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A hybrid solar energy converter
in that the selective concave mirror (1) is reflective for
infrared (IR) radiation of electromagnetic waves of wavelength greater than 1,1 mm and is transparent to ultraviolet (UV), visible (VIS) and near-infrared (NIR) radiation
of wavelength from 0,72 to 1,1 mm; and the photovoltaic
cells (5) are located such that they cover the area of the
projection of the whole surface of the concave mirror (1).
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A hybrid converter of solar energy, the converter
comprising: a selective concave mirror (1) configured to
focus solar radiation; a thermoelectric module (3) located
at a focus point of the concave mirror (1); a radiator (4)
for cooling the working liquid flow adjacent to a cold surface of the thermoelectric module (3); and a set of photovoltaic cells (5) located behind the concave mirror (1)
with respect to the sun; the converter being characterized
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Description
TECHNICAL FIELD
[0001] The present invention relates to conversion of
solar energy to electric energy by a hybrid converter with
photovoltaic cells and thermoelectric modules.
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BACKGROUND
10

[0002] Approximately half of the energy of full spectrum
of solar radiation is comprised in ultraviolet (UV) and visible (VIS) frequencies, while the remaining part is comprised in near infrared (NIR) and mid-wavelength infrared
(MWIR) frequencies. Photovoltaic cells, utilising photovoltaic effect, are one of the most efficient devices for
converting solar energy into electric energy (electricity).
The photovoltaic cells can be made of ceramic semiconductors, for example based on Si, Ge, Se or polymer
materials.
[0003] The power efficiency of the most effective cells
made of monocrystalline silicon exceeds 20%. One of
the factors influencing the cell efficiency is a range of
conversion of radiation, which for silicon cells is limited
to the visible range (VIS, covering wavelengths (λ) from
380 to 720 nm), ultraviolet (UV, covering wavelengths
300 to 380 nm) and near-infrared (NIR, covering wavelengths from 720 to 1100nm). Infrared (IR) radiation having wavelength above 1100 nm is not converted to electrical energy by a p-n semiconductor junction responsible
for the photovoltaic effect, and causes only heating of
the cell. This is disadvantageous, as it significantly decreases the photovoltaic cell efficiency.
[0004] The Polish patent PL 203881 discloses a photovoltaic cell integrated with a heat exchanger that receives the heat of the cell and transfers it to a working
liquid.
[0005] Common thermoelectric modules are able to
convert thermal energy into electrical energy with 5% efficiency when the temperature difference between the
cold and the hot side of the module is about 200°C.
[0006] A hybrid solution, directly combining a photovoltaic cell with a thermoelectric module, could seemingly
allow for a significant increase of efficiency. However,
theoretical calculations and practical experiments have
shown that such solution is prone to the above-mentioned negative effect of efficiency loss of photovoltaic
cells related to temperature increase.
[0007] A US patent application US2012048322 discloses a hybrid solar converter which addresses the
above-mentioned problem by structurally separating the
photovoltaic cell from the thermoelectric module. It comprises a concave mirror for focusing solar radiation on a
selective, reflecting-transmitting mirror located at its focus point. The mirror reflects UV and VIS radiation and
is transparent to IR radiation. The IR radiation is incident
on a thermoelectric module located behind the mirror.
The cold side of the thermoelectric module is coupled
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with a radiator for heating a working liquid. The UV and
VIS radiation reflected from the mirror is directed through
a hole in the mirror towards a photovoltaic cell. The total
electric power of the converter is approximately a sum
of the power of the photovoltaic cell and the thermoelectric module. The overall energy efficiency is increased
by collection of the heat by the radiator of the thermoelectric module. However, the electrical energy generated
in the photovoltaic cell is significantly reduced by the fact
that the reflected UV and VIS radiation is focused in the
axis of the concave mirror. This narrows the area of solar
energy transformation and focuses the energy on a small
area.
SUMMARY
[0008] There is presented a hybrid converter of solar
energy, the converter comprising: a selective concave
mirror configured to focus solar radiation; a thermoelectric module located at a focus point of the concave mirror;
a radiator for cooling the working liquid flow adjacent to
a cold surface of the thermoelectric module; and a set of
photovoltaic cells located behind the concave mirror with
respect to the sun. The selective concave mirror is reflective for infrared (IR) radiation of electromagnetic
waves of wavelength greater than 1,1 mm and is transparent to ultraviolet (UV), visible (VIS) and near-infrared
(NIR) radiation of wavelength from 0,72 to 1,1 mm; and
the photovoltaic cells are located such that they cover
the area of the projection of the whole surface of the
concave mirror.
[0009] Preferably, the concave mirror is made of transparent glass covered with a transparent semiconductor
coating made of metals and/or metal oxides, preferably
indium-tin oxides ITO.
[0010] Preferably, the concave mirror has a parabolic
or semi-cylindrical or cylindrically-parabolic shape.
[0011] Preferably, the concave mirror is made of a
semiconductor coating applied on the inner, transparent
surface of a glass pipe, in the range of a central angle
smaller than 90°, wherein the bisector of the concave
mirror is directed at the thermoelectric module, mounted
in a geometric axis of the pipe, and wherein the thermoelectric module has its hot surface coated with an infrared
absorber and its cold surface connected with the radiator
[0012] Preferably, the converter comprises a silicon
photovoltaic cell located behind the concave mirror and
distanced from the concave mirror by an air-gap.
[0013] Preferably, the external surface of the pipe, in
the range of the central angle of the concave mirror, is
coated with a thin layer photovoltaic cell, preferably made
of CdTe or a:Si.
[0014] Preferably, only a section of the surface of the
mirror is covered with photovoltaic cells.
[0015] Preferably, the whole surface of the mirror is
covered with photovoltaic cells.
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BRIEF DESCRIPTION OF FIGURES
[0016] The present invention is shown by means of
exemplary embodiments on a drawing, in which:
5

Fig. 1 shows a schematic diagram of the converter,
Fig. 2 shows an example embodiment utilizing a
glass pipe
Fig. 3 shows a section of a surface panel comprising
pipe converters of Fig. 2.
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DETAILED DESCRIPTION
[0017] The solar converter comprises a selective concave mirror 1 configured to focus solar radiation and being reflective to IR radiation (wavelengths greater than
1,1 mm) and transparent to UV and VIS (and preferably
NIR) radiation (wavelengths from 0,72 to 1,1 mm). The
selective concave mirror 1 may be formed as two separate elements, as a layered element (as explained in the
embodiment of Fig. 2) or as a single uniform element. A
set of photovoltaic cells 5 is located behind (with respect
to the sun) the concave mirror 1, on its whole projecting
surface. In other words, photovoltaic cells 5 are located
behind the concave mirror 1 with respect to the focus
point of the mirror 1. A thermoelectric module 3 is located
at the focus point of the concave mirror 1. The hot surface
of the thermoelectric module 3 is coated with a layer of
an infrared absorber 7. A radiator 4, coupled with a working liquid flow, is coupled with the cold surface of the
thermoelectric module 3.
[0018] As shown in the embodiment of Fig. 2, the selective concave mirror 1 can be formed by a section 6A
(marked by a bold line) of a transparent glass pipe 6, the
section 6A having the central angle ω of the inner surface
smaller than 90°, and having the inner surface coated by
indium tin oxide (ITO) layer 6B. In other embodiments,
other coating metal and/or matal oxide layers 6B may be
used. The thermoelectric module 3 is located on the bisector of the central angle ω, in the geometrical axis of
the pipe 6. The hot surface of the module 3 is coated with
an infrared absorber layer 7. The cold surface of the module 3 is connected with the radiator 4 coupled with a working liquid flow or an air radiator.
[0019] The photovoltaic cell 5, preferably made of
monocrystalline silicon, is located outside the pipe 6 at
a distance of an air-gap 9, which may be 2 mm, in the
range of projection of the central angle ω of the concave
mirror 1. The photovoltaic cell may be of a thin-layer type,
made for example from CdTe, formed as a coating on
the external surface of the pipe 6 in the range of the central angle ω. In another embodiment, a silicon photovoltaic cell may be applied on the external surface of the pipe
6 within the range of the central angle ω as a thin layer,
made for example from CdTe or a:Si.
[0020] In other embodiments, the concave mirror 1
may have a parabolic or cylindrically-parabolic shape.
[0021] Fig. 3 presents a panel comprising a plurality of
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pipes 6 arranged in parallel within a frame. The pipes 6
comprise photovoltaic cells 5 and thermoelectric modules 3. The radiators of the thermoelectric modules 3 are
connected to collectors 8 of the working liquid flow, for
example collectors of a water heater.
[0022] The efficiency of conversion of electromagnetic
radiation energy depends on the angle of incidence of
the waves. It may depend on the day period (morning,
noon, evening), on the season (winter, summer) as wells
as the latitude (equator countries, near-poles countries).
Therefore, the semiconductor surface or the glass panels
may be structured such as to decrease this angular dependency of efficiency.
[0023] In another embodiment, only a fragment of the
mirror 1 surface is covered with photovoltaic cells 5.
[0024] In the converter presented herein, the energy
is converted first in the photovoltaic modules, which are
located on a large area and receive UV, VIS and NIR
radiation, which penetrates via the whole surface of the
concave mirror. The applied sequence of convertion of
solar radiation with a use of high-efficiency photovoltaic
and thermoelectric materials allows achieving increase
of efficiency of solar energy conversion into electrical energy.
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Claims
1.
30

A hybrid converter of solar energy, the converter
comprising:
- a selective concave mirror (1) configured to
focus solar radiation;
- a thermoelectric module (3) located at a focus
point of the concave mirror (1):
- a radiator (4) for cooling the working liquid flow
adjacent to a cold surface of the thermoelectric
module (3); and
- a set of photovoltaic cells (5) located behind
the concave mirror (1) with respect to the sun;
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the converter being characterized in that
- the selective concave mirror (1) is reflective for
infrared (IR) radiation of electromagnetic waves
of wavelength greater than 1,1 mm and is transparent to ultraviolet (UV), visible (VIS) and nearinfrared (NIR) radiation of wavelength from 0,72
to 1,1 mm; and
- the photovoltaic cells (5) are located such that
they cover the area of the projection of the whole
surface of the concave mirror (1).
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The converter according to claim 1, characterized
in that the concave mirror (1) is made of transparent
glass covered with a transparent semiconductor
coating made of metals and/or metal oxides, preferably indium-tin oxides ITO.
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3.

The converter according to claim 1 characterized
in that the concave mirror (1) has a parabolic or
semi-cylindrical or cylindrically-parabolic shape.

4.

The converter according to claim 2 or 3 characterized in that the concave mirror (1) is made of a semiconductor coating (6B) applied on the inner, transparent surface (6A) of a glass pipe (6), in the range
of a central angle (ω) smaller than 90°, wherein the
bisector of the concave mirror (1) is directed at the
thermoelectric module (3), mounted in a geometric
axis of the pipe (6), and wherein the thermoelectric
module (3) has its hot surface coated with an infrared
absorber (7) and its cold surface connected with the
radiator (4)

5.

6.

7.

8.

The converter according to claim 4 characterized
in that it comprises a silicon photovoltaic cell (5) located behind the concave mirror (1) and distanced
from the concave mirror (1) by an air-gap (9).
The converter according to claim 4 characterized
in that the external surface of the pipe (6), in the
range of the central angle (ω) of the concave mirror
(1), is coated with a thin layer photovoltaic cell (5),
preferably made of CdTe or a:Si.
The converter according to claim 6 characterized
in that only a section of the surface of the mirror (1)
is covered with photovoltaic cells (5).

5

10

15

20

25

30

The converter according to claim 6 characterized
in that the whole surface of the mirror (1) is covered
with photovoltaic cells (5).
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