10

15

20

25

30

1

BUILDING FOR CULTIVATING CROPS IN TRAYS, WITH CONVEYING SYSTEM
FOR MOVING THE TRAYS

Technical field

The present invention relates to a high-rise building. More
specifically the present invention relates to a high-rise

building with a double-skin facade.

Description of the prior art

In densely populated areas the price on land is usually
high. In such areas it is common with high-rise buildings in
order to use the ground space as efficiently as possible and
to thus minimize the cost per square meter space in the
building. Buildings that are situated in hot climates have
to be equipped with cooling systems in order to provide a
desirable interior climate in the building. In order to
minimize the operating costs of the building it is desirable
to minimize the energy consumption. One way to lower the
energy consumption is to provide the building with a double-
skin facade. Another problem in urbanized areas is that
food, once grown and harvested, must travel long distances
to reach the consumers in the cities. Such food transports
consume energy and adds to the traffic congestion in the
cities. Growing food crops on or in buildings can help
reduce our environmental footprint, cut transportation
costs, enhance food security, save energy within the
building envelope and enrich the physical and psychological

comfort of building occupants.

The patent application US 2009/0307973 Al describes a
vertically-integrated greenhouse which provides a system of
food production in buildings and which can be installed in a
double-skin facade. In addition to producing food the
greenhouse is also intended to reduce building maintenance

costs by offering shade, air treatment and evaporative


sharon
Text Box

sharon
Text Box


10

15

20

25

30

cooling to building occupants. In the greenhouse, trays with
plants are arranged and are affixed to a tray suspension
system to which the trays are adjustably affixed one above
another in parallel vertical rows and can be vertically
raised or lowered. However, a major disadvantage with this
system i1s that the distance between the trays has to be
increased as the plants grow which limits the number of
trays in circulation. Hence, this system is not adapted for
large scale production of plants and crops. Moreover, as the
plants grow, and the distance between the trays have to be
adjusted, the plants are not properly aligned with each
floor level of the building which is a disadvantage since
proper shading cannot be provided for each floor level. It
is therefore desirable to develop a high-rise building with
an integrated greenhouse in which the number of trays, and
thereby the capacity to grow plants and crops, as well as
providing shade, is not affected by the size of the plants

and crops.

The patent application EP0060828 A2 relates to a greenhouse
in which containers for receiving cultivated plants are
guided along meandering paths. The containers are moved
horizontally by means of rollers on guides that are formed
as rails. The guides are inclined and the movement of
containers are thus achieved by gravitational force, i.e.
containers roll down the rails. The vertical movement is
achieved by lifting devices. However, there are several
disadvantages with this system including the fact that this
system i1s not intended for trays that comprise a plurality
of pots. The rails are neither constructed for carrying
trays nor is it indicated in the document that the rails
could be adapted for such a task. Hence, it is not a system

for large scale production of plants and crops since the
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number of plants that circulate in the system is highly
limited. Furthermore, it is not indicated that this system
is modifiable for integration with a high-rise building;
hence this system cannot provide shade, insulation and/or
oxygen to the inhabitants of a high-rise building. More
importantly, the horizontal conveying of the containers is
dependent on the inclination of the rails which makes it
impossible to move the containers in both horizontal
directions which renders this system highly inflexible. The
inflexibility is particularly apparent when the trays have
to be moved so that the plants can (i) receive maximum
amount of sunlight, or (ii) provide shading for specific
parts of the building. It is therefore desirable to develop
a system for large scale production of plants and crops
which can be integrated with a high rise building. Moreover,
in order to achieve high flexibility, it is desirable that
the plants and crops can be moved in both horizontal
directions, and even more desirable that the horizontal
movement of plants and crops is not dependent on inclination

of the rails.

Hence, in summary, 1t is desirable to have a high-rise
building with an integrated greenhouse which can provide (1)
more crops and plants, as well as (ii) a more flexible

system for moving trays within the integrated greenhouse.

Summary of the invention

An important objective of the present invention is to
provide a high-rise building with an integrated greenhouse
which can provide a higher surface area for the crops to
grow in and thereby provide means for large scale production

of crops.
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A further important objective of the invention is to provide
a horizontal movement of trays in order to provide flexible

transport of a large number of plants and crops.

An important objective of the invention is also to provide
vertical movement of trays in order to provide flexible

transport of a large number of plants vertically.

A further objective of the invention is that the high-rise
building and the double-skin facade are fully integrated in
the sense that (a) the carbon dioxide and excess heat of the
exhaust air from the high-rise building is led to the
double-skin facade, (b) oxygen in the exhaust air from the
double-skin facade is led to the high-rise building, (c) the
high-rise building is insulated by the double-skin facade,
and (d) the double-skin facade provides shading of the
building.

Another objective of the present invention is to provide a
high-rise building with an integrated greenhouse which

requires a minimum of additional load supporting structures.

A further objective of the present invention is to provide a
high-rise building with an integrated greenhouse which is
easily maintainable and which requires a minimum of

additional energy for its operation.

At least one of these objectives is provided with a high

rise building according to the independent claim.

Additional advantages are provided with the features of the

dependent claims.

According to a first aspect of the present invention a high-

rise building is provided comprising a building structure
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with floor structures, a double-skin facade and at least one
conveying system arranged between the skins of the double-
skin facade and arranged for moving trays vertically between
the skins between a starting position and an end position.
The high-rise building is characterized in that the
conveying system comprises essentially horizontal track
portions each having a length axis, track connecting means
which connect the horizontal track portions, and conveying
means for movement of the trays along the length axis of the
track portions and along the track connecting means. The
track portions do not have to be straight but may be bent.
Thus, the length axis do not have to be straight lines.

Preferably, pots with plants are to be arranged in the
trays. Alternatively plants may be planted directly into the
trays without pots.

With a high-rise building according to the invention a
number of advantages are achieved. The arrangement of an
integrated greenhouse on the facade of the building provides
for heat insulation of the building which lowers the need
for heating and cooling of the building. Furthermore, plants
that are arranged in the trays provide shading for the
building. By having the track portions essentially
horizontal they are more easily integrated with the building
as the floor structures of the building are also essentially
horizontal. The track connecting means are arranged to

transport trays from one track portion to the next.

Preferably the track portions are attached to the floor
structures of the building structure. In this way some of
the necessary support for the conveying system is provided
from the building structure. This will facilitate the

construction of the conveying system compared to the
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conveying systems of the prior art. Furthermore, the
integration of the conveying system with the building
structure makes it possible with very high conveying

systems.

The trays may be elongated trays with a length axis and may
be arranged for placement of pots in at least one row along
the length axis. The track portions may be arranged for
trays to be arranged with their length axis perpendicular to
the length axis of the track portions. By having the trays
arranged in this way the distance between the pots is easily
adjustable in one dimension by adjusting the distance
between the pots along the track portions. Thus, the
distance between the trays may be enlarged as the plants

grow and extend outside the trays.

The conveying means may comprise at least one conveyor belt
for each track portion for movement of the trays along the
track portions. Conveyor belts have been used in a large
number of applications for a long time and provide a
relatively uncomplicated solution for transportation of

trays.

The conveyor belts may be arranged for stepwise movement of
the trays. Alternatively the conveyor belts may be arranged
for continuous movement of the trays. However, as the
desired average speed of the trays is very low it might be

difficult to provide a continuous movement of the trays.

The conveying means may comprise a conveying device which is
arranged to travel along at least one track portion and

comprises a tray moving unit, which after passing a tray is
arranged to move at least one tray one step along the track

portion, the conveying device thus moving trays stepwise
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along the at least one track portion during the travel along
the at least one track portions. Such a device is more
suitable for the very low average speed that is desired. The
conveying device may be a robot. Depending on the
construction of the track connecting means the robot may be

arranged to travel between different track connecting means.

In case a conveying device as described above is used to
transport the trays each one of the track portions may
comprise a first beam and a second beam, wherein the first
beam is arranged to support the end of the tray being
closest to the building. The conveying device may be
suspended in one of beams. The beams provide passive track
portions. With such track portions the movement of the trays
depends on the conveying device, which may relatively easily

be replaced in case it breaks down.

The second beam of each track portion is arranged to support
the opposite end of the tray. The trays thus rest on the
beams at the ends of the trays. According to an alternative
embodiment the track portions may be arranged for two or
more parallel lines of trays. In case of two parallel lines
of trays the track portions may comprise three beams of
which the middle beam supports the ends of trays in both

lines.

When having only one line of trays the second beam of each
track portion may be arranged to support the tray at an
intermediate position between the ends of the tray. An
advantage of such a design is that the unsupported length of
the trays is minimized. This lowers the demands on the

stiffness of the trays.
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The high-rise building may comprise watering means to
intermittently provide water to the trays on the track
portions. This is a way of providing water to the pots which
requires a minimum amount of water while simultaneously

being relatively simple to implement.

The watering means may comprise water outlets, which
preferably are arranged at a distance corresponding to the
intended pitch between the trays. The trays are then
preferably moved stepwise between the positions of the water
outlets. By providing water to the trays the pots in the

trays may absorb water, whereby the plants are watered.

The track portions may be arranged so that the trays incline
at an angle of 0,5-2 degrees when they are arranged on the
track portion and wherein the water outlets are arranged at
the beam arranged at the higher level. When water is
provided to the higher end of the tray it flows down along
the tray. In this way all pots in the tray are provided with

water.

The high-rise building may comprise a water return system
which is arranged to collect residual water from the trays
at the lower side of the track portion. This provides a good
control over the water in the high-rise building. The water
may be returned to the trays after addition of, e.g.

nutrients.

The track connecting means may be arranged for transporta-
tion of trays with their length axis parallel to their
direction of transportation. This provides for a compact
installation as the track connecting means then may be made
narrow. The track connecting means may in principle consist

of slides along which the trays slide from one track portion
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to another. Thus, the conveying means for movement of the
trays along the length axis consist of the inclination of

the paths.

As an alternative the track connecting means may be arranged
as inclining continuations of the track portions. This has
the advantage that the conveying device then may easily

travel along more than one track portion.

It is also possible to arrange the track connecting means
with an elevator that is arranged to transport the trays
vertically from one track portion to another. It is also
possible to combine such an elevator with means for

horizontal transport.

In case the high-rise building is surrounded by other high-
rise buildings sun may be partly blocked from the lower
parts of the high-rise building. In that case the high-rise
building may be arranged with track portions arranged only
on the upper part of the building. Track portions may be
arranged on no more than the upper half of the building,
preferably no more than on the upper third part of the
building. On the lower parts of the building the entire
width of the building may be used for office space or living

space.

The high-rise building may comprise at least two conveying
systems arranged on top of each other, so that the at least
two start positions and two end positions are provided,
providing for the simultaneous growth of two different plant
varieties in two different parts of the double-skin facade.
The climate, i.e., the humidity and temperature may then be

different in the different parts of the double-skin facade.
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The outlet for exhaust air from the building may be
connected to the air inlet of the double-skin facade via an
alr filter. In this way the carbon dioxide and excess heat
of the exhaust air from the building may be utilized in the
greenhouse in the double-skin facade. The air filter removes

any bacteria from the air.

The outlet for exhaust air from the double-skin facade may
be connected to the air inlet of the building via an air
filter. In this way the oxygen in the exhaust air from the
double-skin facade may be used in the building. The air

filter removes any bacteria from the air.

The inlet for air into the double-skin facade is preferably
arranged at the bottom of the double-skin facade as it is
then easier to provide an air flow in the double-skin

facade.

Short description of the drawings

In the following preferred embodiments of the invention will
be described with reference to the appended drawings on

which:

Fig 1 shows schematically, partly in cross-section, a high
rise building with an integrated greenhouse according to an

embodiment of the present invention.

Fig 2 shows schematically, partly in cross-section, a high
rise building according to an alternative embodiment of the
present invention in which a greenhouse is integrated only

in the top part of the building.

Fig 3 i1s an enlargement of a part of the greenhouse in Fig 1
and Fig 2 in cross section with a track portion for the

arrangement of trays with pots and plants according to an
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embodiment of the present invention.

Fig 4 is an enlargement of a part of the greenhouse in Fig 1
and Fig 2 with a track portion for the arrangement of trays
with pots and plants according to an embodiment of the

present invention.

Fig 5 shows a cross section of the track portion according

to an embodiment of the invention.

Fig 6 shows a cross section of the track portion in more
detail according to an alternative embodiment of the

invention.

Fig 7 is an exploded view of a tray with pots and plants.

Fig 8 shows a cross section of a tray with pots and plants.

Description of preferred embodiments of the invention

In the following description of preferred embodiments of the
invention similar features in different figures will be
denoted with the same reference numeral. It is to be noted

that the drawings are not drawn to scale.

Fig 1 shows schematically, partly in cross-section, a high-
rise building 1 with an integrated greenhouse 2 according to
an embodiment of the present invention. The high-rise
building comprises a building structure 3 with floor
structures 4, and a double-skin facade having an outer skin
5 and an inner skin 6. The high-rise building 1 comprises
three conveying systems 7, 7°, and 777, arranged on top of
each other, so that three start positions 9, 927, and 977,
and three end positions 10, 10", and 10" ", are provided,
providing for the simultaneous growth of three different

plants. The conveying systems 7, 77, and 777, are arranged
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between the skins 5, 6, and are arranged for moving trays 8
(Fig 3) vertically between the skins 5, 6, from starting
positions 9, 97, and 9 7, downwards to end positions 10,
10", and 10" ". The conveying systems 7, 77, and 777,
comprise essentially horizontal track portions 11 (Fig 3)
which are attached to the floor structures 4 of the building
structure 3. Service floors 13 are provided at the starting
positions 9, 97, and 9°°, and at the end positions 10, 107,
and 10" . At the service floors 13 the sowing of seeds and

harvesting of grown plants is performed.

The outlet for exhaust air from the building is connected to
the air inlet of the double-skin facade via an air filter 11
arranged at the bottom of the double-skin facade. The outlet
for exhaust air from the double-skin facade is connected to
the air inlet of the building via a second air filter 12

arranged at the top of the double-skin facade.

Fig 2 shows schematically, partly in cross-section, a high
rise building 1 according to an alternative embodiment of
the present invention in which a greenhouse 2 is integrated
in the double skin facade only in the top part of the
building 1. Only one conveying system 7 is provided in the
building of Fig 2 which is arranged for movement of trays 8
(Fig 3) between a starting position 9 and an end position

10.

Fig 3 is a cutaway enlargement of a part of one conveying
system 7 with track portions 14 with a length axis 15 for
the arrangement of trays 8. The track portions 14 are
arranged connected to a frame 24 which in turn is connected

to the floor structures 4 by means of a connecting frame 25,

Fig 4 is an enlargement of a part of the greenhouse in Fig 1
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and Fig 2 viewed from another angle.

The conveying system also comprises track connecting means
18, which each have a length axis and which connects one
track portion 14 to a track portion 14 three levels below.
The trays 8 are elongated with a length axis 16 and arranged
for placement of pots 17 in a single row along the length
axis 16 of the tray. Growing medium in which plants are to
grow 1s arranged in the pots 17. The track portions 14 are
arranged for trays 8 to be arranged with their length axis
16 perpendicular to the length axis 15 of the track portions
14. In the shown embodiment the track connecting means are
arranged as inclining straight paths 18 with length axis 19,
wherein the paths 18 are arranged for transportation of
trays 8 with their length axis 16 parallel to their
direction of transportation. The straight paths are
arranged for the trays to slide down from one track portion
14 to the track portion 14 three levels below. The conveying
means are arranged so that the trays enter the inclining
straight paths 18 at the end of the track portions 14. Thus,
in the embodiment shown in Fig 3 and Fig 4 three track

portions 14 are arranged in parallel.

Alternatively, the track connecting means could be inclining

continuations of the track portions 14.

It is also possible to use one or more elevators for
vertical transport between the track portions. Such
elevators may be combined with means for horizontal

transport.

The conveying system 7 also comprises conveying means
arranged to move trays 8 stepwise along the track portions

14. In the embodiment shown in Fig 3 the conveying means is
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in the form of a conveyor belt 21.

Watering means in the form of water outlets 20 are provided
to intermittently provide water to the trays 8 on the track
portions 14. The water outlets 20 are arranged at a distance
corresponding to the intended pitch 22 between the trays 8.
In this way each one of the trays 8 may be provided with
water at each time. The time interval between the points of
time when the trays 8 are provided with water is adapted to

the vegetable in the pots 17 of the tray 8.

The track portions 14 are arranged so that the trays 8
incline at an angle of 0,5-2 degrees when they are arranged
on the track portions 14. The water outlets 20 are arranged
at the higher level. When water is provided to the trays 8
at the end being at a higher level the water will flow
towards the end of the tray being at a lower level. During
the flow the growing medium in the pots 17 may absorb the

flowing water.

The conveying system 7 also comprises a water return system
which is arranged to collect residual water from the trays
at the beam arranged at the lower level. The water return
system consists in the shown embodiment of a half-pipe 23
which runs along the lower side of the trays 8. Water that
has not been absorbed by the growing medium in the pots 17
is collected by the half-pipe 23 on each level and is then
transported to a vertical pipe (not shown) that is common to

all levels.

Fig 5 shows a cross section of the track portion 14 in more
detail according to an embodiment of the invention. The
track portion 14 comprises a first beam 26 and a second beam

27, which are both connected to the frame 24. A tray 8 with
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a number of pots 17 is arranged to be supported by the first
beam 26 in one end of the tray 8 and by the second beam 27
in the other end of the tray 8. A conveying device 28 is
arranged to travel along the first beam 26 and comprises a
tray moving unit 29 which after passing a tray 8 1s arranged
to move the tray 8 one step along the track portion 14.
Water outlets 20 are arranged at the first beam 26. Pots 17,

in which plants 32 grow, are arranged in the trays 8.

Fig 6 shows a cross section of the track portion 14 in more
detail according to an alternative embodiment of the
invention. Only the differences between the embodiment of
Fig 5 and Fig 6 will be described. The track portion 14
comprises a third beam on which the conveying device 28 is
arranged. Furthermore, the second beam 27 is arranged
supporting the tray 8 at a position between the ends of the
tray 8.

Fig 7 is an exploded view of a tray 8 with pots 17 and
plants 32. Fig 8 shows a cross section of a tray 8 with pots
17 with plants 32. As is shown in Fig 7 the tray 8 consists
of a bottom 37 and a 1lid 33. Holes 34 are formed in the 1lid
in order to receive the pots 17. Water containers are formed

at both ends of the tray 8.

The described embodiments may be amended in many ways
without departing from the spirit and scope of the present

invention, which is limited only by the claims.

It is of course possible to design the trays in differently

from what has been shown in Fig 7 and Fig 8.

It 1is possible to move trays in the opposite direction to

what has been described above.
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CLAIMS

1. A high-rise building (1) for cultivating crops in trays and
comprising a building structure (2) with floor structures (3),
said high-rise building further comprising at least one
conveying system for moving the trays, characterized in that
at least one of the at least one conveying system (7, 77, 7°7)

comprises

a plurality of essentially horizontal track portions (14)
each having a length axis (15), wherein the track portions
(14) are attached to the floor structures (3) of the building
structure (2), the track portions extending in parallel to
each other and being arranged above each other in a vertical

plane,

conveying means for movement of trays (8) having a
respective length axis along the length axis (15) of the track
portions (14) with the length axis of each tray being
substantially perpendicular to the length axis of the track

portions,

track connecting means (18) which connects one track
portion (14) with another track portion (14) located one or
more levels below, for transportation at least partly by
gravity of the trays (8) along a length axis (19) of the track
connecting means (18), with the length axis of each tray in

parallel with the length axis of the track connection means.

2. The high-rise building (1) according to claim 1,
characterized in that the high-rise building (1) further
comprises a double-skin facade comprising a first skin (5) and
a second skin (6) and at least one conveying system (7, 77,
7°7) arranged between the skins (5, 6) of the double-skin

facade and arranged for moving trays (8) vertically between
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the skins (5, 6) between a starting position (9, 97, 9°7) and

an end position (10, 10", 10" 7).

3. The high-rise building (1) according to any one of the
preceding claims, wherein the conveying means comprises a
conveying device (28) which is arranged to travel along at
least one track portion (14) and comprises a tray moving unit
(29) which after passing a tray (8) 1is arranged to move at
least one tray (8) one step along the track portion (14), the
conveying device (28) thus moving trays (8) stepwise along the
track portions (14) during the travel along the track portions

(14) .

4. The high-rise building (1) according to any one of the
preceding claims, characterized in that each track portion
(14) includes a straight path with a straight length axis and
at least one curved part with a curved length axis, in which
said curved length axis has a change of direction of about
90°, and where a first end of the curved part adjoins said
straight part, and a second end of the curved part is

connected to said track connection means (18).

5. The high-rise building (1) according to any one of the
preceding claims, wherein said track connecting means (18) are
arranged as inclining straight paths defining said length axis
(19) of the connection means, wherein the paths are arranged

for transportation of trays (8).

6. The high-rise building (1) according to any of the
preceding claims, wherein each one of the track portions (14)
comprises a first beam (26) and a second beam (27), wherein
the first beam (26) is arranged to support a first end of the
tray (8) being closest to the building (1), and wherein the
second beam (27) of each track portion (14) is arranged to
support the opposite end of the tray (8) at a position remote

from said first end.
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7. The high-rise building (1) according to any of the
preceding claims, comprising watering means to intermittently
provide water to the trays (8) on the track portions (14),

wherein the watering means comprises water outlets (20).

8. The high-rise building (1) according to claim 7, wherein
the water outlets (20) are arranged at a distance
corresponding to the intended pitch (22) between the trays
(8) .

9. The high-rise building (1) according to claim 7 or 8 as
dependent on claim 6, wherein the track portions (14) are
arranged so that the trays (8) incline at an angle of 0,5-2
degrees when they are arranged on the track portions (14) and
wherein the water outlets (20) are arranged at the beam (26)
arranged at the higher level, and wherein a water return
system is arranged to collect residual water from the trays

(8) at the lower side of the track portions.

10. The high-rise building (1) according to any one of the
preceding claims, comprising at least two conveying systems
(7, 77, 7" ")arranged on top of each other, so that the at
least two start positions (9, 97, 9°7) and two end positions
(10, 10", 10"") are provided providing for the simultaneous

growth of two different plant varieties.

11. The high-rise building (1) according to claim 2 or anyone
of the claims 3-10 as dependent on claim 2, having an outlet
for exhaust air from the high-rise building which is connected
to an air inlet of the double-skin facade via an air filter
(11), for allowing carbon dioxide and excess heat from the

high-rise building to be utilized in the double-skin facade.

12. The high-rise building according to claim 11, having an
outlet for exhaust air from the double-skin facade which is

connected to an air inlet of the building via an air filter
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(12), for allowing oxygen produced in the double-skin facade
to be utilized in the building.

13. The high-rise building according to claim 11 or 12,
wherein the inlet for air into the double-skin facade 1is

arranged at the bottom of the double-skin facade.



