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(54)  Aroof with an integrated solar panel

(57)  The presentinvention relates to a roof compris-
ing a roof boarding, roof tiles arranged on said roof board-
ing and atleast one roof panel provided with a solar panel
of the BIPV type. The roof panel comprises a casing hav-
ing a bottom plate and upright side walls and a solar panel
which extends above said bottom plate, spaced there-
from by some distance, and which substantially closes

said casing. The at least one roof panel comprises at
leastone airinletopening and atleast one airoutlet open-
ing so as to enable an air flow under the solar panel, and
the roof is provided with ventilation enhancing means
designed for enhancing the discharge of air from said at
least one air outlet opening. The at least one roof panel
comprises contours which conform to those of the roof
tiles surrounding said at least one roof panel.
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Description

[0001] The presentinvention relates to a roof compris-
ing a roof boarding, roof tiles arranged on said roof board-
ing and atleast one roof panel provided with a solar panel
of the BIPV type, comprising a casing having a bottom
plate and upright side walls and a solar panel which ex-
tends above said bottom plate, spaced therefrom by
some distance, and which substantially closes said cas-
ing, said at least one roof panel comprising at least one
air inlet opening and at least one air outlet opening so as
to enable an air flow under the solar panel, and said roof
being provided with ventilation enhancing means de-
signed to enhance the discharge of air from said at least
one air outlet opening. The abbreviation BIPV stands for
"Building Integrated PhotoVoltaic", which means that the
panel is mounted on the roof in place of roof tiles. When
the air flow over the roof is oriented from the ridge of the
roof to the gutter, the air outlet opening can function as
an airinlet opening, and the ventilation enhancing means
can enhance the supply of air to said air inlet opening.
[0002] Itis known to install a roof panel provided with
a solar panel in a tile roof in place of roof tiles. In that
case a roof panel is installed which is built up of a casing
that is covered by a solar panel at the upper side.
[0003] From EP 0 646 682 there is known a roof with
trusses, on which a roof panel provided with a solar panel
ismounted. The trusses are spaced from the bottom plate
ofthe panel by some distance, and recesses are provided
in the trusses, through which recesses air can flow. The
panel extends over the entire height of the roof.

[0004] The object of the present invention, according
to a first aspect thereof, is to provide a roof comprising
a solar panel as described in the opening paragraph,
which solar panel can be readily built into a tile roof and
which need not extend over the entire height of the roof.
This object is accomplished by the present invention in
that said at least one roof panel comprises contours
which conform to those of the roof tiles surrounding said
atleast one roof panel. Existing roof panels provided with
a solar panel have a uniform edge configuration and do
not have a contour that conforms to the contours of the
roof tiles. Since the circumferential edge of the roof pan-
els according to the present invention has a contour
which conforms to that of the surrounding roof tiles, the
roof panels can be installed in a simple manner when the
roof is being covered, or be built into an existing roof. It
is alsoreadily possible to install several roof panels above
and/or beside each other, because the contours of adja-
cent roof panels are configured to conform to each other
as well. Because of the simple manner of installing the
roof panels, the investment in a solar panel for a house
with a tiled roof will be lower and the solar panel will yield
a higher return than the existing solar panels. Adapting
the contour of a roof panel to a tiled roof seems to be a
laborious solution, because in practice different rooftiles,
frequently with different contours, are used, so that one
or a few uniform roof panels will not suffice. A roof panel
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according to the present invention, however, has the ad-
vantage that the ventilation and the protection against
the ingress of rain water into the tiled roof remain sub-
stantially unchanged for the roof, whilst laborious joining
and sealing operations are not needed. Not only does
this have a cost-saving effect, but it also reduces the time
required for installing a roof panel.

[0005] According to the invention, an air inlet opening
and an air outlet opening are provided. Which one of the
two functions as the air outlet opening and which one
functions as the air inlet opening may depend on the di-
rection of the wind. Unless stated otherwise, the present
document will describe the situation in which the air outlet
opening is located on the ridge side of the roof. At the
bottom edge of the roof panel, i.e. the side facing the
roof-gutter, an opening is present between the bottom of
the casing and the solar panel, which opening places the
interior of the casing and the ambient air into open com-
munication with each other. It will be understood that it
is an inherent feature of a tiled roof that openings are
present between the tiles thereof. Through said open-
ings, air which flows into the space between the roof
boarding and the tiled roof, for example from the roof
panel, can flow out, but insofar as this could be interpret-
ed as ventilation, the ventilation enhancing means ac-
cording to the present invention typically relate to means
capable of enhancing any ventilation between the roof
tiles in comparison with a known tiled roof. The provision
of ventilation enhancing means may also comprise the
provision of openings through which air can readily flow
out and/or increasing the draught through existing or ad-
ditional openings. A few examples of this will be eluci-
dated in the paragraphs below. As aresult of animproved
ventilation, the temperature of the solar panel will run up
less high, especially when the sun is shining, than in the
case of a comparable roof panel not having such venti-
lation. Since the temperature runs up less high, the solar
panel will produce more energy in a comparable situation
than without the ventilation-enhancing means. Thus, the
object of the first aspect of the invention is accomplished.
[0006] As there will usually be an air flow from the gut-
ter towards the ridge, it is preferable if the ventilation
means are provided in the roof at a location higher than
said at least one roof panel, or at least higher than the
ventilation enhancing means in said atleast one roof pan-
el. The ventilation enhancing means are thus located
downstream of the roof panels, so that the ventilation will
be optimally enhanced.

[0007] The ventilation enhancing means are prefera-
bly provided at a distance of at most one metre from said
at least one roof panel. In general the rule applies that
the smaller the distance between the ventilation enhanc-
ing means and a roof panel, the more optimally the ven-
tilation will be enhanced. The ventilation enhancing
means may be provided directly adjacent to the upper
roof panel or adjacent to a row of tiles arranged adjacent
to the roof panel.

[0008] In a preferred embodiment of the invention, the
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ventilation enhancing means comprise a ventilation tile.
A ventilation tile can be readily installed in place of a roof
tile originally placed or to be placed above a roof panel.
[0009] Itis preferable in that regard if said ventilation
tile is provided with a ventilation opening which, in use,
is at least substantially directed towards the ridge of the
roof. Known ventilation tiles, which, incidentally, are gen-
erally used for other purposes than for cooling a solar
panel, have a ventilation opening which, in use, is direct-
ed towards the gutter, so as to prevent rain water from
finding its way into the ventilation opening. Although this
is also possible in this preferred embodiment of the roof
tile with the ventilation opening that faces towards the
ridge of the roof, the risk of leakage of rain water is limited.
In the first place, rain water can be directed through the
ventilation opening to the metal casing of the roof panel
and flow away over the tiled roof via the air inlet opening
at the bottom side. This can be taken into account in the
design of the roof panel and/or the ventilation tile. It is
not objectionable for that matter if some rain water gets
between the roof tiles and the roof boarding. Normally,
a roof is designed to cope with such an amount of water
and will thus not become leaky.

[0010] Alternatively, the ventilation enhancing means
comprise an elongated roof element which is provided
with a ventilation opening or with a series of ventilation
openings extending transversely to the roof. The elon-
gated roof element may be embodied in various ways,
for example as a strip to be installed between the upper
side of aroof panel and the row of tiles thereabove, which
strip is provided with a through hole or with a series of
through holes which place(s) the interior of the upper roof
panel into communication with the outside air, possibly
via the space between the roof boarding and the roof
covering. In a preferred embodiment of the present in-
vention, the ventilation enhancing means comprise a roof
panel with an upper panel which resembles a solar panel.
Said roof panel may be provided with means for leading
pipes or cables therethrough. The roof panel may also
have an upper panel that resembles roof tiles.

[0011] According to another possibility, the ventilation
enhancing means open under the roof boarding. Thus,
air heated under the solar panel can be led into a house
for heating the house.

[0012] When at least two roof panels positioned one
above the other in the roof are provided with communi-
cation means via which enable fluid communication be-
tween said at least two roof panels, an air flow can take
place via the air inlet opening from the lower one of the
two roof panels, through said communication means, to
the upper one of the two roof panels. If the upper one of
the two roof panelsis also provided with an airinlet open-
ing, the air from the lower roof panel will mix with "fresh"
outside air when air flows into the space between the
bottom plate and the solar panel in the roof panel through
the air inlet opening of the upper one of the two roof pan-
els as well.

[0013] Itis preferable in that regard if said at least two
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roof panels partially overlap, and if the respective roof
panels are provided with at least partially aligned com-
munication openings in the overlapping parts. This is a
very simple way of providing an air flow channel through
two or more roof panels positioned one above another.
Afterall, the casing of the upper one ofthe two roof panels
overlaps part of the casing of the lower one of the at least
two roof panels. Holes in the bottom of the upper roof
panel may for example be provided at a location which,
inuse, overlaps a space between the upright upper edge
and the solar panel of the lower roof panel.

[0014] Alternatively, at least two roof panels arranged
one above the other in the roof are provided with air outlet
openings which open into the space between the roof
covering and the roof boarding. Thus, each roof panel
has its own air outlet opening into the space between the
roof covering on the one hand and the roof boarding on
the other hand, and the air from the air outlet openings
of the various roof panels collects between the roof
boarding and the roof covering, which roof covering may
be made up of roof panels and/or roof tiles.

[0015] The presentinvention will be explained in more
detail hereinafter with reference to the figures, in which:

Figure 1a shows a first embodiment of a roof accord-
ing to the present invention;

Figure 1bis a more detailed view of part A in figure 1;
Figure 1c is a cross-sectional view along the line I-|
in figure 1a;

Figure 1d shows detail views of parts B, Cand D in
figure 1c;

Figure 2 shows a second embodiment of a roof ac-
cording to the present invention;

Figure 3a shows a third embodiment of a roof ac-
cording to the present invention;

Figure 3b is a cross-sectional view along the line IlI-
Il in figure 3a; and

Figure 3c shows detail views of parts B and C in
figure 2a.

[0016] With reference to figures 1a-1d, there is shown
a part of a roof according to the present invention. The
roof 1 comprises a roof boarding with counter battens 2
and battens 3, on which tiles 4 and roof panels 5 are
arranged. The roof panels 5 are made up of a metal cas-
ing with a bottom 7 and upright walls, of which only the
upper upright wall 8is shown in figures 1a and 1b. An air
outlet opening 11 is present at the bottom side of the
panel 5, between the solar panel 6 and the bottom 7. This
does not obtain as far as the lowermost row of tiles is
concerned, where the presence of air inlet openings in
the bottom would only lead to leakage of rain water on
the roof boarding. The solar panel 6 is left out in figures
1a and 1b so as to provide a better perception of the
operation of the roof panel 5. Furthermore, part of the
upper roof panel is cut away, so that air outlet openings
12 in the part of the lower roof panel that is overlapped
by the upper roof panel are visible. Provided between
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the upper roof panel 5 and the first row of tiles 4 above
said panel is a ventilation strip 9. In figure 1d, lines Pb,
Pi and Po show a ventilation air flow that flows from an
opening 11in the lower roof panel through the roof panels
5and then through the ventilation strip 9 through the pan-
els b and then exits the panels 5 through the ventilation
strip.

[0017] Referring now to figure 2, there is shown an
alternative embodiment of a roof 21 with a roof boarding
of counter battens 22 and battens 23. Tiles 24 are present
below and beside the roof panels 25, the solar panel of
which roof panels is not shown. The tiles 24 and the roof
panels 25 are oriented relative to each other as if the roof
panels 25 were large rocf tiles. The roof panels 25 com-
prise a metal casing, only the bottom 27 and the upright
rear wall 28 of which are shown in figure 2. A row of so-
called ventilation tiles 30 is arranged adjacent to the up-
per roof panel 25 at the upper side thereof.

[0018] Referring now to figures 3, there is shown a
third embodiment of a roof 41 according to the present
invention. The roof 41 comprises a roofboarding of coun-
ter battens 42 and battens 43. Tiles 44 and roof panels
45 are arranged on the battens 43. The solar panel 46
is not shown in figure 3a for the sake of clarity of expla-
nation. The roof panels 45 comprise a solar panel 46 and
a metal casing, the bottom 47 and the upright rear wall
48 of which are shown in figures 3. The upright wall 48
is provided with ventilation openings 49. Arow of tiles 44
is arranged adjacent to the upper side of the upper roof
panel 45, part of which row is cut away for the sake of
clarity of explanation. Above said row, a row of ventilation
tiles 50 is arranged. In figures 3b and 3c, arrows Pb and
Po indicate air inlet flows and air outlet flows, respective-
ly, through the roof panels 45.

[0019] Referring now to figures 1a-1d, there is shown
a first embodiment of a roof 1 according to the present
invention. Two roof panels 5 are installed in the roof 1.
The roof panels 5 have contours that conform to those
of the tiles 4 surrounding the roof panels 5. As such, the
roof panels & may be regarded as wide tiles. The roof
panels 5 are attached to battens 3. For the sake of clarity
of explanation, the roof panels 6 present at the upper
side of the roof panels § are not shown in figures 1a and
1b. In addition, a part of the upper roof panel 5 that over-
laps the lower roof panel 5 is cut away for the same rea-
son. When the sun shines on the solar panel 6, the solar
panel 6 converts solar energy into electric energy in a
manner which is known per se. The solar panel 6 is heat-
ed and air which is trapped between the solar panel 6
and the casing in which the solar panel 6 is accommo-
dated is likewise heated. It is known to those skilled in
the art that the (electric) energy output of a solar panel
decreases when the temperature of the solar panel in-
creases. The roof panels 5 are provided with air inlet
openings 11 and air outlet openings 12 for generating a
ventilating air flow through the roof panel 5. The ventilat-
ing air flow takes place through the roof panels 5 in the
manner indicated by the arrows Pb, Piand Po. To ensure
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that air from the upper roof panel 5 can be discharged
into the environment without much resistance, a ventila-
tion strip 9 is provided between the upper roof panel 5
and the next row of tiles above said roof panel. Said ven-
tilation strip 9 places the interior of the upper panel 5 into
communication with the outside air. Since the strip 9
opens into the environment at a higher level than the
upper surface of the tiles 4, an underpressure is gener-
ated near the opening in the strip 9 when wind blows over
the upper surface of the roof 1. Thus, the opening in the
strip 9 reduces the flow resistance, and the underpres-
sure thatis thus generated enhances the air flow Po from
the interior of the roof panel 5.

[0020] With reference to figure 2, there is shown an
alternative embodiment of a roof according to the present
invention. In figure 2, elements corresponding to ele-
ments shown in figure 1 are indicated by the same ref-
erence numerals, incremented by 20, as the correspond-
ing elements in figure 1. In the embodiment thatis shown
in figure 2, the strip 9 has been substituted for ventilation
tiles 30. The effect of the ventilation tiles 30 is similar to
the effect of the stip 9. An advantage of a ventilation tile
30is that it affects the structure of the roof less than does
the strip 9. An advantage of the strip 9 over the ventilation
tiles 30 is that the communication between the interior of
a roof panel and the outside air can take place over sub-
stantially the entire width of a roof panel.

[0021] With reference now to figures 3, another alter-
native embodiment of a roof 41 according to the present
invention is shown. In figures 3, elements corresponding
to elements shown in figure 1 are indicated by the same
reference numerals incremented by 40, as the corre-
sponding element in figure 1. A difference between the
embodiment shown in figures 3 and the previously dis-
cussed embodiments is that the roof panels of figures 3
are not in communication with each other. Instead, each
roof panel 45 has an inlet flow Pb and an outlet flow Po,
the latter flow terminating in the space between the roof
covering (roof panels and tiles) on the one hand and the
roof boarding 42 on the other hand. A row of traditional
tiles 44 is arranged above the roof panels 45, above
which a row of ventilation tiles as known per se is ar-
ranged. When air is blown in through the ventilation tiles,
an underpressure is generated between the upper roof
panel 45 and the ventilation tiles £0. This underpressure
enhances the outlet flow Po from the roof panels 45.
[0022] It will be understood that many variants, which
may or may not be obvious to those skilled in the art, are
possible within he scope of the present invention, which
is defined in the appended claims. The embodiments as
shown and discussed herein do not have a limitative ef-
fect in this regard. Thus, the contours of the tiles in the
figures are straight. Itis also possible to adapt roof panels
according to the present invention to curved tiles, or to a
different length and/or width of the tiles in question. Fur-
thermore it is possible to use a ventilation roof panel, for
example, in place of the ventilation tiles or the ventilation
strip, which ventilation roof panel may be provided with
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controls, however, for passing cables or the like there-
through. Furthermore, a passage to the interior of the
building may be used as a ventilation enhancing means.
In that case air that has been heated in the roof panel
can be led into the building for heating the building. Me-
chanical ventilation means may be used, whether or not
in combination with the ventilation enhancing means as
shown and discussed herein.

Claims

1. Aroof comprising a roof boarding, rooftiles arranged
on said roof boarding and at least one roof panel
provided with a solar panel of the BIPV type, com-
prising a casing having a bottom plate and upright
side walls and a solar panel which extends above
said bottom plate, spaced therefrom by some dis-
tance, and which substantially closes said casing,
said at least one roof panel comprising at least one
air inlet opening and at least one air outlet opening
so as to enable an air flow under the solar panel, and
said roof being provided with ventilation enhancing
means designed for enhancing the discharge of air
from said at least one air outlet opening, character-
ised in that said at least one roof panel comprises
contours which conform to those of the roof tiles sur-
rounding said at least one roof panel.

2. A roof according to claim 1, characterised in that
the ventilation means are provided in the roof at a
location higher than said at least one roof panel, or
atleast higher than the ventilation enhancing means
in said at least one roof panel.

3. A roof according to claim 1 or 2, characterised in
that the ventilation enhancing means are provided
at a distance of at most one metre from said at least
one roof panel.

4. A roof according to one or more of the preceding
claims, characterised in that the ventilation en-
hancing means comprise a ventilation tile.

5. A roof according to claim 5, characterised in that
said ventilation tile is provided with a ventilation
opening which, in use, is at least substantially direct-
ed towards the ridge of the roof.

6. A roof according to one or more of claims 1-3, char-
acterised in that the ventilation enhancing means
comprise an elongated roof element which is provid-
ed with a ventilation opening or with a series of ven-
tilation openings extending transversely to the roof.

7. Aroofaccording to one or more of claims 1 - 3, char-
acterised in that the ventilation enhancing means
comprise a roof panel with an upper panel which
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10.

1.

resembles a solar panel.

Aroofaccording to one or more of claims 1 - 3, char-
acterised in that the ventilation enhancing means
open under the roof boarding.

A roof according to one or more of the preceding
claims, characterised in that at least two roof pan-
els positioned one above the other in the roof are
provided with communication means via which fluid
communication between said at least two roof panels
can take place.

A roof according to claim 9, characterised in that
said at least two roof panels partially overlap, and
that the respective roof panels are provided with at
least partially aligned communication cpenings in
the overlapping parts.

Aroofaccording to one or more of claims 1 - 8, char-
acterised in that at least two roof panels arranged
one above the other in the roof are provided with air
outlet openings which open into the space between
the roof covering and the roof boarding.
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