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Abstract - This paper proposes a comparative anal-ysis
between Buck and Boost DC-DC converters applied for
Maximum Power Point Tracking (MPPT) techniques in a
photovoltaic (PV) system. All experimental tests were carried
out upon similar environmental conditions, steady solar
irradiation and temperature, with maximum power point
loads employed to extract all available power. The control of
the PV system is evaluated by means of com-paring three
MPPTs techniques: Perturb and Observe, Temperature, and
Incremental Conductance. In addition, MPPTs tracking factor
and power conversion efficiency are investigated for each
converter embedded with the re-spective technique. Finally,
the experimental results are compared with the single-diode
model approach, which shows the prominence of Boost
converter using Perturb and Observe method.
Key Words: Boost, Buck, Single-Diode Model, Maximum
Power Point Tracking Techniques, Photovoltaic System.

1. INTRODUCTION
Every year the world energy consumption has increased.
For instance, from 2010 to 2014, a rise of 9.71% on the
world total electricity production has been reported [1]. Due
to this tendency, the need of renewable energies to supply
the world demand follow the idea of sustainable
development. In 2015, a growth about 147 GW on renewable
energies was verified due to policies implemented by
governments worldwide [2].
Photovoltaic (PV) generation systems, which are one of
the green power sources available, have become popular due
to several aspects: low operational costs; environmental
friendly; inexhaustible operation; suitable to low power
applications; and easy setup. The market response to these
advantages shows that the global cumulative installed PV
capacity has in-creased 25.4 % from 2014 to 2015 [3].
However, the main concern of PV energy is the low
conversion efficiency, which rates from 14 % up to 18 % for
commercial purposes, and reaches 35 % in research
laboratories [4].
PV generation has a non-linear dynamic characteristic on
its voltage and current output because of PV cells
composition’s [5]. Thus, there is only one combination of
voltage and current where the maximum power relies. In
addition, the uncertain environmental conditions puts the
output power at different rates during the systems
operation.
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In order to obtain all available power provided by the PV
module, Maximum Power Point Tracking (MPPT) techniques
are usually employed [6]. They handle the PV operation by
means of control algorithms applied to a power electronics
interface, i.e. a DC-DC converter. Once the PV module conversion efficiency suffers from cost-competitiveness to be
improved, an other way to optimize the PV system efficiency
is by settling the right technique in a suitable power
converter.
In the last decade, many MPPTs techniques have been researched: Constant Duty Cycle, Constant Voltage, Perturb
and Observe, Incremental Conductance, Beta, System
Oscillation, Ripple Correlation, Temperature, Fuzzy Logic,
and Artificial Neural Network [7, 8]. Their main differences
are related to speed, accuracy, and complexity, where three
aspects of inter-est are usually evaluated: demands of PV
module’s physical informations, usage of computance
capability, and efficiency.
Along with the MPPTs methods, a power electronic interface is mandatory. Different DC-DC converters topologies
(Buck, Boost, Buck-Boost, Cuk, Sepic, and Zeta) have their
own operational characteristics when applied to PV systems
[9, 10]. Among these converters, Buck and Boost presents
the most feasible sets, due to its high efficiency, simplicity,
and low-order circuit [11].
Studies have already been developed in the field of PV
systems in concern of MPPT and power electronics
converters. Although, the analysis of MPPTs techniques with
different power converters under the same experimental
conditions still remains to be investigated in depth. The
available studies usually fix a MPPT technique on multiple
power converters, or, on the other hand, fix a power
converter and do not take into account different types of
MPPTs algorithms [12–14].
In order to contribute to the analysis above mentioned,
this paper proposes an comparison between two nonisolated DC-DC converters (Buck and Boost) interfaced with
three different MPPTs techniques (Perturb and Observe,
Temperature, and Incremental Conductance) in a PV system.
Experimental evaluations are carried out with the objective
to match the best set of converter/technique conversion
efficiency.
This paper is organized as follow: in section II a
mathematical model of the PV module is described; section
III presents the main characteristics of Buck and Boost DC-
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DC converters; in section IV the Perturb and Observe,
Temperature, and Incremental Conductance MPPT methods
are clarified; and section V discusses about the simulation
and experimental results. Finally, conclusions are contained
in section VI.

2. MODELING OF PV MODULE
A practical PV module presents a nonlinear characteristic
between its V-I curve, which depends mainly on the solar
irradiation and temperature [15]. Based on the physical
analysis of a PV cell, two equivalent electrical models can be
built: the single-diode (Figure 1) and double-diode models.
The former is widely used due to its combination of simplicity
and accuracy [16]. For this reason, the single-diode model is
adopted in this paper in order to have a efficiency
comparison pattern.

required to solve the single-diode model cannot be
measured or found in the manufacture’s datasheet (Rp, Rs,
A). Therefore, mathematical approaches must be applied in
order to determine these values.

3. DC-DC CONVERTERS
A PV system can only properly supply a load with the
assistance of DC-DC converters. They have an essential part
in this process, since all power goes through them. On the
various converters usually used in PV systems, Buck and
Boost gather one of the best solution sought by designers,
simplicity and high efficiency [18]. In this way, the present
section discusses the main aspects of these converters, while
their exactly means of operation can be found easily in the
present literature [11].
TABLE 1 Parameters of KD 140SX PV Module

A. Buck Converter
It is well known that, as a step down, Buck converter has its
output voltage lower than its input voltage. This converter is
widely used in regulated DC power supplies, motor speed
control, and charging batteries [10].
where Ipv is the current generated by the solar irradiation,
ID is the Shockley diode equation, IRp is the diode leakage
current, Isc is the short-circuit current, μI is the short-circuit
current temperature coefficient (A/0C), T is the cell
temperature (Kelvin), Tr is the temperature in standard test
conditions, S is the solar irradiation (W/m2), Sr is the solar
irradiation in standard test conditions, V oc is the opencircuit voltage, μV is the open-circuit voltage temperature
coefficient (V/0C), q is the electron charge (1.60217·10−19C),
k is the Boltzmann constant (1.3806·10−23J/K), A is the
diode ideality constant, ns is the number of cells connected
in series, V is the output voltage, I is the output current, Rs is
the equivalent cell series resistance and Rp is the equivalent
cell parallel resistance. Table I lists the characteristics of
Kyocera KD 140SX PV module provided by the manufacturer,
which one is used in this study. Its parameters are referred
to the Standard Test Conditions (STC – 25 0C and 1000
W/m2) and Normal Operating Cell Temperature (NOCT – 45
0C and 800 W/m2). Unfortunately, some of the parameters
© 2018, IRJET
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As one of the Buck characteristics, the input current is
chopped, producing high harmonic content and
electromagnetic noise in near equipments. Also, the input
power supply parasite inductance’s can cause high voltage
spikes on the semiconductor switch. In order to smooth this
effect, an input filter can be included [19]. Figure 2 represents
the main topology of Buck converter with an input filter.

Fig. 2. DC-DC Buck converter with input filter.
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B. Boost Converter

A. Perturbe and Observe

In contrast to the step down converter, a step up topology,
most known as Boost converter, is responsible for
generating a higher output voltage than its input. Some of
the main applications of this converter are in regulated DC
power supplies and regenerative breaking of DC motors [18].
The basic topology of Boost converter is shown in Figure 3.

P&O method is widely used in commercial products due to
its low-cost, simplicity, and ease of implementation [5].
However, this algorithm suffers from two drawbacks: the
continuous oscillation around the maximum power point
and the possibility of loosing its tracking direction when the
solar irradiation increases rapidly. Both problems contribute
for power losses and reduced tracking efficiency [25]. This
technique is based on the duty cycle’s perturbation and
observing the effect on the output power. If this value is
higher than its previous, then the algorithm keeps in the
same direction of perturbation. Otherwise, the direction
must be in the opposite way. When the maximum power
point is reached, the tracking algorithm oscillates around it
[26].

4. MAXIMUM POWER POINT TRACKING SYSTEMS
In order to operate a PV system efficiently, it is mandatory to
ensure that the maximum possible energy is extracted from
the system at all time [20]. The PV module output power is
dependent of solar irradiation and temperature, which are
dynamic variables throughout the day. MPPT techniques are
applied with the objective of maximum power extraction
[21].

B. Temperature
Temp is based on the theory that the output voltage is
directly proportional to the temperature on the PV module
surface [27], expressed as:
Vmpp(T) = Vmpp(Tr) + μv · (T − Tr) (5)

Typically, the MPPT setup is achieved by interposing a DCDC
converter between the PV module and the load. Thus, from
the system measurements, the MPPT algorithm generates the
optimal duty cycle in order to maintain the electrical
quantities (voltage and current) at values near to the
maximum power point [22]. Figure 4 shows a typical PV
system scheme with maximum power point tracking.

where V mpp(T) is the maximum power point voltage and V
mpp(Tr) is the maximum power point voltage at STC. This
method has a simple implementation and a good tracking
factor. Although, a not uniform surface temperature or a
wrong calibration of the temperature sensor may cause
inaccurate tracking [24].

C. Incremental Conductance
In order to reach the maximum power point (MPP), this
method uses the slop of differential voltage dV and current
dI, addressing the deficiency of P&O algorithm under
variable irradiation conditions [21]. The output voltage and
current from the PV module are monitored upon which the
MPPT controller depends to calculate the conductance and
incremental conductance to make its decision (increase or
decrease the duty cycle) [22]. InCond aims to determine the
voltage operating point at which the PV module
instantaneous conductance (I/V ) is equal to the incremental
conductance (dI/dV ). The slope is zero at MPP, positive on
the left, and negative on the right [28].

5. RESULTS AND DISCUSSIONS
Approximately 40 various methods to track the maximum
power point have already been compared in literature [8].
Among these, Perturbe and Observe (P&O), Temperature
(Temp) and Incremental Conductance (InCond) are chosen
for this study due to the following aspects: P&O and Temp
methods have a simple setup, whereas Temp require
physical PV module informations and P&O does not; InCond
method presents higher tracking speed than P&O and Temp,
although it needs more computance capability [23, 24].
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The experimental results presented in this section were
accomplished to evaluate each converter versus MPPT
technique. In this way, the results are divided in the
following parts: single-diode model computational
implementation; application of P&O, Temp, and InCond
methods in both converters; and comparative analysis
between converter/technique. Buck and Boost converters
were designed based on [18] and [19]. Table II shows both
DC-DC converters main parameters.
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TABLE 2 Parameters of Buck and Boost Converters

A experimental bench was developed to achieve the results.
A pair of Tektronix MSO2014B Oscilloscope were used to
acquire voltage, current, and solar irradiation measurements.
B. MPPT algorithms implementation

A. Single-diode model
computational implementation Due to the necessity of an
efficiency comparison pattern, the ideal PV module KD 140SX
model has been implemented by the single diode model
through MATLAB software. The first step to solve the model
was to determine all known parameters, which were given by
the manufacturer datasheet, explicit in Table I. The unknown
parameters (Rs, Rp, and A)

C. Comparative analysis between Buck/Boost converters
and P&O/Temp/InCond MPPT methods

Fig. 5. Experimental bench.
were estimated by means of the non-linear least square
technique using the Gauss-Newton numeric method.
Considering an initial guess to the numeric method, typical
values found in literature were assumed: Rs = 0.1Ω, Rp =
190Ω, and A = 1.3 [17]. After 19 iterations, the results for the
numeric method of Rs, Rp, and A, were, respectively, 0.1797
Ω, 190.0797 Ω, and 1.397. Equations (1), (2), (3), and (4)
were plotted and compared with the manufacturer’s
datasheet to validate the mathematical model and the applied
numeric method (Figure 6). The average error was 4.8%,
3.32%, 3.3%, 0.88%, and 1.07% for the curves of 200 W/m2
up to 1000 W/m2, respectively.
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In order to perform the proposed MPPT algorithms, it is
necessary to set up a system able to measure PV module
voltage and current, as well as the irradiation and
temperature conditions. For this purpose, a data acquisition
system (data logger) was developed using the ATmega2560
microcontroller. Certificated instruments with traceability
were used to accomplish a data logger with variations less
than 5 %. The voltage and current circuits were calibrated
with a Fluke 117 multimeter. A type K Termopar was used to
compare the PV surface temperature with the digital sensor
DS18B20. Finally, the piranometer (irradiation sensor) was
compared with the solar meter TES 1333R. A drive platform
was developed to acquire the measurements from the data
logger and perform the respective MPPT algorithm acting on
the converter’s duty cycle. This circuit was based on the
microcontroller ATmega328/P and the halfbridge driver
IR2104. The methods tracking frequencies were determined
as 0.5 Hz due to the slow environmental changing conditions.
Also, the duty cycle’s step were fixed in 3 % for both
converters.

|

Aiming the best set of converter/technique, the experimental
bench has worked from 13 PM to 15:30 PM on 5/22/2017.
During the tests, the solar irradiation presented a constant
behavior (Savg) with a steady temperature (Tavg). Figures 712 depicts the measurements for each converter/ technique
during 80 seconds, with a time step of 0.016 seconds. To
smooth the noise, a 3 samples moving average filter has been
applied through MATLAB software.
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The performance of P&O, Temp, and InCond MPPTs
techniques reveal the expected behavior throughout the tests
for a steady irradiation and temperature. Figures 7 and 10
present a continues oscillation, which is an inherent
characteristic of P&O. Temp algorithm performed with low
power oscillation, but its operational point was farther from
MPP than the others (Figures 8 and 11). Finally, in Figures 9
and 12, InCond technique evidence a better control of
converter’s duty cycle. In order to compare the systems
efficiencies, the factors to be analyzed are: MPPTs algorithms
tracking factor (TF)

As a result of a Rmpp implementation to operate at the PV
module MPP, Buck and Boost have failed to track it efficiently,
showing suboptimal operations in the respective conditions.
Even though this concept has been reported in literature [10,
28, 29], this paper has presented, by means of experimental
results, its efficiency rates. Therefore, to improve the
methods TF in both converters, different loads will be
applied: load less than Rmpp for Buck and load greater than
Rmpp for Boost.
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6. CONCLUSION

[9]

This paper presented an experimental bench development in
order to evaluate P&O, Temp, and InCond MPPTs techniques
applied to Buck and Boost power converters. The results of
Rmpp load appliance showed that Boost was 7.13 % more
efficiently in power conversion than Buck. In this context,
Boost/P&O setup performed the higher power conversion
efficiency. Finally, it is possible to observe the limitations of
Buck and Boost converters when applied to MPPTs systems,
whereas, its loads and order must be taken into account.

[10]

[11]
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