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PHOTOVOLTAIC PANEL HAVING A FLEXIBLE STRUCTURE AND METHOD OF
MANUFACTURING
DESCRIPTION

The present invention relates to a photovoltaic panel having improved characteristics,
particularly suitable for installation on roofs, civil and industrial roofing in general, tensile
structures, agricultural or maritime installations, and similar.

As is known, a photovoltaic panel typically has a flat, rigid structure with a considerable size
and weight (e.g. around 20 kg for a panel measuring 90x160x5 cm).

A traditional installation method for a photovoltaic panel involves the use of a supporting
frame arranged to provide adequate mechanical support and to orient the actual panel.
Installation solutions of this type, although much appreciated since they make it possible to
optimize exposure of the photovoltaic panels to sunlight regardless of the inclination of the
roofing on which they are placed, do have several drawbacks.

In an urban setting, the placing of panels on many types of roofing that are theoretically
available may be made difficult, if not impossible, by the excessive size and weight involved.
Furthermore, still as a result of the considerable size of the photovoltaic panels and their
supporting frames, these installation solutions often create a significant visual impact, which
can make it problematic to place them in valued urban settings, such as old town centres.
Another known installation method for a photovoltaic panel involves laying the panel on a
supporting surface (e.g. civil or industrial roofing), following the orientation of the roofing.
Installation solutions of this type have the undoubted advantage or requiring very simple
mechanical support structures that are considerably lighter than those described above. Their
installation in an urban setting is therefore much easier and has a less marked visual impact.
These solutions, however, often do not make it possible to obtain the best possible production
of electrical energy from the photovoltaic panels since the orientation of the panel supporting
surface is not always ideal.

Furthermore, and something that constitutes a significant drawback, the positioning of the
panel on a compact supporting surface can make cooling the photovoltaic modules during
operation problematic. Indeed, the smaller gaps between the photovoltaic panel and the
relative supporting surface do not allow adequate air circulation over the lower surface of the
panel, thus limiting the heat exchange between the photovoltaic cells and the external
atmosphere, thereby causing them to overheat, with a consequent reduction in the efficiency
of photovoltaic conversion.

The main aim of the present invention is to provide a photovoltaic panel that makes it possible
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to overcome the drawbacks described above.

In the context of this aim, an object of the present invention is to provide a photovoltaic panel
easy to install and has a low visual impact.

Another object of the present invention is to provide a photovoltaic panel having considerable
flexibility of use, for example that can be easily placed on any civil or industrial roofing or,
more generally, on diversified installation structures, including tensile structures or vertical
walls.

A further object of the present invention is to provide a photovoltaic panel particularly light
and relatively small in size, particularly in terms of weight.

Not the last object of the present invention is to provide a photovoltaic panel relatively easy to
manufacture at competitive costs.

This aim and these objects, together with other objects that will become more apparent from
the following description and from the accompanying drawings, are achieved according to the
invention, by a photovoltaic panel according to claim 1 and to the related dependent claims.

In a further aspect, the present invention also relates to a method for the manufacture of a
photovoltaic panel, according to claim 12 below and to the related dependent claims.

In a general definition, the photovoltaic panel, according to the invention, comprises a
plurality of photovoltaic modules adapted to provide electric power when illuminated by a
light radiation on at least a surface. Said photovoltaic modules are mutually spaced one from
another according to horizontal and vertical directions.

The photovoltaic panel further comprises one or more conductive elements for the electrical
connection of said photovoltaic modules and a support and protection structure for said
photovoltaic modules and said conductive elements.

Said support and protection structure comprises a plurality of encapsulation portions), at
which said photovoltaic modules are arranged, and one or more connection portions adapted
to connect said encapsulation portions one with another.

Said connection portions being flexible so that said support and protection structure is
foldable at said connection portions according to at least two mutually perpendicular axes,
preferably along at least a horizontal axis and at least a vertical axis.

According to an aspect of the invention, said support and protection structure is made, at least
partially, of a polymeric material.

Preferably, said support and protection structure is obtained by obtaining a semi-finished
product having a plurality of overlapped layers of polymeric material and by carrying out a

hot rolling mill process on said semi-finished product.
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According to an aspect of the invention, said support and protection structure is made, at least

partially, of material transparent to said light radiation.

According to an aspect of the invention, said support and protection structure is covered with

holes at said connection portions.

According to an aspect of the invention, said support and protection structure comprises one

or more anchoring portions at which said support and protection structure is connectable with

an installation structure or with the support and protection structure of a further photovoltaic
panel.

According to an aspect of the invention, said support and protection structure comprises a

plurality of protection elements made of material transparent to said light radiation. Each

protection element is operatively associated with a respective photovoltaic module at a

surface of said photovoltaic module.

According to an aspect of the invention, said support and protection structure comprises:

- a first protection layer;

- a first encapsulation layer bonded to said first protection layer. Said first encapsulation
layer covers said photovoltaic modules at a first surface of said photovoltaic modules;

- a second protection layer bonded to said first encapsulation layer at the connection
portions of said support and protection structure. Said second protection layer comprises
a plurality of mutually spaced apertures. Each aperture is positioned at a second surface
of a respective photovoltaic module, which is opposed to said first surface;

- a second encapsulation layer comprising a plurality of mutually spaced portions. Each
portion is arranged at a respective aperture of said second protection layer to cover a
respective photovoltaic module at said second surface.

According to an aspect of the invention, each protection element of the support and protection

structure is arranged to cover a corresponding portion of said second encapsulation layer at

the second surface of a respective photovoltaic module.

According to an aspect of the invention, the conductive elements of the photovoltaic panels

comprise first flexible portions arranged at respective connection portions of said support and

protection structure to favor the folding of said support and protection structure at said
respective connection portions.

According to an aspect of the invention, the photovoltaic panel comprises mechanical

connection means adapted to connect said support and protection structure with an installation

structure or a further photovoltaic panel.

Further characteristics and advantages of the present invention will become more apparent
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with reference to the description given below and to the accompanying figures, provided

purely for explanatory and non-limiting purposes, wherein:

- figure 1 schematically shows the photovoltaic panel according to the invention, in a
preferred embodiment thereof;

- figure 2 schematically shows in enlarged form a portion of the photovoltaic panel
shown in figure 1;

- figures 3-5 schematically show further details of the photovoltaic panel shown in figure
13

- figures 6-9 schematically show mechanical connection means for installation of the
photovoltaic panel shown in figure 1;

- figure 10 schematically shows further details of the photovoltaic panel shown in figure
13

- figure 11 schematically shows an example of installation of the photovoltaic panel
shown in figure 1;

- figure 12 schematically shows a further example of installation of the photovoltaic
panel shown in figure 1.

With reference to the aforesaid figures, the present invention relates to a photovoltaic panel 1.

The photovoltaic panel 1 is intended to be placed on an installation structure 100. This

installation structure can be of any type, for example civil or industrial roofing, a trellis

structure, a tensile structure, and so on.

The photovoltaic panel 1 comprises a plurality of photovoltaic modules 2 adapted to provide

electric power, when illuminated by a suitable source of light radiation (normally sunlight) on

at least on active surface 22 (and possibly 21).

The photovoltaic modules 2 are spaced one from another according to a horizontal direction

and according to vertical directions (with reference to a normal installation position of the

panel on a flat surface as shown in figure 1).

In principle, the layout of the photovoltaic modules 2 may be any, according to needs.

Preferably, the photovoltaic modules 2 are arranged according to a matrix layout as shown in

the aforesaid figures.

The photovoltaic modules 2 may each comprise one or more photovoltaic cells. Preferably

each photovoltaic module 2 comprises a single photovoltaic cell.

Advantageously, the photovoltaic modules 2 comprise a first surface 21 and a second surface

22 opposite each other.

The photovoltaic modules 2 may be of a single-face type. In this case, the second surface 22
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of the aforesaid modules constitutes the only active surface intended to receive the light
radiation needed to effect photovoltaic conversion.

The photovoltaic modules 2 may also be of a dual-face type. In this case, both surfaces 21, 22
of the aforesaid modules constitute active surfaces intended to receive the light radiation
needed to effect photovoltaic conversion.

In general, the photovoltaic modules 2 (typically made of a semi-conducting material) may be
of a known type and will therefore not be further described herein for obvious motives of
brevity.

The photovoltaic panel 1 comprises an electrical circuit adapted to make available to the
outside the electrical power generated by the photovoltaic modules 2.

This electrical circuit advantageously comprises a plurality of conductive elements 5 adapted
to electrically connect the photovoltaic modules 2 to one another.

The conductive elements 5 can be connected to the photovoltaic modules 2 using a known
method.

Preferably, the electrical circuit of the photovoltaic panel 1 comprises a junction box 17 (J-
Box) and appropriate electronic components 171 (e.g. diodes or other electronic discrete
devices) electrically connected to the conductive elements 5 so as to ensure an adequate
transmission of electrical power generated by the photovoltaic modules 2 and so as to protect
the photovoltaic modules from possible electrical faults (e.g. short circuits).

The junction box 17 may comprise a single electronic modules or a plurality of electronic
modules electrically connected one with another.

In general, the junction box 17 may be of a known type and will therefore not be further
described herein for obvious motives of brevity.

The photovoltaic panel 1 comprises a support and protection structure 3 for the photovoltaic
modules 2 and the conductive elements 5.

As a whole, the support and protection structure 3 has a substantially planar geometry and
comprises a first side 3A and second side 3B opposite one another, at the first and second
surfaces 21, 22 of the photovoltaic modules 2 (figures 4-5) respectively.

The support and protection structure 3 is intended to bind the photovoltaic modules 2 to one
another, keeping them mutually separated and mechanically connected to form an assembly
having a certain desired layout.

The support and protection structure 3 is also intended to protect and electrically insulate the
photovoltaic modules 2 and the conductive elements 5 from the outside environment.

The support and protection structure 3 comprises a plurality of encapsulation portions 301 at
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each of which a corresponding photovoltaic module 2 is placed.

Advantageously, each encapsulation portion 301 defines a volume inside which a
corresponding photovoltaic module 2 is placed.

The support and protection structure 3 comprises one or more connection portions 302
adapted to mechanically connect the encapsulation portions 301 to one another.
Advantageously, the connection portions 302 are arranged to connect adjacent encapsulation
portions 301. They are therefore substantially positioned at the central zones of the
photovoltaic panel 1 at the spaces between pairs of adjacent photovoltaic modules.

According to the invention, the connection portions 302 are flexible so that the support and
protection structure 3 is foldable at the aforesaid connection portions according to at least two
mutually perpendicular axes, more particularly according to a horizontal axis Al and a
vertical axis A2 (with reference to a normal installation position of the panel on a flat surface
as shown in figure 1).

In this way, the whole structure of the photovoltaic panel 1 is not rigid as it is in known
solutions, but rather is able to bend at the connection portions 302 of the support and
protection structure 3.

In the embodiment of the invention shown in figure 1, the photovoltaic modules 2 are
arranged in a matrix layout, separated from one another. The connection portions 302 of the
support and protection structure 3 are present at the separation spaces between the modules.
The support and protection structure 3 (and thus the photovoltaic panel 1) are foldable along
one or more horizontal axes Al and vertical axes A2 (with reference to a normal installation
position of the panel on a flat surface as shown in figure 1), respectively parallel to the rows
and columns of photovoltaic modules.

Thanks to its foldable structure, the photovoltaic panel 1 can also be installed on installation
structures 100 with non-planar support surfaces. For example, it can be installed wrapped
around a trellis (figure 11).

Obviously, the photovoltaic panel 1 is particularly easy to install on civil or industrial roofing
(figure 12).

Preferably, the support and protection structure 3 is made, at least partially, of a polymeric
material. This solution makes it possible to drastically reduce the weight and thickness of the
photovoltaic panel 1, thereby making it particularly suitable for installation on tensile
structures or vertical walls.

Preferably, the support and protection structure 3 is made, at least partially, of a (preferably

polymeric) material transparent to the light radiation intended to illuminate the photovoltaic
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modules 2. This helps to simplify the manufacture of the support and protection structure and
makes it possible to drastically reduce the aesthetic impact of the photovoltaic panel 1.
Preferably, the conductive elements 5 of the photovoltaic panel 1 comprise first flexible
portions 51 arranged at respective connection portions 302 of the support and protection
structure 3 to favour the folding of said structure at said connection portions.

Preferably, the first flexible portions 51 are made up of conductive ribbons (“Tabbing
Ribbons”) arranged so as to electrically connect the photovoltaic modules 2 to one another or
with the junction box 17.

Preferably, the support and protection structure 3 comprises one or more anchoring portions
303 at which said support is mechanically connectable with an installation structure 100 or
with a further photovoltaic panel.

Preferably, the anchoring portions 303 are flexible so that the support and protection structure
3 is slightly deformable (e.g. by traction) at the aforesaid anchoring portions.

Preferably, the anchoring portions 3 are connected to the encapsulation portions 301 and to
the connection portions 302 of the support and protection structure 3 and are advantageously
placed at the outer edges of the photovoltaic panel 1.

Preferably, at the anchoring portions 303, there are present first shaped holes 303A passing
through the thickness of the support and protection structure 3.

The first shaped holes 303A are intended to be coupled with suitable mechanical connection
means 6 for connecting the photovoltaic panel 1 with an installation structure 100 or a further
photovoltaic panel.

The arrangement of the anchoring portions 303 considerably facilitates installation of the
photovoltaic panel 1, thereby making it particularly suitable for installation on tensile
structures or vertical walls.

Preferably, the conductive elements 5 comprise second flexible conductive portions 52
arranged at respective anchoring portions 303 of the support and protection structure 3.
Preferably, the second flexible portions 52 are made up of conductive ribbons (“Bus
Ribbons”) arranged so as to connect the first flexible conductive portions 51 to one another or
with the electric junction box 17.

Preferably, the support and protection structure 3 is covered with holes at the connection
portions 302. In practice, the connection portions 302 are at least partially separated from one
another by second shaped holes 320 passing through the thickness of the support and
protection structure 3.

This greatly increases the flexibility of the connection portions 302 favouring the possible
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folding of the support and protection structure 3.

Furthermore, this solution makes it possible to drastically limit the mechanical loads due to
wind and other atmospheric agents (e.g. rain water), while at the same time ensuring adequate
air circulation over both surfaces 21, 22 of the photovoltaic modules 2, whatever the type of
installation chosen for the photovoltaic panel 1. The connection portions 302 arranged with
holes 320 thus allows achieving a more efficient cooling (through ventilation fluxes passing
through said holes) of the photovoltaic modules 2 when the environmental temperature is
high.

Preferably, the support and protection structure 3 comprises a plurality of protection elements
35 made of material transparent to the light radiation intended to illuminate the photovoltaic
modules 2.

Each protection element 35 is operatively associated with a respective photovoltaic module 2
at a surface thereof, for example the second surface 22, as shown in the aforesaid figures.
Preferably, the protection elements 35 are slab-shaped, having a shape and size (height and
width) equal to or slightly larger than the photovoltaic modules 2.

Preferably, the protection elements 35 have a thickness of less than 4 mm, e.g. somewhere
between 2 and 3 mm

Preferably, the protection elements 35 are made of glass, advantageously of ultra-clear glass,
for example tempered glass with a transmittance of over 90% and an iron content below 150
ppm.

With reference to figures 3-5, there is now described a preferred embodiment of the invention,
according to which the support and protection structure 3 is made as a multi-layer laminated
structure (preferably of a polymeric material) that incorporates the photovoltaic modules 2 in
its thickness and preferably has the protection elements 35 at a surface 22 of said modules.
According to this embodiment, the support and protection structure 3 comprises a first multi-
layer half-shell 30A (preferably of a polymeric material), operatively associated with the first
surface 21 of the photovoltaic modules 2, and a second multi-layer half-shell 30B (preferably
of a polymeric material), operatively associated with the second surface 22 of the photovoltaic
modules 2.

The half-shells 30A, 30B are joined to the photovoltaic modules 2 at the surfaces 21, 22 of
said modules respectively.

Being kept at a distance from the photovoltaic modules 2 interposed between them, the half-
shells 30A, 30B thus define the encapsulation portions 301 of the support and protection
structure 3 at the sides 3A, 3B thereof.
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In this way, each encapsulation portion 301 is shaped so as to have a complementary shape
(i.e. without the presence of free spaces) with respect to that of the respective photovoltaic
module 2.

The half-shells 30A, 30B are mutually joined at the connection portions 302 and, preferably,
at the anchoring portions 303 of the support and protection structure 3.

The half-shells 30A, 30B are advantageously arranged so as to encapsulate inside them the
conductors 5, in particular the flexible conductive portions 51, 52, where these conductors are
present at the connection portions 302 and, preferably, at the anchoring portions 303.

In figures 3 and 4, is it possible to observe the half-shell 30A of the support and protection
structure 3. This half-shell is made up of a pair of overlapping layers (preferably of a
polymeric material).

Preferably, the support and protection structure 3 comprises a first protection layer 31
(preferably of a polymeric material).

The first protection layer 31 is found in a distal position with respect to the first surface 21 of
the photovoltaic modules 2 so as to constitute the outermost layer of the support and
protection structure 3 at the first side 3A thereof (figure 4).

Preferably, the first protection layer 31 is made of a transparent (preferably polymeric),
electrically insulating and fire-resistant material, such as TEDLAR™,

Preferably, the first protection layer 31 is made up of a corresponding shaped sheet of
polymeric material.

Preferably, the support and protection structure 3 comprises a first encapsulation layer 32
(preferably of a polymeric material).

The first encapsulation layer 32 overlaps the first protection layer 31 so as to be interposed
between said layer and the first surface 21 of the photovoltaic modules 2.

The first encapsulation layer 32 is bonded to the first surface 21 of the photovoltaic modules 2
so as to cover them at this surface.

Advantageously, the first encapsulation layer 32 is arranged so as to also cover the conductors
5 at the first side 3A of the support and protection structure 3, where these conductors are
present at the connection portions 302 and, preferably, at the anchoring portions 303.
Preferably, the first encapsulation layer 31 is made of transparent (preferably polymeric)
material, such as EVA (Ethylene Vinyl-Acetate) or an ionomer resin.

Preferably, the first encapsulation layer 32 is made up of a corresponding shaped sheet of
polymeric material. Advantageously, this sheet of polymeric material has, along its plane of

extension, the same geometric form as the sheet of polymeric material making up the first
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protection layer 31 so as to be substantially able to completely overlap said layer.

In figures 3 and 5, it is possible to observe the half-shell 30B of the support and protection
structure 3. This half-shell is made up of a pair of layers (preferably of a polymeric material)
arranged so as to be geometrically complementary along a common plane of extension.
Preferably, the support and protection structure 3 comprises a second protection layer 33
(preferably of a polymeric material).

The second protection layer 33 is bonded to the first encapsulation layer 32 at the connection
portions 302 and, preferably, at the anchoring portions of the support and protection structure
3.

The second protection layer 31 constitutes the outermost layer of the connection portions 302
and, preferably, of the anchoring portions 303 of the support and protection structure 3 at the
second side 3B thereof (figure 5).

Advantageously, the second encapsulation layer 33 is arranged so as to cover the conductors 5
at the second side 3B of the support and protection structure 3, where these conductors are
present at the connection portions 302 and, preferably, at the anchoring portions 303.

The second protection layer 33 comprises a plurality of mutually spaced apertures 330 (figure
3). Each aperture 330 of the second protection layer 33 is positioned at a respective
photovoltaic module 2, in particular at the surface 22 thereof.

Advantageously, each aperture 330 of the second protection layer 33 has a form and
dimensions coinciding with the form and dimensions of the surface 22 of the photovoltaic
module 2 with which this aperture is operatively associated.

The second protection layer 33 is therefore arranged so as not to cover the photovoltaic
modules 2 at the second surface 22 thereof.

Preferably, the second protection layer 33 is made of a transparent (preferably polymeric),
electrically insulating and fire-resistant material, such as TEDLAR™,

Preferably, the second protection layer 33 is made up of a corresponding shaped sheet of
polymeric material. Advantageously, at the connection portions 302 and, preferably, at the
anchoring portions 303 of the support and protection structure 3, this sheet of polymeric
material has, along its plane of extension, the same geometric form as the sheets of polymeric
material making up the first protection layer 31 and the first encapsulation layer 32 of the
support and protection structure 3 so as to be substantially able to completely overlap said
layers. Furthermore, this sheet of polymeric material comprises a plurality of shaped, through-
passing, mutually spaced apertures, each of which is intended to constitute a corresponding

aperture 330 of the second protection layer 33.

10
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Preferably, the support and protection structure 3 comprises a second encapsulation layer 34
(preferably of a polymeric material).

The second encapsulation layer 34 comprises a plurality of mutually spaced portions 340.
Each portion 340 of the second encapsulation layer 34 is arranged at a respective aperture 330
of the second protection layer 33.

Each portion 340 of the second encapsulation layer 34 is bonded to the second surface 22 of a
corresponding photovoltaic module 2 so as to cover it at this surface.

Advantageously, each portion 340 of the second encapsulation layer 34 has a form and
dimensions coinciding with the form and dimensions of the surface 22 of the photovoltaic
module 2 and of the respective aperture 330 of the second protection layer 33 with which this
portion is operatively associated.

In this way, each portion 340 of the second encapsulation layer 34 completely covers the
respective photovoltaic module 2 at the second surface 22 thereof.

Preferably, the second encapsulation layer 34 is made of transparent (preferably polymeric)
material, such as EVA or an ionomer resin.

Preferably, the second encapsulation layer 34 is made up of a plurality of corresponding
shaped sheets of polymeric material, each of which is intended to form a portion 340 of the
aforesaid layer. Advantageously, each sheet of polymeric material has, along its plane of
extension, the same geometric form as the second surface 22 of a corresponding photovoltaic
module 2 and of a respective through-passing aperture of the sheet of polymeric material that
constitutes the second protection layer 33.

According to the embodiment shown in figures 3-5, the protection elements 35 of the support
and protection structure 3 are joined to the second shell 30B of said structure at the respective
photovoltaic modules 2.

Preferably, each protection element 35 is bonded to a corresponding portion 340 of the second
encapsulation layer 34 so as to cover said layer at the second surface 22 of a respective
photovoltaic module 2.

Advantageously, each protection element 35 has, along its plane of extension, the same
geometric form as the corresponding portion 340 of the second encapsulation layer 34 so as to
completely cover said layer.

The protection elements 35 thus constitute the outermost layer of the encapsulation portions
330 of the support and protection structure 3 at the second side 3B thereof.

In the embodiment shown in figures 3-5, the photovoltaic panel 1 can be created using a hot

rolling process (preferably under vacuum).

11
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Preferably, a fabrication method for the photovoltaic panel 1 comprises the step of providing a

semi-finished structure comprising:

a first sheet of polymeric material adapted to form the first protection layer 31 of the

support and protection structure 3;

- a second sheet of polymeric material adapted to form the first encapsulation layer 32 of the
support and protection structure 3. The second sheet of polymeric material overlaps the
first sheet of polymeric material;

- the photovoltaic modules 2 overlapping the second sheet of polymeric material, at the
encapsulation portions 301 of the support and protection structure 3. The photovoltaic
modules overlap the second sheet of polymeric material at the first surface 21;

- the conductive elements 5 electrically connected to the photovoltaic modules 2 and
overlapping the second sheet of polymeric material;

- a third sheet of polymeric material adapted to form the second protection layer 33 of the
support and protection structure 3. The third sheet of polymeric material overlaps the
second sheet of polymeric material and the conductive elements 5 at the connection
portions 302 and, preferably, at the anchoring portions 303 of the support and protection
structure 3. The third sheet of polymeric material has through-passing apertures at the
photovoltaic modules 2;

- a plurality of fourth sheets of polymeric material adapted to form the portions 340 of the
second encapsulation layer 34. Each fourth sheet of polymeric material is positioned at a
respective through-passing aperture of the third sheet of polymeric material and overlaps a
respective photovoltaic module 2 at the second surface 22 thereof.

Preferably, the fabrication method of the photovoltaic panel 1 comprises the step of subjecting

the aforesaid semi-finished structure to a hot rolling process (preferably under vacuum).

Preferably, the semi-finished structure described above also comprises the protection elements

35 of the support and protection structure 3. Each protection element 35 overlaps a respective

fourth sheet of polymeric material at a respective photovoltaic module 2.

Preferably, the aforesaid semi-finished structure also comprises the junction box 17

electrically connected to the conductive elements 5. The junction box 17 is arranged so as to

be covered by the first encapsulation layer 32 and by the second protection layer 33.

As an alternative, the junction box 17 may be not covered by the layers 32, 33 and be

arranged externally to the support and protection structure 3 once this latter is finished.

According to a preferred embodiment, the photovoltaic panel 1 comprises mechanical

connection means 6 adapted to mechanically connect the support and protection structure 3

12
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with an installation structure 100 or a further photovoltaic panel.

Preferably, the mechanical connection means 6 preferably comprise first mechanical
connection elements 61 operatively joinable with the support and protection structure 3 at the
anchoring portions 303 thereof.

) or another

Preferably, the first mechanical connection elements 61 are made of Nylon™
material resistant to atmospheric agents.

Preferably, a first mechanical connection element 61 comprises a shaped base 611 provided
with a coupling surface 611A from which a pin 612 protrudes, intended to be inserted in a
corresponding shaped hole 303A of an anchoring portion 303 of the support and protection
structure 3 (figures 7-9).

A washer 613 and a peg 614 can be coupled with the pin 612 (after it is inserted in the
corresponding shaped hole 303A) of the shaped base 611 to fix the first mechanical
connection element 61 to an anchoring portion 303 of the support and protection structure 3.
Obviously, as shown in figure 11, should it be necessary to join several photovoltaic panels 1,
1B to one another, the pin 612 is intended to be inserted in a pair of aligned holes 303A
belonging to corresponding anchoring portions 303 (coupled and overlapping) of the support
and protection structures 3 of the photovoltaic panels 1, 1B to be joined (figure 12).

In embodiments of the photovoltaic panel 1 that are particularly advantageous for installation
on civil or industrial roofing or on planar installation structures (for example tiled roofs or
scaled or on vertical walls), the mechanical connection means 6 comprise one or more second
mechanical connection elements 62 adapted to operatively connect the first mechanical
connection elements 61 with one another and with one or more third mechanical connection
elements 63 adapted to operatively connect the second mechanical connection elements with
the installation structure 100 (figure 12).

Preferably, the second and third mechanical connection elements 62, 63 are made of
Nylon™ or another material resistant to atmospheric agents.

Preferably, a second shaped connection element 62 comprises a shaped rod slidingly joinable
with one or more first mechanical connection elements 61.

To that end, the shaped base 611 of each first mechanical connection element 61 may
advantageously comprise one or more through-passing holes 615 intended to receive
corresponding shaped rods 62 (figures 6-7).

Examples of different mechanical connection elements 61 arranged so as to be joinable with
two, three or four shaped rods 62 can be seen in figure 9.

Preferably (figure 6), a third shaped connection element 63 comprises a shaped bracket
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operatively joined to a corresponding shaped rod 62 by means of an adjustable connection
element 631 (e.g. a bolt or a connection slide).

The second and third mechanical connection elements 62-63, suitably connected to one
another, are able to provide a very light stiffening structure 600 that can be easily adapted to
the dimensions of the support and protection structure 3 (figure 12).

This stiffening structure is particularly suitable for being anchored to a roof 100 and enables
pre-tensioning of the support and protection structure 3 of the photovoltaic panel 1 (or
photovoltaic panels 1, 1B bonded to one another) thereby assuring the correct positioning of
the photovoltaic modules 2.

Furthermore, this stiffening structure is particularly useful for maintaining an adequate
separation space between the photovoltaic modules and the roofing 100, thereby ensuring
adequate cooling of the photovoltaic cells and, at the same time, making it possible to limit
buffeting of the photovoltaic panel in the event of wind.

It has been seen in practice how the photovoltaic panel 1, according to the present invention,
allows the proposed aim and the objects to be fully achieved.

The photovoltaic panel 1 is characterized by extreme flexibility of use.

As can be seen in figure 11, thanks to an overall semi-flexible structure, the photovoltaic
panel 1 can be easily placed on installation structures having curved, vaulted, cylindrical, or
multi-sided geometry, and so on. For example, it can be rolled, at least partially, for use on
trellis structures for agricultural use or open-air structures (arenas, stadia, etc.).

On the other hand, the photovoltaic panel 1 is particularly suitable for installation on a
traditional type of civil or industrial roofing, for example on a tiled roof 100, as can be seen in
figure 12.

Thanks to the preferential use of polymeric materials, the photovoltaic panel according to the
present invention, has a greatly reduced thickness and weight. For example, it may have a
thickness of between 2.5 and 3.5 mm (excluding the electrical junction unit) and a total
weight of less than 5 Kg/m”.

The photovoltaic panel 1 can therefore be used on any type of civil or industrial roofing, and
is particularly suitable for installation on vertical walls or tensile structures.

The photovoltaic panel, according to the present invention, is easy and cheap to manufacture
industrially. As shown, it can be manufactured using a hot rolling process.

The photovoltaic panel 1 could in practice be manufactured in further embodiments, all of
which fall within the scope of the present invention.

The support and protection structure 3 may have a different form from that shown in the
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aforesaid figures.

The encapsulation portions 301, connection portions 302 and anchoring portions 303 of the
support and protection structure 3 may have different forms from those shown in the aforesaid
figures

The support and protection structure 3 may comprise layers of material not transparent to light
radiation. For example, in the case where the photovoltaic modules 2 are of a single-face type,
the layers 31, 32 of the support and protection structure 3 may be made of an opaque or
coloured material (e.g. a polymeric material).

The conductive elements 5 may have a different arrangement from that shown in the aforesaid
figures.

The photovoltaic modules 2 may have a form or arrangement different from those shown in
the aforesaid figures.

On the basis of the description provided, other characteristics, modifications or improvements
are possible and evident to the average engineer. These characteristics, modifications and

improvements should therefore be considered part of the present invention.
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CLAIMS

Photovoltaic panel (1) comprising:

- a plurality of photovoltaic modules (2) adapted to provide electric power when
illuminated by a light radiation on at least a surface (21, 22), said photovoltaic
modules being mutually spaced one from another according to horizontal and
vertical directions;

- one or more conductive elements (5) for the electrical connection of said
photovoltaic modules;

- a support and protection structure (3) for said photovoltaic modules and said
conductive elements, said support and protection structure comprising a plurality of
encapsulation portions (301), at which said photovoltaic modules are arranged, and
one or more connection portions (302) adapted to connect said encapsulation
portions one with another, said connection portions being flexible so that said
support and protection structure is foldable at said connection portions according to
at least two mutually perpendicular axes (Al, A2).

Photovoltaic panel, according to claim 1, characterized in that said support and

protection structure (3) is made, at least partially, of a polymeric material.

Photovoltaic panel, according to one or more of the previous claims, characterized in

that said support and protection structure (3) is made, at least partially, of material

transparent to said light radiation.

Photovoltaic panel, according to one or more of the previous claims, characterized in

that said support and protection structure (3) is covered with holes at said connection

portions (302).

Photovoltaic panel, according to one or more of the previous claims, characterized in

that said support and protection structure (3) comprises one or more anchoring portions

(303) at which said support and protection structure is connectable with an installation

structure (100) or with a further photovoltaic panel (1B).

Photovoltaic panel, according to one or more of the previous claims, characterized in

that said support and protection structure (3) comprises a plurality of protection

elements (35) made of material transparent to said light radiation, each protection

element being operatively associated with a respective photovoltaic module (2) at a

surface (22) of said photovoltaic module.

Photovoltaic panel, according to one or more of the previous claims, characterized in

that said support and protection structure (3) comprises:

16



10.

11.

12.

WO 2018/077849 PCT/EP2017/077116

- a first protection layer (31);

- a first encapsulation layer (32) bonded to said first protection layer, said first
encapsulation layer covering said photovoltaic modules (2) at a first surface (21) of
said photovoltaic modules;

- a second protection layer (33) bonded to said first encapsulation layer at the
connection portions (302) of said support and protection structure, said second
protection layer comprising a plurality of mutually spaced apertures (330), each
aperture being positioned at a second surface (22) of a respective photovoltaic
module, which is opposed to said first surface (21);

- a second encapsulation layer (34) comprising a plurality of mutually spaced portions
(340), each portion being arranged at a respective aperture (330) of said second
protection layer to cover a respective photovoltaic module (2) at said second surface
(22).

Photovoltaic panel, according to claims 6 and 7, characterized in that each protection

element (35) is arranged to cover a corresponding portion (340) of said second

encapsulation layer (34) at the second surface (22) of a respective photovoltaic module

2).

Photovoltaic panel, according to one or more of the previous claims, characterized in

that said conductive elements (5) comprise first flexible portions (51) arranged at

respective connection portions (302) of said support and protection structure (3) to favor
the folding of said support and protection structure at said respective connection
portions.

Photovoltaic panel, according to one or more of the previous claims, characterized in

that it comprises mechanical connection means (6) adapted to connect said support and

protection structure (3) with an installation structure (100) or a further photovoltaic
panel (1B).

A photovoltaic plant characterized in that it comprises a photovoltaic panel (1),

according to one or more of the previous claims.

A method to fabricate a photovoltaic panel (1), according to one or more of the previous

claims, characterized in that of comprising the step of providing a semi-finished

structure comprising:

- a first sheet of polymeric material adapted to form a first protection layer (31) of said
support and protection structure (3);

- a second sheet of polymeric material adapted to form a first encapsulation layer (32)
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13.

of said support and protection structure, said second sheet of polymeric material
being overlapped to said first sheet of polymeric material;

- said photovoltaic modules (2) overlapped to said second sheet of polymeric material
at the encapsulation portions (301) of said support and protection structure at a first
surface (21) of said photovoltaic modules;

- said conductive elements (5) electrically connected to said photovoltaic modules
overlapped to said second sheet of polymeric material;

- a third sheet of polymeric material adapted to form a second protection layer (33) of
said support and protection structure (3), said third sheet of polymeric material being
overlapped to said second sheet of polymeric material and to said conductive
elements (5) at the connection portions (302) of said support and protection structure,
said third sheet of polymeric material having apertures (330) at said photovoltaic
modules;

- fourth sheets of polymeric material adapted to form corresponding portions (340) of
a second encapsulation layer (34), said fourth sheets of polymeric material being
positioned at respective apertures of said third sheet of polymeric material and being
overlapped to said photovoltaic modules (2) at a second surface (22) of said
photovoltaic modules, which is opposite to said first surface (21);

and the step of subjecting said semi-finished structure to a hot rolling mill process.

Method, according to claim 12, characterized in that said semi-finished structure

comprises protection elements (35) in material transparent to said light radiation, which

are overlapped to respective fourth sheets of polymeric material at respective

photovoltaic modules (2).
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