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DESCRIPTION
SOLAR CELL MODULE

Technical Field
The present invention relates to a solar cell module, and
more particularly to a solar cell module having a transparent
cylindrical container andasolarcelldisposedinthecylindrical

container.

Background Art

Solarcellshaveheretoforebeenusedwidelyas cleanenergy
sources. Generally, a solar cell panel has a flat shape and can
achieve a maximum efficiency when sunlight is applied in a
directionperpendicular toa flat surface of the solar cell panel.

Further, there has been developed another solar cell module
having a curved structure which can suitably be disposed on a
dome-like roof or the like. Such a solar cell module having a
curved structure can be manufactured by depositing a material,
such as amorphous silicon, on a sheet having a curved structure.
However, a solar cell module using amorphous silicon or the like
is disadvantageous in that efficiency of converting solar
radiation into electric power is so low that large electric power
cannot be generated in a relatively small area. Additionally,
a conventional solar cell module having a curved structure has

a limited range of directions for receiving sunlight.

Disclosure of Invention
The present invention has been made in view of the above
drawbacks. It is, therefore, an object of the present invention
to provide a solar cell module which can reduce dependency of
photovoltaic conversion upon incident directions of sunlight

and is applicable to a power station floating on water or the
like.
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According to a first aspect of the present invention, a
solar cell module has a transparent cylindrical container and
a solar cell housed in the transparent cylindrical container.
The solarcellmodulehas asealingmember for hermetically sealing
the transparent cylindrical container. It is desirable to
dispose the solar cell on an inner surface of the transparent
cylindrical container. The solar cell may be fixed directly on
the inner surface of the transparent cylindrical container. The
solar cell module may have a rear support attached to a rear
face of the solar cell for supporting the solar cell, and a resin
for fixing the rear support.

According to the present invention, the solar cell is
disposed on the inner surface of the transparent cylindrical
container. Therefore, according to the present invention, the
solar cellmodule using a cylindrical container can receive light
in all directions about its axis and generate electric power
at a uniform efficiency of photovoltaic conversion. Thus, the
solar cellmodule isnot requiredto followthe sunduringduration
of sunlight, and can generate electric power at operating points
which donot depend on incident directions of sunlight. Opposite
ends of the cylindrical container may hermetically be sealed
by a sealing member. In this case, the solar cell module can
be floated on water and used as a power station floating on water
such as a sea or lake.

Inthe solarcellmodule according to the present invention,
a resin layer such as ethylene-vinyl acetate (EVA) which is not
sufficiently strong against ultraviolet rays is not used, and
the solar cell is fixed on the inner surface of the transparent
cylindrical container directly or by an adhesive. Therefore,
the solar cell module has high durability.

The solar cell module may have a condenser disposed in
the transparent cylindrical container for storing electric power

generated by the solar cell, and an illuminant disposed in the
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transparent cylindrical container for emitting light by electric
power supplied from the condenser. In this case, electric power
generated by the solar cell during daytime hours can be stored
in the condenser, and the stored electric power can be used so
that the illuminant emits light at night. Therefore, the solar
cell module is applicable to a buoy floating at sea or the like.

The solar cell module may have a reflector plate disposed
on an inner surface of the transparent cylindrical container.
In this case, the solar cellmay have a first photovoltaic surface
disposed on the inner surface of the transparent cylindrical
container and a second photovoltaic surface facing the reflector
plate. The first photovoltaic surface can receive sunlight
directly, and the second photovoltaic surface can receive
sunlight reflected on the reflector plate. Therefore, both of
the first and second photovoltaic surfaces can serve to generate
electric power to achieve efficient power generation.

According to a second aspect of the present invention,
asolarcellmodule has anouter transparent cylindrical container
and a solar cell housed in the transparent cylindrical container.
The solar cell module also has an inner cylindrical container
disposed inwardly of the solar cell, and a sealing member for
hermetically sealing a space between the outer transparent
cylindrical container and the inner cylindrical container. With
this arrangement, the solar cell module can be tubular and used
as a pipe for introducing water or the like through an interior
of the inner cylindrical container.

The solar cell may comprise a monocrystalline or
polycrystalline silicon substrate having a thickness of 150 pm
or less.

The above and other objects, features, and advantages of
the present invention will be apparent from the following
description when taken in conjunction with the accompanying

drawings which illustrate preferred embodiments of the present
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invention by way of example.

Brief Description of Drawings

FIG. 1 is a perspective view showing a solar cell module
according to a first embodiment of the present invention;

FIG. 2 is a cross-sectional view taken within a plane
perpendicular to an axial direction of the solar cell module
shown in FIG. 1;

FIG. 3 is a cross-sectional view taken within a plane
perpendicular to an axial direction of a solar cell module
according to a second embodiment of the present invention;

FIG. 4A is a perspective view showing a solar cell module
according to a third embodiment of the present invention; and

FIG. 4B is a cross-sectional view of the solar cell module

shown in FIG. 4A.

Best Mode for Carrying Out the Invention

A solar cell module according to embodiments of the present
invention will be described below with reference to the
accompanying drawings.

FIGS. 1 and 2 show a solar cell module 10 according to
a first embodiment of the present invention. As shown in FIGS.
1 and 2, the solar cell module 10 has a transparent cylindrical
container 11, solar cells 12 housed in the cylindrical container
11, upper and lower sealing members (lids) 13 for hermetically
sealing opposite ends of the cylindrical container 11, and
illuminants 15 such as electroluminescence (EL) elements or
light-emitting diodes (LED) disposed on axial opposite ends of
the solar cells 12 in the cylindrical container 11. The
cylindrical container 11 may be made of transparent glass or
plastic having weather resistance and impact resistance.

Each of the solar cells 12 may comprise a monocrystalline

or polycrystalline silicon substrate having a thickness of 150
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pm or less. A monocrystalline silicon substrate having a
thickness of 150 pm or less can easily be formed of ribbon-like
crystal or web crystal produced with an apparatus disclosed in
Japanese patent publication No. 2000-319088 or 2002-087899, the
disclosure of which is hereby incorporated by reference. Inthis
manner, each solar cell in the present embodiment is formed of
a relatively thin crystalline silicon substrate. Therefore,
each solarcell hasahigherefficiencyof photovoltaicconversion
than that of an amorphous silicon solarcell or thelike. Further,
such a thin substrate is so flexible that it can be formed into
a curved structure, and a solar cell module using such a substrate
can generate large electric power in a relatively small area.
Although a solar cell generally has a flat shape, the solar cells
in the present embodiment are so thin that they can be deformed
into and held in a curved shape.

In a conventional solar cell module, a resin such as
ethylene-vinyl acetate (EVA) is formed on a surface of a solar
cell. Such a resin formed on a surface of a solar cell may cause
incident loss of sunlight. Further, a resin such as EVA is not
sufficiently strong against ultraviolet rays, and thus the resin
is deteriorated by sunlight to lower durability of the solar
cellmodule. 1Inthepresentembodiment, the solarcells are fixed
directly on an inner surface of the cylindrical container 11
without a resin being interposed between the inner surface of
the cylindrical container 11 and surfaces of the solar cells.
Therefore, incident loss of sunlight can be reduced, and
durability of the solar cell module 10 can be prevented from
being lowered.

As shown in FIG. 2, each of the solar cells 12 is attached
to a rear support 14 by an adhesive or the like and supported
by the rear support 14. 1In the illustrated example, the rear
supports 14 are fixed by a resin 16. In this manner, a rear face

of each solar cell 12 is supported by a respective rear support
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14, and the rear supports 14 are fixed and supported by the resin
l6. Therefore, the solar cell module 10 has high impact
resistance to an extent such that the solar cell module 10 can
be used stably for a long term under severe conditions (e.g.,
onwater). Thesolarcellsl2maybeattachedtothe inner surface
of the cylindrical container 11 by an adhesive. In this case,
the resin 16 for fixing and supporting the solar cells 12 may
be dispensed with to simplify a structure of the solar cell module
10.

Each of the lids 13 may comprise a circular glass plate.
Peripheries of the lids are heated and fused to hermetibally
seal an interior of the cylindrical container 11. The 1lids 13
can prevent external gas or the like from entering the interior
of thecylindrical container1l. Therefore, thesolarcellmodule
10 can be floated on water of a sea or lake. Water glass may
be used to adhere the glass plates of the lids 13 to ends of
the cylindrical container 11 to seal the cylindrical container
11.

As shown in FIG. 2, the cylindrical container 11 of the
solar cell module 10 houses a controller 18, a condenser 19,
and cables 17 connecting the controller 18 and the condenser
19 to the solar cells 12. Electric power produced by the solar
cells 12 during daytime hours is stored through the controller
18 inthe condenser19. Theelectricpower storedinthe condenser
19 is supplied through the controller 18 to the illuminants 15
such as EL elements or LED so that the illuminants 15 emit light
at night.

The solar cells 12 are disposed on an entire inner surface
of the cylindrical container 11. Therefore, the solar cells 12
can produce electric power from sunlight in all directions around
an axis of the cylindrical container 11. Thus, the solar cell
module according to the present invention is applicable to, for

example, a buoy floating at sea.
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The solar cells may be distributed unevenly in the
cylindrical container 11. Specifically, a necessary number of
solar cells are provided in the cylindrical container 11, and
weight distribution is adjusted such that portions where the
solar cells are not provided face away from a light source.

In the present embodiment, the solar cell module having
illuminants therein has been described. The solar cell module
may have no illuminants and simply serve as a power generator.
In this case, the solar cell module may have one or more connectors
for outputting electric power stored in the condenser 9. The
solar cell module may have no controllers and no condensers but
one or more connectors for directly outputting electric power
generated by the solar cells 12.

As described above, each of the solar cells may be made
of a monocrystalline or‘polycrystalline silicon substrate.
Alternatively, the solar cells may be made of a compound
semiconductor such as gallium arsenide, an amorphous
semiconductor, or an organic compound semiconductor.

For example, a solar cell module 10 according to the present
embodiment is produced as follows. Solar cells 12 formed on
silicon substrates are fixed on fluorine resin sheets (rear
supports) 14 by adhesive materials, respectively. Then, the
solar cells 12 are inserted into an interior of a cylindrical
container 11 so that photovoltaic surfaces of the solar cells
12 are brought into close contact with an inner surface of the
cylindrical container 11. In this state, pressing forces are
applied to rear faces of the resin sheets 14 to adhere the solar
cells 12 to the inner surface of the cylindrical container 11.
For example, air is slowly supplied into the interior of the
cylindrical container 11 to press the solar cells 12 against
the inner surface of the cylindrical container 11. Thus, the
solar cells 12 are fixed on the inner surface of the cylindrical

container 11. After wiring is formed, the solar cells 12 are
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fixed by a resin 16. Then, dry air, nitrogen gas, argon gas,
or the like is introduced into the interior of the cylindrical
container 11 to remove water vapor therein. Upper and lower lids
13 are mounted on opposite ends of the cylindrical container
11 tohermetically seal the interior of the cylindrical container
11.

FIG. 3 shows a solar cell module 20 according to a second
embodiment of thepresent invention. Aswiththe firstembodiment,
the solar cell module 20 has a transparent cylindrical container
21 made of glass or plastic, and opposite ends of the cylindrical
container 21 are hermetically sealed. A bifacial solar cell is
suitable for use as the solar cell 22 in this solar cell module
20, and this solar cell 22 is disposed on an inner surface of
the cylindrical container 21. In the illustrated example, the
solarcell 2Z2has topandbackphotovoltaicsurfacesandisdisposed
at anupper portion of the cylindrical container 21. A reflector
plate 23 such as a mirror is disposed at a lower portion of the
cylindrical container 21. The solar cell 22 is spaced from the
reflector plate 23 by a predetermined distance. Sunlight
introduced through the predetermined distance into the interior
of the cylindrical container 21 is reflected from the reflector
plate 23 and directed to the back photovoltaic surface of the
solar cell 22, so that the solar cell 22 generates electric power.
Simultaneously, the sunlight is appliedonto the topphotovoltaic
surface of the solar cell 22. Thus, the solar cell 22 receives
the sunlight on both photovoltaic surfaces to generate electric
power and can generate electric power more efficiently.

In the solar cell module 20, since the opposite ends of
the cylindrical container 21 are hermetically sealed, the solar
cell module 20 can be used as a power station, floating on water,
with a controller, a condenser, and an illuminant. Further, the
solar cell module 20 can be used as a buoy or the like which

stores electric power generated during daytime hours and emits
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light at night via the stored electric power. The solar cell
module 20 may have no illuminants to simply serve as a power
station floating on water or the like.

FIGS. 4A and 4B show a solar cell module 30 according to
a third embodiment of the present invention. In the third
embodiment, the solar cell module 30 has a tubular shape.
Specifically, the solar cell module 30 has an outer transparent
cylindrical container 31 made of glass or plastic, solar cells
32 disposedonan inner surface of the outer cylindrical container
31, rear supports 33 for supporting the solar cells 32, and an
inner cylindrical container 34 disposed on an inner side of the
rear supports 33. The inner cylindrical container 34 is tubular
and may be made of resin, metal, or glass. A space between the
cylindrical containers 31 and 34 is hermetically sealed at
opposite ends of the cylindrical containers 31 and 34. Electric
power from the solar cells 32, 32 is outputted through connecters
(not shown). In the illustrated example, two solar cells are
disposed on the inner surface of the outer cylindrical container
31. However, the number of solar cells is not limited to the
illustrated example.

A solar cell module 30 according to the present embodiment
is producedas follows. Solarcells 32 are attached to respective
rear supports 33. The rear supports 33 are brought into close
contact with and fixed on an outer surface of an inner cylindrical
container 34. Then, the solar cells 32 are covered with an outer
transparent cylindrical container 31 made of glass or plastic,
andmountedtoaninnersurfaceoftheoutercylindricalcontainer
31. Thereafter, the cylindrical containers 31 and 34 are sealed
soas1x3holdsolarcells32jj1ahermeticallysealedspacebetween
the outer and inner cylindrical containers 31 and 34.

With this arrangement, liquid such as water can be
introduced into an interior of the inner cylindrical container

34, and the solar cell module 30 is applicable to various kinds
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of purposes. For example, the inner cylindrical container 34
can be used as a pipe extending to a pump. In this case, the
solar cells 32 serve to generate electric power, and
simultaneously the cylindrical container 34 serves as a pipe.
Therefore, electric power can be generated by the solar cells
32, and liquid (water) flowing through the interior of the inner
cylindrical container 34 can be heated by collection of solar
heat. Further, the liquid flowing through the interior of the
inner cylindrical container 34 can cool the solar cells 32 to
prevent an efficiency of generating electric power from being
lowered due to heating.

In the illustrated example, the solar cell module 30 has
solarcells 32 disposedsubstantiallyover anentire inner surface
of the outer cylindrical container 31. However, the solar cells
may be disposed only on an upper half of the outer cylindrical
container 31, where sunlight is expected to be applied. In the
illustrated example, a plurality of solar cells are distributed
along an axial direction of the solar cell module 30. However,
the solar cell module 30 may have only one solar cell.

As described above, with a solar cell module using a
cylindrical container according to the present invention, the
solar cell module can receive light in all directions about its
axis. Therefore, the solar cell module can be used as a power
station floating on water. Further, since a solar cell is not
exposed to external air, durability of the solar cell module
can be improved. Since it is not necessary to seal the solar
cell with an adhesive resin layer such as EVA, the solar cell
module is unlikely tobe deteriorated by radiation of ultraviolet
rays. Thus, the solar cell module has high durability.
Additionally,sincejj:isnotnecessarytorweeasealingnmterial
containing an adhesive resin layer such as EVA, the solar cell
modulecaneasilybedissembledsoastorecoverusedpartswithout

destruction of the solar cell module.



10

15

20

WO 03/100866 PCT/JP03/04360

11

When the cylindrical container houses a condenser and a
controller, electric power may be stored during daytime hours,
and the stored electric power may be used to emit light at night.
Thus, the solar cellmodule can forman independent power station.
Further, when the cylindrical container is hollow, the
cylindricalcontainercanbeusedasapipe. Specifically, liquid
such as water can be introduced through the interior of the
cylindrical container to efficiently utilize both sunlight and
solar heat. Further, liquid such as water flowing through the
interior of the cylindrical container can cool the solar cells
to prevent an efficiency of the solar cells from being lowered
due to a temperature increase.

Although certain preferred embodiments of the present
invention have been shown and described in detail, it should
be understood that various changes and modifications may be made

therein without departing from the scope of the appended claims.

Industrial Applicability
The present invention is suitable for use in a solar cell
module having a transparent cylindrical container and a solar

cell disposed in the cylindrical container.
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CLATIMS

1. A solar cell module, comprising:

a transparent cylindrical container;

a solar cell housed in said transparent cylindrical
container; and

a sealingmember for hermetically sealing said transparent

cylindrical container.

2. A solar cell module according to claim 1, wherein said
solar cell is disposed on an inner surface of said transparent

cylindrical container.

3. A solar cell module according to claim 2, wherein said
solar cell is fixed directly on said inner surface of said

transparent cylindrical container.

4. A solar cell module according to claim 1, further
comprising:

a rear support attached to a rear face of said solar cell
for supporting said solar cell; and

a resin for fixing said rear support.

5. A solar cell module according to claim 1, further
comprising:

a condenser disposed in said transparent cylindrical
container for storing electric power generated by said solar
cell; and

an illuminant disposed in said transparent cylindrical

container for emitting light by electric power supplied from

said condenser.
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6. A solar cell module according to claim 1, further
comprising:
a reflector plate disposed on an inner surface of said
transparent cylindrical container,
5 wherein said solar cell has a first photovoltaic surface
disposed on said inner surface of said transparent cylindrical
container and a second photovoltaic surface facing toward said

reflector plate.

10 7. A solar cell module, comprising:
an outer transparent cylindrical container;
a solar cell housed in said transparent cylindrical
container;
an inner cylindrical container disposed inwardly of said
15 solar cell; and
a sealing member for hermetically sealing a space between
said outer transparent cylindrical container and said inner

cylindrical container.
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