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The growth of renewable energy development and exploitation has been strong
in recent years. The multisource pumping is considered as one of the most
widely adopted solutions in rural (agricultural) areas. This paper presents a
study of different components of the system, including both photovoltaic and
wind generators with MPPT, batteries, and a motor-pump unit. It further
explores sizing and energy management. The process of sizing involves
determining the optimal component capacities to meet energy demands, taking
into account variables such as energy source variability and load profiles. In
parallel, energy management strategies are critical to balance energy supply and
demand, mitigate intermittency issues, and extend the lifespan of energy storage

components. This paper explores the sizing and energy management of a multi-
source system comprising a photovoltaic generator, a wind turbine with MPPT
methods, a battery storage, and a motor pump to meet power requirements.

1. INTRODUCTION

Our planet is being impacted by the excessive use of fossil fuels, and these finite resources are also set
to dry up in the coming years. Energy and water scarcity pose significant challenges for numerous
residents living in the rural and remote regions of developing countries. The issue of limited water
resources in these distant areas is of paramount importance to the local populations. The pursuit of
suitable remedies for this problem plays a vital role in enhancing living standards in such regions. Hybrid
system pumping emerges as the perfect solution for providing water supply in these remote and rural
locations. (Xiao Xu, 2020) (Obaid W, 2021)

A hybrid system with storage is proposed to reduce the overheating of the motor temperature and
increase efficiency. The storage serves as both an energy reservoir for surplus power and a backup
energy source (Serir Ch, 2016). To guarantee the efficient and dependable performance of a hybrid
system, it is imperative to coordinate and optimize the energy sources employed within the system. This
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action is achieved through the implementation of energy management algorithms, several researches
have been conducted on the subject. (Gam O, 2019) (Zaibi M, 2018) (Poompavai T, 2019)

In this paper, we introduce a hybrid pumping system powered by solar and wind sources with battery
storage. The system also incorporates an induction motor controlled through rotor flux-oriented vector
control. This motor is linked to a centrifugal pump, which is coupled with a strategically placed elevated
water storage tank. To maximize power extraction from both the photovoltaic panel and the wind
turbine, we have employed two distinct Maximum Power Point Tracking (MPPT) techniques, the P&O
for the photovoltaic and the classical for the wind turbine. Furthermore, we have integrated the necessary
power converters to ensure the system's proper functionality. To guarantee efficient management of the
available energy and meet power demands, we have carried out system sizing and developed an energy
control and management algorithm.

We have presented the necessary steps for the sizing of a hybrid pumping system combining
photovoltaic and wind sources with batteries, along with a strategically positioned water tank for a site
located in a rural region. This system is designed to provide the required energy to power the load, and
also ensure a reliable water supply for the region's needs. A power management algorithm has been
presented to ensure energy availability and proper operation throughout the year. After a simulation on
MATLAB/Simulink, the obtained results show the efficiency and reliability of the proposed system.

2. Description of the system

Figure 1 shows a block diagram of the proposed system
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Fig 1. Proposed system scheme

The system includes PV Panels, a DC/DC converter with MPPT control, a wind turbine with MPPT
control, an induction motor, a three-phase PWM inverter, a centrifugal pump, and a battery.

3. MODELING SYSTEM

3.1 Photovoltaic generator

This model is characterized by a very simple resolution. It requires only four parameters namely lsc, Voc,
Im, and Vm. The (lpv, V) characteristic of this model is illustrated as follows (Serir Ch, 2016) (Pant S,
2020):
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by = 1o [1- €4 (e (22) - 1) ®
o 6= b e
With: (%)_ 2

l 2= In(1-12)

3.2 Turbine

The optimal wind turbine power (with MPPT) versus time PWT(t) has the following expression (Zaibi
M, 2018):

1
Pyr(t) = Enscngcp,optpAWTVv?zind ®) (3)

With:

e n, Mg Static converter efficiency, generator efficiency,

o Cuopt optimal wind turbine power coefficient (i.e. corresponding to a perfect maximum point
tracker),

e pair density (kg/m3),
o Aur wind turbine swept area (m?),
o Vuing(t) wind speed versus time (m/s)).

3.3 CIEMAT battery model

The battery’s model is characterized by the series connection of an electromotive force with a variable
resistance, as follows (Laadissil E.M, 2018):

Vhat = np-Ep £ np. Ry Ipge (4)

With: np is cell number, Vyar: battery voltage, lvar: battery current, Enar: electromotive force.

3.4 Induction Machine

The electric equations of the induction machine are written in matrix form as follows (Chouidira I,
2020):
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L dt A
The expression of the electromagnetic torque is:
Tom = P.Lm. (ima-isq — imq-isa) (6)

3.4 Centrifugal pump

The head-Flowrate h — Q characteristic can be expressed approximately by the following Quadratic
form: (Goppelt F, 2018)

H = a0w2 - al(lJQ - a2Q2 (7)

Where ay, a1, and a, are the coefficients generally given by the manufacturers. The hydraulic power,
resistive torque, and mechanic power are given by: (Perissinotto R M, 2021)

PH = ngH' Tr = krwz + Cs (8)1 (9)

The pump efficiency is defined as the ratio of the hydraulic power imparted by the Pump to the fluid to
the shaft mechanical power and is given by:

n pugHQ
p 3 10
c(1—“’w—ssl) ws (10)

where Q, H, p, g, s, and wg are the water flow (m*/s ), the total height of the well (m), the density
(Kg/m?), and the gravity (m/s?), the angular frequency of the supply (rad/s) and the slip speed (rad/s),
respectively.

3.5 Flux-Oriented Vector Control of the Squirrel Cage Induction Machine

The motor’s equations with the constraint @,; = 0 et @4, = @, is simplified as follows:
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o, = Misq
T 9,
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Pom = ET; :
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4. SIZING AND MANAGEMENT
4.1 Pumping system sizing

We will take the photovoltaic generator as the main source, the wind system as a complementary source,
batteries for compensation, and a water tank to meet the water needs of a small village containing 170
families. From what we need to make a sizing of the various components of the studied system. The
daily consumption of the village is therefore estimated at 72.25 m® so we will take a tank of 110 m?, the
dynamic level head is about 12 m and the nominal flow rate is 25 m3/h. The results obtained from the
sizing system are presented in Table 1.

Table 1. Sizing pumping system

Symbols Expressions Results
Hydraulic power Phya = pgQH 817.5W
Mechanical power Phyd
. P, = — 1486.36 W
required by the pump e, 86.36
. pmec
Electric power Pele 1748.66 W
Nm
P
Input power of the inverter Pgem = —= 1840.69 W
rljnv
\Y
Necessary pumping time T, = 2 44nh
Daily electrical energy E = Pit 8099.036
required by the load ¢ dem “p Wh/day
Eele
Ppy = ———8Mm—
The power of the PV generator PV T, (1 — pertes) 2300.8625 W
1:)PVt
Number de panels Npy = — 21 panels
PPV
Viac(1 —
Number of panels series pVs = dC(V ) 7 panels
m
Ppy
Number of panels parallel Vac(1-0) 3 panels
p p Npyp = L Y
E.N:
Battery capacity ¢ Jaut 150 A.h

Crr =
bat ™y, .«PDDRyp N,
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With: Njae: number of days of autonomy, PDD: depth of discharge, Ru: battery performance, Nm:
number of days in the month.

Speed reference of motor-pump: The reference speed (wrer) is determined by the total power
(photovoltaic, wind, and batteries) and is given by the following relation:

3|Pryp X
Wres = wp X /P—“ (12)
n

*  wrr Rated speed of the asynchronous machine [rad/s].

o Pyt Total power (photovoltaic, wind, and batteries) [W].
e 1 Efficiency of the motor-pump unit.

e Py, Rated power of the motor [W]

With:

After sizing, we need 21 panels of 120 Wc (7 in series and 3 in parallel) as the main generator, while
the LKW wind system will be a complementary generator, and 6 batteries will be used for compensation.

4.2 Supervisor control

To maintain a reliable water supply, the entire system must operate perfectly and effectively. Achieving
this goal requires the optimal management of energy flow between different components. The
management system plays a critical role in overseeing energy transfers among these components and in
regulating the charging and discharging processes of the storage (batteries) to extend their lifespan.

From this management system, we can establish five modes of operation, which are summarized in
Table 2:

Table 2. Management system

Mode Description Action

1 Hybrid Power = Load Demand Disconnect the battery, and direct supply to the load.
2 Hybrid Power > Load Demand, Supply the load and charge the battery.

SOC < SOCmax
3 Hybrid Power > Load Demand, Disconnect the battery. The load is powered by both

SOC > SOCmax generators; excess energy goes to the load-dumping
resistor.
4 Hybrid Power < Load Demand, Battery compensates for power deficit.
SOC > SOCmin
5 Hybrid Power < Load Demand, Disconnect both battery and load.
SOC < SOCmin

Figure 2 represents the energy management algorithm:
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Fig 2. Proposed flowchart

4. SIMULATION RESULTS

Utilizing the previously described models and control methods, a simulation of a multisource pumping
system has been developed and conducted within the MATLAB/Simulink environment.

Irradiation, temperature, and wind speed exhibited daily variations over 12 days in October. These
variations are quantified by the average values for each parameter per day, and they are visually depicted
in Figure 2, Figure 3, and Figure 4. Figure 5 represents the powers (Pnyb, Poar), While it is noted that the
hybrid power and that of the battery (charge and discharge) are complementary.
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Fig 2. Solar irradiance Fig 3. Wind speed
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After management, Figure 6 shows that the powers (hybrid, battery) are complementary. At moments
(0to 3.5), and (11.5 to 12), the battery compensates for the power deficit to supply the load (Pnyb < Pio).
In this case, the battery acts as a source. At the moment (3.5 to 11.5), the hybrid power is greater than
or equal to the power demanded (Pnyb > Pio), here the battery disconnects and does not contribute, and
the excess energy is used to charge the battery.

Water flow is almost constant as shown in Figure 7 which means the availability of energy at all times.
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Fig 6. Hybrid, battery and load power after Fig 7. Water flow
management

It can be observed that the estimated speed evolves until it reaches the reference speed value in Figure
8, and the rotor flux increases slowly until it stabilizes at its reference value of 0.7 Wb in Figure 9.

The electromagnetic torque and the resistive torque are nearly equal, for each value of the resistive
torque, the electromagnetic torque tends to track the value imposed in Figure 10, the direct and

guadrature currents in Figure 11 and Figure 12 closely track their references, and the stator current in
figure 13 and figure 14 are sinusoidal.
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Fig 8. Reference and estimated speed Fig 9. Rotor flux
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5. CONCLUSION

We have presented the necessary steps for the sizing of a multisource pumping system combining
photovoltaic and wind sources with batteries, along with a strategically positioned water tank for a site
located in a rural region. This system is designed to provide the required energy to power the load, and
also ensure a reliable water supply for the region's needs. A power management algorithm has been
presented to ensure energy availability and proper operation throughout the year. After a simulation on
MATLAB/Simulink. The obtained results show the efficiency and reliability of the proposed system.
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APPENDIX

Parameters of the wind turbine, the asynchronous generator, the photovoltaic panel,
and the asynchronous motor

Table 3. Parameters of wind turbine

Rated power

1000 W

Blades

Blades diameters
Startup wind speed
Rated wind speed

3

2.26 m
3.4m/s
12.5 m/s

Table 4. Parameters of the asynchronous generator

Stator resistance

5.75Q

Roto resistance
Stator inductance
Rotor inductance

42 Q
0.4662 H
0.4662 H

Table 5. Parameters of the photovoltaic panel

Maximum power

110w

Rated current
Rated voltage
Short-circuit current
Open circuit voltage

Temperature coefficient of Isc
Temperature coefficient of V.

3.15A

3BV
345A
435V

1.4 mA/°C
-152 mA/°C

Table 6. Parameters of the asynchronous motor

Rated power

1000 W

Blades

Blades diameters
Startup wind speed
Rated wind speed

3

2.26 m
3.4 m/ls
12.5 m/s

NOMENCLATURE

Im
lov
lse
Ir
Is
Lm
L
Ls
Rr

Maximum current, A

Photovoltaic current, A

Short circuit current, A

Rotor current, A

Stator current, A

Magnetizing inductance of the IM, H
Rotor inductance of the IM, H

stator inductance of the IM, H
Rotoric resistance, Q

Rs

Vi

VOC

Vv
MPPT
P&O

PV

SOC
SOCmax

Statoric resistance, Q

Maximum voltage, V

Open circuit voltage, V
Photovoltaic voltage, V
Maximum Power Point Tracking
Perturbation and Observation
Photovoltaic

State of charge of battery

State of charge
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