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Batteries, in the system under study are connected to a bidirectional converter enabling
Supervision, the batteries to be charged and drained in accordance with weather conditions.
MPPT, The simulation results, clearly highlight good performance of the proposed
FLC, control across two different profiles.
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1. INTRODUCTION

Global warming and the depletion of fossil fuels have become urgent concerns that require changes to
clean, limitless, renewable energy sources that can satisfy demand. The first objective of the presented
application is to track the maximum power across vaiable conditions using an Maximum Power Point
Tracking (MPPT) technique, ensuring that the photovoltaic (PV) system consistently operates at optimal
efficiency. (Elgendy et al., 2012; Kamarzaman & Tan, 2014; Mohapatra et al., 2017).

Several MPPT strategies have been created in an effort to increase PV system efficiency. These include
more sophisticated approaches like fuzzy logic controllers (FLC) and sliding mode controllers (SMC),
as well as more traditional ones like perturbation and observation (P&Q) and incremental conductance
(Inc Cond) (Attia, 2018). There is a substantial body of research that focuses on different applications
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when discussing PV system power management. For example, it has been demonstrated that intelligent
power management systems can retain efficiency in the face of demand fluctuations and climate
variables (Soulatiantork et al., 2018). A fuzzy energy management strategy was presented by Rekioua
and Matagne (2012) and Rekioua et al. (2009) for rural electrification.

In this work, FLC is applied in power management of PV system with battery. This application is made
to manage erratic changes in load needs and weather. The system consists of batteries and PV generator
that both provide power to a load and FLC with P&O methods are applied to extract maximum power.
Our suggested power management system satisfies energy needs, safeguards the batteries from deep
discharge and overcharging, and maximizes power output from the PV generator. According to the
results under Matlab/Simulink, the proposed power management system is effectively developed.

2. PROPOSED SYSTEM

The studied system is shown in Fig.1. Three switches are necessary for power management: Ki, K, and

Kas.
ﬁ Panels PMC \
——==i K,

- - Load

DC/DC
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/

Fig.1. Proposed studied system
2.1 Photovoltaic panels modeling
The behavior and operation of PV systems are described by a variety of mathematical models. We

explore the model shown in Fig. 2 in this work (Bratcu et al., 2008; Dursun & Kilic, 2012; Naveen
Kumar, 2014). The following equations determine this model's I,v(Vpv) and Ip(Vyp) characteristic:

Ipv = lph — Ig — Igsh 1)

q(VPU + RS'IIW))] _ va + Rs- Ipv (2)

Ly=1ln,—I
pv = Iph O[exP< AN, K.T, R.,
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Electrical characteristics obtained used the PV panels are shown in Fig.3.
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Fig 3. PV electrical characteristics

2.2 Battery model

Figure 4 displays the model that was used for this paper. A voltage source and an internal resistance are
its two electrical components (Hajizadeh & Golkar, 2007, Singh & Snehlata, 2011; Rekioua, 2023).
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Fig. 4 Battery electrical model

Ipat = Ep £ Npat Rpat- Ipat 3)
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The battery capacity Chpa is defined as (Kamarzaman & Tan, 2014):

1.76(1 + 0.005AT)

Cpar = Cro L+ 067 (IZ_H:) bat- Ibat (@)

The following represents the battery's state of charge:
S0C=1- Cfat (5)
Q = Ipae-t (6)

The charge and discharge voltage are given as:

Vbat-dis = rlBat—serial(l-965 +0.12 500)

—n . b ( 4 + 0.27 +002) (1 -0.007AT) 0
Bat—serial C10 1 (llbatl)l's SOCL5 ) ' '
Vbat—ch = nBat—serial(2 +0.16 SOC)
(8)

Tpatl ( 6

8
+ Npat—serial Cio + 0.036) (1 —0.025AT)

0
1+ (Ilpac)?%  SOCT2

3. MPPT CONTROL

3.1.Perturb & Observe method

Among the most popular traditional techniques is the P&O method (Idjdarene et al; 2011). It's
algorithm's flowchart is given in Fig. 5. The converter output voltage and current are determined as (Atia
& al., 2012; Rekioua & al., 2014; Tamalouzt & al., 2016):

Voue = Yoo (7= ©

Loyt = Ipv(l —-D) (10)

3.2 Fuzzy logic control (FLC) method

The error (E) and change in error (CE) are the two inputs that make up the MPPT fuzzy
logic controller system.

P() - P(k — 1)
EO =y —va=D (1)
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CE(k) = E(k) — E(k — 1) (12)

Table 1 shows the different rules.

«——
Vpv(t), Ipv(t)
i

Vpv(1), Ipv(t)

Ppv(t)-Ppv(t-1)=0

Fig.5 P&O flowchart

Table 1. Rule Base Table
CE E NB NS Z PS PB

NB NB NB NS NS Z

NS NB NS NS Z PS
z NS NS Z PS PS
PS NS Z PS PS PB
PB 4 PS PS PB PB

3.3.Comparison between MPPT's results

By comparing the two MPPT methods under the same conditions, it is clear that FLC responses rapidly
and is more precise than the P&O which presents oscillations (Fig.6).
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Fig.6. Photovoltaic power waveform

4. POWER MANAGEMENT CONTROL

According to different works of Mokrani et al. (2014), Mebarki et al. (2015), Mohammedi et al. (2016),
Mebarki et al. (2016), Zaouche et al. (2017), Rekioua (2018), Khiareddine et al. (2018), Rahrah et al.
(2015), Belaid et al. (2022), Kakouche et al. (2022), Mohamed et al (2023), PMC permits the PV
generator to run at maximum power, protects batteries, and fulfils the need for energy. The three switch
states (K1, Kz, and K3) determine the suggested control. The operation system with five modes modes,
depends on the various tests (Fig.7). The various modes are obtained as (Table 2).

Table 2.Various modes

Modes Ki K2 Ks
Model On On Off
Mode2 Off On On
Mode3 Off Off On
Mode4 Off On Off
Mode5 Off Off Off

Mode 1: PV power Ppy is more than enough to fed the load and refill batteries.

Mode 2: PV power is insufficient (0<Pp<Picad), SO battery power is added to supply the load.
Mode 3: Only the batteries can supply the load (Pa<0).

Mode 4: Disconnecting batteries is required for protection.

Mode 5: Batteries are depleted and the PV generator is not producing in this mode. The load has been
cut off.
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Fig. 7. PMC flowchart

The graphic below (Fig.8) depicts the average consumption profile:
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Fig. 8. Load Profile

The profile of temperature and irradiation is given as (Fig.9) :
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Fig. 9. Profile of temperature and irradiance
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Next, the various powers develop as (Fig.10):
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Fig. 10. Various developed powers

5. CONCLUSION

This paper presents the battery-storage photovoltaic system's power management control. The primary
component characteristics and the system setup are provided. Verification of the system performances
has been done using simulation results for the application. The findings produced demonstrate how well
the chosen control approach worked. The proposed control permits to maintain good performance,
whatever the weather variations. It also guarantees that the suggested application operates exactly as
intended.

NOMENCLATURE
Chat Battery capacity, [Ah] Rbat Internal resistance, [Q]
Cuw Rated capacity, [Ah] t current the discharging time, [h]
E Error Vout converter’s output voltage, [V]
Ep Voltage source, [V] Vv Photovoltaic voltage, [V]
lg Diode current, [A] CE Change in error
loh Photo current, [A] DC Direct current
lov Photovoltaic current, [A] FLC  Fuzzy logic control
Irsh Shunt current, [A] MPPT  Maximum power point tracking
Ki(i=1,2,3) Switches PMC  Power management control
Rsh Shunt resistance, [Q] PV Photovoltaic
Rs Series resistance, [Q] P&O  Perturb & Observe
lout Converter’s output current [A] T Accumulator’s heat, °C
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