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Lighting device and lighting method for at least one plant

The invention relates to a lighting device for at least one plant having an arti-
ficial light unit for providing artificial light for the lighting of the plant and hav-
ing a sunlight unit for providing sunlight for the lighting of the plant. The in-
vention also relates to a corresponding method.

By 2050 66% of the world's population will live in cities. That is more than 6
billion people, with an increasing trend. At the same time, 80% of global ara-
ble land is in agricultural use. The sustainable safeguarding of the urban food
supply is increasingly becoming a challenge - in particular in densely populat-
ed cities with limited access to surrounding agricultural regions that will in
future face the conflicting goals of development areas - with limited re-
sources. Intensive cultivation practices, the massive use of chemicals, and the
increasingly more unfavorable climatic conditions are furthermore a huge

problem for future food production.
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Against this background, work is being carried out around the world on inno-
vative cultivation methods and technologies that address these problems and
focus on an integration of food production into the urban structure. A particu-
larly promising approach here is vertical farming in a closed system while ex-
cluding abiotic environmental factors such as precipitation or temperature.
Despite the decisive advantage of maximum yield by acre under indoor condi-
tions that can be reproduced in a controlled manner, the high energy expendi-
ture and total operating costs currently in particular prevent an extensive ap-
plication of the technology. The plant lighting represents the greatest cost

driver here with a contribution to energy costs of up to 80%.

The object is accordingly set of providing a lighting device for at least one
plant, that is for one or more plants, that can be used in an energy-saving

manner in indoor farming.

This object is achieved by the independent claims. Advantageous embodi-
ments result from the dependent claims, from the description, and from the

Figure.

An aspect relates to a lighting device for at least one plant, that is one or more
plants, having an artificial light unit for providing artificial light for the lighting
of the plant(s) and having a sunlight unit for providing sunlight for the lighting
of the plant(s). The artificial light unit can here be an adjustable artificial light
unit whose spectral distribution and/or whose intensity of the provided or
generated artificial light can be set and can, for example, have light emitting
diodes (LEDs) as the artificial light sources. The sunlight unit can comprise a

sunlight collector or the like, for example.

The lighting device also comprises a mixing unit for generating mixed light
from the artificial light and the sunlight, as well as a distribution unit for dis-
tributing the mixed light and lighting the plant(s) with the distributed mixed
light, and a setting or regulating unit for the automatic setting (or regulating)
of a property of the mixed light. The setting in the sense of the invention can
therefore comprise or be a regulation or control. The setting can in particular
be a dynamic setting so that the property of the mixed light can be flexibly
adapted to changing conditions such as will be listed further below. The set-

ting can in particular comprise a setting of at least one property of the artifi-
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cial light and/or a setting of a property of the sunlight. The setting of the arti-
ficial light can, for example, be effected by a setting, that is a controlling or
regulating, of the artificial light unit, for example by dimming. The setting of
the sunlight can, for example, be achieved by the setting, that is controlling or
regulating, of a filter unit such as is described further below. The sunlight that
is mixed with the artificial light in the mixing unit can therefore also be filtered

and thus modified sunlight.

This has the advantage that a specific use, in particular a wavelength specific
and/or intensity specific use, of sunlight is made possible under controlled
conditions in a closed space. The sunlight can thus be supplemented by the
artificial lighting for a specific plant light mixture or properties that are unfa-
vorable for plant growth can also be filtered out of the sunlight. The plant
light mixture, that is the mixture of the light, by which the plant is illuminated,
can therefore be adapted to the respective needs of the plant and can thus
improve growth. As described further below, this can also take place on a sen-
sor basis, which enables a particularly advantageous dynamic optimization of
the mixed light at the plant. Not only significant costs are saved in the energy
area through the supplementary artificial lighting, but also by the optimized
control of the illuminants in the artificial light unit, that are light emitting di-
odes operated up to their performance limits in customary systems, whose
service life is extended. This also results in reduced waste generation and thus
saves resources. Since the described lighting device does not make any fur-
ther demands on indoor farming, it can be used in the entire field of indoor

farming and can thus enable competitive regional food production.

The described lighting device thus overcomes the disadvantages of the build-
ing envelope that is customary to date in indoor farming and is impermeable
to sunlight with exclusive operation of energy-intensive artificial light. The
described composition also enables the regulation of the lighting device in a
closed feedback loop that can comprise, for example, as described further
below, a sunlight collection and sunlight forwarding, an optical filtering of the
sunlight, a mixing of sunlight and artificial light, a sensor-based regulation of
the properties of the mixed light with light mixtures favorable for plant
growth, and the homogeneous distribution of the mixed light. Optimized con-

ditions for plant growth can thus be provided in every growth phase by the
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mixture of sunlight and artificial light, with energy consumption additionally

being minimized.

Provision is made in an advantageous embodiment here that the settable (in
particular controlable/regulable) property comprises a spectral distribution
and/or an intensity. This has the advantage that the mixed light can be

adapted particularly simply and inexpensively to the biological conditions.

Provision is made in another advantageous embodiment that the setting unit
is configured to set a property of the mixed light dynamically, in particular by
a setting of the property of the sunlight and/or of a property of the artificial
light. This has the advantage of a flexible adaptation of the lighting to condi-
tions that vary over the course of the day, for example, and that can be
caused both by a growth cycle of the plant and by an astronomical cycle, or by

a meteorological influence.

Provision is made in a particularly advantageous embodiment that the setting
unit is configured to set the property of the mixed light in accordance with a
stored specification. Such a stored specification can, for example, also be
called a specified mixed light composition and in particular comprises a speci-
fied spectral distribution and/or a specified intensity of the light. The stored
specification or composition can able be understood as or called a (stored)
desire value specification. The stored specification can also comprise a time
change of the mixed light, for example in the form of functions that comprises
a time sequence of an intensity and/or spectral distribution that the mixed
light should have. Growth phases in plants can, thus, for example, be taken
into account in the lighting or also generally preferences of the plant kind or
plant type to be illuminated by the lighting device, which in turn brings about
improved plant growth or an increased efficiency of the lighting with a mini-

mized energy consumption.

Provision can be made here that the specification depends on a measured
variable, in particular on a time and/or a season and/or on a temperature
and/or on humidity and/or on soil moisture and/or on a nutrient concentra-
tion and/or on a plant variety and/or plant species and/or on plant ingredi-
ents to be induced and/or on a date. A particularly exact adaptation of the

lighting can thus take place.
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Provision is made in a further particularly advantageous embodiment that the
lighting device also has a sensor unit for detecting a spectral distribution
and/or an intensity of the sunlight and/or of the mixed light and/or of the
artificial light. The setting unit is configured here to set or to regulate the
property of the mixed light in dependence on the detected spectral distribu-
tion and/or on the detected intensity. Which spectral components have to be
amplified and what spectral components have to be damped can be deter-
mined in a particularly advantageous manner here by a comparison of the
detected spectral distribution and/or intensity with the stored specification,
that is the specified mixed light composition. The dynamic setting or modula-
tion of the sunlight, for example by filtering by means of the filter unit de-
scribed further below and/or the possibly required enrichment by the artificial
light, correspondingly required for generating an optimum lighting spectrum
can here be calculated by a corresponding optimization process. Since spec-
tral distribution and/or intensity can be detected efficiently and inexpensively
by commercial spectral sensors, the spectral analysis of the variable sunlight

or of the other lights can also take place efficiently and inexpensively.

In a further advantageous embodiment, a filter unit that is settable by the
setting unit can accordingly also be provided for an optical filtering of the sun-
light and/or of the mixed light and/or of the artificial light. The optical filtering
of the sunlight and/or of the mixed light is particularly advantageous here
since its/their spectral components cannot be generated as desired, in con-
trast to artificial light. Unwanted components of the light that possibly impair
plant growth can thus also be reduced in a simple manner and thus the effi-

ciency of the lighting can be improved overall.

Provision is made in another advantageous embodiment that the distribution
unit comprises a plurality of illumination units over which the mixed light is
homogeneously distributed and that then irradiate the mixed light onto the
plant(s). The illumination units are here arranged above one another, in par-
ticular on an intended use, that is, for example, viewed in a gravitational field
of the earth. Particularly with this arrangement above one another, the verti-
cal arrangement, a lot of space can namely be saved, on the one hand; on the
other hand, shadowing effects in the customary lighting units are very restric-

tive so that the light arriving at the plants is here typically particularly non-
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uniform. The advantage of a homogeneous lighting, that effects a uniform

growth of the different plants or plant parts, is therefore amplified here.

A further aspect also relates to a plant cultivation system having a lighting
device in accordance with one or more of the described embodiments and
having one or more of the following devices: A temperature adjustment de-
vice for setting a temperature for a plant/plants that can be illuminated by the
lighting device; a humidifier for setting a humidity for the plant(s) that can be
illuminated by the lighting device; a soil moistening device for setting a soil
moisture for the plant(s) that can be illuminated by the lighting device; a ferti-
lization device for setting a nutrient concentration for the plant(s) that can be
illuminated by the lighting device. This has the advantage that the plant
growth is improved and the efficiency of the lighting is further increased by
the lighting device via a centralized or independent, also interdependent, con-

trol of the different control devices.

An additional aspect also relates to a method of lighting at least one plant
comprising the method steps of providing an artificial light for the lighting of
the plant; of providing sunlight for the lighting of the plant; of generating
mixed light from the artificial light and the sunlight; the setting of a property
of the mixed light; and the distribution of the mixed light and the lighting of
the plant with the distributed mixed light.

Advantages and advantageous embodiments of the method here correspond
to advantages and advantageous embodiments of the lighting device or of the

plant cultivation system.

The feature combinations named above in the description as well as the fea-
tures and feature combinations named in the following in the description of
the Figure and/or shown in the Figure alone cannot only be used in the re-
spective indicated combination, but also in other combinations without de-
parting from the framework of the invention. Embodiments are thus also to
be considered as covered and disclosed by the invention that are not explicitly
shown and explained in the Figure, but can be seen from and generated by
the explained embodiments by separate feature combinations. Embodiments
and feature combinations are also to be considered disclosed that thus do not

have all the features of an originally formulated independent or dependent
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claims. Embodiments and feature combinations, in particular from the above-
shown embodiments, are furthermore to be considered disclosed that go be-

yond the feature combinations presented in the dependences of the claims or
differ therefrom.

Embodiments of the invention will be explained in more detail in the following

with respect to a schematic drawing.

Fig. 1 here shows an exemplary embodiment of a lighting device for at least
one plant.

The lighting device 1 shown in the present case serves the lighting of a plurali-
ty of plants 2 and comprises an artificial light unit 3 for providing artificial light
3" and a sunlight unit 4 for providing sunlight 4' which both serve the lighting
of the plant 2. The lighting device 1 furthermore also has a mixing unit 5 for
generating mixed light 5' from the artificial light 3' and the sunlight 4" as well
as a distribution unit 6 for distributing the mixed light 5' and lighting the lants
2 with the distributed mixed light 5'. In the present case, the distribution unit
6 also has a plurality of illuminating units 7 by which the mixed light is homo-
geneously distributed. The illuminating units 7 are in the present case ar-
ranged above one another here, i.e. above one another in the y direction and

respectively (in the y direction) above the plants 2 to be illuminated.

The lighting device 1 also has a setting unit 8 for setting a property of the
mixed light 5'. This is done indirectly in the present case in that the setting
unit 8 indirectly sets the artificial light unit 3 and thus, via the artificial light 3'
(directly settable here), a property such as a spectral distribution and/or an
intensity of the mixed light 5'. Since the lighting unit 1 also has a sensor unit 9
in the present case for detecting a spectral distribution and/or an intensity in
the present case of the mixed light and the setting unit 8 is configured to set
the property of the mixed light in dependence on the detected spectral distri-
bution or intensity of the mixed light, that is in the present case to control the
artificial light unit 3 in dependence on the detected spectral distribution or
intensity, a closed feedback loop symbolized by the annular arrow 10 is im-
plemented in the example shown. This feedback loop can, for example, also
be expanded by a corresponding filter unit for the optical filtering of one of

the lights 3', 4', 5', whereby then not only a complementing or supplementing



of the sunlight 4' can be implemented by the artificial light 3', but also a
damping of certain spectral components of the sunlight 4' and thus also of the
mixed light 5'.

In the example shown, the setting unit 8 is also configured to set the property
of the mixed light in accordance with a stored specification 11. The stored
specification 11 is in the present case adapted to the type of the plants 2 in
the present case and can here depend on a measured variable 12, a soil mois-

ture in the present case.
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1.

2.

3.

claims,

4.

claims,

5.

claims,

Claims

An indoor farming lighting device (1) for at least one plant (2) comprising

- an artificial light unit (3) for providing artificial light (3') for lighting the
plant (2); and

- asunlight unit (4) for providing sunlight (4') for lighting the plant (2);

- a mixing unit (5) for generating mixed light (5') from the artificial light (3')
and the sunlight (4");

- adistribution unit (6) for distributing the mixed light (5') and lighting the
plant (2) with the distributed mixed light (5'); and

- asetting unit (8) for setting a property of the mixed light (5') in accordance
with a stored specification, wherein the stored specification comprises a time se-

guence of a spectral distribution that the mixed light (5’) should have.

An indoor farming lighting device (1) in accordance with claim 1,
characterized in that

the settable property comprises a spectral distribution and/or an intensity.

An indoor farming lighting device (1) in accordance with one of the preceding

characterized in that
the setting unit (8) is configured to dynamically set the property of the
mixed light (5').

An indoor farming lighting device (1) in accordance with one of the preceding

characterized in that
the stored specification comprises a time sequence of an intensity that the
mixed light (5’) should have.

An indoor farming lighting device (1) in accordance with one of the preceding

characterized in that
the specification (11) depends on a measured variable, namely on a time

and/or on a season.
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6. An indoor farming lighting device (1) in accordance with one of the preceding
claims, characterized in that the specification (11) depends on a measured variable,

namely on a temperature and/or on a humidity.

7. An indoor farming lighting device (1) in accordance with one of the preceding
claims, characterized in that the specification (11) depends on a measured variable, namely

on a soil moisture and/or on a nutrient concentration.

8. An indoor farming lighting device (1) in accordance with one of the preceding
claims,

characterized by

- asensor unit (9) for detecting a spectral distribution;
with the setting unit (8) being configured to set the property of the mixed light (5')
in dependence on the detected spectral distribution.

9. An indoor farming lighting device (1) in accordance with one of the preceding
claims, characterized by

- a sensor unit (9) for detecting an intensity of the sunlight (4') and/or of the artifi-
cial light (3"),

with the setting unit (8) being configured to set the property of the mixed light (5')
in dependence on the detected intensity.

10. An indoor farming lighting device (1) in accordance with one of the preceding
claims, characterized by

- a sensor unit (9) for detecting an intensity of the mixed light (5'),

with the setting unit (8) being configured to set the property of the mixed light (5')
in dependence on the detected intensity.

11. An indoor farming lighting device (1) in accordance with one of the preceding
claims,
characterized by
- afilter unit settable by the setting unit (8) for the optical filtering of the
sunlight (4') and/or of the artificial light (3').
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12. An indoor farming lighting device (1) in accordance with one of the preceding claims,
characterized by a filter unit settable by the setting unit (8) for the optical filtering of the
mixed light (5').

13.  Anindoor farming lighting device (1) in accordance with one of the preceding
claims,

characterized in that

the distribution unit (6) comprises a plurality of illuminating units (7) over

which the mixed light is homogeneously distributed.

14. A plant cultivation system having an indoor farming lighting device (1) in accord-
ance with one of the preceding claims and having one or more of the following devices:
- atemperature control device for setting a temperature for the plant (2)
that can be illuminated by the lighting device (1);
- a humidifier for setting a humidity for the plant (2) that can be illuminated
by the lighting device (1);
- asoil moisturizing device for setting a soil moisture for the plant (2) that
can be illuminated by the lighting device (1);
- afertilization device for setting a nutrient concentration for the plant (2)

that can be illuminated by the lighting device (1).

15. A method of lighting at least one plant (2) comprising the method steps:

- providing artificial light (3') for the lighting of the plant (2);

- providing sunlight (4') for lighting the plant (2);

- generating mixed light (5') from the artificial light (3') and the sunlight (4');

- setting a property of the mixed light (5') in accordance with a stored speci-
fication, wherein the stored specification comprises a time sequence of a
spectral distribution that the mixed light (5’) should have; and

- distributing the mixed light (5') and lighting the plant (2) with the distrib-

uted mixed light (5').



