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Abstract—To optimize the performance of a solar energy system, integrating a smart power converter featuring an appropriate
Maximum Power Point Tracking (MPPT) control between the PV source and the load is essential. This intelligent converter,
also known as a power conditioning unit (PCU), serves to maximize power extraction from the solar panel through real-time
impedance matching. The proposed PCU incorporates a boost DC-DC converter controlled by an advanced smart energy
recovery technique utilizing an improved Incremental Conductance (Inc-Con) algorithm. Validation of the proposed PCU
model, interfacing a sixty watts module with a DC load, was conducted using Matlab tools. The designed system demonstrates
exceptional efficacy, delivering optimal performance across transient and stable states, notwithstanding fluctuations in
environmental conditions. Even amidst fluctuations, it achieves heightened energy efficiency, exhibiting an impressive
increase of over 3%.

Keywords: Photovoltaic Power Plants; BoostDC-DC converter; power conditioning unit; Inc-Con MPPT; maximum power point
tracking.

PCU power conditioning unit
NOMENCLATURE Inc-Con incremental conductance
Ly PV current (A)
Vow PV voltage (V) 1. Introduction
N number of PV modules connected
in series Photovoltaic systems have experienced remarkable
N, number of PV modules connected growth, with an average annual growth of 60% over the last
in parallel decade. This rapid expansion has consolidated their status as
ng number of PV cells connected in an essential element of the energy landscape of certain
series in one string regions. Along with this growth, photovoltaic power
R, PV module series resistance () converters have evolved to become exceptionally efficient,
R, PV module parallel resistance () compact and reliable. These advancements make it possible
a the p-n junction ideality factor to harne§s maX|mum_soIar energy in various areas, including
p Maximum power residential, commercial and industrial applications [1].
max X I g .
v Open-circuit voltage In most photovoltqlc appll_cayons, itis very important to
oc
I Short-circuit current operate the photovoltaic array in its optimal mode. To achieve
s . N . . .
v Voltage at MPP this g_oa_l, a power condltlor}mg unit (PCL_J) is required. The
I"”t Current at MPP PCU is just a power electronic converter with adequate MPPT
opt L method [2-3]. Numerous MPPT algorithms have been
ky Temperature coefficient of 1, documented in various references [4-9], highlighting their
ki Temperature coefficient of I, widespread exploration and validation in the literature.
f Switching frequency Amongst these algorithms, Perturbing and Observing and
L Inductor Inc-Con algorithms stand out as the most employed
G1&C, Capacitors algorithms in the literature [10]. Their widespread adoption is
R Resistance attributed to their straightforward implementation and ability
Ipn The photo-current to operate independently of PV array parameters [11-12]. The
I The reverse saturation current Basic Inc-Con method adjusts the duty ratio incrementally
Vg the thermal voltage until peak power is achieved using a fixed step size. However,
kp the Boltzmann’s constant it is hampered by slow tracking speeds and may lose track of
q the charge of an electron the optimal direction when light intensities change rapidly.
d Duty cycle To address these shortcomings, researchers have proposed
u switch position variable step size strategies in Inc-Con MPPT [13-14].
v, Output voltage Nonetheless, both the basic and variable step size Inc-Con
MPPT maximum power point tracking techniques struggle to respond accurately to rapid
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fluctuations in solar radiance.

This paper is structured as follows: Following the
introduction, Section 2 presents the PV panel model, while
Section 3 discusses the boost chopper model. Subsequently,
the fundamentals of both classical and modified Inc-Con
techniques are outlined. Moving forward, Section 5 presents
the simulation results. Finally, the paper concludes with a
summary of findings and implications.

2. PV Panel Model
The equivalent circuit based on a single diode model of the

PV module is illustrated in Fig. 1. Mathematically, the PV
panel can be characterized by some equations, as described in

[2]. .,
Ipy = Np Ipp — Ny |exp (%) - 1] -
Vp,,+(11\\l’—;)Rstv
— Ny 1)
(3o

iy Vpv

SORR~:

Fig. 1 Single diode model of a photovoltaic module

Table 1.
Photovoltaic module specifications[2].
Brax 60 W
V. 211V
Iy, 38A
Vot 171V
Lopt 35A
k, -0.08 V/°C
k; 0.003 %/°C
o = e + k(T =T - )
I, = Iictky(T-T") ?)

V§ct+ky(T-T*) 1
Nngvt

exp(
where X ™ is the parameterXat STC conditions, v, = k;, T/qis
the thermal voltage, k, = 1.38065-10723 J/K and q =
1.60218 - 1079 C.

The equations outlined above were translated into code
and implemented using Matlab software, adhering closely to
the established reference specifications for a 60W solar
module as detailed in Table 1.

3. Modelling of the Boost Circuit

Drawing upon Kirchhoff's rules, one can derive the
dynamic model of the boost converter as outlined in reference

[1]:

diy _ VovVo Vo

dt L L 4
avy, _ ( Vo iL) i, ‘u ( )
dat RC, = Gy C,

The transfer function of theconverter is given by:

Yo _ 1 (5)

Vpy 1-d
The inductor has current ripple of:

Aiy = d:fw (6)

The ripple of the output voltage is:

M

AV
av, = (1-d)RC-f

Using equations (5) to (7), the design parameters of the
converter are shown in Table 2.

Table 2. Optimized Values for Boost Converter Components

f 10 kHz
L 5 mH
Cy 1000 pF
C, 470 pF
R 30 Q

4. The Proposed Inc-Con MPPT

Fig. 2 depicts the simulink scheme of the PV system. The
Inc-Con algorithm operates on the principle that the slope of

the power-versus-voltage curve (2—5 =1+ 2—;- V) of the PV

panel is zero at the MPP, positive to the left, and negative to
the right. When the slope is superior than zero, indicating that
the current operating point is to the left of the MPP, the
algorithm adjusts the module voltage upwards. Conversely,
when the slope is inferior than zero, signifying that the
operating point is to the right of the MPP, the algorithm
lowers the module voltage. Upon reaching a slope of zero,
indicating alignment with the MPP, the algorithm halts
voltage adjustments. Part b of Fig.2 shows the simulink
diagram that explains the operational principle of this control.
This method presents two significant limitations: Firstly, in
stable conditions, the operating point tends to oscillate around
the MPP without ever precisely reaching it. Secondly, in
dynamic scenarios where illumination fluctuates rapidly, the
algorithm may struggle to accurately track the MPP,
potentially losing its path altogether (as discussed in
references [10]).
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Fig. 2 Simulink model of: a) the proposed system, b) Basic Inc-Con, c) Improved Inc-Con.
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In stable conditions characterized by a fixed irradiance level,
the current versus voltage characteristic clearly demonstrates
that changes in voltage precede changes in current with
differing signs. If a perturbation in voltage induces a
corresponding change in current with the same sign, it
suggests sudden variations in irradiance affecting the PV
array.

In contrast to traditional methods, the modified Inc-Con
algorithm can discern between these two operational
conditions, thereby avoiding divergence in the latter
circumstance by adjusting the direction of the perturbation.
Essentially, the new algorithm must counteract the behavior
of the old algorithm when the system operates under fast-
varying conditions. This principle is elucidated in part ¢ of
Fig. 2, depicted in the Simulink scheme of the enhanced Inc-
Con algorithm.

The new algorithm is obtained by adding to the old one,
two tests demonstrating changes in current and voltage with
the same signs, indicating rapid fluctuations in the intensity
of sunlight.

5. Simulation Results and Discussion

This section presents a MATLAB/Simulink simulations. In
fact, the paper aims to demonstrate the performance of the
enhanced MPPT controller (IInc-Con) in comparison with the
basic algorithm (BInc-Con). Thus, to achieve this objective,
a strict profile was chosen to modify the solar radiation,
maintaining both the temperature and the resistive load at
fixed values.

The tests were carried out under the irradiance change shown
in Figure 3. The duty cycle increments used for both
algorithms have been shown in Figure 2.

Fig. 4 illustrates a comparative analysis of peak power
tracking between Blnc-Con and linc-Con techniques. The
improved algorithm demonstrates superior performance over
the basic approach, particularly in dynamic response.
Notably, the standard method exhibits diminished
performance compared to the new method, particularly under
decreasing solar radiation, and its performance further
deteriorates during increasing solar radiation. This
observation highlights the divergence of the standard method
from the MPP under varying irradiance levels. The proposed
MPPT technique effectively addresses this issue. Hence, it
can be inferred that the improved linc-Con enhances the
performance of the conventional approach.

Fig. 5 displays the evolution of the simulation curves of the
PV voltage, PV current, PV power, and the output voltage
during a change in sunshine using the improved algorithm. It
is evident that the optimal current closely mirrors the sunlight
profile, achieving power very proximate to the true Maximum
Power Point (MPP) throughout the entire variation profile,
albeit with a slight deviation during start-up. The behavior of
the optimal voltage is minimally affected, with a gentle
adjustment, resulting in a boosted output voltage. The
corresponding waveform of the duty cycle during a change in
sunshine using the improved algorithm is described in Fig. 6.
Figure 7 illustrates the progression of the tracking efficiency
amidst irradiance fluctuations for both algorithms. The
tracking efficiency or the power efficacy, denoted as Py,
represents the average MPPT efficiency and is evaluated as
per equation [9]:

Puyy = B2 100 [g

eff — & ' (%] (8)

Jo Ppv

Where Pypp represents the power attained by a specific
MPPT technique, and Ppy, signifies the theoretical power

available.

Analysis of Figure 7 reveals that the average of the power
efficacy of the basic Inc-Con stands at approximately P, s =
93.33%, whereas for the newlInc-Con, it reaches P.r =
96.74%. Notably, the proposed MPPT technique exhibits a
notable increase in tracking efficiency above three percent.
Based on the results obtained above, it can be concluded that
the suggested method ensures superior dynamic response,
particularly under fast-varying solar irradiance scenarios,
whether the changes follow an ascending or descending
slope.
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Fig. 4 The maximum power obtained by the two algorithms under the
change in sunshine.
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Fig.5 PV voltage, PV current, PV power, and the output voltage during a
change in sunshine using the improved algorithm.

44



INTERNATIONAL JOURNAL of SMART GRID
A. Belkaid et al.,\Vol.8, No.1, March, 2024

Duty ratio

0 1 2 3
Time (s)

Fig. 6 The corresponding waveform of the duty cycle during a change in
sunshine using the improved algorithm.
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Fig. 7 The corresponding waveforms of the power efficacy during a
change in sunshine using the two algorithms.

6. Conclusion

In this article, mathematical modelling, numerical
simulation under the MATLAB-SIMULINK software and
intelligent control of an autonomous photovoltaic system
have been proposed. A boost converter with an improved
incremental conductance MPPT control is incorporated
between the load and the panel to allow the latter to be used
at its maximum power. In comparison to the basic Inc-Con
technique, employing the proposed MPPT control
significantly enhances the performance of the PV system,
particularly during dynamic states. This improvement leads
to a reduction in power loss and a notable increase in power
tracking efficiency of over three percent.
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