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Description

The Invention relates to a photovoltaic (PV) system having a plurality of bifacial

photovoltaic modules which are arranged upright on a supporting structure.

such a PV system, In particular a PV system according to the preamble of Claim 1, Is
known from the publication JP 2002076416.

Another PV system having such a support structure is known from the publication JP
2004335903.

Classic PV systems which use unifacial PV modules for power generation are frequently
erected in an inclined form. The single active surface of the respective PV modules, which
surface can convert solar radiation energy into electrical energy, Is typically oriented In
this case toward the south. Such systems have the disadvantage that they output their
peak power at midday. This may have an impact on the power grid, namely in the event of

an excessive supply of such power.

For some years, PV systems having PV modules which have active surfaces on both
sides have therefore been put to the test. Said PV modules, which are referred to as
bifacial, are positioned upright, and therefore the front side and rear side are in each case
irradiated by the sun. If the bifacial PV modules of such PV systems are erected in a
north-south direction, they can capture sunlight from eastern and western directions, In
particular in early morning hours and late evening hours. This achieves a power output
which Is complementary to classic systems and turns out to be low around midday, but
reaches peak values Iin the morning and in the evening. Such a power/day curve
characteristic is advantageous with the effect of distributing a uniform power supply in the
grid over the day. In addition, however, PV systems having bifacial PV modules can

advantageously also be used in different orientations than in a north-south direction.

In contrast to unifacial PV modules, new technical problems are posed in bifacial PV
modules since the rear side of the modules Is also intended to be used for power
generation. The supporting structures and erection concepts developed previously for
unifacial PV modules are therefore applicable only to a limited extent, or would require

complicated and therefore expensive adaptation.

It is therefore an object of the present invention to provide a PV system in which a plurality

of bifacial PV modules can be mounted in a vertical arrangement and which satisfies the
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specific requirements of bifacial modules. For this purpose, In particular a supporting
structure is intended to be provided which not only can be manufactured cost-effectively,
but also permits rapid and therefore reasonably priced erection of the PV system. In
addition, the supporting structure Is intended to have sufficient stability in typical weather

conditions.

The invention is furthermore based on the object of improving the efficiency of converting

sunlight into electrical energy for PV systems.

In order to achieve these objects, a photovoltaic system is provided according to the
invention with the features of Claim 1. In particular, it is therefore proposed, according to
the invention, in order to achieve the object in a photovoltaic system of the type mentioned
at the beginning, that the supporting structure has a plurality of posts which are secured,
in particular anchored, on or in the ground, wherein crossmembers are secured to the
posts, said crossmembers in each case connecting two adjacent posts to each other, and
wherein in each case two posts and two crossmembers define a substantially rectangular
mounting area in which at least one PV module is arranged, and that plug-through
openings are formed on the posts in order in each case to receive a crossmember or the

end thereof.

The formation of plug-through openings has the advantage that tilting of the posts In
relation to one another and associated fluctuations in the distances between the posts can
be easily compensated for by the crossmembers being plugged to a greater or lesser
extent into the plug-through openings. It goes without saying that it is advantageous in this
connection for a simple assembly if the plug-through opening Is configured to be
somewhat larger than the crossmember to be received by it. However, according to the
invention, it can be provided In particular that the plug-through opening is at least 1.25
times, preferably at least 1.5 times, the height of a crossmember in the vertical direction. A
possibility is therefore provided of at least partially compensating for different height
positions of the posts, for example In undulating terrain, by the crossmembers being

mounted at different heights.

Accordingly, a mounting area according to the invention can receive one PV module or a
plurality of PV modules, wherein further divisions of the mounting area, for example by
means of additional crossmembers and/or vertically running intermediate posts, can also
be provided. The mounting area according to the invention can be considered to be
substantially rectangular, in particular whenever the mounting area is suitable for receiving

a PV module having a rectangular outer contour. It can therefore be provided in particular
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according to the invention that in each case two posts and two crossmembers define a
mounting area in which at least one PV module is arranged, wherein edges of the posts
and crossmembers which are aligned with the PV modules and therefore bound the
mounting area are preferably arranged uniformly, at a distance from outer edges of the at

least one PV module.

In the majority of erection situations, it is advantageous if the plurality of bifacial

photovoltaic modules are arranged standing vertically on the supporting structure.

In other words, the invention therefore provides a supporting structure in which posts and
crossmembers are connected to one another at preferably regular distances and
preferably at right angles, and therefore in each case two posts and two crossmembers
define a rectangular mounting area, into which a bifacial PV module is inserted suspended
vertically. The PV modules can therefore collect sunlight on both sides in order to convert

same Into electrical energy.

According to the invention, it Is advantageous for a high degree of rigidity of the
supporting structure iIf at least individual crossmembers are secured on both sides to
posts by securing means. An expedient securing of the crossmembers within the context
of the invention can be realized here In particular by screw connections, in particular
drilling screws or threaded screws, by rivets, pins, and by welding, adhesive bonding or by

a simple interlocking connection.

It is advantageous here that a PV system according to the invention having the features of
Claim 1 can be produced cost-effectively and can be erected efficiently and therefore
cost-effectively. At the same time, the supporting structure according to the invention
ensures a high degree of stability, in particular against wind loads, and efficient use of the

active surfaces of the bifacial modules.

According to the invention, the foundation of the supporting structure can be provided, for
example, by means of anchoring Iin the ground. This can be realized, for example, by
means of ground anchors, ground screws, pile-driving posts or concrete foundations,
wherein guy wires can additionally be provided. If anchoring In the ground Is to be
avoided, for example when erecting the PV system on landfill areas, a foundation of the
supporting structure can also be achieved according to the invention on the ground by
putting weights on the posts. Furthermore, the posts and the crossmembers can be
configured in the form of longitudinal profiles, for example as aluminum extruded profiles,

as a result of which a particularly economical use of material and therefore a lightweight
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supporting structure are made possible. According to the invention, the supporting
structure can be produced, for example, from C-, S-, U-, 2- or Q-profiles, in particular from
combinations of such profiles. For example, oblique and/or round shaped elements can
also be provided here on the posts and/or crossmembers In order to minimize the
shadowing of the PV modules. A further configuration according to the invention provides
posts and/or crossmembers from hot- or cold-rolled steel, preferably provided with anti-

corrosion protection.

According to the invention, the object can also be achieved by further advantageous

variations of the dependent claims.

For example, it is advantageous according to the invention if, in the use position of the PV
system, the posts are oriented substantially vertically and/or the crossmembers are
oriented substantially horizontally. By means of such an orientation of the posts and
crossmembers, it can be ensured In particular that edges of the posts and crossmembers
which bound the iIndividual mounting areas, said edges being aligned with the PV
modules, are preferably arranged uniformly, at a distance from outer edges of rectangular
PV modules of the PV system. By this means, for rectangular PV modules which are
typically commercially available, an economical use of material for the supporting
structure and/or good surface use can be achieved since the distance of the posts and
crossmembers from the PV modules can be selected to be as small as possible. Unlike in
conventional PV systems for unifacial PV modules, it is in particular avoided here that
posts or crossmembers run below or behind a PV module, which would result in an

undesirable shading of the PV modules.

In addition, it can be provided in a PV system according to the invention, for example, that
a plurality of PV modules, in particular up to four PV modules, are arranged one above
another in the vertical direction. By means of the provision of a plurality of rows of PV
modules running one above another, the usable active surface can therefore be increased
as a whole without additional posts having to be erected. According to the invention, the
provision of more than four PV modules arranged one above another has the
disadvantage according to the invention that the wind load considerably increases, and
therefore the foundation of the posts has to be configured Iin a substantially more
complicated and therefore expensive manner. The invention therefore proposes limiting
the number of modules arranged one above another to four. According to the invention,
the optimum of the number of lines of PV modules arranged one above another is

between two and three.
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According to the invention, it is furthermore preferred if horizontally adjacent PV modules
are arranged offset with respect to one another in the vertical direction. By means of this
configuration, which is untypical of classic systems, a particularly efficient design of the
supporting structure is made possible. This applies in particular whenever the vertical
offset between horizontally adjacent PV modules is at least the height of one
crossmember. Crossmembers can therefore be mounted lying vertically one above
another on the posts, which is advantageous for numerous configurations according to the
invention of the supporting structure. In particular, the respective securing points of
horizontally adjacent crossmembers to a post can therefore be arranged lying vertically
one above another. This permits the efficient use of flanges and tabs on the posts, as will

be explained more precisely.

For a particularly efficient erection of the posts of the PV system, it can be provided
according to the invention that the posts are divided at least into a securing section which
IS connected to the ground and a holding section which is connectable or is connected to
the securing section. The holding section extends here above the securing section. It is of
advantage that the foundations of the securing section can be provided in or on the
ground initially independently of the holding section. This is advantageous, for example,
whenever the foundations of the securing section are intended to be provided by the latter
being rammed into the ground. For this purpose, the securing section can be configured In
particular in the form of a ramming profile, and therefore the securing section has

sufficient rigidity for ramming-in purposes.

Both the holding section and the fastening section can be configured according to the
invention as a longitudinal profile, preferably made of metal. It is of advantage here that In
particular different profiles can be combined with one another. For example, a C-, U- or 2-
profile, which is suitable for ramming-in purposes, can be combined as a securing section
with an S- or Q-profile, which are both less suitable for ramming-in purposes, as a holding
section of the post. Furthermore, it can also be provided that the holding section is
designed to be less strong than the securing section in order to save material. This can be
achieved, for example, by a different choice of profile, in particular different profile

dimensioning, or by less strong material.

After the foundations of the securing section have been provided, the holding section can
be aligned on the securing section and fixedly connected thereto, for example by means
of screws with a self-tapping thread, which can be screwed into, possibly predrilled, holes.
For this purpose, it i1s preferred according to the invention If corresponding contact

surfaces are Iin each case formed on the securing section and the holding section. The
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two sections can lie against each other at said contact surfaces and can therefore overlap.
This creates a possibility of compensating for deviations in the height of the securing
section by aligning the holding section with respect to the securing section. For this
purpose, the holding section, in particular when lying with the contact surface against the
securing section, can be configured to be displaceable along the longitudinal direction of

the securing section.

According to the invention, the overlap between the securing section and holding section
can additionally be configured to be rotatable. The two sections of a post, when the
corresponding contact surfaces lie against each other, can therefore be rotated or can be
In a rotated state with respect to each other. This can be achieved, for example, by a
plane configuration of the contact surface such that securing section and holding section
ie back to back against each other in the mounted state. By means of a rotatable
configuration of the overlap, the longitudinal axes of the two sections of the post can be
rotated in relation to each other, thus achieving an improved compensation of skew
orientations of the securing section that may arise when the foundations of the latter are

being provided.

According to the invention, it is furthermore advantageous if the individual PV modules,
l.e. In particular outer edges of the PV modules, are arranged at a distance from the posts
and/or crossmembers. Shading of the active surface of the PV modules by means of
posts and/or crossmembers can therefore be avoided. In this connection, it is preferred
according to the invention If the spacing Is selected only to be of a size such that a
shading up to an angle of incidence of at maximum 75° is prevented. This avoids an
excessive amount of space being required for the spacing, and therefore efficient use of
the area Is permitted. In general, it is preferred according to the invention if the PV
modules are mounted centrally with respect to the outer edges of posts and/or
crossmembers. A minimum shading of the two sides of the bifacial PV modules can

thereby then be achieved.

An angle of incidence Is understood here and below as meaning the angle which an
iIncident ray of sunshine encloses with a perpendicular of an active surface of a PV
module. A vertical incidence of light on the active surface of a PV module therefore
corresponds to an angle of incidence of 0°. Since the PV modules are arranged vertically,

the angle of incidence can be In particular a lateral insolation angle.

A highly efficient PV system can be achieved according to the invention if the active

surfaces of the PV modules are arranged at a distance from the posts and/or
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crossmembers. This makes it possible substantially to avoid that, in the event of an
obligue Incidence of light, the posts or crossmembers shadow border regions of the active
surfaces of the PV modules, which would have a negative effect on the efficiency of the

system.

According to the invention, it is particularly advantageous if the active surfaces of the PV
modules are at a distance here from the posts in such a manner that, at least up to an
angle of incidence of 20°, particularly preferably at least up to an angle of incidence of
30°, shading of the active surface by means of posts is prevented. Alternatively or
additionally, it can be provided that the active surfaces of the PV modules are arranged at
a distance from the crossmembers in such a manner that, at least up to an angle of
iIncidence of 25° preferably at least up to an angle of incidence of 30° or even 40°,

shading of the active surface by means of crossmembers Is prevented.

An even more compact PV system can be achieved according to the invention in that the
active surfaces of the PV modules on mutually opposite sides are arranged
asymmetrically at a distance from posts and/or crossmembers. For example, it can be
provided that individual PV modules are arranged at a distance from the posts such that,
for northern directions, at least up to an angle of incidence of 20°, preferably at least up to
an angle of incidence of 30°, with respect to the active surface of the PV module, shading
of said surface is prevented, while, for southern directions, at least up to an angle of
incidence of 45°, preferably at least up to an angle of incidence of 60°, with respect to the

active surface of the PV module, shading of said surface is prevented.

In the case of horizontally running crossmembers, it suffices, according to the invention, If
the PV modules are arranged at a distance only from those crossmembers which run
above the PV module. Shading of the active surface by crossmembers running
thereabove is therefore avoided. By contrast, for modules which are arranged above a
horizontally running crossmember, there is no risk of shading by said crossmember
running below the module since the directly incident sunlight strikes against the active
surface obliquely from above. As a result, according to the invention the active surface of
a PV module above a horizontally running crossmember can therefore approach close to
the latter in order to minimize the space required by the PV system Iin the vertical

direction.

If the PV system Is intended to be erected at locations which are particularly prone to
wind, it can be provided according to the invention that the PV modules are suspended on

the supporting structure so as to be pivotable about an axis of rotation. It is advantageous
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In this connection If the axis of rotation runs approximately parallel to the crossmembers

since pivotability can therefore be ensured with a compact mounting area. Pivotability of

the PV modules about an axis of rotation can be achieved, for example, by the PV
modules being suspended pivotably only on upper crossmembers of the supporting

5  structure. Owing to the pivotability, in the event of strong winds the PV modules can move
out of the plane formed by the posts. The wind can therefore blow virtually unobstructed
through the resulting gaps in the mounting areas, as a result of which the wind load acting

on the supporting structure is considerably reduced. It is of advantage here for the
supporting structure as a whole to be configured to be less stable, and therefore, for

10 example, the posts can be designed to be less stiff and therefore overall material costs

can be saved.

In order to permit as simple an assembly of the PV system as possible, the invention
makes provision for holding surfaces to be formed on the posts, to which holding surfaces
an associated crossmember can be flatly secured. By means of the flat lying of a
15 crossmember against a holding surface, forces and moments Introduced by the

crossmember can be effectively absorbed by the post.

According to the invention, the holding surfaces can be designed particularly simply as
flanges on a profile and/or as tabs on an opening, for example introduced into an outer
surface of a profile. For this purpose, it can also be provided that holding surfaces on one
20  side of a post are designed as flanges and on the other side as tabs. Tabs or flanges are
therefore considered according to the invention to be alternatives, wherein it is preferred
according to the invention both for tabs and for flanges if they protrude at right angles from
the posts and/or run in the direction of a plane, which is formed by the PV modules,
preferably run offset with respect to said plane. Furthermore, bores, elongated holes or
25  the like can be provided on tabs and/or flanges in order to facilitate the securing of the

crossmembers by means of screws or the like.

According to the invention, a flange serving as a holding surface can run in particular
along an entire holding section of a post; the flange can therefore be part of a profile;
however, it can also have been attached retrospectively to a post, for example by welding.
30  When profiles having only single flanges at their ends are used, for example an S profile,
according to the invention additional angle connectors which can be screwed onto a
profile can be provided. Therefore, when a crossmember Is secured to a single flange In
conjunction with an angle connector, a closed, encircling force flux can be formed and
therefore the rigidity of the structure can be increased. In addition, according to the

35 Invention, flanges can also be provided on posts merely in order to increase the flexural
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rigidity of the posts.

According to the invention, the shape of a tab can be predetermined by the shape of the
associated opening in a profile, for example by the openings and associated tabs being
produced cost-effectively on the posts by processes, such as punching or laser cutting In
conjunction with bending or shaping. In this connection, it is also possible for a pair of tabs
to be formed from an opening, said pair of tabs being arranged on both sides of the

opening In order to permit a crossmember to be gripped on both sides.

The robustness and rigidity of the supporting structure can be increased further, according
to the invention, if the holding surfaces are formed in pairs. A pair of holding surfaces can
then grip a crossmember, which has been pushed between said holding surfaces, on both
sides, and can therefore further improve the dissipation of forces. In order to make it
easier for a crossmember to be surrounded on both sides by holding surfaces, it is also
advantageous If the crossmembers are designed to be narrower than the posts, In

particular narrower than a distance between holding surfaces which are formed In pairs.

Alternatively or additionally, it can also be provided to secure crossmembers to the posts
by means of angle connectors. In this connection, according to the invention, angle
connectors are preferred which have holding surfaces on both sides of a crossmember to

be secured, said holding surfaces being flatly connectable to a post.

In contrast to plug-through channels formed laterally on outer surfaces of the posts by
means of secured angle connectors, plug-through openings also afford the advantage that
they can be arranged, according to the invention, centrally with respect to the posts. The
effect which can therefore be achieved in a particularly simple manner is that the PV
modules are placed centrally with respect to the posts and/or crossmembers. According to
the invention, such an arrangement is preferred because of minimized shading on both

sides of a PV module.

When plug-through openings are used, it is particularly advantageous if at least the
holding section of the post Is designed in the form of an omega profile. WWhen an omega
profile Is used, two horizontally adjacent crossmembers can then be gripped on both sides
by the two open ends of the omega profile, which ends can be formed by a parallel pair of
flanges running along the profile. A closed force flux can thereby be formed in the omega
profile. In this case, Individual crossmembers can be guided through plug-through
openings formed In side surfaces of the omega profile. In this refinement, crossmembers

running on the left and right of a post configured as an omega profile can therefore be
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secured at a pair of flanges running on one side of the post. A configuration of the
supporting structure which is particularly simple to mount and is nevertheless robust Is

therefore designated.

A similarly robust connection between posts and crossmembers with the use of plug-
through openings can be achieved according to the invention if at least the holding section
of the post is designed in the form of a C- or U-profile. In this case, plug-through openings
can be formed on side surfaces of the respective profile, said plug-through openings
having bent-up tabs which, for their part, provide holding surfaces for the mounting of

crossmembers.

If two crossmembers running on the left and right of a post are intended to be mounted at
a tab, it is advantageous If the height of the tab is more than 1.25 times the height of a
crossmember, and is preferably at least 1.5 times the height of a crossmember. By means
of this configuration, a tab, or a pair of tabs, of a plug-through opening, is therefore of a
height sufficient to hold two crossmembers. A plug-through opening which is additionally
configured to be higher may nevertheless be useful according to the invention in order to

permit improved compensation for the mounting height of crossmembers.

In one refinement of the invention, plug-through openings can have one or more tabs, as
already previously described, which provide holding surfaces for the mounting of a
crossmember, preferably two crossmembers. This results in diverse configurations, also Iin
conjunction with omega profiles. In contrast to angle connectors to be secured separately,
tabs afford the advantage of a lower outlay on mounting since, unlike angle connectors,
they do not have to be secured to the profiles. In addition, bent-up tabs are generally
connected non-rotatably to a vertical surface of a profile, as a result of which a high

torsional rigidity of the supporting structure is achieved in a simple manner.

In general, in particular in all of the previously described configurations of plug-through
openings, it can be provided in particular that individual plug-through openings have at
least two times, In particular at least three times, the height of a crossmember. This
configuration makes it possible to place a crossmember, or In particular two
crossmembers, in a plug-through opening, with the mounting height of the crossmember,
or of the crossmembers, with respect to the plug-through opening being able to be
variable, i.e. being able to be varied In particular during the mounting, because of the
larger configuration of the plug-through opening. A height compensation can thereby be

achieved, which is of advantage in particular in undulating erection terrain.
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Alternatively to the accommodation of at least two crossmembers Iin a plug-through
opening, a further refinement of the invention makes provision for only one crossmember
to be placed in a plug-through opening, while a further crossmember is mounted on a side
of the post which lies opposite the plug-through opening and does not have a plug-
through opening and by means of holding surfaces formed on the post. It can be provided
In this connection Iin particular that the crossmember which is guided through the plug-
through opening is mounted on the side of the post which lies opposite the plug-through
opening at the same holding surface as the further crossmember. In other words,
according to a refinement of the invention, it can be provided In particular that a
crossmember plugged through a plug-through opening and a further crossmember are

secured on a holding surface.

A further refinement according to the invention makes provision for the posts to have a
profile with a C-shaped or U-shaped basic shape, at least in the or a holding section. In
this connection, additional holding surfaces can be designed as flanges at the ends of the
profile. The flanges can have been formed either during the production of the profile or

can have been secured retrospectively to the profile.

According to yet another refinement according to the invention, it can be provided that the
posts have a profile with a Z-shaped or S-shaped basic shape, at least in the or a holding
section, wherein additional holding surfaces are designed as flanges at the ends of the
profile. S-shaped profiles are sometimes also known In the trade as “Z-plus”™ profiles.
"Additional holding surfaces/flanges” should be understood here, as also already
previously in the case of the C- or U-shaped profiles, in such a manner that the basic
shape of the profiles is already provided without the flanges, even if the latter are already

produced during the production of the profile.

For a particularly simple and nevertheless robust mounting of the PV modules, it is
preferred according to the invention if the PV modules are secured to the crossmembers.
If modules are mounted Iin landscape format/portrait format, the modules are accordingly
held along their longer/shorter sides. For this purpose, special holding elements can be
provided according to the invention. Said holding elements preferably provide groove
sections into which a border of the respective PV module is plugged or is pluggable,
preferably dispensing with a force-fitting connection. The groove sections can be lined
here with a plastics or elastic material, preferably EPDM, In order to protect the PV
modules from damage. Furthermore, it can additionally be provided to adhesively bond
the PV modules to the holding elements in order to prevent slipping of the PV modules In

the groove sections.
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According to the invention, the holding elements can be manufactured, for example, as
cold-formed steel parts, preferably of corrosion-resistant steel and/or with anti-corrosion
protection, or from plastic or from light metals, such as aluminum, and can in particular
have a coating of rubber. The holding elements can furthermore be produced in the form

of profiles or as injection molded or diecast parts.

According to the Iinvention, the PV modules are gripped in the region of the groove
sections, preferably on both sides, by the respective holding element, and therefore

secure holding of the PV modules can be ensured.

It goes without saying that holding elements, as previously described in an analogous

application of the invention, can also be used for securing PV modules to the posts.

Particularly preferably, in each case two opposite groove sections are formed on the
holding elements. An individual holding element can therefore hold two opposite PV
modules. It is advantageous in this connection if the two groove sections run in a common
plane. Additionally or alternatively, it can also be provided that the two groove sections are
each arranged centrally with respect to lateral outer surfaces of the holding element. By
means of such configurations, a central positioning, preferred according to the invention,
for all PV elements with respect to the posts and/or crossmembers Is substantially

facilitated.

Furthermore, it can also be provided that the holding elements each have a, preferably
rectangular, cross-sectional tapered portion. At the point at which the cross section
changes, a stop can therefore be formed on the holding element. The holding element can
therefore be pluggable or can be plugged into an opening, which is formed on a
crossmember, as far as a defined plug-in depth. For this purpose, it can accordingly be
provided according to the invention that the crossmembers have, in particular centrally
arranged plug-through openings corresponding to the holding elements. Said plug-through
openings of the crossmembers can be formed in particular in such a manner that slipping

of the holding elements in the longitudinal direction of the crossmember is prevented.

A substantial advantage of this configuration consists in that, for robust positioning of the
PV modules, it is sufficient to secure the holding element in the region of an upper groove
on the crossmember receiving the holding element, for example by means of a screw
connection; additional securing Iin the region of the second, lower groove Is therefore
unnecessary. Thus, not only is a mounting outlay saved, but the holding elements can be

designed to be narrower in a respective lower region, which surrounds a lower holding
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groove, than in an upper region, which is advantageous in order to avoid shadowing of the

PV modules.

For positionally secure and tilting-free mounting of the holding elements, it Is also
advantageous according to the invention if a contact surface is formed on the holding
element, by which contact surface the holding element lies flatly against the

crossmember.

A further optimization of the holding elements according to the invention makes provision
for said holding elements to have a bevel on a lower side, and therefore shading of a PV

module which is inserted into a lower groove of the holding element can be avoided.

As an alternative or additional configuration to separate holding elements, it can be
provided according to the invention that groove sections into which a respective PV
module can be plugged are formed on the crossmembers. Said grooves can be formed,
for example, also just on an upper side of a crossmember and/or can in particular extend
over the entire length of a crossmember. It is of advantage here that the PV modules
during the mounting can be inserted directly into the grooves of the crossmembers, and
therefore the number of holding elements to be mounted can be reduced. This approach

can reduce the mounting outlay and therefore save costs.

Analogously to the holding elements, it can also be provided for crossmembers that
crossmembers have a bevel on a lower side. Large angles of incidence can therefore also

be ensured In each case for border regions of the active surface of the PV module without

shading by the respective crossmember.

The invention has furthermore recognized that it may be advantageous to configure the
supporting structure in such a manner that an, in particular agricultural, cultivation of the
area on which the PV system is to be erected, in particular of open cultivation spaces
between individual rows, continues to remain possible. For this purpose, the invention
makes provision for an open space to be kept free between the ground and a lowermost
crossmember of the supporting structure. According to the invention, said open space can
have a height of at least 50 cm, preferably at least 60 cm, particularly preferably at least
1 m. It goes without saying that the open space is therefore interrupted only by the

required posts.

When the PV modules are erected In rows, it can be provided In particular Iin this

connection that the rows of the PV system are arranged at a distance in such a manner
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that there is an open cultivation space having a width of at least 6 metres, at least 8

metres or at least 10 metres between the rows.

For as efficient a use of a surface as possible, i.e. In particular for maximum energy
generation per surface, it can be advantageous according to the invention if the PV
modules substantially form a plane with the supporting structure. Accordingly, for this
purpose, the posts can be erected along a substantially straight line. From a certain
minimum width of the erecting surface, the PV modules can also be arranged in a plurality
of rows. It is advantageous In this connection If said rows are arranged, preferably
uniformly, at a distance from one another. According to the invention, a minimum distance
from a row adjacent in the sun direction can then be selected, depending on the height of
a row of the PV system, in such a manner that shading of the active surfaces of the PV
modules by the adjacent row is substantially prevented. Rows having different heights,
l.e., for example, having a different number of PV modules arranged one above another,

can also be provided here.

In a particularly advantageous refinement of the invention, it can be provided that the PV
modules are oriented substantially in a north-south direction. In a north-south orientation,
the surface normals of the two active sides of a bifacial PV module are respectively
oriented to the east and west. In this case, according to the invention, angular deviations
of +/-30° can be provided, and therefore the orientation is described as running
“substantially” in a north-south direction. By means of such configurations, it is possible
with the PV system to obtain a current/day curve characteristic as described at the
beginning which specifically does not have peak power around midday. However, PV
systems according to the invention can be used in an advantageous manner in a

multiplicity of further orientations with respect to the direction of the sky.

According to the invention, the surface use of the PV system can be optimized with still
acceptable losses In the efficiency of the energy conversion if a distance between two
rows Is at least three times, preferably at least four times, particularly preferably at least
five times a maximum height of an active surface of the PV system. Therefore, depending
on the geographical width of the erection site of the PV system, shading of PV modules by
means of an adjacent row can be substantially avoided, in particular in the morning and In
the evening. For example, the maximum height of an active surface of the PV system can
be defined by a vertical distance between a highest and a lowest point, in each case
within the active surfaces of a row of the PV system (cf. in this respect also the description

of the figures).
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As Is known, shadowing is therefore disadvantageous since the individual cells of a PV
module are typically connected in a row to form cell strings and therefore the cell with the
weakest exposure limits the actually flowing current. What are referred to as bypass
diodes are indeed known In the prior art and are provided as standard in PV modules In
order to minimize the effects of partial shading of the active surface of a PV module.
However, the exclusive use of bypass diodes for minimizing the effects due to shading is
associated with considerable disadvantages. For example, a powerful generation of heat
occurs as soon as a bypass diode Is connected Iin order to electrically bridge a shaded
region of an active surface. However, such an approach is unacceptable specifically in the
case of PV systems within the context of the invention in which shading can be expected
daily, since frequent heat generation can have a negative effect on the service life of the
PV modules. A further disadvantage consists In that, despite bypass diodes being
present, many Iinverters used on the market abandon an operating point which is
unfavorable for the PV module, and therefore further power losses occur in the PV

modules which are connected to the inverter concerned.

In order to increase the efficiency of the energy conversion of a PV system, the features of
the second independent claim are therefore alternatively provided, said claim being
directed toward a PV system having at least one bifacial PV module. In particular, for a
photovoltaic system having at least one bifacial PV module, which photovoltaic system
can be developed In particular by the previously described refinements of the supporting
structure, it is therefore proposed, according to the invention, for achieving the object just
mentioned that an electrical connection of active surfaces of the PV system, in particular
of all of the active surfaces, Is selected in such a manner that active surfaces of the
electrical connection that are situated at different heights can be operated at different
electrical operating points. In this connection, it can be provided In particular that upper
(l.e. arranged at the top) active surfaces are connected electrically in parallel to lower (i.e.
arranged at the bottom) active surfaces. Alternatively or else additionally, upper active
surfaces can be connected In series to one another and/or lower active surfaces can be

connected In series to one another.

According to a further refinement of the invention, electric, module-free feedback, for
example by means of cables, can be provided for such connection, and therefore no PV
modules thus Interrupt the feedback. Such electric, module-free feedback can be
designed In particular in a corresponding manner to PV modules connected In series.
sSuch feedback has hitherto been avoided in conventional PV systems having unifacial PV

modules for cost reasons and also for technical reasons. However, the invention has

recognized that the enormous influence of shadowing on PV systems having vertical PV
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modules can require such feedback if an optimum electrical connection of the PV modules

IS t0 be ensured.

In addition, the invention has recognized that, for use of upright, bifacial PV modules for a
PV system, great advantages are afforded if all of the active surfaces which are situated
at different heights can be operated at different operating points as long as there is only a

deviation from said rule in border regions of the PV system.

sSuch a configuration means that in particular currents which flow through active surfaces,
arranged at different heights, of one or more PV modules of the PV system can vary. This
configuration therefore makes it possible to avoid that, for example, shading of a lower
active surface limits the current production in an upper active surface, as is the case If
upper and lower active surfaces of one or more PV modules are electrically connected In

series.

In addition, for some time, rectangular bifacial PV modules have been commercially
available which have two electrically separate active surfaces, wherein typically each of
said active surfaces has a plurality of cell strings, and the electrical separation runs
parallel to the shorter side of the module. The invention proposes here to erect such
bifacial PV modules with electrically separate active surfaces in portrait format, and

therefore upper and lower active surfaces within the context of the invention are formed.

Within the context of the invention, the statement that the active surfaces are electrically
separated from one another can be understood here Iin particular as meaning that said
active surfaces are not connected to one another in a series connection; by contrast, an
electric parallel connection of the active surfaces, even within the PV module, can be

provided.

The invention furthermore proposes to operate the respectively upper active surfaces of
such bifacial PV modules in a manner connected electrically in parallel to the respectively
lower active surfaces, and therefore the upper active surfaces can operate at an electrical
operating point which differs from that of the lower active surfaces. If one of the lower
active surfaces is already shaded, the current flow through the upper active surface or
through the upper active surfaces therefore remains unaffected since there is a current
path parallel to the lower shaded active surface through the upper active surface(s). An
electrical operating point within the context of the invention can therefore be defined In

particular by an electric current which flows through the corresponding active surface.
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It goes without saying that, within the context of the invention, active surfaces, i.e. In
particular PV modules as a whole, which are arranged at approximately the same height
can be connected in series. If active surfaces of the PV system which are arranged at
approximately the same height are connected in series, an electrical line according to the

Invention can be referred to.

One refinement of the invention therefore proposes creating electrical lines which are
electrically separated from one another by series connection of active surfaces, arranging
said electrical lines at different heights and preferably operating the electrical lines in a
manner connected electrically in parallel. The throughflow currents in the individual
electrical lines can therefore vary, which is equivalent to the statement that active surfaces
In different electrical lines can be operated at different operating points, I.e. in particular

with different currents.

One possible realization of a PV system according to the second independent claim
having an upper and a lower active surface which can be operated at different operating
points therefore consists in the series connection of PV modules to electrical lines,
preferably arranged above one another, and to the operation of said electrical lines in a
parallel connection, for example, to a common inverter input or else to different inverter

Inputs.

The use of electrically separate active surfaces of one or more PV modules by the
operation thereof in electrical lines separated from one another can be of advantage In
particular in the off-peak times of a day since, if the PV module is partially shaded due to a
low position of the sun, typically only the lower electrical line is less effective and the
upper electrical line which is then fully irradiated can operate in the normal mode. By
contrast, when PV modules as described previously with electrically separate active
surfaces are erected In landscape format, the efficiency of the entire module would be

reduced since the two active surfaces would be partially shaded.

Since, according to the invention, electrical lines arranged one above another can be
operated in a manner connected in parallel, it can be avoided that shading of one line and
the associated limiting of the current flow In said line has an effect on an adjacent line
(typically lying thereabove). An electrical line according to the invention can already be
formed, for example, by one of two active surfaces, which are electrically separated from

each other, of a PV module.

According to a further refinement of the invention, high output powers of the PV system
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can be obtained particularly cost-effectively if an electrical line as described previously Is
formed by series connection of active surfaces, in particular of at least two bifacial PV
modules. As previously explained, the electrical division into electrical lines permits the
current flows through different electrical lines to be able to be independent of one another

or differ from one another.

An electrical line can therefore be formed In particular by the active surfaces of
horizontally adjacent PV modules. For this purpose, it is advantageous within the context
of the Invention If preferably such active surfaces of PV modules are electrically
connected to one another in series and are arranged approximately at the same height.
By contrast, within a PV module, it can be advantageous If the active surfaces are
electrically connected In parallel, in particular if said active surfaces are arranged lying

vertically one above another.

Within the context of the invention, it Is particularly advantageous if each electrical line is
electrically connected to an inverter input. According to the invention, individual lines can
be connected here to inverter inputs of different inverters or to an inverter input of a

common inverter.

The invention has therefore recognized that an electrical line can be formed over and
beyond a plurality of bifacial PV modules, and therefore it is in particular not necessary for
each bifacial PV module to be connected to a dedicated inverter, which can save costs. In
this connection, a line can be in particular shorter than a row of posts with PV modules
mounted inbetween. This Is because, In a series connection of active surfaces, the
electrical voltages generated therein add up, and therefore typically the number of active

surfaces to be connected to one another in a row has to be limited.

Without restricting the invention or without contradiction, it can be provided according to
the invention, for example In border regions of a row, also to connect active surfaces
arranged one above another to one another in series, either within a PV module or over
and beyond a plurality of PV modules. Efficient and cost-effective power generation, In
particular with an electrical voltage of sufficient magnitude, can then therefore also be
ensured Iin border regions. A partial reduction in the efficiency of the entire PV system

when parts of the border regions are shaded Is consciously accepted here.

According to a further refinement of the invention, it is considered advantageous if the PV
modules, preferably if each PV module, has at least two active surfaces which are

electrically separated from each other and are each assigned to different electrical lines.
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This is because, as a result, even in the event of partial shading of a PV module, a high

degree of efficiency In the conversion of radiation striking against the PV module into

electrical energy can be maintained, specifically for the entire PV system.

Finally, it can also be provided according to the invention that a PV system having a
plurality of electrical lines, In particular two electrical lines, configured according to the
invention, with features as described previously and/or as claimed in one or more of
claims 16 and 17, has a supporting structure with features according to the invention as

set forth previously and/or explained in one or more of claims 1 to 15.

In order to achieve the object mentioned at the beginning, a specific use of a PV system
according to the invention, as described previously, is also provided. In particular, it Is
therefore proposed according to the invention that a PV system according to the invention,
In particular as described previously and/or as claimed in one of the claims directed
toward a photovoltaic system, is used in such a manner that the PV modules are oriented
approximately in a north-south direction during the power generation. In this connection,
according to the invention, angular deviations of +/-30° can be provided, and therefore the
orientation is described as running “approximately” in a north-south direction. With a
north-south orientation of a PV module, the surface normals of the two active sides of a
bifacial PV module are respectively oriented to the east and west. By means of this
specific use, with a PV system according to the Invention a current/day curve
characteristic as described at the beginning can be achieved which specifically does not

have peak power around midday.

The Invention will now be described In more detall with reference to exemplary

embodiments, but is not restricted to said exemplary embodiments.

Further exemplary embodiments emerge from a combination of the features of individual
or a plurality of claims with one another and/or with individual features or a plurality of
features of the respective exemplary embodiment. In particular, embodiments of the
iInvention can therefore be obtained from the description below of a preferred exemplary

embodiment in conjunction with the general description, the claims and the drawings.

In the drawings:

Fig. 1 shows a diametric view of a photovoltaic system according to the invention,

Fig. 2 shows a detailed view of a series of posts of the same PV system,
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shows a post according to the invention which is configured by means of a

C-profile and has two mounted crossmembers,

shows a post according to the invention which is configured by means of an

omega profile and has two mounted crossmembers,

deleted

shows a crossmember according to the invention with two opposite groove

sections for receiving two PV modules,

shows a cross section through a holding element according to the invention

which is placed into a crossmember formed by a U-profile,

shows a perspective view of the holding element from fig. 7, placed into the

U-shaped crossmember,

shows a top view of a post and PV modules which are asymmetrically at a
distance therefrom in a manner according to the invention in a northern and

southern direction, and also the active surfaces thereof,

shows a lateral cross-sectional view of a horizontally running crossmember
and PV modules, which are arranged above and below the latter, and the

active surfaces thereof,

shows a side view of a PV system according to the invention with two rows

of posts which are erected at a distance,

shows an electrical connection according to the invention of PV modules of

a PV system,

shows a further electrical connection according to the invention of PV

modules of a PV system,

shows a cross-sectional view of a suspension according to the invention of
PV modules on a supporting structure according to the invention of a PV

system,
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Fig.15 shows a cross-sectional view of a further suspension according to the
invention of PV modules on a supporting structure according to the

invention of a PV system.

In the description below of various embodiments of the invention, elements corresponding
In their function obtain corresponding reference signs even If their configuration or shaping
differs.

Figure 1 shows a photovoltaic (PV) system which is delimited in its entirety by 1 and has a
plurality of bifacial PV modules 2 which are arranged upright on a supporting structure 3.
The supporting structure 3 is formed by a plurality of posts 4 which are erected in a row.
More precisely, each post 4 is divided into a securing section 7 and a holding section 8
connected thereto. As is indicated by the horizontal surface which illustrates the ground
surface, the supporting structure 3 is anchored in the ground by means of the securing

sections /.

As figure 1 shows, a plurality of crossmembers 5 run substantially in the horizontal
direction between the posts 4. Since the posts 4 are mounted substantially vertically, In
each case two adjacent posts 4 and two adjacent crossmembers 5 therefore define a
substantially rectangular mounting area 6. In the exemplary embodiment shown in figure
1, @ PV module 2 is arranged in each of said rectangular mounting areas 6, specifically
vertically. By means of the upright arrangement of the PV modules 2, which have active
surfaces 9 on both sides, it is possible to efficiently capture sunlight from western and

eastern directions and to convert same into electrical current by means of the PV system.

As the detailed view of the PV system 1 In figure 2 shows, a plurality of PV modules 2,
namely precisely two, are arranged above one another in the vertical direction. In addition,
it can readily be seen In figure 2 that, for example, the uppermost crossmembers 5 are
arranged offset with respect to one another in the vertical direction. Since the PV modules
2 are secured to the crossmembers 5 by means of holding elements 15, horizontally
adjacent PV modules 2 are likewise arranged offset with respect to one another in the
vertical direction. This configuration is preferred according to the invention since simple

compensation of different terrain profiles can therefore be achieved.

As can readily be seen looking at figure 2, the securing sections 7 formed in each case by
C-profiles and the holding sections 8 lie back to back against one another and therefore
overlap in an overlapping region. It is preferred according to the invention here if the

overlapping region is situated above the ground since this facilitates the mounting of the
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holding section 8 on the securing section 7 and, in addition, the securing section 7 can be
anchored in the ground independently of the holding section 8, for example by being

rammed In.

Figure 3 shows a configuration according to the invention of a connection of a post 4,
more precisely of the upper holding section 8 thereof, to two horizontally running
crossmembers 5. While the crossmembers 5 are each formed by a U-profile 22, the

holding section 8 of the post 4 is formed by a C-shaped profile 12.

For the securing of the two crossmembers 5, an opening 14 which is designed as a plug-
through opening and through which the crossmembers 5 are passed or plugged is
provided on the post 4. The opening 14 itself has been produced by punching on the C-
profile 12 of the post 4. By means of a punching operation, the two tabs 13 which are
llustrated in figure 3 and serve according to the invention as holding surfaces 10 can be
produced In a relatively simple manner. For example, the two crossmembers 5 can be
secured very simply and at a variable height to the two tabs 13 by means of screws with a

self-tapping thread and correspondingly passed-through holes.

Figure 4 shows an embodiment, which Is provided as an alternative thereto, of holding
surfaces 10 according to the invention. For this purpose, the post 4, more precisely its
upper holding section 8, is configured by means of an omega profile 12. At its two free
ends, the omega profile 12 has two flanges 11 which, unlike the tabs 13 In figure 3, run
along the entire length of the omega profile 12 and can be used in an advantageous
manner as holding surfaces 10 according to the invention. The left crossmember 5 is thus
merely plugged into the omega profile 12, while the right crossmember § is guided
through a plug-through opening 14 which is formed in a side surface of the post 4. As can
readily be seen, the two crossmembers 5 can be secured lying one above the other to the
holding surfaces 10, which are formed In pairs, of the omega profile 12. By means of the
configuration of the holding surfaces 10 In pairs, in each case on both side surfaces of a
crossmember 5, a particularly stable connection and therefore a particularly stable
supporting structure 3 can be achieved. As fig. 4 shows, the holding surfaces 10 which

are configured In pairs grip the crossmembers 5 In each case on both sides.

The advantage of a further configuration according to the invention which makes provision
for the crossmembers 5 to be designed to be narrower than the posts 4 is revealed both In
figure 3 and In figure 4. This configuration then makes it very much easier for
crossmembers 5 to be able to be guided through plug-through openings 14 in the posts 4

and at the same time to be gripped on both sides, i.e. in particular from the outside, as in
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fig. 4, by holding surfaces 10 formed on the posts 4. According to the invention, either two
crossmembers can be placed in a plug-through opening 14, as is illustrated in figure 3, or
else just one crossmember, as the exemplary embodiment of figure 4 shows. As figure 4
shows, a further crossmember 5 adjacent to a crossmember 5, which is placed in a plug-
through opening 14, can be mounted on a side of the post 4 which lies opposite the plug-
through opening 14, specifically without the use of a plug-through opening 14, namely by
means of holding surfaces 10 which are formed on the post and are formed by the flanges
11 In figure 4. Such a configuration is very useful, for example, in order to compensate for

different heights on uneven terrain.

For example, the exemplary embodiment shown in figure 3 can optionally be interpreted In
such a manner that the post 4, at least its holding section 8, is formed by a profile 12 with
a C-shaped or U-shaped basic shape, wherein, in the case of the U shape, the free ends
of the profile 12 would be considered to be flanges 11. However, flanges 11 which are
intended to serve as holding surfaces 10 are preferably designed according to the
invention as Iin figure 4, i.e. the flanges 11 preferably run In the direction of the
crossmembers 5. This Is because this configuration permits a flat bearing of the
crossmembers 5. The omega profile 12, shown In figure 4, of the post 4 can in turn also
be considered to be a profile 12 with a C-shaped basic shape, wherein the illustrated

holding surfaces 10 at the ends of said profile 12 are designed as flanges 11.

As already indicated in figure 2, the PV modules 2 are preferably secured according to the
invention to the crossmembers 5, wherein, for this purpose, the holding elements 15

shown In figure 2 can be provided.

Figure 6 shows an alternative configuration according to the invention to this, in which
groove sections 16 for receiving and for holding the PV modules 2 are provided on the
crossmembers 5. As shown In figure 6, It iIs generally preferred according to the invention
If groove sections 16 lie opposite and/or lie in a common plane. By means of this
configuration, the PV modules 2 can then be oriented centrally with respect to the
supporting structure 3. The bevels 24 according to the invention on the lower side of the
crossmember 5 can also be readily seen in figure 6. Said bevels 24 minimize the shading

of the lower PV module 2 by means of the crossmember 5.

Figure 7 shows a detailed cross-sectional view through a holding element 15 according to
the invention. The holding element 15 is plugged into a plug-through opening 23 which is
formed on a lower side of the crossmember 5 which is formed by a U-shaped profile 22. In

this case, a contact surface 18 is formed on the holding element 15, with which contact
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surface the holding element 15 lies flatly against the inner side of the crossmember 5. The
effect achieved by the cross-sectional tapered portion 17 which is formed level with the
contact surface 18, is that the holding element 15 can be introduced into the plug-through
opening 23 as far as a defined plug-in depth. The effect therefore achieved, inter alia, Is
that the active surfaces 9 of the two PV modules 2 can be mounted at a defined distance
from the crossmember 5, and therefore in particular shading can be efficiently avoided. As
can readily be seen in fig. 7, the PV modules 2 are plugged by their borders in each case
into the two opposite groove sections 16 of the holding element 15. The plug-in depth
here Is selected specifically in such a manner that the active surfaces 9 of the PV modules
2 are not covered or shaded by the holding element 15 and/or the crossmember 5 up to a

certain angle of incidence.

The just explained features according to the invention of the holding elements 15 are also
merely illustrated once again in the perspective view of figure 8. In particular, it is apparent
from figure 8 that the holding elements 15 preferably grip the PV modules 2 on both sides
In order to ensure secure holding. For this purpose, It is already sufficient if the holding
elements 15 grip the PV modules on both sides only along a certain border section, as

illustrated in figure 8.

Figures 9 and 10 illustrate a further central aspect of the present invention, namely of
arranging the active surfaces 9 of the PV modules 2 at a distance from the posts 4 and/or
crossmembers 5. As shown in the top view of the post 4 in figure 9, the active surfaces 9
of the two PV modules 2 arranged on the left and right of the post 4 are at a distance from
the post 4 such that sunlight shines onto the active surface 9 up to a certain angle of
iIncidence without being shaded in the process by the post 4. The angle of incidence 4
corresponds In figure 9 specifically to the angle which the two rays of sunshine illustrated
each enclose with the perpendicular (running horizontally in fig. 9) of the active surface 9

concerned.

Looking more precisely at the two opposite sides of the PV modules 2, it turns out that the
active surfaces 9 on the left and right of the post are not at the same distance from the
post 4. On the contrary, they are arranged at an asymmetric distance therefrom. The
effect achieved by the somewhat greater distance of the active surface 9 of the PV
module 2, which is arranged at the top in figure 9, is that, for sunlight from southern
directions, shading of the active surface 9 Is prevented for angles of greater incidence
than is the case for the PV module 2, which is arranged at the bottom of figure 9, for
sunlight from northern directions. In other words, at the southern border of a PV module 2,

the distance between the PV module 2, more precisely its active surface 9, and the post 4
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IS selected to be somewhat greater than at its northern border, as the two PV modules 2

in figure 9 illustrate.

Figure 10 by contrast shows that, by means of a spacing according to the invention of the
active surfaces 9 of the two PV modules 2 illustrated from the transversely running
crossmember 5, shading of the active surfaces 9 can be prevented. Since figure 10
llustrates a cross section through a horizontally running crossmember 5, the ray of
sunshine illustrated is incident on the lower PV module 2 obliquely from above and as a
rule laterally. As illustrated in fig. 10, by means of the spacing of the active surface 9 of
the lower PV module 2 from the crossmember 5, a maximum angle of incidence is
therefore defined up to which sunlight can strike against the active surface 9 without
shading. In figure 10, said angle of incidence could correspond to precisely the angle
which the incident ray of sunshine illustrated by means of its projection onto the vertically
running sectional plane of figure 10 encloses with the perpendicular to the active surface 9
(running horizontally in figure 10). It is accordingly understood that the actual angle of
Incidence between the ray of sunshine and axis of incidence can generally be larger than
the angle which the projection (illustrated in figure 10) of said ray In the sectional plane

encloses with the angle of incidence.

In the rare event that, in the case of the PV modules shown in fig. 10, the axis of incidence
of the active surfaces points specifically in the direction of the sun, the angle of incidence
llustrated by the ray of sunshine in fig. 10 would correspond to the position of the sun, I.e.
the height of the sun above the horizon, as measured In degrees. As a rule, however, the
sunlight will shine Iin onto the PV modules obliquely from the side, and therefore the
position of the sun and the angle of incidence differ from each other. The two rays of
sunshine illustrated in figure 9 are also incident on the PV modules 2 obliquely from the
side, wherein projections of said rays into the horizontally running sectional plane of figure

O are also illustrated here.

Also In the case of the exemplary embodiment illustrated in figure 10, an asymmetric
spacing of the PV modules from the crossmember 5 could be provided according to the
iInvention. For example, it would be advantageous according to the invention for the upper
PV module 2, more precisely active surface 9 thereof, to approach closer to the
crossmember 5. Therefore, firstly, the maximum overall height of the supporting structure
3 and therefore the active wind load would be reduced; secondly, shading of the upper
active surface 9 by means of the crossmember 5 located therebelow can be prevented
since the sunlight is always incident on the PV modules 2 obliquely from above. According

to the invention, the upper PV module 2 could therefore approach close to the
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crossmember 5 until the active surface 9 is just not yet covered by the crossmember 5.

Figure 11 finally explains further configurations according to the invention of the
photovoltaic system 1, in particular the spacing according to the invention of the rows 20
of the PV system 1. As already illustrated in figures 1 and 2, according to the invention,
the PV modules 2 can substantially form a plane with the supporting structure 3. For
efficient surface use, according to the invention, the PV modules 2, as shown in figure 11,
are arranged in rows 20 spaced apart from one another. The PV modules 2 of a row 20
therefore also substantially form a plane, wherein said plane can be oriented in particular
In the north-south direction, as is the case in fig. 11. Therefore, in the event of a ray of
sunshine being incident, for example, from a western direction (coming from the left In
figure 11), the situation shown in figure 11 can occur that a partial region of a row 20 (here
the lower PV modules of the right row 20) is therefore shaded by an adjacent row 20 (here
the left row 20).

As Indicated by the two rays of sunshine in figure 11, the shading increases here, the
lower the position of the sun is. Therefore, a configuration as shown in figure 11 is
preferred, in which the distance, denoted by B, between the two rows 20 Is more than
three times the maximum height of an active surface 9 of the PV system 1. This maximum
height corresponds, In figure 11, specifically to the vertical distance A which defines the
distance between a highest and a lowest point, in each case within the active surfaces 9
of the left row 20. By means of the horizontal distance B, which is selected to be large
according to the invention, between the two rows 20, it is therefore ensured, as the upper
ray of sunshine in figure 11 shows, that, even in a low position of the sun, only a partial
region of the right row 20 is shaded, and therefore at least the upper active surfaces 9 of

the right row 20 in figure 11 can continue to be used for producing power.

A further advantage of the spacing of the rows 20 of the PV system 1 consists in the open
cultivation space 19 which arises between the rows since said open cultivation space can
be used, for example, agriculturally. To this end, the invention makes provision In
particular to make use of the open cultivation space 19, denoted by a width B in figure 11,
by an open space 26 being kept free in each case in each row between the posts 4 and
between the lowermost crossmember 5 of the supporting structure 3 and the ground
surface. As a result of the fact that the PV modules 2 are therefore arranged at least at a
height C above the ground (cf. fig. 11), firstly damage to same by stone chipping during
agricultural use of the open cultivation space 19 can be avoided. Secondly, by means of
this configuration, Iin particular the lower active surfaces 9 of the PV system are

substantially removed from shading by means of vegetation or planting in the open
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cultivation space 19. The open space 26 therefore provides the necessary prerequisites

for agricultural use of the open cultivation space 19 without significant losses during the

production of power.

The advantages of a division according to the invention of the PV system into electrical
lines 21 arranged one above another can also be understood with reference to figure 11.
Owing to the fact that the lower line 21 of the right row 20 in figure 11 Is separated
electrically from the upper line 21 of the right row 20 In figure 11, I.e. In particular Is In
each case assigned to a separate inverter input, the shading of the lower line 21 cannot
have an effect on the power produced by the upper line 21. In an analogous manner, the
effect of a partial shading of the upper PV module 2 of the right row 20 could be minimized
according to the invention in figure 11 In that said PV module 2 has two horizontally
running electric lines arranged one above another, formed, for example, by two active

surfaces 9, which are electrically separated from each other, within the PV module 2.

Figures 12 and 13 show electrical connections according to the invention of upper and
lower active surfaces 9 of a PV system 1, said surfaces each being illustrated in the upper
and lower half of the drawing. The active surfaces 9, 9" shown In figures 12 and 13 each
belong here to a separate PV module 2. However, the connection which is explained
below of active surfaces 9, 9 can also be applied analogously to PV modules 2 which
have a plurality of active surfaces 9, 9 separated electrically from one another, In
particular if said surfaces are not arranged next to one another but above one another In

the PV system.

In the case of the connection shown In figure 12, an upper active surface 9 is in each case
connected In parallel to a lower active surface 9 arranged directly therebelow, and
therefore the current flow, for example through the upper, left active surface 9 can be
different from the current flow through the lower, left, active surface 9. The lower, active
surface 9" which is situated at a height which is different from the upper active surface 9
lying thereabove, can therefore be operated at a different electrical operating point than

the upper active surface 9.

A further identical parallel connection formed by the two right active surfaces 9 and 9’ is
connected In series to said parallel connection. Owing to the double parallel connection,

the currents in each individual surface of the active surfaces 9, 9’ illustrated can vary.

In the case of the connection shown In figure 13, the two upper active surfaces 9 are

connected serially to each other. Said two active surfaces 9 therefore form an upper
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electrical line 21 within the meaning of the invention. In the same manner, the two lower
active surfaces 9’ are connected serially to each other to form a lower electrical line 21.
The upper and the lower electrical line 21 are connected in parallel and can therefore be

fed, for example, to a common inverter input.

Alternatively, each of the two electrical lines 21 of the connection of figure 13 could also
be assigned to a separate inverter input. In this case, the two electrical lines 21 would

therefore be electrically separated from each other.

While the same current flows through the two upper active surfaces 9 in figure 13, the
current flow through the upper electrical line 21 can differ from the current flow through the
lower electrical line 21. In other words, the lower active surfaces 9 can be operated at an
operating point which differs from that at which the two upper active surfaces 9 operate,

as Is also the case in the connection illustrated in figure 12.

Figures 14 and 15 finally each show a cross-sectional view through an upper and a lower
crossmember 5, In each case illustrated by the shaded areas, of a supporting structure 3
according to the invention. The bifacial PV modules 2 are suspended here on the
supporting structure 3 In such a manner that they pivot about an axis of rotation 25, as
indicated by the double arrows, as soon as a considerable wind load acts on the PV
modules 2. The axis of rotation 25 preferably runs approximately parallel to the
crossmembers 5 here. According to the invention, it may be advantageous here If the

pivoting movement of the PV modules 2 is damped by an additional device.

In the exemplary embodiment shown in fig. 14, to this end a holding element 15 is
provided below the upper rectangular crossmember 5, said holding element surrounding
the PV module 2 on both sides and, for its part, being secured to the upper crossmember

5 so0 as to be rotatable about the axis of rotation 25.

By contrast, in the exemplary embodiment shown in fig. 15, the crossmembers 5 are
configured with a round outer contour, and therefore the holding element 15 which holds
the PV module 2 can engage annularly around the crossmember 5 and can therefore

pivot together with the PV module 2 about the axis of rotation 25, formed by the central

axis of the upper crossmember 5.

In summary, for the economical and energy-efficient use of a PV system 1 having upright,
In particular bifacial, PV modules 2 and in particular to substantially avoid shading of the

PV modules 2, first of all a supporting structure 3 which is very simple to manufacture and
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to install is proposed, said supporting structure being constructed by vertical posts 4,
which are connected to one another at intersecting points, and horizontally running
crossmembers 5 such that rectangular mounting areas 6 can be provided for the
iIndividual PV modules 2, wherein the posts 4 and crossmembers 5 can preferably each
be formed In a material-saving manner by conventional profiles 12, 22, and wherein In
particular a division of the posts 4 into two interconnectable sections /7, 8 overall
substantially facilitates the assembly; secondly, the invention proposes an electrical
connection such that active surfaces 9, 9° which are arranged one above another can be
operated at different electrical operating points and such that electrical lines 21 are formed
which are preferably operated separately from one another and are preferably arranged In
a horizontally running manner. The effects of shading of PV modules 2 on the efficiency of

the energy conversion of the PV system 1 can therefore be further minimized (fig.2).
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List of reference signs

1 Photovoltaic system

2 PV module

3 supporting structure

4 Post

5 Crossmember

6 Mounting area

/ Securing section

3 Holding section

9 (Upper) active surface
9 (Lower) active surface
10 Holding surfaces

11 Flange

12 Profile of 4

13 Tab

14 Opening, in particular plug-through opening, of 4 (for 5)
15 Holding elements

16 Groove section

17 Cross-sectional tapering
18 Contact surface

19 Open cultivation space
20 Row

21 Electrical line

22 Profile of 5

23 Opening, in particular plug-through opening, of 5 (for 15)
24 Bevel

25 Axis of rotation

26 Open space

DK/EP 3560098 T3
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Patentkrav

1. Fotovoltalk(PV)-anlaeg (1) med flere bifaciale PV-moduler (2), som er an-
bragt opretstaende pa en baerekonstruktion (3), hvor baerekonstruktionen (3)
har flere stolper (4), som er fastgjort, isaer forankret, i jorden, hvor der pa stol-
perne (4) er fastgjort rigler (5), som forbinder to respektive tilstedende stolper
(4) med hinanden, og hvor respektive to stolper (4) og to rigler (5) definerer et
| det vaesentlige rektangulaert monteringsfelt (6), | hvilket der er anbragt mindst
et PV-modul (2), kendetegnet ved, at der pa stolperne (4) er udformet gen-
nemstikningsabninger (14) til at optage hver deres rigle (5) eller dennes ende.

2. Fotovoltaik-anlaeg (1) iIfelge krav 1, kendetegnet ved, at stolperne (4) er
orienteret | det vaesentlige vertikalt, og/eller riglerne (5) er orienteret | det vae-
sentlige horisontalt, og/eller at der | vertikal retning er anbragt flere, i1saer op til
fire, PVV-moduler (2) oven over hinanden.

3. Fotovoltaik-anlaeg (1) ifelge krav 1 eller 2, kendetegnet ved, at stolperne
(4) 1 det mindste er inddelt | et fastgerelsesafsnit (7), der er foroundet med
jorden, og et holdeafsnit (8), der kan forbindes med eller er forboundet med
dette, hvilket holdeafsnit straekker sig oven over fastgerelsesafsnittet (7),
og/eller at horisontalt tilstadende PV-moduler (2) er anbragt forskudt | forhold
til hinanden 1 vertikal retning.

4. Fotovoltaik-anleeg (1) ifelge et af de foregaende krav, kendetegnet ved, at
aktive flader (9) af PV-modulerne (2) er anbragt | afstand fra stolperne (4)
og/eller riglerne (5), iseer pa en sadan made, at der i det mindste op til en
indfaldsvinkel pa 20°, seaerligt foretrukket i det mindste op til en indfaldsvinkel
pa 30°, er udelukket en beskygning af den aktive flade (9) som falge af stolper
(4), og/eller at der i det mindste op til en indfaldsvinkel pa 25°, fortrinsvis i det
mindste op til en indfaldsvinkel pa 30° eller ligefrem 40°, er udelukket en be-
skygning af den aktive flade (9) som falge af rigler (5).

5. Fotovoltaik-anlaeg (1) ifelge et af de foregaende krav, kendetegnet ved, at
de aktive flader (9) af PVV-modulerne (2) er anbragt pa over for hinanden lig-
gende sider asymmetrisk | afstand fra stolper (4) og/eller rigler (5), og/eller at
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PV-modulerne (2) er ophaengt pa baerekonstruktionen (3), sa de kan svinge
omkring en drejeakse (25), der fortrinsvis forlgber omtrent parallelt med rig-
lerne (9).

6. Fotovoltaik-anlaeg (1) ifelge et af de foregaende krav, kendetegnet ved, at
der pa stolperne (4) er udformet holdeflader (10), pa hvilke der fladt kan fast-
geores en tilherende rigle (5), Iseer hvor holdefladerne (10) er udformet som
flanger (11) pa et profil (12) og/eller som lasker (13) pa en abning (14) i et profil
(12).

7. Fotovoltaik-anlaeg (1) iIfelge krav 6, kendetegnet ved, at holdefladerne (10)
er udformet parvist for at gribe om en rigle (5) pa begge sider, som er skubbet
INnd Imellem holdefladerne (10), og/eller at riglerne (5) er udformet smallere end

stolperne (4), 1saer smallere end en afstand mellem parvist udformede holde-
flader (10).

8. Fotovoltaik-anlaeg (1) ifelge et af de foregaende krav, kendetegnet ved, at
| det mindste en eller holdeafsnittet (8) af stolperne (4) er udformet | form af et
omega-profil.

9. Fotovoltaik-anlaeg (1) iIfelge krav 8, kendetegnet ved, at der 1 en gennem-
stikningsabning (14) er placeret to rigler (5), eller at deri en gennemstiknings-
abning (14) kun er placeret en rigle (5), mens en yderligere rigle (5) er monteret
pa en side af stolpen (4), der ligger over for gennemstikningsabningen (14),
uden gennemstikningsabning (14) og ved hjeelp af holdeflader (10), der er ud-
formet mindst pa stolpen (4), isaer hvor der pa en holdeflade (10) er fastgjort
en rigle (5), der er stukket igennem en gennemstikningsabning (14), og en
yderligere rigle (9).

10. Fotovoltaik-anleeg (1) ifelge et af de foregaende krav, kendetegnet ved,
at stolperne (4) | det mindste 1 holdeafsnittet eller et holdeafsnit (8) har et profil
(12) med en C-formet, U-formet, Z-formet eller S-formet grundform, isaer hvor
der ved enderne af profilet (12) er udformet yderligere holdeflader (10) som
flanger (11).
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11. Fotovoltaik-anleeg (1) ifelge et af de foregaende krav, kendetegnet ved,
at PV-modulerne (2) er fastgjort pa riglerne (5), hvor der til dette formel er
tilvejebragt holdeelementer (15), fortrinsvis hvor holdeelementerne (15) til
dette formal tilvejebringer notafsnit (16), som en kant af det respektive PV-
modul (2) er stukket ind | eller kan stikkes Ind 1, saerligt foretrukket hvor et hol-
deelement (15) har to overfor liggende notafsnit (16), og/eller at riglerne (5)
har en skraning (24) pa en underside.

12. Fotovoltaik-anleeg (1) ifelge krav 11, kendetegnet ved, at holdeelemen-
terne (15) hver isaer har en tvaersnitsindsnaevring (17), saledes at et holdeele-
ment (15) kan stikkes ind i eller er stukket ind i en gennemstikningsabning (14),
der er udformet pa riglen, indtil en defineret indstikningsdybde, isaer hvor der
pa holdeelementet (15) er udformet en anleegsflade (18), med hvilken holde-
elementet (15), ligger fladt an mod riglen (5).

13. Fotovoltaik-anleeg (1) ifelge et af de foregaende krav, kendetegnet ved,
at der mellem jorden og en nederste rigle (5) er holdt et frirum (26) frit, isaer
hvor frirummet (26) har en hgjde pa mindst 50 cm, mindst 60 cm eller mindst
1 m, isaer hvor raekker (20) af PV-anlaegget (1) er anbragti afstand pa en sadan

made, at der mellem raekkerne (20) er et dyrkningsfrirum med en bredde pa
mindst 6 meter, mindst 8 meter eller mindst 10 meter.

14. Fotovoltaik-anleeg (1) ifelge et af de foregaende krav, kendetegnet ved,
at PV-modulerne (2) sammen med baerekonstruktionen (3) 1 det vaesentlige
udger et plan, og/eller at PVV-moduler (2) er anbragt | flere | afstand fra hinan-
den anbragte raekker (20), hvor PV-modulerne (2) 1 en raekke (20) | det vae-
sentlige udger et plan.

15. Fotovoltaik-anleeg (1) ifelge krav 14, kendetegnet ved, at en afstand mel-
lem to raskker (20) udger mindst tre gange, foretrukket mindst fire gange, saer-
ligt foretrukket mindst fem gange en maksimal hgjde af en aktiv flade (9) af
PV-anlaegget (1).
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