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Abstract: The goal of this study consists in investigating the shading effect on a novel architecture of PVG
(Photovoltaic Generator) introduced in this paper. This architecture is constituting of three PV modules in series
connected. Two of them are constituting of amorphous silicon cells in series connected. The third module is
constituting of monocrystalline silicon cells in series connected. This architecture is conceived as a PV
concentrator where the two amorphous PV Modules are located in the lower position and the third one is located
in the focus. The upper module absorbs the solar rays reflected by the two other modules to gain the maximum of
solar energy. This architecture is introduced in order to solve problems existing with the tandem solar cell’s
architecture proposed in literature. Those problems are the mismatch between cells and both complicated
fabrication and costs of tunnel junctions. In this paper, MATLAB/SIMULINK is used for modeling this
architecture and studying its characteristics ( I-V and P-V) in case of partial shading. It was found through this
study that the maximum power provided by the PV concentrator, is influenced by the partial shading. To solve
this partial shading problem, in this work, we make this new architecture as a solar tracker. The implementation
of this solar tracker, is performed using arduino card.

Keywords: )concentrator, Focus, Photovoltaic Module, Shading, Solar Tracker, Arduino Card, Tandem Solar
Cells

1. Introduction

Silicon heterojunction solar cells (5H]) dominate the photovoltaic market and this thanks to the high
performance of power conversion.Indeed, they have the most stable and high PCE (Power Conversion
Efficiency). Up to now, the highest PCE of the 5H]-interdigitated back contacts (IBC) solar cells reached 26.7%,
nearly approaching the theoretical Shockley—Queisser (5Q) limitation of 29.4%. To break through this limit,
Multi-Junction (M]) devices constitute of two or three stacked subcells have been developed, which can fully use
the sunlight by absorbing diverse parts of the solar spectrum [1].

Crystalline silicon solar cells dominate the photovoltaic market for many decades. The system components
including cabling, inverters, and installation account for the foremost cost of photovoltaics, due to the fact that
these costs are area dependent. Ameliorating the PCE is the most powerful means for reducing the levelized cost
of electricity. The SHJ solar cells include ¢ — 5i/a — 5i [1-8], ¢ — Si/poly — Si [9-12], ¢ — Si/Si0x [13-18], and
c-Si/MoOx [19, 20] Hetero-Junctions solar cells. SHJ solar cells represent the novel research direction thanks to
their high performance.

The a— Si: H/c — Si solar cells is constituting of a thin layer of highly doped amorphous hydrogenated
silicon (a-Si:H), which is deposited on a moderately doped, mono-crystalline silicon wafer (c — 5i). The low
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conductivity of doped a-Si:H needs the employment of a transparent, conductive layer (TCO) on top of the
amorphous emitter, which minimizes resistive losses as well as reflective losses. Moreover, high efficiency
features such as surface texturing, and the incorporation of a thin intrinsic a — 5i: H layer have been employed
for improving the effectiveness [21]. Some of defects of mismatch between cells and tunnel junction costs and
fabrication, exist in the tandem PV cells architecture [22]. For solving these defects, in this paper is established a
novel Architecture of PV Generator (PVG) based on a— Si: H/c — 5i Materials. This PVG architecture is
constituting of three PV modules in series connected. The modelling of this architecture is performed through
MATLAB/SIMULINK and this for taking in consideration some constraints when constructing this architecture.
These constraints are the effect of the upper P module on the two lower PV ones and also the cells number in
the upper PV Module and the surface of each of them. In fact, we have to eliminate partial shading effect caused
by the upper FV Module on the two lower FV ones and reducing the loss of sun lights reflected by those two
lowers PV Modules. The findings shed new light on the effect of shading in the characteristics (F —V and I — V)
of the new architecture modeled using Matlab/Simulink. The rest of this paper is as follow: in part 2
we will detail the novel PVG architecture proposed in this work. In part 3, we will deal with the effect of the
partial shading on P —V and I —V characteristics. In part 4, we will detail the Matlab-Simulation of the
proposed PVG exposed to diverse Partial Shading Conditions In part 5, we will present and discuss the results
obtained from Matlab/Simulink of this architecture for different values of insolation. Those results will be in
terms of I — V and P — V characteristics. Finally, we will conclude in part 6.

2. The novel proposed PVG Architecture

The extreme efficiency of M] (Multi — Junction) solar cells is based on having a total uniformity between
the current of the different junctions and therefore working under optimal conditions (using a tunnel junction). In
addition, it is necessary to match the network constant of all the layers to the substrate in order to have a
significant crystalline quality [23]. Thus, in this paper we introduce a new tandem cell architecture. This
architecture (Fig. 1) allows to solve the problems related to the tandem cells such as the coherence of current and
network constant for each layer and the high manufacturing costs. As illustrated in Fig. 1, the new architecture is
a parabolic concentrator made up of two receivers. Each receiver is formed by a number of solar cells based on
amorphous and monocrystalline silicon.

" A

Fig. 1: New tandem solar cells model using parabolic concentrator.
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The parabolic receiver in the lower position is formed by two regions numbered (1) and (2) . The
region (2) is formed by two separated parabolic rods connecting the two numbered regions (1) and does
not contain any solar cells. The two regions numbere (1) are formed by series connected solar cells. Those
cells are amorphous silicon ones. The receiver in upper position is formed only by a single region numbered

(3) and containing a series connected solar cells which are monocrystalline silicon ones. The choice of the
different locations of these amorphous and monocrystalline solar cells in this concentrator, is based on the
fact that we want to maximize the absorption of the solar radiations (incidents and reflected). In fact, cells
with short wavelengths (250 nm ~ 750 nm) are placed in the receiver located in the low position and cells
with high wavelengths (750 nm~ 1125nm) are placed in the receiver located in the high position.
Amorphous silicon a — Si: H and crystalline silicon ¢ — 5i solar cells own similar structure. They have an
absorbent layer Ti05, p —n junction and reflective layer Al,O; (Figure 2: (a) @ — 5i: H single junction solar
cells and (b) £ — 5i single junction solar cells).

sunlight ) Al O3 I X(ALO:s)
W s 8 [t
\ . v P (C Yy I X
W1y
TiO; i x(TiO3) n-(c-Si) i Xj
n-(a-Si) i X Ti0; ix(TiO:)
3§ re 4 I XB B
- —
Al,O; I X(AL,O3) sunlight
a- (a-Si) single junction cell. b- (c-Si) single junction cell.

Fig.2: Structural model of single junction cell: (2) a-Si, (b) Si-c.

3. The partial shading effects

In this novel architecture, the PV Modules (1) in the lower positions can be shaded by the second parabolic
receiver at the upper position. So, in section 4, we will deal with the effects of this shading on the
characteristics F — ¥V and I — V obtained from the lighting of the overall proposed parabolic trough
concentrator.

4. Simulation of the proposed PV Generator under different partial shading
conditions

In our simulations under MATLAB/SIMULINK and as previously mentioned, three PV Modules are
employed in the proposed parabolic trough concentrator (Figures 1 and 3) where two PV modules are in lower
position (numbered (1) in Fig. 1). The third PV Module is in the upper position, precisely in the Focus region
(numbered (3) in Fig. 1). All of those PV Modules are in series connected. Each of the two PV modules
numbered (1) contains six Amorphous PV cells in series connected. The third PV Module numbered (3)
contains six Monocrystalline PV cells in series connected. In Figure 3 is illustrated the model under
MATLAB/SIMULINK of the proposed parabolic trough concentrator. For modelling this model (Figure 3), we
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have used the PV Cell Model proposed in [24] and illustrated in Figure 5. The input of this PV Cell is the
insolation and its outputs are both the voltage and the current (Figure 5). As previously mentioned, it can be a
Amorphe or monocrystalline or polycrystalline PV cell. In Figure 4 is illustrated inside of one PV module used
in the overall proposed Photovoltaic generator (Figure 3). In Figures 6 and 7 are presented both I —V and
P — V characteristics and this for the three cases which are monocrystalline, polycrystalline and amorphous.

In Table 1 are listed the different parameters of one PV cell [24] employed in the model of the PV Generator proposed in
this work. The type of the PV cell is Monocrystallin or Amorphous or Polycrystallin.

TABLE I: Parameters of the PV Cell used in both [24] and our GPV model

PV Cell parameter Value
Isc(A) 5.09
Voe(V) 0.601
T(°C) 25

........

........

i

pre==—

Fig. 3: The overall proposed photovoltaic generator under partial shading.
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Fig. 4: Inside of one PV module used in the overall proposed Photovoltaic generator (Fig. 3).
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Fig. 5: Inside of the block of the PV Cell Model proposed in [24] and used in the overall proposed Photovoltaic Generator
(Fig. 3).
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Fig. 6: 1-V characteristics: curve in green color for monocristallin PV Cell, curve in blue color for Amorphous PV Cell,
curve in red color for Polycrystallin PV Cell.
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Fig. 7: P-V characteristics: curve in green color for monocristallin PV Cell, curve in blue color for Amorphous PV Cell,
curve in red color for Polycristallin PV Cell.
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5. Results and discussion

In this section are presented the results obtained from simulations under MATLAB/SIMULINK of the
proposed Model of the parabolic trough concentrator. Those results are different P-V and I-V characteristics
(Figs. 8, 9) for diverse values of insolation (with and without shading).
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Fig. 8: Characteristics P-V (a) and I-V (b) (Without Shading in Red color ([1000, 1000, 1000] W/m?) and with Shading in
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Fig. 9: Characteristics P-V (a) and 1-V (b) ( Without Shading in Red color ([1000, 1000, 1000] W/m?) and With Shading in
Blue Color ([1000, 700, 400] W/m?).

These different characteristics show that the maximum PV power is affected by the partial shading. Three
local peaks appear on the P-V and |-V characteristics (Figs 8-9). Those peaks vary with the level of the partial
shading. During partial shading, each module is exposed to different irradiances. Consequently, each Module
has its own maximum (peak) power. The solution to completely overcome the problem of shading is to make
this novel architecture of PV Generator, as a solar tracker. In the following sub-section we will detail the
implementation of a solar tracker using arduino card.

5.1. A Solar Tracker Implimentation

5.1.1. The employed materials and hardware

In this work, we want to employ the stepper motor used in [25] instead of (28BYJ-48 Stepper Motor) used
for the implementation of the solar tracker proposed and detailed in [26]. So, for implementing this solar tracker,
we have used the electronic components:

e Stepper Motor used in [25],
e Photo Resistor: Product Link: Photo Resistor,

o Resistor: 2200hm — Product Link: E-Projects — 220 Ohm Resistors — 1/4 Watt — 5% — 220R (100
Pieces).

5.1.2. The Stepper Motor Control

The A4988 is a microstepping driver used for controlling a bipolar Stepper Motor which has built-in
translator for easy operation. Therefore, one can control the Stepper Motor with just 2 pins from controller [25],
one for controlling the steps and the other for controlling the rotation direction.
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Fig.10: The A4988 Stepper Driver.

This Driver provides five diverse step resolutions which are as follow: sixteenth-step, full-step, quarter-step,
haft-step and eight-step. It also owns a potentiometer in order to adjust the current output, over-temperature
thermal shutdown and crossover-current protection. Its logic voltage varies from 3 to 5.5V and the maximum
current per phase is 1A without heat sink or cooling and 2A if good addition cooling is provided [25].

In Fig. 11, is illustrated the complete circuit schematics of the operating the stepper motor used in [25] and
also in this work.

Fig.11: The overall system of stepper motor operation [2].

5.1.3. Programming the stepper motor and the solar tracker
In this work, for programming the stepper motor and the solar tracker we have used the Arduino code given

in [26].

6. Conclusion

In this paper, is proposed a novel architecture of a PVG, constitutes of three PV modules in series connected.
Two of them are constituting of amorphous silicon cells in series connected and the third one by
monocrystalline silicon cells. This new architecture is conceived as a PV concentrator where the two
Amorphous PV Modules are located in the lower position and the third one is located in the upper position
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precisely in the Focus. This architecture is proposed for solving problems presenting in the architecture of
tandem solar cells proposed in literature. Those problems are the mismatch between cells and the tunnel
junction costs and fabrication. The role of the upper Module consists in absorbing the solar rays reflected by the
two other ones and this for gaining the maximum of solar energy. In this work, we use MATLAB/SIMULINK
for modelling this architecture of a PV Generator and studying their characteristics (I-V and P-V) in case of
partial shading. In fact, the two lower PV modules are partially shaded by the upper PV one. The solution to
completely solve this problem, consists in making this PVG architecture dynamic as a solar tracker.
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