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Method for the automated operation of a greenhouse, supply device and

automatically operated greenhouse

The invention relates to a method for the automated operation of a green-

house.

WO 2019/109006 A1 describes a system for the production of agricultural

foodstuffs in buildings with several floors, the so-called vertical farms.

CN 207340466 U describes an automated production line for sprouted vegeta-
bles, comprising a seed soaking machine, a planting machine, an attachment

rack and a harvester, arranged one after the other.

WO 2013/165248 A1 describes an arrangement for the cultivation of plants,
especially crops, with a fixed post that forms a suspension for a light source, a
trolley with a support that can be moved relative to the support and a con-

tainer that can be placed on the support to accommodate at least one plant.

The object of the invention is to create a method for the automated operation
of a greenhouse which enables the production of agricultural foodstuffs in
buildings in a particularly economical manner, in particular with low personnel

requirements with high energy efficiency.

The object is achieved by a method for the automated operation of a green-
house according to claim 1. Advantageous embodiments are shown in de-

pendent claims 2 to 15.

The method according to the invention relates to the automated operation of a
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greenhouse. In particular, the method according to the invention is intended
for vertical farming. In contrast to general agricultural greenhouses, which are
generally operated on a single planting level and only use natural sunlight to
grow the plants, vertical farming provides for the use of artificial light, so that
based on the use of artificial light sources at several height levels, plants that

are positioned on top of each other in several levels can thrive.

The technologies known so far for vertical farming are still in the development
stage and are usually based on greenhouses that are operated on one or
more levels. The plants are grown by aeroponics or hydroponics. In connec-
tion with lighting technology for plant growth and ventilation systems, the
plants flourish until harvest within the building or on the shelf of the system,

i.e. the greenhouses.

In the known shelf systems for vertical farming, automated technology is used
in @ manner very similar to high-bay storage technology for logistics systems.
This technology, which includes manual or automatic storage and retrieval
machines, handles shelf-mounted and interchangeable tubs in which the
plants thrive. In order to harvest the plants, workers move on the storage and
retrieval machines or the tubs are transported to the harvesting area using
complex conveyor technology. The tub can be shell-like and/or closed-walled,
that is to say watertight. The tubs contain the plant carrier or the plant carriers.
The tubs remain in the greenhouse, where, however, the plant carriers can be
removed from the tubs and, for example, removed during a harvest. The plant
carriers can for example have a fixed frame, in particular an aluminum frame.

The frame defines a grid on which the plants are arranged. The grid can be
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designed to be closely meshed.

In order to be able to operate the use of technologies similar to warehouse
technology economically, it is necessary to use heights that are as high as
possible, for example 8 to 20 meters, in order to get by with as few storage
and retrieval devices as possible and with a small storage area. Stationary
storage on the shelf also has the disadvantage that it is necessary to create
different climate zones within a room. For example, it is necessary to generate
day and night by having the lighting systems switched on for a few hours, i.e.
in operation, and switched off, i.e. out of operation, for a few hours. For the
optimum climate, the temperature and humidity of the air in the room must be
regulated. In particular, in vertical farms (without intermediate ceilings) at very
high heights, for example over 5 meters and more, it tends to be too warm at
the upper height levels and too cold at lower height levels. This means that
with known vertical farms it is difficult to achieve a nearly constant climate
over a high height. With the technical solution according to the invention, room
heights of, for example, 2.5 meters can be managed, so that the disad-

vantages mentioned cannot arise.

A new vertical farm usually has to be set up in newly built building complexes
that are designed solely for this purpose. The use of existing buildings re-
quires extensive floor renovations in order to be able to use automatic storage
and retrieval machines. In order to be able to install high, automatable shelf
structures, the warehouse floor would also have to adhere to narrow toler-

ances, for example according to FEM 9.841.
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With the method for the automated operation of a greenhouse, a solution is
created with which the production of agricultural foodstuffs in buildings is pos-
sible in a particularly economical manner, in particular with low personnel re-
quirements and high energy efficiency. In particular, existing buildings, such
as high-rise buildings or abandoned factories, especially in large cities, can be

converted into alternative uses as greenhouses.

The invention provides, among other things, that artificial lighting is not perma-
nently assigned to every plant or plant carrier and a day/night change is simu-
lated by switching the artificial lighting on and off, but that the lighting means
of the artificial lighting present according to the invention are preferably
switched on permanently, that is, emit light and to simulate the day/night
change, the plants or the plant carriers are automatically brought into the first
plant growth room for the duration of the first time segment (simulated night
time), which is operated without artificial lighting and for the duration of the
second time segment (simulated time of day) are automatically brought into
the second plant growth room, which is equipped with artificial light sources to

generate artificial light.

The plants can in particular be plants that serve as food for living beings, for
example vegetables, fruit, culinary herbs, tea plants. However, the plants can
also be other useful plants, such as medicinal plants, cosmetic plants or aro-

matic plants.

The plant carrier located in the tub forms a receptacle for the required sub-

strate on which the plants thrive. At the same time, the plant carrier has the
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function of carrying the plants planted in the substrate. The respective plant
carrier can be designed to receive a single plant. Alternatively, the respective
plant carrier can be designed to accommodate several plants at the same
time, in particular the same plant species and/or plant variety. Several plant
carriers can be arranged on the same level. Alternatively or in addition, sev-
eral plant carriers can be arranged on several different height levels. The mul-
tiple plant carriers can in particular be placed in one or more tubs on a com-
mon mobile shelf stand and thereby be automatically transported together with

the mobile shelf stand. Each tub can have one or more plant carriers.

At least one automatically controlled transport device is used for automatically
transporting the tubs with plant carriers together with the shelf stand. The one
transport device or the plurality of transport devices can be ground-based ve-
hicles that are automatically navigated. The vehicles can be designed, for ex-
ample, in the form of driverless transport systems (AGVs) known per se. Alter-

natively, the vehicles can be designed in the manner of mobile robots.

The automatic transport takes place according to one or more embodiments of
the method according to the invention and can be controlled by a control de-
vice that is designed according to one or more embodiments of the method
according to the invention and is set up accordingly to carry out the method,
for example by means of a stored program. This can take place in that the
control device controls the at least one transport device accordingly, moves it
and at least navigates back and forth between the first plant growth space and

the second plant growth space.
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Transporting the at least one plant carrier back and forth by means of the
transport device means optionally changing the current position and/or loca-
tion of the plant carrier not only out of the first plant growth room and into the
second plant growth room, but also changing the current position and/or loca-
tion of the plant carrier out of the second plant growth room and into the first
plant growth room. Furthermore, the back and forth transport also includes
moving the at least one plant carrier to another room or station, such as the
analysis station according to the invention or the loading station according to
the invention, as well as retrieving the at least one plant carrier from another
room or another station, such as from the analysis station according to the in-

vention or from the loading station according to the invention.

The respective duration of the first time segment in which the plants develop
further without the influence of artificial light in the first plant growth room, and
the respective duration of the second time segment in which the plants de-
velop further under the influence of artificial light in the second plant growth
room can be determined individually. The respective duration of the first time
segment and of the second time segment can be determined, for example, as
a function of the plant species. The respective duration of the first time seg-
ment and the second time segment can, however, also be selected as a func-
tion of other parameters, such as, for example, the temperature and/or the hu-
midity of the surroundings of the plants. This can vary depending on the type
of plant. To simulate an average natural day/night rhythm, for example, the
duration of the first time segment and the duration of the second time segment

can each be set at 12 hours.
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In the method according to the invention, an analysis station can be used in a
greenhouse, which is designed to detect the biological state of plants with re-
gard to at least one biological parameter, and the automatically controlled
transport device is designed and set up to remove the at least one plant car-
rier from the first plant growth room or to automatically transport it from the
second plant growth room to the analysis station, so that the plants stored on
the at least one plant carrier can be recorded at the analysis station with re-

gard to at least one biological parameter.

The analysis station can be its own analysis room which is separate from the
first plant growth room and the second plant growth room. Alternatively, the
analysis station can be integrated into the first plant growth room or the sec-
ond plant growth room. The analysis station can also be located in a transfer
path between the first plant growth room and the second plant growth room.
The analysis station is in particular operated unmanned, i.e. operated auto-
matically. The analysis station has appropriate sensors for this purpose, which
record the required parameters. If these parameters are not met, the plant car-
rier and/or the shelf stand can be moved to a manual control station (e.g. to

quarantine).

In general, any desired biological condition can be recorded, analyzed and

evaluated at the analysis station. Depending on the detected, analyzed and/or
assessed biological state, the control device can be set up to assign the plant
carrier with the analyzed plants either to the first plant growth room or the sec-
ond plant growth room or to assign the plant carrier to the loading station. The

loading station can be designed to bring the plants or the plant carriers out of
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the greenhouse, be it for the intended use or for sorting out.

According to a further development of the method according to the invention,
the growth state of the plants, pest infestation of the plants, a degree of mois-
ture in the plant substrate of the plants and/or a nutrient content of the plant

substrate of the plants can be recorded as biological parameters at the analy-

sis station.

The control device of the greenhouse can be designed and set up, for exam-
ple depending on the recorded, analyzed and/or assessed biological state of
the growth state of the plants, the degree of moisture of the plant substrate of
the plants and/or the nutrient content of the plant substrate of the plants, to
automatically move the plant carriers by means of the transport devices for an
extended duration or a shortened duration into the first or second plant growth
room and, in particular in the case of the second plant growth room, to couple
the plant carriers to the supply devices according to the invention in order to,
depending on the recorded, analyzed and/or assessed biological state of the
plants or the plant substrates, to supply more or less water, nutrient solution

and/or conditioned air and/or to suction off used nutrient solution.

In the method according to the invention, the at least one plant carrier
equipped with plants can be stored in a mobile shelf stand which has at least
two storage levels for carrying plant carriers and an access opening between
each two storage levels, and the mobile shelf stand can be transported by
means of an automatically controlled, ground-based vehicle as a transport de-

vice into the second plant growth room, and the mobile shelf stand can be
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automatically moved by means of the vehicle to a supply device positioned in
the second plant growth room, such that the supply means of the supply de-
vice reaches from the outside the mobile shelf stand via the access opening of
the mobile shelf stand into the interior of the mobile shelf stand, so that the
supply means of the supply device can supply the plants present in the plant
carriers accordingly, as long as the mobile shelf stand is coupled to the supply

device.

The mobile shelf stand can achieve its mobility in that it is designed in such a
way that the mobile shelf stand can be driven under by one of the transport
devices and the mobile shelf stand can be lifted by the transport device and
automatically moved on a surface by automatically driving the transport de-
vice. The transport device can have a lifting device for this purpose. The
transport device or the lifting device can be designed, for example, according

to WO 2017/167436 A1.

The mobile shelf stand can have at least two or more storage levels. The stor-
age levels are preferably arranged one above the other and vertically aligned
with one another on the shelf stand. Each storage level can have a tub or
each storage level or each storage level can be a tub in which one or more
plant carriers can be stored. The plant carriers can be removed from the tubs.
The plant carriers can, for example, have a frame and, as the bottom surface,
a grid or a net, on which, for example, the plant substrate is applied. The

plants grow in the plant substrate.

The mobile shelf stand can have feet so that a shelf stand that is not lifted by
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the transport device cannot be moved and the mobility of the shelf stand is
only established when the shelf stand is raised by the transport device. Alter-
natively, the shelf stand can have rollers or wheels instead of feet, so that the
shelf stand can be moved by means of the rollers or wheels without the shelf
stand having to be lifted by a transport device. In such an embodiment, the
shelf stand then forms a shelf trolley. The shelf trolley can, for example, be

towed by an autonomous vehicle or pushed manually by a person.

The access opening or the access openings can already be formed by free
spacings between the storage levels or the plant carriers on the shelf stand.
This can be the case in particular when the shelf stand is formed only by
shelves or rails that are positioned on preferably four vertical columns of the

shelf stand and kept at a distance.

The one transport device or the plurality of transport devices can be ground-
based vehicles that are automatically navigated. The vehicles can be de-
signed, for example, in the form of driverless transport systems (AGVs) known
per se. Alternatively, the vehicles can be designed in the manner of mobile ro-

bots.

Several supply devices can be provided. Several supply devices can each

form a supply module, wherein the supply devices can be individual compo-
nents of a modular system. Each supply device can be provided with stand-
ardized interfaces so that two or more supply devices can be linked together

to form a network.

The supply means are devices that are attached to the supply device and are
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designed to supply the plants and the plant carriers, in particular the plant sub-
strate in the plant carriers, with the corresponding operating means, such as
air, water, light and nutrients, when the mobile shelf stand is coupled to the re-

spective supply device.

If the supply means reach beyond the access openings of the mobile shelf
stand into the interior of the mobile shelf stand, the plants or the plant carriers
in the immediate vicinity can be supplied with the corresponding operating
means, such as air, water, light and nutrients, in particular by, for example, the
light, the water and the nutrients being applied from above to the plants or the

plant substrate in the plant carriers.

In a first embodiment, the supply devices can be stationary supply devices
which are permanently installed in the second plant growth space. For this
purpose, a single supply device or several supply devices can be attached, for
example, to a room wall of the second plant growth room or, in particular, fac-
ing away from each other, opposite to an intermediate wall that extends into

the room of the second plant growth room.

In a second embodiment, the supply devices can be designed as mobile sup-

ply devices.

The mobile supply device can have feet, so that a supply device that has not
been lifted by the transport device cannot be driven, but the mobility of the

supply device occurs when the supply device is lifted by the transport device.
Alternatively, the supply device can have rollers or wheels instead of feet, so

that the supply device can be moved by means of the rollers or wheels without
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the supply device having to be lifted by a transport device. In such an embodi-

ment, the supply device then forms a rolling supply device.

The object is also achieved by a supply device according to the invention for a

greenhouse, comprising:

- a base support,

- at least two cantilever beams arranged at different heights on the
base support, each of which has at least one supply means which is
designed to act on a plant in a plant carrier when the plant support is

coupled to the supply device,

- at least one operating means connection which is designed to supply
at least one operating means provided from a supply network for sup-

plying the plants to the supply means.

The base support can be formed, for example, by an at least substantially ver-
tically extending rear wall. The base support or the rear wall can be made hol-
low, so that supply lines can run in the hollow base support or in the hollow

rear wall, which lead to the cantilever supports, i.e. to the supply means.

The cantilever beams extend at least substantially horizontally away from the
base support or the rear wall. The supply means are arranged on the respec-
tive underside of the cantilever beams. If a plant carrier is coupled to the sup-
ply device, then the cantilever beams and thus the supply means cover the
plants and the plant substrate present in the plant carriers and the plants or

the plant carriers can be supplied with the corresponding operating means,
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such as air, water, light and nutrients in close proximity, in particular in that, for
example, the light, the water and the nutrients are applied from above to the

plants or the plant substrate in the plant carriers and thereby act on the plants.

The operating means connection can have one or more plugs, sockets and/or
couplings. Each plug, each socket and/or each coupling is designed according
to its operating means to be transmitted. The operating means can in particu-
lar be composed of electrical energy, water, nutrient solutions and air. The
electrical energy can not only serve to supply electrical light sources to gener-
ate the artificial light for the plants, but the electrical energy can also be used
to, for example, automatically control valves for the water supply, for the fresh
air supply or to open or close the suction of used nutrient solution. The electri-
cal energy can also supply electrical heating means of the supply device,
which heating means can be designed to preheat the water, the nutrient solu-
tion, or the air. The electrical energy can also be used to operate fans of the

supply device.

The resources are electrical energy, water, the nutrient solution and/or air.

In a first embodiment, the operating means at the supply device can be electri-
cal energy and the supply means can be at least one electrical lighting means,
which is designed to be operated by the electrical energy to emit light in a light
spectrum that promotes plant growth in a direction in which the plants are irra-
diated with this light when the plant carrier with the plants is coupled to the

supply device.

At the supply device, in an alternative or supplementary second embodiment,



10

15

20

DK/EP 3777519 T3

14

the operating means can be water or a nutrient solution and the supply me-
dium can be at least one outlet nozzle which is designed to deliver the water
or the nutrient solution so that the plants or a plant substrate of the plants can
receive the water or absorb the nutrient solution when the plant carrier with

the plants is coupled to the supply device.

In an alternative or supplementary third embodiment, the operating means at
the supply device can be a negative pressure and the supply medium can be
at least one suction nozzle which is designed to suction up waste water or

used nutrient solution from a plant substrate of the plants when the plant car-

rier with the plants is coupled to the supply device.

In an alternative or supplementary fourth embodiment, the operating means at
the supply device can be conditioned air and the supply medium can be at
least one air-conditioning nozzle which is designed to emit conditioned air, so
that the plants are supplied with the conditioned air when the plant carrier with

the plants is coupled to the supply device.

In all embodiments of the supply device, the operating means connection can
have at least one coupling means which is designed to connect the at least
one supply means of the supply device to a supply network in a state coupled
to a counter-coupling means of a greenhouse or a further supply device, so
that the operating means can be supplied to the plants via the supply means

when the plant carrier with the plants is coupled to the supply device.

The coupling means can have one or more plugs, sockets and/or couplings.

Each plug, each socket and/or each coupling is designed according to its
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operating means to be transmitted. The operating means can in particular be

composed of electrical energy, water, nutrient solutions and air.

The counter-coupling means can comprise one or more plugs, sockets and/or
couplings. Each plug, each socket and/or each coupling is designed according
to its operating means to be transmitted. The operating means can in particu-
lar be composed of electrical energy, water, nutrient solutions and air. The
counter-coupling means is designed to correspond to the coupling means, i.e.
designed to interact with the coupling means in the plugged-together state, in
such a way that the corresponding operating means can be transferred in the

plugged-together state.

In the case of the supply device, the operating means connection can be
formed by at least one coupling means and at least one counter-coupling
means, so that two or more supply devices can be coupled to one another in
series or in parallel in order to be able to supply the two or more supply de-

vices with the operating means via a common supply network connection.

In the case of a serial arrangement of two or more supply devices, the supply
devices can be set up next to one another and each connected via their cou-
pling means and counter-coupling means one after the other for the transmis-
sion of the operating means. It is sufficient if a single one of the plurality of
supply devices is directly connected to the supply network and the other sup-
ply devices in each case are indirectly supplied with the operating means via

this one supply device directly connected to the supply network.

In the case of a parallel arrangement of several supply devices, the supply
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devices can be arranged, for example, on opposite sides of an intermediate
wall, wherein the operating means are branched, so to speak, over two or

more lines in groups to the several supply devices.

On the supply device, the at least two cantilever beams arranged at different
heights on the base support can be formed by ceiling walls which protrude
from the base beam in a horizontal plane and which have downward-facing
wall surfaces, on which the at least one supply means is arranged and which
are formed to cover, at least substantially, plant carriers of the transport de-
vice in each case assigned in a reference plane when the plant carrier with the

plants is coupled to the supply device.

In a first embodiment variant, the ceiling walls can be designed to be closed
and flat. In a modified second embodiment variant, the ceiling walls can be
formed by individual struts or grid surfaces, which can then also have break-

throughs or openings.

The wall surfaces pointing downwards can accordingly also optionally be de-
signed to be closed and planar or be formed by individual struts or grid sur-
faces of the ceiling walls, which can then also have breakthroughs or open-

ings.

The task is also solved by an automated greenhouse, comprising:

- at least one first plant growth room that is designed to be operated

without artificial lighting,

- at least one second plant growth room which is different from the first
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plant growth room and which is equipped with artificial lighting means

for generating artificial light,

- at least one supply device arranged in the second plant growth space

according to one or more of the embodiments described,

- at least one mobile shelf stand which has at least two storage levels
for carrying plant carriers and an access opening between each two

storage levels,

- at least one ground-based vehicle which is designed to receive the at
least one mobile shelf stand, so that the mobile shelf stand can be
transported back and forth between the first plant growth room and the

second plant growth room by means of the floor-bound vehicle, and

- a control device which is designed and set up to automatically control
the at least one ground-based vehicle and the at least one supply de-
vice arranged in the second plant growth room according to one or
more of the embodiments described, such that the greenhouse accord-
ing to one or more of the embodiments of the method according to the

invention is operated automatically.

In a first development, the greenhouse can have an analysis station which is
designed to detect the biological state of plants with regard to at least one bio-
logical parameter when a plant carrier with plants is positioned at the analysis

station, wherein the analysis station has sensors which are designed to
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automatically detect as biological parameters the growth state of the plants,
pest infestation of the plants, a degree of moisture in the plant substrate of the

plants and/or a nutrient content of the plant substrate of the plants.

In a second development, the greenhouse can, as an alternative or in addition
to an analysis station, have a loading station that is designed to automatically
receive plants, plant carriers and/or mobile shelf stands into the greenhouse
or automatically remove them from the greenhouse, wherein the control de-
vice is designed and set up to the to automatically transport mobile shelf
stands from the first plant growth room or the second plant growth room to the
loading station by means of the at least one ground-based vehicle and to au-
tomatically transport them back from the loading station to the first plant

growth room or the second plant growth room.

The solution according to the invention is shown again in the following, in part
in other words. The invention proposes a flexible shelf and transport system. A
system consisting of vehicles (transport devices) and mobile shelf stands can
be used as a basis for this. The basic system can comprise horizontally mov-
ing automatic moving units which are able to accommodate, transport and po-
sition mobile shelves. The shelves are tailored to the application. In addition to
the mobile shelf, the solution provides in particular so-called supply modules,
i.e. supply devices. The supply modules can contain all the supply lines for
water, nutrient solution, lighting, ventilation, but also wastewater disposal re-
quired for the growth of the plant culture. The supply module can be designed
singularly or as a regular matrix. For example, individual supply modules can

be positioned along a wall or in the room as a doubled module (back to back).
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The supply modules can be coupled with one another so that only one decen-
tralized supply and removal of media (e.g. electricity, water, etc.) is required

for each row of shelves.

The system structure provides that the empty shelves are fed to a loading sta-
tion, for example by means of a driverless transport system (AGV), transport
vehicle or a mobile robot. In the loading station, the tubs in which the plant
seeds in the plant carriers are introduced together with the substrate can be
inserted manually or automatically into the mobile shelf. The transport vehicle
moves the mobile shelf with the tubs, for example, into the germination area of
the plant, where ideal conditions exist for the plant to germinate. After germi-
nation, the shelf is transferred, for example, to the plant's growth area by the
transport vehicle. In the growing area there is an ideal climate for the young
plants to grow further. The growing area can in turn be subdivided into bright,
iluminated rooms and dark rooms. In the dark rooms there are no lights that
the plant needs for growth. The lights necessary for growth are installed in the

bright rooms. This allows the use of lights to be reduced and optimized.

In the course of the regular transport between “dark” and “light” rooms, which
is called on during stationary process, the transport vehicles with the shelves
pass through an identification station (analysis station). Here, the condition of
the plants on the shelf can be checked and documented at a central point.
Based on the determined condition of the plants on the mobile shelf, decisions

can be made regarding further processing or special processes (e.g. sorting).

At the end of the growth phase, the shelves are brought to the harvesting
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station by the transport vehicle. There the plant carriers are unloaded from the
tubs and the plants are harvested manually or automatically from the plant
carrier. The tubs and the plant carrier (with growth flow) are sent for cleaning
or disposal. The transport vehicle moves the mobile shelves back into the

loading station.

In order to make the system as flexible as possible, all supply lines required

for plant growth can be integrated in the supply module. These are connected
to one another by means of suitable quick-connect systems. The transport ve-
hicle transports the mobile shelves together with the tubs to the supply module

and positions them there in such a way that the media supply is guaranteed.

The advantage of this system is, in addition to the high flexibility, also the
modularity in the system structure, which enables small, medium or large sys-
tems to be built. The systems can be set up on one level or over several lev-
els, with each level being self-sufficient. Due to the high modularity of the
transport vehicle, of the mobile shelves, but also of the supply units, the sys-
tem can be moved easily and flexibly and set up at another location. Due to
the modularity, it is also possible to transport the shelf module completely to
the consumer as fresh goods in a shopping center or in a catering business,

for example.

A specific embodiment of the invention is explained in more detail in the fol-
lowing description with reference to the accompanying figures. Specific fea-
tures of this exemplary embodiment can represent general features of the in-

vention regardless of the specific context in which they are mentioned,



10

15

20

DK/EP 3777519 T3

21

possibly also considered individually or in further combinations.

In the drawings:

Fig. 1

Fig. 2

Fig. 3

Fig. 4

Fig. 5

Fig. 6

is a schematic plan view of an embodiment of a greenhouse ac-
cording to the invention with a first plant growth room and a second

plant growth room,

is a schematic perspective illustration of a supply device according

to the invention in isolation,

is a schematic sectional view through the supply device according

to Fig. 2 in isolation,

is a schematic sectional view through the supply device according
to Fig. 2 with a coupled plant carrier in the form of a mobile shelf

stand,

is a schematic perspective representation of the plant carrier in the
form of a mobile shelf stand together with an automatically con-

trolled transport device according to the invention,

is a schematic sectional view through a storage level of the mobile
shelf stand according to Fig. 5 with a tub and two substrates with

plants, and
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Fig. 7 is a schematic perspective illustration of an exemplary system ar-
rangement of several supply devices, several plant carriers in the
form of mobile shelf stands and several automatically controlled

transport devices.

With reference to Fig. 1, the basic method according to the invention for the
automated operation of a greenhouse 1 is explained in more detail below with

reference to the greenhouse 1 shown schematically in a top view.

The greenhouse 1 has at least one first plant growth room 2.1, which is oper-
10  ated without artificial lighting. In addition, the greenhouse 1 has at least one

second plant growth room 2.2 which is different from the first plant growth

room 2.1 and which is equipped with artificial lighting means 3 for generating

artificial light.

The method has the following steps:

15 - automatically transporting back and forth (see arrows) of at least one
plant carrier 5 (Fig. 5) equipped with plants 4 (Fig. 5) by means of an
automatically controlled transport device 6 between the first plant
growth room 2.1 and the second plant growth room 2.2, wherein the
automatically controlled transport device 6 is designed and set up as

20 follows:

- to leave the at least one plant carrier 5 in the first plant growth room
2.1 for the duration of a first time segment, so that the plants 4 stored

on the at least one plant carrier 5 develop in the first plant growth room
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2.1 for the duration of the first time segment without the influence of ar-

tificial light, and

- to leave the at least one plant carrier 5 in the second plant growth
room 2.2 for the duration of a second time segment different from the
first time segment, so that the plants 4 stored on the at least one plant
carrier 5 develop in the second plant growth room 2.2 for the duration
of the second time segment under the influence of artificial light of the

artificial lighting means 3.

In the case of the present exemplary embodiment, the automatically controlled
transport device 6 comprises a plurality of vehicles 6.1 to 6.4, which can also

be referred to as mobile robots.

In the case of the present exemplary embodiment in Fig. 1, the greenhouse 1
also has an analysis station 2.3 which is designed to record the biological
state of plants 4 with regard to at least one biological parameter. The automat-
ically controlled transport device 6 is or the several vehicles 6.1 to 6.4 or mo-
bile robots are designed and set up to automatically transport the at least one
plant carrier 4 from the first plant growth room 2.1 or from the second plant
growth room 2.2 to the analysis station 2.3, so that the plants 4 stored on the
at least one plant carrier 5 can be recorded at the analysis station 2.3 with re-

gard to at least one biological parameter.

At the analysis station 2.3, the growth state of the plants 4, a pest infestation
of the plants 4, a degree of moisture in the plant substrate of the plants 4

and/or a nutrient content of the plant substrate of the plants 4 can be recorded
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as biological parameters.

In the case of the present exemplary embodiment, the analysis station 2.3 is
designed to detect the biological state of plants 4 with regard to at least one
biological parameter when a plant carrier 5 with plants 4 is positioned at the
analysis station 2.3, wherein the analysis station 2.3 has sensors 15 that are
designed to automatically detect as biological parameters the growth state of
the plants 4, a pest infestation of the plants 4, a degree of moisture in the
plant substrate of the plants 4 and/or a nutrient content of the plant substrate

of the plants 4.

The automatically operated greenhouse 1 accordingly has, in addition to the
first plant growth room 2.1 and the second plant growth room 2.2, one or more
supply devices 10 arranged in the second plant growth room 2.2. The auto-
matically operated greenhouse 1 also comprises the multiple mobile shelf
stands 7 and multiple ground-based vehicles 6.1 to 6.4. In addition, the auto-
matically operated greenhouse 1 comprises at least one control device 14,
which is designed and set up to automatically control the at least one ground-
based vehicle 6.1 to 6.4 and the supply devices 10 arranged in the second
plant growth room 2.2, in such a way that the greenhouse is operated accord-

ing to a method as described according to the invention.

In the case of the present exemplary embodiment, the greenhouse 1 also has
a loading station 16 which is designed to automatically accommodate plants 4,
plant carriers 5 and/or mobile shelf stands 7 in the greenhouse 1 or to auto-

matically remove them from the greenhouse 1, wherein the control device 14
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is designed and set up to automatically transport the respective mobile shelf
stand 7 by means of the at least one ground-based vehicle 6.1 to 6.4 from the
first plant growth room 2.1 or the second plant growth room 2.2 to the load-
charging station 16 and automatically transport them back again from the
loading station 16 into the first plant growth room 2.1 or the second plant

growth room 2.2.

As can be seen in particular in Fig. 5, several plant carriers 5 equipped with
several plants 4 can be stored in a mobile shelf stand 7. As can be seen in
particular in the sectional illustration in Fig. 6, each plant carrier 5 can com-
prise a tub 5.1, which can be designed like a shell and/or with closed walls.
The tubs 5.1 contain at least one substrate carrier 5.2, which in this respect
forms the plant carrier 5 for the plants 4. The tubs 5.1 remain in the green-
house 1 or on the mobile shelf stand 7, where, however, the plant carriers 5
designed as substrate carriers 5.2 can be removed from the tubs 5.1 and can
be removed, for example, during a harvest. The plant carriers 5 can for exam-
ple have a fixed frame, in particular an aluminum frame. The frame delimits a
grid on which the plants 4 are arranged. The grid can be designed to be
closely meshed. Each storage level can have a tub 5.1 or each storage level
can be formed by a tub 5.1, in which one or more plant carriers 5, i.e. sub-
strate carriers 5.2, can be stored. In this respect, the substrate carriers 5.2 can
be removed from the trays 5.1. The substrate carriers 5.2 can, for example,
have a frame and, as the bottom surface, a grid or a net, on which, for exam-

ple, the plant substrate is applied. The plants 4 grow in the plant substrate.

The mobile shelf stand 7 has at least two, in the case of the exemplary
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embodiment shown in Fig. 5, exactly four storage levels for carrying plant car-
riers 5 and an access opening 8 between each two storage levels. The mobile
shelf stand 7 can be transported as a transport device 6 into the second plant
growth room 2.2 by means of one of the automatically controlled, ground-
based vehicles 6.1 to 6.4. There the mobile shelf stand 7 is automatically
moved by the vehicle 6.1 to 6.4 to a supply device 10 (Fig. 2 to 4) positioned
in the second plant growth space 2.2, in such a way that the supply means 9
(Fig. 3, 4) of the supply device 10 reach from outside the mobile shelf stand 7
via the access openings 8 of the mobile shelf stand 7 into the interior of the
mobile shelf stand 7 so that the supply means 9 of the supply device 10 can
supply the plants 4 present in the plant carriers 5 as long as the mobile shelf

stand 7 is coupled to the supply device 10, as shown in Fig. 4.

The supply device 10 is shown in more detail in Fig. 2 to 4. The supply device
10 comprises a base support 11, at least two cantilever beams 12.1, 12.2,
12.3, 12.4 arranged at different heights on the base support 11, of which each
cantilever beam 12.1, 12.2, 12.3, 12.4 has at least one supply means 9 which
is designed to act on one plant 4 or more plants 4 in a plant carrier 5 when the
plant carrier 5 is coupled to the supply device 10 (Fig. 4), and at least one op-
erating means connection 13 which is designed to provide at least one operat-
ing medium provided from a supply network for supplying the plants 4 to the

supply means 9.

One of the operating means can be electrical energy and the supply means 9
can be at least one electrical lighting means 9.1, which is designed, operated

by the electrical energy, to emit light in a light spectrum promoting plant
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growth in a direction in which the plants 4 are irradiated with this light when

the plant carrier 5 with the plants 4 is coupled to the supply device 10.

In the illustrated embodiment, a supplementary second operating medium is
water or a nutrient solution, wherein the supply means 9 is at least one outlet
nozzle 9.2, which is designed to deliver the water or the nutrient solution, so
that the plants 4 or a plant substrate of the plants 4 can receive the water or
the nutrient solution when the plant carrier 5 with the plants 4 is coupled to the
supply device 10. Each supply means 9 can be arranged vertically aligned as
shown in the figures. In general, one or more of the supply means 9 can, how-
ever, deviate from the illustrated embodiment with a vertical arrangement, for
example, also be designed rotated by 90 degrees in a horizontal arrangement.
For example, instead of irrigating the plants 4 vertically from top to bottom, the
outlet nozzles 9.2 can be designed to moisten the substrate horizontally from
left to right at the level of the tubs 5.1 or at the level of the substrate carriers
5.2. Independently of this, the suction nozzles 9.3 can also suction from the
side instead of from the bottom up. In addition, the air-conditioning nozzles 9.4
can also be designed, instead of generating a vertical air flow, as shown, to

generate a horizontal air flow.

In the illustrated embodiment, a supplementary third operating means is a
negative pressure, wherein the supply means 9 is at least one suction nozzle
9.3, which is designed to suction up wastewater or used nutrient solution from
a plant substrate of the plants 4 when the plant carrier 5 with the plants 4 is

coupled to the supply device 10.
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In the illustrated embodiment, a supplementary fourth operating means is con-
ditioned air and the supply means 9 is at least one air-conditioning nozzle 9.4,
which is designed to emit conditioned air, so that the plants 4 are supplied

with the conditioned air when the plant carrier 5 with the plants 4 is coupled to

the supply device 10.

As can be seen in Fig. 3 and 4, the supply device 10 has the operating means
connection 13. The operating means connection 13 has at least one coupling
means 13.1 which is designed, in a state coupled to a counter-coupling means
13.2 of the greenhouse 1 (Fig. 3) or to a counter-coupling means 13.3 of a fur-
ther supply device 10, to connect the at least one supply means 9 of the sup-
ply device 10 to a supply network, so that the operating means can be sup-
plied to the plants 4 via the supply means 9 when the plant carrier 5 with the

plants 4 is coupled to the supply device 10.

As Fig. 2 also shows, the operating means connection 13 can be formed by at
least one coupling means 13.1 and at least one counter-coupling means 13.3,
so that two or more supply devices can be coupled to one another in series or
in parallel (see Fig. 1) in order to be able to supply the two or several supply
devices 10 with the operating means via a common supply network connec-

tion 13.4.

Fig. 2 to 4 show how the supply device 10 can have at least two, in the case
of the present exemplary embodiment exactly four, cantilever beams 12.1,
12.2,12.3, 12.4 arranged on the base beam 11 at different heights, which are

each designed as ceiling walls projecting from the base support 11 in a
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horizontal plane. The projecting ceiling walls have downwardly facing wall sur-
faces on which the supply means 9 are arranged in each case. The supply
means 9 are designed to at least substantially cover the plant carrier 5 of the
transport device 7 assigned in a reference plane when the plant carrier 5 with
the plants 4 is coupled to the supply device 10, as shown in particular in Fig.

4,
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Patentkrav

1. Veeksthus (1), der kan drives automatiseret, med:

10

15

20

25

30

35

- mindst et fgrste planteveekstrum (2.1), som er udformet til at kunne drives
uden kunstig belysning,

- mindst et andet plantevaekstrum (2.2), som adskiller sig fra det fgrste plan-
tevaekstrum (2.1) og er udstyret med kunstige lamper (3) til at generere kun-
stigt lys,

- mindst en forsyningsanordning (10) anbragt i det andet plantevaskstrum
(2.2), med:

- et basisbaereelement (11),

- mindst to udliggere (12.1, 12.2, 12.3, 12.4) anbragt pa basisbareelementet
(11) i forskellige hgjdeniveauer, idet hver udligger (12.1, 12.2, 12.3, 12.4)
har mindst en forsyningsmekanisme (9}, som er udformet til at pavirke en
plante (4) i et plantebaereelement (5}, nar plantebaereelementet (5) er koblet
til forsyningsanordningen (10},

- mindst en driftsmiddel-tilslutning (13), som er udformet til at tilfare mindst
et driftsmiddel tilvejebragt fra et forsyningsnet til forsyning af planterne (4)
til forsyningsmekanismerne (9),

- mindst et mobilt reolstativ (7), som har mindst to opbevaringsniveauer til
at holde plantebaereelementer (5) og en adgangsabning (8) mellem hver to
opbevaringsniveauer,

- mindst et gulvkegrende koretgj (6.1, 6.2, 6.3, 6.4), udformet til at optage
det mindst ene mobile reolstativ (7), s4 det mobile reolstativ (7) kan trans-
porteres frem og tilbage mellem det forste plantevaekstrum (2.1) og det andet
planteveekstrum (2.2) ved hjeelp af det gulvkerende keretej (6.1, 6.2, 6.3,
6.4), hvor det mindst ene gulvkerende koretgj (6.1, 6.2, 6.3, 6.4) har en
lofteanordning, og det mobile reolstativ (7) har fedder, sa et reolstativ (7),
der ikke er Igftet op af det gulvkgrende koretoj (6.1, 6.2, 6.3, 6.4}, ikke kan
flyttes, og reolstativets (7) mobilitet indtreeffer, nar reolstativet (7) laftes op
af det gulvkerende koretogj (6.1, 6.2, 6.3, 6.4}, og

- en styreanordning (14), udformet og indrettet til automatisk at aktivere det
mindst ene gulvkarende karetoj (6.1, 6.2, 6.3, 6.4) og den mindst ene forsy-
ningsanordning (10) anbragt i det andet plantevaekstrum (2.2), pa en sadan

made at veeksthuset (1) ifelge en fremgangsmade drives automatiseret,

med felgende trin:

- automatisk frem- og tilbagetransport af mindst et plantebaereelement (5)

udstyret med planter (4) ved hjaelp af det automatisk aktiverede gulvkgrende
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koretoj (6.1, 6.2, 6.3, 6.4) mellem det fgrste plantevaekstrum (2.1) og det
andet plantevaekstrum (2.2}, hvor det gulvkerende koretoj (6.1, 6.2, 6.3, 6.4)
er udformet og indrettet til:

- at efterlade det mindst ene plantebaereelement (5) i det forste plantevaeks-
trum (2.1) i en varighed af et forste tidsafsnit, saledes at planterne (4) opbe-
varet pa det mindst ene plantebaereelement (5) i varigheden af det forste
tidsafsnit kan videreudvikle sig uden pavirkning af kunstigt lys i det farste
planteveekstrum (2.1), og

- at efterlade det mindst ene plantebeereelement (5) i det andet plantevaeks-
trum (2.2) i en varighed af et andet tidsafsnit, som er forskelligt fra det fgrste
tidsafsnit, saledes at planterne (4) opbevaret pa det mindst ene plantebeere-
element (5) i varigheden af det andet tidsafsnit kan videreudvikle sig under

pavirkning af kunstigt lys i det andet plantevaekstrum (2.2).

2. Vaeksthus (1), der kan drives automatiseret, ifglge krav 1, kendetegnet ved,
at vaeksthuset har en analysestation (2.3), som er udformet til at registrere den
biologiske tilstand af planter (4) hvad angar mindst et biologisk parameter, og det
automatisk aktiverede gulvkerende keretgj (6.1, 6.2, 6.3, 6.4) er udformet og ind-
rettet til automatisk at transportere det mindst ene plantebaereelement (5) fra det
fgrste plantevaekstrum (2.1) eller fra det andet plantevaekstrum (2.2) til analyse-
stationen (2.3), sa planterne (4) pa det mindst ene plantebaereelement (5) kan

registreres pa analysestationen (2.3) for mindst et biologisk parameter.

3. Veeksthus (1), der kan drives automatiseret ifglge krav 2, kendetegnet ved, at
der som biologisk parameter registreres planternes vaksttilstand (4), et skade-
dyrsangreb pa planterne (4), en fugtgrad for planternes (4) plantesubstrat og/eller

et neeringsstofindhold for planternes (4) plantesubstrat pa analysestationen (2.3).

4. Veeksthus (1), der kan drives automatiseret ifglge et af kravene 1 til 3, kende-
tegnet ved, at det mindst ene plantebeaereelement (5) udstyret med planter (4)
anbringes i et mobilt reolstativ (7), som har mindst to opbevaringsniveauer til at
holde plantebeereelementer (5) og en adgangsabning (8) mellem hver to opbeva-
ringsniveauer, og det mobile reolstativ (7) transporteres til det andet plantevaeks-
trum (2.2) ved hjeelp af det automatisk aktiverede, gulvkerende koretoj (6.1, 6.2,
6.3, 6.4), og det mobile reolstativ (7) ved hjeelp af koretgjet (6.1, 6.2, 6.3, 6.4)
automatisk kares hen til en forsyningsanordning (10) placeret i det andet plante-

veekstrum (2.2), saddan at forsyningsanordningens (10) forsyningsmekanismer (9)
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raekker forbi adgangsabningen (8) i det mobile reolstativ (7) fra det udvendige af
det mobile reolstativ (7) ind i det mobile reolstativs (7) indre, sa forsyningsanord-
ningens (10) forsyningsmekanismer (9) kan forsyne planterne (4) i plantebaereele-
menterne (5) pa& passende vis, mens det mobile reolstativ (7) er koblet til forsy-

ningsanordningen (10).

5. Vaeksthus (1), der kan drives automatiseret, ifglge et af kravene 1 til 4, kende-
tegnet ved, at driftsmidlet er elektrisk energi, forsyningsmekanismen (9) er
mindst en elektrisk lampe (9.1), som er udformet til, drevet af den elektriske energi
at udsende lys i et lysspektrum, der fremmer plantevaeksten, i en retning i hvilken
planterne (4) bestrales med dette lys, nar plantebasreelementet (5) med planterne

(4) er koblet til forsyningsanordningen (10).

6. Veksthus (1), der kan drives automatiseret, ifelge et af kravene 1 til 5, kende-
tegnet ved, at driftsmidlet er vand eller en neeringsoplegsning, og forsyningsme-
kanismen (9) er mindst en udlobsdyse (9.2}, som er udformet til at udsende vandet
eller neeringsoplagsningen, sa planterne (4) eller et plantesubstrat pa planterne (4)
kan optage vandet eller neeringsoplegsningen, nar plantebaereelementet (5) med

planterne (4) er koblet til forsyningsanordningen (10).

7. Vaeksthus (1), der kan drives automatiseret, ifglge et af kravene 1 til 6, kende-
tegnet ved, at driftsmidlet er et undertryk, og forsyningsmekanismen (9) er
mindst en sugedyse (9.3), som er udformet til at suge spildevand eller forbrugt
neeringsoplesning fra et plantesubstrat pa planterne (4), nar plantebaereelementet

(5) med planterne (4) er koblet til forsyningsanordningen (10).

8. Vaeksthus (1), der kan drives automatiseret, ifglge et af kravene 1 til 7, kende-
tegnet ved, at driftsmidlet er konditioneret |uft, og forsyningsmekanismen (9) er
mindst en klimadyse (9.4), som er udformet til at afgive konditioneret luft, sa plan-
terne (4) paferes den konditionerede luft, nar plantebaereelementet (5) med plan-

terne (4) er koblet til forsyningsanordningen (10).

9. Veeksthus (1), der kan drives automatiseret, ifglge et af kravene 1 til 8, kende-
tegnet ved, at driftsmiddel-tilslutningen (13) har mindst en koblingsmekanisme
(13.1), som er udformet til, i en tilstand, hvor den er tilkoblet en modkoblingsme-
kanisme (13.2, 13.3) i et veeksthus (1) eller en yderligere forsyningsanordning
(10), at forbinde den mindst ene forsyningsmekanisme (9) péa forsyningsanordnin-

gen (10) med et forsyningsnet, sa driftsmidlet via forsyningsmekanismerne (9) kan



10

15

20

25

30

35

DK/EP 3777519 T3

33

tilferes planterne (4), nar plantebaereelementet (5) med planterne (4) er koblet til

forsyningsanordningen (10).

10. Vaeksthus (1), der kan drives automatiseret, ifolge krav 9, kendetegnet ved,
at driftsmiddel-tilslutningen (13) udgeres af mindst en koblingsmekanisme (13.1)
og mindst en modkoblingsmekanisme (13.2, 13.3), sa to eller flere forsyningsan-
ordninger kan kobles serielt eller parallelt med hinanden med henblik pa at kunne
forsyne de to eller flere forsyningsanordninger (10) med driftsmidlet via en feelles

forsyningsnet-tilsiutning (13.4).

11. Vaeksthus (1), der kan drives automatiseret, ifglge et af kravene 1 til 10, ken-
detegnet ved, at de mindst to udliggere (12.1, 12.2, 12.3, 12.4) anbragt pa ba-
sisbaereelementet (11) i forskellige hojdeniveauer dannes af loftsvaegge, som sprin-
ger frem fra basisbaereelementet (11) i et horisontalt plan og har nedadpegende
veegflader, hvorpa den mindst ene forsyningsmekanisme (9) er anbragt, og som er
udformet til i det mindste i det veesentlige at deekke transportanordningens respek-
tive i et referenceniveau tilknyttede plantebaereelement (5), nar plantebeereele-

mentet (5) med planterne (4) er koblet til forsyningsanordningen (10).

12. Vaeksthus (1), der kan drives automatiseret, ifolge krav 1 til 11, kendetegnet
ved en analysestation (2.3}, som er udformet til at registrere den biologiske tilstand
af planter (4) hvad angar mindst et biologisk parameter, nar et plantebaereelement
(5) med planter (4) er placeret pa analysestationen (2.3), hvor analysestationen
(2.3) har sensorer (15), som er udformet til automatisk at registrere planternes (4)
veeksttilstand, et skadedyrsangreb pa planterne (4), en fugtgrad for planternes (4)
plantesubstrat og/eller et naeringsstofindhold for planternes (4) plantesubstrat som

biologisk parameter.

13. Vaeksthus (1), der kan drives automatiseret, ifolge krav 1 til 12, kendetegnet
ved en pafyldningsstation (16), som er udformet til automatisk at modtage planter
(4}, plantebaereelementer (5) og/eller mobile reolstativer (7) i veeksthuset (1) eller
afgive disse fra vaeksthuset (1), hvor styreanordningen (14) er udformet og indret-
tet til automatisk at transportere det mobile reolstativ (7) ved hjaelp af det mindst
ene gulvkgrende kgretoj (6.1, 6.2, 6.3, 6.4) fra det forste plantevaekstrum (2.1)
eller det andet planteveaekstrum (2.2) til pafyldningsstationen (16) og automatisk
fra pafyldningsstationen (16) og tilbage til det forste planteveekstrum (2.1) eller

det andet plantevaekstrum (2.2).
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14. Vaeksthus (1), der kan drives automatiseret, ifolge krav 1 til 13, kendetegnet
ved, at det mobile reolstativ (7) far sin mobilitet ved at veere udformet sadan, at
det gulvkgrende karetgj (6.1, 6.2, 6.3, 6.4) kan kere ind under det mobile reolstativ
(7}, og det mobile reolstativ (7) kan loftes op af det gulvkerende koretgj (6.1, 6.2,
6.3, 6.4) og ved automatisk korsel af det gulvkerende koretgj (6.1, 6.2, 6.3, 6.4)

automatisk kan bevaeges fremad pa et underlag.
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