent circuit diagram of SPV cell, which
consists of photon generated current, a diode, a parallel resistor
preventing the leakage current, and a series resistor [2—7].
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Fig. 2 — Equivalent circuit of SPV cell with load.

Using Kirchhoff’s current law the current through the solar
cel lpy is obtained as

pv = lon =g — g (D
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Here, lp, is the photocurrent, 14 represents the voltage-
dependent current lost to recombination and |g, represents
the shunt resistance current.
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where |s represents dark saturation current (at reference
temperature, 25°C), ¢ represents the charge of electron, V
represents the output voltage at the load, R, represent the
overall voltage drop of the SPV cell, A is the ideality factor,
Boltzmann’s constant represents by K, T represents the cell
temperature (in Kelvin).

The shunt resistance current defines as

I, = {M} 3)
R

where Ry, represents the shunt leakage resistance of the
solar cell.

The light generated current mainly depends both on
irradiance and temperature [8—10]. Applying the reference
condition the equation the equation modified to
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where g is the short circuit current (at reference temperature,
250°C), K; represents the short circuit current temperature
coefficient at I, A is the solar irradiation [kW/m?].

If Ng is the numbers of cell connected in series and Np are the
numbers of cell connected in parallel, then the current through the
solar array becomes
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Using the above equations a module of sunmodule plus
SW 240 poly [11] solar panel is fabricated using MATLAB
simulation software and obtains the P-V and |-V
characteristic at different irradiance and temperature which
are shown in Figs. 3-6.
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Fig. 3 — |-V characteristic
of SPV module at different irradiance.

Fig. 4 — |-V characteristic
of SPV module at different temperature.
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Fig. 5 — P-V characteristic
of SPV module at different irradiance.
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Fig. 6 — P-V characteristic
of SPV module at different temperature.

3. DC-DC CONVERTER

A dc-dc converter makes the desired changes to obtain a
variable dc from a fixed dc. A buck-boost converter is utilized
here to maximize the power utilization by a varying duty
cycle of the converter at different load and under variable
irradiance as well as temperature. The different dc-dc buck-
boost converters are shown in Fig. 7 to Fig. 18 [12, 13].

The characteristic of different Buck-Boost converters
depends on the mode of the switches. At ON condition, the
passive elements stored the energy from the source and supplied
to the load during an OFF condition. To obtain the output
voltage profile at the load, a volt-second balance equation has
been solved at the inductor for different buck-boost
converters [12].

3.1. CONVENTIONAL BUCK-BOOST CONVERTER
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Fig. 7 — Conventional buck-boost
dc-dc converter with source and load.
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> Two inductors are connected in the circuit where the
volt-second balance at inductor L;
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Fig. 8 — Equivalent circuit of buck-boost volt-second balance at inductor L,
dc-dc converter at switch ON condition.
Vg D -V, (1-D)=0
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P Won T Ve Now replacing the V¢, using equation (7) the output voltage

Fig. 9 — Equivalent circuit buck-boost
dc-dcconverter at switch OFF condition.

Here only one inductor is present where the volt-second
balance at inductor follows

VinD ~Vy (1-D) =0
D
Vo =Vin T-D) (6)
V is the output voltage of the normal buck-boost converter.

3.2. SEPIC BUCK-BOOST CONVERTER
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Fig. 10 — Sepic dec-dc converter
with source and load.
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Fig. 11 — Equivalent circuit of Sepic converter
at switch ON condition.
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Fig. 12 — Equivalent circuit of Sepic converter
at switch OFF condition.

of the Sepic converter
D
VO :Vin[l_D]‘ (8)
where Vj is the output voltage of the Sepic buck-boost
converter.

3.3. CUK BUCK-BOOST CONVERTER

Va

Vo

Fig. 14 — Equivalent circuit of Cuk converter
at switch ON condition.

Fig. 15 — Equivalent circuit of Cuk converter
at switch OFF condition.

Volt-second balance at inductor L,

VinD = (Vih =Vc1)(-D)=0
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(Vo+Ve1 )D +Vy(1-D) =0
Vy =-DVg,. 9.2)

Now replacing the Vc; using equation (9) the output
voltage of the Cuk converter is

in (10)

where, Vj is the output voltage of the Cuk buck-boost
converter.

3.4. ZETA BUCK-BOOST CONVERTER
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Fig. 16 — Zeta dc-dc converter
with source and load.
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Fig. 17 — Equivalent circuit of Zeta converter
at switch ON condition.
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Fig.18 — Equivalent circuit of Zeta converter
at switch OFF condition.

Volt-second balance at inductor L,

(Vip +Vey —Vg)D -V, (1-D) =0 (11.1)
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Vel —[ DJ Vin-
volt-second balance at inductor L,

VinD_VCI(l_D):O (11.2)

It results

(12)

where V) is the output voltage of the Zeta buck-boost converter.

4.1C BASED MPPT CONTROLLER

The incremental conductance method of MPPT controller
senses the power output (voltage and current) of a PV array
and finds the maximum power condition. Mathematically
the output power sensed by the PV module P is derived as
follows [13-17].

&P _dwnh_di
dv dv dv

=0.
(13)

For the validity of the MPP condition the above equation is
reduced to

I dl

Vo dv’ (14)

The equation (13) shows that the network conductance
increases when the operating zone is on the left hand side of
the PV curve and the network conductance decreases when
the operating zone is on the right hand side which is shown
in Fig. 19.
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Fig. 19 — Operating power P and voltage V curve
of the conventional IC algorithm.

The counter senses the present power P(K) = V(k! (K)
and compared to the present power with the previous power
P (k=1) =V (k-1)-1 (k-1)) and changes the duty cycle to
reach the MPP within a few moments which is shown in
equation (15)

dl I dP
—=——; | —=0. (15)
v Vv (dV j

Left hand side of the MPP denoted as
di I dP
—>——;|=—>0/. (16)
av Vv (dV j

Right hand side of the MPP denoted as
dl I dP
—<——; | —<0]|. (17)
dv VvV (dv

The algorithm related to IC based MPPT controller is
shown in Fig. 20, where k represents the counter and D
represents the duty cycle. During operation the duty cycle,
which is fed to the dc-dc converter, is simultaneously
changed to obtain the MPP condition at different irradiance
as well as temperature.
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Fig. 20 —Flow chart of incremental conductance algorithm

5.RESULTSAND DISCUSSION

To obtain a comparative result among different buck-
boost converters, the passive elements of the converter
made similar except for the filter capacitor of conventional
buck-boost converter to reduce the oscillation which is
shown in Table 1. At the same operating frequency, the
output power of the different converter then compared to
find out the suitable buck-boost converter for MPPT
controller.

Table 1
SI. Converter L, L, C, C,
No. [mH] | [mH] [1F] [1F]
1 Sepic 0.1 50 10 1500
2 Cuk 0.1 50 10 1500
3 Zeta 0.1 50 10 1500
4 Buck-Boost 0.1 | --—--- 1500 -

For simplicity the variable irradiance is considered only
and makes the temperature constant at 30° C. The irradiance
of the suns varies with respect to time T seconds and
observer the controller performance within the same time
period .The variable solar irradiance which is considered
here is shown in Fig. 21.
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Fig. 21 — Variable irradiance taken for the analysis.

Figure 22 shows the output power of different buck-
boost dc-dc converters (conventional buck-boost, Sepic, Cuk,
and Zeta) as well as without an MPPT connected system.
Considering 1 Q resistive load the MPPT connected system
abstracts almost double power compared to directly
connected system. The conventional buck-boost converter
is the fastest than the other but the power output is more
fluctuating compared to the other buck-boost converter.
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Fig. 22 — Output power for different buck-boost converter
and without converter topology for 1 Q resistive load.

Figure 23 shows the power output of MPPT controller
connected different buck-boost converters. The controller
tracks MPP point within 0.4 second initially and letter it
tracks the change of irradiance within 0.1 second. The buck-
boost converter is the fastest among the other converters
initially. But the output power characteristic of the Cuk and
Zeta converter is better than the conventional buck-boost
and the Sepic converter. The output power oscillation is
very low in case of Clk and Zeta converter compared to the
other converters.
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Fig. 23 — Output power for different buck-boost converter
only for 1 Q resistive load.

For 10 Q load also the MPPT connected SPV system
provides more power compared to direct connected without
an MPPT connected system which is shown in Fig. 24. The
conventional buck-boost converter also abstracts more
power than a direct connected system, but less than Sepic,
Cuk, and Zeta converter.
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Fig. 24 — Output power for different buck-boost converter and
without converter topology for 10 Q resistive load

For 10 Q resistive load all the converters provide
oscillation. Only the Ctk and Zeta converters output power
is less oscillatory this is shown in Fig. 25.
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Fig. 25 — Output power for different buck-boost converter
only for 10 Q resistive load.

Figure 26 shows the comparative result of buck-boost,
Sepic, Cuk, and Zeta converter output power. The Sepic,
Cuk, Zeta converter, abstract more than double power
compared to direct connected SPV system. The
conventional buck-boost converter output power is slightly
less than the other converters and tracking speed is also less
than the Sepic, Cuk, and Zeta converter.
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Fig. 26 — Output power for different buck-boost converter
and without converter topology for 30 Q resistive load.

Figure 27 shows the comparative result of output power
of conventional buck-boost, Sepic, Cik, Zeta converters.
Here the Sepic converter output power oscillation reduces
but the output power oscillation of Ctk and Zeta is similar
and less oscillatory compared to Sepic converter. Only
conventional buck-boost converter produces less power, low
tracking speed and large oscillation during operation.
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Fig. 27 — Output power for different buck-boost converter
only for 30 Q resistive load.

6. CONCLUSIONS

In this study a 240 W solar module and IC based MPPT
controller is simulated using Matlab/Simulink and test the
performance of MPPT controller using different buck-boost
converters. To study the comparative result variable solar
irradiance considered here and 1 Q, 10 Q and 30 Q
resistances are considered as a load. Due to MPPT controller
for different load as well as different irradiance the all the
buck-boost converters extract more energy compared to a
directly connected SPV system. Among the four buck-boost
converter the output power for Sepic, Cuk and Zeta extract
more power and with less oscillation than conventional buck-
boost converter. Among the three (Sepic, Cik and Zeta),
Cik and Zeta converter power output is similar and less
oscillatory compared to Sepic converter. Hence under variable
solar irradiance and different load condition the Cik and Zeta
converter connected IC based MPPT controller
performance is better compared to Sepic and conventional
buck-boost converter.
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