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(57) The supervision of the atmospheric conditions
in a bulk container with flexible material is labor intensive
and requires on-site personal. This problem is solved by
a bulk container (10) for storing flowable goods (2), com-
prising:
- a shell (11) of a flexible material, the shell (11) defining
a load chamber (12);
- at least one atmospheric sensor unit (30) adapted to
capture atmospheric measurement data (111) from in-
side the load chamber (12), the atmospheric measure-
ment data (111) indicating at least one atmospheric char-
acteristic within the load chamber (12);
wherein a communication unit (31) is adapted to establish
a wireless communication link (3, 3’) and further adapted
to transfer the atmospheric measurement data (111) via
the wireless communication link (3, 3’).



EP 3 929 105 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

[0001] The present application is directed towards a
bulk container for storing flowable goods, a system for
processing atmospheric measurement data, a method
for analyzing atmospheric measurement data and a com-
puter-readable medium.
[0002] Flexible Intermediate Bulk Containers (FIBCs)
or "Big Bags" are large-volume containers made of flex-
ible material, typically an artificial fabric, which forms a
stable and flexible outer shell of the bulk container. Such
containers are available in various designs and typically
comprise a transport bag to which lifting loops are at-
tached. These containers are suitable for the storage and
transport of large quantities of bulk material or flowable
goods that can weigh several tons. A flowable good can
relate to liquid as well as to solid material, for example
pellets or powders, that have a flowing capability. When
empty, flexible bulk containers can be folded up to save
space. Apart from building materials such as sand and
cement, FIBCs are also used for the transport of granular
materials and powders for the chemical industry as well
as for seeds, fertilizers and food.
[0003] One particular kind of a bulk container is a bulk
container that can contain a controlled atmosphere. With
this kind of bulk container, the amount of oxygen, the
level of CO2 or other atmospheric parameters are strictly
controlled. An FIBC with a controlled atmosphere is also
called a modified atmosphere package (MAP).
[0004] After filling a bulk container with a flowable
good, for example, the oxygen may be sucked out of the
container using a valve to control the atmosphere. As
such, the oxygen may be sucked out through the valve
using a pump. Alternatively, a gas may be pumped into
the container to replace oxygen within the bulk container.
A suitable gas is CO2 or nitrogen. When using a modified
or controlled atmosphere in the bulk container, the bulk
container is in particular suitable for the transport of per-
ishable goods, for example food.
[0005] When transporting food, it is essential to monitor
the atmospheric conditions within the bulk container in
detail. Any deviation from a target atmosphere may have
detrimental effects on the goods contained within the bulk
container. In particular, the amount of CO2 in the bulk
container has a direct influence on, for example, the
spread of pest infestation within the bulk container. More-
over, O2 is linked with the oxidation process and thus
the goods stored in the bulk container are negatively im-
pacted.
[0006] As the atmospheric conditions within the bulk
container need to be maintained, it is required to measure
the atmospheric conditions during regular intervals. For
this, atmospheric sensors can be used. From US
2019375572 A1 it is known to insert sensors into a con-
tainer that provides a visual indication of the oxygen level
within a container through a transparent window. Thus,
it is possible to monitor the oxygen level within a bulk
container and to infer whether the stored goods are in an

acceptable condition.
[0007] Still, using a transparent window to monitor the
atmospheric conditions requires a manual inspection of
each container. Having to manually review each bulk
container has several drawbacks. For example, monitor-
ing a large quantity of bulk containers is very labor inten-
sive. Moreover, monitoring multiple containers that are
stacked on top of each other is not possible. In addition,
the current solutions require the presence of on-site per-
sonal. Furthermore, during transport of a bulk container,
the bulk containers are loaded onto trucks or on ships.
Thus, during this time, monitoring the atmospheric con-
ditions using visual indicators is not possible.
[0008] It is thus an objective of the present invention
to overcome the described drawbacks of the prior art. In
particular, it is an object of the present invention to allow
monitoring the atmospheric conditions anytime and from
any place. More in particular, the present invention has
the object to allow monitoring multiple bulk containers in
a user friendly way.
[0009] The object is solved by the bulk container ac-
cording to claim 1, the system according to claim 10, the
method according to claim 14 and the computer-readable
medium according to claim 15.
[0010] The object is in particular solved by a bulk con-
tainer, in particular a flexible intermediate bulk container
(FIBC), for storing flowable goods, comprising:

- a shell of a flexible material, the shell defining a load
chamber, wherein the load chamber is adapted to
be filled with a gas or to vacuumed, thereby creating
a controlled atmosphere within the load chamber;

- at least one atmospheric sensor unit adapted to cap-
ture atmospheric measurement data from inside the
load chamber, the atmospheric measurement data
indicating at least one atmospheric characteristic
within the load chamber;

wherein a communication unit is adapted to establish a
wireless communication link and further adapted to trans-
fer the atmospheric measurement data via the wireless
communication link.
[0011] A core of the present invention is the wireless
transfer of sensor data from the bulk container. This has
many benefits. For examples, using a wireless commu-
nication link enables the supervision of the conditions in
a bulk container without the need for manual inspection.
Moreover, it is possible to monitor multiple bulk contain-
ers at the same time. Furthermore, it is possible to mon-
itor bulk containers that do not provide direct access, for
example when multiple containers are stacked on top of
each other. Lastly, a wireless communication link allows
remote monitoring such that clients or customers may
monitor the current status of the cargo from a remote
company site.
[0012] In one embodiment, the flexible material of the
shell may be made of a flexible fabric with gas barrier
capabilities and/or water barrier capabilities, , in particu-
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lar of a polymer type.
[0013] A gas barrier or water barrier capability may be
present when the water and/or oxygen transmission rate
is less than a predetermined value. The water transmis-
sion rate is calculated as the grams of water permeating
through the shell per square meter during a 24 hours
period, measured at 30° C room temperature with 90%
humidity. The gas transmission rate is calculated as the
grams of oxygen permeating through the shell per square
meter over 24 hours period measure at 23°C room tem-
perature with 75% humidity.
[0014] A water barrier capability is considered to be
achieved when the water transmission rate is less than
1, preferably less than 0,5 and more preferably less than
0,05. A oxygen barrier capability is considered to be
achieved when the oxygen transmission rate is less than
0,6, preferably less than 0,06, more preferably less than
0,006.
[0015] In order to facilitate inspection of the goods
stored within the container, the flexible fabric may be
made with oxygen and/or water barrier capabilities. The
amount of oxygen stored within the bulk container is one
key indicator for the current quality of the stored goods.
Polymer type materials can be made flexible such that
the bulk container may be folded and stored in a compact
fashion.
[0016] In one embodiment, the shell may comprise at
least one outer layer and at least one inner layer, wherein
the inner layer may be made of a material with oxygen
and/or water barrier capabilities, in particular of a polymer
type, of a low density polyethylene type, of an ethylene
vinyl alcohol type, of an aluminum type, of an antistatic
and/or of an electrically conducting type, and wherein the
valve unit is adapted to at least seal the inner layer.
[0017] Generally, the shell may be made out of a single
layer or of at least two layers. In a multiple layer config-
uration, i.e. with at least two layers, an outermost layer
may be made of a rugged material that can sustain heavy
loads. An inner layer may be made out of material with
oxygen and/or water barrier capabilities and thus may
guarantee the controlled atmosphere. The layers may be
attached to each other in attachment sections. For ex-
ample, multiple layers of the shell may be sewn together,
glued together and/or welded together.
[0018] Using multiple layer has the advantage that
each layer may fulfil a particular function with preferred
properties, such as being very sturdy or blocking certain
gases.
[0019] In one embodiment, the shell and/or the outer
layer of the shell may comprise lifting loops in a top sec-
tion of the bulk container.
[0020] The lifting loops may be used to lift the bulk con-
tainer for transport and thus ease the handling of the
container.
[0021] In one embodiment, an/the outer layer of the
shell may be of a polypropylene type material. Polypro-
pylene type material has the advantage of being heat
resistant and leads to sturdy material characteristics.

[0022] In one embodiment, the bulk container may
comprise a valve unit arranged on the shell to fill the load
chamber with a gas or to vacuum the load chamber,
thereby creating a controlled atmosphere within the load
chamber.
[0023] Hence, the controlled atmosphere can be cre-
ated by the using the valve. This is in particular beneficial
as the atmosphere can be restored in case the atmos-
pheric measurements indicate that this is required.
[0024] In one embodiment, the at least one atmospher-
ic sensor unit and/or the communication unit may be ar-
ranged inside a pocket formed on the inside of the shell,
in particular on the inside of an/the inner layer.
[0025] Using a pocket to store the at least one atmos-
pheric sensor unit and/or the communication unit has the
advantage that the respective unit may be easily inserted
or taken out of the bulk container for inspection. Moreo-
ver, it is easily possible to replace a malfunctioning unit.
Lastly, using a pocket formed on the inside of the shell
enables the use of flexible material to hold the sensor
and/or communication unit in place.
[0026] In one embodiment, the at least one pocket is
made of a micro-perforated material, whereby gas flow
is provided. Such a configuration allows the effective
measurement of the atmosphere within the bulk contain-
er without the need for a sensor probe that reaches into
the load chamber.
[0027] In one embodiment, the at least one atmospher-
ic sensor unit and/or the communication unit may be em-
bedded, in particular interwoven, with the shell material,
in particular interwoven with an/the inner layer.
[0028] Embedding the sensor and/or communication
unit with the shell material has the advantage of shielding
the respective unit from the goods stored in the bulk con-
tainer. As a result, the functioning of the communication
and/or sensor unit can easily be maintained.
[0029] In one embodiment, the at least one atmospher-
ic sensor unit and/or the communication unit may be at
least partially arranged outside the inner layer and/or out-
side the shell, wherein a sensor probe of the at least one
atmospheric sensor unit extends through a measure-
ment opening of the shell and/or inner layer.
[0030] The aforementioned embodiment has the ad-
vantage that the sensor and/or communication unit may
be shielded from the goods stored in the container and
in addition allow easy maintenance and/or replacement
of the respective unit. A sensor probe may be injected
into the inside of the bulk container using a rubber seal
through which the sensor probe may be inserted into the
inside of the bill container.
[0031] In one embodiment, the at least one atmospher-
ic sensor unit and/or the communication unit may further
comprise a power unit, in particular a battery, preferably
a removable battery.
[0032] To provide an easy way of powering the sensor
and/or communication unit, a power unit may be provid-
ed. The power unit may be attached or arranged in close
range to the communication and/or sensor unit.
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[0033] In one embodiment, a/the power unit may com-
prise at least one coil or at least one capacitor, whereby
the power unit is rechargeable using inductive and/or res-
onant charging.
[0034] Using inductive or resonant charging enables
to store the power unit within the bulk container while
retaining the ability to charge the power unit. Thus, using
a configuration that enables inductive or resonant charg-
ing provides more flexibility regarding the attachment or
storage of the power unit as well as the communication
and/or sensor unit.
[0035] In one embodiment, at least one solar panel
may be arranged on the outside of the shell, preferably
on a top part of the shell, wherein the at least one solar
panel may be electrically coupled with the power unit to
supply power to the atmospheric sensor unit.
[0036] It is also possible to charge the power unit using
solar panels that are attached to the outside of the shell.
With this configuration, it is not necessary to manually or
automatically charge the power unit. As a result, the re-
spective embodiment provides great flexibility with re-
gards to using the bulk container. For example, with such
a configuration it is possible to store a bulk container on
the outside for an extended duration.
[0037] In one embodiment, the bulk container may
comprise at least one antenna to broadcast and receive
data, the at least one antenna being communicatively
coupled to the communication unit.
[0038] The at least one antenna can be of different
types. For example, the antenna may be a patch antenna,
which may be glued on the outside of the shell or a rod
antenna. In a different embodiment, the antenna may be
arranged inside a sensor case, wherein preferably a sen-
sor case is made out of a non-conducting material. In
other embodiments, the case may be made of stainless
steel. Stainless steel in particular provides additional
benefits in case the case may get into contact with per-
ishable goods, like food.
[0039] In one embodiment, a/the at least one antenna
is arranged on the outside or inside wall of a sensor case,
the communication unit, a control unit and/or the at least
one atmospheric sensor unit being at least partially, pref-
erably fully, arranged within the sensor case.
[0040] Arranging the antenna closely to the sensor
case, the communication unit, a control unit and/or the
at least one atmospheric sensor unit has the advantage
of reducing the required cable lengths. In particular, an
integrated construction allows deploying with different
bulk containers.
[0041] The different components may be arranged in-
side the sensor case using a potting process. Potting
may refer to the filling of the sensor case with a solid or
gelatinous compound. For example, epoxy resin, ther-
mosetting plastics or silicone rubber may be used.
[0042] In one embodiment, a/the at least one antenna
may be arranged on the outside of the shell.
[0043] In one embodiment, a/the at least one antenna
may be embedded within the shell, preferably interwoven

with the shell material, in particular an/the outer layer.
[0044] A very advantageous embodiment can be
achieved when the antenna is embedded within the shell.
Thus, the antenna may easily radiate outside of the shell
and still be in close proximity to the sensor and/or com-
munication unit. Moreover, the antenna may be protected
by the shell material.
[0045] In one embodiment, the bulk container may
comprise a control unit, wherein the control unit may be
adapted to initiate measuring at least one measurement
of the at least one atmospheric sensor unit, preferably at
predetermined intervals.
[0046] A control unit may thus be used to control the
measurements of the sensor unit. For example, the con-
trol unit may be used to initiate sensor readings at pre-
defined intervals or at specific times. Moreover, it is pos-
sible to trigger a measurement using a received trigger
signal from a device via the communication unit. Thus,
the extended supervision of the atmospheric conditions
within the bulk container can be ensured.
[0047] In one embodiment, the bulk container may
comprise a memory unit adapted to store the atmospher-
ic measurement data, wherein the communication unit
may be adapted to transfer the stored atmospheric meas-
urement data at a predetermined time and/or at prede-
termined time intervals.
[0048] The memory unit may store one or more meas-
urement values. Thus it is possible to only transfer the
stored measurement data at predefined times and/or pre-
defined intervals. As the transmission of the data con-
sumes energy, a reduction in transmission intervals may
reduce the overall energy consumption of the bulk con-
tainer.
[0049] In one embodiment, the at least one atmospher-
ic sensor unit may be adapted to measure one or more
of: gas type, preferably using spectroscopy, humidity,
pressure, light, in particular light temperature and/or light
intensity, temperature, mass, vibration, acceleration, lo-
cation, time, current or voltage.
[0050] As a result, various different atmospheric indi-
cators may be measured. The measured indicators may
be used to derive the status of the goods stored within
the bulk container. Such a computation may either be
performed on the computation unit or on a unit receiving
the measurement data.
[0051] In one embodiment, it is also possible that the
communication unit only transmits measurement data
whenever a measurement value of the measurement da-
ta is below and/or above a predetermined threshold. Us-
ing this embodiment, the energy consumption can be fur-
ther reduced by reducing the number of times of trans-
mitting the measurement data. As a result, only relevant
data is transmitted.
[0052] The object of the present invention is further in
particular solved by a system for processing atmospheric
measurement data, in particular of flexible intermediate
bulk containers, comprising:
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a plurality of bulk containers, each in particular as
described above;

a processing unit adapted to receive atmospheric
measurement data from the plurality of bulk contain-
ers, the processing unit adapted to process the at-
mospheric measurement data and to store the re-
ceived and/or processed atmospheric measurement
data in a processing memory.

[0053] With the described system it is possible that the
processing unit receives the atmospheric measurement
data from a plurality of bulk containers. As a result, a big
cargo or all goods of a particular vendor and/or customer
may be monitored using the aforementioned system.
[0054] The processing unit may be a server computer
or a plurality of server computers. Moreover, it is con-
ceivable that the processing unit is implemented as at
least one processor. In addition, the processing unit may
also refer to an entire network of interconnected proces-
sors/servers. As a result, the processing unit may also
refer to an entire distributed computing system or a cloud
infrastructure. Of course, further configurations of the
processing unit are conceivable and the aforementioned
list may not be understood in a limiting manner.
[0055] In one embodiment, the system may further
comprise at least one first gateway unit adapted to re-
ceive atmospheric measurement data from the plurality
of bulk containers and/or from at least one second gate-
way unit, wherein a gateway unit may be adapted to
transfer the received atmospheric measurement data to
the processing unit.
[0056] A gateway unit may be used to collect the meas-
urement data of several bulk containers that are in close
proximity to the gateway unit. Thus, the measurement
data of several bulk containers may be grouped and sent
to the processing unit together, which reduces the
number of times data has to be transmitted, which in turn
reduces the required energy consumption.
[0057] In one embodiment, the at least one first and/or
the at least one second gateway unit may be adapted to
receive the atmospheric measurement data via a first
communication link of a first communication technology
and further adapted to transfer the received atmospheric
measurement data to the processing unit using a second
communication link of a second communication technol-
ogy.
[0058] Using two different communication technolo-
gies for the different communication links facilitates op-
timising the overall communication. For example, the first
communication technology may refer to a short range
wireless technology, such as Wi-Fi or a technology using
Zig-Bee or Bluetooth. The second communication tech-
nology may refer to a communication technologies used
for long-range communication, such as mobile technol-
ogies such as LTE, UMTS or GSM or a 5G based tech-
nology.
[0059] In one embodiment, a/the at least one first gate-

way is arranged on a bulk container.
[0060] As a result, it is also possible that the bulk con-
tainer itself serves as the gateway such that no additional
hardware systems are required. As such, the bulk con-
tainer with the gateway serves as a master unit wherein
the remaining bulk containers may serve as slave units.
[0061] In one embodiment, the processing unit is fur-
ther adapted to determine a value for at least one quality
criteria based on the atmospheric measurement data, in
particular based on a measured concentration of oxygen.
[0062] A quality criteria may refer to a degree of oxi-
dation. In addition, the processing unit may be adapted
to compute a degree of infestation or a risk of infestation
based on the degree of oxidation. Moreover, a quality
criteria may also refer to monetary value of the goods
stored in a bulk container or stored in multiple bulk con-
tainers.
[0063] In one embodiment, a visualization unit may be
adapted to visualize the stored atmospheric measure-
ment data.
[0064] Providing a visualisation to the user enables a
comfortable supervision of multiple containers. In addi-
tion, bulk containers with measurements outside a de-
fined range may be highlighted such that manual inspec-
tion of these containers may be initiated. Moreover, pri-
oritization of the bulk containers during production is fa-
cilitated. For example, a bulk container for which the
measurement data indicates a deviation of predeter-
mined values may be used first during the production of
an end product.
[0065] The object of the present invention is further in
particular solved by a method for analyzing atmospheric
measurement data, the method comprising the following
steps:

Measuring at least one atmospheric characteristic
within a load chamber of at least one bulk container
to generate atmospheric measurement data, in par-
ticular using at least one atmospheric sensor unit of
a bulk container as described above;

Wirelessly transferring the atmospheric measure-
ment data to a gateway unit or to a processing unit,
in particular a gateway unit or a processing unit of a
system as described above, using a first communi-
cation link;

Receiving the atmospheric measurement data at a
processing unit, in particular a processing unit as
described above;

Processing the received atmospheric measurement
data, in particular by the processing unit, to deter-
mine a value for at least one quality criteria based
on the received atmospheric measurement data, in
particular based on a measurement of the concen-
tration of oxygen within the load chamber.

7 8 



EP 3 929 105 A1

6

5

10

15

20

25

30

35

40

45

50

55

[0066] In one embodiment, the method may further
comprise visualizing the determined value of the least
one quality criteria, in particular on an end-user device.
[0067] An end-user device may be a smartphone or a
tablet or any other personal computing device. Still, other
devices are conceivable, for example a laptop.
[0068] The object of the present invention is further in
particular solved by a computer-readable medium storing
instructions that, when executed by at least one proces-
sor, cause the at least one processor to implement a
method as described above.
[0069] Further embodiments are described by the de-
pendent claims.
[0070] In the following, embodiments of the invention
are described with reference to the accompanying fig-
ures. The figures show:

Figure 1: a schematic overview of a bulk container
with a sensor unit;

Figure 2: a schematic overview of an atmospheric
sensor;

Figure 3: an overview of a first charging mechanism;

Figure 4: an overview of a second charging mecha-
nism;

Figure 5: a schematic overview of a bulk container
with a solar panel;

Figure 6: a schematic overview of a bulk container
with an antenna on a sensor case;

Figure 7: a schematic overview of a bulk container
with a patch antenna;

Figure 8: a schematic overview of a sensor unit ar-
ranged in a pocket;

Figure 9: a schematic overview of a sensor unit in-
tegrated into the shell of the bulk container;

Figure 10: an overview of a sensor probe which is in-
serted into the bulk container;

Figure 11: a schematic overview of a system for
processing atmospheric measurement da-
ta; and

Figure 12: a flow diagram of a method for analyzing
atmospheric measurement data.

[0071] In the following, same or similar entities are de-
noted by the same reference numerals.
[0072] Figure 1 illustrates a bulk container 10. The bulk
container 10 comprises a shell 11 which defines a load
chamber 12. The load chamber 12 can be loaded using

a loading opening 13 which is arranged on the top part
of the bulk container 10. Inside of the load chamber 12,
flowable goods 2 are stored. In the embodiment shown
in figure 1, the flowable goods 2 are perishable goods
that are sensitive to the presences of oxygen.
[0073] On the bottom part of the bulk container 10, a
discharge opening 14 is arranged. Using the discharge
opening 14 the flowable goods 2 may be discharged.
[0074] In order to preserve a controlled atmosphere
inside the load chamber 12, the top part of the bulk con-
tainer 10 comprises a valve 20. Thus, once the load
chamber 12 is filled with flowable goods 2, the top part
can be sealed and remaining oxygen and/or CO2 may
be sucked out of the load chamber 12 using the valve 20.
[0075] To monitor the atmospheric conditions within
the load chamber 12, an atmospheric sensor 30 is ar-
ranged on the shell 11 of the bulk container 10. The at-
mospheric sensor 30 comprises a communication unit
31 with an antenna 45, whereby wireless communication
is facilitated. To measure the atmospheric conditions
within the load chamber 12, the atmospheric sensor 30
comprises a sensor probe 33, which is connected to the
atmospheric sensor 30 with a sensor probe connection
32.
[0076] The sensor probe 32 may be adapted to meas-
ure the amount of oxygen. Thus, various implementa-
tions of the sensor probe 32 are known to the person
skilled in the art. The sensor probe 32 may be implement-
ed with regards to the principles of electro-galvanic oxy-
gen sensors. It is further conceivable that the sensor
probe 32 is implemented using the principles of the clark
electrode. Measurement data transferred from the sen-
sor probe 32 using the sensor probe connection 33 to
the atmospheric sensor 30 may be analogue or digital.
[0077] The atmospheric sensor 30 is further adapted
to wirelessly transfer the recorded measurement data by
the sensor probe 32 using a communication unit 31 via
the antenna 45 to an external device, for example a
smartphone.
[0078] The communication unit 31 may be adapted to
transmit the measurement data wirelessly using the an-
tenna 45. For this, the communication unit 31 may be
adapted to use any communication technology enabling
the transmission of the measurement data. In particular,
the communication unit 31 may be adapted to use a GSM,
UMTS or LTE -based technology. Moreover, it is possible
that the communication unit 31 uses the ZigBee, Z-Wave
standard or Bluetooth low energy, Bluetooth Smart or
Thread standard. These technologies differ with regard
to the supported range . For example, Bluetooth Smart
may support the transmission of data in an area of less
than 10 m. ZigBee, Thread, and Z wave are usually
adapted for ranges of less than a hundred meters around
the communication unit 31. Traditional mobile technolo-
gies, like GSM, UMTS or LTE are adapted for the trans-
mission of data over distances spanning up to several
kilometers. Of course, Wi-Fi standards, like IEEE
802.11n or similar standards may be supported by the

9 10 



EP 3 929 105 A1

7

5

10

15

20

25

30

35

40

45

50

55

communication unit 31.
[0079] Figure 2 shows a more detailed schematic of
the atmospheric sensor 30. The atmospheric sensor 30
according to figure 2 comprises a sensor case 39. Within
the sensor case 39, the communication unit 31, a sensor
processing unit 34 as well as a sensor memory unit 35
are arranged. In addition, a battery compartment 37 is
arranged within the sensor case 39.
[0080] The sensor processing unit 34 is connected to
the sensor probe 32 via a sensor probe connection 33.
As a result, measurement data may be transmitted from
the sensor probe 32 to the processing unit 34. The
processing unit 34 may analyze the measurement data
to determine whether the measured atmospheric condi-
tions within the load chamber 12 fulfil a preset require-
ment. For example, the processing unit 34 may be adapt-
ed to compare a measurement value of the measurement
data with a predetermined threshold value, for example
for the amount of oxygen. As such, the processing unit
may be adapted to identify an increase in the oxygen
concentration within the load chamber 12, which may
indicate a defect in the shell 11 of the bulk container 10.
The predetermined threshold value together with a re-
spective quality criteria may be stored in the sensor mem-
ory unit 35.
[0081] The sensor processing unit 34 in the present
embodiment is implemented as a field programmable
gate array (FPGA). Still, other implementations of the
sensor processing unit 34 are possible, for example as
application-specific integrated circuits (ASIC) or general-
purpose processors, for example using an x86 or ARM
architectu re.
[0082] The sensor processing unit 34 is communica-
tively connected with the sensor memory unit 35. As a
result, the measurement data may be stored within the
sensor memory unit 35. Furthermore, the sensor memory
unit 35 is adapted to store application instructions that
are used by the sensor processing unit 34 to analyze the
measurement data.
[0083] In addition, the sensor processing unit 34 is
communicatively coupled with the sensor communica-
tion unit 31. As a result, the sensor processing unit 34 is
adapted to initiate the transfer of measurement data us-
ing the sensor communication unit 31. In addition or al-
ternatively, the sensor processing unit 34 may be adapt-
ed to initiate the transfer of measurement data at prede-
termined intervals or at predetermined times.
[0084] The sensor case 39 further comprises a battery
compartment 37, which comprises a battery compart-
ment opening 37. When opening the battery compart-
ment opening 37, a battery 38 may be inserted into the
battery compartment 37 to provide power to the atmos-
pheric sensor 30. Hence, the battery 38 is at least elec-
trically coupled to the sensor processing unit 34. The
battery 38 may be rechargeable and of any type of bat-
tery. For example, the battery 38 may be a lithium ion
battery.
[0085] Figure 3 shows a different embodiment of the

battery compartment 37. As in the embodiment of figure
2, the battery 38 is inserted into the battery compartment
37. In order to recharge the battery 38, a battery plug 40
is provided. As a result, the power unit 30 that provides
power to the atmospheric sensor 30 may be charged
without having to eject the battery 38.
[0086] Figure 4 shows an alternative embodiment of
the battery recharge mechanism. As with the embodi-
ment of figure 3, the embodiment shown in figure 4 com-
prises a battery compartment 37 with a battery 38 therein.
In order to recharge the battery 38, a coil 41 is connected
to the battery 38. Opposite of the coil 41, a charging plate
42 is arranged, such that the battery 38 may be charged
using induction. The details of such an implementation
are known to the person skilled in the art. This embodi-
ment provides significant advantages with regards to how
to charge the battery when the sensor case 39 is stored
within the lower chamber 12. In such an embodiment,
the charging plate 42 is not part of the sensor unit 30 but
is a separate device.
[0087] Figure 5 shows a further embodiment of how
the battery 38 may be recharged. In the embodiment
shown in figure 5, the bulk container 10 comprises a solar
panel 43, which is attached on the outside of the shell
11. The solar panel 43 is electrically coupled with the
atmospheric sensor 30 using a solar panel connection
44. As a result, the atmospheric sensor 30 can either be
directly powered using the solar panel 43 or the battery
38 stored within the atmospheric sensor 30 may be re-
charged using the power provided by the solar panel 43.
[0088] Moreover, figure 5 shows an embodiment,
where in the atmospheric sensor 30 is attached on the
outside of the shell 11.
[0089] Figure 6 shows an embodiment, wherein the
antenna 45 of the atmospheric sensor 30 is arranged on
the outside of the atmospheric sensor 30, i.e. on the out-
side of the sensor case 39. The antenna 45 may be a
rod antenna.
[0090] Figure 7 shows a different embodiment, where-
in the antenna 45 is implemented as a patch antenna 45
which may be arranged on the outside of the shell 11. In
particular, the patch antenna 45 may be flexible and thus
allow for a compact storage of an empty bulk container
10.
[0091] Figures 8 and 9 illustrate further embodiments
how the atmospheric sensor 30 may be arranged on the
bulk container 10.
[0092] Figure 8 shows that the atmospheric sensor 30
may be arranged inside a pocket 16 on the inside 15 of
the shell 11.
[0093] The shell 11 may be made of at least two layers.
In such an arrangement, the pocket 16 may be arranged
on the inside of the innermost layer 15 of the shell 11. In
particular, the pocket 16 may be made out of stretch ma-
terial, such that the atmospheric sensor is solidly ar-
ranged. In addition, the pocket 16 may comprise an open-
ing or may be fully closed. Thus in one embodiment, it is
possible to remove the atmospheric sensor 30 from the
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pocket 16 whereas in other embodiments it is not possible
to simply remove the atmospheric sensor 30 without
physically open the pocket 16.
[0094] Figure 9 shows an embodiment, wherein the
atmospheric sensor 30 is interwoven in a weave area 17
with the material of the shell 11. This embodiment has
the advantage that the atmospheric sensor 30 is fixated
on the inside 15 of the shell 11.
[0095] Figure 10 shows how the sensor probe 32 may
be connected to the atmospheric sensor 30 in case the
atmospheric sensor 30 is arranged on the outside 19 of
the shell 11. Figure 10 shows that the atmospheric sensor
30 is arranged on the outside 19 of the shell 11 covering
a measurement opening 18. Through that measurement
opening 18, the sensor probe 32 may be connected to
the atmospheric sensor. As a result, the measurement
probe 32 is arranged on the inside 15 of the shell 11. The
measurement opening 18 may be filled with a rubber seal,
that prevents goods 2 from the inside of the lower cham-
ber 12 to get in contact with the atmospheric sensor 30.
Moreover, the rubber seal may provide gas and/or water
blocking capabilities, while at the same time allowing a
connection between the sensor probe 32 with the atmos-
pheric sensor 30.
[0096] Figure 11 illustrates a system 1 that comprises
a plurality of bulk containers 10, 10’. The bulk containers
10, 10’ differ in that they are arranged at different loca-
tions. A first set of bulk containers 10 uses a first com-
munication link 3. A second set of bulk containers 10’
uses a second communication link 3’.
[0097] The first set of bulk containers 10 is adapted to
communicate with a first gateway 50 using the first com-
munication link 3. As a result, measurement data trans-
mitted from the first set of bulk containers 10 may be
aggregated using the first gateway 50.
[0098] The second set of bulk containers 10’ is adapted
to communicate with a second gateway 50’ using the
second communication link 3’.
[0099] In the shown embodiment, the first and second
set of bulk containers 10, 10’ are each adapted to com-
municate with the first gateway 50 and second gateways
50’, using a short range communication technology like
ZigBee, respectively.
[0100] The gateways 50, 50’ may be arranged sepa-
rate from the bulk containers 10, 10’ but may also be
arranged on bulk containers 10, 10’, respectively.
[0101] The second gateway 50’ is further adapted to
transmit received measurement data to the first gateway
50 using a communication link 60’ that is based on a
communication technology that is different from the tech-
nology of the first and second communication link 3, 3’.
As a result, multiple gateways may be arranged in a daisy
chain fashion, where in the daisy chain may be imple-
mented wirelessly.
[0102] The first gateway 50 is adapted to transmit the
measurement data of the first set of bulk containers 10
as well as the measurement data received from the sec-
ond gateway 50’ to a processing unit 80 using a commu-

nication link 60, for example using a mobile technology
standard, like GSM or LTE. In the shown embodiment,
the processing unit 80 is a computing center providing
computing resources in a cloud infrastructure. As such,
the processing unit 80 is connected to a storage system
70, which in the present embodiment is implemented as
a relational database, like SQL. In other embodiments,
schema less databases are possible as well.
[0103] The processing unit 80 is adapted to collect the
measurement data of multiple bulk containers 10, 10’ and
is adapted to analyze the received data. In particular, the
processing unit 80 is configured to identify bulk contain-
ers 10, 10’, whose atmospheric conditions deteriorate.
Thus, an end user using a mobile device 90 may be in-
formed that the particular bulk container 10, 10’ needs a
manual inspection to identify the problem. In addition or
alternatively, the end user could use/consume the con-
tents the bulk container 10, 10’. In addition, the process-
ing unit 80 is further adapted to perform various compu-
tation tasks. For example, the processing unit 80 may be
adapted to compute a monetary value for the goods 2
stored in each bulk container 10, 10’. As the monetary
value of the goods 2 stored may be directly influenced
by the atmospheric conditions within the respective con-
tainer 10, 10’, a monetary value may be computed. For
example, the amount of oxygen within the bulk container
10, 10’ influences the probability of infestation and/or
product oxidation within the bulk container 10, 10’.
[0104] In addition, the processing unit 80 may be
adapted to run a Web server such that a mobile device
90 may access a website that is hosted by the processing
unit 80. The website may show the status of all bulk con-
tainers 10, 10’ using a dashboard. As a result, a user
may easily retrieve information on the status of his/her
cargo.
[0105] Figure 12 shows a flow diagram of a method
100 processing measurement data 111. In a measuring
step 110, atmospheric measurement data 111 is ob-
tained using an atmospheric sensor 30 in a bulk container
10, 10’. The atmospheric measurement data 111 is sub-
sequently transferred to either one or more gateways 50,
50’ or directly to a processing unit 80 in a transfer step
120. The processing unit 80 receives the atmospheric
measurement data 111 in a receiving step 130. Once the
atmospheric measurement data 111 is received by the
processing unit 80, the atmospheric measurement data
111 is processed. For example, quality indicators are
computed by the processing unit 80 during the process-
ing step 140 as described above. A value 141 of this
computation is subsequently visualized in a visualization
step 150.
[0106] It should be noted at this point that all the parts
described above, taken individually and in any combina-
tion, in particular the details shown in the drawings, may
be considered to relate to the invention. Modifications of
this are possible.
[0107] At this point, it should also be pointed out that
all parts or features described above are considered in-
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dividually - even without features additionally described
in the respective context, even if these are not explicitly
identified individually as optional features in the respec-
tive context, e.g. by using: in particular, preferably, for
example, e.g., if necessary, round brackets etc. - or in
combination or any sub-combination as independent fea-
tures or further developments of the invention, as defined
in particular in the introduction to the description and the
claims. Deviations from this are possible. Specifically, it
should be noted that the word in particular or round brack-
ets, in the respective context, should explicitly indicate
non-obligatory features.

Reference numerals:

[0108]

1 system
2 flowable goods
3, 3’ communication link
10, 10’ bulk container
11 shell
12 load chamber
13 loading opening
14 discharge opening
15 inside of shell/inner layer
16 pocket
17 weave area
18 measurement opening
19 outside of shell/outer layer
20 valve
30 atmospheric sensor
31 communication unit
32 sensor probe
33 probe connection
34 sensor processing unit
35 sensor memory unit
36 battery compartment opening
37 battery compartment
38 battery
39 sensor case
40 battery plug
41 coil
42 charging plate
43 solar panel
44 solar panel connection
45 antenna
50, 50’ gateway
60, 60’ communication link
70 storage system
80 processing unit
90 user device
100 method
110 measuring step
111 atmospheric measurement data
120 transferring step
130 receiving step
140 processing step

141 value
150 visualizing step

Claims

1. Bulk container (10), in particular flexible bulk con-
tainer, more in particular intermediate bulk container
(10), for storing flowable goods (2), comprising:

- a shell (11) of a flexible material, the shell (11)
defining a load chamber (12);
- at least one atmospheric sensor unit (30)
adapted to capture atmospheric measurement
data (111) from inside the load chamber (12),
the atmospheric measurement data (111) indi-
cating at least one atmospheric characteristic
within the load chamber (12);

characterized by
a communication unit (31) adapted to establish a
wireless communication link (3, 3’) and further adapt-
ed to transfer the atmospheric measurement data
(111) via the wireless communication link (3, 3’).

2. The bulk container (10) according to any of the pre-
ceding claims,
characterized in that
the at least one atmospheric sensor unit (30) and/or
the communication unit (31) is arranged inside a
pocket (16) formed on the inside of the shell (11), in
particular on the inside of an inner layer (15).

3. The bulk container (10) according to any of the pre-
ceding claims,
characterized in that
the at least one atmospheric sensor unit (30) and/or
the communication unit (31) is embedded, in partic-
ular interwoven, with the shell (11) material, in par-
ticular interwoven with an inner layer (15).

4. The bulk container (10) according to any of the pre-
ceding claims,
characterized in that
the at least one atmospheric sensor unit (30) and/or
the communication unit (31) is at least partially ar-
ranged outside an inner layer (15) and/or outside the
shell (11), wherein a sensor probe (32) of the at least
one atmospheric sensor unit (30) extends through a
measurement opening (18) of the shell (11) and/or
inner layer (15).

5. The bulk container (10) according to any of the pre-
ceding claims,
characterized in that
the at least one atmospheric sensor unit (30) and/or
the communication unit (31) further comprises a
power unit (38), in particular a battery (38), preferably
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a removable battery (38).

6. The bulk container (10) according to any of the pre-
ceding claims, in particular according to claim 5,
characterized in that
a/the power unit (38) comprises at least one coil (41)
or at least one capacitor, whereby the power unit
(38) is rechargeable using inductive and/or resonant
charging; and/or wherein at least one solar panel
(43) is arranged on the outside of the shell (11), pref-
erably on a top part of the shell, wherein the at least
one solar panel (43) is electrically coupled with the
power unit (38) to supply power to the atmospheric
sensor unit (30).

7. The bulk container (10) according to any of the pre-
ceding claims,
characterized by
at least one antenna (45) to broadcast and receive
data (111), the at least one antenna (45) being com-
municatively coupled to the communication unit (31).

8. The bulk container (10) according to any of the pre-
ceding claims, in particular according to claim 7,
characterized in that
a/the at least one antenna (45) is arranged on the
outside wall of a sensor case (39), the communica-
tion unit (31), a control unit (34) and/or the at least
one atmospheric sensor unit (30) being at least par-
tially, preferably fully, arranged within the sensor
case (39); and/or wherein a/the at least one antenna
(45) is embedded within the shell (11), preferably
interwoven with the shell (11) material, in particular
an/the outer layer (19).

9. The bulk container (10) according to any of the pre-
ceding claims,
characterized by
a control unit (34), wherein the control unit (34) is
adapted to initiate measuring at least one measure-
ment of the at least one atmospheric sensor unit (30),
preferably at predetermined intervals.

10. System (1) for processing atmospheric measure-
ment data, in particular of flexible intermediate bulk
containers (10), comprising:

- a plurality of bulk containers (10, 10’), each in
particular according to any of the preceding
claims;
- a processing unit (80) adapted to receive at-
mospheric measurement data (111) from the
plurality of bulk containers (10, 10’), the process-
ing unit (80) adapted to process the atmospheric
measurement data (111) and to store the re-
ceived and/or processed atmospheric measure-
ment data (111) in a processing memory (70).

11. The system (1) according to claim 10,
characterized by
at least one first gateway unit (50) adapted to receive
atmospheric measurement data (111) from the plu-
rality of bulk containers (10, 10’) and/or from at least
one second gateway unit (50’), wherein a gateway
unit (50) is adapted to transfer the received atmos-
pheric measurement data (111) to the processing
unit (80).

12. The system (1) according to any of the claims 10 to
11,
characterized in that
the at least one first and/or the at least one second
gateway unit (50, 50’) is adapted to receive the at-
mospheric measurement data (111) via a first com-
munication link (60) of a first communication tech-
nology and further adapted to transfer the received
atmospheric measurement data (111) to the
processing unit (80) using a second communication
link (60’) of a second communication technology.

13. The system (1) according to any of the claims 10 to
12,
characterized in that
the processing unit (80) is further adapted to deter-
mine a value (141) for at least one quality criteria
based on the atmospheric measurement data (111),
in particular based on a measured concentration of
oxygen.

14. A method (100) for analyzing atmospheric measure-
ment data (111), the method comprising the follow-
ing steps:

- Measuring (110) at least one atmospheric char-
acteristic within a load chamber (12) of at least
one bulk container (10, 10’) to generate atmos-
pheric measurement data (111), in particular us-
ing at least one atmospheric sensor unit (30) of
a bulk container (10, 10’) according to any of the
claims 1 to 9;
- Wirelessly transferring (120) the atmospheric
measurement data (111) to a gateway unit (50,
50’) or to a processing unit (80), in particular a
gateway unit (50, 50’) or a processing unit (80)
of a system (1) according to any of the claims
10 to 13, using a first communication link (60);
- Receiving (130) the atmospheric measure-
ment data (111) at a processing unit (80), in par-
ticular a processing unit (80) according to any
of the claims 10 to 13;
- Processing (140) the received atmospheric
measurement data (111), in particular by the
processing unit (80), to determine a value (141)
for at least one quality criteria based on the re-
ceived atmospheric measurement data (111), in
particular based on a measurement of the con-
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centration of oxygen within the load chamber
(12).

15. A computer-readable medium storing instructions
that, when executed by at least one processor, cause
the at least one processor to implement a method
according to claim 14.
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