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(57) ABSTRACT

The invention relates to a system (100) for manufacturing a
compostable pod (900) for brewing products. Therein, the
pod (900) is made from a sheet (600) made of a biodegrad-
able cellulose-based material. The system (100) comprises
at least one shaping line (200), which comprises a handling
unit (300) for transferring the sheet (600) along a transfer
direction (TD) through the system (100). The shaping line
(200) further comprises a humidifying unit (400) for moist-
ening at least one side of the sheet (600) with a moistening
agent (401), and a forming unit (800) for shaping a part of
the moistened sheet (600) into a three-dimensional shape to
form a pod element (910), which defines a pod cavity (911).
The shaping line (200) comprises further a humidity sensor
system (500) for visually sensing a level of humidity of at
least a section of the moistened sheet (600). Values related
to the level of humidity sensed by the humidity sensor
system (500) are received by a control unit (700), which is
further configured to control the humidifying unit (400)

(51) Int. CL based on these values. The invention also relates to a method
B31B 50/74 (2006.01) for manufacturing a compostable pod (900), whereby a level
B31B 50/00 (2006.01) of humidity of at least a section of the moistened sheet (600)
B31B 50/59 (2006.01) is visually sensed and forwarded for controlling the moist-
B65B 9/04 (2006.01) ening process of the at least one side of the sheet (600)
B65B 29/02 (2006.01) correspondingly.
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SYSTEM AND METHOD FOR FORMING A
COMPOSTABLE POD FOR BEVERAGES
FROM A SHEET HAVING A CONTROLLED
MOISTURE LEVEL

1. FIELD OF THE INVENTION

[0001] The present invention relates to a system and
method for manufacturing a compostable pod for brewing
products, wherein the pod is manufactured from a sheet
made of a biodegradable cellulose-based material.

2. TECHNICAL BACKGROUND

[0002] Single-serve beverage containers for beverage
preparation machines, such as capsules or pods, are known
in the art. These beverage containers are commonly used for
on demand dispensing of beverages, like coffee, tea or hot
chocolate, and enjoy popularity due to fresh tasting, vari-
ability of flavours and convenience of the beverage prepa-
ration.

[0003] Typically, these known beverage containers are
made of materials, for which reusing, recycling or compost-
ing is challenging, particularly after use of the beverage
container. Therefore, efforts are made to replace these estab-
lished materials with biodegradable or compostable materi-
als, such as cellulose-based materials, like paper, for which
the process of disposing used beverage containers is less
challenging (e.g. via composting).

[0004] The use of new materials for the beverage contain-
ers requires also new manufacturing processes. For instance,
in industrial production, a beverage container made from
cellulose-based material may be produced from an endless
(continuous) sheet of a paper material that travels through
different stations of a production line. At one station, a
section of the sheet is formed into a half-shell and subse-
quently filled with a beverage component, such as coffee,
before being sealed closed with another half-shell or lid.
[0005] Therein, it was found that moistening the sheet
before forming the half-shell can be beneficial for the
structural integrity and shelf-life of the resulting beverage
container.

[0006] For example, tearing, the creation of wrinkles or
cuts in the half-shells during the forming process can be
avoided by performing moistening before the forming step.
An example for a manufacturing process with such moist-
ening process can be found in WO 2020/031096 Al.
[0007] Also, it was found that the quality of the results of
the forming process depends on the local distribution and
amount of liquid taken up by the sheet material. For
example, a high uptake of liquid by the sheet material may
increase the risk of the sheet tearing or wrinkling during the
forming process or while being transferred through the
production line. Similarly, a low uptake of liquid by the
sheet material may increase the risk of cracks in the half-
shells during the forming process. As a consequence, the
integrity of the beverage container cannot be ensured,
thereby limiting the shelf-life of the product inside the
beverage containers.

[0008] In the prior art, these problems were addressed by
providing sensor systems along the production line, which
are able to evaluate the extent of the water content contained
inside the sheet material. For instance, known solutions rely
on sensor technology that is based on a microwave radio-
graphic method or absorbance of infrared radiation, the latter
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taking advantage of the circumstance that water primarily
absorbs infrared radiation while being transparent for most
other components of light within the visible spectrum. Other
known sensor solutions for determining the extent of the
water content contained inside the sheet material may be
destructive or may require the sensor probe to physically
contact the sheet material (e.g. gravimetric or resistance
Sensors).

[0009] A disadvantage of said known sensor systems is
that the result of the measurement is very localized and thus,
the determination of the water content inside the sheet
material can only be established for small localized sections
of the sheet material. Accordingly, local variations in the
water content across the sheet cannot be detected. In addi-
tion, the accuracy of the measurements of known sensor
systems is often too low for the requirements of the manu-
facturing process because these systems are more affected
by radiation noise in the surroundings. Furthermore, in the
process of manufacturing beverage containers, the sheet
material travels through the production line at speeds that
make it difficult to take advantage of all benefits of infrared
or microwave technology. In comparison, infrared sensor
systems are typically used in static applications, such as
building sites to determine the water content in bricks or
flooring, and the accuracy of the measurement is primarily
reliant on the object of interest being immobile. In addition,
the movement of the sheet through the production line
makes it difficult to allocate the result of a measurement to
the respective section of the sheet material with sufficient
accuracy. Accordingly, a measured section of the sheet may
be of little or no relevance for the forming process due to
such misalignments. Another disadvantage of the known
sensor systems is the delay between taking a measurement
and determining the extent of the water content contained
inside the sheet material. Accordingly, it may become nec-
essary to reduce the transport speed of the sheet to reduce lag
times and to synchronize the measurement process with the
manufacturing processes. Moreover, methods that require
direct contact between the sensor probe and the sheet
material, or necessitate to destructively analyse samples cut
out from the sheet are generally considered unsuitable for
manufacturing on an industrial scale.

[0010] Consequently, accurate and optimised control of
the moistening process is difficult to achieve due to the
above described problems surrounding the measurement of
the water content inside the sheet material. Thus, the risk of
the structural integrity of the beverage container being
compromised during the forming step is increased since the
moisture level at the forming step cannot be accurately
monitored and set. Accordingly, the shelf-life and quality of
the so produced beverage containers cannot be ensured.
[0011] Therefore, it is an object of the present invention to
provide a system and a method for manufacturing a pod
made from a compostable material, in which the structural
integrity and shelf-life of the produced pod can be improved
and ensured. Therein, it is a particular object of the invention
to improve the speed, accuracy and reliability of measuring
the moisture level of any liquid contained in the sheet
material, as well as to improve the control of the moistening
step in the manufacturing system and process.

[0012] These and other objects, which become apparent
upon reading the description, are solved by the subject-
matter of the independent claims. The dependent claims
refer to preferred embodiments of the invention.
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3. SUMMARY OF THE INVENTION

[0013] A first aspect of the invention relates to a system for
manufacturing a compostable pod for brewing products. The
system is (suitable or configured) for manufacturing said
pod from a sheet made of a biodegradable cellulose-based
material.

[0014] Therein, the term “pod” may be understood, for
example, as any (closed) container for preparing a beverage
in a beverage production machine (e.g. a capsule). A bev-
erage preparation may comprise solving, brewing or perco-
lating a substance enclosed inside the pod to produce a
brewing product, such as coffee or tea, for instance.
[0015] The term “sheet” may be understood, for example,
as a large, thin, flat, piece of material.

[0016] For example, the sheet may be supplied in a dry
state, i.e. having a maximum level of (relative) moisture or
humidity in the range from 2% to 8%, preferably 4% or 5%.
[0017] Moreover, the term “compostable” may be under-
stood as meaning that a material may be substantially broken
down into organic matter within a few weeks or months
when it is composted. This may be accomplished in indus-
trial composting sites and/or home composters. Specific
conditions relating to wind, sunlight, drainage and other
factors may exist at such sites. At the end of a composting
process, the earth may be supplied with nutrients once the
material has completely broken down. International stan-
dards, such as EU 13432 or US ASTM D6400, provide a
legal framework for specifying technical requirements and
procedures for determining compostability of a material. In
comparison, a “biodegradable” material may be understood
as any material that can be broken down into environmen-
tally innocuous products by (the action of) living things
(such as microorganisms, e.g. bacteria, fungi or algae). This
process can take place in an environment with or without the
presence of oxygen (aerobic/anaerobic).

[0018] The system comprises at least one shaping line,
which comprises a handling unit for transferring the sheet
along a transfer direction through the system. The shaping
line comprises further a humidifying unit for moistening at
least one side of the sheet with a moistening agent.

[0019] Therein, the term ‘“humidifying unit” may be
understood, for example, as a component of the shaping line
capable (or configured) for bringing (applying, or introduc-
ing) a moistening agent (liquid, solution) into or onto the
sheet. For this, the moistening agent may be applied directly
onto the sheet or by the humidifying unit making a carrier
medium (e.g. ambient air) humid or damp that can transfer
moisture onto the sheet.

[0020] The shaping line comprises a forming unit for
shaping a part of the moistened sheet into a three-dimen-
sional shape to form a pod element defining a pod cavity.
[0021] Therein, the term “shaping” may be understood, for
example, as using the characteristic of a material being
formable, malleable, and/or pliable to change its (three-
dimensional) shape (with or without the support of addi-
tional tools, and/or preferably with or without the applica-
tion of heat). Further, the term “moistened” may be
understood, for example, as the sheet material being sub-
jected to the moistening agent and the moistening agent
being present in the material. Preferably, the moistened sheet
material may carry an amount of the moistening agent.
[0022] The at least one shaping line further comprises a
humidity sensor system for visually sensing a level of
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humidity of at least a section of the moistened sheet.
Preferably, said section may correspond at least partially
with the part to be shaped.

[0023] Therein, the expression “visually sensing” may be
understood as sensing similar to the human eye. For
instance, it may be understood as optical sensing, i.e.
sensing based on information carried by light within the
visible spectrum. The humidity sensor system may be suit-
able (configured) for capturing an at least two-dimensional
(optical, visual) image, by which a light intensity distribu-
tion (for defined wavelengths) can be detected.

[0024] Furthermore, the expression “level of humidity”
(moisture level) may be understood, for example, as a
numerical quantification of a primarily liquid substance (or
moisture, and/or humidity) contained inside the sheet mate-
rial. For example, it is conceivable that the level of humidity
may be an indication of the (liquid and/or gaseous) water
content in the paper, and/or the relative humidity of the
(paper) sheet material. Therein, water content (or moisture
content) may be understood, for example, as the amount of
(liquid and/or gaseous) water contained in a solid material
(e.g. measured as a weight in Gramm). From this it becomes
clear that in this specification, the terms “moisture” and
“humidity” may be used interchangeably unless explicitly
stated otherwise.

[0025] For example, the level of humidity (moisture level)
may be expressed as absolute humidity. For instance, the
liquid (moistening agent) content in the material could be
measured in weight per volume (g/m?). Alternatively or
additionally, the level of humidity (moisture level) may be
expressed as relative humidity. For instance, the liquid
content may be measured as ratio between a measured
moistening agent content and the maximum quantity of the
liquid content absorbable in the material (e.g. ratio
expressed as percentage).

[0026] The at least one shaping line further comprises a
control unit configured to receive values related to the level
of humidity sensed by the humidity sensor system, and to
control the humidifying unit based on these values.

[0027] In other words: With the configuration of the
present invention, it becomes possible to provide a manu-
facturing system that is capable of producing from a cellu-
lose-based sheet material a compostable pod for brewing
products. For this, the system comprises a shaping line,
which is capable of (sequentially) performing various func-
tions or operations involved within the pod production
(manufacturing) process, which are interlinked such that a
compostable pod with reliable and high structural integrity
can be achieved. For instance, a handling unit is provided
that is suitable for (linearly) transferring (transporting, mov-
ing, dragging, conveying) the sheet through the system.
Further, a humidifying unit is provided for applying a (liquid
and/or gaseous) moistening agent onto at least one side of
the sheet. Therein, for example, the moistening agent may be
any substance or liquid, such as water, distilled water or any
aqueous solution, which preferably may be suitable for
reducing the sheet material inherent rigidity of the pod for
the shaping step. Thereby, the shaping process of the pod
element (or of the pod body or of at least a part of the pod)
is supported because, in the forming unit, the shaping
process can be performed on a moistened section of the
sheet, which is beneficial for avoiding pod integrity breaches
resulting from the forming process. The shaping line further
comprises a humidity sensor system. Thereby, it is possible
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to determine the quantity, location and extent of the moist-
ening agent inside the sheet. Therein, visual sensing facili-
tates short measuring times, measuring a defined area, as
well as the ability of the light to enter deep inside the sheet
material. Accordingly, the size of the measured area, the
measurement speed and the accuracy of the measurement
can be improved in comparison to the sensor methods
known from the prior art. This allows the control unit to
adapt the moistening process in the humidifying unit more
quickly, accurately and less dependent on highly localized
measurements. The control unit is configured to evaluate
values related to the level of humidity, which may be raw
values determined by the sensor (e.g. intensity values of a
light of a certain wavelength), calculated, converted or
weighed values, or they may be already the final result of an
analysis of the measured values performed by the humidity
sensor system. Since the accuracy, speed and quality of
information contained in the values can be improved, the
control of the moistening process can be completed more
accurately, timely and adapted to a momentary situation than
what was achieved in prior art solutions. In particular, it
becomes possible to monitor and to control the manufactur-
ing process in real-time (i.e. a response of the system within
specified time constraints, such as reacting within half of the
time needed by the section of the sheet to travel between two
consecutive stations, may be guaranteed).

[0028] Thereby, it is possible to manufacture a pod made
from a compostable material, in which the structural integ-
rity and shelf-life of the produced pod is improved and
ensured. Thus, the system of the present invention over-
comes the disadvantages of the prior art.

[0029] According to a preferred embodiment, the humid-
ity sensor system may comprise an optical instrument to
capture a visual image of at least the section of the moist-
ened sheet. The visual image may represent the level of
humidity. For example, the optical instrument may be a
(high resolution) camera. Preferably, the resolution of the
optical camera may be in the range of 5 million pixels to 20
million pixels, preferably 12 million pixels. The visual
image may comprise a plurality of pixels. Preferably, each of
the received (level of humidity related) values may be
related to one or a number of the pixels. Preferably, the
visual image may have a resolution of at least 100 pixels per
inch (PPI), preferably at least 300 PPI, more preferred about
900 PPI (or, expressed differently, 30 micrometres per
pixel).

[0030] Thereby, it is possible to scan the section of the
sheet in at least two dimensions and with a high resolution
so that an accurate representation of the quantity and quality
of the moisture distribution in the sheet can be determined.
Accordingly, it is possible to tailor the moistening process
more closely to the requirements of the forming process due
to the improved quality and informative value of the
acquired measurement data.

[0031] According to a preferred embodiment, the humid-
ity sensor system may comprise at least one light source. For
example, the light source may be an LED light source for
emitting light of one or more defined wavelengths within the
visible spectrum.

[0032] Therein, the expression “visible spectrum of light”
may be understood as light having a wavelength between
380 nanometres (e.g. violet) and 700 nanometres (e.g. red),
preferably between 380 nanometres and 900 nanometres
(e.g. near infrared).
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[0033] Preferably, the light source may be arranged such
that the emitted light is directed onto at least the section of
the moistened sheet so as to be reflected. For example, the
light source may be arranged such that the emitted light may
be reflected towards the optical instrument to capture the
reflected light as the visual image.

[0034] Thereby, it is possible to provide the humidity
sensor system with an active light source, by which a defined
light can be emitted and the response (e.g. absorbance,
reflectance, phase shift) between the emitted light and the
liquid contained in the section of the material to be measured
can be recorded. With such configuration, it is possible to
reduce or even eliminate the impact of radiation noise on the
accuracy and validity of the measurement. Moreover, by
emitting light of a variety of different wavelengths, it
becomes possible to detect the reflectance intensities of the
material for different wavelengths. This allows detecting the
moisture level for various compositions of moistening
agents. For example, the moistening agent may comprise a
surface active agent or ingredient that may cause the reflec-
tance intensities of the sheet material at a certain wavelength
to be different from a sheet material being moistened by
water only. In addition, it is possible to create a reflectance
profile or signature for the observed section, which can be
compared to reference signatures of various moisture levels
(within the same material). Accordingly, it becomes possible
to tailor the system to the respective application and to allow
the use of different moistening agents. Therein, it is also
conceivable that the moistening agent may comprise a
substance improving the accuracy of the reflectance or
absorbance measurement further by responding to a certain
wavelength of the emitted light in a particular manner.
[0035] According to a further preferred embodiment, the
humidity sensor system may be arranged above the sheet or
the section of the moistened sheet to be visually sensed. For
instance, at least the optical instrument, if present, may be
arranged in this manner.

[0036] Therein, “above” may be understood, for example,
as perpendicular with respect to the sheet surface and/or the
transfer direction (e.g. with respect to gravity).

[0037] Thereby, it is possible to acquire data from relevant
sections of the sheet in advantageous manner.

[0038] According to a preferred embodiment, the humid-
ity sensor system may be positioned downstream of the
humidifying unit and preferably upstream of the forming
unit with respect to the transfer direction. For instance, at
least the optical instrument may be arranged in this manner.
[0039] Thereby, it is possible to determine the result of the
moistening step (immediately) and to adapt the moistening
process based on the so acquired data.

[0040] According to a further preferred embodiment, the
control unit may be configured to compare the received
(level of humidity related) values with defined reference
values. Alternatively or additionally, the control unit may be
configured to control the humidifying unit based on the
comparison between the received (level of humidity related)
values and the defined reference values.

[0041] Thereby, it is possible to determine any differences
between a desired moisture level in the sheet material and
the actual (measured) moisture level. For example, statistical
or machine learning methods may be applied, e.g. Principal
Component Analysis (PCA).

[0042] According to a preferred embodiment, the system
or the control unit may comprise a data storage unit for
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storing the defined reference values. Alternatively or addi-
tionally, the system or the control unit may comprise a
communication port for retrieving the defined reference
values and/or the received (level of humidity related) values.
[0043] Thereby, it is possible to provide the system with a
connection to data networks (e.g. internet) or databases for
storing, analysing and evaluating the acquired data and
adapted control settings. This facilitates continuous
improvements of the control algorithm used at the control
unit and all operations completed within the system.
[0044] According to a further preferred embodiment, the
humidifying unit may be arranged to moisten only one side
of the sheet. For example, the humidifying unit may be
arranged to moisten only a lower side of the sheet when the
sheet is horizontally (e.g. with respect to gravity) transferred
through the humiditying unit. Preferably, the humidifying
unit may be arranged on an opposite side of the sheet than
the humidity sensor system. Preferably, the humidifying unit
may comprise a scraper element for removing excess liquid
from the sheet, which preferably may be arranged at a
downstream end section of the humidifying unit with respect
to the transfer direction.

[0045] Thereby, the risk of water drops falling into the
sensing part of the humidity sensor system, and so altering
the accuracy and validity of the measurement can be
reduced. Moreover, by applying the moistening agent on an
opposite side of the sheet to the position of the sensor, it can
be ensured that the moistening agent is sufficiently soaked
into the sheet material, thereby improving the reliability of
the measurement and reducing the risk of measuring local
variations in the liquid concentration resulting from the
moistening process in the humidifying unit leading to data
outliers.

[0046] According to a preferred embodiment, the humidi-
fying unit may comprise an immersion unit for immersing
the at least one side of the sheet in the moistening agent.
Alternatively or additionally, the humidifying unit may
comprise a spraying unit for spraying the moistening agent
on the at least one side of the sheet. Alternatively or
additionally, the humidifying unit may comprise a steam
unit, preferably a cold steam unit, for applying the moist-
ening agent onto the at least one side of the sheet. Alterna-
tively or additionally, the humidifying unit may comprise a
roll transfer unit for transferring the moistening agent from
a reservoir onto the at least one side of the sheet.

[0047] Thereby, the moistening agent can be applied in
various ways onto the sheet material.

[0048] According to a further preferred embodiment, the
system may further comprise a pre-drying unit for drying the
sheet before reaching the forming unit. Preferably, the
pre-drying unit may be suitable and/or configured for drying
at least part of the sheet (on the at least one side). Preferably,
the control unit may be further configured to control the
pre-drying unit based on these values. Alternatively or
additionally, the system may further comprise a final drying
unit for drying the pod element. Preferably, the pod element
may be the shaped (part of the) sheet. The control unit may
be further configured to control the final drying unit based on
these values.

[0049] Thereby, it is possible to reduce the level of mois-
ture contained in the moistened section of the sheet before
reaching the forming unit. Therein, the control of the pre-
drying unit can be adapted based on the results of the
measurements completed by the humidity sensor system.
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Thereby, it can be ensured that the moistened section of the
sheet can be shaped in the forming unit having an optimal
moisture level.

[0050] According to a preferred embodiment, the system
may further comprise a filling unit for placing an amount of
a brewing material into the pod cavity of the pod element.
For example, the filling unit may be arranged downstream of
the final drying unit with respect to the transfer direction.
[0051] Therein, the brewing material may be a substance,
such as any type of (solid semi-solid or jellified, at least
partially soluble and/or percolate-able) matter of a particular
or definite chemical constitution. Examples for such sub-
stances may be roasted ground coffee, instant coffee,
tealeaves, a chocolate product, dehydrated edible sub-
stances, and/or combinations thereof.

[0052] Thereby, it is possible to dry the pod element
before reaching the filling unit so that the pod is filled in a
dry state, which is beneficial for the shelf-life of the resulting
pod.

[0053] According to a further preferred embodiment, the
system may further comprise a joining unit for joining a
closing element to the pod element to close the pod cavity
(preferably around the amount of brewing material). For
example, the closing element may be a lid or another one of
the pod elements. Preferably, the pod elements may be
joined such that their cavities together form a closed pod
cavity. For this, the system may comprise two of the shaping
lines, each for forming a pod element, and said joining unit
for joining the two pod elements to form the pod cavity.
[0054] Thereby, it is possible to provide a physical (and
preferably sealing) connection between the pod element and
the respective closing element. The connection may be
achieved by heat sealing or ultrasonic sealing. Accordingly,
it is possible to provide a gas tight enclosure or encapsula-
tion of the brewing material inside the pod cavity. Thereby,
the integrity and shelf-life of the pod can be ensured.
[0055] According to a further preferred embodiment, the
sheet may be an endless sheet. The sheet may preferably be
provided from a reel. For this, for example, the system may
further comprise a conveying unit for unrolling the sheet.
[0056] Thereby, it is possible to provide the sheet in a
manner particularly suitable for industrial manufacturing. In
particular, sequential processing at different stations is
improved by providing the sheet as a continuous sheet. For
example, the sheet may longitudinally extend in a continu-
ous manner. In particular, the sheet may be suitable for being
connected with other such sheets at an end section to form
a seemingly “endless” sheet in the manufacturing process.
[0057] According to a preferred embodiment, the sheet
may have gas barrier properties.

[0058] Therein, a gas barrier may be understood, for
example, as the ability to reduce or eliminate gaseous
substances passing through the sheet (material). For
instance, the sheet may have a oxygen barrier with an
oxygen transmission rate (OTR) below 5 cm?/m?/day. How-
ever, OTR values may be subject to the specifics of the
material used for the sheet. Generally, the OTR may be a
measure of the amount of oxygen gas that passes through a
substance over a defined period. For example, OTR may be
measured using known methods specified in industrial stan-
dards, such as DIN 53380-3, ASTM D1434 or ISO 2872.
[0059] On this aspect, it is noted that applying too much
moistening agent onto the sheet can lead to the effectiveness
of'the oxygen barrier to decrease (thus, OTR to increase) due
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to irreversible swelling of the fibres in the sheet material, for
instance. Accordingly, the humidity sensor system may
preferably be arranged such that the moisture level may be
sensed before the oxygen barrier may be irreversibly dam-
aged or altered.

[0060] The sheet may have a single-layered structure
made of a cellulose-based material having the gas barrier
properties. Alternatively, it is also conceivable that the sheet
may have a multi-layered structure, comprising a paper layer
made of a cellulose-based material and a barrier layer having
the gas barrier properties. Preferably, the paper layer may
form the at least one side and/or the above-mentioned lower
side of the sheet.

[0061] By providing the sheet with a gas barrier, the
shelf-life of the pod can be improved.

[0062] A further aspect of the present invention relates to
a method for manufacturing a compostable pod, the pod
being (configured and/or suitable) for brewing products. The
method comprises the step of transferring a sheet made of a
biodegradable cellulose-based material along a transfer
direction through the above-described system. For example,
the biodegradable cellulose-based material may preferably
have gas barrier properties. At least one side of said sheet is
moistened with a moistening agent. Part of the moistened
sheet is shaped into a three-dimensional shape to form a pod
element defining a pod cavity. Preferably, the pod element
may be dried. The method further comprises the step of
visually sensing a level of humidity of at least a section of
the moistened sheet. Values related to the sensed level of
humidity are received. The (step, process, result, or effect of)
moistening of the at least one side of the sheet is controlled
based on these values.

[0063] All of the definitions and effects described above
for the system are equally applicable to the method of the
invention. The system is suitable for performing the method
of the present invention.

[0064] With the configuration of the method of the inven-
tion, it is possible to provide from a sheet material a
compostable pod having a high and reliable structural integ-
rity and shelf-life. This is possible because the method
allows to measure and adapt the liquid content in the sheet
so that shaping the sheet into the pod shape can be improved.

[0065] According to a preferred embodiment, the step of
visually sensing may comprise capturing a visual image of
at least the section of the moistened sheet representing
(showing, or indicative of) the level of humidity. Alterna-
tively or additionally, the step of visually sensing may
comprise the steps of emitting light of one or more defined
wavelengths within the visible spectrum onto at least the
section of the moistened sheet, and capturing the reflected
light as the visual image.

[0066] Thereby, the accuracy and reliability of the
acquired data relating to the moisture level can be improved
while measurement times can be reduced. In particular, it
becomes possible to monitor the manufacturing process in
real-time.

[0067] According to a further preferred embodiment, the
step of controlling the (step, process, result, or effect of)
moistening may comprise the steps of comparing the
received (level of humidity related) values with defined
reference values, and controlling (e.g. adapting) the moist-
ening based on the comparison between the received (level
of humidity related) values and the defined reference values.
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[0068] Thereby, the control of the moisture level can be
improved. In particular, due to the measurement, it becomes
possible to control the manufacturing process in real-time.
[0069] According to a preferred embodiment, the method
may further comprise the step of placing an amount of a
brewing material into the cavity of the pod element. Alter-
natively or additionally, the method may further comprise
the step of joining a closing element to the pod element to
close the cavity. Therein, the step of joining may preferably
comprise the step of joining a lid as the closing element.
Alternatively, the step of joining may preferably comprise
the step of joining another one of the pod elements as the
closing element, wherein preferably the pod elements may
be joined such that their cavities together form a closed pod
cavity.

[0070] Thereby, it is possible to provide a pod with a
beverage ingredient and seal the pod from the outside. Thus,
the pod can be provided with a relatively long shelf-life.

4. BRIEF DESCRIPTION OF DRAWINGS

[0071] Further features, advantages and objects of the
invention will become apparent for the skilled person when
reading the following detailed description of embodiments
of the invention and when taking in conjunction with the
figures of the enclosed drawings. In case numerals have been
omitted from a figure, for example for reasons of clarity, the
corresponding features may still be present in the figure.
[0072] FIG. 1 shows a schematic side view of a shaping
line of a pod manufacturing system according to an embodi-
ment of the invention.

[0073] FIG. 2 shows a schematic top view of the shaping
line and system of FIG. 1.

[0074] FIG. 3 shows a schematic sectional side view of a
pod manufactured with the system and method according to
a further embodiment of the invention.

[0075] FIG. 4 shows a schematic sectional side view of a
pod manufactured with the system and method according to
a further embodiment of the invention.

5. DETAILED DESCRIPTION

[0076] FIGS. 1 and 2 show different views and aspects of
an embodiment of the system 100 and method for manu-
facturing a compostable pod 900 for brewing products
according to the present invention. FIGS. 3 and 4 show
aspects of different embodiments of the compostable pod
900 manufactured with the system 100 and the method
according to the present invention.

[0077] The system 100 is configured for manufacturing a
compostable pod 900 from a sheet 600. FIGS. 1 and 2 show
the system 100 and some of the components exemplarily.
FIGS. 3 and 4 show examples of the pod 900 producible
with the system 100.

[0078] The sheet 600 is made of a biodegradable cellu-
lose-based material. For example, the cellulose-based mate-
rial may comprise cellulosic fibres, paper, paperboard, a
cellulosic pulp for being molded, a cellulose nanofibres
sheet or film, airlaid cellulose and/or delignified wood. For
instance, the sheet 600 may be made of paper comprising
(other) biodegradable material. The material of the sheet 600
may provide a barrier against moisture and/or gas. For this,
the sheet 600 may have, for example, a single-layered
structure of cellulose-based material, the layer being suffi-
ciently thick or composed to provide the gas barrier prop-
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erties. FIGS. 1, 2 and 4 exemplarily illustrate the use of the
sheet 600 having a single layer. Alternatively, the sheet 600
may have, for example, a multi-layered structure with a
paper layer 611 made of a cellulose-based material, and a
barrier layer 612 with the gas barrier properties. The use of
such material configuration of the sheet 600 is exemplarily
shown in FIG. 3.

[0079] For the purpose of industrially manufacturing the
pod 900, the sheet 600 may be provided as an endless sheet,
for example. This type of sheet 600 may be provided from
a reel and the system 100 may comprise a conveying unit for
unrolling the sheet 600 from said reel and for introducing the
sheet 600 into the system 100 (not illustrated). However, it
is also conceivable to provide the sheet 600 as an individual
blank sheet. Preferably, the sheet 600 may have a thickness
between 50 micrometres and 200 micrometres, more pre-
ferred between 120 micrometres and 130 micrometres.

[0080] The system 100 comprises at least one shaping line
200. FIGS. 1 and 2 exemplarily illustrate an embodiment of
the shaping line 200. For instance, the shaping line 200 may
comprise a series of stations each providing the functionality
required for manufacturing the pod 900. For example, a
section of the sheet 600 may pass each of the stations in
sequential order. The system 100 may comprise one or more
of the shaping line 200.

[0081] The shaping line 200 comprises a handling unit 300
for transferring the sheet 600 along a transfer direction TD
through the system 100. In FIGS. 1 and 2, the handling unit
300 is exemplarily illustrated as two rollers 461, 462, which
may be arranged opposite to each other with respect to the
sheet 600. However, it is also conceivable that the handling
unit 300 may be provided by a conveyor band, pusher or
moving clamps. Moreover, additional handling elements
(e.g. rollers) of the handling unit 300 may be provided at
various locations along the transfer direction TD to ensure a
continuous transport of the sheet 600 through the system
100. Preferably, the sheet 600 may be linearly moved along
the transfer direction TD. The sheet 600 may be transported
within the system 100 horizontally (as illustrated exemplar-
ily in FIGS. 1 and 2) or vertically (not illustrated).

[0082] The shaping line 200 further comprises a humidi-
fying unit 400 for moistening at least one side of the sheet
600 with a moistening agent 401. FIGS. 1 and 2 show an
exemplary embodiment of the humidifying unit 400.

[0083] As shown in FIGS. 1 and 2, the humidifying unit
400 may comprise a roll transfer unit 410 for transferring the
moistening agent 401 from a reservoir 411 onto the at least
one side of the sheet 600. For instance, the moistening agent
401 may be applied by the roller 461 onto the lower side 601
of the sheet 600, wherein preferably the roller 461 may be
at least partially immersed in the moistening agent 401. The
roller 461 may then get into contact with the sheet 600 and
thereby may bring the moistening agent 401 into the sheet
material within a defined section of the sheet 600, which
may be referred to as a moistened section 640 of the sheet
600 (FIG. 2). For instance, the water content in the moist-
ened section 640 may be higher than in the rest of the sheet
600 (e.g. part before the roller 461). Preferably, the humidi-
fying unit 400 may be arranged to moisten only one side of
the sheet 600. This is exemplarily illustrated in FIGS. 1 and
2, where only the lower side 601 of the sheet 600 may be
moistened by the humidifying unit 400. Thereby, excess
liquid may leave the lower side 601 and may be returned into
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the reservoir 411. However, it is also conceivable that the
upper side 602 and the lower side 601 of the sheet 600 may
be moistened.

[0084] In addition, other embodiments of the humidifying
unit 400 are conceivable, of which the following are briefly
discussed: For instance, the humidifying unit 400 may
comprise an immersion unit for immersing the at least one
side of the sheet 600 in the moistening agent 401. Alterna-
tively or additionally, the humidifying unit 400 may com-
prise a spraying unit for spraying the moistening agent 401
on the at least one side of the sheet 600. Alternatively or
additionally, the humidifying unit 400 may comprise a (cold)
steam unit for applying the moistening agent 401 onto the at
least one side of the sheet 600.

[0085] Preferably, the sheet 600 may be provided such that
the barrier layer 612 may be arranged on the opposite side
to the humidifying unit 400, for example, in order to
facilitate sufficient uptake of the moistening agent 401
during the moistening process. In other words, the paper
layer 611 may preferably be the at least one side and/or the
lower side 601 of the sheet 600.

[0086] The moistening agent 401 may be (distilled) water
or an aqueous solutions, for example.

[0087] The shaping line 200 further comprises a forming
unit 800 for shaping a part of the moistened sheet 600 into
a three-dimensional shape to form a pod element 910, which
defines a pod cavity 911. Therein, preferably the moistened
section 640 of the sheet 600 may be the part for shaping, and
accordingly, may be subjected to the shaping process. FIG.
1 exemplarily shows an embodiment of the forming unit
800. In this example, the forming unit 800 may comprise
forming tools, such as a forming die 810 and a movable
corresponding stamp 820 for forming the pod element 910
with the pod cavity 911.

[0088] The body of the pod 900 may be formed by the pod
element 910, for example. As exemplarily illustrated in
FIGS. 3 and 4, the pod element 910 may define the pod
interior with the pod cavity 911.

[0089] The shaping line 200 further comprises a humidity
sensor system 500 for visually sensing a level of humidity of
at least a section of the moistened sheet 600. FIGS. 1 and 2
show an embodiment of the humidity sensor system 500
exemplarily. Preferably, the humidity sensor system 500
may sense the level of humidity at a section of the sheet 600
that may correspond at least partially with the part to be
shaped in the forming unit 800. This is exemplarily illus-
trated in FIGS. 1 and 2, whereby the moistened section 640
is (continuously in time and space) examined by the humid-
ity sensor system 500.

[0090] For instance, the humidity sensor system 500 may
comprise an optical instrument 510, such as a (high resolu-
tion) camera, to capture a visual image of at least the section
of the moistened sheet 600 representing the level of humid-
ity. This is exemplarily indicated in FIGS. 1 and 2. The so
captured visual image may comprise a plurality of pixels.
Each of the received (level of humidity related) values may
be related to one or more pixels.

[0091] The humidity sensor system 500 may comprise a
light source 520 for emitting light within the visible spec-
trum. For this, a single light source 520 may be provided.
FIG. 1 illustrates exemplarily that the humidity sensor
system 500 may also comprise a plurality of LED light
sources 521, 522, 523, 524, 525, each being provided for
emitting light of one or more defined wavelengths within the
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visible spectrum. For instance, wavelengths around 380
nanometres, 450 nanometres, 520 nanometres, 590 nanome-
tres 660 nanometres and/or 700 nanometres may be used.
Alternatively, or additionally, the light source 520 (having
one or multiple light sources) may emit light having a
continuous spectrum within the visible spectrum (i.e. a
continuous sweep). The light source 520 may be arranged
such that the emitted light 531 is directed onto at least the
section of the moistened sheet 600 so as to be reflected
towards the optical instrument 510 to capture the reflected
light 532 as the visual image. This is exemplarily illustrated
in FIG. 1.

[0092] Preferably, the optical instrument 510 may be
capable of acquiring data within a defined measuring win-
dow 560. This is exemplarily illustrated in FIGS. 1 and 2.
Preferably, the measuring window 560 may have any shape
or form. For example, the measuring window 560 may have
a diameter between 2 cm and 20 cm.

[0093] The humidity sensor system 500 or at least the
optical instrument 510 may be arranged above the sheet 600
or the section of the moistened sheet 600 to be visually
sensed. This is exemplarily illustrated in FIGS. 1 and 2.
Alternatively or additionally, the humidity sensor system
500 or at least the optical instrument 510 may be positioned
downstream of the humidifying unit 400 and preferably
upstream of the forming unit 800 with respect to the transfer
direction TD. FIGS. 1 and 2 show this exemplarily. Prefer-
ably, the humidifying unit 400 and humidity sensor system
500 may be arranged on opposite sides with respect to the
sheet 600. This is exemplarily shown in FIGS. 1 and 2.
[0094] The shaping line 200 further comprises a control
unit 700 configured to receive values related to the level of
humidity sensed by the humidity sensor system 500, and to
control the humidifying unit 400 based on these values.
Therein, the control unit 700 may be configured to compare
the received values with defined reference values, and to
control the humidifying unit 400 based on the comparison
between the received values and the defined reference
values.

[0095] For example, the sheet 600 may be considered at a
good moisture level with the level of (relative) moisture or
humidity of the sheet material being in the range from 9%
to 40%, preferably 12% to 18%, and more preferred 12% to
16%. However, the present invention is not limited to these
specific values as they may vary depending on the respective
sheet material.

[0096] Preferably, the control unit 700 may be configured
to control and/or adapt a number of different parameters and
components of the shaping line 200. For instance, the
control unit 700 may be configured to adapt the travelling
speed of the sheet 600, the composition of the moistening
agent 401, the rotational speed of the rollers 461, 462 and/or
the temperature of the forming tools 810, 820 provided in
the forming unit 800. For this, the system 100 or the control
unit 700 may comprise a data storage unit 701 for storing the
defined reference values. Alternatively or additionally, the
system 100 or the control unit 700 may comprise a com-
munication port 702 for retrieving the defined reference
values and/or the received values from an external source.
The control unit 700 may preferably be connected with all
of the elements of the shaping line 200, in particular the
handling unit 300, the humidifying unit 400 the forming unit
800, the humidity sensor system 500 and/or other compo-
nents described in the following. The information link
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(connection) between the respective components is exem-
plarily illustrated by arrows 730 and 570, which indicate
exemplarily a data connection between the control unit 700
and the handling unit 300, and the control unit 700 and the
humidity sensor system 500.

[0097] For instance, the system 100 may further comprise
apre-drying unit for drying the sheet 600 before reaching the
forming unit 800. Preferably, at least the moistened part of
the sheet 600 may be dried by the pre-drying unit. Alterna-
tively, or additionally, the system 100 may further comprise
a final drying unit for drying the pod element 910. Alterna-
tively or additionally, the system 100 may further comprise
a filling unit for placing an amount of a brewing material 990
into the pod cavity 911 of the pod element 910. Therein, the
filling unit may be arranged downstream of the final drying
unit with respect to the transfer direction TD, for instance.
However, it is also conceivable the filling unit may be part
of the forming unit 800. Alternatively, or additionally, the
system 100 may comprise a joining unit for joining a closing
element 950 to the pod element 910 to close the pod cavity
911 around the amount of brewing material 990.

[0098] FIGS. 3 and 4 show different examples of embodi-
ments of the closing element 950. For instance, the closing
element 950 may be a lid 951, such as exemplarily illus-
trated in FIG. 3. Alternatively, the closing element 950 may
be another one of the pod elements 910, wherein preferably
the pod elements may be joined such that their cavities 911
together form a closed pod cavity 911. For this, it is
conceivable that the system 100 may be provided with two
shaping lines 200, each for forming a pod element 910, and
with said joining unit for joining the two pod elements 910.
[0099] A further aspect of the invention relates to a
method for manufacturing a compostable pod, such as the
pod 900 described above. FIGS. 1 and 2 show steps of the
method.

[0100] For instance, in the method, a sheet, which is made
of a biodegradable cellulose-based material and preferably
may have gas barrier properties, such as the above-described
sheet 600, is transferred along the transfer direction TD
through the system 100.

[0101] At least one side of said sheet 600 is moistened
with a moistening agent, such as the above-described moist-
ening agent 401.

[0102] A level of humidity of at least a section of the
moistened sheet 600, such as the moistened section 640, is
visually sensed so that values related to the sensed level of
humidity can be received. Therein, the step of visually
sensing may comprise capturing a visual image of at least
the section of the moistened sheet 600 representing the level
of humidity. Alternatively, the step of visually sensing may
comprise the step of emitting light 531 of one or more
defined wavelengths within the visible spectrum onto at least
the section of the moistened sheet 600 and capturing the
reflected light 532 as the visual image.

[0103] A part of the moistened sheet 600 is shaped into a
three-dimensional shape to form a pod element defining a
pod cavity, such as the above-described pod element 910
with the pod cavity 911. It is conceivable to dry the pod
element 910 after the shaping. However, the pod element
910 may be dried at various other stages throughout the
manufacturing process.

[0104] The process (step) of moistening of the at least one
side of the sheet 600 is controlled based on the values
acquired in the visually sensing step. Therein, the step of
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controlling the moistening may comprise comparing the
received values with defined reference values, and control-
ling the moistening based on the comparison between the
received values and the defined reference values.

[0105] The method may further comprise the step of
placing an amount of a brewing material, such as the above
described brewing material 990, into the cavity 911 of the
pod element 910. The method may further comprise the step
of joining a closing element, such as the above-described
closing element 950, to the pod element 910 to close the
cavity 911. This is exemplarily illustrated in FIGS. 3 and 4.
For instance, the step of joining may comprise joining a lid
951 as the closing element 950 to the pod element 910.
Alternatively, another one of the pod elements 910 may be
joined as the closing element 950. Thereby, the pod elements
910 may be joined such that their cavities 911 together form
a (one) pod cavity 911, which is closed.

[0106] The invention is not limited by the embodiments as
described hereinabove, as long as being covered by the
appended claims. All features of embodiments described
hereinabove can be combined in any possible way and can
be provided interchangeably.

1. System for manufacturing a compostable pod for
brewing products from a sheet made of a biodegradable
cellulose-based material, the system comprising at least one
shaping line, which comprises:

a handling unit for transferring the sheet along a transfer

direction through the system;

a humidifying unit for moistening at least one side of the

sheet with a moistening agent; and

a forming unit for shaping a part of the moistened sheet

into a three-dimensional shape to form a pod element
defining a pod cavity;

wherein the at least one shaping line further comprises:

a humidity sensor system for visually sensing a level of

humidity of at least a section of the moistened sheet,
and

a control unit configured to receive values related to the

level of humidity sensed by the humidity sensor sys-
tem, and to control the humidifying unit based on these
values.

2. System according to claim 1, wherein the humidity
sensor system comprises an optical instrument to capture a
visual image of at least the section of the moistened sheet
representing the level of humidity.

3. System according to claim 1, wherein the humidity
sensor system comprises a light source for emitting light of
one or more defined wavelengths within the visible spec-
trum, wherein the light source is arranged such that the
emitted light is directed onto at least the section of the
moistened sheet so as to be reflected.

4. System according to claim 1, wherein the humidity
sensor system is arranged on an opposite side to the humidi-
fying unit with respect to the sheet or the section of the
moistened sheet to be visually sensed, and/or

wherein the humidity sensor system is positioned down-

stream of the humidifying unit.

5. System according to claim 1, wherein the control unit
is configured to compare the received values with defined
reference values, and to control the humidifying unit based
on the comparison between the received values and the
defined reference values.
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6. System according to claim 1, wherein the humidifying
unit is arranged to moisten only one side of the sheet when
the sheet is horizontally transferred through the humidifying
unit.

7. System according to claim 1, wherein the humidifying
unit comprises at least one of

an immersion unit for immersing the at least one side of

the sheet in the moistening agent,

a spraying unit for spraying the moistening agent on the

at least one side of the sheet,

a steam unit for applying the moistening agent onto the at

least one side of the sheet, and

a roll transfer unit for transferring the moistening agent

from a reservoir onto the at least one side of the sheet.

8. System according to claim 1, further comprising at least
one of

a pre-drying unit for drying the sheet before reaching the

forming unit, preferably for drying at least part of the
sheet, wherein the control unit is further configured to
control the pre-drying unit based on these values,

a final drying unit for drying the pod element,

a filling unit for placing an amount of a brewing material

into the pod cavity of the pod element,

a joining unit for joining a closing element to the pod

element to close the pod cavity.

9. System according to claim 8, wherein the closing
element is

a lid, or

another one of the pod elements.

10. System according to claim 9, wherein the system
comprises

two of the shaping lines, each for forming a pod element,

and

the joining unit for joining the two pod elements to form

the pod cavity.

11. System according to claim 1,

wherein the sheet has gas barrier properties.

12. A method for manufacturing a compostable pod for
brewing products, comprising:

transferring a sheet made of a biodegradable cellulose-

based material along a transfer direction through the
system,

moistening at least one side of said sheet with a moist-

ening agent;

shaping part of the moistened sheet into a three-dimen-

sional shape to form a pod element defining a pod
cavity;

visually sensing a level of humidity of at least a section of

the moistened sheet;

receiving values related to the sensed level of humidity;

and

controlling the moistening of the at least one side of the

sheet based on these values.

13. Method according to claim 12, wherein the step of
visually sensing comprises:

capturing a visual image of at least the section of the

moistened sheet representing the level of humidity.

14. Method according to claim 12, wherein the step of
controlling the moistening comprises:

comparing the received values with defined reference

values, and

controlling the moistening based on the comparison

between the received values and the defined reference
values.
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15. Method according to claim 12, further comprising at
least one of:
placing an amount of a brewing material into the cavity of
the pod element;
joining a closing element to the pod element to close the
cavity.



