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Abstract—This paper deals with a dual energy source
system composed of photovoltaic (PV) generator and storage
elements (batteries). In this context, power converters are
included to ensure the energy flow management and the
permanent supply of the load. For this, a boost converter is
associated to the PV generator in order to extract the
maximum power, and a bidirectional DC-DC converter is
connected to the element storage (batteries) to control the
Direct Current (DC) bus. To ensure an alternative current
supply and improve the power quality, a three-level Neutral
Point Clamping (NPC) power inverter is introduced to the
proposed energy system. Moreover, an inductance-capacitors
(LC) filter is added also to the inverter to eliminate the high
frequency harmonics. Intensive simulations are carried-out to
demonstrate the effectiveness of the dual energy source system.

Keywords—Photovoltaic Generator, DC-DC Converter, NPC
Inverter, MPPT

1. INTRODUCTION

Many population lives in desert and mountains areas. In
general, remote areas are not connected to the electric grid
due to the isolation and the installation cost. In effect, an
energy source system is necessary to ensure a permanent
supply. For this, diesel generators are the most means used to
ensure the energies security in the remote areas. However,
diesel price and transport are the main drawbacks of this
solution. In hence, renewable energies present us promising
solutions for remote areas. In this context, photovoltaic (PV)
generators are widely used with many configurations. In
literature, the most adopted system is based on PV generators
and storages elements (batteries). This solution allows
ensuring load supply in any time [1-2].

In this Context, this paper deals with a dual energy
source system composed of photovoltaic (PV) generator and
storage elements (batteries). For this, a boost converter is
connected between the PV generator and DC bus to extract a
maximum power from the photovoltaic source. A
bidirectional DC-DC converter is added to batteries to
control the common DC bus [3-4].

To ensure an alternative current supply and improve the
power quality, three-level Neutral Point Clamping (NPC)
power inverter is introduced to dual energy source. To
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eliminate high frequency harmonics, an inductance-
capacitors (LC) filter is connected to the inverter output.

To extract the maximum power from the PV generator,
the DC-DC boost convert is controlled by Perturb and
Observe (P&O) technique. According to the state of charge
(SOC) of batteries, DC-DC reversible converter is used to
regulate the DC bus of the power inverter. In other hand, the
three-level NPC power inverter is supervised by Pulse Width
Modulation (PWM) algorithm to ensure a fewer harmonics.

II. SYSTEM SCHEME

Figure 1 shows the dual energy source system. It
composed of photovoltaic generators, batteries and power
electronics converters.

R

120 Gaxal ol D b 05
4,‘>9‘ ,,,,,,,,,, T

e

D2

ﬁK14

Fig.1. Dual energy source system.

The PV generators are connected to DC-DC boost
converter to extract the maximum power. Another DC-DC
reversible converter is associated to the batteries in order to
control the common DC bus. In hence, each PV-Batteries
energy system fed the upper and the lower DC bus,
respectively, of the three- level NPC inverter.

A. PV generator

The photovoltaic cell, in PV generator, can be presented
as an ideal current source, proportional to the incident light,
in parallel with a diode. It can be modeled by Figure 2 [5-6],
[7-8].
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Fig.2. Equivalent electrical circuit of a PV cell

The current equation is given by:

1=1ph—1{exp( q(V”Rs)J—l}—V”RS M

(N .ykT,) R

sh

Iph : photocurrent; Io : Diode saturation inverse current;
q : coulomb constant (1.602e-19C); k : Boltzman's constant
(1.38Ie-23 JIK); Tc : cell temperature; v : the quality factor
of the diode, normally between 1 and 2; Rs Series
resistance; Rsh : shunt (or parallel) resistance [9-10].

The photocurrent Iph depends to the irradiance G and the
temperature T. It will be determined according to values
given at reference conditions.

To obtain the desired voltage and current, a number of
PV cells are interconnected together in a sealed, weather
proof package called a Panel (Module) and Modules are
wired in series and parallel into what is called a PV Array
[11-12]. The PV generator characteristic is a non-linear with
a single optimum point at maximum power.
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Fig.3 PV array characteristics

For different irradiance values, the PV array operates
with different maximum power point.

B. DC-DC Boost Converter

To extract the maximum power from PV generators, DC-
DC boost converter is required. It is placed between PV
generator and the DC bus. Figure 4 shows the electrical
circuit of the boost converter.
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Fig.4 Boost converter Electrical circuit

For the time interval [0 <t <a Ts], the power switch K is
ON, therefore the voltage across the diode D equal to -V, ,
causing the diode to be reversed biased. The voltage across
the inductance equals to V., Consequently, the magnetic
energy increases.

The equations of the voltage and the current are:

i(t)=—i, (1) 2
v, ()= e () (3)

Where: T; is the switching period; a is the duty cycle.

For the time interval [oTs <t <T], the power switch K is
turned OFF [1], the inductance acts as a current source and
turns the diode ON. The equations of voltage and current are:

v, () =v, (1) = v, (1) )
(1) =i,(t) =i, (2) ®)

For optimal operation of the energy source system, the
Maximum Power Point Tracking (MPPT) algorithm should
be applied to the boost converter (Figure 5and 6).
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Fig.5 MPPT applied to The boot converter

The MPPT algorithm is used to perform a disturbance on
the PV panel voltage by the duty cycle a. Indeed, following
this disturbance, the PV panel power is calculated at each
time k, and then compared with the previous one of the
instant (k-1). If the power increases, the point of the
maximum power is approached and the variation of the duty
cycle is maintained in the same direction. Otherwise, if the
power decreases, the point of the maximum power is moved.
So, the direction of the variation of the duty cycle will be
reversed [9-10] (Figure 6).
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Fig.6 Perturbation and Observation scheme

C. DC-DC reversible Converter

Figure 6 illustrates the electrical circuit of the
bidirectional DC-DC converter to manage the energy flow
from and to the batteries.
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Fig.7. Bidirectional DC-DC converter

According to the direction of batteries current (Ipa), two
configurations can be envisaged. In the first configuration,
the power switch K; and diode D, operate in complementary
and the batteries discharges [13-14].

From the periods time [0 <t <ox;Ts], the equations of the
voltage and the current are given by :

Vit (£) = Vi () (6)
i.() =—i,(t) (7)

For the time interval [ox: Ts <t < Ts], the equations of the
voltage and the current are given by:

Vb () =V (8) = v, (8) ®)
ic (t) = _iLbat (t) - is (t) 9

In the second configuration, the power switch K, and
diode D; operate in complementary and the batteries charges

[41.05].

For the time interval [Ts < t < oxTs], the equations of
the voltage and the current are given by

Vibar (t) = Voar (t) -V (t) (10)
ic(t):_iLbat (t)_ls(t) (11)

From the period [oixTs < t < Ts], the equations of the
voltage and the current are given by:

Vipar () = Vo () (12)
i.(t)=+i () (13)

The energy flow between the DC bus and the storage
batteries is controlled by using the current reference in the
control system of the bidirectional DC-DC converter.

These references are imposed by the control loop of the
DC bus voltage (Figure 8).

Fig. 8. DC bus control.

D. Three-level NPC Power converter

Three-level NPC inverter is used to limit the voltage
stresses on power switches and improve the output voltage.
Figure 9 shows the structure of a three-level NPC inverter.
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Fig.9. Three-level NPC inverter structure

Noted by Fii is the connection function of the power
switches. If Fyi =1, the power switch is closed. Otherwise, Fi
= 0. The connection functions of the inverter are expressed
by the following relations:

{FKlzl_FKAl (14)
Fe,=1-F,

With, k=1, 2 or 3, represents the leg number.

The connection function is defined as follows:
b
{Fm:Fm_Fm 15
5 (15)
Fyo=Fis —Fyy

Noted by: Va, Vs and V¢ are the voltages of each phase
of the load. And Vam, Vem and Vem are the midpoints
voltages of each phase of the inverter. These voltages are
given by the following equations:

Vi = E}; XU _Flg XU,
Viu :szlXUa_Fz}())XUcz (16)
Veu :F3h1XU61 _F3}())XUcz

The output voltages of the power inverter are given by:
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Figure 13 illustrates the NPC inverter response in term of
output voltage which three levels have been appeared.
Figure 14 and 15 show the characteristics of the PV
generator.
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Figure 18 presents the DC bus voltage of the capacitors
midpoint which is maintained constant through the control
loop. Figure 19 shows also the DC bus in the input of the
NPC inverter. In hence, DC buses of the capacitors midpoint
can be controlled by the batteries of the dual energy system.
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The current and the voltage of the batteries are given
respectively in figure 16 figure 17.
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Fig.19 DC bus of the NPC inverter.

IV. CONCLUSION

This paper has presented a dual energy source system
based on photovoltaic generator and storage element
(batteries) for remote areas. In effect, a three level NPC
Power inverter is used in order to improve the output of the
proposed system. In hence, the capacitors midpoint DC bus
of the NPC inverter is supplied through PV generator -
batteries system. In this context, a DC-DC boost converter is
placed between the PV generator and the midpoint of the
DC bus to extract the maximum power from the
photovoltaic source. Moreover, a bidirectional DC-DC
converter is associated to the batteries in order to control the
common DC bus. In addition, a passive filter (LC) is
connected to the inverter output to eliminate the high
frequency harmonics.
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