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DESCRIPTION

Title of the Invention: LAMINATED-TYPE PHOTOVOLTAIC BLOCK

Technical Field
[0001]

The present invention relates to a laminated-type photovoltaic block.

Background Art

[0002]

In a situation where the movement toward a sustainable society is rapidly
increasing, it is required to reduce environmental load such as energy saving and
COz2 reduction for structures such as houses and buildings. In the meantime, a
technique development for installing solar cells on a roof, a window, and the like of a
building structure and performing the power generation by light has been
progressing.

[0003]

For example, Patent Document 1 discloses "a solar cell module including,
in the following order, a glass plate located on a light-receiving surface side, a solar
cell, and a glass plate located on a rear surface side, in which a low radiation film is
formed on a surface of at least one of the light-receiving surface side and the rear
surface side".

[0004]

In addition, Patent Document 2 discloses a solar cell window panel that is
able to change a solar heat acquisition rate without performing a mechanical
operation. Accordingly, "a solar cell window glass 10 is disposed in an opening
portion of a building. A configuration in which the solar cell window glass 10 includes
a glass panel 12 having translucency and a plurality of solar cell modules 14

alternately disposed on an indoor side surface 12a and an outdoor side surface 12b
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of the glass panel 12 in a height direction” is disclosed.

Citation List
Patent Documents
[0005]
Patent Document 1: Japanese Patent Application Laid-Open No. 2021-
15939
Patent Document 2: Japanese Patent Application Laid-Open No. 2021-
11809

Summary of the Invention
Problem to be Solved by the Invention

[0006]

However, both Patent Document 1 and Patent Document 2 assume that
the light-receiving surface of the solar cell is disposed at an angle as close to
perpendicular as possible to a light incidence angle. In addition, Patent Document 2
discloses a structure in which a solar cell is laminated on an N layer, but in the
window glass with the solar cell in Patent Document 2, an opening ratio by a solar
cell module disposed in a plurality of layers is 0% at the solar noon altitude on the
summer solstice and 40% or more at the solar noon altitude on the winter solstice.
Therefore, the solar cell module of Patent Document 2 has a large restriction on an
area of disposition, and has a problem in power generation efficiency due to the solar
cell.

[0007]

Therefore, an object of the present invention is to provide a laminated-
type photovoltaic block technique having a laminated photovoltaic layer and having a

high photovoltaic efficiency.

Means for solving the Problems



[0008]

In order to solve the above-described problems, one of the representative
laminated-type photovoltaic blocks according to the present invention is a block body
in which flat plate-shaped photovoltaic cells are laminated, in which a height
dimension of the block body is the same as or more than a dimension of any one of a

depth dimension or a width dimension.

Advantageous Effect of the Invention

[0009]

According to the present invention, it is possible to provide a laminated-
type photovoltaic block technique having a laminated photovoltaic layer and having a
high photovoltaic efficiency.

The problems, configurations, and effects other than those described

above are clarified by the description in Modes for carrying out the Invention.

Brief Description of the Drawings
[0010]

FIG. 1A is a schematic view of a laminated-type photovoltaic block.

FIG. 1B is a top view of the laminated-type photovoltaic block.

FIG. 1C is a side view of the laminated-type photovoltaic block.

FIG. 2A is a cross-sectional view of a configuration example of a
photovoltaic cell.

FIG. 2B is a cross-sectional view of a configuration example of the
photovoltaic cell.

FIG. 2C is a cross-sectional view of a configuration example of the
photovoltaic cell.

FIG. 2D is a cross-sectional view of a configuration example of the
photovoltaic cell.

FIG. 3 is a view describing a relationship of a light-receiving angle with



respect to a single photovoltaic cell.

FIG. 4 is a view describing a relationship of a light-receiving angle with
respect to the laminated-type photovoltaic block.

FIG. 5 is a graph illustrating an obliquely incident light characteristics
(cosine characteristics) of the illuminance.

FIG. 6 is a graph illustrating a relationship between the obliquely incident
light characteristics and a conversion efficiency.

FIG. 7A is a top view describing a photovoltaic cell according to a second
embodiment.

FIG. 7B is a cross-sectional view describing the photovoltaic cell
according to the second embodiment.

FIG. 7C is a cross-sectional view describing the laminated-type
photovoltaic block according to the second embodiment.

FIG. 8A is a schematic view of a frame that accommodates the laminated-
type photovoltaic block.

FIG. 8B is a view describing a step of accommodating the photovoltaic
cell in the frame.

FIG. 8C is a schematic view of a window member and an exterior material
accommodated in the frame.

FIG. 9 is a schematic cross-sectional view of an extraction electrode of

the laminated-type photovoltaic block.

Modes for carrying out the Invention

[0011]

Hereinafter, embodiments of the present invention will be described with
reference to the drawings. The present invention is not limited to this embodiment.
In addition, in the description of the drawings, the same portions are denoted by the
same reference numerals.

[0012]
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In the present disclosure, the "window/exterior member" means all
members having translucency that partition a window installed in a building or a
structure, all members having translucency that partition an internal space of a
building or a structure, all members having translucency that partition the inside and
outside or the like of a vehicle body of an automobile, all members that constitute a
roof or a wall surface of a building or a structure, and various forms not only a
member that is in contact with outside air and is used as an outermost layer of a
building or a structure but also a member used as an inner layer.

In addition, the laminated-type photovoltaic block body according to the
present disclosure is able to be used as a window member, an exterior material, or
other members by combining the laminated-type photovoltaic block with a frame or
the like.

In addition, the laminated-type photovoltaic block of the present disclosure
is able to be used for various applications such as an object, a power generation
device, and a charging device.

[0013] [First Embodiment]

<Laminated-type Photovoltaic Block Body>

Hereinafter, a first embodiment of a laminated-type photovoltaic block
according to the present disclosure will be described with reference to FIGS. 1A to
1C.

FIG. 1A is a schematic view of the laminated-type photovoltaic block. In
FIG. 1A, in a laminated-type photovoltaic block 10, a plurality of layers of photovoltaic
cells configured of an upper transparent substrate 1, a lower transparent substrate 2,
and a power generation unit sandwiched between the two transparent substrates,
and the like are laminated. In addition, in a case where a dimension of the
laminated-type photovoltaic block 10 in a z direction is denoted by H, a dimension of
the laminated-type photovoltaic block 10 in an x direction is denoted by L, and a
dimension of the laminated-type photovoltaic block 10 in a y direction is denoted by

W, the photovoltaic cells are in a laminated state to such an extent that H is the same
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as or more than a dimension of any one of L and W.

That is, in a case where the dimension in the z direction is a height, the
dimension in the x direction is a depth, and the dimension in the y direction is a width,
the height is the same as or more than the dimension any one of the depth or the
width.

In the present disclosure, hereinafter, a "height direction” may be referred
to as a "lamination direction”. In addition, a +z direction may be referred to as an
upper direction, and a -z direction may be referred to as a lower direction.

[0014]

In the example illustrated in FIG. 1A, a block body is obtained by
laminating five layers of flat plate-shaped photovoltaic cells, but it is desirable that the
number of laminations is five layers or more.

The photovoltaic cell does not necessarily have to be a flat plate, and may
have a plate shape having a curved surface. In addition, the upper transparent
substrate 1 and the lower transparent substrate 2 may be made of a translucent
material such as glass or acrylic.

[0015]

Next, a planar structure of the laminated-type photovoltaic block 10 will be
described with reference to FIG. 1B. FIG. 1B is a top view of the laminated-type
photovoltaic block, in which the upper transparent substrate 1 and the lower
transparent substrate 2 are disposed to be shifted in the y direction, and a
photovoltaic region 3 and a sealing portion 4 for sealing the photovoltaic region 3 are
disposed in a region where the upper transparent substrate 1 and the lower
transparent substrate 2 overlap each other in the z direction. The sealing portion 4 is
disposed such that the photovoltaic region is surrounded.

The photovoltaic region 3 and the sealing portion 4 do not necessarily
have to coincide with the region where the upper transparent substrate 1 and the
lower transparent substrate 2 overlap each other in the z direction. The photovoltaic

region 3 and the sealing portion 4 may be present inside the region where the upper
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transparent substrate 1 and the lower transparent substrate 2 overlap each other in
the z direction.

In the photovoltaic cell illustrated in FIG. 1B, an example in which the
photovoltaic region 3 has a light brown color is described, but the photovoltaic region
3 does not necessarily have a color and may be transparent. It is desirable that the
other members are formed of a substantially transparent material.

[0016]

Next, a cross-sectional structure of the laminated-type photovoltaic block
10 will be described with reference to FIG. 1C. FIG. 1C is a side view schematically
illustrating a cross-sectional structure of the laminated-type photovoltaic block.

An upper electrode 5 and a lower electrode 6 are disposed on sides of the
surfaces of the upper transparent substrate 1 and the lower transparent substrate 2,
respectively, which are in contact with the photovoltaic region 3. The upper electrode
5 and the lower electrode 6 may be transparent conductive films such as FTO and
ITO formed on the surfaces of the upper transparent substrate 1 and the lower
transparent substrate 2, respectively.

In one photovoltaic cell 7, the upper transparent substrate 1 and the lower
transparent substrate 2 are disposed to be shifted in the y direction, so that the upper
electrode 5 and the lower electrode 6 are able to be connected from the outside.
Power generated in the photovoltaic cell is able to be extracted to the outside through
portions of the upper electrode 5 and the lower electrode 6 that are able to be
connected to the outside.

[0017] (Variation of Photovoltaic Cell)

Next, some examples of the configuration of the photovoltaic cell 7 will be
described with reference to FIGS. 2A to 2D. As the photovoltaic cell that is able to be
used in the present invention, any form of photovoltaic cell, photovoltaic element, or
solar cell is able to be used as long as it is able to surround the photovoltaic region
with a translucent substrate.

Hereinafter, examples of the photovoltaic cell will be described with
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reference to FIGS. 2A to 2D, but these examples do not limit the applicability of the
technique of the present disclosure.

The photovoltaic cell 7 illustrated in FIG. 2A to FIG. 2D is a cross-
sectional view of the photovoltaic cell 7 constituting the laminated-type photovoltaic
block illustrated in FIG. 1A, in an xz plane.

[0018]

The photovoltaic cell of FIG. 2A is a wet photovoltaic element using a
titanium dioxide layer as a photovoltaic layer.

In FIG. 2A, the upper transparent substrate 1 is a transparent substrate
configured of glass or a resin, and the upper electrode 5 formed of a transparent
conductive film such as FTO is formed on one surface thereof.

In addition, the lower electrode 6 and a charge exchange layer 15 are
disposed above the lower transparent substrate 2, and a porous titanium dioxide 12
as the photovoltaic layer is disposed below the upper electrode 5.

An electrolyte 14 is sealed between the upper electrode 5 and the lower
electrode 6. In this electrolyte, an iodine-based electrolyte in which iodine is
dissolved in a potassium iodide aqueous solution is generally used.

In addition, the sealing portion 4 is in close contact with the upper and
lower transparent substrates so that the electrolyte 14 does not flow out to the
outside.

[0019]

The photovoltaic cell of FIG. 2B is different from that of FIG. 2A in that a
dye-sensitized porous titanium dioxide 13 in which a sensitizing dye such as a
ruthenium complex dye is solidified is adopted as the photovoltaic region. That is,
the photovoltaic cell of FIG. 2B is a general Dye Sensitized Solar Cell (DSSC). Since
other configurations are the same as those in FIG. 2A, the same or equivalent
components as those in FIG. 2A are denoted by the same reference numerals, and
the description thereof will be simplified or omitted.

[0020]
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Next, the photovoltaic cell of FIG. 2C is different from the photovoltaic cell
of FIG. 2B in that, as the photovoltaic layer, silicon dioxide particles 20 having a
particle diameter of 500 nm or less are adopted without using the porous titanium
dioxide, and the silicon dioxide particles 20 are mixed with ethanol and applied onto
the charge exchange layer 15 configured of platinum or the like and dried.

Since other configurations are the same as those in FIG. 2A, the same or
equivalent components as those in FIG. 2A are denoted by the same reference
numerals, and the description thereof will be simplified or omitted.

[0021]

Next, the photovoltaic cell of FIG. 2D is different from those of FIGS. 2A to
2C in that two layers of a layer of a dye-sensitized porous titanium dioxide 13 and a
layer of silicon dioxide particles 20 are used as the photovoltaic layer. Since other
configurations are the same as those in FIG. 2A, the same or equivalent components
as those in FIG. 2A are denoted by the same reference numerals, and the
description thereof will be simplified or omitted.

[0022]

As described above, various photovoltaic elements are able to be adopted
in the photovoltaic cell 7 according to the present disclosure. In particular, a
photovoltaic element in which silicon dioxide is provided in a photovoltaic layer, which
is disclosed in Japanese Patent No. 5848324 or the like, is suitable, but the present
invention is not necessarily limited thereto.

[0023] (Photovoltaic Characteristics)

Next, angle characteristics of the photovoltaic characteristics of the
laminated-type photovoltaic block in which five layers of the photovoltaic cells 7
illustrated in FIG. 1C are laminated will be described with reference to FIGS. 3 and 4
in comparison with the single photovoltaic cell 7.

FIG. 3 is a view illustrating a relationship of each of light-receiving angles
with respect to the single photovoltaic cell 7 in a case where a plane direction of the

light-receiving surface is 90° and a normal direction is 0°.
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In addition, FIG. 4 is a view illustrating a relationship of each of light-
receiving angles with respect to the laminated-type photovoltaic block in which five
layers of the single photovoltaic cell 7 are laminated in a case where the plane
direction of the light-receiving surface is 90° and the normal direction is 0°.

In both the case of FIG. 3 and the case of FIG. 4, as the photovoltaic cell
7, the dye sensitized solar cell including silicon dioxide and dye-containing titanium
dioxide as the photovoltaic layer described in FIG. 2 is used. Then, in a case where
the dye sensitized solar cell was irradiated with a ray of 1 sun (1,000 W/m?), a

maximum output illustrated in Table 1 could be obtained.

[Table 1]
Light-receiving angle Single cell F"’%'ﬁ&%{,{;’}gi’g%ﬁ%ﬁype
90° 220.2 348.35
60° 276.91 470
30° 285.17 621
0° 425.9 654.13
(Unit: pW/cm?)
[0024]

As it is determined from the above data, in the laminated-type photovoltaic
block, a considerable amount of photovoltaic ability is able to be exhibited even
though light is not necessarily incident from the normal line of the light-receiving
surface.

[0025] (Obliquely Incident Light Characteristics)

Next, regarding the photovoltaic cell of a type in which the photovoltaic
region is surrounded by the translucent substrate, a relationship between the
obliquely incident light characteristics (cosine characteristics) of the illuminance, the
obliquely incident light characteristics, and the conversion efficiency will be described
with reference to FIGS. 5 and 6.

[0026]

FIG. 5 is a graph illustrating the obliquely incident light characteristics
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(cosine characteristics) of the illuminance. The illuminance on the light-receiving
surface of the photovoltaic element changes in proportion to cos6 of the incidence
angle 8 of the light incident on the light-receiving surface, and the illuminance (E2)
when the light-receiving surface is illuminated in an oblique 6 direction is cos8 times
the illuminance (E1) when the light-receiving surface is illuminated in the normal
direction. Therefore, the incident light characteristics at each angle in a case where
the normal direction (8 = 0°) of the light-receiving surface is set to "1" are as
illustrated in the graph of FIG. 5.

[0027] (Conversion Efficiency of Obliquely Incident Light)

Next, a relationship between the obliquely incident light characteristics
and the conversion efficiency will be described with reference to FIG. 6. FIG. 6 is a
graph illustrating the relationship between the obliquely incident light characteristics
and the conversion efficiency. In the graph, a line indicated by a solid line (DSSC-1)
indicates the conversion efficiency at each angle in a case where the normal
direction (6 = 0°) of the photovoltaic cell (1 sheet) of the DSSC is set to "1" using a
left vertical axis.

In addition, results of measuring the same conversion efficiency
characteristics with the single crystal silicon photovoltaic element are illustrated by a
dotted line (single crystal silicon-1). Since the dotted line also illustrates the

conversion efficiency at each angle, the dotted line is illustrated using the left vertical

axis.

[0028]

In the graph of FIG. 6,

the conversion efficiency n is a value obtained by the following calculation
equation.

n =Pmax + (E x A) x 100
n: conversion efficiency [%]
Pmax: output at optimum operating point [W]

E(EB): irradiation illuminance [W/m?]
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A: light-receiving area [m?]

[0029]

In the graph of FIG. 6, it is considered that the reason why the conversion
efficiency increases with an increase in 0 in the solid line (DSSC-1) is due to the
influence of the wall surface reflection of the measurement environment, the light
being turned around from the glass side surface, the increase in angle, the incident
light from the back side surface, or the like.

In any case, it is able to be seen that, in the photovoltaic cell sandwiched
by the translucent substrate, it is possible to increase the photovoltaic efficiency to a
considerable extent even in a case where the light-receiving surface is not
necessarily set to be perpendicular to the light incident direction.

In the photovoltaic cells of single crystal silicon, amorphous silicon, and
the like in the related art, it is necessary to set the light-receiving surface in a
direction in which sunlight is incident. However, in the photovoltaic element including
the photovoltaic region sandwiched between the translucent substrates, as described
in the present disclosure, it is possible to realize a high photovoltaic efficiency even
with the laminated-type photovoltaic block in which a plurality of translucent
substrates are laminated.

[0030] [Second Embodiment]

Next, a second embodiment will be described with reference to FIGS. 7A
to 7C, based on the fact that the dependence of the photovoltaic ability of the
laminated-type photovoltaic block on the incidence angle is small.

The second embodiment is different from the first embodiment in that the
photovoltaic cell has an elongated shape. FIG. 7A is a top view of the photovoltaic
cell as viewed from the z direction, and FIG. 7B is a schematic cross-sectional view
of the photovoltaic cell in an yz plane. FIG. 7C is a schematic cross-sectional view of
the laminated-type photovoltaic block in the yz plane in the second embodiment.

In the following description, the same or equivalent components as those

in the first embodiment described above are denoted by the same reference
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numerals, and the description thereof will be simplified or omitted.

[0031]

In the laminated-type photovoltaic block according to the second
embodiment, by setting the photovoltaic cell in an elongated shape, a large area is
able to be obtained in the yz plane as illustrated in FIG. 7C when the laminated-type
photovoltaic block is formed. In addition, in the area of the yz plane, most of the area
is occupied by the upper transparent substrate and the lower transparent substrate,
and thus the entire laminated-type photovoltaic block is a block having a substantially
transparent surface when being viewed from the x-axis direction.

[0032]

Next, an example of a case where the laminated-type photovoltaic block
according to the second embodiment is used as a window member or an exterior
material will be described with reference to FIGS. 8A to 8C.

FIG. 8A is a schematic view of a frame 16 for accommodating the
laminated-type photovoltaic block by being fixed as a member having a certain size.
The frame 16 is able to be created as the frame 16 having a sash structure using a
metal such as aluminum so that the laminated-type photovoltaic block is able to be
accommodated inside the frame 16.

As illustrated in FIG. 8B, by sequentially inserting the elongated
photovoltaic cell 7 into such a frame 16, it is possible to obtain a window member or
an exterior material having a photovoltaic ability, in which a periphery is surrounded
by the frame made of aluminum or the like and the entire surface is formed of a
transparent conductive substrate made of glass or the like, as illustrated in FIG. 8C.

[0033]

Next, an example of an extraction electrode 17 for extracting power from
the laminated-type photovoltaic block will be described with reference to FIG. 9. FIG.
9 is a schematic cross-sectional view of the extraction electrode installed on a side
where the upper electrode 5 or the lower electrode 6 of the laminated-type

photovoltaic block is exposed to the outside.
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The extraction electrode 17 is formed in a shape such as engaging with
the unevenness of the side surface of the laminated-type photovoltaic block in which
the upper electrode 5 or the lower electrode 6 is exposed to the outside on one
surface thereof, and is configured of an extraction electrode base portion 18 and an
extraction electrode contact portion 19 that is in contact with the upper electrode 5 or
the lower electrode 6.

The extraction electrode base portion 18 is formed of plastic, rubber,
glass, or the like, and the extraction electrode contact portion 19 is subjected to a
conductive processing such as silver plating so that conductivity is able to be
secured.

By using such an extraction electrode, power is able to be easily extracted
from the laminated-type photovoltaic block. In addition, by providing the extraction
electrode 17 as a member that absorbs the uneven shape of the laminated-type
photovoltaic block on the surface of the side surface of the laminated-type
photovoltaic block where the unevenness is present, it is possible to eliminate the
rattling of the laminated-type photovoltaic block in the frame 16 and to stably hold the
laminated-type photovoltaic block in the frame.

[0034] <Actions and Effects>

In the solar cell module in the related art, the light-receiving surface of the
solar cell is assumed to be disposed at an angle as close to perpendicular as
possible to the light incidence angle, and thus the light from the outside to the inside
is blocked.

However, in a case where the laminated-type photovoltaic block according
to the present disclosure is used as the window member, since the photovoltaic
region is formed in a very thin film in the horizontal direction, it is possible to achieve
sufficient photovoltaic by utilizing incident light from multiple directions without
blocking light from the outside to the inside.

Moreover, since the thickness of the upper and lower transparent

substrates of the basic photovoltaic cell is about 1 mm and the thickness of the
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photovoltaic region is able to also be 1 mm or less, a laminated-type photovoltaic
block having various shapes is able to be obtained by combining the photovoltaic
cells.

[0035]

Hereinabove, the embodiments of the present invention have been
described, but the present invention is not limited to the above-described
embodiments, and various changes are able to be made without departing from the
scope of the present invention.

For example, the elongated-shaped photovoltaic cell described in the
second embodiment includes one elongated-shaped photovoltaic portion, but may
include a plurality of photovoltaic portions by dividing the elongated-shaped
photovoltaic portion.

In addition, in the above-described embodiment, the shapes of the
photovoltaic cell and the photovoltaic portion are described as a rectangular shape,
but the shapes are not limited to the rectangular shape, and various shapes such as
a circular shape, an elliptical shape, and a polygonal shape are able to be adopted.
Therefore, the shape of the laminated-type photovoltaic block is not limited to a plate
shape and may be a columnar shape, and various shapes are able to be adopted.

In addition, the upper and lower transparent substrates have been
described as having a flat plate shape, but the transparent substrate is not limited to

the flat plate and may have a curved surface.

Description of Reference Numerals
[0036]
1: upper transparent substrate
2: lower transparent substrate
3: photovoltaic region
4: sealing portion

5: upper electrode
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6: lower electrode

7: photovoltaic cell

10:
12:
13:
14:
15:
16:
17:
18:
19:
20:

laminated-type photovoltaic block
porous titanium dioxide
dye-sensitized porous titanium dioxide
electrolyte

charge exchange layer

frame

extraction electrode

extraction electrode base portion
extraction electrode contact portion

silicon dioxide particle
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CLAIMS
Claim 1 A laminated-type photovoltaic block that is a block body in which flat plate-
shaped photovoltaic cells are laminated, wherein a height dimension of the block
body is the same as or more than a dimension of any one of a depth dimension or a

width dimension.

Claim 2 A laminated-type photovoltaic block that is a block body in which at least
five or more flat plate-shaped photovoltaic cells are laminated, wherein end surfaces

of the laminated photovoltaic cells are aligned in a substantially flat surface shape.

Claim 3  The laminated-type photovoltaic block according to Claim 1 or 2,
wherein the photovoltaic cell has a structure in which a photovoltaic region

is sandwiched between translucent substrates.

Claim 4 A window/exterior member in which the laminated-type photovoltaic block
according to Claim 1 or 2 is covered with a frame surrounding the laminated-type

photovoltaic block.

Claim5 The window/exterior member according to Claim 4, wherein an extraction
electrode for extracting power from the laminated-type photovoltaic block is disposed
between the laminated-type photovoltaic block and a frame parallel to a lamination

direction of the laminated-type photovoltaic block.

Claim 6  The window/exterior member according to Claim 5, wherein the extraction
electrode has a shape in which a surface being in contact with the laminated-type
photovoltaic block engages with unevenness of a side surface of the laminated-type
photovoltaic block, and a portion of the extraction electrode being in contact with the
side surface of the laminated-type photovoltaic block is subjected to conductive

processing.



