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Abstract— With the increasingly prominent energy crisis and
environmental pollution caused by automobiles, the solar energy,
as a new and clean energy, has attracted much attention. In this
paper, a novel topology of hybrid generator with a PV energy
conversion system with a battery in a DC-coupled structure is
adopted to solve the problem and replace Fuel Cells, which have
important diesel fuel consumption and high energy costs.

In the proposed system, the PV Source represents the main
source, the DC link and battery the transient power source. This
latter can absorb or supply power peaks.

Finally, the proposed system is verified by the results of
simulation.

Keywords— Solar Energy, Hybrid generator, PV, Battery, DC-
coupled structure

I. INTRODUCTION

More likely than not, getting a vehicle from point "A" to
point "B" involves combustion of a fossil fuel, a process that
emits gasses and affects the environment. According to the
U.S. Environmental Protection Agency, more than half of the
air pollution in the world is caused by mobile sources,
primarily automobiles. Further contributing to the pollution
potential of cars is the fact that they are filled with numerous
fluids, which can harm the environment in the cases of
leakage or improper disposal.

One solution to the current emissions problems that we
face is the Hybrid vehicles, as they offer lower emissions than
gasoline automobiles.

Fuel cell (FC) technologies are expected to become a suitable
substitution for conventional power generators and grid utility
for residential applications, as they are more efficient and
environmentally friendly in comparison with other
conventional power generators. However, in order to provide
power demand of a residential load, it may be required to over
design fuel cell power module which is not economically
advisable. Furthermore, due to the sluggish dynamic response

of fuel cell in transient events, there will be load following
problem. [1] Not to mention diesel fuel consumption and
energy costs that makes FC less effective.
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Fig. 1 The price for PV systems has decreased by more than 60% in the last 3
years. Fuel costs for diesel generators are constantly rising. Source: Juwi
Group ASIA Pacific: Quantifying Commercial Benefits of Fuel Saver
Systems

In such cases, a renewable energy, such as PV Panel, has
been incorporated in order to overcome these problems. [2]

In an electric vehicle using a single energy source, the
necessary power is transferred from the permanent source, the
PV Panel for example, to the load.

The permanent source must frequently supply or absorb the
picks of power resulting from the accelerations and the
braking. This double uses of the permanent source, as energy
source and as power source, is strongly penalizing: the losses
and the weight are increased and the lifetime of the energy
source is reduced. [3]

One solution to this problem is the hybridizing of the
source with a battery which manages the power picks. Hence
the permanent source can only supply the average power
which insures the vehicle's energetic autonomy.

The battery system provides power to the vehicle during
periods of peak power demand such as vehicle acceleration or
traveling at a high constant speed.
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Hybrid sources allow dissociating mean power sizing from
peak transient power sizing, the aim being to reduce in
volume and weight. [4] [5]

In this paper a hybrid power source using PV Panel and

battery supplying a load is proposed to make the system
highly efficient and reliable.
In a first step, a dynamic modeling of the overall system is
given. Secondly, a description of the components of the
proposed system is provided. Finally, simulation results in
presence of DC Bus voltage changes and load resistor
disturbances, using Matlab-Simulink, are presented.

II. DYNAMIC MODELING

The converter topology for the renewable hybrid system is
depicted in Fig. 2.
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Fig. 2 PV/Battery hybrid system configuration
A. MODELING OF PV PANEL

A photovoltaic PV generator consists of an assembly of
solar cells, connections, protective parts, supports etc. Solar
cells are made of semiconductor materials (usually silicon),
which are specially treated to form an electric field, positive
on one side (backside) and negative on the other (towards the
sun). When solar energy (photons) hits the solar cell, electrons
are knocked loose from the atoms in the semiconductor
material, creating electron-hole pairs. If electrical conductors
are then attached to the positive and negative sides, forming
an electrical circuit, the electrons are captured in the form of
electric current (photocurrent).

The model of the solar cell can be realized by an
equivalent circuit that consists of a current source in parallel
with a diode (Fig. 3).

In Fig. 3, Rs, Rp and C components can be neglected for the
ideal model. [6]
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Fig. 3 Equivalent circuit diagram of a solar cell

The p-n junction has a certain depletion layer capacitance,
which is typically neglected for modeling solar cells.
At increased inverse voltage the depletion layer becomes
wider so that the capacitance is reduced similar to stretching
the electrodes of a plate capacitor.
Thus solar cells represent variable capacitance whose
magnitude depends on the present voltage. This effect is
considered by the capacitor C located in parallel to the diode.

Series resistance RS consists of the contact resistance of

the cables as well as of the resistance of the semiconductor
material itself.
Parallel or shunt resistance RP includes the “leakage currents”
at the photovoltaic cell edges at which the ideal shunt reaction
of the p-n junction may be reduced. This is usually within the
kQ region and consequently has almost no effect on the
current-voltage characteristic [7].

The diode is the one which determines the current-voltage
characteristic of the cell. The output of the current source is
directly proportional to the light falling on the cell. The open
circuit voltage increases logarithmically according to the
Shockley equation which describes the interdependence of
current and voltage in a solar cell [7] [8].
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= k- Boltzmann constant (1.3806 10-23 J/K);
= T —reference temperature of solar cell;

= g -elementary charge (1.6021 10-19 As);

= U -solar cell voltage (V);

= ], — saturation current of the diode (A);

= Ipy — photovoltaic current (A).

The model of solar photovoltaic power system has been
developed in Matlab/Simulink as shown in Fig. 4.



2éme conférence Internationale des énergies renouvelables CIER-2014
Proceedings of Engineering and Technology - PET
Copyright - IPCO 2015

Fig. 4 Matlab-Simulink model used for PV mathematical model validation

B. BATTERY

The battery has the characteristics of high energy density
and relatively low power density. The internal resistance is the
major factor for the limited discharging and charging current
capability. The internal equivalent series resistance has
different values under charging and discharging operating
conditions. The charging and discharging efficiency are
nonlinear functions of current and state of charge (SOC). The
battery can be modeled as an equivalent circuit such as a
voltage source and an internal resistor. [4] [9]
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Fig. 5 Electrical model of the Battery

Because PV Panel and battery have advantages and
disadvantages of their own, it should be beneficial to have
hybrid energy-power sources, in which PV system supplies
the base energy while battery supplies peak power for fast
acceleration and captures the braking energy for regeneration.
Battery can carry out two main functions:

= the function \source of energy", since batteries are

electrochemical accumulators,

= the function \source of power", for which battery

comes in complement with the main source (FC) (or
any other source limited in power), for a decrease in
volume and weight of the whole system. [10]

The hybrid source studied in this paper concerns this
second function.

III. COMMAND STRATEGY

A. PROPOSED HYBRID SYSTEM DESCRIPTION

The proposed hybrid structure given by Fig. 2 is composed
by a PV array as a main source, a PV DC-DC boost converter,

a DC bus, a Battery and its bidirectional DC-DC converter
and a RLE load modeling the electric motor. The DC bus is
powered by the PV system through its DC-DC boost converter
that keeps the bus voltage to the value of its reference. The
Battery is connected to the DC bus through its bidirectional
DC-DC converter.
The role of the PV Panel is to provide power to the load; the
Battery has the role to provide the extra power required by the
load during transients and to recover the energy generated by
braking.

To manage the exchange of energy between the DC bus
and the storage element, three procedures may exist:

= Loading mode: where the main source (PV Panel)
provides power to the Battery.

=  Unloading mode: where the Battery and the main
source supplies energy to the load.

= Recovery mode: where the load supplies energy to
the Battery. [4] [9]
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Fig. 6 Hybrid sources structure

Even with higher efficiency, the goal remains to maximize
the power from the PV system under various lighting
conditions.

Maximum Power Point Tracking (MPPT) is used to obtain the
maximum power from this system. [11]
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Fig. 7 Hybrid system for power generation from PV panels with an MPPT
device

B. THE MAXIMUN POWER POINT TRACKING
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In order to archive the maximum power point (MPP) of
the PV array, it is necessary maintain it at their optimum point
operating. The MPP varies with the solar radiation and the
temperature. The characteristic curves specify a unique
operating point at which maximum possible power is
delivered. At the MPP, the PV system operates at its highest
efficiency. [12]
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Fig. 8 V-I characteristic of a solar cell

There are many different approaches to maximizing the
power from a PV system. The method that has been adopted is
the Perturb and Observe (P&O) MPPT Algorithm.

The perturbation and observation method has been widely
used because its simple feedback structure and fewer
measured parameters which are required. It operates by
periodically perturbing (incrementing or decrementing) the
array terminal voltage and comparing the PV output power
with that of the previous perturbation cycle. If the power is
increasing the perturbation will continue in the same direction
in the next cycle, otherwise the perturbation direction will be
reversed. The flowchart of this method is represented by Fig.
9. [13][14]
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Fig. 9 The flowchart of the P&O algorithm. [15]

The output voltage and current with perturb and observe
technique are shown by Fig. 10 (a) and Fig. 10 (b)
respectively.
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Fig. 10 (a) PV array output voltage for P&O MPPT technique
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IV.SIMULATION RESULTS

Fig. 12 (a) Battery voltage. (b) Battery current.

Fig. 12 shows the battery voltage and current Vp & Ip

response in presence of the DC Bus voltage variation. The
battery supplies power to the load in the transient and in the
steady state no energy is extracted since the battery current is
nul.

It can be seen from Fig. 13 that the battery supplies and
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Fig. 11 DC Bus voltage and its reference.

Fig. 11 shows the response of the system to the DC Bus
voltage reference changes Vp &Vpc. The DC Bus voltage 400
tracks well the reference. A very low overshoot and no steady

state error are observed.

absorbs the transient peak power.
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Fig. 12 PV Power, Load Power and Battery Power.

V. CONCLUSION

A dynamic modeling of a hybrid source system composed
of a PV source and a battery source is presented.

An encouraging simulation results has been obtained
exhibiting also the robustness of the proposed controllers
towards load resistor variations.

Many benefits can be expected from the proposed
structure such that supplying and absorbing the power peaks
by using a battery which also allows recovering energy. At the
same time, this can reduce significantly the harmonics on the
line.
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