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Abstract— The basic idea of this work is to create an
electrical energy management system of a real daily domestic
load located off the electrical grid. This house will be powered
by a wind turbine with variable wind speed as a renewable
energy source coupled to a permanent magnet synchronous
machine PMSG as a generator, a battery storage and a diesel
generator in case of need. The studied system is validated by a
simulink simulation under the Matlab software. The results
obtained confirm the effectiveness of the system used.
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I. INTRODUCTION

Energy production is a challenge of great importance for
the future [1-2]. Indeed, the consumption of fossil fuels leads
to greenhouse gas emissions and therefore an increase in
pollution. Faced with the multiple economic and oil crises,
science has turned its attention to the so-called renewable
resources, which constitute a strategic sector and occupy a
privileged place in the field of research and development [3].

Energy management is a very broad concept that refers to
the set of rules for managing the transfer and exchange of
energy between the generation and the variable consumption
of the load [3]. This management allows the reliability and
the good distribution between the renewable source, the
storage system, the diesel generator and the load, by
providing adequate commands to the various converters, in
order to ensure a permanent supply of the load and to
increase the life of the various components by following well
defined techniques [3, 5, 8, 10]. In recent years, power
management has tended to expand into many different areas.
According to the study of several researchers' works, the
power management strategy is based on several methods
such as the battery state of charge (SOC) [12], the SOC with
the level of absorbed or supplied power [13], the techno-
economic study of the application used [14].

Today, wind energy occupies a very important place in
the renewable energy sector [4]. In this context, wind energy
is used to supply an isolated site equipped with a storage
system in the event that the energy produced is greater than
that required. To ensure the autonomy of this site we use a
diesel generator.
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This work is organized in five sections. After the
introduction, we present in the second section the modeling
of the studied chain. The third section describes the energy
management algorithm of the different sources. Then we
present the results of the obtained simulation. We finish this
work with the conclusion.

II. MODELING THE STUDIED SYSTEM

The system used in this paper consists of a variable
speed wind turbine as a renewable energy source, coupled to
a synchronous generator with permanent magnet PMSG, a
battery for energy storage in case of excess and a generator
mode in case of lack. The site has a diesel generator used in
case of emergencies (lack of wind and battery discharge).
The wind turbine and the battery are connected with a
continuous bus. The synoptic diagram of the system studied
is given in the following figure:
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Fig. 1. Synoptic of the system studied

1) Wind Turbine modeling

Wind energy is the conversion of wind power into
mechanical energy, electrical energy or kinetic energy. The
power recoverable by a wind turbine is a function of the
square of its diameter and the cube of the wind speed [3]:

Pw = C,pTR*V§, (1)
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2) PMSG modelling
The permanent magnet synchronous machine is more
used in small applications to produce wind power. In this
case the PMSG is a generator with radial magnetization. So

the model will be represented by to a smooth pole machine
with Lgg = Lgq = Lg. The PMSG is shown in figure 2:
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Fig. 2. PMSG scheme

In the Park reference, the PMSG is modeled by the
following equations [3, 9]:

dlgq

Vsa = Rglgq + L a pQLsIsq (€)]
dig
Vsq = RsIsq + L dtq + pQLglgq + pQdy 4
dQ
]a=Tm_Tem_fQ (5)

The expression of electromagnetic torque of the PMSG is:

Tem = pq)mlsq + (qu - Lsd)plsdlsq = pq)mlsq (6)
The equation of active power of the generator PMSG:

Pgen = igqVsq + isquq @)
3) Storage system (Battery)
The battery is modeled by the following circuit:
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Fig. 3. Battery model diagram

Then the state model of the battery used in this
work is represented by the following expression [5] :
[X] = [AT[X] + [BI[1] ®)
[X] = [Veo  Ves 1Vo]T
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In this work, we have used lead-acid battery to store the
excess energy generated from the WT. The battery charge
(Qpa) can be obtained with the following equation [11].

Quar = Quari + _[Vbathatdt )
0

With Q.. is the initial battery charge, Iy, and Vi, are
respectively current and voltage of the battery.

4) Diesel generator

The diesel generaf@) is commonly used in several
applications. It is often used as a backup source in a hybrid
system based on renewable energies in isolated mode. It
intervenes to cover the lack of power ensuring the continuous
supply of the load and the energetic stability of the system
[3].

5) Boost converter modeling(DC-DC)

In this case we will be interested a DC-DC
converter for a better adaptation between the wind and the
battery. The converter might control to yield constant output
DC voltage level. The electrical circuit of the boost
converter is shown in the figure following [4].

I +
de
- Tvdc

Fig. 4. The model of boost converter.

The transfer function of the used converter is given by
equation following:

A\
V, =— 10
dc 1—D ( )

With: D denotes the duty cycle.

6) Domestic load
In this work, we will use a real load profile. This
load will be a domestic load that models the daily
consumption (24 hours) of a house. This domestic load
profile contains three peaks of energy consumption morning,
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noon and night. This daily load varies between 1.5 KW and
3.5 KW.
7) System simulink model
The modelling of the studied system in
Matlab/Simulink is shown in figure 5.

Fig. 5. Simulink model of chain

III. POWER MANAGEMENT ALGORITHM OF THE SYSTEM

The algorithm of management and energy
exchange between the different parts of the system [8] is
modeled by the following figure.
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Fig. 6. Algorithm de gestion

The principle of this algorithm is to compare the
energy generated by the energy demanded by the domestic
load. Then to check the SOC level of the battery, whether it
is minimum in discharge mode feeding the load, or
maximum, in charge mode of the battery by the wind
turbine.

IV. RESULTS STUDY

This paragraph is dedicated to the simulation results of
our system. The angular speed and the electromagnetic
torque of the synchronous machine are represented by the
following figure 7 and figure 8. The power generated by the
wind turbine is given by figure 9. The figure 10 shows the
logical state of the managed switches of the studied chain
and figure 11, 12 shows the power balance after the energy
exchange management.
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Fig. 10. Logical status of the management switches
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Fig. 12. Evolution of daily energy management

The figure 10 shows the status of the management
system switches, at time t1 the energy developed by the WT
is greater than the load and the battery has reached the
maximum threshold at this time the battery will be
disconnected. At time t2, the energy generated by the WT is
less than the load; in this case, the WT and the battery work
together to provide the required energy. We notice that at t3
(20h) the battery is totally discharged. In this situation the
management system calls the connection of the diesel
generator to cover the energy need.
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The interpretation the figure 11 and 12 shows us
that if the power developed by the wind turbine is greater
than that of the domestic load, in this case the excess is
stored in the battery. In the opposite case the wind turbine
and battery supply the load.

The state of charge of the battery (SOC) is represented
by the figure 13. The minimum charge level of the battery is
30%, while the maximum level is 90%. During the whole
day the battery is charged and discharged only once, thus
extending the battery life.
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Fig. 13. State of charge of the battery
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Fig. 14. The domestic load currents

We also notice that the load currents (figure 14) are
sinusoidal and the frequency is 50 Hz.

V. CONCLUSION

In this work, we succeeded in creating an energy
management algorithm for a variable domestic load. This
site includes a variable speed wind turbine to produce
electrical energy, a battery to store energy and a diesel
generator as a backup source.

The simulation results found in this work by Matlab
Simulink validate our multi-source system studied.

The perspectives of this work, we must find a solution
in the case where the generated energy is greater than the
load and the battery reaches the maximum load threshold
and use intelligence control of electronic converters used.
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Table. PMSG parameters.

Description Value
P (Rated power in kW). 3
J (Moment of inertia in kg.m"). 99¢™
p (Number of pole pairs) 4
R, (Resistance in ). 0.82
L, (Stator inductance in H). 15¢”
f (Friction factor in N.m.s.rad™). le”
®,,,(Magnetic flux of magnets in Wb) 0.5

NOMENCLATURE AND ABBREVIATIONS

V. wind speed (m s™)

p : air density (1.22 Kg m?)

P,,: wind power (W)

C,: the power coefficient of the wind turbine
R: length of the blade (m)

Q: angular speed (rad.s™)

Pg4,: Power of diesel generator (W)

Py, battery power (W)

P,,: power extracted from the wind (W)
Via ,Vgq: stator voltages in Park frame (V)
V14, Viq: rotor voltages in Park frame (V)
Ly ,Isq : stator currents in Park frame (A)
Liq ,liq: stator currents in Park frame (A)
R: stator winding resistance (€2)

Ly: stator winding inductance (H)

Lg,: stator winding inductance (H)

¢m: Permanent magnetic rotor flux (Wb)
T.: electromagnetic torque (N.m)

PMSG: Permanent Magnetic synchronous Generator
SOC: state of charge the battery

Chpuix : volume capacity battery (F)

Csurface: surface capacity (F) battery

R. : end resistance battery (£2)

Ry : surface resistance battery ()

R : terminal resistance battery (Q)

C1: satrting and stopping wind turbine
C2: satrting and stopping battery

C3: satrting and stopping diesel generator
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