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panel, a solar panel, a temperature
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TITLE : SOLAR CELL MODULE FOR ROOF AND APPARATUS
FOR COLLECTING SOLAR ENERGY USING THE SAME

Technical Field

The present invention relates to a solar cell module which is mounted on a
roof of a building to collect solar energy (electricity and/or heat) and an apparatus for

collecting the solar energy using the same.

Background Art

Due to the global worming resulted from massive use of fossil fuels or
environmental destruction, unusual change in the weather happens. As a scale of
natural disaster is increased, the development and use of alternative energy has
been actively progressing. In particular, a solar energy collecting apparatus is in the
limelight due to clean energy and economical efficiency.

The field of collecting and using the solar energy is mainly classified into two
groups, that is, a field of solar heat which collects solar heat and uses it for heating or
hot water supply, and a field of solar power generation which generates an electric
power by using a photoelectric effect in which sunlight enters on a solar cell
composed of silicon semiconductors to generate electricity. At an initial stage, the
field of solar heat which collects the solar heat and uses it for heating or hot water
supply has been studied and developed commercially. In recent, with the
development of technology related to a solar cell, the study on the field of solar
power generation has been increased.

The solar cell for solar power generation is made in a module of panel type,
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as shown in FIGs. 1 and 2, and then several solar cell modules 10 are connected to
each other in all directions to form a solar power generating apparatus.

The solar cell module 10 includes, as shown in FIG. 1, a panel type frame 11,
a plurality of solar cells 12 arranged on the upper surface of the frame 11, and a flat
lighting window 13 made of low-iron tempered glass and disposed on the upper
surface of the frame 11 to cover the solar cells 12. Although not shown in the
drawing, a weatherproof and a filler (EVA) are provided under the solar cells 12. A
receptacle 14 for outputting the electric power generated by the solar cells 12 is
provided on a rear side of the solar cell module 10, as shown in FIG. 2, and a
plurality of fastening holes 13a are formed on a rear flange of the frame 11.

In a case of the solar cell used for power generation, although technology for
lowering a cost has been developed, the supply of the solar cells still does not meet
the demand due to security of raw material and limit of the technology development.
Recently, a cost of the solar cell rises, and the solar cell is in short supply. It causes
a production cost of the solar cell module to increase, which impedes the spread of
the solar power generation.

Otherwise, the solar cell module as described above is not provided with a
cooling means or a heat dissipation means in order to address a temperature of the
solar cell which is raised by accumulation of radiant heat. The solar cell module is
spaced apart from a roof in order to cool the module using natural ventilation. The
structure cannot sufficiently cool the solar cells using the natural ventilation in days of
high solar radiation. Consequently, the surface of the solar cell is overheated, which
decreases the power generating capability and deteriorates the solar cells to shorten
its lifespan. In general, it is informed that as a temperature of the surface of the

crystalline solar cell is raised by 1C above 25T, the efficiency of power generation is
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decreased by about 0.4% to 0.6%.

The conventional solar cell module is formed in a thin panel type, and should
be spaced apart from the roof at a certain interval for the natural ventilation.
Consequently, the solar cell module is mounted on a beam structure firmly installed
on the roof. It increases an installation period and cost, and it spoils the appearance
of the building since the solar cell module spaced apart from the roof does not suit
the roof.

The plurality of solar cell modules arranged adjacent to each other are
electrically connected to each other via cables of power terminal boxes provided on a
rear side thereof. To this end, since an operator connects the cables of all power
terminal boxes one by one, an installation time is required, and the connection

operation is cumbersome.

Disclosure

Technical Problem

Therefore, the present invention has been made in view of the above-
mentioned problems.

An object of the present invention is to provide a sblar cell module for a roof
which, if a temperature of a solar cell exceeds a specific level, the solar cell is
compulsorily cooled to prevent an efficiency of power generation from being lowered
and prevent deterioration of the solar cell.

Other object of the present invention is to provide a solar cell module for a
roof which can easily connect a plurality of solar cell modules without performing
connection operation.

Another object of the present invention is to improve a power generating
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capability by condensing sunlight onto a solar cell panel at a center portion of a solar
cell module which is covered by a round lighting window with a Fresnel lens formed

on an inner surface thereof.

Technical Solution

In order to achieve the above and other objects, there is provided a solar cell
module for a roof comprising: a main body mounted on a roof panel; a solar cell
panel arranged apart from a bottom surface of the main body; a temperature sensor
installed on the solar cell panel to measure a temperature thereof; and cooling means
for cooling the solar cell panel by compulsorily making cooling fluid flow between the
solar cell panel and the bottom surface of the main body.

In a preferred embodiment of the present invention, an engaging groove is
formed on the bottom surface of the main body to receive a protrusion of the roof
panel, and the solar cell panel is disposed at a certain slope to the bottom surface of
the main body in one direction.

In a preferred embodiment of the present invention, an insulator material is
filled in an interior of the main body to prevent radiant heat from being conducted to
the solar cell panel from the bottom surface of the main body and the roof panel.

In a preferred embodiment of the present invention, a heat sink is installed on
a power portion of the solar cell panel to come in contact with the solar cell panel, so
that the heat sink receives the heat from the solar cell panel, and a temperature
sensor is installed on a side portion or lower portion of the solar cell panel or the heat
sin.

In a preferred embodiment of the present invention, the cooling means is

installed in such a manner that the cooling means comes in thermally contact with the
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heat sink, and has a cooling pipe through which a cooling fluid flows, an inlet port and
an outlet port being formed on both sides of the main body. The cooling means
includes a pump communicated with the cooling pipe to compulsorily feed the cooling
fluid in the cooling pipe when a temperature detected by the temperature sensor
exceeds a specific level.

In a preferred embodiment of the present invention, the cooling means
includes a ventilation channel interposed between the bottom surface of the main
body and the heat sink and having an inlet port and an outlet port at both sides of the
main body. The cooling means further includes a plurality of cooling fins extended
downwardly from the heat sink and disposed over the ventilation channel. The
cooling means further includes a blower communicated with the ventilation channel to
compuisively circulate air in the ventilation channel when a temperature of the solar
cell panel detected by the temperature sensor exceeds a specific level.

The solar cell module may further comprise a receptacle installed on a side of
the main body and electrically connected with the solar cell panel and the
temperature sensor. When two or more solar cell modules are disposed adjacent to
each other, the receptacle electrically connects the solar cell panel and a
temperature sensor of each solar cell module.

The solar cell module may further comprise a round lighting window installed
on an upper portion of the main body to close and seal the solar cell panel. A
Fresnel lens pattern is formed on an inner surface of the lighting window to refract

sunlight, the solar cell panel is positioned on an upper center portion of the main

body, and reflectors are on both sides of the solar cell panel to reflect the sunlight
entering around the solar cell panel towards the inner surface of the lighting window.

In a preferred embodiment of the present invention, the lighting window
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includes a first condenser and a second condenser, in which the first condenser is
installed on the upper portion of the main body, and has an area wider than that of
the solar cell panel, a Fresnel lens pattern being formed on an inner surface of the
first condenser, and the second condenser is installed in the first condenser to cover
the solar cell panel, a convex lens being formed on an inner surface of the second
condenser. The sunlight reflected by the reflector towards the inner surface of the
first condenser is again reflected by the inner surface of the first condenser, is
refracted by the second condenser, and is condensed onto the solar cell panel.

The solar cell module may further comprise a heat sink installed on a power
portion of the solar cell panel to come in contact with the solar cell panel, and a
temperature sensor installed on a side portion or lower portion of the solar cell panel
or the heat sin. The cooling means includes a pump communicated with the cooling
pipe to compulsorily feed the cooling fluid in the cooling pipe when a temperature
detected by the temperature sensor exceeds a specific level.

Also, according to another aspect of the present invention, there is provided
an apparatus for collecting solar energy using a solar cell module for a roof,
comprising: a conversion device electrically connected to a solar cell panel to convert
electricity generated from the solar cell panel into a commercial electric power; a heat
sink control part for driving the cooling means when a temperature sensed by the
temperature sensor exceeds a specified temperature; and a heat recovery part for
recovering heat energy from the cooling fluid of which the temperature has been

heightened after cooling the solar cell panel.

Advantageous Effects

With the above description, the solar cell module for the roof and the solar
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energy collecting apparatus using the same are constituted to generate the electricity
using the solar energy and to recover the radiant heat from the fluid used to cool the
solar cells, which can improve the energy productivity.

In the solar cell module according to the present invention, if the temperature
of the solar cell exceeds a specific level, the solar cell is compulsorily cooled.
Consequently, the present invention maintains the solar cell at the optimum
temperature to improve the efficiency of power generation and prevent deterioration
of the solar cell, thereby improving the durability of the solar cell.

In addition, since the solar cell module according to the present invention is
covered by a round lighting window with the Fresnel lens formed on the inner surface
thereof, it can improve the power generating capability by condensing the sunlight
onto the center portion of the module.

Since double condensers are disposed on the solar cell panel, the sunlight is
condensed onto the solar cell panel at the center portion of the module to improve
the power generating capability. Also, the expensive solar cell panel can be

downsized to decrease the manufacturing cost thereof.

Brief Description of the Drawings

The foregoing and other objects, features and advantages of the present
invention will become more apparent from the following detailed description when
taken in conjunction with the accompanying drawings in which:

FIG. 1 is a perspective view illustrating a front side of a conventional solar
cell module;

FIG. 2 is a perspective view illustrating a rear side of the solar cell in Fig. 1;

FIG. 3 is a perspective view illustrating a solar cell module according to a first
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embodiment of the present invention;

FIG. 4 is a cross-sectional view taken along line A-A’ in FIG. 3;

FIG. 5 is a perspective view illustrating a heat sink and a cooling pipe of the
solar cell module in FIG. 3;

FIG. 6 is a perspective view illustrating a solar cell module according to the
first embodiment of the present invention coupled to a roof panel;

FIG. 7 is a perspective view illustrating a solar cell module for a roof
according to a second embodiment of the present invention;

FIG. 8 is a cross-sectional view taken along line B-B’ in FIG. 7;

FIG. 9 is a perspective view illustrating a solar cell module for a roof
according to a third embodiment of the present invention;

FIG. 10 is a cross-sectional view taken along line C-C’ in FIG. 9;

FIG. 11 is a perspective view illustrating a solar cell module for a roof
according to a fourth embodiment of the present invention;

FIG. 12 is a cross-sectional view taken along line D-D’ in FIG. 11,

FIG. 13 is a perspective view illustrating a solar cell module for a roof
according to a fifth embodiment of the present invention;

FIG. 14 is a cross-sectional view taken along line E-E’ in FIG. 13;

FIG. 15 is a perspective view illustrating a solar cell module for a roof
according to a sixth embodiment of the present invention;

FIG. 16 is a cross-sectional view taken along line F-F’ in FIG. 15;

FIG. 17 is a perspective view illustrating components inside the solar cell
module in FIG. 15;

FIG. 18 is a perspective view illustrating a lighting window of the solar cell

module in FIG. 15;
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FIG. 19 is a cross-sectional view taken along line G-G’ in FIG. 18;

FIGs. 20 and 21 are schematic views illustrating a light condensing state
when sunlight is incident on the solar cell module in FIG. 15;

FIG. 22 is a perspective view illustrating the solar cell module in FIG. 15
coupled to a roof panel; and

FIGs. 23 to 25 are schematic views illustrating various constructions of a
solar energy collecting apparatus using a solar cell module according to the present

invention.

Best Mode

Reference will now be made in detail to the preferred embodiments of the
present invention. It is to be understood that the following examples are illustrative
only and the present invention is not limited thereto.

Solar cell modules for a roof according to various embodiments of the
present invention and a solar energy collecting apparatus using the same will be
described with reference to the accompanying drawings, in which in the entire
description of the present invention, the same drawing reference numerals are used
for the same elements across various figures.

FIG. 3 is a perspective view illustrating a solar cell module according to a first
embodiment of the present invention. FIG. 4 is a cross-sectional view taken along
line A-A’ in FIG. 3. FIG. 5 is a perspective view illustrating a heat sink and a cooling
pipe of the solar cell module in FIG. 3. Referring to FIGs. 3 to 5, a solar cell module
100a includes a main body 110, a solar cell panel 120, a temperature sensor 180
and a cooling means. The solar cell module 100a may further include a heat sink

170, a receptacle 140, and a lighting window 140.
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The main body 110 is mounted on a roof panel. Preferably, the main body
110 is fastened to a projection protruding upwardly from the roof panel. A flange
111 having a plurality of fastening holes 113 protrudes from a side of the body 110, in
which fastening members (not shown), such as screws, penetrate the fastening holes
113, and then are fastened to the protrusion of the roof panel to secure the roof
panel.

Preferably, an engaging groove 115 is formed on the bottom surface of the
main body 110 in order to receive the protrusion of the roof panel (see FIG. 6), that
is, a reinforcing rib 210, so that the main body 110 and the roof panel are engaged to
each other in a miter joint. In particular, it is preferable that the engaging groove
115 is formed at a center portion of the bottom surface of the main body 110, so that
the engaging groove 115 has a W-shaped bending portion. The main body 110
may be directly installed on the roof panel so that the main body is not spaced apart
from the roof of a building with the roof panel. Since an additional beam structure is
not necessary, an installation period and cost can be reduced. Also, since the
modaule is closely contacted with the roof, it is possible to prevent damage of the main
body due to natural disaster, such as typhoon, and improve the appearance of the
building.

The a solar cell panel 120 is mounted on the upper portion of the body 110,
as shown in FIG. 4, and is spaced apart from the bottom surface of the main body
110 at a certain distance. Preferably, an insulator material 160 is filled in an interior
of the main body 110, i.e., in a space formed between the solar cell panel 120 and
the bottom surface of the main body 110. It minimizes the conduction of the radiant
heat from the bottom surface of the main body 110 and the roof panel to the solar cell

panel 120, thereby preventing overheating of the solar cell panel 120.

10
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A plurality of solar cells made of silicon semiconductor is arranged on the
solar cell panel 120. When sunlight is incident onto the respective solar cells, the
solar cell generates electricity using a photoelectric effect. The electricity generated
by the solar cell panel 120 is output from a power output terminal 141 of the
receptacle 140 provided on the side of the main body 110. The receptacle 140 will
now be described hereinafter.

The temperature sensor 180 serves to measure the temperature of the solar
cell panel 120. The temperature sensor 180 is installed on the solar cell panel 120.
Preferably, the temperature sensor 180 is installed on a side portion or lower portion
of the solar cell panel 120. In this instance, the temperature sensor 180 directly
measures the temperature of the solar cell.

The heat sink 170 is installed on the lower portion of the solar cell panel 120
to come in contact with the solar cell panel 120 (for example, the heat sink is bonded
to the solar cell panel 120 by an thermal adhesive), so that the heat sink 170
receives the heat from the solar cell panel 120. The heat sink 170 is maintained at
the same temperature as that of the solar cell panel 120. The temperature of the
solar cell panel is indirectly measured by installing the temperature sensor 180 on the
heat sink 170. Consequently, the temperature sensor 180 may be installed on the
side portion or lower portion of the solar cell panel 120 or the heat sink 170. In a
case where the heat sink 170 is not provided, the temperature sensor 180 is instalied
on the side portion or lower portion of the solar cell panel 120.

The cooling means serves to cool the solar cell panel 120 by compulsorily
feeding a cooling fluid between the solar cell panel 120 and the bottom surface of the
main body 110 (if the heat sink is not provided) or the heat sink 170 and the bottom

surface of the main body 110 (if the heat sink is provided). The cooling means cools

11
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the solar cell panel 120 by compulsorily feeding the cooling fluid if the temperature
detected by the temperature sensor 180 is more than a preset temperature, thereby
effectively preventing the overheating of the solar cell panel 120. An efficiency of

power generation is increased when the temperature of the solar cell panel 120 is

maintained in the range of 20C to 26C, preferably 25TC. Preferably, the preset
temperature to react the temperature sensor 180 is more than 26 C.

The cooling means is installed in such a manner that the cooling means
comes in thermally contact with the solar cell panel 120 or the heat sink 170, as
shown in FIGs. 3to 5. The cooling means has a cooling pipe 150 through which the
cooling fluid flows. The cooling fluid consists of a mixture mixed with a coolant and
an ahtifreezer. In a case where there is no freezing, the cooling fluid may include
only a coolant. As shown in FIGs. 4 and 5, the cooling pipe 150 is placed on the
lower portion of the heat sink 170 in a thermally contact manner to perform heat
exchange with the heat sink 170. In a case where the heat sink 170 is not provided,
the cooling pipe 150 is placed on the lower portion of the solar cell panel 120 in a
thermally contact manner to perform heat exchange with the solar cell panel 120.

Also, the cooling pipe 150 penetrates the space formed between the solar
cell panel 120 or the heat sink 170 and the bottom surface of the main body 110.
Preferably, an inlet port and an outlet port are formed on both sides of the main body
110. In this instance, its both ends, that is, the inlet port and the outlet port, are
exposed outwardly from the both sides of the main body 110, as shown in FIG. 3. In
particular, it is preferably that the inlet port and the outlet port of the cooling pipe 1560
exposed from the main body 110 have different diameter.

For example, the inlet port of the cooling pipe 150 which is positioned at a

lower portion when viewing the FIGs. 3 and 5 has a small diameter, while the outlet

12
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port of the cooling pipe 150 which is positioned at an upper portion when viewing
FIGs. 3 and 5 has a large diameter. When two solar cell modules 100a are
connected to each other in series, the cooling pipes 150 of the solar cell modules
100a are jointed to each other without using an additional connector. In this
instance, a sealing (not shown) is interposed between the jointed portions of the two
cooling pipes 150 in order to prevent ieakage of the cooling fluid. |

As shown in FIG. 5, the cooling pipe 150 and the heat sink 170 can be
manufactured in modularization. By constituting the heat sinks 170 and the cooling
pipes 150 in pair, a thickness of the main body 110 is thinned, and thus the radiant
heat is quickly absorbed. The modularization can reduce the manufacturing cost
and easily extend a width of the solar cell module 100a.

A pump 331 may be provided at the cooling means in order to compulsorily
feed the cooling fluid in the cooling pipe 150. The pump 331 is communicated with
the cooling pipe 150, and compulsorily feeds the cooling fluid in the cooling pipe 150
when the temperature of the solar cell panel 120 detected by the temperature sensor
180 is more than a}preset temperature.

The receptacle 140 is installed on the side of the main body 110, as shown in
FIG. 3, and is electrically connected with the solar cell panel 120 and the temperature
sensor 180. The receptacle 140 includes an power output terminal 141 electrically
connected to the solar cell panel 120 and a sensor output terminal 143 electrically
connected to the temperature sensor 180. The receptacle 140 is respectively
provided on both opposite sides of the main body 110 which is placed at a lower
portion when viewing the drawing.

The receptacle 140 positioned at the lower portion is formed in a male type,

while the receptacle 140 positioned at the upper portion is formed in a female type,

13
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and vice versa. Preferably, the receptacles 140 have a waterproof structure in order
to improve the durability of the connection terminal when the receptacles are
connected to each other.

With the construction of the receptacles 140, when two solar cell modules
100a are connected to each other in series, the receptacles 140 provided on the
sides of the respective solar cell modules 100a are mechanically and electrically
coupled to each other, without using additional connector. Therefore, the
temperature sensors 180 and the solar cell panels 120 of two solar cell modules
100a which are placed adjacent to each other are electrically connected to each
other. Also, if two modules are placed adjacent to each other, channels for heating
or cooling the solar cell are automatically connected to each other. With the
construction, the solar cell modules are easily installed, since it is not necessary to
perform the connection operation additionally as the prior art.

When sunlight is incident onto the solar cell module 100a, the solar cells of
the solar cell panel 120 generate the electricity using a photoelectric effect. The
generated electricity is output from the power output terminal 141 of the receptacle
140. When the solar cell panel 120 is heated by the sunlight, the heat generated
from the solar cell panel 120 is conducted to the cooling pipe 150 through the heat
sink 170.

Also, if the temperature of the solar cell panel 120 is raised above a certain
temperature, the cooling means is driven to feed the cooling fluid in the cooling pipe
150. Thus, the cooling of the heat sink 170 and the solar cell panel 120 is
accelerated to prevent the overheating and deterioration of the solar cell panel 120.
Consequently, the solar cell panel 120 generates the electricity at a high efficiency at

an optimum temperature (about 257T).

14
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The cooling fluid heat-exchanged and heated by the cooling pipe will be used
for hot water supply or heating, which will be described hereinafter.

The flat lighting window 130 is substantially identical to a lighting window
provided on a conventional solar cell panel, its detailed description being omitted
herein.

FIG. 6 is a perspective view illustrating the solar cell module according to the
first embodiment of the present invention coupled to the roof panel. The solar cell
module 100 is directly mounted on the roof panel 200 of a building. In general, the
roof panel 200 is made by filling an insulator 230 such as urethane between steel
plates, and a plurality of reinforcing ribs 210 protrude from the upper surface 220 of
the roof panel to reinforce its strength. In order to mount the main body 110 onto
the roof panel, the reinforcing rib 210 is inserted in the engaging groove 115 of the
main body 110, and then the flange 111 is laid on the upper end of the reinforcing rib
210. The flange 210 is secured to the roof panel 200 by fastening waterproof
fastening members 119 to the fastening holes 113 of the flange 111, so that the solar
cell module 100 is stably and firmly mounted on the roof panel. The solar cell
modules 100 are arranged in series in such a manner that the receptacles 140 are
connected to each other. In this instance, the cooling pipes 150 are connected to
each other (see FIG. 23).

Although not shown in the drawings, the reinforcing ribs 210 are not provided
on the roof panel of the building on which the solar cell module 100 is installed, that
is, the upper surface of the roof panel is flat, long reinforcing frames are securely
placed on the upper surface of the roof panel at a certain interval to form a
protrusion, so that the main body 110 is secured by using the reinforcing frames

serving as the protrusion. The solar cell module 100 is not spaced apart from the
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roof, it does not destroy the appearance of the building and does not cause the
strength to be weaken.

FIG. 7 is a perspective view illustrating a solar cell module for a roof
according to a second embodiment of the present invention, and FIG. 8 is a cross-
sectional view taken along line B-B’ in FIG. 7. As shown in FIGs. 7 and 8, a solar
cell module 100b for a roof includes a main body 110, a solar cell panel 120, a
temperature sensor 180 and a cooling means. The solar cell module 100b may
further include a heat sink 170 and a receptacle 140.

The solar cell module for the roof according to the second embodiment of the
present invention is similar to that according to the first embodiment, except for the
cooling means. More specifically, the cooling means according to the first
embodiment is formed in a water-cooled type, while the cooling means according to
the second embodiment is formed in an air-cooled type.

Therefore, the cooling means of the solar cell module 100b according to the
second embodiment of the present invention will now be described, and the
descriptions of the solar cell panel 120, the temperature sensor 180, the heat sink
170, the receptacle 140 and the lighting window which are substantially similar to
those of the first embodiment will be omitted.

The cooling means includes a ventilation channel 151 and cooling fins 171,
as shown in FIGs. 7 and 8. The ventilation channel 151 is ensured by a space
formed between the bottom surface of the main body 110 and the solar cell panel
120 or the heat sink 170. To this end, an insulator is not filled in the empty space of
the main body 110. The ventilation channel 151 has an inlet port and an outlet port
at both sides of the main body 110, so that external air passes through the ventilation

channel 151.

16
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The ventilation channel 151 minimizes the heat conduction from the roof
panel and the bottom surface of the main body 110 to the solar cell panel 120. Also,
the cool air passing through the ventilation channel 151 cools the solar cell panel 120
and the heat sink 170 to effectively prevent the overheating of the solar cell panel
120.

The cooling fins 171 are to increase an efficiency of heat radiation of the
solar cell panel 120 or the heat sink 170. As shown in FIGs. 7 and 8, the cooling
fins are extended downwardly from the solar cell panels 120. In a case where the
heat sink 170 is provided, a plurality of cooling fins 171 are extended downwardly
from the heat sink 170, and the cooling fins 171 extended from the solar cell panel
120 or the heat sink 170 are disposed in the ventilation channel 1561. Consequently,
the heat of the solar cell panel 120 is heat-exchanged with the cool air passing
through the ventilation channel 151 by the cooling fins 171 at a wide area. Since
the solar cell panel 120 is quickly cooled, it can effectively prevent the overheating
and deterioration of the solar cell panel 120.

Also, the cooling means may include a blower 335 (see FIG. 24). The
blower 335 is communicated with the ventilation channel 151 to compulsively
circulate the air in the ventilation channel 151 when the temperature of the solar cell
panel 120 detected by the temperature sensor 180 is more than a preset level.
Consequently, it can effectively prevent the efficiency of power generation of the
solar cells from being deteriorated due to the overheating of the solar cell panel 120,
thereby preventing the deterioration of the solar cell panel 120.

The selection of the cooling means of water-cooled type (the first
embodiment) or air-cooled type (the second embodiment) for cooling the solar cell

panel 120 is depended upon the climate and solar radiation of an area in which the
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solar cell modules 100a and 100b according to the present invention are installed.
In this instance, it is preferable to consider the heat recovery and use of the cooling
fluid heated by the solar cell panel 120 and the usage thereof.

FIG. 9 is a perspective view illustrating a solar cell module for a roof
according to a third embodiment of the present invention, and FIG. 10 is a cross-
sectional view taken along line C-C’ in FIG. 9. As shown in FIGs. 9 and 10, a solar
cell module 100c for a roof according to the third embodiment of the present
invention is substantially identical to that according to the second embodiment of the
present invention, except for that the solar cell panel 120 is disposed at a certain
slope to the bottom surface of the main body 110.

More specifically, in the solar cell module for the roof according to the second
embodiment of the present invention, the solar cell panel 120 is placed in parallel
with the bottom surface of the main body 110. In this instance, when the solar cell
module 100b is installed on the roof, the solar cell panel 120 is placed at the same
slope as that of the roof. In general, the most preferable installation direction of the
solar cell module is a full south aspect in which the solar radiation is the maximum.
If the roof of the building does not have the full south aspect, the solar radiation of the
solar cell panel 120 is decreased, and thus the power generation capacity is
deteriorated.

In order to install the solar cell module on the building having other aspects
except for the full south aspect, the solar cell module is generally mounted on a beam
structure protruding from the roof. Such a mounting structure has drawbacks of
destructing the appearance of the building and being weak to a natural disaster such
as strong wind.

The solar cell module 100c according to the third embodiment of the present

18



10

15

20

25

WO 2008/143482 PCT/KR2008/002898

invention can solve the above drawbacks. As shown in FIGs. 9 and 10, the solar
cell panel 120 of the solar cell module 100c according to the third embodiment of the
present invention is placed at a certain slope to the bottom surface of the main body
110 in a certain direction. More specifically, a slope support 117 is provided on the
upper portion of the main body 110 to raise one side of the solar cell panel 120, so
that the solar cell panel 120 is supported by the slope support 117. Thus, the solar
cell panel 120 is disposed at a certain slope to a horizontal surface. Since the solar
cell modules 100c is substantially identical to the solar cell modules 100a and 100b
according to the first and second embodiments of the present invention, except for
the slope support 117 for supporting the solar cell panel 120 at a certain slope, the
detailed description thereof will now be omitted herein.

The solar cell module 100¢ having the inclined solar cell panel 120 can be
disposed at a certain slope different from a slope of the roof when it is installed on
the roof of the building. If the inclined direction and slope of the solar cell panel 120
are properly selected, the solér cell module 100c can be installed so that the solar
cell panel 120 is disposed in a full south aspect. The installed solar cell module
100c is harmonized with the building. Also, it is little affected by a strong wind and
minimizes total reflection of the sunlight to increase the solar radiation and thus
maximize the efficiency of power generation.

Since the slope of the solar cell panel 120 is increased due to the slope
(about 10° to 30°) of the roof panel of a building and an inherent slope (about 15° to
45° in one direction) of the solar cell panel 120, dust or snow is hardly accumulated
on the solar cell panel 120, and the accumulated dust or snow can be easily washed
by rain or wind. Consequently, contamination of the solar cell panel 120 is

decreased to improve the efficiency of power generation.
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FIG. 11 is a perspective view illustrating a solar cell module for a roof
according to a fourth embodiment of the present invention, and FIG. 12 is a cross-
sectional view taken along line D-D’ in FIG. 11. FIG. 13 is a perspective view
illustrating a solar cell module for a roof according to a fifth embodiment of the
present invention, and FIG. 14 is a cross-sectional view taken along line E-E’ in FIG.
13. FIG. 15 is a perspective view illustrating a solar cell module for a roof according
to a sixth embodiment of the present invention, and FIG. 16 is a cross-sectional view
taken along line F-F’ in FIG. 15. FIG. 17 is a perspective view illustrating
components inside the solar cell module in FIG. 15. FIG. 18 is a perspective view
illustrating a lighting window of the solar cell module in FIG. 15, and FIG. 19 is a
cross-sectional view taken along line G-G’ in FIG. 18. FIGs. 20 and 21 are
schematic views illustrating a light condensing state when sunlight is incident on the
solar cell module in FIG. 15.

As shown in FIGs. 11 to 21, solar cell modules 100d, 100e and 100f for a roof
according to the fourth to sixth embodiments of the present invention have an
improved construction to protect the solar cell panel 120, prevent contamination, and
increase an amount of light coupled into solar cells. Unlike the solar cell module for
the roof according to the first to third embodiments of the present invention, round
lighting windows 190a and 190b are installed on the upper portion of the main body
in order to close and seal the solar cell panel 120.

The round lighting window 190a can be applied to the solar cell modules
100a, 100b and 100c according to the first to third embodiments of the present
invention. Since the solar cell module according to the fourth embodiment of the
present invention is substantially identical to those according to the first to third

embodiments of the present invention, except for the round lighting window 190a, its
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description will be omitted, but the round lighting window 190a will now be described
herein.

As shown in FIGs. 11 and 12, the lighting window 190a is made by bending
and shaping a low-iron tempered glass in an oval shape when viewing at a side and
attaching a flat glass to both sides and lower end of the shaped tempered glass. Of
course, the lighting window 190a has an opened lower portion. Since the lighting
window 190a is formed in a round construction, it resists external shock such as large
hailstones, as compared with a flat lighting window. Also, since it is possible to
make the lighting window in a thin thickness, the lighting window can be lightened.

The round lighting window 190a is installed on the upper portion of the main
body to be positioned over the solar cell panel 120. The solar cell panel 120 is
closed and sealed, thereby preventing the solar cell panel 120 from coming in contact
with the exterior. Since the round lighting window 190a has a round external
surface, dust or snow is hardly accumulated on the round lighting window 190a, and
the accumulated dust or snow can be easily washed by rain or wind. Consequently,
the round lighting window 190a can prevent contamination of the solar cell panel 120
and prevent the light receiving capability and the efficiency of power generation from
being deteriorated, as compared with a general flat lighting window 130 closing the
solar cell panel 120. The solar cell module 100d according to the fourth
embodiment of the present invention is suitable to ensure a sufficient solar radiation
in areas suffering from yellow sand, atmosphere contamination or deep snow.

Referring to FIGs. 13 to 21, solar cell modules 100e and 100f according to
the fifth and sixth embodiments of the present invention are provided with a function
of condensing the sunlight on thé solar cell panel 120 to increase the solar radiation.

More specifically, the lighting windows 190b of the solar cell modules 100e and 100f
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are formed in a semi-cylindrical shape in order to effectively condense the sunlight on
the solar cell panels 120 disposed at a center portion of the solar cell module. In
this instance, the solar cell panel 120 is disposed at the upper center portion of the
main body 110, and a Fresnel lens pattern is formed on an inner surface 191 of the
lighting window 190b to refract the sunlight. The Fresnel lens is a lens that a
surface of the lens is machined in muitiple segments to reduce a thickness of the
lens, and each segment has a prism function to decrease aberration. The fifth
embodiment of the present invention is substantially identical to the sixth embodiment
of the present invention, except for an engaging groove 115 formed on the bottom
surface of the main body 110.

The inner surface 191 of the semi-cylindrical lighting window 190b is
machined in a stepped shape to form multiple segments, as shown in FIGs. 13 to 16.
The light passing through the lighting window 190b is refracted by the machined inner
surface 191, and then is focused on the upper center portion of the main body 110.
A part of the sunlight reflected from the surface of the solar cell panel 120 is reflected
by the inner surface 191 of the lighting window 190b, and then is again incident on
the solar cell panel 120. with the above construction, the efficiency of power
generation of the solar cell panel 120 is improved.

Since the lighting window with the Fresnel lens pattern condenses the
incident sunlight on the upper center portion of the main body 110, a size of the solar
cell panel 120 can be reduced, as shown in FIGs. 13 to 16. More specifically, even
though the solar cell panel 120 is disposed on the upper center portion of the main
body 110, the power generating capability is improved by the lighting window 190b
with the Fresnel lens pattern having the function of condensing and reflecting the

light. Consequently, it is possible to reduce an amount of the expensive solar cells
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by downsizing the solar cell panel 120.

In addition, by installing reflectors 195 on both sides of the downsized solar
cell panels 120, as shown in FIGs. 13 to 16, the power generating capability of the
solar cell panel 120 is further improved. Specifically, the sunlight, that passes
through the semi-cylindrical lighting window 190b or is reflected by the inner surface
191 of the lighting window 190b and then is incident on a position slightly deviated
from the solar cell panel 120, is reflected by the reflector 195 and the inner surface
191 of the lighting window 190b, and then is incident on the solar cell panel 120,
thereby improving the power generating capability of the solar cell panel 120.

More specifically, it is preferably that the reflector 195 is disposed at a certain
slope in such a manner that one portion of the reflector 195 adjacent to the solar cell
panel 120 is placed at a position lower than the other portion far away from the
reflector 195. The reflector 195 reflects the sunlight that is incident around the solar
cell panel 120 through the lighting window 190b, to the inner surface 191 of the
lighting window 190b. The light reflected from the reflector 195 is again reflected by
the inner surface 191 of the lighting window 190b, and then is incident on the solar
cell panel 120.

Preferably, the reflector 195 is made of a material having high reflectivity and
thermal conductivity.

Preferably, the reflector 195 is formed in a wedge shape, as shown in FIG.
16, so that the portion of the reflector 195 contacting the heat sink 170 has a
thickness thicker than the portion far away from the heat sink 170. With the
construction, a contact area of the reflector 195 and the heat sink 170 is enlarged to
quickly conduct the heat absorbed by the reflector 195 to the heat sink 170.

The lighting window 190b includes, as shown in FIGs. 18 to 19, in particular,
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FIGs. 18 and 19, a first condenser 192 and a second condenser 193, in order to
improve an efficiency of condensing the light on the solar cell panel 120. The first
condenser 192 is installed on the upper portion of the main body 110, and has an
area wider than that of the solar cell panel 120. A Fresnel lens pattern is formed on
the inner surface of the first condenser 192 to refract the light. The second
condenser 193 is installed in the inside of the first condenser 192 to cover the solar
cell panel 120, and a convex lens is formed on the inner surface of the second
condenser 193 to refract the light.

With the above construction, the light passing through the first condenser 192
is refracted towards the inside to condense the light towards the solar cell panel 120.
Further, the light reflected by the reflector 195 is reflected by the machined inner
surface 120, and then is incident on the solar cell panel 120. Therefore, it increases
an incident rate of the sunlight towards the solar cell panel 120.

The second condenser 193 has a flat bottom surface, and a top surface
formed in a planoconvex lens, in which the flat bottom surface is disposed on the
solar cell panel 120. The second condenser 193 secondarily condenses the
sunlight refracted by the first condenser 192, or condenses the reflected light onto
the solar cell panel 120, thereby further improving the incident rate of the sunlight
towards the solar cell panel 120.

The first condenser 192 may be formed in an integral condenser by
machining or forming the inner surface of one semi-cylindrical body. As shown in
FIG. 19, after flat surfaces of multiple planoconvex lenses a, b and c are cut, the
lenses are coupled to each other so that the cut surfaces face towards the inside to
form one semi-cylindrical condenser.

Preferably, the space formed between the first condenser 192 and the
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second condenser 193 is sealed, and the sealed space is maintained in a substantial
vacuum state. The expression ‘vacuum’ or ‘substantial vacuum’ means a full or
almost vacuum state. More specifically, a lateral plate 196 is provided on the side of
the lighting window 190b, as shown in FIG. 19. The lateral plate 196 connects the
lateral end of the first condenser 192 with the lateral end of the second condenser
193 to seal the side of the lighting window 190b. A bottom plate 194 is disposed
under the lighting window 190b to connect the lower end of the first condenser 192
with both ends of the second condenser 193 and thus seal the lower portion of the
lighting window 190b. The lighting window 190b is completely sealed, and the
interior thereof forms a substantial vacuum. Consequently, the interior of the lighting
window 190b is not contaminated to sufficiently secure an amount of the light incident
on the solar cell panel 120, although it is used for a long time.

The operation of condensing the sunlight on the solar cell panel 120 will now
be described with reference to FIGs. 20 and 21.

As shown in FIG. 20, if the sunlight is vertically incident on the solar cell
module 100, the sunlight entering onto the center portion of the first condenser 192 is
primarily refracted at the center portion of the first condenser 192, and then is
condensed on the second condenser 193. The sunlight entering onto the second
condenser 193 is finely refracted and condensed on the solar cell panel 120.

After the sunlight entering onto the left and right sides of the first condenser
192 is refracted at the sides of the first condenser 192, and then a part of the
refracted sunlight enters onto the second condenser 193, and the remainder
irradiates on the reflector 195. The sunlight irradiating on the reflector 195 is
reflected by the reflector 195, and then is reflected by the inner surface 195 of the

first condenser 192. The light reflected by the inner surface of the first condenser
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192 at an incidence angle which is within a critical angle enters onto the second
condenser 193. Consequently, a lot of sunlight and reflected light enter the solar
cell panel 120 through the solar cell panel 120, thereby improving the efficiency of
the power generation of the solar cell panel 120.

As shown in FIG. 21, if the sunlight enters onto the solar cell module 100 at a
slope, the sunlight incident on the side of the first condenser 192 at a slope is
refracted by the first condenser 192. A part of the sunlight enters onto the second
condenser 193, and then enters onto the solar cell panel 120, while the remainder
enters onto the reflector 195. After the sunlight entering on the reflector 195 is
reflected, it directly enters onto the second condenser 193, or is reflected by the inner
surface 191 of the first condenser 192 which is positioned opposite to a position on
which the sunlight is reflected, and then enters onto the second condenser 193.
Since the sidelight of sun direction and the reflected light opposite to the sun
direction are evenly incident on the solar cell panel 120, the power generation of the
solar cell panel 120 can be stably obtained, irregardless of position change of the
sun.

In a case where it is installed on the roof having a full south aspect to obtain
sufficient solar radiation or the sun is positioned at meridian altitude, the sunlight
enters onto the solar cell panel 120, as described above with reference to FIG. 20, to
improve the capability to convert the electricity in the solar cell modules 100e and
100f. In a case where it is not installed in the full south aspect or it is by the morning
or evening, the incidence amount of the sunlight is remarkably reduced. However,
the solar cell modules 100e and 100f reflects the sidelight in the lighting window 190b
several times to condense it onto the solar cell panel 120, thereby improving the

capability to convert the electricity.
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FIG. 22 is a perspective view illustrating the solar cell module in FIG. 15
coupled to the roof panel. The solar cell module according to this embodiment is
substantially identical to the fifth embodiment of the present invention, except for that
the engaging groove 115 is formed on the bottom surface of the main body 110.
Since the construction, in that after the flange 111 of the main body 110 is laid on the
upper end of the reinforcing rib 210 of the roof panel, the flange 210 is secured to the
roof panel 200 by fastening waterproof fastening members 119 to the fastening holes
113 of the flange 111, and in that the cooling pipe 150 is connected to the receptacle
140, is similar to each other, its detailed description will be omitted herein.

FIGs. 23 to 25 are schematic views illustrating various constructions of a
solar energy collecting apparatus using the solar cell module according to the present
invention. FIGs. 23 and 25 show solar energy collecting apparatuses using the
water-cooled solar cell modules 100a and 100f, and FIG. 24 shows a solar energy
collecting apparatus using the air-cooled solar cell module 100b.

The solar energy collecting apparatus using the water-cooled solar cell
module includes, as shown in FIGs 23 and 25, an electricity conversion device 310,
heat sink control parts 320 and 330, and heat recovery parts 332, 340 and 350. The
solar energy collecting apparatus shown in FIG. 23 is substantially identical to that
shown in FIG. 25, except for the lighting window of the solar cell module, i.e., the flat
lighting window and the round lighting window.

The electricity conversion device 310 is electrically connected to the solar cell
panel 120 to convert the electricity generated from the solar cell panel 120 into a
commercial electric power. The heat sink control part drives the cooling means
when a temperature sensed by the temperature sensor 180 exceeds a specified

temperature.
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The heat sink control part includes, as shown in FIG. 23, a temperature
detecting part 320 connected to the temperature sensor 180, and a heat exchange
control part 330 electrically connected to the temperature detecting part 320 and the
pump 331 to drive the pump 331 when the detected temperature exceeds a specified
temperature. If the pump 331 is driven by the heat exchange control part 330, the
cooling fluid is compulsorily fed through the pipe line 155 and the cooling pipe 150.
Consequently, the solar cell panel 120 is cooled to prevent the overheating and
deterioration of the solar cell panel 120 and thus improve the durability.

The heat recovery part includes a cooling fluid tank 340 storing the cooling
fluid, a hot water tank 350 connected to the cooling fluid tank 340, and a pump 332
interposed between the cooling fluid tank 340 and the hot water tank 350. The
cooling fluid stored in the cooling fluid tank 340 is fed by the pump 331 to cool the
solar cell panel 120, and then is recovered to the cooling fluid tank 340 after its
temperature is raised. Accordingly, the temperature of the cooling fluid stored in the
cooling fluid tank 340 is gradually raised. The heat of the hot cooling fluid may be
used for heating, but is heat-exchanged with the hot water tank 350. To this end,
the cooling fluid tank 340 is provided with a heat exchanger (not shown) for heat-
exchanging the water stored in the hot water tank 350 with the cooling fluid stored in
the cooling fluid tank 340. The pump 332 circulates the hot water through the hot
water tank and the heat exchanger. Consequently, the hot water stored in the hot
water tank 350 is heated, and the hot water is used for the heating or the hot water
supply. In a case where the cooling fluid stored in the cooling fluid tank 340 is
directly used for the heating, the pump 332 and the hot water tank 350 may be
omitted.

The solar energy collecting apparatus shown in FIG. 24 is installed in an area
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that is not suitable to the water-cooled manner, and includes an electricity conversion
device 310, heat sink control parts 320 and 330, and a heat recovery part 360. Since
the electricity conversion device 310 is identical to that shown in FIG. 23, its
description will be omitted.

The heat sink control part includes a temperature detecting part 320 and a
heat exchange control part 330, in which the functions thereof are identical to those
described with reference to FIG. 23. However, the heat exchange control part 330
according to the embodiment of the present invention shown in FIG. 24 controls the
operation of the blower 335 installed in a ventilation duct 157 which is connected to
the ventilation channel 151. If the temperature of the solar cell panel 120 exceeds a
specified temperature, the blower 335 is driven under the control of the heat
exchange control part 330, so that the cooling air is fed in the ventilation channel 151
to cool the solar cell panel 120.

The hot air heated by the solar cell panel 120 may be discharge outwardly, or
may be recovered by the heat recovery part 360, as shown in FIG. 24. The heat
recovery part 360 may be a tank for storing the hot air, a heat exchanger for
performing heat exchange with the hot air, or a combination thereof. That is, the
heat recovery part 360 recovers the heat from the air heated by the solar cell panel
120, and uses the heat for the purpose of the heating or drying.

As described above, the solar cell module 100 for the roof and the solar
energy collecting apparatus using the same are constituted to generate the electricity
using the solar energy and to recover the radiant heat from the fluid used to cool the
solar cells, which can improve the energy productivity.

In the solar cell module according to the present invention, if the temperature

of the solar cell exceeds a specific level, the solar cell is compulsorily cooled.
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Consequently, the present invention maintains the solar cell at the optimum
temperature to improve the efficiency of power generation and prevent deterioration
of the solar cell, thereby improving the durability of the solar cell.

In addition, since the solar cell module according to the present invention is
covered by a round lighting window with the Fresnel lens formed on the inner surface
thereof, it can improve the power generating capability by condensing the sunlight
onto the center portion of the module.

Since double condensers are disposed on the solar cell panel, the sunlight is
condensed onto the solar cell panel at the center portion of the module to improve
the power generating capability. Also, the expensive solar cell panel can be

downsized to decrease the manufacturing cost thereof.

Industrial Applicability

As can-be seen from the foregoing, since the solar cell module for the roof
according to the present invention improves the power generating capability and the
durability, it can contribute to the industry of solar energy as a clean energy source.

While this invention has been described in connection with what is presently
considered to be the most practical and preferred embodiments, it is to be
understood that the invention is not limited to the disclosed embodiment and the
drawings. On the contrary, it is intended to cover various modifications and variations

within the spirit and scope of the appended claims.
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Claims

1. A solar cell module for a roof, comprising:

a main body mounted on a roof panel;

a solar cell panel arranged apart from a bottom surface of the main body;

a temperature sensor installed on the solar cell panel to measure a
temperature thereof; and

cooling means for cooling the solar cell panel by compulsorily making cooling

fluid flow between the solar cell panel and the bottom surface of the main body.

2. The solar cell module as claimed in claim 1, wherein an engaging groove
is formed on the bottom surface of the main body to receive a protrusion of the roof
panel, and the solar cell panel is disposed at a certain slope to the bottom surface of

the main body in one direction.

3. The solar cell module as claimed in claim 1, wherein an insulator material
is filled in an interior of the main body to prevent radiant heat from being conducted

to the solar cell panel from the bottom surface of the main body and the roof panel.

4. The solar cell module as claimed in claim 1, wherein a heat sink is installed
on a power portion of the solar cell panel to come in contact with the solar cell panel,
so that the heat sink receives the heat from the solar cell panel, and a temperature
sensor is installed on a side portion or lower portion of the solar cell panel or the heat

sin.
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5. The solar cell module as claimed in claim 4, wherein the cooling means is
installed in such a manner that the cooling means comes in thermally contact with the
heat sink, and has a cooling pipe through which a cooling fluid flows, an inlet port and

an outlet port being formed on both sides of the main body.

6. The solar cell module as claimed in claim 5, wherein the cooling means
includes a pump communicated with the cooling pipe to compulsorily feed the cooling
fluid in the cooling pipe when a temperature detected by the temperature sensor

exceeds a specific level.

7. The solar cell module as claimed in claim 4, wherein the cooling means
includes a ventilation channel interposed between the bottom surface of the main
body and the heat sink and having an inlet port and an outlet port at both sides of the

main body.

8. The solar cell module as claimed in claim 7, wherein the cooling means
further includes a plurality of cooling fins extended downwardly from the heat sink

and disposed over the ventilation channel.

9. The solar cell module as claimed in claim 8, wherein the cooling means
further includes a blower communicated with the ventilation channel to compuisively
circulate air in the ventilation channel when a temperature of the solar cell panel

detected by the temperature sensor exceeds a specific level.

10. The solar cell module as claimed in claim 1, further comprising a
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receptacle installed on a side of the main body and electrically connected with the
solar cell panel and the temperature sensor, and wherein when two or more solar cell
modules are disposed adjacent to each other, the receptacle electrically connects the

solar cell panel and a temperature sensor of each solar cell module.

11. The solar cell module as claimed in claim 1, further comprising a round
lighting window installed on an upper portion of the main body to close and seal the

solar cell panel.

12. The solar cell module as claimed in claim 11, wherein a Fresnel lens
pattern is formed on an inner surface of the lighting window to refract sunlight, the
solar cell panel is positioned on an upper center portion of the main body, and
reflectors are on both sides of the solar cell panel to reflect the sunlight entering

around the solar cell panel towards the inner surface of the lighting window.

13. The solar cell module as claimed in claim 12, wherein the lighting window
includes a first condenser and a second condenser, in which the first condenser is
installed on the upper portion of the main body, and has an area wider than that of
the solar cell panel, a Fresnel lens pattern being formed on an inner surface of the
first condenser, and the second condenser is installed in the first condenser to cover
the solar cell panel, a convex lens being formed on an inner surface of the second
condenser, and wherein the sunlight reflected by the reflector towards the inner
surface of the first condenser is again reflected by the inner surface of the first
condenser, is refracted by the second condenser, and is condensed onto the solar

cell panel.
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14. The solar cell module as claimed in claim 13, further comprising a heat
sink installed on a power portion of the solar cell panel to come in contact with the
solar cell panel, and a temperature sensor installed on a side portion or lower portion
of the solar cell panel or the heat sin, wherein the cooling means includes a pump
communicated with the cooling pipe to compulisorily feed the cooling fluid in the
cooling pipe when a temperature detected by the temperature sensor exceeds a

specific level.

15. An apparatus for collecting solar energy using a solar cell module for a
roof recited in any one of claims 1 to 14, comprising:
a conversion device electrically connected to a solar cell panel to convert
electricity generated from the solar cell panel into a commercial electric power;
a heat sink control part for driving the cooling means when a temperature
sensed by the temperature sensor exceeds a specified temperature; and
a heat recovery part for recovering heat energy from the cooling fluid of which

the temperature has been heightened after cooling the solar cell panel.
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