

https://crossmark.crossref.org/dialog/?doi=10.18280/mmep.090312&domain=pdf

























750 B I I I 7
Grad

z
5
z FL
g 700 €
=] OTC
E
= | |
11 11.05 1.1 11.15 11.2
Time (h)
Zoom 2
(c) Day 3
100 | I | oTC FLC Grad
z
2 s00 | 270N
g2 7T~ n zoom2'y
< /zooml
£ | 4
= |\ 0 7 L L y
0o 5 1050 - - 15 20
\\s_’/ Time (h)
400
| oTC FLC Grad
z
z
=}
o
R : ! I
= 0 0.2 0.4 0.6 0.8 1
Time (h)
Zoom 1
200
2
5
z
o
2150
=
E | |
=
11 11.05 1.1 1115 1.2
Time (h)
Zoom 2
(d) Day 4

Figure 15. Wind power during the four different days with
their zooms

All of these data show that the FLC produces the best results
in photovoltaic and wind generators in terms of power; thus,
the FLC will be used for the hybrid system. During the four
days, the hybrid power with FLC MPPT is provided (Figure
16).
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Figure 16. Hybrid power

7. POWER CONTROL OF THE PROPOSED SYSTEM

An application for water pumping is considered for the area
of Bejaia, a coastal region in the east of Algeria. The daily
average water use is 0.5 m®. The energy utilized per day is
around 7445.51 Wh/day. The profile of the load is adjusted
according to the following equation [21]:

Proaa = Prv + Pyina £ Ppase (22)

We have already made an application for a wind turbine
system with batteries [21] and the proposed supervision has
performed well and given good results. The same method was
also applied to a PV system with batteries [23, 24] and to
another application involving a PV system with batteries and
fuel cells [25]. The found results confirmed the feasibility of
the proposed method. In this paper, an application to a hybrid
water pumping system is sought. The proposed power
management control (PMC) is shown in Figure 17.
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Figure 17. Flowchart of the proposed PMC

There are eight operating modes suggested to satisfy the
power.
The initial condition of the battery SOC-is:

SOC, ... =30%(SOC(SOC, . =90% (23)

Mode 1 (M1): Py=Piowa and the height is less than the
reference height, which corresponds to the maximum volume
of water to be pumped. The motor pump unit is driven by
photovoltaic and wind powers.



Mode 2 (M2): Puys<Pioad, SOC<30%, the height is lower
than the reference height, which corresponds to the maximum
volume of water to be pumped. The batteries are then
disconnected, and as the requirement of the load has not been
met, the latter is immediately unloaded.

Mode 3 (M3): This situation occurs when the height is less
than the reference height, which corresponds to the maximum
volume of water to be pumped, and Py,»<Pioua, SOC>30%. The
batteries will compensate for the shortage of power.

Mode 4 (M4): It corresponds to a height lower than the
reference height which corresponds to the maximum volume
of water, and more Pp,»>Pioqa and SOC<90%. The load will be
driven by the electricity generated by the two generators. The
remaining energy is used to recharge the batteries.

Mode 5 (M5): The height is lower than the reference height
which corresponds to the maximum volume of water
(Pryp>Pioaa and SOC>90%). The load will be driven by the
power generated by the two generators and the surplus will be
dissipated in a dump load.

Mode 6 (M6): It occurs when the head is greater than or
equal to the reference head, which corresponds to the
maximum amount of water that can be pumped. There is no
need to fill the tank in this case. Also P»=0, the load as well
as the batteries will be disconnected.

Mode 7 (M7): The height is greater than or equal to the
reference height which corresponds to the maximum volume
of water. There is no need to fill the water tank. Moreover
P70 and SOC<90%. The power generated by the
photovoltaic and wind generators will be used to charge the
batteries.

Mode 8 (MS8): The height is greater than or equal to the
reference height which corresponds to the maximum volume
of water. There is no need to fill the water tank. Moreover
Pip#0 and SOC>90%. In this case the batteries will be
disconnected.

The simulation program is run under Matlab/Simulink
environment. The chosen height is variable (Figure 18) and the
power of the pump is of about 900 W (Figure 2).
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Figure 18. Chosen reference heights

A water pumping was realized during 8.28 hours maximum
for each day. The pump power is given in Figure 19. The state
of charge and battery voltage are respectively shown (Figure
20 and 21). It can be observed that the batteries (in red color)
have not been solicited much whatever the period of the year.
Indeed, the solar irradiance and the wind speeds in this
Mediterranean region are very complementary especially in
the summer (strong solar irradiance and low wind speeds) and
in the winter (high wind speeds and average solar irradiance).
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Figure 21. Battery voltage

The different powers of each day are as follows (Figure 22).
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It can be noted that the batteries have not been solicited
much whatever the period of the year. The SOC values vary
between 53.1% and 90%. The batteries were protected due to
the proposed power control and the pump was supplied during
8.28 hours per day. The different powers have been well
managed and the pump has been supplied with less stress on
batteries.

8. CONCLUSIONS

Modeling, design and optimization of a hybrid
photovoltaic/wind turbine/batteries system are described and



evaluated in this work. This system allows us to satisfy the
pump load and to protect the batteries used. This has been
achieved mainly through the control, the correct and precise
sizing provided by the proposed sizing method and of course
through the FLC optimization strategy. These three parameters
are important factors for the feasibility of this system.
Matlab/Simulink simulation results verify the effectiveness
and feasibility of the proposed control strategy. The main
novelties and goals of this study can be affirmed as a
significant power gain in PV and wind turbine powers, so less
stress on the batteries of the system. In fact, this is on the one
part to the proposed precise sizing method and accurate
mathematical models and on the other part to the fuzzy logic
control algorithm and the used power control method. In our
future research, we intend to implement the proposed system
with power management system and FLC optimization.
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NOMENCLATURE

Cbatt

battery capacity, Ah

D duty cycle

daut days of autonomy, days

Eir solar irradiance on a tilted plane, kWh/m?

Erons annual average monthly energy value of the

oad.ave: load, kWh/m?

E annual average monthly energy value of PV
prave generator, kWh/m?

Eo annual average monthly energy value of
ndave wind generator, kWh/m?

f fraction of power

Loy maximum current at PPM, A

Ise short-circuit current, A

J total inertia, kg.m?

Ls stator inductance, H

m month of the year

NBait number of batteries

Ny days number (31 days),

Ny, number of photovoltaic panels

Nyind number of wind turbines

P number of pole pairs

Pran battery power, W

Pi(i=1,4) constant parameters

667

PDP depth of discharge

Py hybrid power (PV and wind), W
Pioaa load power, W

Py rated power, W

Pry photovoltaic power, W

P turbine power, W

Poy optimized power, W

Rpart internal resistance, Q

R resistance of the stator winding, Q
R turbine radius, m

Spv photovoltaic area, m?

Swind wind turbine area, m?

Tem electromagnetic torque, N.m

Tm mechanical turbine torque, N.m
Voar battery voltage, V

Va direct axis stator voltage, V

Vy quadrature axis stator voltage, V
Vinpp maximum voltage at PPM, V

Voe open-circuit voltage, V

Viina wind speeds, m/s

Greek symbols

Olsc short-current temperature coefficient, A/K
Poc voltage temperature coefficient, V/K
At period of time, hours

Nbatt battery efficiency, %

Npv PV panel efficiency, %

HMPPT-PY PV MPPT efficiency, %

NMPPT-Th wind turbine MPPT efficiency, %
® rotor electrical pulse, rad/s
Subscripts

FLC Fuzzy logic controller

INCcond Incremental conductance

GM Gradient method

oTC Optimal torque control

MPPT Maximum power point tracking
NOCT Nominal operating cell temperature
PMSG Permanent magnet synchronous generator
P&O Perturb and Observe

sSocC State of charge

APPENDIX

Rated parameters of the used PV panel of 175 Wp:

Pov=175 WP, Tupy=4.95 A, Vapy=35.4 V, [=5.40A, V=44 4
V, Mnw=13.5%, e=t0.053 A/FC, Po=-156.00V/°C,
NOCT=47.5°C.
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