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Background: This project aims to study the influence of shading on a photovoltaic system.

Methods: This study examines two intelligent control algorithms to maximize power output, espe-
cially in shaded conditions. Specifically, we demonstrate how to apply two evolutionary algorithms
to this control: the "particle swarm optimization method" and the "grey wolf optimization method."
These algorithms were tested and evaluated.

Results: A comparison is made between a double MPPT system using PSO and GWO, and the best

Conclusion: The simulation results focus on a photovoltaic system that powers an electric vehicle
while moving in realistic scenarios with partial shading conditions.

Introduction

Due to its availability and the good conversion factor, solar
energy technology has advanced at an exponential rate in the last
few years (1). As a renewable energy source, generation from solar
energy eliminates pollution caused by traditional energy industries
by lowering air novice emissions (2). Moreover, electricity genera-
tion from this resource is quite viable for a variety of uses. In par-
ticular, the rapid development of solar energy instruments gives a
complete kit of tools that can be directly applied into the field of Elec-
tric Vehicles (EV) (3,4). Several studies have suggested that photo-
voltaic cells can be used to cover EVs’ surfaces to store a significant
amount of electricity in the storage system (5,6). This would in-
crease EVs’ autonomy, which will in turn increase the use of EVs.
Some additional benefits are also associated to solar-powered Elec-
tric Vehicles (7,8). First, the load peaks may be reduced so that the
grid management is easier. Second, a decrement of the costs of
charging the EVs would also be perceived by the drivers.

In (9), researchers provided some statistics that prove that
there is a huge free space to place photovoltaic (PV) cells in the
car. As pointed out, these components can be used to help feed
the car with electricity. It is possible to have 6 kW of electrical
power in some buses or trucks with this kind of installation (10).

In order to benefit from this technology, the solar cells must be
installed in a particular location on the vehicle to enhance the
average autonomy of the vehicle. In the previously cited refer-
ences, it is stated that the Audi car model can get around 600 W
from solar equipment. If the EV model is pure electric, the PV
cells can help to feed the vehicle with 1% of the total electric
power when it is moving. In addition, the energy can be obtained
while the EV is parked. It is proved that the PV solution is inter-
esting for heavy trucks because there is more vacant area that can
be used to generate renewable electricity. The PV system can pro-
vide 2% of their consumption when moving along a long road.
However, the statistics are different in the city, as there are many

shading areas where the efficiency of the PV system may be
affected. The way to estimate the energy return is challenging
since it depends on the vehicle’s relative situation compared to the
sun’s light and the presence of road obstructions. Because the car
can quickly change from one type of shading scenario to another,
obtaining the maximum amount of energy in all these conditions
is quite tough. This is even more complex if we take into account
that the efficiency of PV energy production mainly depends on the
dynamic conditions associated to solar energy. The most relevant
features are radiation, temperature, and the state of the PV field
surface (dirt, deterioration). These factors directly influence its
photon absorption and therefore affect the productivity of PV
panels. In addition, the phenomenon of partial shading is one
of the problems that impair the proper functioning of a PV plant.
Partial shading is a non-uniform distribution of illumination on
photovoltaic modules, which is due to several reasons. Indeed,
there are two types of shading (11,12) The distant shade corre-
sponds to the disappearance of the sun behind the horizon line.
Alternatively, close shading is often due to unavoidable obstacles
such as power lines, trees, neighboring buildings or dirt.

Methods

The control method that was found adaptable for this kind of
problems is related to the PSO and GWO algorithms. To apply
these algorithms, we need to define the functions and parameters
for the proposed problem. The objective is to maximize the energy
extraction from the PV cells installed on EVs, even when there are
shadowing areas involved in the scenario to consider.

For the PSO algorithm, the function to optimize is expressed
in Equation (1).

max(Ppv) = f(xij, uf}l (1)
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In the GWO, each wolf position corresponds to the duty cycle
factor applied on the MPPT. Thus, the Gmax represents the global
best position of all of the wolves and Pmaxis the corresponding best
position of the corresponding wolf. If no partial shading exists, the
global best wolf best position and the local wolf best position will be
the same. However, for the partial shading case, there is several
(Pmax) wolf best positions, and the global best position (Gmax) will
be related to the max of the best wolf position Gmax = max (Pmax).

The proposed GWO algorithm aims to compensate for the limita-
tions of conventional maximization algorithms, which cannot find the
overall maximum, especially during a partial shading phenomenon.
Regardless of the partial shading profile, this algorithm can find
the maximum power point on the power-voltage characteristic of a
photovoltaic system. Towards this goal, the objective function for
this algorithm is defined as it is in Equation (2). a, B, A, ®, are spe-
cific equation in the GWO algorithm (17) .

max(Ppv) = A0, B, A ) (2)

The proposed MPPT algorithm is based on the application of
GWO to control the duty cycle. The expected consequence is that
this will turn into decreasing the steady-state oscillations presented
by the conventional MPP tracking algorithms. Consequently, the
power loss due to oscillation is reduced, which increases the photo-
voltaic system efficiency.

For the implementation of GWO MPPT algorithm, duty cycle
d is defined as a grey wolf. Therefore, the Equation (3) can be re-
written as follows:

d(k+1) = dk) - Ad (©)

The fitness function of the GWO algorithm is formulated to
have the objective of function (4). It is for the two optimization
algorithms.

P(df) > P(df™) @

where P represents the PV power, d is the duty cycle of the
boost converter, ;is the current grey wolves’ number, and 4 is the
iteration number.

The flowchart and the parameters of the PSO and GWO
MPPT algorithms are detailed in Table 1, respectively.

Table 1. Parameter of the PSO and GWO MPPT algorithms.

PSO GWO
Inertia weight (w) 0.1 -
Personal Learning Coefficient ¢/ 1.7 -
Global Learning Coefficient ¢2 1.5 -
Constant a - Self-adaption

Coeficient z and « - Random numbers in (0,1)

Number of iterations N 100 100
Number of particles P 10 10
Sampling time 0.0001s | 0.0001s
Initial duty cycle 0.4

System of PV

A typical PV cell produces less than 2 W at about 0.5 V so that
cells must be connected in series-parallel on a module to produce
enough power (13). A PV array, is a group of several PV modules
electrically connected in series (Ns cells) and in parallel (Np columns)
to generate the required current and voltage.

The voltage-current characteristic equation of a PV module becomes
as follows:

Vow , LR, N, =V,
I=N,.L,—N,.L N, T, —1—( LA +LR3) (5)
= Vo fon ™ Mo faa | €XP K.T.n R

o

Figure 1 shows the proposed block diagram of the PV system. In
this model. We include the intelligent MPPT algorithm (based on
GWO and PSO) (14). The proposed algorithms aim to compensate
for the limitations of conventional maximization algorithms, which
cannot find the overall maximum, especially during a partial shading
phenomenon. Regardless of the partial shading profile, it can find the
maximum power point on the power-voltage characteristic (Ppv) of a

photovoltaic system. This characteristic is usually referred to as Ppv =
f (Vpv) (15). The algorithm is applied to the semiconductor switch of
the boost converter installed to connect the PV panels to the DC-link.
Specifically, the duty cycle of this device is adjusted according to the
output of the Intelligent MPPT algorithm. In our implementation,
Vout is the voltage that will be used for feeding the battery with the
required power for its charge (16).

Ly D,

=

|+

| Gare Prive
| Circuir

Intelligent
MPPT Algorithm

Figure 1. Block diagram of a PV system using an intelligent MPPT algorithm.

Results

The algorithms previously studied are applied to a PV system
composed of 4 photo- voltaic modules. They are connected in a
combination of serial and parallel.

Considering the size of the PV modules, this system could be
implemented in electric vehicle application or even an isolated grid
for feeding some isolating area using a solar energy. Some recharge
stations can also benefit from this solution and the proposed meth-
od can improve energy yield.

The simulation bloc can be illustrated as it is Figure 2, all the PV
cells are connected to the DC bus, which can give information about
the global voltage and current, in relation to the solar radiation fac-
tor. Then the MPPT algorithm can extract the maximum of power
using the PSO or the GWO algorithm. A DC converter is used for
having information about the outputted power delivered to the
load.

Discussion

Indeed, to compare the efficiency of MPPT PSO and GWO we
considered four simula- tion tests so that a wide variety of conditions
are modelled, Table 2, gives the maximum power, voltage and current
parameters for each shading condition. During the first test, the irra-
diation was kept constant and uniform for the four modules (1000 W/
m2). The second test is characterized by partial shading on two of the
four modules of around 40%, represented in Figure 3. The partial
shading on the two modules is varied  in the order of 50% on the first
and 20% for the second (500 W/m2, 800 W/m2, 1000 W/m2, 1000 W/
m2).

Table 2. PV characteristics study for a different type of shading.

Pmpp (W) | Vmpp (V) | Impp (A)
First case of Partial shading 646.3 126.2 5.12
Second case of Partial shading | 637.9 93.04 6.85
Conclusion

This work attempts to study and discuss two MPPT techniques
based on two meta- heuristic optimization algorithms, i.e., PSO
and GWO. These new techniques of MPPT overcome the problems
of classic MPPT strategies (e.g., perturb and observe and incremen-
tal) when tracking the maximum power point, even in the pres-
ence of sudden changes of irradiation and shadows on the photo-
voltaic modules. The MPPT techniques studied show good behav-
ior and better performance. A comparative study of simulation
results for a different type of shading shows PSO-MPPT effective-
ness compared to GWO-MPPT from the point of view of speed
and oscillation during the transient state. In addition, a simulation
test shows the efficiency of PSO MPPT versus GWO MPPT in
terms of storage charge in the battery under uniform irradiation. As
a future work, we would like to analyze how to adapt the algorithm’s
parameters (which are now constant) to the dynamic lighting condi-
tions.
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Figure 2. Overall system design in the simulation phase.
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Figure 3. PV characteristics under partial shading: (500 W/m2, 800 W/m2, 1000 W/m2, 1000 W/m2)
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