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Abstract—Photovoltaic (PV) energy is one of the most important
energy resources since it is clean, pollution free, and endless.
Maximum Power Point Tracking (MPPT) is used in photovoltaic
(PV) systems to maximize the photovoltaic output power,
irrespective the variations of temperature and radiation conditions.
This paper presents a comparison between Cuk and SEPIC converter
in maximum power point tracking (MPPT) of photovoltaic (PV)
system. In the paper, advantages and disadvantages of both
converters are described. Incremental conductance control method
has been used as maximum power point tracking (MPPT) algorithm.
The two converters and MPPT algorithm were modelled using
MATLAB/Simulink software for simulation. Simulation results show
that both Cuk and SEPIC converters can track the maximum power
point with some minor variations.

KeyWOI’dS—Cuk Converter, Incremental Conductance,
Maximum Power Point Tracking, PV Module, SEPIC Converter.

I. INTRODUCTION

HE electrical energy supplied by fossil fuel is not enough

to meet all the peoples’ demand while all human beings
need electricity for sustainable development and poverty
reduction. The world primary energy demand is expected to
increase by 1.7% per year from the year 2002 and expanding
to more than 50% in 2030 [4]. The energy source which the
society can depend on is renewable energy since it is clean,
pollution free, and endless. PV system is one of power
generations that utilize renewable energy (solar energy). To
reduce consumption of conventional energy, then the PV
system must be connected to grid, either directly or through
back-up battery bank [4]. However, the PV system has low
efficiency because of the power generated from PV systems
depends on the irradiation and temperature variation. To
improve the efficiency of PV system Maximum Power Point
Tracking charger control system is employed so that to extract
maximum energy from the PV system.

There are many MPPT algorithms such as Perturb and
Observe, Incremental Conductance method, Fractional short
circuit current, Fractional open circuit voltage, neural
networks and Fuzzy logic [1], [3]. Perturb and Observe
method has problem to determine the optimal operating point
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in rapid changes of sun irradiance but it is easier and very
reliable in normal condition [2], [5].

Boost converter is commonly used as a MPPT device. But
the input voltage of the boost converter must be smaller than
the desired output voltage [6], [7]. This paper focuses on
comparing the use of Cuk and SEPC dc-dc converter as
voltage level control using Incremental conductance MPPT
systems.

Solar power is an alternative energy source that will
hopefully lead the society away from Petroleum dependent
energy sources. The major problem with the existing solar
energy harvesting technologies is that, the efficiencies of solar
power systems are still very low and the costs per kilo-Watt-
hour (kWh) are not competitive as compared to petroleum
energy sources. One of the most difficult parts of designing
Maximum Power Point Tracking charger controller is dc—dc
converter. MPPT technique without proper design of dc—dc
converter cannot track the maximum output power operating
point.

II. OVERVIEW OF PHOVOLTAIC SYSTEM

A. Photovoltaic Module

Photovoltaic (PV) module is a type of equipment used to
convert sunlight into electrical energy. It is formed by
combination of many solar cell connected in series and in
parallel according to the required amount of current and
voltage. As sunlight strikes a solar cell, the incident energy is
converted directly into electrical energy without any
mechanical effort.

B. Equivalent Circuit of PV Module

Considering a model of single diode, then a solar cell is
configured as shown in Fig. 1. This model offers a good
compromise between simplicity and accuracy with the basic
structure consisting of a current source and a parallel diode,
whereby Iph represents the cell photocurrent while Rgp and Ry
are, respectively, the intrinsic shunt and series resistances of
the cell [1].
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Fig. 1 Schematic diagram of single diode solar cell

C. Equations of a PV Cell

PV cells are grouped in larger units called PV modules,
which are further interconnected in a series and in parallel
configuration to form PV arrays. The following are the basic
equations from the theory of semiconductors and photovoltaic
that mathematically describe the I-V characteristic of the
photovoltaic cell and module [1].

D. Photo Current

The PV cell photocurrent L, depends linearly on the solar
irradiation and it is also influenced by the temperature
according to (1).

Iph = [Isc + K] (Tc - Trcf)]*H (1)

where I, is the nominal generated current at 25°C and
1kW/m?% I is the cell’s short-circuit current at 25°C and
1kW/m?, K, is the cell’s short-circuit current per temperature
coefficient (0.0017A/K), T.r is the cell’s reference
temperature, and H is the solar insolation in KW/m>.

E. PV Module Reverse Saturation Current
PV module reverse saturation current, Ly, is given by

_ Isc

NGKAT

where q is the electron charge (1.6 x 10°C), V.. is the PV
module open-circuit voltage (22.3V), N is the number of cells
connected in series (36), k is the Boltzmann constant (1.3805
x 1072 J/K), A is the ideal factor (1.6).

F. PV Module Saturation Current

The PV module saturation current I, varies with the cell
temperature and is given by (3). Where: E,, is the band gap
energy of the semiconductor (E, = 1.1eV for the
polycrystalline Si at 25°C).

T\3 (q*Ego) 1 1
b=t () e |(522) - (2)-0)| @
G. Module Output Current Ipy
The basic equation that describes the current output of the
PV module Ipy of single diode model presented in Fig. 1 is
given by (4).
Q*(VPVHPV*RSRS)) _ 1] _vpv+(IPV*Rs) (4)

Ng#Axk+T R

Ipy = Np * Iy = Np * I [exp(

where N, is the number of parallel connection of cell ( for
referred module N, = 1), Ng is the number of series
connections of cells (for referred module N; = 36),
Vpy = V. is open circuit voltage = 22.3V, Ry is the equivalent
series resistance of the module, Ry, is the equivalent parallel
resistance.

The effect of parallel resistance, when it is sufficiently
small, is to reduce the open-circuit voltage and the fill factor
[3]. The short-circuit current is not affected by Ry,.

The value of parallel resistance Ry, is generally high and
hence neglected to simplify the model as given by (5). The
series resistance R; (about 0.1Q) is the sum of several
structural resistances of the PV module and its influence is
stronger especially near the maximum power point region.
Equation (4) for the current output of PV module can be
simplified as shown by (5).

q*(vpv+1pv*RsRs)) _ 1] )

IPV = NP * Iph - NP * IO [exp( Ng*Axk+T

In this paper, the photovoltaic module BP-583F panel has
been used and specifications are listed in Table 1.

TABLEI
PV PANEL ELECTRICAL SPECIFICATIONS

Electrical Parameter Value
Maximum Power (Pmax) 755 W

Voltage at Pmax (Vmp) 17V
Current at Pmax (Imp) 45A
Open-circuit voltage (Voc) 223V

Short-circuit current (Isc) SA

1. MAXIMUM POWER POINT TRACKING (MPPT)

A. MPPT Charger Control

Maximum Power Point Tracking, frequently referred to as
MPPT, is an algorithm that includes electronic system to
operate the Photovoltaic (PV) modules in a manner that allows
the modules to produce all the power they are capable of.
MPPT is not a mechanical tracking system; it is fully
electronic system that varies the electrical operating point of
the modules so that the modules are able to deliver maximum
available power at available irradiation.

B. MPPT Techniques

Maximum Power Point Tracking (MPPT) technique is used
to improve the efficiency of the solar panel. According to
Maximum Power Transfer theorem, the power output of a
circuit is maximum when the Thevenin impedance of the
circuit (source impedance) matches with the load impedance.

There are different techniques used to track maximum
power point. Few of the most popular techniques are: perturb
and observe, incremental conductance, fractional short circuit
current, fractional open circuit voltage, neural Networks and
fuzzy logic. The choice of the algorithm depends on the
complexity and time the algorithm takes to track the MPP and
implementation cost. In this paper incremental conductance
technique has been used.
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IV. INCREMENTAL CONDUCTANCE TECHNIQUE MPPT

In incremental conductance technique the array terminal
voltage is always adjusted according to the MPP voltage, it is
based on the incremental conductance and instantaneous
conductance of the PV module. Fig. 2 shows that the slope of
the P-V array power curve is zero at the MPP, increasing on
the left of the MPP and decreasing on the right of the MPP.

dP/dV =0

v -
Fig. 2 Basic idea of incremental conductance method on a P-V Curve
of solar module

The basic equations of incremental conductance method of
MPPT technique are given by (6), (7) and (8).
At MPPT then

a _ 1

-3 (6)

av~ v
on the left of MPPT we have

dI 1
v Ty (7

and on the Right of MPPT we have

dI 1
v< Ty (®)

where I and V are PV module output current and voltage
respectively. The left hand side of (6) through (8) represents
incremental conductance of PV module and the right hand side
represents the instantaneous conductance. When the ratio of
change in output conductance is equal to the negative output
conductance, the PV module will operate at the maximum
power point.

The incremental conductance method exploits the
assumption of the ratio of change in output conductance is
equal to the negative output instantaneous conductance.

The power output of Photovoltaic cell is given by

P=1V )

Applying the chain rule for the derivative of products of (9)
yields

aP _ a(VI)

v’ oV (10)

at MPP then

op
P 0 (11)

Equations (10) and (11) can be simplified and written in
terms of PV array voltage V and current I to give (12).

a1
i (12)

v
The MPPT regulates the PWM control signal of the
dc — dc converter until the condition in (13) is satisfied.

al I
)+ =0 (13
A. Flow Chart of Incremental Conductance Algorithm

The flow chart in Fig. 3 shows step by step on how
Incremental Conductance technique is operating. Generally
the technique follows the PV curve as shown in Fig. 2. When
the previous sensed power (current x voltage) is less than the
present sensed power it increases the voltage and when the
previous sensed power is greater than the present sensed
power it decreases the voltage while if the previous sensed
power is equal to the present sensed power it maintains the
operating voltage as demonstrated in Fig. 3.

Sense V(k), (k)
AV=V{k)-V(k-1)
Al=I(k)-I(k-1)

Fig. 3 Flowchart of incremental conductance algorithm for MPPT

Al
control where m = ”

B. DC-DC Converter for PV Application

A DC-DC converter is power electronic circuit which
converts a source of direct current (DC) from one voltage
level to another. It can have two distinct modes of operation:
Continuous Conduction Mode (CCM) and Discontinuous
Conduction Mode (DCM). In practice, a converter may
operate in both modes, which have significantly different
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characteristics. Therefore, a converter and its control should
be designed based on both modes of operation. A dc-dc
converter is normally used to control the PV voltage and
current to the load.

C. Design of DC-DC Converter

The heart of MPPT hardware is a switch-mode dc-dc
converter. It is widely used in DC power supplies and DC
motor drives for the purpose of converting unregulated DC
input into a controlled DC output at a desired voltage level.
MPPT uses the same converter for a different purpose:
regulating the input voltage at the PV MPP and providing load
matching for the maximum power transfer. All Cuk and
SEPIC converters as shown in Figs. 4, 5 will operate at
minimum values of parameters as shown in Table II.

TABLE 11
CUK AND SEPIC DESIGN PARAMETERS
Value
Component CUK SEPIC
L1 5 mH 5 mH
Cl 10 uF 10 uF
L2 2.5mH 10 mH
C2 SuF 100 uF

Fig. 4 Circuit diagram of Cuk converter
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Fig. 5 Circuit diagram of SEPIC converter

V. COMBINED SYSTEM MODELING OF SEPIC AND CUK
CONVERTERS

Modeling of the system by using Matlab/Simulink
comprises of: Modeling of PV system according to (1) — (5),
Modeling of MPPT control system based on the flow chart
given in Fig. 3 and modeling of dc—dc converters based on the
parameters given in Table II.

Fig. 6 shows the combined system modeled in such a way
to compare two systems, the system with Cuk converter and
the system with SEPIC converter. The two systems are
exposed under the same conditions (Temperature and
irradiation) and also have the same PV parameters.
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Fig. 6 Simulink Model for performance comparison between MPPT
systems with Cuk and with SEPIC dc—dc converters

VI. SIMULATION RESULTS AND DISCUSSIONS

Modeling and simulation of PV module and MPPT charger
control was performed using MATLAB/SIMULINK software.
Uniform irradiance and temperature is assumed for the PV
module simulation.

The simulations were conducted stepwise with the changes
of irradiance and temperature. The simulation results show
that both systems with Cuk converter and with SEPIC
converter track the maximum power although with some
variations as explained in (i) through (iii).

80 T T T r

T T T
Output Power with cuk Converter
Output Power with SEPIC converter

o 0.2 0.4 06 os 12 14 16 18 2

1
time (s)

Fig. 7 Power at constant temperature of 25°C and constant irradiance
of 1 kW/m’
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Fig. 8 Expanded time scale waveform of power at constant
temperature of 25°C and constant irradiance of 1 kW/m?
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Fig. 9 Power at variation of temperature and constant irradiance of 1
KW/m?

T T T
Output Power with cuk Converter
Output Power with SEPIC converter

50 4

Power(W)

a0 8

30 1

20 Bl

1 1.02 1.04 1.;)5 1.08
time (s)
Fig. 10 Expanded time scale waveform of power for a step change of
temperature from 25°C to 50°C and constant irradiance of
1 kW/m®
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Fig. 11 Power at constant temperature of 25°C with step changes of

irradiance
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Fig. 12 Expanded time scale waveform of power at constant
temperature of 25°C with a step change of irradiance from 0.75
kW/m’® to 0.5 kW/m’

The simulation results depicted in Figs. 7 through 12 show
that:

(i) The MPPT with Cuk converter track the maximum power
point very fast compared to the system with SEPIC
converter shown in Figs. 7 and 12.

(i) Output power from the system with Cuk converter is not
stable at maximum power as compared to the system with
SEPIC converter, Figs. 7 through 12.

(iii) All systems respond to the changes of temperature and
irradiations, Figs. 9 through 12.

VII. CONCLUSIONS

This study compares the performance of Cuk and SEPIC
converters used in MPPT design using incremental
conductance technique. MATLAB/Simulink software has
been used to simulate the system comprising Cuk and SEPIC
Converters.
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The results show that all systems track the maximum power
point although SEPIC is more stable with less power ripple as
compared to Cuk converter at maximum power output. On the
other hand, the advantage of Cuk converter is the reduction of
circuit parameters (capacitor and inductance) as compared to
SEPIC converter and hence reduced cost.

Selection of one converter from the two depends on the
system requirements and budget. For good quality of output
power, SEPIC converter is favorable while Cuk converter
offers low cost system.
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