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Abstract
The paper presents the improved design of an integrated bifacial solar panel that converts solar radiation efficiently 
into electrical energy with cooling system. This panel consists of a parabolic bifacial photovoltaic (PV) cell which can 
convert incident sunlight to electrical energy from both sides of the cell in order to produce more electrical energy. The 
material that passes through tubes is used to cool the photovoltaic device, as well as, it should be transparent to let the 
solar ray pass through the reflection mirrors and reflect it in the backside of the panel. The proposed concept aims at 
increasing the energy conversion efficiency by absorbing the maximum of radiation and cooling the PV cells. It should be 
mentioned that the proposed concept is registered as patent application at Office marocain de la propriété industrielle 
et commerciale under the following number: MA 42181.
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1 Introduction

Conventional solar panels have been designed and used 
to convert solar radiation into electricity with a mono-
facial [1]. However, it presents low energy conversion effi-
ciency and high cost because it can absorb light just via 
one side [2]. In order to reduce the cost of solar power 
generation, Bifacial PV panel has been proposed in [3]. it 
can potentially decrease the cost of generated electricity, 
because this solar cell type can convert incident sunlight 
to electrical energy from both sides of the cell. Cuevas 
et al. [4] have demonstrated bifacial modules with 50% 
more electric power generation by collecting albedo radia-
tion from the rooftop and the surroundings. Thus, bifacial 
solar cells not only increase the power density, but could 
also reduce the area-related cost for a (PV) power system 
[5]. Moreover, Bifacial crystalline silicon solar panel with a 
reflector has been proposed in [6] to absorb more light by 
the backside of the panel. On the other hand, an increase 
in temperature causes a reduction in the band gap. This 

in turn, causes a decrease in energy conversion efficiency 
[7]. Therefore, it is beneficial to apply artificial cooling to PV 
modules for the improvement in power output and opti-
mum performance, Various methods have been applied 
for this specific purpose [8]. Nevertheless, to the authors’ 
best knowledge, no reference has been found in the lit-
erature that presents a PV panel which combines the two 
solutions, cooling and bifacial with reflector. Therefore, this 
work presents improved design of the integrated a bifa-
cial solar panel that converts solar radiation efficiently into 
electrical energy with a cooling system.

The aim of the present concept is to provide a solar 
panel that can convert solar radiation into electrical 
energy with the following features: (1) The decrease of 
the temperature of the photovoltaic. (2) Convert incident 
sunlight to electrical energy from both sides of the cell 
with the help of mirrors. (3) Reducing the area-related cost 
for a photovoltaic power system.

Bearing this in mind, in addition to the introduction sec-
tion, this paper is structured as follows: Sect. 2 presents 
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the design concept. Challenges regarding the proposed 
concept are depicted in Sect. 3. Finally, Sect. 4 summarizes 
the conclusions of this work.

2  Design concept

The concept of the proposed system is depicted in Figs. 1, 
2 and 3. It should be mentioned that Tinkercad (3D digital 
designs with online CAD) has been used to generate these 
figures.

As shown in Fig. 1, the purpose of the concept is to 
provide a bifacial solar panel that doubles the surfaces 
exposed to solar radiation in order to produce more elec-
trical energy. The material that passes through the tubes 
is used to cool the photovoltaic device, as well as, it should 
be transparent to let the solar ray pass to the reflective 
mirrors and reflect it in the backside of the panel. In can 
be noticed that the system uses parabolic bifacial PV cells 
that are connected to each other using tubes. The reason 
behind using parabolic PV cell in order to reduce the area-
related cost of a PV power system. Note that bifacial poly-
mer PV cells are required to build the proposed system.

Figures 1 and 2 show the purpose of the transparent 
conductive tubes, there are two types of tubes (yellow and 
blue), which are used to connect the PV cells with each 
other as follows:

The yellow tube is used to connect the PV cells and 
build a PV string horizontally.

The blue tubes are used to connect the PV strings verti-
cally. Each string is connected to the other with a shift of 
½ from the adjacent PV cell by connecting the yellow tube 
of each string with the blue tube of the other string. The 
shift is made alternatively once towards the down area 
and once to the up part. Note that the blue tubes are fixed 
in the middle of the PV cell’s backside. The tubes (yellow 
and blue) are filled in with a material that can cool the PV 
cell in the middle (blue tubes) or in the extremities (yellow 
tubes). As a result, this procedure improves the efficiency 

of the PV panel. It is important to note that the material of 
the blue tubes is not fused with that of the yellow tubes, in 
order to avoid the temperature increase of the blue tubes 
by the material of the yellow tubes which is exposed to 
the sun.

As shown in Fig. 3, the parabolic form of PV cells and the 
alternative connection of PV strings, allow leakage of solar 
radiation to the mirror through all holes resulted by this 
conception. Furthermore, since the material and the tube 
are transparent, this is allowing also the leakage of solar 
radiation to the mirror through the yellow tubes. Hence, 
the proposed system can convert incident sunlight to elec-
trical energy from both sides of the cell and generating 
more electric power collecting the maximum of radiation.

3  Challenges

On the basis of the promising findings presented in this 
paper, work on the remaining issues is continuing and will 
be presented in future papers as follows:

1. Determining the appropriate material to be used for 
transparent tubes. It must be able to cool effectively 
the proposed system and it must be transparent. For 

Fig. 1  3D side view of Parabolic bifacial solar panel

Fig. 2  3D Cut sectional front view of the parabolic bifacial solar 
panel

Fig. 3  The concept of radiation reflection of the proposed system
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instance, in [9] phase change material has been used 
to cool a PV panel. However, it is not transparent.

2. Bifacial polymer PV cells are required to build the pro-
posed system. Therefore, it is mandatory to start by 
looking for this kind of PV cells.

3. Modeling the proposed system using simulation tools 
like Matlab/Simulink.

4. choosing the nominal parabolic degree to maximize 
the PV efficiency

5. For instance, the efficiency of mono-facial PV panel is 
computed according to Eq. (1) [10]:

  Here, I(t) is the light intensity which may be defined 
as irradiance (E), i.e. the power of electromagnetic radi-
ation per unit area incident on a surface and A is the 
surface area of silicon solar cell. Therefore, it is required 
to model an equation which can be used to compute 
the efficiency of the proposed system.

  The Solar cell efficiency temperature dependence is 
modeled by Eq. (2) for mono-facial PV panel [10]:

  Here, ηc and ηTref are efficiencies of the solar cell 
at cell temperature and room temperature respec-
tively,  β0  is the efficiency  temperature coeffi-
cient (0.004 K−1), Tc and Tref are the cell temperature 
and reference temperature of solar cell respectively. 
The quantity (Tc − Tref) increases with cell temperature 
and consequently, the efficiency of mono-facial PV 
panel decreases. Therefore, it is also required to model 
the c Solar cell efficiency temperature dependence of 
the proposed system.

6. The most challenging task is Building the first proto-
type of the proposed system. Then compute the effi-
ciency of the proposed system and compare it with 
existing PV panels.

4  Conclusion

From the concept that has been carried out, it is possible 
to draw the following conclusions:

• The proposed concept of parabolic bifacial solar panel, 
allow recovering the maximum of solar energy on a 
reduced area with the cooling system. Hence, this may 
ensure the enhancement of the energy conversion effi-
ciency.

• Reducing the area-related cost for a photovoltaic power 
system.

(1)� =
Pmax

Pin
=
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(
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)]

• Several other questions remain to be addressed as “will 
this concept be more efficient compared to existing PV 
panels?”. Therefore, more research into the challenges 
mentioned in Sect. 3 is still necessary before obtaining 
a definitive answer to these questions. Hence, leading 
a new way which may result in more compact and effi-
cient PV energy.

Compliance with ethical standards 

Conflict of interest The authors declare that they have no conflict of 
interest.

References

 1. Wagner E, Twesme EN, Hidalgo C (1992) U.S. Patent No. 
5,164,020. Washington, DC: U.S. Patent and Trademark Office

 2. Lopez-Garcia J, Casado A, Sample T (2019) Electrical perfor-
mance of bifacial silicon PV modules under different indoor 
mounting configurations affecting the rear reflected irradiance. 
Sol Energy 177:471–482

 3. Hiroshi M (1966) U.S. Patent No. 3,278,811. Washington, DC: U.S. 
Patent and Trademark Office

 4. Cuevas A, Luque A, Eguren J, del Alamo J (1982) 50 Per cent 
more output power from an albedo-collecting flat panel using 
bifacial solar cells. Sol Energy 29(5):419–420

 5. Hezel R (2009) A novel high-efficiency rear-contact solar cell 
with bifacial sensitivity. In: Petrova-Koch V, Hezel R, Goetzberger 
A (eds) High-efficient low-cost photovoltaics. Springer series in 
optical sciences, vol 140. Springer, Berlin, Heidelberg

 6. Scheulov I (2016) U.S. Patent No. 9,379,269. Washington, DC: U.S. 
Patent and Trademark Office

 7. Motahhir S, El Hammoumi A, El Ghzizal A (2018) Photovoltaic 
system with quantitative comparative between an improved 
MPPT and existing INC and P&O methods under fast varying of 
solar irradiation. Energy Rep 4:341–350

 8. Sahay A, Sethi VK, Tiwari AC, Pandey M (2015) A review of solar 
photovoltaic panel cooling systems with special reference to 
Ground coupled central panel cooling system (GC-CPCS). Renew 
Sustain Energy Rev 42:306–312

 9. Arıcı M, Bilgin F, Nižetić S, Papadopoulos AM (2018) Phase 
change material based cooling of photovoltaic panel: a simpli-
fied numerical model for the optimization of the phase change 
material layer and general economic evaluation. J Clean Prod 
189:738–745

 10. Chander S, Purohit A, Sharma A, Nehra SP, Dhaka MS (2015) A 
study on photovoltaic parameters of mono-crystalline silicon 
solar cell with cell temperature. Energy Rep 1:104–109

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Parabolic bifacial solar panel with the cooling system: concept and challenges
	Abstract
	1 Introduction
	2 Design concept
	3 Challenges
	4 Conclusion
	References




