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Abstract— Due to world energy crisis and growing demand for energy as the conventional energy sources have
become increasingly unable to meet the world demand for the energy. Especially, the energy obtained from solar arrays
and the fuel cells, becomes more and more important. This paper presents the review of maximum power point tracking
for photovoltaic system. The review also focuses on inverter and converter's technologies for connecting photovoltaic
systems. The maximum power point tracking were analysis as past, present and future methods.
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I. INTRODUCTION

Photovoltaic energy is a source of interesting energy; it is renewable, inexhaustible and non-polluting and it is
more and more intensively used as energy sources in various applications. Photovoltaic energy is preferred
because it is clean, and secure. Photovoltaic energy system has gained wide popularity in the past decade as one
of the renewable energy sources due to the possibility of depletion of conventional energy sources and its high
cost as well as its negative effects on the environment. With world economic development and growing demand
for energy, the conventional energy sources have become increasingly unable to meet the world demand for the
energy. Thus, it is important to explore more and better means of an alternative energy sources like sunlight,
wind and biomass.

Therefore, a photovoltaic energy generation system could be one of the significant sources as an alternative
energy for the future. In regard to endless importance of photovoltaic energy, it is worth saying that photovoltaic
energy is a unique prospective solution for energy crisis. Meanwhile, despite all these advantages of
photovoltaic energy, they do not present desirable efficiency [1], [2]. The efficiency of photovoltaic cells
depends on many factors such as temperature, insolation, spectral characteristics of sunlight, dust, shading
which result in poor performance. The photovoltaic system has a nonlinear behaviour. The typical power-
voltage and current-voltage characteristics of photovoltaic cells are as shown in It has an optimum operating
point to extract the maximum power called the maximum power point (MPP), which varies depending on cell
temperature, insolation level, the nature of load, the technology of the photovoltaic cells [3], [4]. In addressing
the poor efficiency of photovoltaic systems, in the past decades, a number of methods have been proposed to
extract the maximum power of the solar cell. Among these methods, the direct approaches which are based on
the use of the I-V curve features, such as the axis intercepts and the gradients at selected points, to determine
some photovoltaic parameters. The accuracy of these techniques is therefore limited by the measured 1-V data,
whose errors are introduced by the numerical differentiation and the simplified formulas used in parameter
extraction as well. Besides, several different conventional nonlinear fitting algorithms, such as the quasi-Newton
method and its variations, have been proposed to solve above solar cell parameter extraction problem. Other
maximum power point extraction techniques that have been proposed in recent time are the well-known
perturbation and observation (P&QO) which works satisfactorily when the irradiance fluctuates very slowly [5] —
[10]. However, it often fails to track global maximum power point when irradiance changed suddenly. Another
widely used approach is the incremental conductance [11], offers better tracking performance but oscillation
around the maximum power point still occurs. Recently artificial intelligence methods which include Fuzzy
logic [12] and Neural network (NN) [13] have been applied to track the maximum power point.

Most of the maximum power point extraction control algorithm mentions above operate very satisfactorily
under uniform irradiance conditions in which only a single maximum power point is to be detected. If multiple
MPPs exist due to the partial shading, the usefulness of the conventional MPPT algorithms diminishes rapidly.
Since the maximum power point (i.e. it detects the local maximum power point instead of the global maximum
power point), efficiency of the PV system reduced significantly [14, 15]. As a result, significant research has
been carried out to reduce the effects by improving the maximum power point capability. Since MPPT,
algorithms used in PV systems is one of the most important factors affecting the electrical efficiency of the
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system, this work will review an efficient algorithm which will be applied to extract the MPP of the photovoltaic
system. Also, an overview of existing power converter and inverter's topologies for the photovoltaic system is
given. Finally, a critical discussion is made, and a conclusion is drawn.

Il. OVERVIEW OF PHOTOVOLTAIC SYSTEM

Photovoltaic systems are solar energy systems that produce electricity directly from sunlight. Photovoltaic (PV)
systems produce clean, reliable energy without consuming fossil fuels and can be used in a wide variety of
applications. A common application of PV technology is providing power for electrical appliances. On a larger
scale, many utilities have recently installed large photovoltaic arrays to provide consumers with solar-generated
electricity, or as backup systems for critical equipment. Research into photovoltaic technology began over one
hundred years ago. Conventional fuel sources have created myriad environmental problems, such as global
warming, acid rain, smog, and water pollution, rapidly filling waste disposal sites, destruction of habitat from
fuel spills, and the loss of natural resources. Photovoltaic systems do not pose these environmental
consequences. Today, the majority of PV modules use silicon as their major component. Generally, the
photovoltaic system could be grid connected or stand alone. The stand alone system mainly used for mobile
remote area applications, they require energy storage system while almost 85% of photovoltaic system are grid
connected that require no back-up energy storage system. Photovoltaic systems offer substantial advantages
over conventional power sources: reliable, durable, low maintenance cost, no fuel cost, and pollution free.
Though, photovoltaic have greater advantages, it also has some disadvantages when compared to conventional
power systems which includes energy storage, and efficiency improvements.

A. Photovoltaic Model System

Modeling is the basis for computer simulation of a real system. It is usually based on a theoretical analysis of the
various physical processes occurring in the system and of all factors influencing these processes. Mathematical
models describing the system characteristics are formulated and translated into computer codes to be used in the
simulation process. Photovoltaic cell models have long been a source for the description of photovoltaic cell
behavior by researchers and professionals. The most common model used to predict energy production in
photovoltaic cell modelling is the single diode circuit model that represents the electrical behaviour of the pn-
junction as given in [16] - [20]. The ideal photovoltaic module consists of a single diode connected in parallel
with a light generated current source (Izc) as shown in the equation for the output current is given by:

Iec = [ser, + Ki(Te — T+ Y /1000 (1)

Where Iz is the photocurrent in (A) which is the light-generated current at the nominal condition (25°C and
1000W/m?), K; is the short-circuit current/temperature co-efficient atIs,:Ti (0.0017A/K), Tz and Ty are the actual

and reference temperature in Kelvin (K), = is the irradiation on the device surface, and 1000W/m? is the
nominal irradiation [20]. In the model, a current source Iz which depends on solar radiation and cell
temperature; a diode in which the inverse saturation current Iy depends mainly on the operating temperature; a
series resistance Bz and a shunt resistance Ep which takes into account the resistive losses was considered [21].

The basic equation that describes the current output of the photovoltaic (PV) module I of the single-diode
model is as given in equation (8).
Ipy = Nploe — AL [M(Mj—i}—v .+fﬁ} (2)

: : NAKT, MR, .
The shunt resistance Ry is inversely related with shunt leakage current to the ground. In general, the
photovoltaic efficiency is insensitive to variation in Bz and the shunt-leakage resistance can be assumed to
approach infinity without leakage current to ground. For an ideal photovoltaic cell, there is no series loss and no
leakage to ground, i.e. Bz =0 and iz = o [26]. Thus,

NEATS . AL+ Lo — L)y .
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Where k is the Boltzmann constant (1.38 x 102 J K™), [9] q is the electronic charge (1.602 x 10™ C), T is the
cell temperature (K); A is the diode ideality factor, Rg the series resistance (Q) and Ry is the shunt resistance
(Q). Nz is the number of cells connected in series, Iz is the number of cells connected in parallel,

Vo = 15 = 20.76F.The nonlinear and implicit equation depends on the incident solar irradiance, the cell
temperature, and on their reference values [16]-[20].
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B. dc-dc Converter for Photovoltaic System

Power converters are required to convert one form of electric energy to another. The stand-alone photo-voltaic
energy system requires storage to meet the energy demand during the period of low solar irradiation and night
time. Battery storage in a solar system should be properly controlled to avoid catastrophic operating condition
like overcharging or frequent deep discharging. Storage batteries account for the most PV system failures and
contribute significantly to both initial and the eventual replacement cost. Charge controllers regulate the charge
transfer and prevent the battery from being excessively charged and discharged. A dc—dc converter is a power
supply that converts a dc input voltage into a desired regulated dc output voltage. The dc input may be an
unregulated or regulated voltage. Often, the input of a dc—dc converter is a battery or a rectified ac line voltage.
A voltage regulator should provide a constant voltage to the load, even if line voltage, load current, and
temperature vary. Switch mode DC to DC converters are used to match the output of a PV generator to a
variable load. DC to DC converters allows the charge current to be reduced continuously in such a way that the
resulting battery voltage is maintained at a specified value.

C. Bi-directional dc-dc converters

The bidirectional dc-dc converter along with energy storage has become a promising option for many power
related systems, including hybrid vehicle [25], fuel cell vehicle, renewable energy system and so forth. It not
only reduces the cost and improves efficiency, but also improves the performance of the system. In renewable-
energy applications, the multiple-input bidirectional dc-dc converter can be used to combine different types of
energy sources. In photovoltaic system applications, an auxiliary energy storage like an ultra-capacitor is been
used., With its ability to reverse the direction of the current flow, and thereby power, the bidirectional dc-dc
converters are being increasingly used to achieve power transfer between two dc power sources in either
direction.

Most of the existing bidirectional dc-dc converters fall into the generic circuit structure which is characterized
by a current fed or voltage fed on one side [25]-[27]. Based on the placement of the auxiliary energy storage, the
bidirectional dc-dc converter can be categorized into buck and boost type. The buck type is to have energy
storage placed on the high-voltage side, and the boost type is to have it placed on the low-voltage side.

D. Inverter system for photovoltaic

The inverter is needed for two reasons. First, the low DC voltage generated by the module must be amplified to
the higher AC level in the grid. Second, the power delivered from the module(s) is very sensitive to the point of
operation, and the inverter should therefore incorporate a function for tracking the Maximum Power Point
(MPP). The most common PV-technologies nowadays are the single-crystalline silicon and the multi-crystalline
silicon module(s). The open-circuit voltage in such a module is located in two ranges; either from 18 V to 26 V
for a module made up of 36 cells or from 38 V to 46 V for a module composed by 72 cells [2]. However, new
technologies like the thin-layer silicon, the amorphous-silicon and the Photo Electro Chemical (PEC) are in
development [27]. This means that new modules with only one cell may see the light in the future. The voltage
range for these cells/modules is located around 0.5 V to 2.0 V [27].

E. Inverter system topology

Generally, there are three types of inverter topology used for photovoltaic system; these are the single-step,
dual-step and the multi-step topologies for a.c. modules. Inverters for PV-applications have to contain some
basic functionality. The conversion of the low voltage generated at the MPP (typically around 17 V for a 36
cells module and 34 V for a 72 cells module) to a corresponding AC current injected into the grid, must be done
with the highest possible efficiency over a wide range of PV-power. This requirement is given due to the
irradiation distribution of the sun that most of the power generated within the range is from 200 W/m2 to 1000
W/m2 of irradiation. The grid-connected stage in almost all the investigated solutions uses a full-bridge inverter
towards the grid, either grid-commutated at twice the grid-frequency [ ] or self-commutated with a high
switching frequency [3]. The grid commutated operation is possible if the input-current to the grid-connected
stage is modulated to a rectified sinusoidal current. The latter utilizes PWM or bang-bang operation, and the
benefits for the grid-commutated solution are that the switching losses from the stage are completely removed,
and only the conduction losses remain. This means that the grid current must be sine-modulated in another
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sense, e.g. by the DC-DC converter. On the other hand, the switching losses are as a substitute moved to the
module-connected converter. Another disadvantage is that both the module-connected converter and the grid-
connected inverter must be designed for the peak power and not the average, which leads to larger and hence
more expensive components.

HI.MAXIMUM POWER POINT TRACKING(MPPT) TECHNIQUES

Photovoltaic (PV) modules are semiconductors devices that are able to directly convert the incident solar
radiation into electrical energy. On the |-V curve, there is a point called MPP (maximum power point) which
always occur on the knee of the curve, where the generated PV power is maximized as shown in Most of the
maximum power point tracking point (MPPT) algorithms is control algorithm which searches the maximum
power point (MPP) comparing the output power of the PV module before and after the duty cycle of the
converter is changed [22].

In most of these algorithms, it is desired to optimise the power flow from the PV system to the load. When this
is required, the operation point of the system must be maintained at the MPP. As the MPP depends on
irradiation and temperature, these environmental conditions varies randomly, thus, the MPP position is
constantly changed.

A. The Past: MPPT Techniques

In the past, the most commonly used algorithm in PV maximum power point tracking systems are constant
voltage, perturb and observe (P&O), seeking algorithm, sampling method, open circuit voltage, short circuit
current, perturbation and observation method (P&OQ), the incremental conductance method (INC) and Hill
climbing [9]. P&O method easily leads to erroneous judgement and oscillation around the maximum power
point; it generally needs to combine one or several improvements for normal use. INC methods overcome these
shortcomings of P&O methods but require relatively harsh detection devices and the choice of the step and
threshold is also more stressful [10]. However, most of them use lengthy calculations, on-line sensed data or
special circuit configurations.

B. The Present: MPPT Techniques

At present, the fuzzy logic controllers (FLCs), neural network methods and particle swarm optimization (PSO)
have received attention and increased their use very successfully in the implementation for MPP searching The
fuzzy controllers improve control robustness and have advantages over conventional ones. They can be
summarized in the following way [37]: they do not need exact mathematical models; they can work with vague
inputs and, in addition; they can handle nonlinearities and are adaptative in nature; likewise, their control gives
them robust performance, under parameter variation, load and supply voltage disturbances. Based on their
heuristic nature and fuzzy rule tables, these methods use different parameters to predict the maximum power
output: the output circuit voltage and short circuit current [37]; the instantaneous array voltage and current [37]
— [38]; instantaneous array voltage and reference voltage (obtained by an offline trained neural network) [38];
instantaneous array voltage and current of the array and short circuit current and open circuit voltage of a
monitoring cell [39] and solar radiation, ambient temperature, wind velocity and instantaneous array voltage and
current, used in [40]. Other techniques based on different principles are fuzzy logic control, neural network,
fractional open circuit voltage or short circuit current, current sweep, etc.

C. The Future: MPPT Techniques

The conventional MPPTSs are incapable of detect the global peak among all the peaks the P-V characteristic
curve under changing weather conditions because once the algorithm meets a peak, it stuck within the peak and
cannot rise to detect the rest of the peaks. Hence, those algorithms cannot assist the PV system to extract the
maximum available PV power. By using the hybrid PSO and ANN algorithm, where the ANN was used to
generate suitable values of AP and initial value of PV current to the PSO algorithm when there is a change of
solar irradiance. The PSO algorithm then generates the PV current at MPP for the corresponding change of solar
irradiance. Therefore, the PV system can always produce maximum power due to the PV current at MPP is
detected by the algorithm even under varying weather condition. Therefore, the hotspot problem of the PV panel
can be eliminated while the optimum PV energy is harvested.

IVV.CONCLUSSION
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Several MPPT techniques taken from the literature are discussed and analyzed herein, with their pros and cons.
It is shown that there are several other MPPT techniques than those commonly included in literature reviews.
The concluding discussion and table should serve as a useful guide in choosing the right MPPT method for
specific PV systems.
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