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LUMINESCENT SOLAR ENERGY CONCENTRATOR WITH A NEW
ARCHITECTURE

TECHNICAL FIELD OF THE INVENTION

The invention relates to a luminescent concentrator. For example, the
luminescent concentrator may be used in connection with solar energy in order to
concentrate incident solar light for subsequent conversion in a photovoltaic system.
BACKGROUND OF THE INVENTION

In order to reduce the costs of solar energy generation in photovoltaic

systems, it is desirable to make efficient use of the most expensive part of the system,

namely the photovoltaic cell (for example, by providing increased current generation by

using larger light fluxes). Conventionally, this is done by using large light-focusing
solar concentrators.

For example, luminescent solar concentrators are used in connection
with waveguides in this technical field. Basically, these luminescent concentrators
consist of a large glass plate doped with fluorescent dye molecules. The dyes absorb
light of specific wavelengths from the solar light incident upon it, and re-emit the light
in all directions at longer wavelengths. A portion of this light is emitted within the
critical angle of the supporting waveguide and is totally internally reflected and
transported to the photovoltaic module of the photovoltaic system.

However, these luminescent concentrators presently show poor
efficiency originating from a high re-absorption of the emitted light, from a poor
efficiency of coupling light into the waveguide and from a poor efficiency in keeping
the light within the waveguide.

Currently, there is a large worldwide research activity dealing with
improvements of luminescent solar energy concentrators. Such current concentrators
usually consist of a matrix in which luminescent materials are applied. Incident solar
light is downconverted in a luminescent process as soon as it reaches the luminescent
material and can then be used in a photovoltaic module.

However, again re-absorption of converted light strongly contributes to

energy losses in these luminescent concentrators. The optical gain factors (ratio of
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incident light intensity and light intensity received by the photovoltaic module) that can
be achieved are limited by these re-absorption effects. With respect to the current
luminescent concentrators, re-absorption effects occur in the luminescent materials, and
additionally the matrix itself may also negatively affect the optical gain factors by

optical absorption in the matrix.

SUMMARY OF THE INVENTION
It is therefore an object of the present invention to provide a luminescent
concentrator reducing re-absorption losses in luminescent concentrators for use in

photovoltaic systems.

The present invention solves the above problem by providing a
luminescent concentrator converting solar light passing through a filter. The light is
converted in a luminescent material and concentrated in an area between the filter and
the luminescent material.

According to the present invention, a luminescent concentrator for solar
light is provided. The luminescent concentrator comprises a wavelength-selective filter,
an energy concentrating area, and a luminescent material. The wavelength-selective
filter is adapted to pass solar light and to reflect light emitted by the luminescent
material.

A wavelength-selective filter may be a multilayer interference filter or a
photonic band-stop filter. For example, the wavelength-selective filter may be a mirror
transparent at specific wavelengths and reflective at other wavelengths of incident light,
optionally with polarization selectivity. In particular, the wavelength-selective filter
allows incident solar light passing through, but reflects converted light emitted from the
luminescent material because of the different wavelengths of these two kinds of light.
For example, the wavelength of the converted/emitted light from the luminescent
material is larger than the wavelength of the incident solar light previously passing the
filter. Wavelength-selective mirrors are further explained in, for example, US
2009/0044861 Al.

An energy concentrating arca may be an air gap or may contain a

vacuum or may be or consist of any other material (essentially and/or significantly) not
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affecting the concentrating of (converted) light passing through the energy
concentrating area. For example, the energy concentrating area does not contain or
consist of a material (e.g. significantly) absorbing incident light. In other words, the
energy concentrating area is essentially empty (i.e. free of a
material/component/configuration negatively affecting (for example, by absorbing at
least parts of the light present in the energy concentrating area) the concentration and/or
reflection of light). In a particular embodiment, the area may provide the same (or an
even larger) thickness as the luminescent material arranged below the energy
concentrating area.

Due to the presence of the energy concentrating gap which does not
contain or consist of a material absorbing light, energy losses of the converted light to
be concentrated in the arca are decreased or even minimized. Thus, the luminescent
concentrator may advantageously enhance the overall output of a solar cell/photovoltaic
device connected to the area.

A luminescent material is adapted to emit light upon absorption of light
or other radiation of sufficient quantum energy and covers both, fluorescence and
phosphorescence. For example, the luminescent material contains a plurality of
luminescent dye molecules. In a particular embodiment, the luminescent material is not
embedded within a (polymeric) matrix, but the luminescent material is directly
deposited or sputtered onto a substrate as, for example, onto a reflective structure as
discussed below.

The omission of any matrix into which the luminescent material is
immobilized may advantageously avoid any further re-absorption of the incident and/or
converted light by the matrix while the light is concentrated in the energy concentrating
arca between the filter and the luminescent material. Hence, any energy losses are
further decreased.

In a particular embodiment, the luminescent material may comprise line
emitters, i.e. phosphorescent or fluorescent materials of which the spectral width of the
emission peak is narrow, preferentially below 30 nm. The use of such line emitters may
be advantageous, since reflections at very wide angular ranges are possible within the
energy concentrating area.

In a particular embodiment, the luminescent material may be a

luminescent layer.
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A “layer” of luminescent material may provide a uniform thickness and a
plane-like surface. For example, the thickness of the luminescent layer may be less than
100 pum, preferably less than 20 um.

In a particular embodiment, the luminescent layer may be a layer
arranged on a reflective structure.

A reflective structure is a structure adapted to reflect incident solar light.
Particularly, a reflective structure reflects at least 75%, preferably at least 90%, more
preferably at least 95% or even at least 99% of the incident light. The reflective
structure may be a metallic mirror made from e.g. aluminum or silver, or a diffuse
reflector, which may comprise, ¢.g., BaSO4 or TiO,, and/or a non-reflective structure
may be covered by a coating of such a metallic or diffuse material to provide
reflectivity. However, any other material may be used, as long as it provides reflectivity
to the structure and as long as its optical properties do not (significantly) change under
prolonged excitation with UV (ultraviolet), VIS (visible) or IR (infrared) light.

In a particular embodiment, the luminescent layer as discussed above
may be deposited on the reflective structure. For example, the luminescent layer may be
a thin luminescent film.

Deposition of the luminescent layer may be carried out in a deposition
chamber, ¢.g. in a pulsed laser deposition (PLD) chamber, or the deposition may be
carried out by means of a sputtering technique. Pulsed laser deposition is a thin film
deposition technique, for example a physical vapor deposition PVD technique, wherein
a high power pulsed laser beam is focused inside a vacuum chamber and directed
towards a target having the same composition to be deposited onto a substrate (in the
present case, the substrate may be the reflective structure as discussed above).

Deposition of the luminescent material may be advantageous, since the
deposition technique allows to ablate an exactly determined composition and a precise
density of the composition to be deposited onto a substrate (e.g. the reflective structure).
Hence, the high and well-defined quality of the luminescent material enhances the
absorption and conversion of the incident solar light.

In a particular embodiment, the luminescent layer may be formed by
coating of a suspension in which the phosphorescent or fluorescent material is dispersed
or a solution in which it is dissolved or dispersed. Such a suspension or solution may be

applied like a paint, e.g. by blade coating or by spray coating. The suspension or
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solution may contain a polymer binder. It also may contain a solvent that can be
evaporated.

In a particular embodiment, the luminescent layer may comprise a
phosphorous compound.

Phosphorous materials may be of particular interest, since they may be
stimulated by an incident light beam so that the previously stored energy (for example
due to light absorption) in the phosphorous material is emitted by luminescence. In
addition, reabsorption effects might be small.

In a particular embodiment, the luminescent concentrator may comprise
a mechanical support structure between the wavelength-selective filter and the
luminescent material.

For example, the mechanical support structure may comprise pillars
and/or spacer balls or any other geometrical structure or material adapted to
mechanically reinforce the filter and/or the luminescent material. In a particular
embodiment, the mechanical support structure is made of the same material as the
reflective structure discussed above and/or may be arranged between the reflective
structure and the wavelength-selective filter. For example, the mechanical support
structure may be pillars extending from the filter through the luminescent material to
the reflective structure.

In a particular embodiment, the mechanical support structure may
comprise a reflector material, e.g. a white reflector material as BaSQ4. For example, the
mechanical support structure, ¢.g. the pillars and/or the spacer balls may be coated with
the reflector material.

Having a reflective coating on the mechanical support structure may
further enhance the concentrating of the converted light in the energy concentrating area
and may thus further increase the overall output of a photovoltaic device connected to
the energy concentrating area.

In a particular embodiment, the mechanical support structure is arranged
in the energy concentrating area and does not (significantly/essentially) absorb any
light.

In a particular embodiment, the luminescent concentrator may further
comprise a photovoltaic device connected to the energy concentrating area.

A photovoltaic device may be a photovoltaic module or array (a
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packaged interconnected assembly of photovoltaic cells) or even a single
photovoltaic/solar cell. Solar cells use light energy (photons) from the sun to generate
electricity through the “photovoltaic effect”. For example, a solar cell may be made of a
wafer or thin film of crystalline or amorphous silicon.

Due to the connection of the luminescent concentrator to the
photovoltaic device, the incident solar light is converted to luminescent light that is
concentrated by the luminescent concentrator as discussed above and then directed to
the photovoltaic device for conversion into electricity. In doing so, an advantageous
photovoltaic system of the luminescent concentrator and the photovoltaic device is
provided, increasing the overall output of the system due to the concentration of
incident light as discussed above.

In a particular embodiment, a special means (e.g. matching-index glue)
for rendering optical the connection of the luminescent concentrator to the photovoltaic
device is not used between the luminescent concentrator and the photovoltaic device.

According to the present invention, a method for concentrating solar
light is provided. The method comprises the steps of (a) passing incident solar light
through a wavelength-selective filter and an energy concentrating area onto a
luminescent material, and (b) converting the incident solar light in the luminescence
material to light having a wavelength reflectable by the wavelength-selective filter. The
method further comprises a step (c) of concentrating the converted light in a pre-
determined area arranged between the wavelength-selective filter and the luminescent
material.

In a particular embodiment, the wavelength-selective filter, the energy
concentrating area, and the luminescent material have the same features as described
above in connection with the luminescent concentrator of the invention. That means
that features and their explanations mentioned with respect to the luminescent
concentrator may also be applied to the method of the invention and vice versa.

In a particular embodiment, the pre-determined area may be the energy
concentrating area.

For example, the incident solar light passes through the wavelength-
selective filter and the energy concentrating area onto the luminescent material, is
converted, and then emitted (back) into the energy concentrating area to be

concentrated and directed to, ¢.g., a photovoltaic device.
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In a particular embodiment, and as discussed above, the pre-determined
area may be an air gap or may comprise a vacuum.

In a particular embodiment, the step of concentrating the converted light
may comprise a step of (c1) reflecting the converted light between the wavelength-
selective filter and a reflective structure arranged on the luminescent material opposite
to the pre-determined area.

In a particular embodiment, the method may further comprise a step (d)

of directing the concentrated converted light to/onto a photovoltaic device.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 schematically shows the general configuration of an embodiment
of a luminescent solar energy concentrator according to the invention; and

Fig. 2 schematically shows an embodiment of a luminescent solar energy

concentrator with a stabilizing structure according to the invention.

DETAILED DESCRIPTION OF EMBODIMENTS

Fig. 1 schematically shows a configuration of an embodiment of a
luminescent concentrator 10. The luminescent concentrator 10 comprises a wavelength-
selective filter 12, a luminescent material 14 and an energy concentrating area 18, for
example an air gap, therebetween. In the embodiment, the filter 12 is arranged at the top
of the concentrator 10 so that incident solar light 20 can optimally reach the filter 12. A
part of the incident solar light 22 passes through the filter 12 and the area 18 onto
and/or into the luminescent material 14. This part 22 is absorbed by the luminescent
material 14 and converted to converted light 24. For example, a large Stokes Shift
between absorbed light 22 and emitted/converted light 24 may be provided so that the
converted light 24 provides for a larger wavelength than the solar light 22. The
converted light 24 is then concentrated in the area 18 between the filter 12 and the
luminescent material 14. In particular, a reflective structure 16 may be provided at the
lower part or the bottom of the concentrator 10 below the luminescence material 14 in
order to provide for the concentrating of the light 24 in area 18, and the filter 12 at the
upper part/top of the concentrator 10 may also be adapted to reflect the converted light
24 having a larger wavelength than the incident light 20 which passed the filter 12
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before. Hence, the area 18 may function as a light guide directing the converted light 24
by means of multiple reflections to a photovoltaic device 30.

Fig. 2 schematically shows another embodiment of a luminescent
concentrator 10. In particular, the luminescent concentrator 10 may provide the same
features as the luminescent concentrator 10 as discussed with reference to Fig. 1, but
may additionally comprise spacer balls and/or pillars 17 as support structure(s) in the
arca 18 between the filter 12 and the luminescent material 14. Similar to the above
embodiment in Fig. 1, the luminescent concentrator 10 comprises a wavelength-
selective filter 12, a luminescent material 14, and an energy concentrating area 18
between the luminescent material 14 and the filter 12. Solar light 21 passing through the
filter 12 and the area 18 is absorbed by the luminescent material 14 and converted to a
light 24 having a larger wavelength than the filtered solar light 22. The converted light
24 is then concentrated in the area 18. A reflective structure 16 at the bottom of the
concentrator 10 is arranged below the luminescence material 14 and provides for the
concentrating of the light 24 in area 18, together with the filter 12 at the top of the
concentrator 10: the filter 12 is a wavelength-selective filter and is adapted to reflect the
converted light 24, whereas a part 22 of the incident light 20 can pass through the filter
12, depending on the different wavelengths of the incident light 20 and the converted
light 24. Finally, the converted light 24 is directed to a photovoltaic device 30 for
converting the light 24 into electricity. It is to be understood that one essential feature of
the current invention is the omission of a waveguide for guiding light to the
photovoltaic device 30 as part of the luminescent concentrator 10 as is described in the
documents of the prior art. This feature shows the advantage of a higher light efficiency
as the prior art waveguide absorbs light. Instead, the light is guided and reflected by the
wavelength-selective filter 12 and the luminescent material 14 as described and shown
in the Figs. Further, the waveguide is apart from guiding light also used as a mechanical
support structure in prior art. Therefore, the provision of a mechanical support structure
17 within the luminescent concentrator 10 as an example of the invention is
advantageous for stability of the luminescent concentrator 10 described.

While the invention has been illustrated and described in detail in the
drawings and foregoing description, such illustration and description are to be
considered illustrative or exemplary and non-restrictive; the invention is thus not

limited to the disclosed embodiments. Variations to the disclosed embodiments can be
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understood and effected by those skilled in the art and practicing the claimed invention,
from a study of the drawings, the disclosure, and the appended claims. In the claims, the
word “comprising” does not exclude other elements or steps, and the indefinite article
“a” or “an” does not exclude a plurality. A single processor or other unit may fulfill the
functions of several items recited in the claims. The mere fact that certain measures are
recited in mutually different dependent claims does not indicate that a combination of
these measures can not be used to advantage. Any reference signs in the claims should

not be considered as limiting the scope.
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CLAIMS:

1. Luminescent concentrator (10) for solar light (20), comprising in the

following order:

(a) a wavelength-selective filter (12);

(b) an energy concentrating area (18); and

(c) a luminescent material (14),

wherein the wavelength-selective filter (12) is adapted to pass the solar

light (20) and to reflect light emitted by the luminescent material (14).

2. Luminescent concentrator of claim 1, wherein the energy

concentrating area (18) is essentially empty.

3. Luminescent concentrator of claim 1, wherein the energy

concentrating area (18) is an air gap.

4. Luminescent concentrator of claim 1, wherein the energy

concentrating area (18) contains a vacuum.

5. Luminescent concentrator of claim 1, wherein the [uminescent

material (14) is a luminescent layer.

6. Luminescent concentrator of claim 5, wherein the luminescent layer

(14) 1s a layer arranged on a reflective structure (16).

7. Luminescent concentrator of claim 5, wherein the luminescent layer

(14) comprises a phosphorous compound.
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8. Luminescent concentrator of claim 1, wherein the wavelength-

selective filter (12) is a photonic band-stop filter, e.g. a multilayer interference filter.

9. Luminescent concentrator of claim 1, wherein the luminescent
concentrator (10) comprises a mechanical support structure (17) between the

wavelength-selective filter (12) and the luminescent material (14).

10. Luminescent concentrator of claim 9, wherein the mechanical
support structure comprises pillars (17) and/or spacer balls, preferably comprising a

reflector material.

11. Luminescent concentrator of one claim 1, further comprising a

photovoltaic device (30) connected to the energy concentrating area (18).

12. Method for concentrating solar light, comprising the steps of:

(a) passing incident solar light (20) through a wavelength-selective filter
(12) and an energy concentrating area (18) onto a luminescence material (14);

(b) converting incident solar light (22) in the luminescent material (14) to
light having a wavelength reflectable by the wavelength-selective filter (12); and

(c) concentrating the converted light (24) in a pre-determined area (18)

arranged between the wavelength-selective filter (12) and the luminescence material

(14).

13. Method of claim 12, wherein the pre-determined area (18) is an air

gap or comprises a vacuum.

14. Method of claim 12, wherein the step of concentrating the converted
light (24) comprises a step of:

(c1) reflecting the converted light (24) between the wavelength-selective
filter (12) and a reflective structure (16) arranged on the luminescent material (14)

opposite to the pre-determined area (18).
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15. Method of one of claims 12, further comprising the step of:

(d) directing the concentrated converted light (24) to a photovoltaic
device (30).
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